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| NVENTI ON The present |nvent|on relates to a process for pre- pamg a(_é)
di aryl carbonate froma diaryl oxalate in a |liquid phase by F"f
decar bonyl ation. The diaryl carbonate is.favor produm ng
a pol yearbonate. BACKGROUND OF "THE | NVENTI ON I Ts kfipwhohat a |aryI ,__.
carbonate can be prepared froma diaryl oxal at ,\]@ggd@@rmb@rgbmll n. The
known pro- cess, however, is not favorably enp because
the reaction rate i s very phevsd o pibAR BANIARE, COilR aywar e | ow.  Yuki
CGosei Kagaku Kyokai shi (Journa 0 nt etic O anlc Chem stry, Japan),
Vol .5, No.4-9, Report 47, PP. 70-71(1948) teaches a reaction in which
di phenyl oxal ate FIELD QF THE INVENTION

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 carbomate is
favorably employable for preducing a polycarbonate.

It is known that a diaryl carbonate can be prepared
from a diaryl cxalate by decarbonylation. The known pro-®
cess, however, ig not favorably employable in indust:ty :
because the zeaction rate is very slow and the yield and [
selectivity are low, :

Yuki Gosei Kagaku Kyokaishi (Journal’ of. Synthetic
b ~ 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 oalate 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- ..

o 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, - _

| mx_of_m_m@umu

.8
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is heated to rel ease carbon nonoxide to give di phenyl carbonate. This
report describes neither yield nor se- lectivity. Aceorthvg '
experiment of the exper- iment of this report, onl\-@MsSﬂEE‘-
di phenyl carbonate is produced. U S. Patent No. 4, %44 SORE- Jes—that
the carbon- ic acid dialkyl ester, i.e., dlarkyl C B=h8 7 can be prepared
by heating a dialkyl oxalate in a I|qU|d phase at 50-150[err]C in the

PUbi i cation, the di- phetoi it *3"?@ ““?‘ek ?’%‘2 LA Lok 80 prOVds
potassi um phenoxi ded CE¥Fgs8 1on PﬁFEaF gh@ﬁ?&

namely, the starti n&mmmﬁmwwwmm in an i.ncrsased_: :
| d vield with a high selectivity.

It is another cbject of the inventien to pxcwide 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; '

P 2) recoverirng the diaryl carbemate from the reaqs
tion mixturej ada !
3) performing a decarbenylation reactioen cf a r~
diaryl oxalate in the presence of the reaction mixtive
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 atom and at least cne carbon-phosphorus bond-
ing. More preferably, the catalyst compriges 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
o catalyst comprises a tetraarylphosphonium salt, aytfi- !
arylphosphine, a triarylphogphine dihalide, or-a tri- o
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2 I't is an object of the present invention to provide a process for
continuously preparing a diaryl carbonate froma diaryl oxalate by
decarbonyl ation in an increased yield with high gelectivity It is '

anot her object of the invention to provide &"pr ocessrﬂlgrs@mm@@@
preparing a diaryl carbonate froma diaryl oxal ate by demaxsgbm"%atlo In an

I ncreased yield w t%ﬂ% ty Mddi
recovered and enpl resen nv | resi des.i.n_a
process for conti nuéﬁ %Pﬁaﬁgﬁl gl"n]%" %519 %l &t e

in liquid phase by ﬁemwmmsphmﬂbmchym déhali@steps of: _ (1)

perform ng a decarbonyl amé)rhé-a" 9&% ?sggce
of an organic phosphorummg@ st to eactl m.xt uf e
conprising a diaryl 3@ ¥'@ cét al yst;
(2) recovering the dhmyd:abasmm:uref mmmm raehaﬂ.ogamrnbd:mm bende@s‘»m a.
perform ng a decarb, qﬁ.‘,gh?ntﬁéf

of the_keaction m xture rom whi ChH‘PSf aré car aonat as ee 'r'g&lovee&df_

and to which a hal of€rR .
phosphor us corrpoundfranatthstgroup ccns:.stir.g of a halide of phoaphorus a

halide of sulfur, a hydrcgen halide, ard a halogen. The
most prefexrred halogen atom-comtaining compound is a

chlorine-containing cowpound.
Inthecasethattheoxgamcpbosphmcus ceompound
catalyst comprises an organic phosphonium galt, the 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
i organic phosphenium 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 combinatien. '

B
e ION OF DRAW e
. o

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
carbonate from a diaryl oxalate can be illustrated as
follows:

~COCAY > OAr
CCCar - COQAr + QO -
. . »
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I's added, to give a reaction mxture conprising a diaryl carbgnate _and-the

organi ¢ phosphorus conpound catalyst. In the prodg aveail on, the
steps 2) and 3) are preferably repeated in conbi ﬁ‘soéH%eh}\g\ggﬁﬁc |

phosphorus conmpound cat al yst preferably ‘C‘b‘rrpri se _:g_e_____c,g___ = ‘a
trival ent or pentaval ent phosphorus atom and at |east one car bon- phosphor us

bondi ng. More pr%ﬁm ﬁm %&ed from
t he group consi st n an or%‘%a&xﬁosp oni um conpouagp a phosp a

phosphi ne di hal i Gé'?’ aMphosphl ne oxi de. Specifically preferred is
that the catalyst conuhesaayh gﬁmwwtnéoaﬁmﬂ ¢salate, can be: (1) a

26y1 phosphi ne. 25?3%*15'% ﬁh@hﬁfﬁ%%@%@et% Kire. Sk
conprises a tetr &AFHERE HRYARG| HHeR P rﬁﬂ?iﬁqwdrogen
di hal i de. atons (eg.methylande:hylhanallmsrcuphavmgl
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 gxoup baving cne or more substituents, ,
) that is named "a substituted phenyl group", may be in the
"’ form of one of various isomers. Examples of the isomers r
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-)-methoey-
phenyl, or 2-{ar 3-, or 4-)ethoxyphenyl; 2-(or 3-, or
* 4-)halogenated phenyl, such as 2- (or 3-, or 4-)flucroe-
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-nitmphé11yl)o:alate. Moat preferred
is diphenyl oxalate. '_3
In the decarbonylation process of the inventi .
decarbonylation catalyst preferably iz an organic phos- A
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 hal ogen at om cont ai ni ng conpound preferably is an organi c hal ogen
at em cont ai ni ng conpound having a chem cal structure in “@LED_Q—L*‘””
atomis bonded to a carbon atom having thereon no d . :

=0, or an inorgani c hal ogen at om cont ai ni ng conpoung
group consisting of a halide of phosptrus, a hal i dl
hal i de,, and a hal ogen. The nnst preferred hal ogen aty

is a eﬁlorln pownd.~{ N the case that the organic r
phosphor ous gﬁég{ﬁg % uﬁlﬁpt‘?Lés an organi ¢ phosphoniumsalt, the
reac- tion m xtur & K the diaryl carbonate has been recovered is
preferably treated with an aqueors nediumto recover the or.gani c
phosphonium salt; and the recoveggd hp phosphoni um salt is enployed in
the step 1) as the catalyst. The resovery of the organi c phosphoni um salt
can be perfornmed after the stepsRQ) and 3) are re-
Formula (B):
R’\
RC -P
R’
Formula (C):
RP\_ ‘fY‘
R* - P '
Rm/ N -9-
v L
Formala (D): e e
R3 N R
RB -9p=0
g3 7
Detailed descriptions are given below for the phos-
phonium salt of formula (A), the phosphine of formula
(B), the phosphine dihalide of formula (C), and the phos-
phine oxide of formila (D).
(A) Phosphonium Salt of the formula (A) .
The phosphonium salt can be represented by the above
formula (A), 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 caxbon atoms, an aralkyl group,. T
e of 7 to 22 carken atoms, an aryloxy group of 6 to 10.caxr- r

T

bon atoms, or a hetexocyclic group of 4 to 16 carhcu at-
omg, and X vepresents a counter ion of the phoaptmzium
ion. Any two of R}, R, R} and R' may be combined to form
ar:'.nghavingthlephosphorus atom as its ring member.
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peated in conbinati on. BRI EF DESCRI PTI ON OF DRAW NGS Ea_~h Qf Ftepires 1 to 2

illustrates a fl ow sheet which is enployable f e---'“"“'
t he i nvention. DETAILED DESCRI PTI ON OF THE | NV} )
process for preparing a diaryl carboﬁate froma@ di abvay ;- '; be
illustrated as foll ows: COOAr COQA

JAN 1998 - 4- V\herrﬁen Arlséz@&% 1?&%&:%3&%{ Wﬁewiubsﬁéut ed
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, chlore, or bromo). :

The alkyl group is described in more detail. The
alkyl group can have 1 to 16 caxbon atoms. E:mqples cf
the alkyl group include methyl, ethyl, n-propyl, igopro- r
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 - B |
those described for the substituents of the axifl gmup

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. W

The heterocyclic group is described in more detail. . ;

e The heterocyclic group can have 4 to 16 carbon atoms,- aad r
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gr oup;
al kyl

- met hoxy- p

4-) hal ogenatqfd ti.nleesybs

3_

or

~aryl group. The aryl group of the diaryl oxal ate\icyﬁﬁbgfp(mga phenyl|
|_stituente—sHeh a5

(2)

"""""" = N

HEET HAS BEE

a phenyl group having one or nore sub-

group having 1 to 12 carbon atons (e.g., nmethyl and ethyl),
group having 1 to 12 carbon atons (€79., nethoxy and et hoxy), a hal ogen
atons (e.qg.
Preferred |s a pheny rou The phen oup havin ne or re

subst i t uent &¢ AFa8t 9”% %‘%%‘&B‘s%t%j Bﬁ%ﬁ‘b" %?Bbe i
form of one txogen.i onamsbeaartﬁ tmammmnegrewemluﬂa ude 2-(or 3-,

B Rt T ohumperer ot o il

fluorine and chlorine), and nitro; or (3) a naphthyl

4-) Clner aRbpeituents! of (e 8ryl Yroup.

e

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

-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 iom, hydrogen’ ai-
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
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4-). pi torophenyl. Exanples of the diaryl oxal ates incl |

bi s(2- met hyl phenyl ) oxal ate, bis(3-methylphenyl) oXalajes SHEET HAS BEE!
bi s(4-met hyl phenyl ) oxal ate, bis(2-chlorophenyl) oxial at-e JREPL AGED
bi s(3-chl orophenyl) oxal ate, bis(4-cjlorophenyl) ox
bi s(2-nitrophenyl) oxal ate, bis(3-nitrophenyl) oxalate, and

bi s(4-ni trophenyl )oxal ate. Most preferred is di phenyl oxalate. In the
decar bonyl| atilcmlqmdmesanoﬁlk?bb gqroupnef oh, ta Hé §azheR AR | (I Fat al yst
preferably |“§ or gg )I;nagn gulfeiame or

bondi ng. Pr aﬁrﬂ"s %‘e‘ﬁ-&*ﬁf\ﬁé‘% ik e ”%’&gﬁ%ﬁé ?ﬁ?ﬁfﬁgﬁ- 2 or ot e
car bon- phos @iy leosad RPgBitorgrpheny: Dveﬂ Aty &#rounds are a
phosphoni um jsgy tamaudw gheup of AViteo 1 cgdebian @ema{okyos.prueadaaw ng the
fol Lowi ng f QUi 3\ (8L v a1 RR0SANI e dubaliKG Y B) , or = 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 bydrogen dichloride ien, hydrogen dikzromide iom, hY- ._..--‘g ‘
drogen diiodide icn, and hydrogen bromide chloride don.-
‘Most: prefmedarechlorideionandhydrcgendichloride . r
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 halide ien :
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-biphenyltrit -
phenylphosphendum chloride, m-methoxyphenyltriphenylphos-- '
phonium chloride, p-methoxyphenyltriphenylphogphionium
chioride, p-ethcxyphenyltriphenylphosphoniwn chlorids, p~
ethm:yphenyltnphenylphosphonium bromide, p-ethoxyphenyl-
triphenylphosphenium iodide, p-dimethylaminophenyleri-
phenylphosphonium chloride, p-ethoxycarbonylphenyltzi-
phenylphosphonium chloride, m-cyanophenyltriphenylphos-
phonium chloride, and 1-naphthyleriphenylphosphonium
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the following fornula (C), and a phosphing e ,:M-efollowing
formula (D): Formula (A): Detail ed descri pt?@négr_grfh?\b “Bje ow f or.st he
phos- phoniumsalt of fornula (A) tdge pho f: i 3) , Jthe

phosphi ne di halide of formula (C, and the phos- phine oxide of' formil a

) RIRSEAT St et ekt 2R, £
Rlerr] and fZ{ass] indepen- dently represents an aryl group of 6 to 10

fo 22 car bolPh %@ﬂﬂ B et %ahmﬁ éﬁftﬁi 2Bt A drgr oup. of 7
het erocyclic gr@m’ oxeups Eécg'

Exanples aze tetraphe:wlphosplmium hydrogm di-
chlorida, tatraphenylphosphonium hydrogen didbromide,
tetraphenylphosphonium hydrogen diiodide, and tetra-
phenylphosphonium hydrogen bromide chloride. Most pre-

" ferred is tetraphenmylphosphonium hydrogen dichloride.

(3) Phosphemium salt in which all of R}, R}, R® and Rt are
aryl groups and X is an aliphatic or arcmatic cax-
boxylate ien
Bamples are tetraphenylphosphmim acetata, p-

chlercphenyl triphenylphosphonium acetate, p-ethoxyphenyl- b

. triphenylphosphonium acetate, p-tolyltriphenylphoapbmim"
v acetate, tetzaphenylphosphonium t.rifluoroacetate. and r
tetraphenylpbosphonium benzcate. :

(4) Phosphonium galt in which all of R, R, p.‘-‘ and - are'

© aryl groups and X' is fluorcborate ion
Examples are tetraphenylphosphonium flucrckorate, p-
chlorophenyltriphenylphosphonium fluorchorate, p-ethoxy-
. phenyltriphenylpbosphonium flucrckerate, and p-tolyltri-
phenylphosphonium £lucrckorate.

(5) Phosphonium salt in which all of R*, R, R® and B are
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*, RRand R* ..&
are aryl groups, cne is an alkyl gwoup, and X is a" :
halide ion . r
Evamples are methyltr;phenylphosphoniwn cbloride.

methyltriphenylphosphonium bromide, methyltriphenylphos-

vhonium iodide, ethyltriphenylphosphonium chloride,

ethyltriphenylphosphonium bromide, ethyltriphenylphos-
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ons,. and X represents a counter ion of the ph SQ %Mﬂ OAS Bﬁﬁ?‘ wo of -
Rlerr], Rerr], Rerr] and Rl err] may be conbi t gpfPQrBER ringlithavi ng the
phosphorus atomas its ring menber,.jg. -6- Th —gx%ﬁp—"r's"a’e'é‘cri bed in

nore detail. The aryl group can be a phenyl or naphthyl group. The phenyl
~or naphthyl group- can have one or nore substituents in any positions.
Exanpl es of umﬂrnﬂiﬂeennsprqpYintaphbhylphﬁsphcnmmechlmtt&é

prefer ab: y ﬂﬂﬁ &mr opy:c

'CS?EB?,% o ﬁfﬁk L ;spacrm A IO

n- pr opoxy, rﬁ@@;onﬂxax@qihmiphgmjhﬂmhpbonMxnénmmﬁdeoxnsdadedy&4: it oxy) ,

al keRycar b piinylphosphonium chleride, n-dodecyltriphenylphos-’ o

phonium bromide, chlorcmethyltriphenylphosphonium chlo- ©

ride, methyltrias(m-chlorophenyl)phosphonium c'.hlor:l.de,

methyltris (m-chlorophenyl) phosphonium bromide, ethyltris-

{m-chlorophenyl) phosphonium chloride, and ethyltxig (m-

chlorophenyl) phosphonium bremide.

(8) Phogphonium salt in which three of R, R?, R® and R
are aryl groups, cne:.sanara.lkylgraup and X" is a
halide ion
Examples ars 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-butoxybenzyltriphenylphosphonium bremide, 8

2~naphthylmethyltriphenylphosphonium chloride, -naphthr

ylmethyltriphenylphosphonium bromide, 9-fluorenyltris K

phenylphosphonium chloride, and 9-f1uoreny1triphenylphos-

phonium bromide.

(8} Phosphicnium 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-thicphenetriphenylphogphenium 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 phenoxytriphenylphosphonium chloride.

(11) Phosphonium salt in which three of R, R3, R and R* I
are aryl groups, cme is an alkyl group, andX‘ is an
aliphatic carboxylate o0 = . .

S Exanmples are methyltriphenylphosphonium acetate, 44"“ ;s
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2 ta 12 carbon atons, preferably of 2 to 8 carbon atons (e.gg.,
nmet hoxycar bonyl or ethoxycarbonyl), aryl (e.g. Y
N, N-di al kyl -substituted amno (e.g., N, N-di net ykaﬁ;ﬁﬂEE&Wé%@E“
halo (e.g., fluoro, chloro, or bronn% The al kyj gr o@gFas '
detail. The al kyl group can have | 16 carbo anﬁrés of the
al kyl group include nethyl ethyl, n-propyl, isopro- pyI n- but yl ,

i sobutyl, se 1‘&1 Riospiibyilum Rcetaitey Iagdm-wﬂw.@lnnqler nor e
substltuents 03|t g sq Exarrpl es of the substituents are the sanme as

t hose descri G-uents of the aryl %{ gg' he aral l<yl group
i s described(18) namsgzmmwn spds 3naich ghaes of t 88oRtar bon
atons. Exanpl es Oézéhﬁ:-, gJ’ exe 18 GaipRngydup phark®hyisaad
napht hyl - methyl . ggﬁup can have one or nore substi- tuents in -
any positions. EX bst I tuents
" Examples are methyltriphenylphosphonium flucro-
borate, eﬂxyltriphenylphosphmium flucroborate, and n- '..'._..A !
e propyltriphenylphosphonium fluorcborate, -~ .7 :
(13) Phosphonium salt in which two of R}, R, R’a.ndn‘aze r
aryl groups, o:hsrtwoaxe othergz'o\ms andr isa
halide ion :

Examples are d:.mthyldiphaxylphosphmi&m chloride.
diethyldiphenylphogphonium chloride, dimethyldipheny]l-
. phosphonium bromide, and diethyldiphenylphosphonium hro-
mide. . _
(14) Phosphenium ealt in which one of B, R?, R’ and R* are
aryl groups, otherthreeareothergmzps, andX' 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
e tetra-n-butylphosphonium bromide. 000 ' :
Some of the above-mentioned pfosphonium salte are e s
known and available on market. Other phosphoniim 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 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-
ence of a palladium acetate catalyst and treating the re-
sulting tetraarylphosphonium jodide or bromide with an
ion exchange resin (chloride type) to give the degired
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are t&e sane as those described for the substituents of the .aryl group. The
aryloxy group is described in nore detail. The apd-oxy-group can be a

phenoxy or naphthoxy group. The aryl oxy group can hamsgpmgr@mg@g@\] N |,

substituents in any positions. Exarrptgg_of t he supstit uembisacare t he isarre as

those described for the substituents of the aryl | —Fhe—hetereeyclic

group is described in nore detail. The heterocyclic group can have 4 to 16
predicad iet I

carbon at ons, tetmarylghosphondum: chieride.cr Shet SUl fur,
or ni-- troge it Bflcki8eh ek eprstablyodeied ) n@ord ehehdeyy| | furyl
il 4 s,vgn b A b O@Qa'_&lgaggshsm%nﬁﬂae% Piczezubzyi {uents in
heated to 100 to 200°C for 0.5 to 5 hours in a stream of a
dry inert gas such as dry argon gas and then heated to 80
to 200°C for 0.5 to 2 hours in a stream of a dry hydrogen
chloride gas. The commercially available tetraaxrylphos-
phonium chloride is also preferred to be subjected to the
above-mentioned process.
The tetraarylphosphonium salt having a counter ion
other than halide ion can be prepared by veacting the .-
" above-cbtained tetraarylphosphonium chloride with an __-:-z"
- 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 analegous manner, These phosphoni-
um galts are alsc preferred to be subjected to the drying
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 ......... .

e phosphorus atom as its ring member, ' ~|

Exampleg of the aryl group, alkyl group, aralkyl L '
group and heterocyclic group are the same as _.those de~
scribed for the prosphonium 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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of the substituents are the sane as those described for the sybstituents of
the aryl group. The groups of Rlerr], [Rerr]2, Rl.erx]-and. ﬁ'él_of the

phosphoni um salt can be the sane or different fro lt;a,gg,.,gtgths h :
i nstance, all of the groups of Rerr], Rerr], Rigrr] eﬁp};@[@_@ ar aryl
groups in one phosphonium salt, that =i 4= a3 tetraa )
Three of the groups are aryl groups and other one is anot her group, , th t,

is, atriaryl @iﬁi’bﬁp&:%@hf d ot her
two arf ot her&éjg%ups [ ary1 phosé’ﬁonl u?nfsa W%&eﬁ%‘ r
AEN GIFUR axeh Qthex, grovPity %MJ

the.groups is t'is, an

aryl phosphoni ]spmbspl'ﬁlzie of Aﬂ.ﬂeogruhipazm.qﬁ[ efr*‘ RE&:K} R’ Rperr] and

Rl err] alrehot | ﬁ p\ﬂ? .
e e B e R LR o 1
is a het- erogyoips. group.
Concrete examples of the preferred phosphires of the
foxrmula (B) are described below.
(1) Phosphine in which all of R, Rf ard R’ are aryl
groups (i.e., triarylphosphine)
Examples are triphenylphosphine, txis(p-chloro-
phenyl)phosphine, tris(p-tolyl)phosphine, and s-naph-
thyl (phenyl) -p-t_net'hmcyptmaylphosphiz:e .
{2) Phosphine in which two of R, R 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 combinaed to foom a ring having

the phesphorus atom as its ring member is phenylbi-
phenylenephosphine.

. (C) Phosphine Dihalide of the formula (C) e }
v The phosphine dihalide can be represented by the Ve
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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The counter ion (X) can be a halide ion (e.g.—eht = Hrom de i on,
or iodide ion), a hydrogen di- halide ion (e. THl&)‘ﬁdlEéﬁeiﬁ\Sd?p&ﬂN rideion,

hydr ogen di - brom de ion, hydrogen di i odi de i orRERIMEEeNn br ¢ini de
chloride ion), a halogen acid ion (&4-, Cthrde'lon, bromate 1on, or
iodate ion), a per haI ogen acid ion (e.qg., perchl orate I on, perbromate I on,

(e.o. benzofash

aromat i c hy drgweh asonhmer:gne, mmﬁ.nederlimd\inean mrtgrm % on (e g

ﬁ;lj]; gggnlbgpatagﬁf f(gir‘l‘t %ﬁﬁgt g&f&?){r#g[ hi o anat ceﬁagl WI uor obor a![ gnj.dn) an
al kyl sul fona@%ﬂﬁ?ﬂsﬁ?f?%t@g ,,,,,,
v Examples of the aryl gmup alkyl group, azalkyl’ ' ~
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 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 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- 3
. ‘halides of the formula (C) are triphemylphosphine di- .- k
v~ chloride, triphenylphosphine dibromide, and tzipheayl'- -
phiosphine diicdide. . '

or periodate
trlfluoroacet élon I;éjo até’paﬁl an arorratlccr 0X telon
o 0 it s A @my

(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

/u ST . % K
TR F - . - ,——
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REPLACEMENT SHEET Fa-.] 2 6 JAN 1998 -8- ion having an al kylX~group of 1 to
16 carbon atonms (e.g., methyl, ethyl, n-propyl, or isopropyl), an

aryl sul fonate or arylsulfinate ion having a phenyl ,
p-tolyl, or p-nitorophenyl), a tetraalsyl bo:‘ ﬁﬁ@ EEHQA(;%;% { al kyl group
of 1 to 10 carbon atoms (e.g., tetra- nethyl ,L_g;p«a;——t—eﬁraethw bor at e
ion), or a tetra- borate |onéﬁg , tetra nyl orate I on, or tetraki's-
p-fl uorophenmk& rsm:p su&'X) i ncl ude
hal i de ions gmoardm soofnlﬂ?r? R’énamdl‘i’mh'siaryin and

oy SLQM g il JaEAECLED & on%’ﬁ%*‘ef%?h" s i brom de
axide. Two of the groupa arse ary
ig another group, that is, a diaxylphosphine ox:.de. Only
one of the groups is an aryl group and other two axe
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 !
4 the groups of R®, RY and R® ave aryl groups. r~
: Concrate examples 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)
Examples are triphenylphosphine cxdde, tris(p-
chloxophenyl)phosphine oxide, tris{p-tolyl)phoephine
oxide, and a-naphthyl (phenyl) -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 cxide) _
. Examples are mthyld;phenylphasphine oxide and phe—
nyl- (p-methexyphenyl) methylphosphine cxide.
(3) FPhosphine oxide in which cne of R¥, R® and R® is an.,,.b
- axyl group and other two are othexr smups (1. e.,.,.; ---- :
7 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
Banples are benzyl- (n—butyl)methylphosphine cxide
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 oxide.
Areng the above-mentioned organic phosphorus com-

//II/I///III/////I/I//cide .




am

Mostepreferred chloride ion and hydrogen gehtoride=ion: crete
exanmpl es of the preferred phosphoniumsalts qf THt&S‘HbEWfTUAaEXE.EN re
descri bed below. (I) Phosphoni um sali i n whigh all f'@ﬁ*LR»éBr] err] Rl err]
and R[err] are aryl groups and X- is 501 hal i de—1-

t et raphenyl phosphoni um chl oride, tetra- phenyl phosphonl um brom de,

t et-raphenyl p ni 'amum
L D T T £
p-toly po- I'U riphenyl p |um
chl oride, p- medphemqtt rprﬁ#ewaérmwram
cm oroghenyl ridph e Bt PRSI tBedAch df8xdregeal diﬂﬁldﬂ‘iﬁé, Mm&-ﬁ_honl um
chl ori de um P
ptolyltr phe%hééﬁﬁﬁ% a@@%@?ﬁ@é ’{He Pf%%ﬂ%c phosphorus con-
met hyl pheny| BeUBHe 1p- gephinatdan Ain k)| phosphoni um

chloride, m mesgpbenmé Ip:]&enzl mmmtion 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 en the amount of diaryl oxalate (100 mol.$).-" |
o In the reaction for preparing a diaryl carbopate™™ T
’ from a diaryl oxalate according to the invention, a halo-
gen atom-containing compound can be mcon:'porated
ticularly, in the cases where a phosphonium 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-—.. ;
d 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
compounds are halides of alumimm (e.g., aluminum chlo-
¥ide and alumimum bromide), halides of metals belonging

1
i
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phoni um chl ori de, p-nethoxyphenyltriphenyl pho ' 2

p- et hoxyphenyl t ri phenyl phosphoni um chl ori de, p} THIS SHEET HAS BEEN \
et hoxyphenyl tri phenyl phosphoni um breti-de, p-et oxypﬁﬁﬁy-_{_’}:j-_?_,____ '
t ri phenyl phosphoni um i odi de, p-di nmet hyl am noph =

%“L;’;hﬁﬁheﬁy“ R BA S (4. B BRI e bl
ngpht hyl t r chhexdden WMM chlexrids,i and Mﬁd’ﬁ’%‘”'

tetraphenyl gphokde (e (), Bhosphmnis, mr.a.ahn.ormdshl ch all of,-
de[ﬁ;” de i oﬁﬁ%ﬁgr rla%‘ ggééﬁy%*’%’é#}ﬁ%‘m umshydr del Z?ﬂoﬁldgflggg
t et r aphenyl ppbepusntrisremicsy Mﬁé’l ﬁgﬁo
di i odi de, angykebighromide), 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.

Examples of the organic halogen atom-containing com- R

o which Hal means a halogen atom), a C-8i-Hal bonding, & ~

C(0) -Hal kending or a C-8(0),-Hal konding. The czganic

halogen atom-containing compound can contadn’ ona or more

halegen atoms such as chlorine(s), bremine (g) 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-
romo-c-xylene) , and halogenated alipbatic nitriles
(e.g., P-chloropropicnitrile, and y-chloxobutyronitrile),
halogenated aliphatic carboxylic acids {e.g., chloro-
acetic acid, bromeacetic acid, and chloropropicnic acid).

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

e chlorogilane, and triphenylchlorosilane). - r

Examples of the organic compounds having a C(O) -Hal
bonding include acyl halides (e.g., acetyl dlloride. oxa-
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phenyd phosphoni um hydrogen brom de chloride. Mst pre- ferred is

t et raphenyl phosphoni um hydrogen di chloride. (3) Phosphoni um s ‘-t» I n which
all of Rlerr], Rerr], Rerr] and Rerr] are aryl groups and 's an
aliphatic or aromatic car- boxylate ion Exanpl es are t et r aphenyl phosphoni um

acetate, p- chlorophenyltriphenyl phosph um £k @@ka yl -
tri phenyl phosphoni um acetate, p-tolyltr gﬁeny osp Qs[ile,{—l”@_@.CGt atg

t et raphenyl phosphoni um trifl uoroacetate, and i um

benzoate.” (4) rh PERTGHIAS A propi d@lcﬂlﬁl\imﬁ Bheubyll%moﬁdﬁ[ err] and
Lot r aphenyl phos Pﬁinﬁ?ﬁ%ﬁsﬂ& 3-pibh W&%&%ﬁ@@?%ﬁenm 398001 um
f1 uoroborate, papdhdxvhipphenacanheeanicaekd o ei
p-tolyltri- phemesﬁmle ldgiegROf 8!, , MOMMW::M&)J ranml ch
all of Rerr], B3bibnafl8'¢lycdfsR'aBif aryl esters (e.g., phemyl . s
chloroglyoxylate). e :

Exampler of the crganic compounds having a c-stoh . r
Hal bonding include sulfonyl chlorides (e.g.,. p—t:oluene
sulfonic acid chloride, and 2-naphthalenegulfonic acid

. ehloride).. ,

 The reaction for releasing OO0 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 optionally 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. .- b.
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 nnt::xxmz;re auqr
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:
e e .

o
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aryl. groups and X- is thiocyanide ion An exanple is tetraphenxl phosphoni um
t hi ocyani de. (6) Phosphoniumsalt in which all of Rerr], ;gr_‘r] R[err]
and R4 are aryl groups and X- is an aromatic hydroxy1 —-Han AN exarpl eis

t et raphenyl phosphoni um phenoxi de. (7) Phospho i um sal -7 i n-whiich t hree of
Rlerr], Rlerr], Rerr] and Rlerr] areﬁ] ps. RFE-AGELN al I{‘yl group,
and X- is a halide ion Exanples are ylt r| phenyl phosphontunrechl ori de,

met hyl t ri phenyl phosphoni um bromi-de, methyl tri phenyl phos- phoni um i odi de,

ethyl-triphenyl phosmnpm fdhetingea dduridony/pation xreassioni of 8r oni de,
g:ﬂhglﬁt(rj;phﬁnyl %105 1 oxa %o%nb*é)%, of- &W@Whom um
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

v which a halogen atcm-containing compound is added, to*

. give a reaction mixture comprising a diaryl ca;‘pcnate and
the organic phosphorous compound catalyst -;--*"Seeqnd"
decarbonylation, B

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-
ticned preparaticn 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 decarbemyla-
tion reaction proceeds, emitting carbon mencxide which j.a

an produced in the course of the decarbemylation reaction.
The carbon monoxide is exhausted through a pipe 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 botrtom 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

.&
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propyl tri phenyl phosphoni um brom de, n-propyltriphenyl- phosphoni um i odi de,

i sopropyl triphenyl phosphoni um chlo- ride, i sopropyl tri phenyl phosphonl um
broni de, n-dodecyl - triphenyl phosphoni um chloride, n-dodecyl t*¥F phenyl phos-
phoni um bromi de, chloronethyl triphenyl phosphoni.um.chl-g-—ri-de et hyl {. r#s

(m chl orophnyl ) phosphoni um chl ori de, methyl tlris; (mchrl 0£0phERY ) ..
phosphg#ti um bromni de, ethyltris- (m chI-@Oophewlyl ) pResphosDUM chl| oride, anq.-
ethyltris (m chiorophenyl) phosphoni um brom -8y =PROS msalt in:

Bl kyl o oup it st Exineich Iy Eianpﬁ#fa@mﬂhgwwe oo

benzyl tri pheny Itheo dilaayiluparhroatelds 3solated fite XRFOVEF PRI o SHR6i u
chloride, p-fl Lﬁ@%z Thier hesedye BRoghbodistillatictetoWer is taken
[

~ 4-di chi or obenz ylph chhlorlde
2, 4-di chl orobe Fl'y gﬂ% ni ur‘h brom de,
p- n- but oxybenzyl t r| dhoepigue in the evaporator is taken cut
frxom the evaporator is taken out frem 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 & film evaparator. The distillation tower pref- 3
erably comprises a certain number (preferably 5 to 50) ofV
v theoretical distillation cocluma. One distillation tower o
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 cut from the evaporator can be in
an amount of 1 to 20 wt.%, preferably 1 to 10 wt.% of the
amount of the whole reaction 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 b
point. I
o The second decarbomylation reaction can be per‘o:med r
using a mixture of a fresily supplied diaryl oxalate,. 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

Sheet Has Been Replaced

\\ll\l\\ (N



chl ori de, . p-n-but oxybenzyl tri phenyl phosphoni um brom de,
2- napht hyl nmet hyl t ri phenyl phosphoni um chl ori de, 2-napht h-

yl met hyl t ri phenyl phosphoni um br om de,
chloride, and 9-fluorenyltriphenyl phos- phoni
salt in which three of Rlerr], Rerr], ﬂerr]
one is a heterocyclic group, and X- isa halld
2-t hi ophenet ri phenyl phosphoni um chl o- ri de.

AL \érﬂ]“éb@:af\'y
ﬁ?ﬁh ALERpl e |

t hr ee .of R[err]mﬂmrhzis belerr ekhanstdd ahirbughetis \phiguldmes 17008 &e-an
aryl oxy group, ‘?& s a hal i de i on An exarrple I's
y O%[Df

phenoxytri phen

of Rerr], Rerr],

group,¥and X- |mn;lfd rbmdxﬂdecaualyst in the reacticn for

decarbonylation of a diaryl oxalate, the reacticn mi:mure
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 steps 2)
and 3) are repeated in combination. Thus recovered oxr-
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 2l. The organic phospho—

.
'.‘
.

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

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

reaction proceeds, emitting carbon monoxide which is

produced in the course of the decarbonylation resction.

The carbon monoxide is exhausted through a pipe line 23.
The reaction mixture compriging a major porticn of a
diaryl carbcnate (which is produced in the decaxrbonyla-

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 ie isolated to recover though a pipe-
line 28. The residue in the distillation tower is taken

out thrcugh a pipe line 29.
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Exanpl es are nethyl tri phenyl phosphoni um acet at e, 26 JAN 1998 -11-

et hyl t ri phenyl phosphoni um acetate, and n-propyltriphenyl - phasfhoni um

acetate. (12) Phosphoniumsalt in which thre R err] and
Th’ﬂﬁdﬁ"ﬁ{cTé”’a’ b

Rlerr] are aryl groups, one is an alkyl grou \oborate i on
Exanpl es are net hyl tri phenyl phosphoni u%fl uoko- boR&EFEACED ;

et hyl t ri phenyl phosphoni um f | uor obor at ef“and rli-—prorpyT‘t ri p‘henyl phosphoni um
fluoroborate. (13) Phosphoniumsalt in which two of Rlerr], Rierr}, Rerr]

and Rlerr] are aryl pa0p@sdue Fe@lining B el apdrauos. isndakeniout hal i de
on from the evaporator is taken ocut 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

with an aqueous medium in a vessel 2. = . ;

4 _ Intthevesselzg,anaweousmdiumsuchaswater -
(preferably, deicnized water) is supplied thmugh a pipe
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 orgapnic 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 carcied out.®
at & tenpexature at which the regidus ie in a solid ’
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 insclubles are removed by £il-
tration or centrifugal procedure. The aguecus portion is
concentrated and heated to dryness. The heating is per-
formed, for inst , at 120-180°C for 1-3 hours in a
stream of an inert gas. suchasargcn

. For the extraction, the agquecus medium can be em-
‘ployed in combination with an organic solvent such ag an
arcmatic hydrocarbon (e.g., toluene) or a halogenated

T
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Examples are di nmet hyl di phenyl phosphoni um chl ori de,

di et hyl-tli phenyl phosphoni um chl ori de, di net hyl di phenyl - phosphox_ll i br omi de
and di et hyl di phenyl phopni um bro- m de. (14) Phosphoni um sal t r - whi ch onef'-
of Rlerr], Rerr], Rerr] and R err] are aryl_ . Yrree are ot her
groups, and X- is a halide ion Exanples ar I 8 teydr ﬁéaﬁ%ﬁyl phosphoni um
chlo- ride, and diethyl net hyl phenyl phe2honi m “bsenl.&@EP (151 Phosphoni um
salt in which none of Rlerr], Rerr], Rer =RfEFT] are aryl groups,

fetran butyl pROSBHERES BARERRS o i rg co. and
salts are knowrided andllalﬁcﬁ-@mkbﬁnebimmmﬁmﬁrﬁ#t@ 380 be -
prepared by th SoRUAECHSPEs 5 éﬂ&hmynoByldo 16N 95 Lute Cpazity, . perd cn'é‘369
(1983) and J. \&e&téogf Oaghdbus medium such as water. The

organic solvent can be eagily removed in a vessel after

the extraction ie conplete. _

The secand decarbomylation reaction can be performed
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

o phosphonium salt which is recycled through the line a6, . s
N and a freshly supplied halogen atom-containing compoutid,
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 condenger, a mixture of diphenyl .- K
4 cxalate (41.32 mml.), tetraphenylphosphendum chloride ~
(catalyst, 0.825 mmol.: 2.0 molar % per the awount of
diphenyl oxalate) and chloroform (CHCL,, 0.2 mol, per one
mol. of catalyst) was heated under stirring to 230°C for 2
houxs. The decarbonylation reaction was carried ocut at
an atmospheric pressure, removing emitted carbon menoxide
from the rsaction mixture. The tetraphenylphosphonium
chloride was heated at 120°C for one hour, 150°C for cne
hour, and 180°C for cme hour in a stream of a dry argon
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(1948), or processes simlar to those described in these publications. For
i nstance, the tetraaryl phosphonium chloride can be prepared by.sfeacting a
triaryl phosphine and an aryl halide (e.g., aryl iodide or aryl¥bromnine) in
the pres- ence of a palladium acetate catal y"tT,_ﬂngFr §q§/ggwlgrgph1 E re- suI ting
tetraaryl phosphoni umiodi de or bromde with dn ionsgxchigfnge regin (ch.l- r|de
type) to give the desired -12- tetr<24-ylp H-J-m-rlf-ﬂm ge . Th'é S
produc,ed tetraaryl - phosphoniumchloride is preferably dried. For the dry r

ing, the tetraazyl phosphoniumchloride is prefera eat ed t.0_10
200[eérr] C for @aB,t 808 Fooled| P Foam é'-&ﬁ?@?‘aiuﬁfblralﬁegp gg dry

argon gas and theasaeat gda} Obéfore 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

e 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 Chleroform DPO con. DPC. sel.
No. (wmol) (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
é 41.32 0.2 - 893.4 . 95.0
5 41.32 0.2 95.0 99.0 .4
_ [ 41.32 0.2 96.1 99,0%" : r’

Remarks: DPO: diphenyl oxalate, DPC: diphenmyl carbomate
The welar ratio-of chloroform is based on the
catalyst amount.
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to 200[err]C for 0.5 to 2 heurs in a streamof a dry hydrogen chloride gas.

The comercially avail abl e tet raaryl phos- phoni um.chl ori de i s.gJ SO’
preferred to be subjected to the above- mantlonedy .(?ﬁ

tetraaryl phosphoni um salt having a counter ion othe aﬁl‘ﬁak‘f dEENOR
prepared by reacting the abgve-obt ai ned tetraaryll‘ Fﬁﬁ‘r@hl ori

o e

an alkali nmetal salt (e.g., !sodium sal1850r pot assi um sal t7 : foni um
salt of the.desired counter|ion, that is, ion exchange reaction. O her

phosphoni um salts other thap the tetr hgsphoni un salts can be
R B, ... S e
advance of its m'netmr faind edareﬂmt .coplEnien 5 b indactuicet bE d.'lbphuh.}al( B) Thee
phosphi ne can kg gt @,)b FaexaphehylRlogphohim mdbeach of
Rlerr] R err] ?n 7 |n %pa ntiy.regrmlar%pertheanmmbof _
diphanyl axal#te) and oxalyl chloride (0.6 wol: pex one’
mol. of catal*st) was heated under stirring to 255°C for 1
hour. The decarbomylation reaction was carried out at an
atmospheric pressure, removing emitted carbon monoxide
from the reac!}:ion mixture.
After the¢ reaction was complete, the reaction 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.). !
'I'hereacq.zonmxmrewas treated in the samenanner
as in Example ,1 to employ the residual catalyst repeated-
ly :.n the fol:‘owing dewbcuylation reactions ag many as

forth in Table 2 _ | e

.
l"
.
o
.
.
.
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sents an aryl group, an alky]l group of 1 to 16 carbon atons,. an aral kyl
group of 7 to 22 carbon atons, or a heterocyclic group of 4 to 16 carbon

atons. Any two of Rerr], R[err] and Rlerr] may b a ring
havi ng t he phosphorus atomas its ring nenber. Ex ﬁﬁhésﬂéﬁ\th@’%?QidEroup,
al kyl group, aralkyl group and heterocyclic groupiare t el a se de-

scribed for the phosphoniumisalt of t he2bor nul a (AF—T1he groups of Rerr],
Rlerr] and Rl err] of the phobphine can. be the sane or different from each
other. ‘For instance, all of ithe groups 2£P$ES§ Rlerr] and Rlerr] are
aryl groups in one phosphlna, that is, yIphosphlne Two of- the

e

groups are aryl-g+eupe-eﬁd—e+he+—eﬁe—+e—aﬁe+he+-g+euﬁ—— o

Run DPO; Cxalyl chloride DPO con. DPC. gel.
No (mo}) (wolar xatio) %) (%)
1 20.83 . 0.6 | 85.0 99.0
2. 20.83 0.6 85.6 99.0 .8
o 3 20.53 0.6 85.1 99.0:" :
4 '20.83 0.6 84.8 99,0 N
5 20,830 0.6 8.0 . 99,0
6. 20. gs 0.6. 85,0 .. 799.0
7 .. 20.83 0.6 | 94.6 9.0
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
12 . 20.83° - 0.6 88.2 99.0
13 -20:83 ;0.6 - 81.3 29.0
14 20.83 0.6. 76.3 99.0
15 . 7 .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 89.0 .- s
L 19 . 20.83 0.6 . 7.4 89.0"
5 ‘20 - 20. 83_ 0.6 93.6 -799.0 .
To21 -+ 20.83 0.6 '89.4 . 990
22 20.63 0.6 8.3 99,0
23, 20.83 - 0.6 87.3 99.0
y 24 20.83 . 0.6 77.2 | 9.0
25. 20.83 0.6 84.4 99.0
‘26 20.83 0.6 79.3 29.0
27 20.83 0.6 87.8 99.0
28 20,83 0.6 88.2 9.0
29 20.83 0.6 82.6 99.0
This Sheet Has Been Replaced 8
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that is, a diarylphosphine. Only one of the groups is aryl group and other
two are other groups, that is, an aryl phosphine. Al of the gfQups of _.#

o
P

Rlerr], Rlerr] and Rlerr] are other than the aryl groups. Pref ed +5 the
phosphi g€ in which all of the groups of Rl errjr_Rerty =T :ﬁgerr] ‘are axyl
?t 1s PR rh“ﬁ‘i*"_ﬂf qm| a, (B .I

groups. Concrete exanples of {the preferred phfis

are described below. (1) Ph?sphlne||1vﬁﬁch dl | of BRUERY LF Rle[r} ‘and R7
are aryl groups (i.e-, triar Iphosphlne) Exanﬁr“é are tri'phenyl-phoephi ne,

trLs (f—chloro-hphenyl)proﬁp |Re trls )phosp&kneh and afnaph- t hyl
n - X
Rerr] and Rierr] af 28 ywémp gbdipes were Grepasted BXCOEEAr y) phos-
phine) Exanpl es m 20K, 158! enafmwwlemlhwemdo 092 mrol.
(0. 45m1ar%hasedmtheamto£d:.pheny1mm.ate) of
tet:zqﬂramlehasphoniMNtInnhnzaan dichloride (catalyst)
were used, thatthemctiontemeraturemchangedmto
260°C and that:] no oxalyl chloride was employed.
The tetréphenylphosphmium hydrogen dichloride was
. preparedinthemnnerdesmhedinz. anorg. allg.
Chem. , 551(19$7). 279.
After the reaction was conplete, the reactiom wix-

ture was analyzed by gas chromatography to indicate B9. 7% .4
- of the msim ratio of diphenyl cxalate (DFO com.).”
and 99.0% of- t;.he selectivity to diphenyl cazbouate (DPC r
- sal. ) : ..... .
" The rea muuxmnemstreatedintheaamemmer '
;‘as in Bxanple 1 o employ the zesidual catalyst repeated-
. 'lya:nchlomfm (14m1.per1m1. of catalyst) in
' _"the following:dacarhenylatien reactions as many as €
~times (total) }in tha same nanner The results are set
. .forth, in.Tbble 3.
. § . - .
' | . 'rahle.s
"R DRO| Gialyl chloride’ DPO con.  DRC. sel.
No. - . (mz) (mlar zatio) (t) _ (%)
T | 20.58 - e asa - s9.0 0,
e 2 120.58 1.4 ©89.2 95.0% ’
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 s2.2 95.0
Example 4
The procedures of Exanple 2 were repeated except
ThlsSheetHas
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met hoxyphenyl) net hyl phosphj ne. (3) Phosphine in which one of Rerr], -
Rlerr] and Rlerr] is an aryl group and other two are ot her gr o4ps (i.

aryl - phosphi ne) Exanpl es .are di net hyl (phenyl) phosphl ne and_ﬁy-’hyl
(phenyl) -n-propyl phosphinej (4) Phosphine Id,i)::WtFF‘quF- r], Rl-err]
and R[err] are aryl groups Exarrpl es are benz! ITHl(Srfanh{'%[—Q th phosphl ne
and tributyl phosphine. An ékanpl e of a Jpgasplli ne i A

Rlerr], Rerr] and R err] afe conbined to forHTr"aT"ng “havi n ng t he phosphorus
atomas its ring nenber is phenyl bi - phenyl enephosphi ne. C) PhOS{)ﬂhl nes

Di hal i de of thethatnh&8( hohidipbenyl cralatelandaf. &1 byy
the abgye formu ) & ﬁﬁﬁé?' aeh atbuht C6f |t oﬁﬂaﬁ rag -T'ndepen-
dent | y%epresent@lgjapﬁeﬁyl i a‘nagﬁﬁ&r:géé)uf)ca%alﬁw were)i;sed .
that dicxalyl chloride was replaced with ct_tlomg_cetic
acid (2.0 mol. 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 81.4%
of the ecuvazlsion ratio of diphenyl axalate (DPO con.)
and 99.0% of ithe selectivity to diphenyl ca:honate (DEC
sel.).
The v timnmcturemtreatedintheaamem
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 E
N 'ﬂaemocedzmesof!:m&plezwererepeatede:nept r
that 7.97 muol, of diphenyl oxalate and 0.040 mmol, (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 analyzedhygaschrmtographyto indicate 82.6%
of the conversion ratio of diphenyl exalate (DFO con.)
and 99.0% of r.he selectivity to -diphenyl carbonate (DPC
sel. ). i
'Ihereacticnnﬁmzrewaa tzeated in the same manner

- a.s in Exanple 1 in the follawing dacarbmylat:.cn reac-

o
M
.
«®

results are sg: forth in Table 4. o e !
The procedures of Example 2 were repeated except
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16 carbon atons, an aral kyl group of 7 to 22 carbon at- -14- ons, or a
het erocyclic group.of 4 to 16 carbon atons, and each of Y[err] and Y[err]
i ndependent|ly represents a hal ogen atom such as chlmu ne___brom.pe_or

iodine. Any two of Rlerr], Rlerr] and Rlerr] may &@g@l;ﬁ&dlgq&&mma ring

havi ng the phos- phorus atormas its ri-ng nmenber. anmpl gspofthe ar
group, alkyl group, aralkyl jgroup and heterocycl i C=geatp--are-t e as
t hose de- scribed for the prosphoni um spét of the formul a (A). The groups

of Rlerr], Rerr] and R err]| of the phosphine dihalide can be the same or
different fromeach other. Hor in- stance, all of the groups of R[(errg,
8:06% L. (0.

Rlerr] and R erthatri2 39 maploupf dhphenylpccddatecandn
triaryl phosphi ngoghfog iNissed an the amount of diphemyl oxalate) of

tetraphenylphosphonium chloride {catalyst) were used,

that d:l.oxalyl!ehlm:'ide was replaced with l-chlorohexane

(cne mole per|one mole of catalyst), and that tha reac- 4

) tion temperathre was changed into 260°C. = . !

7 After thé reaction was complete, the reaction- mid-

ture was analivzedbygaa chromatography to indica.te 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 treated in the same mannexr

as in Bxample|l in the following decarbomylation reac-

timsasmnyasZtines (total) in the same mamner, The

results are s;Lt forth in Table 4.

i_ . Exarple 7

The procedures of Example 2 were repeated except

. that 8.23 nmo]. of diphenyl cxalate and 0.041 wmol. (0.5

" -molar & based!on the amount of diphenyl cxalate) of -

: tetnphmylph&spmﬁum chloride {catalywt) were used, .4
(3.6 mol. peclme mle of catalyst), and that the. 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.). -5

The reactim mixture was treated in the same wmamner
as in Example ‘1 in the following decarbomylation reac-
tions as many :ag 2 times (totzl) in the same manner. 'I‘he
results are gset forth in Table 4.

. Example 8
The procedures of Example 2 were repeated except

.
o o’
-
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Two of the groups are aryl.groups and other one is anoth-. -—t hat ¢
is, a diaryl phosphine dihajide. Only one of the gr'”" ﬁ::J::S:r !ﬁ_,._q\,ﬁf»t’&gﬁ wp and
other two are other groups} that is, an aryl phosphiin Hl,’tgqazjaL,x;tgr:JAll \‘ t he
groups of Rerr], Rerr] apd Rerr] are other than\uMMﬁW‘
Preferred is the phosphinejdi halide i-agwhich all of the groups of Rerr],
Rlerr] and Rlerr] are aryl|groups. Concrete exanples of the preferred
phosphi ne di- halides of the formula (C are tri pheya/lé)hosphl ne di -

chleride, tri pbanylmhzsmwk & ddphenyl axalatepand oedi.nd240i odi de.

ﬁgﬁrgggﬁgghng oV ;@tfﬁél D m"&l‘iel gheapl iy efr]RFgrr] and
Rlerr] mdepe%&gﬁm %%l}& gﬁaﬁyﬁﬁ% f 1to 16
car- bon at omthatndioxalyl |chlamider was i replaced: wikh gasacus, hysdxegesr ocycl i c

group of 4 tochceamBoqsab ). ARE bie Wile of catalyst, supplied
mringtheini.tial:iommtes from the beginning of the
reaction: aftqr diluted with nitrogen gas to.give 1 vol.%
HCl caoncentration), and that the reaction temperature was

changed into 2so°c 8
. After the reacticn was complete, the reaction mix-.” .
L ture was analy edbygaschrmatographytoindicate!bn ~
' of the ¢ :.anratiootdiphawlo:alace(DPOcm) '
and 99.0% of the selectivity to diphenyl carbonate {(bec
sel.).
The reacticn mixcure was treated in tha same marmer
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,

‘ﬁeproce&meaofmlelmerepeateduueptfor'
loyinsnothomfom ;
g After the reaction was complete, the reactiom mix-
© ture was'analyzed by gas chromatography to indicate 93.4%
" of the conversion ratio of diphenyl oxalate (DPO con.) L
“and 99 o% of the selectivitytod:.phenyl carbomate (nm
‘gel.) . r.
_ mereactionmimurewastreatedmthesmmner '
a8 in Bample 1 in the following decarbonylatim Teéac-.
tions as many 3 times (total) in the same marmer. The
-re.aults'a:eaﬂtsfo:thm'rabledl_ |
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Rlerr], Rerr] and Rlerr] may be conbined to forma ring having the 4
phosphorus atomas its ring menber. Exanples of tIT TﬁS}/l‘H‘ng]OHRS B%L%Jﬁly' )
group, .aral kyl group and heterocycli c.hg oup are th ARRBS o
scri b{d for the phosphonium salt of t Tormul a (A_E—LQ&W err]/
Rlerr] and R err] of the phosphl ne oxi de can be the same or di fferent

from each other. For in- stance, all ofakiXee 491 oups of R[err] “Rlerr] and

R[err] are aryl groups in bne phosphine, that is, a triaryl phosphi ne oxi de.

Two of . t he groops—arearyrgroupsand orier One 15 anot ner _group, .tnat is,.
a di aryl phospHRuse oxi de hi §adagen feorpoundou BP0 Lo ary| DEFeuBShnd ot her

two are other ggpups, )S (m8TaRpdgid)sphi negxi de. Al of {ghe groups of
Rlerr], Rerr].and R[prr] se_qther thap the aryl

- Bample 4 (Hab.ogen compound: chlorcacetic acid)

[rogy e iy

- R B ha 2.0 81.4 99.0
2 7.88 2.0 80.5 99.0
. Exanple S (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 compownd: l-chlorchexane) o
1. 1.3 1.0 . 90.8 .799.0 s
2 - 12.39 1.0 89.6 . 99.0
' EBxample 7 (Halogen compound: benzoyl chleride)
L1 8.23 - 3.6 o 89.8" . 99.0
c2 a.#s . 3,6 870 99.0
E:ample 8 (Haiogen compound: nydrogen chlor:.de)
1 4139 3.0 80.1 : 99.0
.2 41, :fs 3.0 79.:9 1$9.0
Chmarism E:dmple 1 (Balogen coupqmd. none)
1 41.32 === . 93.4 . 99.0 .
2 41.32 === 55.4 9%.0  ,
3 1.3 ——- 36.8 533 ......... s
> ' " r
Eample 3

- The procefiures of Example 2 were repeated except
that 18.81 mwol. of diphenyl oxalate and 0.376 mmol. (2.0
molar § based on the amount of diphenyl oxalate) of
tetraphenylphosphonium bromide (catalyst) were used, that
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Rlerr], Rlerr] and Rlerr] are aryl groups. Concr et/le Terasmtes-af sthe

groups. Preferred is the phosphine oxide in mhlch-a£¥~e£=£heeg£eﬂﬁezg
)

preferred phosphi ne oxi desiof the for 1 (D) arejdescr rgedabegbow. (

Phosphi ne oxi de in which al

of R[err] Jerr] and ==gr oups

(i. e., triaryl phosphine o*lde) Exanples are triphenyl phosphi ne oxide, tris
(p- chl or ophendioxiadyhhechioeide ovad mmaowmwﬂmbmxndo mald :

-nat ht hyl (phe
whi ch tvvo of Rﬁf"gﬁrr]
group i
oxi de and phe Hawdxs,( Be
oxi de in which one 2&

two are ot her roups FF&

%ﬁs%ﬁw gt oups angbane & &wle o
ébhlne

nyl) nethylphosphlne oxrde (3) Phosphln

EﬂL xaasrén 388 Bhihided S @b HonlrlegUReand ot her

anaiyzed by gas chrowatography to’ indicate 76.8%

~of the conversicn ratic 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 Exanple 1 in the following decarbenylation reac-
timasmnyasztms {total) in the same manner. The
zesults are set forth in Table 5,

Example 10

The px es of Bxanple 2 were repeated except
that 21.27 mmbl. of diphenyl cxalate and 1.504 mmol. (7.0. \
- molar ¥ basedlm the arcunt of diphenyl oxalate) ¢f .-~

o .. trdiphenyl:

‘chloride was replaced with chloroform (cne mole. per cone

(catalyst) wexe used, - that dicalyl

mole of catalyst), and that the veaction temperaturs and
'-ﬂxereactimpenodwe:echangedinto 250°C and 2 hours,

. respectively. |

. After thé reaction was complate. the veacticn. mix-
ture was anal*zed by gas chromatography to indicate 58.5%

' of the cenvergicn ratio of diphenyl cxalate (DEO com.)
and 91.4% of t‘:he selectivity to diphenyl carboriate (DEC

‘sel. ).

mereaccicnmmmt:eatedintbesammmr

as in Exarple ;1 in the following decarbomylation reac-
tions as many'as 2 times (total) 'in tha same mxmer The

z: forth in Table §.

results are

-
'..
. .
m—ll . :
. -
. :
o
.

7 The procedires of Example 2 were repeated except |
' that 20,75 mmol. of diphenyl oxalate and 1. 038 mnol. (5.0
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axyl phosphi ne oxide) Exanples are dimethyl (phenyl) phosphi ne,-QX| de and
et hyl (phenyl) n-propyl phosphl ne oxide. (4) Phosphl ne oxi dé_L[]_AM'II ch none-
of Rerr], Rerr] and R[err] are aryl groups Eg )

met hyi phosphl ne oxi de and fl’l but yl phosphi ne oxijder
phosphine in which any twol of R [err]=33® err] 4nd R[BFf} 2 et ned to
forma ring having the pho%phorus aton as its ring nenber is

Phosprior s comouis 3 ideed ﬁét%yﬁﬁ% PRI 31”%8%13935‘ 8ggan! €
tetraaryl phosp?ﬂﬂmm dejdcatalyst) wepenhsedai £8abi hal i de are
pre- ferred. NofdoeAlylf @Hl&éieée«é@tie@ié&é&m%lw&ﬁh (cne mole
per cne mole pf catalyst), and that the zeaction tempera- .
ture and the reactiom pericd were changsd into 250°C and 2
hours, re ively. - :
Mter the reacticn was complete, the reaction 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.). 3
'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
.results are s&. forth in Table 5. '

-

- Eample 12
‘meprocedures of Example 2 were repeated except :
that 20,821 mbl ‘of diphenyl oxalate and 1.06% mmol. (5.1
molar % basedcn the amount of diphenyl cxalate) of .
'tr:.phenylphbsﬂ:ine dichleride (catalyst) were used, that
o dioxalyl cmoﬂ'idawas replaced with chloroform (0.9 wol,. ;
. ¢ per cme wole.qf catalyst), and that the reaction tempéra- - ,_.’
. ) tureandthereactimperiodwerechangedintozsowandz ‘ .
hour's, respecﬂivaly
_ ' After thd reacticon was complete, the rea.cticn mise-
. thre wag analyrzed by gas chmxatogtaphy 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 mammer
as in Exanple u. in the following decarbonylaticn reac-
.tiensasmm:yhsz times (total) in the same mamnezr. The
~ ¥esults are get forth in Table 5.
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ride, tetraaryl phosphonjum hydrogen dichloride, and tri-. aryl phosphi ne

di chl ori de. The organi ¢| phosphor us m  pound ci ed_stigty or in
conbination in the process of the pfgsent i nven Pgﬁ f}ﬁlr f&?}ﬁ?%”aposphorus
conmpound can be dlssolvéd or dispersed in the r organic
&g anount of 0.001 to 50 rol. %

phosphorus conmpound can!be enpl oye
preferably 0.01 to 20 nﬁl.@b based on the anount of diaryl oxalate (100

ml % . | n tE=res T OO Ty e T T DT e o o ar vy
oxal at e acdmii ng t oPERE i nChboreform hal BPOgeeRat om colP&.nded - conpound

can be inconggrated. BE%M (SYhAFatic)n the ¢gpes where a ggsphoni um salt
e are:

ot her than
used as the phosphorus ¢onpound and where a phosphoni um halide or a

phosphoni urEsampleyén (dhpa.lyd‘e i setxagihenylphoasphdnium boomide i ncor poration

of a halogeny . 15,81 . 3.3 76.8 97.6
2 18. bz 3.3 94.6 99.0
8
- ' E:ample 10 (Catalyst triphenylphosphine) .......... .}
e 1. a7 - 10 58.5 9.4 ~
' 2 - 21, 1;7 1.0 . 59.7 .__.-'-:'35:2 . '
E:ample 11 (&talysl: * triphenylphosphine cucide)
1 . 20. ‘75 1,0 _ 34.6 77.8
2 . 20. ?5 1.0 © 39.0 73.1
. : i .®
Bample 12 ( talyst: triphenylphosphine dichlorids)
- :'. ' 20 - '039 99.0 99-0
-2 20, a:L 0.9 - . 81.3 89.9

7'~ . In a 50 yl-volume glass flask equipped with a thex- |
mmanda:eﬂw:ccndm&,amb:tmofdiphmyl ,
cxalate: (10.010'g, "41.23 mwol.), tetraphenylphosphonium .8
‘o , chloride (catdlyst, 0.3090 g, 0.625 mwol.: 2.0 molar % .
e per the amount of diphenyl cxalate) and chlo:ofom (6. 188 . r~
"g} was heated junder stirring to 230°C for 2 hcu:r: .
" The decaybonylation reaction was carried out at an
atmoepheric pnlesmre, removing emitted carbon monoxide
from the :eaceicn 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 argon gas, before it was enployed for the above
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at om cont ai ni ng conmpound, i s preferred. The hal ogen atom containing,

compound preferably is ai chlorine _f%t m con- t 3 F}h@‘,QG@PHHQ@E‘EN brom ne
at ome.cont ai ni ng conmpound, Most pretrred is a or |,4@Lgt¢@m cort ; ni ng

con{ound The |ncorporat|ed hal ogen at om cont ai He ~
deconposeddetashang: .hal ogen at om cont ai n- i ng conpound in

t he course of t t%nﬁ ﬁi ORwal.

at on¥ cont ai ni ngﬂgg% éd S;Ee %Sg%é%eﬁfxof 0.001 to
300 nol es, TPref wag sa@omc tnoﬁ-ud&eat-QeS%rghm c phos-
phor us corrwueae @&ﬁz@b@& cfATAaeEN¢DERYeER, RN i nor- ganic
conpound o n gen

atom cont a gﬁp aﬁ%‘%j‘%ggp M@nwégl um chl o-

ri de and aBeh-hum broni de), halides of netals bel onging
' The reacticn mixture was distilled undex reduced
‘ pressure (2-3 :jnd-!g/lBS'C, bath temperature) to recover the
‘-prodd.ced dipheqyl carbomate. The amunl: of the distil-
-.late was 90 wt.% of the reaction mixture. The residue
was m:bject:ed to the second decarbonylation reaction in
. the smmafterthemammtsof&phalyl coa-
- late.and chlordform were added.
- __Thesamedacarbunylammreact:icnmrepeatedas ..... s
v .many as 5 timee (total) in the same mammer. -~ . ’
_ . . The react ndx:urepmducedafterthesnmsrun e
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 residup was ccoled to room temperature, and:
stirred at room temperature fox 10 mimites in a homoge-
nizexr aftex tion ©of 50 nmL of deionized watexr. 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: 99.1%).

B The cbtained tetraphmlylphosphcxnmn chloride was
_ subjected to t'mp sixth decarbonylation reaction in the
o same marmer after the same amounts of diphenyl o:alate
and chleroform were added. .
The results are set forth in Table 6.

.
o’
.’
.
.
.
.
.
K3
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-17- to the platinumgroupg (e.g.,
pal | adi um chl ori de,

and chil oropl atinic acid),

pl ati num chl ori de,
hal i

I ut heni um chl ori de,
hosphorus (e.g.,

phosphorus trichloride, phlosphor us pagtachl ori de, de,
phos- phorus tribrom de, plhosphorus pent abr om de,
oxybrom de), hydrogen hali ‘des (e.qg. dro en chl o=Fi
brom de), halides of sulfur (e.g., t chl oride, sul furVI e,
sul fur dichl Mg_a_m_d;quj far dichlori del and halogens ner SC (e,g
chl ori,ne and m ne) | ogen ngﬁﬁ und” pref er -
ably gont ai ns il) car %%-6 torn:g %%ngﬁ Ral oge?PQ e at om or
a brom ne at oM™-=and ( I@&Qﬁroﬁ'é‘:%ﬁ) ot her (¥ ons sel ect ecﬁ‘ rom,a
hydrogen atoffl & nrtrogen - .
1 41.3 0.0195 - 95.4 - 99.0.
] 41.3 0.0195 97.0 -99.0
3 '41._3? - 90,0195 95.8 99.0
‘. £1.33 0.0195 . 93.4 99.0
5 41 .'3? 0.0195 95.0. 93.0
6. 41'.33 - 0.0195 .95.2 29.0
T 'I T _ » '
n:eprocechmcfﬂ:mplelam:epeatedawepc .
'.t:ha.t chloroform was zeplaced with oxalyl chloride (0.0207
'g).. 'n:eprocedlureswemrepeatedasmnyassums "o
(cotal) . Aftey tha'Sth zun, the tetzaphenylphosphonium .~ 8
o chloride was recoveéred from en aqueous mixture in the . ~
' fame warmner as lin Bxample 13. Then, the gixth run was .- '
The resultis are get forth in Table 7.
Table 7
R DPO | Oxalyl chloride DPO con. DEC. sel
No. (mmol)! (molar ratio) (%) %)
1 41.32 0.0207 95,3 "~ se.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 - 85,1 99.0 N
o —g ‘1-32 W m 99!0 Pl ‘
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atom a sulfur atom and a silicon atom Exanpl es of the organi ¢ hal ogen
at om'cont ai-ni ng com pounds are organi ¢ conpoungs= - xondi ng
(i n which Hal neans a hal ogen atom, 2 C-Si - Hal fif'bﬁ'ﬁéh ﬂgf-ari,& BGDEN- I
bondi ng or a C S(0)2-Hal bondi ng. The organi ¢ hyl oqenﬁa{’bM?t@nt ai nif ng
conmpound can contain one or nore hal ogen atons SUCh as Chi-or e

brom ne(s) or io- dine(s)!singly of, nat I on. Exanpl es of' .t'he organi c
conmpounds havi ng C- HaI pondi n clu aI i de hl or of orm
carbon -tetrachl or 8# %Sg‘ e%’lﬁpﬁodecyl )

chlori de), m«mm::( efgd.ipbmyiymhbe. ruata'lpbm ride,

triphenyl metfihm CHROHED %ﬂd EBLddaf did toand, basogenat ed

al i phat.i ¢ ni erplzchlqr o itr.

[err]-chl orogﬁyﬁm I)e) 1 Q’téﬁb ot |jc' cHPg‘g‘g FI %agﬁids (e.qg.

chl oro- acetdm the mmmﬁcdipm& exalatelhland o @|3709'u cTespesr
‘tively. e !

' . ' After the! raacticn was conplete, the reaction mix~ ~

ture\asanalyzedbygascnmmtographytoindicatassst .

of the cocaversicn ratio of diphenyl cxalate {DFO com.)
and 99.0% of :he selectivity to diphenyl ca:hmate (DeC
gel.). |
nzepmduaedreaccimnﬂxtuzemdiatﬂledmder
reduced pressure in the same mamner as in Example 13 tO.
recover the produced diphenyl carbonate. Tha amount of
the distillate was sow%ofthereacticnmixtuze '
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
. same manoer after the same amounts of diphenyl ouca.late_,,: """""
v and chloroform were added. r
The pmcedpres were repeated as many as § times o '
(total) . After the Sth run, the tetzaphenylphpsphmxim
chloride was rebovered from an aquecus mixture in the
same mamer as in Exanple 13. Then, the sixth run was
performed in the same manmer.
The rasulti: are set forth in Table 8.

B

e .

t
’
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Exanpl es of the organi c conpounds having a C Si-Hal bondlng i ncl ude

hal ogenat ed sil anes (e. g| di phenyl di - chl or osi | & Aer Tt

tri phenyl chl orosi |l ane). Exanpl es of-3ghe organlc;Eaﬁﬁeﬁnaslhawwngma C (Oj

-Hal bonding include acyli halides (e.g. acetylg

hl or iR -AGER 18- 1yl

chl oride, propionyl chlorlde steargéh chlorlde Tbenzoyl chrorrge=!

2- napht hal enecar boxyl i c aC|d chlori

chl ori de),

bondi ng i ncl NQ@ sul f(fmlkhﬁmha'egaﬁg)g

' that'the pericd ‘for stirxing the aguecus mixture was

_phenylphosphenium chloride (zecovery yield: 98.8%).

" and chlorofozm were added.

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

aquecus portion was performed using a separatory fummel. .

lad 2- t hi ophenecar boxylic acid
d arvl esters (e .d.. phenyl

halogenated fdrnic acid a
chl or of or ma , and gen ylic d est ( phenyl
chloroglyox e). Eggégles PgFﬁk&§$ anlciﬁgn?géhds hasﬁﬁb §eg *S(0) 2- Hal

uene-
1 41 4‘('- ._0.037 . 955 99.0
I )
2 41.47 0.037  99.5 99.0
3 - ‘1.47 E 00037 99.4 ’ 99-0
4 41.47 0.037 . 99.5 99.0 R
"5 41.47 0,037  99.4 99,0° . 1
[ - 141.47 0.037 = 99.4 . 89.0" - Tl
& .. 4133 0:037 - 994 T 99l0
Eqmple 16

| The procedures of Example 15 were repeated except
changed into 5 minutes to recover 0.04557 g of tetra-

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

After the Z:'eactim was complete, the reaction mix-
ture was analyzbd to indicate 99.5% of the conversion 8

ratio of dzphenyl oxalate (DRO com.) and 99.0% of the

selectivity to H:phenyi carbonate (DEC sel.). =~ . . . , s

The procedures of Example 15 were repeated except
combination of 30 mL of deicnized water and 30 mL of

toluene to recover 0.04391 g of tetraphenylphosphonium
chloride (recovery yield: 95.2%). The geparation of the
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sul fonic acid chloride, and 2-napht hal enesul fonic acid chloride). The 3
reaction for releasing CO fromthe diaryl oxgz_late according to the
i nvention can be conducted at a tenggrature N+ harge=adalil t 0
450[err]C, preferably 16(‘.) to 450[err?C nor e [jpr ere "é‘[gff HAB@EEOO[e?r]C
nost preferabl y 180 to 350[err] C, in a reactikes-ve H- tht he B -€sence of
t he é}rganl c phosTie rebttidwEd tetraphanylytcuphonjun O TR et on vmth t
hal ogen ato 5£Q|5 hgcﬂa :
reaction, %%é%oé?a%glns&e an% @E é aé ?%‘ rbonate IS
formed. TheSABRTHERER Af a&%ﬁ Jpﬁ sure, under
a certain. paﬁgswgmwmdced pressure. If the reaction
tenperature is hj f tu Obad 1St Ak di aryl
oxal ate, the re%ﬁ?% W%&'% w%er%?ﬂ'% i‘g.igssurfmThe )
decar bony| atizo@ was Analyies:
ratioofdiphemylcualate (DFOccn) andss 0% of the
. selectivity tol!diphenyl carbcnate (DEC gel.).

T e eI o a0 Katberses

The procedures of Exanple 13 were repeated except
that the amounts -of diphenyl calate and tetraphenyl-
phogghonium chloride were changed to 10.003 g (41.29
-mol)and031029(0826m1,20m1ar%ba3edm .
. the amount of diphemyl cxalate), respectively and that .8
chlorofom was replaced with 0.080 g gasecus hydrogen .. .
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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sol vent. However, if necessary, an organic sol vent_whi ch does not
participate in the reaction can be enpl.oyed. Suc RAL VeI CaT b phenyl
et her, sul forane, N—nethyl- pyrrol i-dgee, di et hyj |n1ﬁé%$i|dhﬁ%BE§N h

1, 3- dlnethyl- 3,4,5,6-tetrahydro-2 (1H) -pyrimd #%cess or the
preparatlon of a dlaryl carbon- ate of the |nvent’8n i s char terlstlc I n

the use of a&zugaﬁmm%#ﬂdmg 5fp Rf selcnigeq vakey. d bonyl at- ion
reacti on andombgetisbdragiRiss hiit-aie Owis) thea! tréated in the igamepeat edl y

conpr ses. Pn%ﬂﬁe%eﬁgo@%tdlé% A4 ér#’%#“ﬁﬂi N r,Sélé’Pon of
a diaryl ox&idee (:acm vield: 95.1
d - The cbtaihed t:etraphenylphosphmium chloride was r
- subjectedtoé:esim decaxbamylaticn reactianinthe '
_ -mmafmmammtsof&MMate_
~ and chlctotbzu!wera added. :
Ehe :esults are get. fozth in.Tahle 9. o

>

B . . 'rable 9
‘Rmm  DPO: Kl DROcom. | DEC. mel.
¥o. (mmol} -~ (g) t) N )
1. 41.29.  0.090 . 93.7 - - - 99.0
2 41.29 0.090 93.2 . . 95.0
3 41.29 0.090 93.4 99.0
4 41.29 0.090 92.9 99.0 .- s
5 41.29 0.090 .93.3 99,0+ . ¢
- , e r
6 41.29 0.00  93.0 T 99407 :
i
B
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i xt 5Péec8mmufmﬂfﬂlmllmﬂlﬁ22¥ bonate and i he organi ¢ phosphor s compound 4

catal yst ---*Fifst" décarbonyl ation;_g). recoveri ng=the=th a bonat e from
the reaction mxture --- 1Product i sol ation; and *)Tfpjérqr{{n,:mm% -
decarbonyl ation reaction iof a di aryl oxalate in ghe prRSanes: 591? %}Ln {

reaction m r he diaryl carbonate has beers and to
which a hal ogen atom contiai ni ng conpound is added, to give a reaction

m xture conprising a diaryl carbonate angd the grga conpound
catal yst --- Secénd décﬁ?%%?&ﬁaﬁ% Cﬁ@&y d%ﬁ@éﬁ% g‘%@%nd st ep

(for product, dsslrgli i exalabe :Lﬂnmt]:ﬂqtd.dspheéfhy decashonylakiaanyl ation) are |
r epeat ed ba%sa als #d geonbi nation. Fig. 1 shows a flow f
sheet to pe ovE-rrent 0 t he .. :

diaryl oxalate i é)m M@g%msg ?) %{;*Iﬁhe 11. The
organi ¢ phogxadate {anphepresemtey Uf Gnporganid phosphorus
catalyst to give a reacticn mixture compriging a dia.:yl '
mmteandthecmganicphospharuaemmmdcamyat_ ------- o
e : Z)Wm:}mdiazyl carbamtafmthereactim o
. mixtuve; and -
... 3)perts a deea:bmylatim reacticnof a d:l.azyl
‘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 oxganic phdsphorous tompound catalyst.

4

-~ e®
»®

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

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

cne ca.rhon-phnsbhnm bonding. |

4, The p;ocess of claim 1, wherein the catalyst
conprises a compound selected from the group ccnsistmg
of an organic phosphonium compound, a phosphine, a phos-
phine dibhalide, ' andaphosphinemude

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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conbi nat i on wi th t'Hée hal ogen at om cont ai ni ng conmpound) is supplied tghrough

a p| pe‘line aryl oxal ate and i nco‘-‘p@b@t:&d:i:ﬂ&-}he_r_eactor
In the r‘ml“ﬁ |“1“MM$ ﬂl bonyl ati on reaction pfloteedsEmRTHAY BREN Ftr bon
ITDI’I@’XI de which i%s producdégd tn the cédrse of the defar bongERtACn [ eact

The carbon nonoxide is exhausted through a p| pe li W'E’Tﬂ‘"“ﬂ:ﬁe—l%ﬁdb-i—i—m“l

m xture conpri SI SE ? iaﬁ? -'t@ﬁw LS produced
i n the decarbony atlo@ %5 snal 1™° t of t he s;ghti P? di aryl

oxal at-e, an om of the
react or threggaee ﬁﬂhﬂidﬁilamtial neormxelvpmﬂphm-r 12. In

t he evaporat or | St rising a mgjor portion of the diaryl
carbonate |8+ t%ﬂ@%w&red t hrough a pipe line 15 -20- into a
distillation tower 13. [Ih the distillation toower, the diaryl carbonate is

i solated to recoyer tm@%@ﬂimglaim 1, wherein the halogen
cmtainiugcammdisanorganichalogenam-m-
-:ainingcmpamdhavngachenﬁ.calstmtura in which a
halegenatmishmdedmacarbmatmhavingmmm
dcublebcndothertlnnuo.

8. 'Ihej:mcessofclaim:.. wherein the balogen
atm-mtamngw:panﬂismmﬁganichalcgmatcm— ..... s
: containing compeund gelected from the group congisting ef
v’ a halide of phwsphorus, a halide of sulfur, a tqurogen . r
halide, anaaxlnalogen. ; .
9. 'megmcessof claim 1, wherein the halocgen
" atom-containing compownd is a chlorine-containing com-
pound. o .

10. The Frocess of claim 1, wherein the crganic
phosphorus compound catalyst comprises an ocrganic phos-
phenium salt; the reaction mixture from which the diaryl
carbcnate hag been recovered is treated with an agquecus.
medium to recover the organic phosphonium salt; and the
recweredorganicphosphm:.mnsal: is enployedinthe
step 1) ag the t:atalyst:

.
.
'.'
.
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linme-18. The residue in the distillation tower is taken out through a pipe
line 19. Aresidue remaining in the edaporator is tak out fromthe
evaporator. A portion of the residue is supplied int
through a line 16 to join: the diaryl oxalate to be s
reactor 11. A remaining pqrtlon of ARSIRALEE | due is re :
line 17. The reactor can he ut|||zed singly or in conbl na- tion. The—
evapor at or can be ap o C a filmevaporator.
The distillation tofe nunber (preferably

5 to »9) of theoretical di Stl |1 atl on col ums. One distillation t'oner can be
enpl oyed in place of the donbl nation of the ev o- a?tor and-t he ates. ™
The distillaf¥ ﬂﬁcﬁf‘ir‘b‘bgeﬁ% fiagy! sarbenase Hram Ay ‘E‘P’b’f e Iy diggid, R@?Fperat ur e)
gpdz?gbo 0QcC gony %%Qvlt}{chcoo%p%l%gtﬁgstl:ps &f or top terrperature) ‘at ‘a pressure

1) performing a decarbonylatzon reaction of a diaryl oxalate in the presence of
an organic phosphorous compound catalyst to give a reaction mixture comprising a
diaryl carbonate and the oi;'ganic phosphorus compéund catalyst;
2) recovering the quaryl carbonate from the reaction rmxture, and
3) performing a (i;ecarbonylation reaction of a diaryl oxalate in the presence of
' the reaction mixture from which the disryl carbonate has been recovered and to which a
halogen atom-containing c%ompound is added, to give a reaction mixture comprising 3

diary! carbonate and the ofganic phosphorous compound catalyst,

I (B
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The Tt esidue taken out fromthe evaporator can be in an anpbunt of 1 to 20
W.%wpreferably 1 to 10 wt. % of the amount of the mhole reactron n1xturef'
The residue com prises alnost all of the catal yst conp '
present in the reaction nlﬁture and s ég& anounts of up
oxal ate. and produced dlar car bonat A portion of thd
renmoved from anot her portlan to be recycled into the reactors=%al

accurrul ati on of by-productg having a hig 2§I|Ing poi nt . The-;EEB’T
decarbonyl ati on reaction cgdn be perforne uL m xture of a freshly
supplied diaryl oxalate, the recycled residue conprising the catalyst

conposition, and a freshly .supplied hd®gen atom contai ni nf8conpound. |f
necessary, a fresh organic;phosphorui’tﬁ%bound is supple-{nenled to

conpensate the catal yst portion suchlas that

12
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-21-. whi ch has been exhausted through the pipelin ed. |If

. the organi ¢ phosphoniumsalt is enployed as the o BEPLA;C@MENﬂ‘h ET tonmpound
catalyst in the reaction for decarbonylation of ajdi a171 uxal-ate;] t he

reaction m xture fromwhich the diaryl carbonate hag red{ (re-
noved) is preferably treated with an aqueous nedi mtofge{@gg@qeh, Dr gani ¢
phosphonium salt, after the steps 2) and-3) are ré¢peated in conbihafion.
Thus recovered or- gani c phosphoniumsalt can be g¢nployed in the st Fp 1) as
the catalyst. Fig. 2 shows a flow sheet to perfor [ he
preparation of a diaryl carbonate V\:hl ch I ncl udes the recovery _of the
organi ¢ phosphoni um sal t ZB&Q R 194

Y

FIELD QF THE INVENTION

The present invention relates to a process for pre-
paring a diaryl carbonate from a diaryl oxalate in a
liguid phase by decarbonylation. The diaryl carbonate is
favorably employable for producing a polycarbonate.

BACKGROUND OF THE INVENTION

It is known that a diaryl carbonate can be prepared
from a diaryl oxalate by decarbonylation. The known pro-
cess, however, is not favorably employable in industry
becauge the reaction rate is very slow and the yield and
selectivity are low.

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 oxalate
is heated to release carbon monoxide to give diphenyl
carbonate. This report describes neither vield nor se-
lectivity. According to a trace experiment of the exper-
iment of this report, only a small amount of d:.phenyl
carbonate is produced.

U.S. Patent No. 4,544,507 describes that the carbon-
ic acid dialkyl ester, i.e., dialkyl carbonate, can be
prepared by heating a dialkyl oxalate in a liquid phase
at 50-150°C in the presence of an alcolate catalyst. In
the working example of the Patent publication, the di-
phenyl oxalate is heated in the presence of a potassium
phenoxide catalyst only to give mainly the diphenyl oxa-
late, namely, the starting compound.

SUMMARY OF THE INVENTION



medium In Fig. 2, the diaryl oxalate is introduced

into a reactor 21

through a pipe Iine 21. The organic phospho- nium salt catalyst

“(optionally, in conbination with the hal ogen at om cc
supplied through a pipe line 22 to join the diaryl g
i-ato the reactor 21. In the reactor, the decarbonyl g
emtting carbon nonxide which is produced in the coyr

decar bonyl ati on reaction. The carbon nonoxide is exhpaysted thr

i ne 23. The reaction m xture conprising a maj or poj

it ijon reaction p

carbonate (which is produced in the decarbonyla- ti
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tion of —a~dirar
reaction), a sm

is
r at ed

ogeeds,
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anount of the starting diaryl oxalate, @&d the catalyst conposition is

taken out fromthe bottom of the reactor through a pipe line 24, and

i ntroduced i nto, an eya E;ft&e I n,the evaporatar,,
conprising a ]So?‘nﬁﬂ pIese

a disti ItJoate

Bt gp\ggnt@i}r o provide a process

continuously preparing a diaryl carbonate from a diaryl oxalate by
decarbonylation in an increased yield with a high selectivity.

It is another object of the invention to provide a process for
continuously preparing a diaryl carbonate from a diaryl oxalate 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 preparing a diaryl
carbonate from a diaryl oxalate in liquid phase by decarbonylation which

comprises the steps of:

1) performing a decarbonylation reaction of a diaryl oxalate in the
presence of an organic phosphorus compound catalyst to give a reaction
mixture comprising a diaryl carbonate and the organic phosphorus

compound catalyst;

2) recovering the diaryl carbonate from the reaction mixture; and

3) performing a decarbonylation reaction of a diaryl oxalate in the
presence of the reaction mixture from which the diaryl carbonate has been
recovered and to which a halogen atom-containing compound is added, to
give a reaction mixture comprising a diaryl carbonate and the organic

phosphorus compound catalyst.

In the process of the invention, the steps 2) and 3) are preferably

repeated batchwise or continuously in combination.

The organic phosphorus compound catalyst preferably comprises a
compound having a trivalent ore pentavalent phosphorus atom and at least
one carbon-phosphorus bonding. More preferably, the catalyst comprises a
compound selected from the group consisting of an organic phosphonium
compound, a phosphine, a phosphine dihalide and a phosphine oxide.
Specifically preferred is that the catalyst comprises a tetraarylphosphonium
salt, a triarylphosphine, a triarylphosphine dihalide, or a tri-
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bohate is obtained and transferred t hrough a pi pe[l;
distillation tower 23. In the distillation tower, |the—~g+a~yr—ecarh

R Pich CBVENTOSHEET

_ ngte is
“isolated to recover through a pipe Iine 28. The residue g&égg éji Sty |1 ation
tower is taken out through a pipe line 29. 2 6{JAN2G 26 Al rbsi due
remaining in the evaporator is taken out fromthejevaporataor A_poftion of

t he residue

diaryl oxalate to be supplied into the reactor 21.

t he residue
mediumin a

I's supplied into the pi p‘e3‘line 21 threugh a line 26 to Join the
i D1 ob 2 HLBS A e2inl D) SHRLTAR L8 Ehnan a0UE0US
beyi ine (GHHS £ (1
‘é%sgffﬁii M Q8% S EL e Aty 1 SIS AN, TRYH Y gych as water
tetraarylphosphonium hydrogen dihalide.
The halogen atom-containing compound preferably .is
an organic halogen atom-containing compound having a
chemical structure in which a halogen atom is bonded to a
carbon atom having thereon no double bond other than =0,
or an inorganic halogen atom-containing compound selected
from the group consisting of a halide of phosphorus, a
halide of sulfur, a hydrogen halide, and a halogen. The
most preferred halogen atom-containing compound is a
chlorine-containing compound.
In the case that the organic phosphorous compound
catalyst comprises an organic phosphonium salt, the reac-
tion mixture from which the diaryl carbonate has been
recovered is preferably treated with an aqueous medium 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 organic phosphonium
salt can be performed after the steps 2) and 3) are re-
peated in combination.

BRIEF DESCRIPTTION OF DRAWINGS

Each of Figures 1 to 2 illustrates a flow sheet
which is employable for performing the process of the
invention. |

DETAIIED DESCRIPTION OF THE INVENTION

The decarbonylation process for preparing a diaryl

“carbonate from a diaryl oxalate can be illustrated as

follows:

COQCAYT > OhAr
COOAXT COCAr + CO



preferably, deionized water) is supplied throu In the
_ \(/gssel, thg residue is treatZad vm'thp!tohe aqueous;&g‘F i WENI%WE t of as
“much as 0.1 to 100 weight parts, preferably 1 tp H0O wei ght parts,|{ per one
wei ght part of the residue to be treated. The agueouBbrdAN A998 is stirred in
the vessel to give a honpbgeneous slurry or suspénsion, so that |[he catalyst
(i.e., organic phosphoniumsalt) is-gxtracted i hto the aqueous poftion. The
aqueous portion is separated and taken out from. t he pipe
line 31. The organi c phosphoniumsalt is then ecov ed.fr mthe aqueous

portion. Thebexeirdy giHasdsc &@i B P IRStaERE shithedperature from
roomterrperafy]_egt@gphe upper nost decar- bonyl atlon tenperature. If the

extraction is cafy %5{?_ tgxgupu Eeeﬂgr@l&tgg 8la i< rah ®eiegiflug is in a

solid state, thea re Is pre stlrred h rate using
a honogeni zBPSE 1‘H‘| Biac Pg ¥} .9ro 5'odd ©F fhrd B

stituents such as an alkyl group hav:x.ng 1 to 12 carbon
atoms (e.g., methyl and ethyl), an alkoxy group having 1
to 12 carbon atoms (e.g., methoxy and ethoxy), a halogen
atoms (e.g., fluorine and chlorine), and nitro; or (3) a
naphthyl group. Preferred ig a phenyl group.

The phenyl group having ‘one or more substituents,
that is named "a subgtituted phenyl group”, may be in the
form of one of various isomers. Examples of the isomers
include 2-(or 3-, or 4-)alkylphenyl, such as 2-{or 3-, or
4-)methylphenyl, or 2-(or 3-, or 4-)ethylphenyl; 2-(or

. 3=, or 4-)alkoxyphenyl, such as 2-(or 3-, or 4-)-methoxy-
phenyl, or 2-(or 3-, or 4-)ethoxyphenyl; 2-{or 3-, or

i 4-)halogenated phenyl, such as 2- (or 3-, or 4-)fluoro-
phenyl, or 2-(or 3-, or 4- )chlomphenyl and 2-{(or 3-, or
4-)nitorophenyl.

Examples of the diaryl oxalates include diphenyl
oxalate, bis(2-wethylphenyl) oxalate, bis(3-methylphenyl)
oxalate, bis{4-methylphenyl) oxalate, bis(2-chlorophenyl)
oxalate, bis(3-chlorophenyl) oxalate, bis(4-chlorophenyl)
oxalate, bis(2-nitrophenyl) oxalate, bis(3-nitrophenyl)
oxalate, and bis(4-nitrophenyl)oxalate. Most preferred
is diphenyl oxalate.

In the decarbonylation process of the invention, the
decarbonylation catalyst preferably is an organic phos-
phorus compound having a trivalent or pentavalent phos-
phorus atom, and having at least one carbon-phosphorus
bonding. Preferred are organic phosphorus compounds
hav:.ng three or more carbon-phosphorus bondings. Pre-
ferred organic phosphorus compounds are a phosphonium
salt having the following formula .(A), a phosphine having
the following formula (B), a phosphine dihalide having
the following formula (C), and a phosphine oxide having




f ormed generally for 5 mn. to 1 hour, preferably 5 to 30 mn. After the
~extraction procedure is conplete, the resulting slurry or suspension is

"cooled to roomtenpera- ture, if desired, and the
fil- tration or centrifugal procedure. The aqueous
and heated to dryness. The heating is per- forned,
120-180[err]C for 1-3 houra in a streamof an inert
the extraction, the aqueous medi um caR"be em pl oye
organi ¢ sol vent such as an aromati c hydrocarbon (e.

)

HLALEVER

)

i nst ance, at

hal ogenat ed |i t & v qLo hon (e.g.. chlo i
chl ori de, aﬁ]ael,gg}g?‘gﬁagrggf aﬁé} C(lﬁpl ‘an anount of 0.01 to 100 vol une parts,

preferably 0.1 tBormula| dA :parts, per one
R ~
R2 - P*-RA-X

Formula (B):

Formula (C):

Formula (D): i

Detailed descriptions are given below for the phos-
phonium salt of formula (A), the phosphine of formula
(B), the phosphine dihalide of formula (C), and the phos-

phine oxide of formula (D).

(A) Phosphonium Salt of the formula (A)

The phosphonium salt can be represented by the above
formula (A), 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 carbon atoms, an aryloxy group of 6 to 10 car-
bon atoms, or a heterocyclic group of 4 to 16 carbon at-
oms, and X represents a counter ion of the phosphonium
ion. Any two of R}, R?, R® and R® may be combined to form

a ring having the phosphorus atom as its ring member.



vol t]rre part of the aqueous nmedi um such as wat er. The @rgam [} sol\ent can be

easily renoved in a vessel after the extractlon |s ‘cof etieufmﬁ& second
decar bonyl ation reaction can be performed using m xture of a]ffeshly
supplied diaryl oxalate, the recovered organicj| p sblﬁ:QMMrwwL. .tat al yst
(if desired), in conmbination with the residue r| sing the ofghnic
phosphoni um salt which is recycled through the I i ne 26, and—a—freshly
suppl i ed hal ogen at om cont ai ni ng conpdmd. cessary, a freshf organic

phosphoni um salt is supplemented. The pr esent invention is further

described by the fol |l qQwa.n arer S hey, exa ersion ratio
of diaryl oxal at F”%’l R Jtﬁ %%‘%}?#R“tﬁ%%b ]‘fﬁecﬁi’e(téé%'lr ‘eac ) diaryl
oxal ate per ahd zgmup aﬁnMragthemal yor aaghtthyl gudupsel e phanyb :
diaryl car b%latr%{pl(dhﬂ c’ﬁg Q:aﬁi Réife HBRYYr %d@ %Qﬂfs%it‘iiéfﬁé iGar bonat e

per the anmount of caonsured oxal t for de l,at 1.on. . reaction of
the diaryl &8 RASILIONF Y tﬁg 1%6*%1%% & atio (i.

mol % . Exarylkyll dfh :Ia tmmmtcmmm,s piefdrabhiy mfed wid 12h car-

ol )t et F?%ﬂeny oS TR, éﬁ?ﬁlﬁ%ﬁ%h%&ﬁft %‘o“?m?ir %
per the anpdtyds, eroﬁ%lé-} 'ié-hdor tert-butyl), alkoxy of

to 15 carbon atoms, preferably of 1 to 12 carbon atoms

(e.g., methoxy, ethoxy, n-propoxy, isopropoxy, -n-butoxy,

iscbutoxy, 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.q.,

phenyl), amino such as N,N-dialkyl-substituted amino

(e.g., N,N-dimethylamino), cyano, mtro, and halo (e.g.,

fluoro, chloro, or bromo).

The alkyl group is described'in more detail. The
alkyl group can have 1 to 16 carbon atoms. Examples of
the alkyl group include methyl, ethyl, n-propyl, isopro-
pyl, n-butyl, isocbutyl, séc-butyl, or tert-butyl. The
alkyl group can have one or more substituents in any
positions. Examples of the substituents are the same as
those described for the substituents of the aryl group.

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

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

The heterocyclic group is described in more detail.
The heterocyclic group can have ¢4 to 16 carbon atoms, and



chl oroform (CHCl[err], 0.2 nol. per one nol. of catalyst) was heated under

stirring to 2300C for 2 hours. The decarbonyl ati Siconmmoisma rri ed out
" at an atnospheric pressure, renoving emitted car LNME’ET t he
reaction m xture. The tetraphenyl phosphoni um chl pbri de was heatjed at
120[err] C for one hour, 150[err]C for one hour, pnd ?%%g@af one hour
~in a streamof a dry argon REPLACEMENT SHEET P 6 JA - gas, and
cooled to roomtenperature also in a’stream of ah orle it was
enpl oyed for the above decarbonyl ation reaction.|After the reactloin was

. = caph
nd cat o' 9870 5Pt St aiesld ool il Shomer Bl B (Gl [ ©
trogen. Examples of the heterocycl:Lc group mclu e
thienyl, furyl, and pyridyl.. The heterocyclic group can
have one or more substituents in any positions. Examples
of the substituents are the same as those described for
the substituents of the aryl group.

The groups of R', R?*, R* and R* of the phosphonium
salt can be the same or different from.each other. For
ingtance, all of the groups of R, R?, R® and Rf are aryl
groups in one phosphonium salt, that is, a tetraarylphos-
phonium salt. Three of the groups are aryl groups and
other cne is amcther group, that is, a triarylphosphonium
salt. Two of the groups are aryl groups and other two
are other groups, that is, a diarylphosphonium salt.

Only one of the groups 1sanary1 group and other three
are other groups, that is, an arylphosphonium salt. All
of the groups of R', R?, R’ and R* are other than the aryl
groups. Preferred are the tetraarylphosphonium salt and
an arylphosphonium salt in which three of the groups of
R', R?, R® and R* are aryl groups and other one ig a het-
erocyclic group. |

The counter ion (X') can be a halide ion (e.g., chlo-
ride ion, bromide ion, or iodide ion), a hydrogen di-
halide ion (e.g., hydrogen dichloride ion, hydrogen di-
bromide ion, hydrogen diiodide ion, or hydrogen bromide
chloride ion), a halogen acid ion (e.g., chlorate icn,
bromate ion, or iodate ion), a per-halogen acid ion
{(e.g., perchlorate ion, perbromate ion, or periodate
ion), an aliphatic carboxylate ion (e.g., acetate ion,
trifluoroacetate ion, or propionate ion), an aromatic
carboxylate ion (e.g., benzoate ion, or «- or P-naph-
thalenecarboxylate ion), an aromatic hydroxyl ion (e.g.,
phenoxide ion), an inorganic acid ion (e.g., sulfate ion,
sulfite ion, phosphate ion, phosphite ion, borate icn,
hydrogenborate ion, cyanate ion, thiocyanate ion, or
fluorcborate ion), an alkylsulfonate or alkylsulfinate




and 99. 0% of the selectivity to di phenyl carbonate (DPC sel.). The reaction

m xture was distilled under reduced pressure (2 - bat h
\ . FEPTACBMENO] SHERE

tenperature) to recover the produced di phenyl ¢ .
|l ate was 90 wt.* of the reaction m xturle.| The reS|du§ wag subjected

to the second decarbonyl ation reaction in the sja er

anounts of di phenyl oxa- |ate and chlporof orm welr el_added. The sdne

distil-

rye—aqoynt of the

tthe same

decar bonyl ati on reacti on was repeate& as nmany as 6 tinmes (total) {in the
same manner. The results are set forth in Tabl e-lFable-1-—Run DPO

(99
41. 32

Chl orof or my o hi e alky g’&pﬁﬁé 1 RS 16 c&ﬁ!‘%h) aemsar<er§'0)

99.0 2
peshyl,” ethyl ,911-(propy1 or Wpyl) , an axylsulfonate

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

p-tolyl, or p-nitorocphenyl), a tetraalkylborate ion hav-

ing an alkyl group of 1 to 10 carbon atoms (e.g., tetra-
methylborate ion, or tetraethylborate icn), or a tetra-
arylborate ion (e.g., tetraphenylborate ion, or tetrakis-
p-fluorophenylborate ion). Examples of preferred counter
ions (X°) include halide ions such as chloride ion, bro-
mide ion and iodide ion, and hydrogen dihalide ions such
as hydrogen dichloride ion, hydrogen dibromide ion, hy-
drogen diiodide ion, and hydrogen bromide chloride ion.

Most preferred are chloride ion and hydrogen dichloride

ion.
concrete exanples of the preferred phosphonium salts

of the formula (A) are described below.

{1) Phosphonium salt in which all of R}, R?}, R® and R* are
aryl groups and X° is a halide ion -
Examples are tetraphenylphosphonium chloride, tetra-

phenylphosphonium bromide, tetraphenylphosphonium iodide,

tetrakis (p-chlorophenyl)phosphonium chloride, tetrakis (p-

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

phonium chloride, p-chlorophenyltriphenylphosphonium

chloride, p-chloxophenyltriphenylphosphonium bromide, p-

chlorophenyltriphenylphosphonium icdide, p-tolyltriphen-

ylphosphonium chloride, p-tolyltriphenylphosphonium bro-

mide, p-tolyltriphenylphosphonium 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-dimethylaminophenyltri-
phenylphosphonium chloride, p-ethoxycarbonylphenfléri-
phenylphosphonium chloride, m-cyancphenyltriphenylphos-
phonium chloride, and 1-naphthyltriphenylphosphonium



3 ' 41. 32 0.2 95.8 99.0.4 41. 32 0.2
93.4 99.0 5 41. 32 0.2 REPI9&C T anet) 99.0 6
T 41. 32 0.2 96. 1 99.0 Remm k

oxal ate, DPC. di phenyl carbonate The nol ar ratio-af blased on
t he catal yst anount. -25- In a 50 niL-vol une glass dwth a
ther- noneter and a reflux condenser, a m xture of di henvl tg (20.83
mol .), tetraphenylphosphoniun1ch|orT%@ (catal yst} O. 10 mol .: 0.5 |nol ar %
per the anpunt of di phenyl oxal ate) and oxal yl chtor+tde—6-6 mol_der one
mol . of cal @l H§hadas SR G- LPLELe! 15 LA h AR A urt chlo-

ride.

(2)

Phosphonium salt in which all of R, R?}, R?® and R! are
aryl groups and X is a hydrogen dihalide ion
Examples are tetraphenylphosphonium hydrogen di-

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

(3)

Phosphonium salt in which all of ‘R*, R?, R® and R* are
aryl groups and X is an allphat:lc or aromatic caxr-

boxylate ion
Examples are tetraphenylphosphonium acetate, p-

chlorophenyltriphenylphosphonium acetate, p-ethoxyphenyl-
triphenylphosphonium 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 fluoroborate ion
Examples are tetraphenylphosphonium fluoroborate, p-

chlorophenyltriphenylphosphonium fluorcborate, p-ethoxy-
Phenyltriphenylphosphonium fluoroborate, and p-tolyltri-
phenylphosphom.mn fluoroborate.

(5)

(6)

(7)

Phosphonium salt in which all of R*, R?, R® and R® are
aryl groupg and X is thiocyanide ion

An example is tetraphenylphosphonium thiocyanide.
Phosphonium salt in which all of R*, R?, R® and R* are
aryl groups and X is an aromatic hydroxyl ion

An example is tetraphenylphosphonium phenoxide.
Phosphonium salt in which three of R!, R?, R® and R!
are aryl groups, one is an alkyl group, and X is a
halide ion

Examples are methyltriphenylphosphonium chloride,

methyltriphenylphosphonium bromide, methyltriphenylphos-
phonium iodide, ethyltriphenylphosphonium chloride,
ethyltriphenylphosphonium bromide, ethyltriphenylphos-



hour. The decarbonyl ation reaction was carried oy

_pressure, renoving enmtted carbon nonoxi de from tjid ! i Af ter
the reaction was conplete, the reaction mx- turg yas anaryzed-by ¢as
chromat ography to indicate 85.0% of the conversign ra?iéoJR,(‘ @'gé)h«, 4 :
oxal ate (DPO con.) and 99.0% of the selectivity tjoldi phenyl bpnhte (DPC
Sel. ). The reaction m xture vvastrggbgd intheiarl Lh anple 1
to enploy the residual catalyst repeated- Iy in the follow ng

decar bonyl ati on reactions as many as 29 tinmes (total) Thn The same—manner.

The resul t 1000361 S@dd, | A-JA8bF1€riphendlishosphonium chloride, n-

propyltriphenylphosphonium bromide, n-propyltriphenyl-
phosphonium iodide, isopropyltriphenylphosphonium chlo-
ride, isopropyltriphenylphosphonium bromide, n-dodecyl-
triphenylphosphonium chloride, n-dodecyltriphenylphos-
phonium bromide, chloromethyltriphenylphosphonium chlo-
ride, methyltris(m-chlorophenyl)phosphonium chloride,
methyltris (m-chlorophenyl)phosphonium bromide, ethyltris-
(m~chlorophenyl) phosphonium chloride, and ethyltris(m-

chlorophenyl ) phosphonium bromide.

(8) Phosphonium salt in which three of R!, R?, R® and R?
are aryl groups, one is an aralkyl group, and X is a
halide ion
Examples are benzyltriphenylphosphonium chloride, p-

fluorobenzyltriphenylphosphonium chloride, p-fluorcbenz-

yltriphenylphosphonium bromide, 2,4-~dichlorobenzyltri-
phenylphosphonium chloride, 2,4-dichlorobenzyltriphenyl-
phosphonium bromide, p-n-butoxybenzyltriphenylphosphonium
chloride, p-n-butoxybenzyltriphenylphosphonium bromide,
2-naphthylmethyltriphenylphosphonium chloride, 2-naphth-
ylmethyltriphenylphosphonium bromide, 9-flucrenyltri-
phenylphosphonium chloride, and 9-flucrenyltriphenylphos-
phonium bromide.

(9) Phosphonium 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-

ride. .

(10) Phosphonium salt in which three of R, R?, R® and R%
are aryl groups, one is an aryloxy group, and X is a
halide ion '

An example is phenoxytriphenylphosphonium chloride.

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



Tabl e -2 Run DPO Oxalyl chloride DPO con. —= -
(mol) (molar ratio) Yo (% 1 REPIAGEMERT SHESS
6

85. 0 99.0 2 20. 83 0. 85. 6  09.0 3
20. 83 0.6 85. 1 99.0 4 %g.m 1998 D.B

84. 8 99.0 5 20. 83 0.6 6.0 99.0 6
20. 83 0.6 85. 0 99.0 7 | 08305

94. 6 99.0 8 20.83 -11- 0.6 91. 6 99.0 9
20. 83 0.6 89.0 99.0 10 50 83 0.6

85. 5 99,0 11 . .20.83 . 0.6 79. 2 . 99.0 12
20. 83 e%b%itrlPhenyip%@ﬁﬁﬁonlum acetgee qad n-pogPyitriphenyls

81. 3 phospldnfumldcetate.20.83 = 0.6 . 78.3 99. 0

(12) Phosphonium galt in which three of R}, R?* R’ and R*
are aryl groups, one is an alkyl group, and X is a
fluoroborate ion
Examples are methyltriphenylphosphonium fluoro-

borate, ethyltriphenylphosphonium flucorcborate, and n-

propyltriphenylphosphonium £luorcborate.

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

Exanmples are dimethyldiphenylphosphonium chloride,
diethyldiphenylphosphonium chloride, dimethyldiphenyl-
phosphonium bromide, and diethyldiphenylphosphonium bro-
(14) Phosphonium salt in which one of R*, R?, R® and R* are

aryl groups, other three are other groups, and X is

a halide ion '

Examples are diethylmethylphenylphosphonium chlo-
ride, and diethylmethylphenylphosphonium bromide.

(15) Phosphonium salt in which none of R!, R?), R® and R*
are aryl groups, and X ig a halide ion
Examples are tetra-n-butylphosphonium chloride, and

tetra-n-butylphosphonium bromide.

Some of the above-mentioned phosphonium salts are
known and available on market. Other phosphonium salts
can be prepared by the processes set forth in Bull. Chem. .
Soc. Jpn., 56, 2869 (1983) and J. Am. Chem. Soc., 70, 737
(1948), or processes similar to those described in thesge
publications.

For instance, the tetraarylphosphonium chloride can
be prepared by reacting a triarylphosphine and an aryl
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
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15° 20. 83 0.6 83.5 99 .0,1 20.83 0.6
86.0 99.0 17 20. 83 0.6 99.0
20. 83 0.6 79.1 99 %EEI%CE‘MENT Sj&%’g

0.6 76. 4 99.0 20 20. 83 . 3.6

99.0 21 20. 83 0. 6. 89. 4 QgﬁdAm1998 40./83

0.6 83.2 99.0 23_12_ 20. 83 7.3

99.0 24 20. 83 0.6 77.2 99. 0 25 20. 83

0.6 84. 4 99.0 26 20. 83 06 [9. 3

99.0 27 tety Bhosphogugim chlor1de87 ?t‘he groducedgﬂeﬁraﬁryl- 20. 83:
-0.6 0.6 82.6

99. 0 phosphonium chloride is preferably drled For the dry-

ing, the tetrasrylphosphonium chloride is preferably
heated to 100 to 200°C for 0.5 to 5 hours in a stream of a
dry inert gas such as dry argon gas and then heated to 80
to 200°C for 0.5 to 2 hours in a stream of a dry hydrogen
chloride gas. The commercially available tetraarylphos-
phonium chloride is also preferred to be subjected to the
above-mentioned process. |

The tetraarylphosphonium salt having a counter ion
other than halide ion can be prepared by reacting the
above-obtained tetraarylphosphonium chloride with an
alkali metal salt (e.g., sodium salt or potageium salt)
or an ammonium salt of the desired counter ion, that is,
ion exchange reaction. Other phosphonium salts other
than the tetraaryl phosphonium salts can be prepared in
the same mammer or an analogous mamner. These phosphoni-
um salts are also preferred to be subjected to the drying
treatment, in advance of its use as ‘the catalyst.

(B) Phosphine of the fornmula (B)

The phosphine can be represented by the above formu—
la (B), wherein each of R®, R® and R’ independently repre-
sents an aryl group, an alkyl group of 1 to 16 carbon
atoms, an aralkyl group of 7 to 22 carbon atoms, or a
heterocyclic group of 4 to 16 carbon atomsg. Any two of
R5, R® and R’ may be combined to form a ring having the
phosphorus atom as its ring member.

Examples of the axyl 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 axyl groups in one
phosphine, that is, a triarylphosphine. Two of the
groups are aryl groups and other one is another group,
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mmol

Exam e 3 The procedures of Exanple 2 were repeated except that 20.58

_ . of diphenyl oxalate and 0.092 mmol. (0.45 We
" amount of di phenyl oxal ate) of tetrapenyl phosphoni 7132\'[‘(,8}{1‘:[E[tride

(catal yst) were used, that the reaction tenperaturfe rvvas changed—int ¢
260[ err] C and that no oxalyl chloride was enpl oyed. gb A

t et raphenyl phosphoni um hydr ogen di chlégrl de was prgpar H Nhjg?ﬁar
described in Z anorg. allg. Chem

conpl et e,

ner
1(1987), 179. Aft+er—thereadtion was
the reaction m x- ture was anal yzed by das chr omat ogr aphyjto

i ndi cat e 89n2% qfy,t he GUMAUALEAE O Tnlg RERNVE ehd groupar@scen) and

99. 0% of the elect|V|t¥1 m prbﬂa/l carl%%nate sDPC Tré%a&eactlon m Xt ure

was treate

arylphosphine. All of the groups of R%, R® 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 phosphines of the
formula (B) are described below.

(1) Phosphine in which all of R5, R® and R’ are aryl
groups (i.e., triarylphosphine)

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

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

Examples are methyldiphenylphosphine and phenyl- (p—
wethoxyphenyl ) methylphosphine.

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

tributylphosphine. An example of a phosphine in which any .

two of R®°, R® and R’ are combined to form a ring having

the phosphorus atom as its ring member is phenylbi-
phenylenephosphine.

(C) Phosphine Dihalide of the formula (C)

The phosphine dihalide can be represented by the
above formula (C), wherein each of R®, R® and R!° indepen-
dently represents an aryl group, an alkyl group of 1 to
16 carbon atoms, an aralkyl group of 7 to 22 carbon at-



as in Exanple 1 to enploy the residual catalyst r —afd--Lhl or of orm
(1.4 mol. per 1 mol. of catalyst) in the foll owi nmmmﬁ\Téﬁipv"

“reactions as many as 6 tirmes (total) in the samd naner. The T& S are
set forth in Table 3. Table. 3 Run DPO Cnl or offo m26JA /?E?S‘:;
DPC. sel. No. (rmmol) (nolar ratio) (% f"

=

20. 58
--- 89.7 99.0 2 20. 58 ?
99.0 3 20. 58 1.4 ’38457 99 0 4 ZD 58
1.4 936 99.0 5 20.58 1.7
99.0 6 e
or ocedur es § rgplaeh? m:?)cyliictfl algrg%é %f 4 to 16 205 RIS %r;@
each o endently represents a halogen atom

such as chlorine, bromine or iodine. Any two of R®, R’
and R¥ may be combined to form a ring having the phos-
phorus atom as its ring 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 dihalide
can be the same or different from each other. For in-
stance, all of the groups of R®, R’ and R™ are aryl groups
in one phosphine, that is, a triarylphosphine dihalide.
Two of the groups ave aryl groups and other one is anoth-
er group, that is, a diarylphosphine dihalide. Only one
of the groups is an aryl group and other two are other
groups, that is, an arylphosphine dihalide. All of the
groups of R®, R® and R are other than the aryl groups.
Preferred is the phosphine dihalide in which all of the
groups of R®, R® and R are aryl groups.

Concrete examples of the preferred phosphine di-
halides of the formla (C) are triphenylphosphine 4i-
chloride, triphenylphosphine dibromide, and triphenyl-
phosphine diiodide. -

(D) Phosphine Oxide of the formula (D)

The phosphine oxide can be represented by the above
formula (D), wherein each of R¥*, R™ and R®® independently
represents an axryl 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
R1?, R and R*® may be combined to form a ririg 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



-28- that 7.88 mml. of di phenyl oxalate and O. 039&@ x{(@; qs Al-dr %

~ based on the anpunt of diphenyl oxalate) of tetrap @) R idhl ori de
" (catalyst) were used, that oxalyl chloride was re Ia‘ced with chl orodceti c
acid (2.0 nol. per one nole of catalyst), and that} tjhe2r&dANi 1998t gnper at ure
was changed into 260[err]C. After the reaction wa o{orrpl ete, the reaction
m x- ture was anal yzed by gas chrcmatography to indicate 81. 4% 0Of the
conversion ratio of diphenyl oxal ate'GgPO con.) and-99 Q% of the
selectivity to diphenyl carbonate (DPC sel.). The reaction m xture was

Feao- 1 ons Ga ey Che Bane s i EERERSE, fr SR SR FGRoERT oY A O
stance, all of the groups of R, R® and R*® are aryl
groups in one phosphine, that is, a triarylphogphine
oxide. Two of the groups are aryl groups and other one
is another group, that is, a diarylphosphine oxide. Only
ocne of the groups is an aryl group and other two are
other groups, that is, an arylphosphine oxide. All of
the groups of R, R¥ and R? are other than the aryl
groups. Preferred is the phosphine oxide in which all of
the groups of R4, R2 and R® are aryl groups.

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

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

Examples are triphenylphosphine oxide, tris(p-
chlorophenyl)phosphine oxide, tris(p-tolyl)phosphine
oxide, and «-naphthyl (phenyl) -p~-methoxyphenylphosphine
oxide.

(2) Phosphine oxide in which two of R, R? and R® are
aryl groups and one is other group (i.e., diaryl-
phosphine oxide)

Examples are methyld:.phenylphosphlne oxide and phe-
nyl- (p-methoxyphenyl) methylphosphine oxide.

(3) Phosphine oxide in which one of R, R® and R® is an
aryl group and other two are othex groups (i.e.,
aryl phosphine oxide)

Examples are dimethyl (phenyl)phosphine oxide and
ethyl (phenyl) n-propylphosphine oxide. .

"(4) Phosphine oxide in which none of R¥, R and R are
aryl groups

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

Among the above-mentioned organic phosphorus com-




results are set forth in Table 4. Exanple 5 The procedures of Exanple 2
.were repeated except that 7.97 mol. of diphenyl OX@Late and 0.040 mmol .
"(0.5 nolar % based on the ampunt of di phenyl oxal at f
t et raphenyl phosphoni um chl ori de (catal yst) were use .EH?Iorlde
was replaced with 3 -chloro-1-pro- pene (2.6 nol. rer one nol e of

eri] C

bdf by gas

catal yst), and that the reaction tenperature was change?d6 JAN 1968
After the reaction was conplete, the ré&8ction mix-|tire was anal yz
chr omat ogr aphy to indicate 82.6% of the conversionjratio o

0
el ). The r SRR ST E YRR PRIRE (A e e O A o
in the fol | oiydyrayeardihsl ke orand deriaryiphesphimey dihel idenaxe to¥at) in
the same mannglrdfe Most preferred are tetraarylphosphonium chlo-
ride, tetraarylphosphonium hydrogen dichloride, and tri-
arylphosphine dichloride. The organic phosphorus com-
pound can be employed singly or in combination in’ the
process of the present invention. The organic phosphorus
compound can be digsolved or dispersed in the reaction
medium. ‘
The organic phosphorus compound can be employed in
an amount of 0.001 to 50 mol.%, preferably 0.01 to 20
mol.%, based on the amount of diaryl oxalate (100 mol.%).
In the reaction for preparing a diaryl carbonate
from a diaryl oxalate according to the invention, a halo-
gen atom-containing compound can be incorporated. Par-
ticularly, in the cases where a phosphonium salt other
than the phosphonium halide and phosphonium hydrogen
dihalide are used as the phosphorus compound and where a
phosphonium halide or a phosphonium hydrogen dihalide is
used in a small amount, the incorporation of a halogen
atom-containing compound is preferred. The halogen atom-
containing compound preferably is a chlorine atom-con-
taining compound or a bromine atom-containing compound.
Most preferred is a chlorine atom-containing compound.
The incorporated halogen atom-containing compound can be
decomposed or converted into other halogen atom-contain-
ing compound in the course of the development of the re-
action. The halocgen atom-containing compound is gener-
‘ally employed in an amount of 0.001 to 300 moles, prefer-
ably 0.1 to 100 moles per one mole of the organic phos-
phorus compound.
The halogen atom-containing compound may'be an inor-
ganic compound or an organic compound.
Examples of the inorganic halogen atom-containing
compounds are halides of aluminum (e.g., aluminum chlo-
ride and aluminum bromide), halides of metals belonging




results are set forth in Table 4. The procedures ofpi : ey

-29- that 12.39 nmmol. of diphenyl oxal at %ﬁﬂgﬁﬁﬁm EET[0. 5

" nmol ar % based on the anmount of di phenyl oxal ate) of fetraphenyl phosphoni um
chloride (catalyst) were used, that oxalyl chloride¢ wasppepisgeess W tn
1- chl or ohexane (one nole per one nole of catalyst); and that the rpaf- tion
tenperature was changed into 260[err]C. After the feaCtiromwas-c | et e,
the reaction mix- ture was anal yzed byl%gas chromat bgr aphy to indicate 90. 8%
of the conversion ratio of diphenyl oxalate (DPO con.) and 99.0% of "t he

sel ectivity o diphenyl scarbonate (PG sebileinun cnloride, ruthenium

~ except

ppeat ed

&y

chloride, palladium chloride, and chloroplatinic acid),
halides of phosphorug (e.g., phosphorus trichloride,
phosphorus pentachloride, phosphorus oxychloride, phog-
phorus tribromide, phosphorus pentabromide, and phospho-
rus oxybromide), hydrogen halides (e.g., hydrogen chlo-
ride and hydrogen bromide), halides of sulfur (e.g.,
thicnyl chloride, sulfuryl chloride, sulfur dichloride,
and disulfur dichloride), and halogens per se (e.g.,
chlorine and bromine) . |

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

Examples of the organic halogen atom-containing com-
pounds are organic compounds having a C-Hal bonding (in
which Hal means a halogen atom), a C-Si-Hal bonding, a
C(0)-Hal bonding or a C-8(0),-Hal bonding. The organic
halogen atom-containing compound can contain one or more
halogen atowms such as chlorine(s), bromine(s) or io-
dine(s) s=ingly or in combination.

Exampleg of the organic compounds having a C-Hal
bonding include alkyl halides (e.g., chloroform, carbon
tetrachloride, 1,2-dichloroethane, butyl chloride, and
dodecyl chloride), aralkyl halides (e.g., benzyl chlo-
ride, benzotrichloride, triphenylmethyl chloride, and a-
bromo-o-xylene), and halogenated aliphatic nitriles

“(e.g., P-chloropropionitrile, and y-chlorobutyronitrile),

halogenated aliphatic carboxylic acids (e.g., chloro-
acetic acid, bromoacetic acid, and chloropropionic acid).
Examples of the organic compounds having a C-Si-Hal -
bonding include halogenated silanes (e.g., diphenyldi-
chlorosilane, and triphenylchlorosilane). -
Examples of the organic compounds having a C(0)-Hal
bonding include acyl halides (e.g., acetyl chloride, oxa-



The reaction nixture was treated in the same manner

foll owi ng decarbnylation reac- tions as nmany as 2 ti
manner. The results are set forth in Table 4. The pr
were repeated except that 8.23 mmol. of di phenyl oxa
(0.5 nol ar % based on the anmount of di phenyl oxal ate
t et raphenyl phosphoni um chl ori de (catal yst) were used
was replaced with benzoyl chloride (3.-48ml. per one
that the reac- tion tenperature was changed into 260[err]C. After the

Chr ot ogr aphyYRoCPGidEe BSCRIFBIL RULEBHGEr S FERSF YL CORSHAReny
oxal at e (DPO benzpyandhderi®eof 2thaphehatehechybbydiphanid chilkadgics ( DPC
sel.). The reaply 90+l KNERMA3 LA 8ab0at 8182 B2 S  ogenated
formic acid aryl esters (e.g., 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 chlorides (e.g., p-toluene-
sulfonic acid chloride, and 2-naphthalenesulfonic acid
chloride) . :

The reaction for releasing CO from the diaryl oxa-
late according to the invention can be conducted at a
temperature in the range of 100 to 450°C, preferably 160
to 450°C, more preferably 180 to 400°C, most preferably
180 to 350°C, in a reaction vessel in the presence of the
organic phosphorus compound, and optiocnally in combina-
tion with the halogen atochontaining compound. In the
course of progress of the reaction, carbon monoxide is
emitted and the desired diaryl carbonate is formed. The
reaction can be conducted under an atmospheric pressure,
under a certain pressure, or under a reduced pressure.

If the reaction temperature is higher than the reflux
temperature of the starting diaryl oxalate, the reaction
is preferably performed under pressure.

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

The process for the preparation of a diaryl carbon-
ate of the invention is characteristic in the use of an

hlfori de
and

SHERT|t he
sane
uhol .
C

organic-phosphorus compound as catalyst for decarbonylat-
ion reaction and is further éharacteristic in that the
catalyst is repeatedly employed in the decarbonylation
reaction,

The process of the invention comprises the steps of:



as in Exanple 1 in the follow ng decarbonyl ation reac- tions as many as 2

amount of di phenyl oxal ate) of tetraphenyl phosphoni um chy grjsi¢ wopat
were used, that oxalyl chloride was replaced with gaseous hydrogen
chloride (3.0 nol. per one nole of catalyst, suppli =d"‘dUr‘r‘ng"t“I'ref~r1'r|til al 30
m nutes fromthe beginning of the reacigon: after diluted with nitrogen gas

times (total) in the sane nmanner. The results are s }Slm;. :
Exanpl e 8 The procedures of Exanple 2 were repeat edmm -~-ﬁT3$;iL§r1 t .
41.29 mmol . of di phenyl oxalate and 0.826 mol. (2.0 | ar % based Fn t he

LJ

st)

i

to give 1 vol.%HCO concentration), and’that the reaction tenperature was

1) performing a decarbonylation reaction of a diaryl oxalate in the
presence of an organic phosphorus compound catalyst to give a reaction
mixture comprising a diaryl carbonate and the organic phosphorus
compound catalyst -—- First decarbonylation;

2) recovering the diaryl carbonate from the reaction mixture ---
Product isolation; and

3) performing a decarbonylation reaction of a diaryl oxalate in the
presence of the reaction mixture from which the diaryl carbonate has been
recovered and to which a halogen atom-containing compound is added, to
give a reaction mixture comprising a diaryl carbonate and the organic
phosphorous compound catalyst --- Second decarbonylation.

It is preferred that the second step (for product isolation) and the third
step (for second decarbonylation) are repeated batchwise or continuously in
combination.

Fig. 1 shows a flow sheet to perform the above-mentioned preparation
process.

In Fig. 1, the diaryl oxalate is introduced into a reactor 11 through a
pipe line 11. The organic phosphorus compound catalyst (optionally, in
combination with the halogen atom-containing compound) is supplied
through a pipe line 12 to join the diaryl oxalate and incorporated into the
reactor 11. In the reactor, the decarbonylation reaction proceeds, emitting
carbon monoxide which is produced in the course of the decarbonylation
reaction. The carbon monoxide is exhausted through a pipe line 13. The
reaction mixture comprising a major portion of a diaryl carbonate (which is
produced in the decarbonylation reaction), a small amount of the starting
diaryl oxalate, and the catalyst composition is taken out from the bottom of
the reactor through a pipe line 14, and introduced into an evaporator 12. In
the evaporator, a distillate comprising a major portion of the diaryl
carbonate is obtained and transferred through a pipe line 15



changed into 230[err]C. After the reaction was conplete, the reaction m x-
ture was anal yzed by gas chronat ography to indl_c.a-t.-e-—SQ--l-%-ef—{—hq, conver si on
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di phenyl carbonate (DPC sel.) The reaction mxfu
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line 18. The residue 1n the distillation tower is taken
out through a pipe line 19.

A residue remaining in the evaporator is taken out
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 supplied into the reactor l1}. A remaining

portion of the residue is removed through a pipe line 17.

The reactor can be utilized singly or in combina-
tion. The evaporator can be any one of known evaporators
such as a film evaporator. The distillation tower pref-
erably comprises a certain number (preferably S to 50) of .
theoretical distillation colums. One distillation tower
can be employed in place of the combination of the evapo-
rator and the plates. The distillation can
be performed at 150-250°C (for bottom temperature) and 80-
200°C, preferably 100-180°C (for top temperature) at a
pressure of 2-100 mmHg.

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 reaction 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 carbonate.

A portion of the residue can be removed from another
portion to be recycled into the reactor, for obviating
accumulation of by-products having a higher boiling
point.

The second decarbonylation reactlon can be performed
using a mixture of a freshly supplied diaryl oxalate, the
recycled residue comprising the catalyst composition, and
a freshly supplied halogen atom-containing compound. If
necessary, a fresh organic phosphorus compound is supple-
mented to compensate the catalyst portion such as that

4% of



—sel) The reaction mxture was treated in the sg anple 1
in the foll ow ng decarbonyl ati on reac- tions as MLE@P@@%&(@§M al) in

the sane manner. The results are set forth in Tablje {4.. -31- Ta I 4 Run
DPO Hal ogen conpound DPO con. DPC. sel. No. (mTQIQ JANDIGOS i 0)
(% (%9 Exanple 4 (Hal ogen cnpound: chl qroacetic aci d .3_ :
7.88 2.0 81.4 ~-2199.0 2 7.88 770 i
80.5 99.0 Exam e 5 (Hal ogen corrpound 3-dhloro-1-propene)
7.97 2.6 99
which has been exhausted through the pipeline 17 or de-
composed.

If the organic phosphonium salt is employed as the
organic phosphorus compound catalyst in the reaction for
decarbonylation of a diaryl oxalate, the reaction mixture
from which the diaryl carbonate has been recovered (re-
moved) is preferably treated with an agueous medium to
recover the organic phosphonium salt, after the steps 2)
and 3) are repeated in combination. Thus recovered or-
ganic phosphonium salt can be employed in the step 1) as
the catalyst.

Fig. 2 shows a flow sheet to pérfo::m the process for
the preparation of a diaryl carbonate which includes the
recovery of the organic phosphonium salt using an agqueous
medium.

In Fig. 2, the diaryl oxalate is introduced into a
reactor 21 through a p:i.pe line 21. The oxganic phospho-
nium salt catalyst (optionally, in combination with the
halogen atom-containing compound) is supplied through a
pipe line 22 to join the diaryl oxalate and incorporated
into the reactor 21. In the reactor, the decarbonylation
reaction proceeds, emitting carbon monoxide which is
produced in the course of the decarbonylation reaction.
The carbon monoxide is exhausted through a pipe line 23.
The reaction mixture conprising a major portion of a
diaryl carbenate (which is produced in the decarbonyla-
tion reaction), a small amount of the starting diaryl
oxalate, and the catalyst composition is taken out from
the bottom of the reactor through a pipe line 24, and
introduced into an evaporator 22. In the evaporator, a
distillate corrprising'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 through a pipe
line 28. The residue in the distillation tower is taken
out through a pipe line 29.



C 2

2 7.97 2.6 81.0 99.0 Exanple 6 (Hal ogen

conpound: 1-chl orohexane) 1 12. 39 1.0 A gt 99.0
12. 39 1.0 89. 6 000 EiSEhLAC BEnl

conpound: benzoyl chloride) 1 8. 23 3.6 89. 8 99.0

2 8. 23 3.6 87.0 99. 0 Exqp? & JAN 898 gEn

conpound: hydrogen chloride) 1 41. 29 3.0f L 80.1

99.0 2 41. 29 3.0 ' _E%.Q 9.0 Conparison Exanpl e

1 (Hal ogen conpound: none) 1 41732 - 93.4

99.0 2 41. 32 --- 55.4 99.0 3 41. 32

36. 8
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based on t hefEARBURhEOEVAPPRBEPK .0alpmd)iosf of the residue is supplied

into the pipe line 21 through a line 26 to join the diaryl
oxalate to be supplied into the reactor 21. A remaining
portion of the residue is removed through a pipe line 27

for treatment with an aqueous medium in a vessel 24.

Into the vessel 24, an aqueous medium such as water
(preferably, deionized water) is supplied through a pipe
line 30. In the vessel, the residue is treated with the
aqueous medium in an amount of as much as 0.1 to 100
weight parts, preferably 1 to 50 weight parts, per cne
weight part of the residue to be treated. The aguecus
mixture is stirred in the vessel to give a homogeneocus
slurry or suspension, so that the catalyst (i.e., organic
phosphonium salt) is extracted into the agqueous portion.
The aqueous portion is separated and taken out from the
vessel through the pipe line 31. The organic phosphonium
salt is then recovered from the agueocus portion.

The extraction procedure can be performed at a tem-
perature from room temperature to the uppermost decar-
bonylation témperature. If the extraction is carried out
at a temperature at which the residue is in a solid
state, the aqueocus mixture is preferably stirred at a
high rate using a homogenizer. The extraction is per-
formed generally for 5 min. to 1 hour, preferably 5 to 30
min. After the extraction procedure is complete, the

resulting slurry or suspension is cooled to room tempera-

ture, if desired, and the insolubles are removed by f£il-
tration or centrifugal procedure. The aqueous portion is
concentrated and heated to dryness. The heating is per-
formed, for instance, at 120-180°C for 1-3 hours in a
stream of an inert gas such as argon.

For the extraction, the agqueous medium can be em-
ployed in combination with an organic solvent such as an
aromatic hydrocarbon (e.g., toluene) or a halogenated



t et raphenyl phosphoni um brom de (catal yst) were used
chloride was replaced with chloroform (2.0 nol. per
and that the reaction tenpera- ture and the reactio
into 2300C and 2 hours, respectively. After the rea
reaction mx- ture was anal yzed by gas chromat ograp
the conversion ratio of diphenyl oxalate (DPO con.)
selectivity to di phenyl carbonate (DR@3sel.) . The

treated in the sane manner as in Exanple 1 in the f

t hat -32- oxal yl
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Feaction mxXturée was

ol lowi ng decarbonyi ati on

reac- tions as manz_as 2 times (total) in the sane manner._. The
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alipha

c hydrocarbon (e.g., chloroform, 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 aqueous medium such as water. The
organic solvent can be easily removed in a vessel after

the extraction is complete.

The second decarbonylation reaction can be performed
using a mixture of a freshly supplied diaryl oxalate, the
recovered organic phosphonium salt catalyst (if desired,
in combination with the residue comprising the organic
phosphonium salt which is recycled through the line 26,
and a freshly supplied halogen atom-containing compound.
If necessary, a fresh organic phosphonium salt- is supple-

mented.

The present invention ig further described by the
following examples. In the examples, the "conversion
ratio of diaryl oxalate" (i.e., ratio of amount of com-
sumed (or reacted) Qiaryl oxalate per the amount of !
charged diaryl oxalate) and "selectivity to diaxryl car-
bonate" (i.e., ratio of the amount of produced diaryl
carbonate per the amount of consumed diaryl oxalate) for
decarbonylation reaction of the diaryl oxalate are all
expressed in terms of molar percent ratio (i.e., mol.%).

Example 1

In a 100 mL-volume glass flask equipped with a ther-
mometer and a reflux condenser, a mixture of diphenyl
oxalate (41.32 mmol.), tetraphenylphosphonium chloride

(catalyst, 0.825 mmol.: 2.0 molar % per
diphenyl oxalate) and chloroform (CHC1,,

the amount of
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 monoxide
from the reaction wmixture. The tetraphenylphosphonium
chloride was heated at 120°C for cne hour, 150°C for one
hour, and 180°C for one hour in a stream of a dry argon

THIS SHEET HAS BEEN
REPLACED
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results are set forth in Table 5. Exanple 10 The p Eﬁ%@i]

~were repeated except that 21.27 mmol. of diphenyl oXg
(7.0. nolar % based on the anount of diphenyl oxalpte
tri phenyl phosphi ne (catal yst) were used, that oxallyl
wi th chloroform (one nol e per one nole of catalyst),

“of
)ctﬁ@di%bﬂﬂﬁs re
and that theirqg

tenperature and the reaction period were changed il:]to

250[err] C and

e 2
mol .

pl aced
action
2

the . reaction

hours, respectively. After the reacti-ga-was conpl e

i X-

ture was anal yzed by gas chromatography to indicate 58.5% of the conversion |
rati o of di phenyl oxalate (DPO con.) and 91.4% of the selectivity to
di phenyl cargasat andDBGoield o Themr eempepaturetalsowan arstredm oft he sane

manner as i nfxapple Lok Haeokal beviag dRERePeAYESL Che' SB6ve

decarbonylation reaction.

After the reaction was complete, the reaction mix-
ture was analyzed by gas chromatography to indicate 95.4%
of the conversion ratic of diphenyl oxalate (DPO con.)
and 99.0% of the selectivity to diphenyl carbonate (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
the same manner after the same amounts of diphenyl oxa-
late and chloroform were added. '

The same decarbonylation reaction was repeated as
many as 6 times (total) in the same manner. The results
are set forth in Table 1.

Table 1
Run - DPO Chloroform | DPO comn. DPC. sel.
No. (mmol) (molar ratio) (%) (%)
1 41.32 0.2 ' 95.4 ' 99.0
2 471.32 0.2 97.0 $9.0
3 41.32 0.2 85.8 : 99.0
4 41.32 0.2 93.4 _ 99.0
5 41.32 0.2 95.0 99.0
6 41.32 0.2 96.1 99.0

Remarks: DPO: diphenyl oxalate, DPC: diphenyl carbonate
The molar ratio-of chloroform is based on the
catalyst amount.



tions-as many as 2 tines (total)
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_forth in Table 5. Exanple 11 The procedures of Exa

except that 20.75 mol.
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In a 50 mL-volume glass flask equipped with a ther-
mometer and a reflux condenser, a mixture of diphenyl
oxalate (20.83 mmol.), tetraphenylphosphonium chloride
(catalyst, 0.10 mmol.: 0.5 molar % per the amount of
diphenyl oxalate) and oxalyl chloride (0.6 mol. per one
mol. of catalyst) was heated under stirring to 255°C for 1
hour. The decarbonylation reaction was carried ocut at an
atmospheric pressure, removing emitted carbon monoxide
from the reaction mixture.

After the reaction was complete, the reaction mix-
ture was analyzed by gas chromatography to indicate 85.0%
of the conversion ratio of diphenyl oxalate (DPO con.)
and 99.0% of the selectivity to diphenyl carbonate (DPC
sel.). '

The reaction mixture was treated in the same manner

' as in’Example 1 to employ the residual catalyst repeated-

ly inl the following decarbonylation reactions as many as

29 times (total) in the same manner. The results are set
forth in Table 2.



of the canversion ratio of diphenyl oxalate (DPO con.) and 77.8% of the

sel ectivity to diphenyl carbonate (DPC sel.) . The reaction m xture was
treated in the same manner as in Exanple 1 in the f EfA@EB\‘ﬁ Doy ation
reac- tions as many as 2 tines (total) in the sanme . : E‘H-‘rrt“; are
set forth in Table 5. The procedures of Exanple 2 rg repeated exceptg that
20.81 mmol . of di phenyl oxal ate and 1.069 mol. (5.1 nol 26 JANAS9e8 on|t he
amount of di phenyl oxal ate) of triphemyg.phosphine diichl oride (catalyst)
were used, that oxalyl chloride was replaced with ciLoroform (0.9 | i per
one nole of catalyst), and that the reaction tenper ture and the reaction
peri od were changed into 250[err] C andfsble®@ s, respectively. After the
reaction was conplete, the reaction mx- ture was anal yzed by gas

chromat ography to i.ndicate 99. 1%
Run DPO Oxalyl chlorlde DPC con. DPC. sel.
No. - (mmol) (wolar ratio) (%) (%)
1 ' 20.83 0.6 85.0 99.0
2 20.83 0.6 | 85.6 99.0
3 © 20.83 - 0.6 | 85.1 99.0
4 - 20.83 0.6 84.8 99.0
5 " 20.83 0.6 . 86.0 99.0
6. ©20.83 0.6 - 85.0 - 99.0
7 . 20.83" 0.6 = 94.6 99.0
8. ..20.83 . - 0.6 . 91.6 99.0.
9 + 20.83 - 0.6 - 89.0 99.0
10! 20.83 - 0.6 . 85.5 99.0
.11, 20.83. 0.6 - 79.2 99.0
12 20.83 - 0.6 | 88.2 99.0
13- .. 2083 ;0.6 . - - 81.3 ~99.0
14 - . 20.83 0.6 78,3 99.0
15 - . 20.83 0.6 - .. 83.5 99.0
16 - .. -20.83 - 0.6 86.0 | 99.0
17 .. 20.83 0.6 " 84.4 . 99.0
18 . - 20.83. . 0.6 79.1 99.0
19 - -20.83 ° 0.6 . 76.4 99.0
.20, 7.20.83 0.6 | 93.6 99.0
21 .© 20.83 0.6 89.4 - 99.0
22 . 20.83 - 0.6 | 83.2 99.0
.23 1 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 87.8 99.0
28 20.83 0.6 . 88.2 99.0
29 - 20.83 0.6 82.6 99.0
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of the conversion ratio of diphenyl oxalate (DPO c )..and 99. 0% of the

selectivity to di phenyl carbonate (DPC sel.) . The t,u [yt las
‘treated in the sane manner as in Exanple 1. in the f[ | gﬂ‘}'ﬂ M?

decar bonyl ation reac- tions as many as 2 tines (totfal) |n the same |mgnner .

The results are set forth in Table 5. -34- Tabl € Rarb JAN 19%’0?

Chl orof orm
(9

18. 81

94. 6

DPO con. DPC. sel. No. (mmpol})_(nolar_ratia) ;
(% Exanple 9 (Catal yst2%etraphenyl ghosphoni um broni de) 1
3.3 76.8 97.6 2 18.-81 BB

99. 0  pemple 3
The procedures of Example 2 were repeated except
that 20.58 mmol. of diphenyl oxalate and 0.092 mmol.
(0.45 molar % based on the amount of diphenyl oxalate) of
tetraphenylphosphonium hydrogen dichloride (catalyst)

were used, that the reaction temperature was changed :.nto

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

The tetraphenylphosphonium hydrogen dichloride was
prepared in the manner described in Z. anorg. allg.
Chem., 551(1987), 17S.

_ After the reaction was complete, the reaction mix-
ture was analyzed by gas chromat:ography to indicate 89.7%
of the conversicn ratio of diphenyl oxalate (DPO con.)

: and. 99.0% of ‘the selecthty to dlphenyl carbonate (DPC

~ sel. )

'Ihe reactlon mxture was treated in the same manner

‘as in Exanple 1. to employ the: res:.&:al catalyst: repeated—
: ',ly and chloroform (1.4 mol. per 1 mol. of catalyst) in

“the. follow:.ng decarbonylat:l.on reactn.ons as many as 6

'_-t:.mes (total) in the same manner. '_Ih_e results are set
._fo:cth 1n 'I'able 3 . -

Table .3

_j- Run . :_' DPO ._;.Chlorbfqrm DPO con. DPC. .sel‘
. No. . (mmol) (molar ratio) (%) _' (%)
1 20.58 - 897 . - 9%.0
2 20.58 1.4 ©89.2 99.0
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 99.0
6 20.58 1.4 92.2 95.0
Exanple 4

The procedures of Exanple 2 were repeated except



Ex\arrpl e 10 (Catalyst: triphenyl phosphl ne) 1 21, 27.. 1.0 58.5

91.4 2 21. 27 1..0 T 85.2 Exam e 11 (Catalyst:
tri phenyl phosphi ne oxide) 1 20 75 1.0ip Al oo

77.8 2 20.75 1.0 - 39. 0 REPLACEMENT SFEET

(Catal yst: triphenyl phophine dichloride) 1 2. 81 0.9

99.0 99.0 2 20. 81 0.9 §1.26 JAN 1998 ]89.9
Exanple 13 In a 50 ni-volune gl ass fl agg-equipped with a ther- npngter and

a ref lux condenser, a m xture of diphenyl. oxal ate. (1070TUqg;—41; 23
mol . ), tetraphenyl phosphoni um chloride (catal yst.—0.3090_ g, 0.825! mol .:
2.0 nolar % fédaatt e &éomol ofofli gipheryloxaadiede and dhi0ammed (0{Q95 g)

vas heated Ugga Sy idduy tdh 23K Urdunt! ¥r Aiiitiny 1 adan Y ! atl on
reaction was carried out at
tetrapheny:. phosphom.um chloride (catalyst) were used,
that . oxalyl chloride was replaced with chloroacetic
acid (2.0 mol. per one mole of catalyst), and that the
reaction temperature was changed into 260°C. _

After the reaction was complete, the reaction mix-
ture was analyzed by gas chromatography to indicate 81.4%
of the conversion ratio of diphenyl oxalate (DPO con.)
and 99 0% of the select1v1ty to d:.phenyl carbonate (DPC
sel.).

‘The reaction mixture was treated in the same manner
as in Example 1 in the following decarbonylation reac-
tions as many as 2.times (total) in the same mamner. The
results are set forth in Table 4.

mle s
' The procedures of Example 2 were repeated except

that 7.97 mmol. of diphenyl oxalate and 0.040 mmol. (0.5
molar % based on the amount of diphenyl oxalate) of
tetraphenylphosphonium chloride (catalyst) were used,
that oxalyl chloride was replaced with 3-chloro-1~pro-
pene (2.6 mol. per one mole of catalyst), and that the
react:.on tetrperatmre was changed into 260°C. :
- After the reaction was conplete, the reaction mix-
ture was analyzed by gas chromatography to indicate 82.6%
of the conversion ratio of diphenyl oxalate (DPO con.)
.and 99.0% of the select:.v;ty to -diphenyl carbonate (DPC
- sel.).
The reaction mixture was treated in the same manner
as in Example 1 in the following decarbonylation reac-
tions ag many as 2 times (total) in the same manner. The
results are set forth in Table 4.
Exanple 6
The procedures of Example 2 were repeated except



at- rmspherl C pressure, renoving emtted carbon rmﬁcRERﬂg%”fj"m?ﬁ er rﬁ
The tetraphenyl phosphoni um chl ori de was at- -via for

m xt ure.

one hour, 150C for one hour, and 180[err] C for ore 5 stream of a
dry argon gas, and cool ed to roomtenperature al 4o{in ?%Ne’gﬂ&of n argon
gas, before it was enpl oyed for the above 2 6{JAN-1998 - 35-

decar bonyl ation reaction. - After the reaction V\@.S conplete, the reaction

m x- ture was anal yzed-by gas chromata@g-aphy to M cate—95-4%-of_1 he

corversion ratio of dipheyl
to diphenyl

carbonate (DPC gel f)
that 12.39 mmol of diphenyl oxalate and 0.061 mmol. (0.5

molar % based on the amount of diphenyl oxalate) of
tetraphenylphosphonium chloride (catalyst) were used,
that oxalyl chloride was replaced with l-chlorohexane
(one mole per one mole of catalyst), and that the reac-
tion temperature was changed into 260°C. -

After the reaction was complete, the reaction mix-
ture was analyzed by gas chromatography to indicate 50.8%

- of the conversion ratio of diphenyl oxalate (DPO con.)

and 99.0% of the selectivity to d:.phmyl carbonate (DPC
sel.). .
-The reaction mixture was treated in the same manner

. as. :Ln Example 1 in the following decarbonylation reac-
_ tions as many as 2 t:.mes (total) in the same manner. 'I‘he
: 'results are set forth in Table 4. :

 The procedures of Example 2 were repeated except

- that 8.23 mmol. of diphenyl oxalate and 0.041 mmol. (0.5
-molar % based on the amount of diphenyl oxalate) of -
tetraphenylphosphoanwn chloride (catalyst) were. used

. that oxalyl chlor:.de was replaced with benzoyl chloride

(3.6 mol. per one mole of catalyst), and that the reac-

"~ tion- temperature was changed into 260°C.

After the reaction was conplete, the reaction mix- .

'..'ture was analyzed by gas chromatography to. indicate 895.8%
- of the conversion ratio of diphenyl oxalate (DPO con.)
. and 99.0% of the select:.v:.ty to diphenyl carbonate (DPC

sel.).

The reaction mixture was treated in the same manner
as in Example 1 in the following decarbonylation reac-
tiocns as many as 2 times (total) in the same mamner. The
results are set forth in Table 4.

Example 8
The procedures of Example 2 were repeated except

dction -

oxal ate (DPO con.) and 99.0% of the selectivity



The reaction mxture was distilled under reduced pr ORI o
mHg/ 185[ err] C, bath tenperature) to recover the Br gﬁg{f@ﬂ%eﬁ«?ﬂ?f
carbonate. The ampbunt of the distil- late was 90 wm §9%9of the reacti

m xture. The residue was subjected to the second defafbch® JAN 4998 ehcti on
In the sane manner after the sane anobunts of diphenyl {oxa- |ate and
chl orof orm were added. The sane decarbonyl ation reagti on was repeatre as
many as 5 tines (total) in the sane maBQer. The reaettoen—mxiure Droguced
after the 5 tinmes run were perfonnmed was distilled under reduced pressure

(2-3 mmHg/ 160[err] C, bath tenperature) to recover t he produced enyl
car bonat e. Tm 29 rmmppb. (PEt LPReRY hedxatate fgt% 6 TR roz R

m xture. The pisRdselug E&ée&oahe@héOaﬁMtt@ﬂmpﬁem 1 oxallate) ref at room

tenperature for 10 m n pe[%o gl horm { ol er(gé{aeiysgfi Mg 1%eéo mL of

dei oni zed \/vat"_tﬁt
that o=xalyl chloride was replaced with gaseous hydrogen

chloride (3.0 mol. per one mole of catalyst, supplied
during the initial 30 minutes from the beginning of the
reaction: after diluted with nitrogen gas to. give 1 vol.%
HCl concentration), and that the reaction temperature was
changed. into 230°C.

After the reaction was conplete, the reaction mix-
ture was analyzed by gas chromatography to indicate 80.1%
of the conversion ratio of diphenyl oxalate (DPO con.)
and 99.0% of the selectivity to diphenyl carbonate (DEC
sel.) .

The react:.on mxture was treated in the same mammer
as in Exa.nple 1 in the following decarbonylat:.on reac-
tions as many as 2 times (total) in the same mammer. The
results are set forth in Table 4.

: The pmcedures of Example 1 were repeated except for .
. employ:.ng no chloroform.
S After the react:.on was conplete, the reaction mix-
ture was: analyzed by gas chromatography to indicate 93. 4%.
" of the conversion ratio of diphenyl oxalate (DPO con.) '
and 99.0% of the select1v1ty to d:l.phenyl carbonate (DPC
.sel.). : .
o The react:Lon mixture was treated in the same manner
as in Example 1 in the following decarbcnylat:.on reac- _
tions as many as 3 times (total) in the same manner. The
. results are set forth in Table 4.



honogeni zed aqueous mixture was filtered using suction and the filtrate was
__concentrat ed to give a solid. The solid was heated under reduced pressure

the sanme anounts of di phenyl oxal ate and chl orof orm

are set forth in Table 6. -36- Tablg16 Run
DPO con. DPC. sel. No. (mmol ) (nolar ratio)
Table 4
Run DPO Halogen compound DPO comn. DPC. sel.

No. {mmol) (molar ratio) (%) (%)

- Example 4 (Halogen cbnpmm: chlorcacetic acid) )
1 7.88 2.0 - 81.4 99.0
2 7.88 2.0 . 80.5 99.0

Exaxfple 5 (Halogen compound: -3-c_:hlor6-l-propene) _
1 . 7.97 2.6 . 82.6 99.0
2 '7.97 . 2.6 | 81.0 1 99.0

_'.Example's (Halogen compound 1-chlorohexane) -
1 . 12.39 1.0 .. 90.8 99.0
2 - 12.39 1.0 . 89.6 99.0

o Example 7 (Halogen compound: benzoyl chloride)
.1 8.23 3.6 - 89.8° 99.0
i;_z - [" '8.23 - 3.6 | .87.0 | 99.0

- 'Exarrple 8 (Halogen compound hydrogen chlor:.de) .
1 © 41.29 . 3.0 . 80.1 : 89.0 -
2 . 4129 3.0 79.9 99.0

- @npafiéon Example 1 (Halogen con'pcund none)

1 41.32  --- . 93.4 . 9%9%.0
2 41.32 —== 55.4 99.0
3 41.32 --- 36.8 53.2
Example 9

The procedures of Example 2 were repeated except
that 18.81 mmol. of diphenyl oxalate and 0.376 mmol. (2.0
molar % based on the amount of diphenyl oxalate) of
tetraphenylphosphonium bromide (catalyst) were used, that



1. 41 32 0.0195 95. 4 . 99.0 2 41. 32

10.0195
99.0 4
0.0195

97.0 99.0 3 41, 3% +5-——— 95 8
41. 32 0. 0195 93. 4 ZIIF”I ACE“‘@ SNG SHEET 41. 32
95. 0 99.0 6 41. 0. 0195 95. 2

99.0 Exanple 14 The procedures of Exanple 13 Ne %@W@ exclept that
0 he

chl orof ormwas replaced wth oxalyl chloride {0

priocedur es

were repeated as nmany as 5 tinmes (totad2- After“the—Sttrunm—1t he
t et r aphenyl phosphoni um chl ori de was recovered]{from an agueous nj xture in
the sane manner as in Exanple 13. Then, the sixth run was performed in the

sane nmanner.

Tiexalydyichloride sag greplacedrasith rhlngatomm ja.0 wol. ppo

Oxal yl chlor pde- BR@ e@ile of cd¥ly#9l, and that the reaction tempera-

ture and the reaction period were changed into 230°C and 2
hours, xrespectively.

After the reaction was complete, the reaction mix-
ture was analyzed by gas chromatography to indicate 76.8%
of the conversion ratio of diphenyl oxalate (DPO con.)
and 97.6% of the selectivity to diphenyl carbonate (DPC
sel.). ' | :
The reaction mixture was treated in the same manner
as in Example 1 in the following decarbonylat:.cn reac-
tions as many as 2 times (total) in the same manner. The

results are set forth in Table 5.

E:_c_alxgle 10
‘'The procedures of Exa:rple 2 were repeated except

that 21.27 mmol. of diphenyl oxalate and 1.504 mmol. (7.0

- molar % based on the amount of- diphenyl oxalate) of
B tr:.phenylphosph:.ne (catalyst) were used, that. oxalyl
, "chlorlde ‘was replaced with chloroform (cne mole per cne

- mole of catalyst), and that the reaction temperature and

" the reaction period were changed mto 250°C and 2 hours,
.- respectively.

After the react:.on was complete, the reaction mix-

ture was analyzed by gas chromatography to indicate 58.5%
- of the conversion ratio of dJ.phenyl oxalate (DPO con.)

. sel. ).

and 91.4% of the select:.v:Lty to diphenyl carbonate (DPC

The reaction mxture was- treated in the same manner

as in Ebca.mple 1 in the following decarbcmylatlon Yeac-

tions as many as 2 times (total) in the same manner. The
results are set forth in Table 5.

Example 11
The procedures of Example 2 were repeated except

that 20.75 mmol. of diphenyl oxalate and 1.038 mmol. (5.0



No.--- (mmol) (nolar ratio) (9 (% 1 41. 32

.0. 0207 95.3 , 99.0 2 .41, 32 v 7 94t 8
99.0 3 41. 32 0. 0207 95. 2 ' Rhg@&@uENT SHE .32
0. 0207 - 95.3 . 95.0° 5 41. 32 0. 0207 D5} 1
99.0 6 41. 32 0. 0207 95. 0: 99 8 JAN 138 Th
procedures of Exanple 13 were repeated except that|the amounts of Hiphenyl

oxal ate, tetraphenyl phospho- nium chl-@3-de, and chlio M WEr€e Cchanped to
10. 045 g (41.47 mol .), 0.4612 g (1.230 mm ., 3.0 rml ar % based on.the

armunt of di phenyl oxal ate), and 0.037 g, respec- tT v
molar: ¥ based on the amount of diphenyl oxalate) of

triphenylphosphine oxide (catalyst) were used, that

oxalyl chloride was replaced with chloroform (one mole
per one 'mele of catalyst); and that the reaction tempera-
ture and the reaction period were changed J.nto 250°C and 2
hours, respect:.vely. :

_ After the reaction was complete, the reaction wix-
ture was analyzed by gas chromatography to indicate 34.6%
of the conversion ratio of. d1pheny1 oxalate (DPO con.)
and 77.8% of the selectlvn.ty to diphenyl carbonate (DPC
sel.). -

'I'he reaction mixture was treated in the same manner
as in Example 1 in the following decarbonylation reac-
tions as many as 2 times (total) in the same wanner. The
-results are set forth in Table 5.

. Example 12

The procedures of Example 2 were repeated except
that 20.81 tm'ol. of diphenyl oxalate and 1.069 mmol. (5.1

. molar % based on the amount of diphenyl oxalate) of |

_'trlphenylphosph:.ne dz.chlorlde (catalyst) were used, that
) oxalyl chloride was replaced with chloroform (0.9 wol.

' per one wole of catalyst), and that the reaction tempera-

~ ture and the react:.on ‘period v were changed into 250°C and 2

" nours, - respect:.vely '

. After the reaction was complete, _the reaction mix-

- ture was analyzed by gas. chromatography to indicate 99.1%
of the convers:.on ratio of diphenyl oxalate (DPO con.)
and 99.0% of the select:.v:.ty to d:.phenyl carbonate (DPC
sel.).

The reaction m:.xture was treated in the same ‘manner
as in Example 1. in the following. decarbonylation reac-
tions as many as 2 times (total) in the same manner. The
results are set forth in Table 5.



After the reaction was conplete, the reaction mx- ture was anal yzed by
gags chrotaphy to indicate 99.5% of the conversion rat!

oxal ate (DPO con.) and 99.0% of the selectivity to di EA@MQHEE@[ C
sel.). The produced reaction mxture was distilled underf reduced presguge
in the same manner as in Exanple 13 to recover the prg dtcegaiMQNelgg@
carbonate. the anmobunt of the distillate was 90 wt. % of {t he reactlon
m xture. The residue was cool ed to roeBgtenperature, and stirred—aft
addition of 50 nL of deionized water in the sanme mann as in Exanple 18,
to obtain 0.4589 g of tetraphenyl phosphoni um chl ori de (recovery yi el'd:

99.5) . the obtained tetraphenyl phosph@'éhlﬁnﬁchl oride was subjected to the
second decarbonyl ation reaction in the sane_manner after the sanme anonts of

di phenyl oxalate and chlgsoforgyerecadded. pno DPC. sel.

No. (mmol) (molar ratio) (%) (%)

Example 9 (Catalyst tetraphenylphogphonium bromide)
1 - - .18.81 - . 3.3 76.8 87.6

| 21 _ N 13181-; 3.3 94.6 99.0

Exatrple 10 (C'atalyst‘ trlphenylphosphlne)
oL ;-;:n 2127 - 1.0 58.5 91.4
o12_”f~- 2 21.27 . 1.0 - . 5927 . 85.2

E:mnple 11 (Catalyst trlphenylphosph:.ne oxide)
-1 Q} 20.75 ~ 1.0 = 34.6 77.8
2 ”;- 20.75 1.0 39.0 73.1

- Example 12 (Cat:alyst. triphenylphosphine dlchlorn.de)

1 720,81 0.9 - .99.0 99,0
o2 20 81 9;9 B 81.3 - 89.9
| el

.Ina 50 nl-volume glass f£lask equipped with a ther-
) _rrbmeter and a reflux condenser, a mixture of diphenyl
- oxalate: (10.010-g, 41.23 mwol.), tetraphenylphosphonium
_ __chlor;de (catalyst, 0.3090 g, 0.825 mmol.: 2.0 molar %
- per the amount of diphenyl oxalate) and chloroform (0.185
':-g) was h.eated under stirring to 230°C for 2 hour.

The decarbonylatlon reaction was carried ocut at an
at:mospheric pressure, removing emitted carbon monoxide
from the reaction mixture. The tetraphenylphosphonium
chloride was heated at 120°C for one hour, 150°C for one
hour, and 180°C for one hour in a stream of a dry argon
gasg, and cooled to room temperature also in a stream of
an argon gas, before it was employed for the above



. The procedures were repeated as many as 6 tinmes (total). After the 5th run,
t he t€etraphenyl phosphoni um chl ori de was recover ed—+om-an-agueous. m xt ure

"in the sane nanner as in Exanple 13. Then, the &REHLA(}EMEWE mg’]ﬂrmed in
the same manner. The results are set forth in Taﬁbl =88—%aljl e 8 Run:
DPO Chl orof orm DPO con. DPC. sel. _ I mgl &r rati o)
(% (9 | 41. 47 - 0. 037 ; 952 5591&&?99& 99.0 2
41. 47 0. 037 99.5 -35- 99.0 3 | 41.-47 9. 037
99. 4 99.0 4 41. 47 0. 037 ' 99.5 99.0

. decarbonylatlon reaction.. -
After the reaction was complete, the reaction mix-
ture was ana.lyzed by gas chromatography to md:.cate 95.4%
 of the conversion ratio of diphenyl oxalate (DPO con.)
- and 99, 0% 'of the selectivity to diphenyl carbonate (DPC
- sel.)T :
- ’.I?he reactlon mixture was d:.st:.lled under reduced
" pressure (2-3 mHg/185°C, bath temperature) to recover the
. produced’ d:.phenyl carbonate. The amount ‘of- the distil-
:late was 90 wt.% of the reaction mixture. “The residue
- was’ subjected to the secend decarbonylat:.on rea.ct:.on in
the same wanner after the same amounts of d:.phenyl oxa-
- late a:nd chlorofom were added. ‘ :
.. . The same decarbonylation reaction was repeated as
. many as 5 times (total) in the same mammer. = -
: . The' reaction mixture produced after the 5 times run
T were perfozmed was distilled under reduced pressure (2-3
" Tamig/160°C, bath temperature) to recover the ‘produced
diphenyl carbonate. The amount of the distillate was 90
wt.% of the reaction mixture. - -

The residue was cooled to room temperature, and
stirred at room temperature for 10 minutes in a homoge-
nizer after addition of 50 mL of deionized water. The
homogem.zed aqueous mixture was filtered using suction
‘and the filtrate was concentrated to give a solid. The
solid was heated under reduced pressure (130°C, 3 hours)
to obtain 0.3062 g of tetraphenylphosphonium chloride

| (recovexy yield: 99.1%).
The obtained tetraphenylphosphonium chlor:.de was
subjected to the sixth decarbonylation reaction in the
same manner after the same amounts of diphenyl oxalate
‘and chloroform were added. :
- The results are set forth in Table 6.



5. 41. 47 0. 037 99. 4 99. 0
0. 037 - 99.4 99.0 6 41. 32 0.
99.0 The procedures of Exanple 15 were repeated exce

t--
stirring the aqueous m xture was changed into 5 m nt T to recover

for
. g4557
g of tetra- phenyl phosphoni um chloride (recovery vyi e dogl. 1998e
obt ai ned tetraphenyl phosphoni um chl ori de was subj ectje the secon

e s s,

decarbonyl ation reaction in the sane-#&nner after tHhe same anmounts— of
di phenyl oxal ate and chl orof orm were added. After the—reaetion was _

conplete, the reaction m x- ture was ?%%b% d to indicate 99.5% of the
n.) and 99. O%Of t he

conversion ratio of diphenyl oxal ate
selectivity ' !

Exampl e 15 vgpe repeatlf’ébexce@t:lorofom DPO con. DEC. gel.
- No. (mmol) (molar ratio) (%) (%)
1 41.32 0.0195 95.4 ©9.0,
2 .41.32 0.0195 - 97.0 199.0
3 41.32 - 0.0195 . 95.8 - 99.0
4 . 41.32  0.0195 1. 93.4 99.0
5 - . 41.32  0.0195 95.00 '99.0
6.7 <. 4132 . 0.0195 .- 95.2 . 89.0
- Example 14’

T '.l‘he procedures of Example 13 were repeated ‘except
; .that c.hloroform was replaced with oxalyl chloride (0. 0207
g). The procedures were repeated as many as 5 times .
- {total). After the 5th run, the tetraphenylphosphonium
~ chloride was recovered from an aqueous mixture in the
- same manner as in Exarrple 13. Then, the gixth run was.
performed in the same manner. -
The results are set forth in Table 7.

Table 7

Run = DPO Oxalyl chloride DPO con. DEC. sel.
No. (mmol) (molar ratio). (%) (%)

1 41.32 0.0207 95.3 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 99.0
5 41.32 0.0207 95.1 99.0
6 41.32 0.0207 95.0 9.0




that t he dei onized water (50 m_) was replaced with a conbination of 30 nL

of deioni zed water and 30 nL of toluene to recover 0.04391 g of

on of

“tetraphenyl phosphoni um chl ori de (recovery yield: 95-2%-—The separat]
t he aqueous portion was performed using a separat ot RFPQAﬂEMENT QHEEZ

obt ai ned t et raphenyl phosphoni um chl ori de was subj eg¢t

The

decar bonyl ation reaction in the sanme manner after §h
oxal ate and chl or of orm wer e3gdded. After th

di phenyl
conpl ete,

conversion ratio of diphenyl oxalate (DPO con.) ahd 99. 0% of the
sel ectivity to di phenyl carbonate (

BRI

99 5% ofithe

the reaction m x- ture was anal yzed to i Adi

The procedures of Example 13 were repeated except

~ that the amounts of diphenyl oxalate, tetraphenylphospho-
. nium chloride, and chloroform were changed to 10.045 g

(41.47 mmol.), 0.4612 g (1.230 mmol., 3.0 molar % basged

" on the amount of dlphenyl oxalate) and 0.037 g, respec-
'-tlvely. :

After the reaction was carplete, the reaction mix-

; ture was’ analyzed by gas chromatography to indicate 99.5%

of the conversicn ratio of diphenyl oxalate (DPO con.)

'and 99.0% of the select:.v:.ty to d:.phenyl carbonate (DPC
. sel.). .

- The prodnced reaction mixture was distilled under

E - reduced pressure in’ the ‘same mamner as in E:xarcple 13 to.
' recover the: ‘produced diphenyl carbonate. The amount of
the distillate was 90 wt.% of the reaction mixture.

The residue was cooled to room temperature, and.

‘stirred after addition of 50 nlL of deionized water in the

same mammer as in Example .13, to cbtain 0.4589 g of
tetraphenylphosphonium chloride (recovery yield: 99.5%).
The cobtained tetraphenylphosphonium chloride was

-subjected to the second decarbonylation reaction in the

same manner after the same amounts of dz.phenyl oxalate

and chloroform were added.

The procedures were repeated as many as 6 times
(total) . After the 5th run, the tetraphenylphosphonium
chloride was recovered from an aguecus mixture in the
same mamner as in Example 13. Then, the sixth run was

performed in the same manner.

The results are set forth in Table 8.



The procedures of Exanple 13 were repeated except that the amounts of
di phenyl oxal ate and tetraphenyl -. phosphoni um chl orl_L_d.e_JAELe._Lhaaggd—E»o
10.003 g (41.29 mol .) and 0.3102 g (0.826 nmol . 3 C:EMEN’D&EET n the

anount of di phenyl oxal ate), respectively and that t-or-ot-ormrwasir €pl aced
wi th 0.090 g gaseous hydrogen chloride (which was c%jl %Wﬁé odgen gas
to give' 1 vol. % HCL concentration) After the re}ac ( hpl etie, the.
reaction mx- ture was anal yzed to iTRB-cate 93.7% of the_conversiod rlatio

of di phenyl
car bonat e.

pressure to recover the produced dip

i n Exanpl e

oxal ate (DPO con.) and 99.0% of the selgctivity to di phenyl

(DPC sel.). The reaction m xture was di st++ea~under—reduced

arbonate in the same manner as

43 —The-—tesidue was suh- jected to the second decarbonyl ation

reaction imjfe sane ﬂp@ner elt,isfokggmsarre aﬁpdnégnof di phﬁ‘ﬂé' OXiﬂ ate and

No. (nmol) (molar ratio) (%) {%)
T .41.47" ~0.037 . 95:5 . 99.0
'2° " a.a7 0.037 995 99.0
3. 1 41.47 0.037  99.4 ' 9.0
4 . 4147  0.037°  99.5 °99.0
5 . 41.47  0.037 . 99.4 - 99.0
6 - -41.47 0,037 - 99.a 99.0°
6. 41.32°  0:037 . e9.4 .  99.0

The procedures of Example 15 were repeated except
that the per:.od for st:.n::.ng the aqueous mixture was
changed into 5 minutes to recover 0.04557 g of tetra—

' phenylphosphonium chloride (recovery yield: 98.8%).

The obtained tetraphenylphosphonium chloride was
subjected to the second decarbonylation reaction in the
same manner after the same amounts of diphenyl oxalate
and chloroform were added.

After the reaction was complete, the reaction mix-
ture was analyzed to indicate 99.5% of the conversion
ratio of diphenyl oxalate (DPO con.) and 99.0% of the
selectivity to diphenyl carbonate (DBC sel.).

| Example 17
The procedures of Exanple 15 were repeated except
that the deionized water (50 mlL) was replaced with a
combination of 30 wL of deicnized water and 30 mL of
toluene to recover 0.04391 g of tetraphenylphosphonium
chloride (recovery yield: 95.2%). The separation of the
aqueocus portion was performed using a separatory funnel.



hydrogen chl ori de were added. The sane decar bonylmg
RCERRT SRBETpn

i to

fepeated as many as 5 tines (total) in the sane n

“m xture produced after the 5 tinmes run were perfcrrred was drstifTle
recover the produced di phenyl carbonate. The anunt §Aﬂ 19?8' a
wt. % of the reaction m xture. The residue was cocle o room ge
and stirred at roomtenperature for 10 m nutes in ahonoge- 10

after addition of 50 nL of deioni ze@P%&ater. The onogeni zed aqueou

was then treated in the sane manner to obtain 0.308 g of
tetraphenyl phosgpani 4Gl ddeddHafAYHOL R tm 215 ide was
subj ected to the second decarbonylation reaction in the
same manner after the same amounts of diphenyl oxalate
and chloroform were added.
_ After the reaction was complete, the reaction mix-
ture was analyzed to indicate 99.5% of the conversion
- ratio of diphenyl oxalate (DPO con.) and 99.0% of the
selectivity to diphenyl carbonate (DPC sel.). -

. | .. Example 18 _

- The procedures of Example 13 were repeated except
that the amounts of diphenyl oxalate and tetraphenyl-
‘phosphonium chloride were changed to 10.003 g (41.29
mmol.) and 0.3102 g (0.826 mmol., 2.0 molar % based on

. the amount of d::.phenyl oxalate), respectively and that
chloroform was replaced with 0.090 g gaseous hydrogen
chloride  (which was. dlluted with nitrogen gas to g:.ve 1
vol.% HCL concentratiaon) .

e was 90
ature,

ni zer

m xture

After t:he reaction was conplete, the reaction mix- -

' ture was analyzed to indicate 93.7% of the conversion
. ratio of diphenyl oxalate (DPO con.) and 99. 0-5 of the
' _select:wlty to. d:.phenyl carbonate. (DEC gel.).
. The reaction mixture was distilled under reduced
pressure. to recover the produced diphenyl carbonate in
' the same wamner as in Example 13. The residue was sub-

jected to the second decarbonylation reaction in the same

manner after the same amounts of diphenyl oxalate and
hydrogen chloride were added. :

" The same decarbonylation reaction was repeated as
many as 5 times (total) in the same manner.

The reaction mixture produced after the 5 times run

were performed was distilled to recover the produced

diphenyl carbonate. The amount of the distillate was 90

wt.% of the reaction mixture.
The residue was cooled to room temperature, and
stirred at room temperature for 10 miriutes in a homoge-



'Ijh‘é obt ai ned t et raphenyl phosphoni um chl ori de was subjected to the sixth
*decar bonyl ati on reaction in the.

sane nmanner af et anoamt s of
oride were addeBEPLAéﬁgﬁﬁﬁéS lare set
DPO HE1 DPO con. DPC.
93.7 2¥JAN2998 | | 41.29
3 _40+ 41. 29 0. 090 93.4
92.9 99.10 &5 4429 0 .090
0. 090 93.0 99.0

" di phenyl oxal ate and hydrogen chl
forth in Table 9. Table 9 Run
sel. 1 41. 29 0.090
0. 090 93.2 99.0
99.0 4 41. 29 0. 090
93.3 99.0 6 41. 29
41

nizer after addition of 50 nL of deionized water.:

-The

homogenized aqueous mixture was then treated in the same
manner to obtain 0.308 g of tetraphenylphosphonium chlo-
ride (recovery yield: 99.1%).

-~ The cbtained tetraphenylphosphom.um chlor:.de was

.subj ected to the sixth. decarbcnylatlon reaction . in the .

 same mamner after the same amounts of diphenyl oxalate .
1 and hydrogen chloride were added. L

Th.e results are set forth in Table 9. _

Table_' 9'
No. (mmol) g %) Lol (%)
1. 41.29 0.0%0 - 93.7 -~ 99.0°
2, 41.29 0.030 93.2' ~ 99.0
3 41.29 © 0.090° 93.4 99.0
4 41.29 0.090" 92.9 99.0
5 41.29 0.090 193.3 99.0
6. 41.29 0.090 93.0 99.0




VHAT | S CLATNED) ISt 1. A process for continuously preparing a diaryl
carbonat e froma-di-aryl--oxalate in a |liquid phase by.decarbonyl ati on which

conpri ses perform ng a decar bonyl R@mm I :
diaryl oxa @Hﬂ”@muﬁu bfnce of - an organic phosait S0 nmﬁ"@@ar yst
to give are conprrsrng a diaryl carb nd the ordanic
phosphorus conpound cat aI yst recovering the di %ry ldérhh‘i?@Sfro t he
reaction m xture; and (3) perform ng-4L-decar bonyl at i} eaction of g diaryl
oxal ate in the presence of the reaction m.xture frorjwvhlch the di aryI

carbonate has, n recovered and to which a hal ogen
conmpound ot WAl L BIMEDGIR:c phosphorus conpound catal yst is added, to

give a reaction mxture conprising a diaryl carbonate and the organic
phosphor us conposnd ¢ The rocess of,,cl aim wherein the
steps 2) and 3) #s re%e %é%gﬁﬁ ESFOPR éamg Gééb@né EecExom 1,
wher ei n t hed AaRYE pKaipher dn a.oﬂ:pqun.d phaaeyby deospt] latgenapound
havi ng a trwmwrﬂgggaﬁﬁgegteggogﬁhorus atom and at [east one
car bon- phosphor I n
phosp Uf);?&-ﬁ orming a decarbonylation reaction of a diaryl
-oxalate in the presence of an organic phosphorul compound
catalyst to give a react:.on ‘mixture comprising a diaryl.
_ -carbonate and ‘the organlc phosphorus conpound catalyst;
. 2)recover:.ng the d.'l.a:r.yl carbonate from the reactzon
: 3)perform:.ng a deca.rbonylation reaction of a. d:.azyl
. oxalate in the presence of the react:.on mixture from
_-~,wh:|.chthed1aryl carbonatehasbeenrecoveredandto o
“which a halogen atom-contammg compound is added, to
give a reaction mixture comprising a d:.aryl carbonate and
the o:ngam.c phosphorous compound: catalyst

2;_. The process of claim 1, where:.n the steps 2)
. and 3) is repeated in comblnatlon

3. The process of cla:.m 1, where:.n the organic
phosPhoms compound catalyst comprises a compound having
-a trivalent or pentavalent phosphorus atom and at least
one carbon-phosphoms bonding.

4. The process of claim 1, wherein the catalyst
conpr::.les a compound selected from the group cons:r.stmg
of an organic phosphonium compound, a phosphine, a phos-
phine dJ.halJ_de, and a phosphine oxide.

5. The process of claim 1, wherein the catalyst
comprises a compound selected from the group consisting
of a tetraarylphosphonium salt, a triarylphosphine, a
trlazylphosph:r.ne dihalide and a triarylphosphine ox:.de

“his Sheet HasB

i - CEEE




A The process_of claim1, wherein the catalyst corrprl ses a conpound

"sel ected fromthe group- consi sting of an organic

phosphi nemk!ﬂ’ﬂ'ﬁm i de, and a phosphi ne

claim1 Wmﬁl ﬂ t conprises a conpoung
sphonium salt, a triafy| pl2ospaiNega

PX) de. -42-

consisting of & tétrhary
triaryl phosphi ne di balide and a triaryl phosphi ne

nd, a
cess of

5el ected from

g.

process of claim1, wherein the cat %<t conprise

S a conpound 3Tl

the group consi sti ng of a tetraaryl phosphoni um halide and a

P MECT T iy ) Mt e

wherein the halo en a onmpounfl TS

at om con- tmnyses N oGATRERAN ge&e@ﬁgﬁq Expms

e group

The
e ted from

Em 1
ogen

the cguPuRi FoRBL8kiRg

of a. tetraazylphosphcm.um halide and a tetraazylphospho—

nium hydrogen d:Lhaln.de

) 7. The process of claim 1, wherein the halogen

. atorﬁ-—ccnta.:.n:i.ng compound is an organic halogen atom-con-~

- taining compound having a chemical structure in which a
halogen atom is bonded to a carbon atom having thereon no

- double bond othexr than =0.

8. . The process of claim 1, wherein the halogen

atom-containing compmmd is an inorganlc halogen atom-

| ‘containing compound selected from the group consgisting of
a halide of phosphorus, a hal:.de of sulfur, a hydrogen

' hal:.de, and a halogen.

i

. 9. The pr_ocess-of- claim 1,.-wherein the halogen
' _atom.-’conta;i,ning compound is a chlorine-containing com-

: "10.__ The process of claim 1, wherein the organic
- phosphorus  compound catalyst comprlses an organic phos-
 phonium salt; .the reaction mixture from which the diaryl
-carbonate has been recovered is treated with an aqueous
. wedium to recover the organic phosphcnium salt; and the
| recovered organic phosphonium salt is employed in the

step 1) as the catalyst.



halogen atomis bonded to a carbon atom having thereon no double bond other

than =0. 8. The process of claim1, wherein the haf ia - ng
conmpound i s an inorgani c hal ogen atom contai ning c} Ebh@EM&%ﬁbSBEET om
e of sutor;

the grop consisting of a halide of phosphorus, a ha
n
T AN

hydrogen halide, and a hal ogen. 9. The process of
hal ogen at om contai ning conpound is a chlorine-confaln
10. The process of claim1, wherein ABSTRAQENI C pho,p

catal yst conprises an organic phos- phonluntsalt .

which the diaryl carb
medium to recover the®org b S PHReHT th-< ‘ pfgcovered organic
phosphoniumsalt is enployed in the step 1) as the catalyst

A process for preparing a diaryl carbonate from a diaryl oxalate in a liquid phase
by decarbonylation which comprises the steps of:

1)  performing a decarbonylation reaction of a diaryl oxalate in the presence of
an organic phosphorous compound catalyst to give a reaction mixture comprising a
diaryl carbonate and the organic phosphorus compound catalyst;

2)  recovering the diaryl carbonate from the reaction mixture; and

3)  performing a decarbonylation reaction of a diaryl oxalate in the presence of
the reaction mixture from which the diaryl carbonate has been recovered and to which a
halogen atom-containing compound is added, to give a reaction mixture comprising a

diaryl carbonate and the organic phosphorous compound catalyst.

Fig. 1 i i
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It is an object of the present invention to provide a process for continuously
preparing a diaryl carbonate from a diaryl oxalate by decarbonylation in an-increased
yield with a high selectivity.

It is another object of the invention to provide a process for continuously preparing -
a diaryl carbonate from a diaryl oxalate 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 continuously preparing a diaryl
carbonate from a diaryl oxalate in liquid phase by decarbonylation which comprises the
steps of:

(1) performing a decarbonylation reaction of a diaryl oxalate in the presence of
an organic phosphorus compound catalyst to give a reaction mixture comprising a diaryl
carbonate and the organic phosphorus compound catalyst; |

(2) recovering the diaryl carbonate from the reaction mixture; and

(3) performing a decarbonylation reaction of a diaryl oxalate in the pfesence of
the reaction mixture from which the diaryl carbona'te has been recovered and to which a
halogen atom-containing compound other than the organic phosphorus compound catalyst
is added, to give a reaction mixture comprising a diaryl carbonate and the organic
phosphorus compound catalyst.

In the process of the invention, 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 atom and at least one carbon-phosphorus
bonding. More preferably, the catalyst comprises.a compound selected from the group
consisting of an organic phosphonium compound, a phosphine, a phosphine dihalide, and
a phosphine oxide.  Specifically preferred is that the catalyst comprises a
tetraarylphosphonium salt, a triarylphosphine, a triarylphosphine dihalide, or a tri-
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aliphatic hydrocarbon (e.g., chloroform, methylene chloride, and 1,2-dichloroethane) in
an amount of 0.01 to 100 volume parts, preferably 0.1 to 10 volume parts, per one
volume part of the aqueous medium such as water. The organic solvent can be easily
removed in a vessel after the extraction is complete.

The second decarbonylation reaction can be performed using a mixture of a freshly
supplied diaryl oxalate, the recovered organic phosphonium salt catalyst (if desired), in
combination with the residue comprising the organic phosphonium salt which is recycled
through the line 26, and a freshly supplied halogen atom-containing compound. If
necessary, a fresh organic phosphonium salt is supplemented.

The present invention' is further described by the following examples. In the
exax;xples, the "conversion ratio of diaryl oxalate" (i.e., ratio of amount of consumed (or
reacted) diaryl oxalate per the amount of charged diaryl oxalate) and "selectivity to
diaryl carbonate" (i.e., ratio of the amount of pfoduced diary! carbonate per the amount
of consumed diaryl oxalate) for decarbonylation reaction of the diaryl oxalate are all
expressed in terms of molar percent ratio (i.c., mol %).

Example 1

In a 100 mL-volume glass flask equipped with a thermometer and a reflux
condenser, a mixture of diphenyl oxalate (41.32 mmol.), tetraphenylphosphonium
chloride (catalyst, 0.825 mmol.: 2.0 molar % per the amount of dipbenyl oxalate) and
chioroform (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 monoxide ‘from the reaction mixture. The
tetraphenylphosphonium chioride was heated at 120°C for one hour, 150°C for one hour,

and 180°C for one hour in a stream of a dry argon
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WHAT IS CLAIMED IS:

1. A process for continuously preparing a fiiaryl carbonate from a diaryl oxalate
in a liquid phase by decarbonylaﬁon which comprises the steps of:

1) performing a decarbonylation reaction of a diaryl oxalate in the presence of -
an organic phosphorus compound catalyst to give a reaction mixture comprising a diaryl
carbonate and the organic phosphorus compound catalyst;

2) recovering the diaryl carbonate from the reaction mixture; and

(3) performing a decarbonylation reaction of a diaryl oxalate in the presence of
the reaction mixture from which the diaryl carbonate has beén recovered and to which a
halogeﬁ atomn-containing compound other than the organic phosphorus compound catalyst
is edded, to give a reaction mixture comprising a diaryl carbonate and the organic
phosphorus compound catalyst.

2. The process of claim 1, wherein the steps 2) and 3) is repeateﬁ in
combination. |

3.  The process of claim 1, wherein the organic phosphorus compound catalyst
comprises a compound having a trivalent or pentavalent phosphorus atom and at least
one carbon-phosphorus bonding.

4. The process of claim 1, wherein the catalyst comprises a compound selecteﬁ
from the group consisting of an organic phosphonium compound, a phosphine, a
phosphine dihalide, and a phosphine oxide. '

S.  The process of claim 1, wherein the catalyst comprises a compound selected
from the group consisting of a tetraarylphosphonium salt, a triarylphosphine, a
triarylphosphine dihalide and a triarylphosphine oxide.
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