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T.he present ._;invention relates to a pz-gcese for pre­
pa.riilg a diaryl ~bom.te fran a. diaryl oxalate in a 
liquid phase by decarl:ionylation. The dia:yl carb::mate is 
fa~y employable far prcduci?lg' a polyr;arlx:imte. 

It is Jmcwn· that a diaryl carlxxlate can be pi'epared 
f:ran a diaryl oxalate by decarlxmylation. The lmowll ~..o ' 
cess, ~' is DCt favorably eq>lcyable in industey _: 
because the :reaction nte is very slow and ~ . yi9J.d .m 
selectivity are low. ..··· .· · 

'i\1ki Gosei Kagaku Ifyokaishi (JOU%?l&J/ of ~tic 
Organic C.bemistry, Japan) , Vol. s, No. 4 .. g, Report 4 7, pp. 
70-71(1948) teaches a ·reaction in which diphenyl meal.ate 
is heated to release car.bon trl)D9Xide to give diphenyl 
<::a%'bozlate. "niis report describes neither yield. nor se­
lectivity. According to a trace experiment of the. exper­
iment: of this report, only a srrall anamt of diphenyl 
carbonate is produced. 

U.S. Patent No. 4,544,507 describes that the carbon­
ic acid diallcyl ester, i.e., diallcyl carbcmte, can be 
prepared by heating a dialkyl oxalate in a liquid phase 
at so-1soac in the presence of an alcolate catalyst. In 
the "WOrld.Dg exanple of the Patent publication, the di- ....... .& 

phenyl e»ca.late is heated in the presence of a pc~ssi\:im 
phenoxide catalyst anly to give mainly the dipheiiYl ~-
late, namely, the starting carpound. ..···· · 
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It is an object of the present invention .to provide 
a p%'0Cese for continuously preparing a dia::yl carbonate.& 
from a diaJ:yl oxalate by decax~lation in an 1.."'lC~d _: 
yield with a. high select:iviey. ..·. 

It is another object of the inventiOn .. to provide a 
precess for ccntinuously preparing a dicYl ~a.rl:Xlm.te 
from a dial:yl oxalate btJ decar.bonylatian in.· an increased 
yield with a high selectivityutilizi:lg a catalyst ·which 
can be recovered am eltl'loyee1 repeatedly. 

'lhe present invention resides in a precess for pre­
parizlg' a dial:yl carl:xma.te fran a diaryl axalate in liquid 
phase by decarbcmylation which canpriaes the steps of: 

1) parf~ a decarlxmylation nacticn of a 
diaryl oxalate in the presence of an o~ic pbcsphorus 

· c:onpound catalyst to give a rea.cticc. mixture ccaprising" a 
diaryl car~te am the orgallic pbosphc:rus c~ 

I C:atalyat; 
2) recoveri::er the dia:ryl carlxm.te fran the r~ 

ticn mixture/ am ...... ···· .··· 

r 

3) perf~ a decarbonylation reactian·of a r-
diaryl mcaJate in the presence of the ~~tien mixt'llre · 
from which the diaryl carbonate bas been. rac;ov9red and to 
which a halogen atan-cont:aining catp:)Utld is added, to 
give ·a reaction mixture. comprising a diaryl carbonate and 
the o:r:ganic phosphorus cC1TpCUnd catalyst. 

In tne precess of ~ invention, the steps 2) and 3) 

are preferably repeated in COIT'l)inatic:n. 

'l'he crgaXli.c pbosphczus ccnpcund catalyst· preferably 
eottpriscs a car;;iound ha.vi!'..g a trivalent or pentavalent · 
pbospho:cus atom and at least one carbon-phosphorus baJd .. 
ir..g. More preferably, the eatalyst conprises a carpound 
selected from the group consistiilg of an o:g;mic phospho­
nium ccnpcu:nd, a. phosphi."le, a phosphine dibalide, and a 
phosphine Oxide. Specifically preferred is that the ... .& 

. •• I 

eatalyst c:orcprises a tetraa:cylpbosphcnium salt, a. .. tri- : · 
axylphcsphine, a triarylphosphine dihalide, or··a. tr~- r 

.. 
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aeylphcsphine oxide. Also specifi ·-- ·- ·that 
the catalyst CClrprises a tetraa%jllphcsphcnium halide or a 
tetr~lpl'lcsphcnium hydrogen dihalide. 

nie halogen atom-conta:L"'ling ccmi::oum prefeRbly .is 
an organic halogen atom-containi%lEJ ~ ha~ a 
chemical stmc:ture in which a halogen atcm is :bended. t;g a 
carbcn atan haviZlS' thereon n0 double lxmd other tlml .. .:(,,) 
= an im:>rganie halogen atcm.-ccntainiqr ccnpcum-~~eleOted r 
rran the group ccmsistir..g of a balide of_.pbo~·, a. 
halide of sulfur, a hydt'ogen halide, and a ~l6gen. 'lbe 
most preferred halogen atcm-cantaim.ng c:ompol.Uld is a 
chl.or:ine-contai niI1S' compound. 

In the case that the m:gan:ic pbcapborQus c:onpo\md 
catalyst comprises an organic phosphonium salt, the reac­
ticn ndxture from which the diaJ:Yl ca.rlxmate bas :been 
recovered is preferably treated with an aqueous medium to 
recover the organic pbosphcnium salt; al'ld the :reccvered 
organic pbcspbalium salt is eaployed in the step 1) as 
the catalyst. '!he recovery of the organic pbosphonium 
salt can :be perfm:med after the ateps :Z) a?ld 3) a.re re­
peated in acmb:f.nation. 

.. • • .& 

:BRIEF DESQUPTION OF n1awmae 
.. ... ... 

.• 
Each of Figures 1 to 2 illustrates.~·flow.•et 

which is employable for perfcmniDa' the 'Process· of the 
invention. · 

The d.ecarbonylation process for preparing a dim:yl 
carlxxlate frcm a diaxyl oxalate can l:le illustrated as 
foll~&: 

OAr 
I 

COOAr + co 
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wherein Ar stazx!s fer an ucsubatituted or substituted 
axyl group. 

The a:ryl g:rcup of the diaeyl oxalate can be: (l) a 
phenyl group; (2) a phenyl group having one or nm:e sub­
stit:uents such as an alkyl group hav.ir.g l to 12 carbon 
atoms Ce. g. , methyl and ethyl) , an allcoxy group bavirJQ' l 
to l~ carbon aterns (e.g., methcxy am ethcxy), a ba1ogen 
atQmS (e.g. I flucrine am chlorine) I a:cd nitro; or (3) a 
naphthyl group. Preferred is a phenyl group. 

. The pl'lenyl group ba.ving oce er more substitUe:nts, .& 
that is mined "a substituted phenyl group", may be .. .i-n··t:m 
farm of one of varioua isaners. Bxanples of ~ ·1Sauers· r 
include 2- (or 3-, or 4-)alkylpbe:nyl, such_.as· 2- <'?%" J-, or 
4-)uethylphenyl, er 2-(or 3 ... , or 4·)ethYl~l;. 2· (or 

: 3-, or 4-)alkcxyphenyl, such as 2· (or J .. , or 4-}-methcxy­
pbeO.yl, or 2- (or 3-, or 4-) e~l; 2- (er 3·, or 

' 4-)halcgeaated phenyl, such as 2- (or 3-, or 4-) fluoro­
phenyl, or 2-(or J .. , er 4-)chlorophenyl; and 2-(or 3-, or· 
4-) nitoropbenyl . 

~le.s of the diaryl ~ates include dipbenyl 
oxalate, bis(2-methylphenyl) oxalate, bis(3-methylphenyl) 
oxalate,· bis (4-methylphenyl) oxalate, bis (2-chloropbenyl) 
oxalate, bis(3-cblorophenyl) oxalate, bis(4-cblo:rophenyl) 
axalat:e, bis {2-nitropbenyl) oxalate, })is (3-nitrcphenyl) 
oxalate, and bis(4-nit~l)oxalate. Moat preferred 
is cliphenyl oxalate. . .. .& 

In tbe deoarbonylation proceess of the invent~~;··~ 
decarbonylaticn catalyst preferably is an organic phos- r 
phorus CCrll'Ound having a trivalent or ••Va.lent phcs­
pllcl:us atom, aDd having at least one cafixm~phOsphorus 
~. ~.refe:rred are organic pbosphol:us ~ 
havills· three or ett:>re carbon-phcspbcrus bo:ndings. Pre­
ferred. organic phosphorus ccmpounds are a pbcspbonium 
sale havirlg the foll.C741ing fonula (A) , a pbasphine haVing 
the following formula (B) , a pbospbine dihalide having 
the following formula (C) , and a phosphine oxide ba.ving 

· J#GJJ,ikWWWtC&5ME&S as 
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the follcwiDe' fornula (D): 
Fornula (A): 

Pcmm1la (B) : 

i'OZ:ftUla (C) : 

R1 ..... 
R3 - P"-R.~·X' 
R:t, 

as 
' r - P 

R'""" 

.. . · 
·' 

.... 
••• •• . ! 

... ·:·· . 
. .· 

ronula (D): ... 
..... · 

Detailed descripticms are gi~below for tbe pbos­
pbanium salt of f0%'mlla CA>, the phosphine of fo:z:nula. 
(BJ , the pbosphine di halide of formla (C) , ani the pbcs­
phine oxide of f01\lllla (D). 

(A) Phoapbonium Sa1t of tbe fornula (A) 

'!he pbosphcm:urn salt:. can Joe represented. by. the aJ:)ove 

·fOrrrtl.lla (A) , 'Wherein each of R.1 , R2 , R.3 a%Jd It" indepen-
dently represents an aryl group of 6 to 10 carkxn atoms, _. 

r 

r 

an alkyl g:r:oup of 1 to 16 ca:bcn atoms, an aralkyl ~········· 
I:?' of 7 t.o 22 carbon atoms, an aryloxy ~ ot 6 to l.Q .. ·~- r 

~ atcms, er a heterocyclic group of 4 to 1& ~lXG at~ ·· 
oms, and. x repmseuts a counter ion of the ~·~um.· 
ion. Any twc o1! R1 , R.1 , R.3 and R.4 may be ccmbined: ·to fmm 
a. rU3g havine' the phosphorus atan as its ring member. 

' 
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The aryl group is descril>ed in more de1:ail. '!'be 

uyl group can be a phenyl or mphthyl g:cup. '!'be pbenyl 
or naphthyl group can have cne or mere sul:lstituents i:l ....... .e : 
aD¥ positions. Exanples of the SUbstituents ir..cl~ _ .. :·· 

alkyl of l to is car.con atcms, preferably of 1 ta · U car .. 
1:lcn atcms (e.g., methyl, ethyl, n-propyl, i~l,. n-
butyl, iaobutyl, sec-}?u.tyl, or tert-mt.yJ.) , a'lcoxY cf l 

to 15 carbon atcms, preferably of 1 to 12 ~ atcma 
(e.g., methoxy, ethoxy, n-prOpoxy, isop:ropa>ty, n-butaxy, 
:Lsomtoxy, sec-b.ltoxy, or tert-l:utoxy) , al.koxyc:arbonyl of 
2 to l2 carmn atcms, prefenbly of 3 to a carbon atams 
(e.g., met:hoxycarbcnyl er ~~l), aryl (e.g .. , 

phenyl), amine such as N,N-dialkyl-9UDatituted amiJ2C 
(e.g., N,N-dimethylaminc), cyano, .m.tro, mld bale (e.g., 

fluoro, ehloro, or bratC} .• 

Tbe alkyl group is described in nxlI'e detail. The 

alkyl group can bave l to :J.6 ~l:x=. a.tans. Exanples cf 

tbe ~lkyl group include methyl, ethyl, n-prcpyl, :1.Sopro- · b 

pyl, n-butyl, isoD1ltyl, sec-butyl, or text-bltyl. 'l1le ..... ·9·· : 
alkyl group can. have one or tr0re substitUaltS in anr-· .··· 
positions. Exmrples of the substituenta a:c'e t.~ .. sazm as ·· 
these described fer the subetituents of the a:Yi group·. 

The aralkyl group is desc:cibed in no.re detaii. 1be 
aralkyl groyp can bave 7 to 22 amxm atcms. Sxanples of 
the a..~l.kyl g;n,up include benzyl, phenethyl and naphthyl­

methyl. The aralkyl group can have one or nx:>re substi­
tuents in . any positions. Exanples · of the substituents 
are the same as those descr:ibed fer the substieuents of 
the azyl group. 

The aryloxy group is deac:ribed in mre ·detail. 'lhe 

aryloxy group can be a phsncxy or naph.t:bcxy group. 'I!be 

aryl.oxy group can have one or more substituents in any 

pciaiti01'1S. ~les of the substituents ue tbe aame as 

r 

r 

those described. fo%' the subsitituants of ~ m:yl group. . . .& _ 

'!he heterocyclic group is descrlbed in ncre detail . ........ : ... 
The beteroeyclic group can have 4 tc 16 carbon atcms_,. · ~ r .. 
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at least ane hetEO atcm such as oxygen, sulfur, or ni­
trogen. Examples of the beteroc.yclic g:roup include 
thienyl, fUr.11, a:ld pyrldyl. The bet~lic group can 
have one or n-cre substi tuents in 'a%I'f posi tic::cs. Exatrplas 
of tbe substituent.s are the same as these described for· 
the subatituents of the aryl 9%CUP· .... .e 

The groups of R1 , ai, 'B!' am R6 of the pbcspbonium_:·: .. ··· 
·salt can be -the same or different from. each other •.. · ·J'Or r . . . 
iiultance, all cf the groups of R.1 , R.2 , R3 am~- are ~l. 
groups in one phollpbonium salt,· that ~s, a tetraa%?1pbcs­
Pbaoium- salt. Tbree of the gmups are aryl group• and 
other one is another group, tl:Jat is, a trlarylpbospbonium 
salt. Two of the groups are aryl grcups axn other two 
are ot:bar groups, tllat is, a dia:ylpbospboniwi salt. 
Only one of the :groups is·~ ~l grcl1p and other tbree 
a~ other groups, that is, an uylphospba:U.~ salt:. All · 
of the groups of R.1 , R.2 , R.3 and R' are other than the aryl 
groups. Preferred are the tetraarylphospbcnium salt and· 
an axylphcsphani~ salt in "1hich tnree of tbe grcups of 
R.1, Ra, R' ~ R" are aryl groups an1 other cae is a het­
erocyclic group. 

· 'l'he ccunter ion ex·> can be a halide ian (e.g. , chlo-...... .& • 

ride ion, bromide ion, or iodide ion), a hyttz:ogen di-: -~·:·" ... 
llalide ion (e.g •I hycb:ogen dichloride ion, eydrcgen"di- .t r 
bromide ion, _hydrogen diicdide ion,· or n.~··br~de· 
chloride ian), a halogen acid ion (e.g •• cbl0rate"i0n, 
branate ion, or iodate ion) , a per-balogen acid ion 
(e.g., perchlorate ion, per.bromate ion, ox- pericdate 

' ion), an aliphatic car~late ion (e.g., acetate ion, 
trif'luoroacetate icn, or prcpiom.te ion), an arcmatic 
carboxyla.te i~ (e.g., benzca.te ion, or e1- er ~-naph­
thalenecarboxylate ion), an aromatic hydroxyl ion (e.g., 
phe:2cxide ion), an ino:-ganic acid ion (e.g., sulfate ion, 
sulfite ion, phosphate icn, phosphite icn, borate ian, 
~ate ion, cyanate ion, thicc:yatiate ion, or 
lluorcborate icn), an alkylsulfonate or alkylsulf:inate 

.·· 

r 
·' 



• • c/ 

ti". 

-8-

ion having an allc.yl group of l to 16 c8l±lon a.tans Ce. g. , 
methyl. ethyl, n-propyl, or isoprcpyl) , an cu:ylsu.J.fonate 
or arylsulf~te icn havil'lg an aryl group (e.g .. , phenyl, 
p-tolyl, or p .. nitorgpbenyl), a tet:raalkyl.boi:ate 1cn nav­
iDg' an alkyl group of 1 to 10 carl:lcn atans (e.g., teaa­
~thylborate ion, or tetraethylbc~te ie11), or a. tetra­
aryllx»:ate ion (e.g., tetraphenylborate ion, or tet%ald.s• 
p-fluorophenylbora.te ion). !xanples of prefe:red count~ 
ions (X") include halide ions such aa chloride ion, bro­
mide ion and icclide ion, a:rx! hydrogen d:ihalide icaa such 
as h~ogc dicblcr1de icrn, hydrcgen di.branide ion, hy- ..... .& 

•• 1 

dx'cg'en diiodide ion, and hydmgen braid.de chloride ion~··:.. · 
Meat preferred are chloride ion and ~ dichloride . 
ion. .···· 

<::nlcrete exanples of the preferred. phosphcn:5:um salts 
cf the fOJ:mUla (A) are described below. 
,(1) Pl;cspbonium salt in which all of R1, ~, R.3 and R.4 are · 

aryl groups am x- is 4\. halide ion 
Exan-ples are tetrapr.enylphcsphcnium cbloride, tetra­

phenylpbospllaUum bromide, tetraphenylphospbonium iodide, 
tet:rakis (p-c:hlorgphenyl) phospbcnium chloride, tetralds Cp­
fluoropbenyl) phcsphonium chloride, tetraki&(p-tolyl) pbos­
pbonium .chloride, p-chloropllenyltriphenylphoaphonium 
chloride, p-chlorcpbenyltriphenylpbosphcnium brcmide, p­
cblorophenyltriphenylphosphonium iodide, p-tolyltripben­
ylphospbonium chloride, p 00 tolyltriphenylpbosphonium bro-
mide, p-tolyltripbenylphosphonium iodide, m·trifluc.ro- ...... .& 1 

methylphenyltripbenylpbosphonium chloride,. p-bipheny~~r!{. 
phenylphosphmium chloride, m-metboxypbenyltri~lPho~-·· 
phcnium ai:i.oride, p•methoxyphenyltriphenylpho~um· ·· 
chloride, ~-ethoxypbenyltriphenylphcsphonium Chloride, p­
ethoxyphenyltripbenylphosphonium bromide, p .. etboxyphenyl­
triphenylphosphorli\.111\ iodide, p-dimethylamirJcpbenyl tri .. 
phenylphosj;>hcnium chloride, p-etnoxyQarlxmylpbenfltri­
phenylphosplxmi:um chloride, m-cyaoophenyltriphenylphos-
pbcnium Chloride, and 1-~phthyltriphenylphoaphonium 

iii1i1iii1ii1fillf .... .. 
••• ? 

r 

r 
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chloride. Moat prefen'ed is tetn.phenyl~m d'.Uo.:. 
ride. 

.. .. 

(2) Phosphcnium salt in which all of R.1, R1, ai and itt are 
a:ryl groups cmd. x- is a. ~en di.halide ion 
Ex.anilles are eetraphenylpllcsphcnium hydl:cgen di­

chloride~ tatraphenylphosphonium hyd:'cgea. dibran:lde, 
tetraphenylpbosphalium hydrcgen cliiodide, and tetta­
phenylphcspbCn~um ~~de chloride. ~st pi:e-

. £er.red is tet~lphcspbanium hydrogen di cbl oride. 
(3) fbosphcni:un\ salt in which all of a1 , R.2, R3 ~ RI are 

L""Yl g:cups am X" is i1l1 alipbatio Ct: 11%'Cllatie CU· 
boxylate ion 
Exanples are tetrapbenylpbaspborrlum acetate, p­

chlorophenyltriphenylpbosphcnium 11Cetate, p-ethcxypbenyl- .. .& 

triphenylpbospbon~un acetate, p-tclyltripbenylphc~lP\f ... 
acet:ate, tetx'aphenylphosphalium triflugrgacetate, .and · .. 
tetraphenylpbospbcnium :benzoate. .. . 
(4) Pboaphonium salt in which all of R1 , aa, ··f.3 ~·K' are 

azyl groups cmd r is fluoroJ:x)rat:e ion 
Examples are tetraphenylpbosphcnium flU0%0borate, p­

chlorophenyltriphenylphosphonium fluorol:lorate, p·ethoxy­
phenyltriphenylphospbcnium fluorobcrate, ~ p;..tolylt.ri­
phenylphcs~'Um fluorcec:r:ate. 
cs> Phospbcnium salt in Which all . of R1 , 'B:, R~ am R.4 are 

uyl gxoups and x· is tb.iocyanide ion 
An exanple is tetraphenylphcsphonium thiocyanide. 

( 6) Phosphonim salt in which all of R1 , Ra, R3 and ll4 a.re. 
azyl groups and X- is an arcmatic: hydroxyl .ion 
An exaitple is tetrapbenylpbcephcni:um phenoxide, 

(7) Pbosphcnium salt in which three cf R.1 , R2 , R,3 am R.4 ••• ··'° 
are aryl groups, one is an alkyl group, a:id X" . is a:: .. ·· 
halide ion .. 
Examples are methyltriphenylphosphonium ~Ori~,.· · · 

methyltrlphenylpbcsphonium bromide, methyltri;Phenylpbos­
phonium icdide, ethyltriphenylpbosphcnium cbloride, 
ethyltriphenylphosphonium bromide, ethyltripbenylphos-

.. 

r 

i 

i 
I 

r 

r 
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pbonillm iodide, n-prcpyltriphenylphoephonium ehleride,. n· 
P=Wltriphenylpbcspbcnium l:omide, n-pi:cpyltripbenyl-
pbosphonim iodide r isopropyltriphenylphcsphcoium chlc- .. 
ride, iscprcpyltriphenylphospbcnium bromide, :c.-dodecyl- ..... · ···· 
triphenylphoaphcnium cbloride, n-dcdecylt?:ipbenyl~e-·~ .. 
pbcnium bromide, cblorcmethylt:ripbenylpho~ um· ChlC?- · 
ride, met:hyltrts (m-chlorcphenyllpbospbalim ciil~de, · 
methyltrls (m .. c:hl.D'Copbenyl)pboepbcni\ml brcmide, ethyltris­
(m-chlo:cophenyllpbcsphcmium chloride, and ethyltris (m-
c:Dl.orcpbenyl) phospbonium bromide. 
(8) Pbospbonium salt in which ~ of R1 , R2 , ai atJd R.• 

ue a:yl groups, . cne ·is an aralkyl grcup. and X" is a 
halide ion 
Exant>les an bem.yltriphenylpbosphcnim chloride, p­

fluorcben2Yltripbenylpbosphoni:um Chloride, p-fluc:obenz­
yltriphenylphosphcnium brcmide I 2, 4 •diohlorobenzyltrl• 
phenylpboaphcnium c:hl~de. 2, 4-clichlorobenzyltriphenyl­
pbcsphcnium bromide, p-n-butoxyb!nzyltripheny.1.pbosphonium 
chloride, p-n-wtoxybenzyltrlpbenylphosphcnium brcmide, .. .o 
2 ... naphthylmethyltriphenylphospbanium chloride, 2-mphtj].!"'······ ·1 

ylmethyltriphenylphosphcnium brcmide, 9-fluorenyltri;.. · · · 
phenylpbosphotiium chloride, and 9-fluo::enyltr~~l~s~ 
phonjum bromide. .· · · 

(9} E'llcsphcni"Um salt in which three of R.1 , P..3 , R3 azJd R4 
are aryl group11, one is a heteroc:yclie 9J:OUP, am X" 
is a halide ion 
An exant;)le is 2-thiophenetripbenylphospbanium clllo­

ride. 
·(10) Phosphoni~ salt in whioh three of R1 , R2 , R3 and R4 

are axyl groups, one is an a:rylaxy g:roup, and X- is a 
halide ian 
An exall'Ple is phencxytriphenylphosphonium chloride. 

( 11) Phosphonium salt in which three of R.1 , R2 , R3 and R.4 
are aryl groupa, one is an alkyl group, am X- is an 
aliphatic carbcxylate ion .... .a .. ' Exanples are methyltripbenylphcsphcmiwu acetate, .. ·:··· : 

.··· 

r 

.( 

r 

! 
I 
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cthyltriphenylphospbonium acetate, and n-p.ropyltriphenyl­
phgsphalium acetate. 
(12) Phosphcnium aal.t in which three of Rl., R1 , R.3 azJd a• 

a....-e azyl g.rcups, one is an alkyl group, and r ia a _ 

fl~~· ion 
Exazq;>les are methyltripheny'lphospbonium flucro-

lx>rate, ethyltriP.heziylpbosphcnium flucrol:)Orate, azld. n- .... .& 
..... ! 

propyltripbenylpbcspbonium flu=cbm'ate. _ _..·:· · 
(13) PhoSpbaniUlU Salt in which two of R." I aa I R.3 ~.ti.• a1"f 

aryl groups, otber big &%'e ct:ber groups, .. and r . is·· a 
l;ialide ion ... . ... 

Exatrples are dimethyldi~lpb0spb0111 um chloride, 
diethyldiphenylpbospbonium chloride, dimthylclipbenyl­
pbgsphonium bratd.de, and diethyldiphenylpbOspbonium bro­

¢de. 
( l.4) Pbospboni'Um salt in which cce of Rl, 1.a, R2 and R' a.re 

uyl g%0Ups, other three are other groups, and X" is 
a halide ion 
Exanvl>les are diethylnthylphenylphoapl¥mium dilo­

ride, am diethylmethylphenylphdspbcnium branide. 
(15) Phcapl:.om:um aalt in which none of R1 , R.3 ,, R.3 and R' 

are aeyl g:cups, a%3d r is a balide ion 
Exarrples are tetra-n-butylphcsphonium chloride, and ...... .& , 

tetra .. n-butylphcspbcnium branide. .· .. .. ~·:"' 
Sane of the alx>ve-ment:ioned pl!osphcnium salts· are .. 

known and. available on market:. Other pile~~ ~-~t~i 
can be prepared by the precesses set forth ill Bull. Chem. 
Soc. __ Jpn., 56, 2869 (1983) and J. Am. Cb.em. Soc., 70, 137 

'{1948), or precesses similar to .these desc::rll:led in these 
publications. 

For inst.ance, tbe tetraaxylphoaphonium chloride can 
be prepared by reacting a triaz:ylpbosphine and an aryl 
halide (e.g., aryl iodide or uyl brmdne) in the pres• 
·enc:e of a palladium acetate catalyst and treating the :r:e­
SUl.t.ing tetraa:rylphosphonium iodide er l:>raaide With an 
ion exchange resin (chloride type) to give tbe desired 
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tetraa:cylpbosphcnium chloride. 'nle produced tetraaryl • 

phcsphcnium cbloride is preferably dried. For the dry­

ing', the tet:raa-rylphosphcnium chlcride is pre~erably 

heated to 100 to 2oooe for o. s t.c s hours in a stream of a 
dJ:y i:lert gas such as dry argon gas and then heated tc BO 

to 200°C for 0.5 to 2 hours in a stream of a dry hydrogen 

chloride gas. '?be cc::mnercially available tetraaxylpbOS­

pbonium chloride is also preferred to be subjected to the 

alxNe-menticned process. 
'!'he tetraa.1.:ylpbcspbcnium salt havi:Jg' a counter ion 

other tban halide ion can be prepared by nacting the ...... .e ! 

above-obtained tetn.azylphcsphCmum ehl oride "with an. . .-~·:"' 
alkali metal salt (e.g., scdium salt or potaSsi~ -salt>" .. 
or an amrcnium salt of the desi%'ed counter iqn;···t:hat.--is:s, 
ion exchange rea.cticn. Other phospbcnium aaits ocher 
than the tetraarjl pbospbom.um salts can m prepared in 

the same ~nner or an anal~ mamer. These phospl:loni-
um salts are also preferred to be subjeceed to the d%yiqJ · 

treatment, in advance cf its use as tne catalyst. 

(B} fbcsphine cf the f0%tlW.a (B) 

The pb.csphine can be represented by the· abcve form~ 

la (B), wherein each of R6 , R' and R1 imiependently .repre­

sents an axyl group, an alkyl group of 1 to 16 carlxn 
atcms, an axalkyl group of 1 to 22 car:bcn atoms, or a 

bete:rccyclic group cf 4 to 15 car=n atoms. ArJ¥ t"WO of 
R6 I R' am R7 may be ccmbined tc fmm a rills having the ......... 1 

... ·:·· . 
phosphorus atom as its rillg member. 

Examples of the a.ryl group, alkyl group, a~~lkYl ·· 
group and .heterocyclio group are the same as .diOse de~· 
scriDed · for the phosphonium salt of the fornula ~) • 

The groups ·of R5
, R" and R' of the phosphine can. be 

the same or different fran eac:h other. For instance, all 
~f the group$ of R', R' and R.' are a:r:yl grcupe in one 
phosphine, that is, a .triaeylpbosphille. Two of tlle 
groups are a:ryl groups and other one is a%lCther group, 
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t:hat is, a diarylphosphine. Only oDa of the groups .~···an . 
axyl g:rcup a%ld other o..o are other grcups, that is~·· an . r 
arylpr..osphine. All of the grcups of R.6 , R5 ~- R' ~ · · 
ether than the aryl groups. Preferred is the pbosphine 
in which all of the groups of R5 , R' and R' are a:yl 
groups. 

Ccmcrete examples of the prafetted phosphines of tbe 
fcmuula CB) are describad below. 
(1) Phosphine in which all of R.5 , R.111 am R' are myl 

9%CJUP• (i.e. , triazylpbcsplline) 
Examples are trlphenyl~, b:ia (p-chloro­

phenyl) pbcsph:lne, trls (p~tolyl>phosph:lne, aDd •-mpb.­
thyl (phenyl) -p-metbcxyphanylphcsphine. 

(2) Phosphine in which two of R.1 , R6 am R.7 are a.ryl 
grcUps and cm is other group Ci. e., cliarylphos- .a : 
_,,.,, "' ... ) . ,,... ' 
~~- ... ·· : 
BX.anplea are methyldipheeylphosphiM aM pheny:~.-=" (p':. 

metbaxyphenyl) methylpbQsphine. .. .. .. ·• 
(3) Phospbj ne in which one of R.5 , R• and R"' -~s···cm. cµyl 

group ·and other _twc are other gia:ps (i.e., ·ary-1-
phospbine) . 
Examples are dimethyl (phenyl) phor~ and ethyl­

(phenyl) -n-prcpylphcsphine. 
(4) Phosphine in which none of· R5 , P..6 a%ld R.7 are axyl 

groups 
Examples are bemyl-Cn-butyl)methylplloaphi.ne a:1d 

triDutylphosphine. l\n exar&1>le of a ~ in which any . 
tTNC cf R5

, R' and R" are canbir..ed to form a ring . having 
the pbolilpbcJ:us atom as its ring member is phenylbi­
phenylerJePhosphine. 

(C) 
• • .& 

.... •• ! .. ·:·· . PbosphiDe Dihalide of the formula CC) 
The phospb;ne dihaliae can be represented by tjle 

above fortnu.la (C), wherein each of a•, R' and R1~---~··· 
dently represents an aryl group, an alkyl grc\iP o~ .1··fo 
16 carbon aecms, an arallc.yl g:oup of 7 to 22 carbon at-

r 
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oms, or a heterocyclic group of 4 to 16 carbon a terns, and 
each of Y1 and ya independently represents a balcgeEl atan 
such as chlori:ce, bromine or iodine. ~ ewo of R.', R.' 

and Rio may be canbined t:o fc:rm a rillg havir.g- the phos- . .a 
phcrus atom as its riJJQ' member. . .. ··· ··· : 

EXamples of the a:r:yl group, alkyl group, araiqr·· 
group and heterceyclic group are the same as ~ de:.. • 
scribed for tbe phosphonium salt of the f~ (A) •. · 

The groups of R1 , R' and a:z.o of the pbosphi ne dibalide 
can be tbe same or different frcm each other. For in­
stance, ~l of the grcups of R.8 , R9 and R10 a:e axyl g::cu.ps 
in one phosphine, that is, a tria::ylpbcaphine di.halide. 
~ of the groups at111 aryl grcn.;>s mJd. other one is arleth­
er group, tbat is, a diaxylphcsphine dihalide. ~Y one 
cf the groups is an azyl group and other two are other 
groups, that is, an a:ylphcsphine dillalide. All of tlle 
groups of R.8 , R' and R.10 are other tmn the a:yl groups • 
. Prefened. is tbe phospbine clibalida in which all ct the 
groups of R', R' mld Rl0 are a:yl groups. 

ccmcrete exanples of the preferred pbosphine di· .a 
halides cf· the fo:nula (C) are triphanylpbcsphine di· .... ··· ···· ! 

chlOrlde, tripb.enylpbgspbi?)e ·dibrcmide, am triphe%J.yl:· 
pllespbi;oe diioclide. · · 

(D) Pbosphim axide of the fonW.a (D) 

.. . · 

'1he pbcsphine oxide can be rep:esented :by the aJ:)ove 

f0%n'Ula (.D) ' wherein each of R.11, au am R.13 independently 
represents an a:yl 9%CUP1 an alkyl group of l to 15 car­
l:al a~, an aralkyl ·group of 7 to 22 carbon a.terns, OX" a 
heterocyt:lic group of 4 to 16 carbori atoms. Any two of 
R11, R22 and R13 may be ccmbined to fozm a ring bavicg' the 
pbcspborus atom as its riz2g membez.. 

~?lilles of the axyl group, alkyl g:aup, aralkyl 
group and het!!rccyclic group are the same as tbcse de­
scribed for the phosphcnium salt. of the formula (A) • 

The groups of R.11
, Ru and ~ of the phosphine oxide ..... .a . .. . ... . .. •,. 

.·· 
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can be the ~ or different fran each other. Fer in­
stance, all of the groups of a.u, au am R1:s are azyl 

groups in 0ne pr.csphine, that is, a triarylphcsph:J ne 
axide. '1"1C of the groups are uyl groups and other one 

is another group, that is, a dia:rylphcaphine oxide. Only 

one of the groups is an azyl group ai'ld other two are 
other groups, that is, an aeylpbcsphine oxide. All cf 
the groups of R1:i., R12 and R11 are other than the azyl .& 
groups. Preferred. is the phosphine oxide in which all: .. flf··· 
tbs groups of a:u, R23 and R13 a.""'G aryl grgu.ps I . - . .• • r 

Cau:rete exart;)les of the pref erred phc~ ~cles 
of the formula (D) are described ~low. .···· .·· 

(l) PllOsphine ~de in which all of R11, g:r.a a.mf Ru ara 

iJ%Yl groups {i.e. r triarylpbcsphine ~de) 
Exaltples are triphenylpr.ospbine oxide, tris {p­

c:hlorcphenyl) pbosphi ne oxide, tris(p-tolyl)phorspbine 
oxide, and a·naPhthYl (phenyl) -p-me~lphcsphine 

oxide. 
(2) Phospb:ine axide in which two of au, l 11 and Ru are 

a:cyl groups am cne ia otl:er group (1.e., clial:yl­

~ oxide) 

Exan;)les are methyldipbenylpbOsphine oxide and phe-

nyl- (p-me~l)utethylpboephjne oxide. · 
(3) Phosphine oxide in which one of R11, Rs.a and an is an ,..6 .... ' 

uyl group and other ·two are cthe:r: group• (i.~., .. ·:"·· : 
axyl pncsphine oxide> _ . r .. 
Examples are dimethyl (phenyl) phosphine o;xide ~ · · 

ethyl (phenyl) n-propylphosphine oxide. .· . ·. 

(4) Phosphine oxide in which ncne of a,u, au and R.u are 
aryl groups 
BxatrPles are benzyl· (n-butyl)methylphaaphine oxide 

am tributylphosphina oxide. An exanple of. a phosphine in 
"9tllc:h any t'WQ gf R.11, au and Rz.:1 are c:anbimd t:o farm a 

ring ~ ~ pbospbcrus cttorn as its ~ member is 
phenylbiphenyl~phosphine oxide. 

Atralg the amve-mentioned organic phosphmus can-
----
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pounds, tetraarylpbcsphcnium halide, tetraal'ylpboaphonim 
¥rcgen dibalide, and triarylpbosphine dihalide are pre­
ferred. Most preferred a.re tetrurylpr..csphcnium c:blo­
ride, tet:raarylpbospr..cnium ~en dichloride, and tri­
arylphcsphine dichloride. The organic phoaphc:us com­
pound can ~ en\)loyed singly or in CQDbinatian in· .the 
process of the present invention. The organic phosphc%us 
ccmpolmd can be diasolwd or dispersed in the reaction 

The organic phosphorus compc:nmd can be eRi>J.o.Jed. in 
an amount cf 0.001 co so ncl.t, pref:erably 0.01 to 20 
mol. % , based en ~ arrcunt of diaxyl oxalate (100 ncl. %1 ....... .a 

In the :reacticn for preparing a diaryl ~~e-~·:· 
from a diaxyl oxalate accoxdiDg to tne inventi~; ··a halo­
gen atan-containing carpound cmi be incorpo~t~ •... ·P~­
tic::ularly, in the caaes where a phoephonium salt. other 
tban the plx)sphanil.lln halide am pbcsphocium ~ogen 
dibalide are used as tbe phospborwJ compcum cmd. where a 
pbospbacium halide or· a phospbonium hydrogen clihalide is 
used in a small am:nmt, the incoiporation of a halcgm 
atan-containizlg compou.nd i~ prefened. The balogen atcm­
cant~ ~ preferabJ.y is a chlorine atcm-~­
tainillg CCltpOUnd or a bromine atan-cantaining catpOUnd. 
Most preferred ·is a chlorine atan-containing ccmpound. 
'?be incoiporated halogen atcm-containing ccrrpcum can be 
deconiposed or convert~ ·into otbez- balcgen atan-cantain-
111g carpcum in the course of the development cf the re-

4 
action. The halogen atom-containing ccnp:nmd is sener-..... ···· 
ally en;>lcyed in an amount of 0.001 to 300 moles, pref~­
ably O. l to 100 moles per one nDla of the crganid ·pbcs.- ·• 
pho%us CQ?pOU?ld. :<.. . " ..... 

The halogen atcm-containiDg c~ may :be an inor­
ganiQ coapou:cd ci: an c:i:-ganic c:omgcund. 

E.Jcanples of the inorganic halogen atqn-ccntainirlg' 
conpounds are halides of al'Uminum .<e.SJ. 1 aluminum chl.c­
ride and alumimlm bromide) , halides of. metals pelonging 

·- ·-·- --- ···- .. ······-·····--- - -····· 
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to the platinum group {~.g., platinum chloride, rn~J.D .. .a ~ 
ahlarlde, palladium chloride, and chlcropla.tinic a~idj , - r 
halides of phosphorus {e.g. , phospl20%Us triehl~id.e, 
pbcspho:rua pentachloride, phcspl1"~s oxyc:ll;etide, phOs-

phol:us tri:orcnU.de, phosphoxus ~tabrcmide~ and· phcspbo-

:rus oxybranide) , hydrogen halides (e.g. , h-ydrogen chl~-

ride am hydrcgen brcmide), halides of sulfur (e.g., 
thionyl chloride, sulfu:ryl chloride, sulfUr clichlcrid8, 

and disulfur dichloride}'· and llalcgens m B (e.g., 

chlorine and. branine} • 

'!he organic: haJcgen atcm-ccntainillEJ ~prefer­

ably c:cntai.M (l) car:bon atcm, (2) a balogen atan such as 
cbl.orina atan er a Drcmine at~. m1d (3) at least cce of 

other atans selected from a hydrogen atan, a niti'Cgeu 
atom, a sulfur atom, and a silic:cn atan. 

~les of t.119 organic halcgen atom-contain.Ulg' ocm- .& 

pouDds are organic ~ having a C-Hal ~ (~ .. ····· 

which Hal meam a ~ogen atom), a C·Si-Hal kc:1Pd1~g, .:;: 
C (0) -Hal bozlding or a c-s (O) 1-Hal bocding. ~- cz.1;anic · 
balcgen. atcm-coiitainiDg ~ can ccntai~/On. or ·iftore 
halogen atoms such as cblor.Ule(s), bromine(a) ar io-
dine (s) singly or in combination. 

~les of the organic c:anpotmds haviJ'Jg' a C-Hal 

bond:1.ns include allcyl halides (e.g. , d'Jl orcform, carDc)n 
tetrachloride, 1,2;..dichloroetbane, butyl chloride, am 
dOdeeyl chlcride), m:alkyl ml.ides (e.g., benzyl chlo;.. 

ride, .benzotrichlorlde, trlphenylmethyl chloride, and •· 
brcmc-o-xylece) I am halogenated aliphatic: nitriles 
(e.g., ~-chloroprcpionitrile, am y-c::hlozofutyronitrile}, 

balogecat~ aliphatic carboxylic acids (e.g. , chloro .. 

acetic acid, brarcacetic acid, aJld chloropt"CpiQDic acid). 
Exanples of· the organic c~ baviqf a c-si-Hal _. 

bcndi%l9' include balogenated aila:nes (e.g., cliphenyldi- ...... ···· .1 

chloroeilane, and triphenylchlcrcsilane) • . -~" 
~lee of the oxga.nic c~ having ~ O°(O) -~· 

~ng inClude acyl halides (e.g., ac::etyl ol'ilcr~de/QX8.-

---------
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lyl chloride, pX"Opionyl chloride, atearoy,l cbloride, 
Joenzoyl chloride, 2-naphthal~carbcxylic acid chloride, 
and 2-thicpbenecartoxylic acid chloride) , balogenated 
formic acid aryl estc-s (e.g. , phenyl chlorcfonate) , and 
halogenated glyoxylic acid aryl esters (e. SJ. , phenyl ..... .e , .. . 
chloroglycxylate) . .·:·· ·· .·.· 

Exampl.eB Of tbs organic coapounds having a _C~S-(0).:a~. r 
Hal lxmdlllg i%lclude · aulfo.nyl oblorides (e.£l .. .1··p-tol:-µcle-
sulfonic acid. chlorlde, and 2-naphthalenesuifcmic ··acid 
chloride) •. 

The reaction tor releasing OJ frcxn tbe dia%yl oxa-
late according to the invention can be cc=ducted at a 
tenperature in the range of ioo to 'sooc, preferably 160 
to 4SO°C, ttl'):t"e preferably 180 to 400°C, TCrJ8t preferably 
180 eo 3SO°C, in a reaction vessel in tl1e pr:esence of t:be 
organic phospborus corrpound, am opticmally in CCllnbim· 
tion with the halogen a.tom-eontainiJJg" OOR'p::l'i.Uld~ In t:be 
ccurse of prcgress of the reaction., earlxm monoxide is 
emitted and the desi:ad. diaeyl carbooate ia fc:med. 'l!le 
:eaeticn can be ccmducted under an abnospheric pressure, 
under a certain pressure, or under a redu.c:ed press\IXe. . .... .e ·, 
If the reaction tetlp8ratuxe is higher than t:i. reflux.-:·: .. ·· : · 
teaperature of the starting dia:yl oxalate, the ~= r 
is preferably perf~ under piessura. ....- . 

1'be decarbonylation reaction does 1'20t ~ any 
solvent. However, if mcessaxy, an organic solvent 'Which 
dces not participate i.n. tbe reaction Can be enployed.. 
Such solvent can be c:lipbenyl ether_, sulforane1 N-methyl­
pyrrolidane, dimethylimidazolidcns, or l, 3-climethyl-
3, 4, 5, 6-tetrahydro-2 (lH) -pyrim::i.d.incne. 

'n1e p:roc:ess fer the preparation of a diaeyl carbc:m.­
ate of the inver...tion is characteristic in the '!oll'e of an 
organic as catalyst for decarbonylation reaction arJd. is 
further ~cteristic in that the catalyst is repeatedly 
enployed in the d.ecarbonylation reaction . 

• 
The process of the illventicn con-prises the steps of: 

•• .& 
••• •• 1 .·· ... 
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1) performll3g a ~ciarbonylation reaction of a 

diaxyl oxalate in the presence of an organic pbospho%us 

ccmpaund catalyst to give a reactian mixture ccnprising a 

diaryl carbonate am the o:ganic phospbOl:US c011P)Ulld 

catalyst --- First decarlxm.ylation.; 
2) :recoverlng the cliaryl carbonate from the r~~-

tion mixture --- Product iaolaticm; Bild 

3) perfo:mlng a decarbcmylation reaction of a 

d:ia%yl oxalate in the presence of the reaction mixture 

f:rcm which the diaryl carJ.x>nate bas been recovered and~····• 1 

which a balcgen atan .. containing carpot.md is added, ~-'.·:· : 

giw a reaction. _mixture carprising a diaryl cai:~te ~- r 
the ·o;cganie pbospho:rous cat;)OUnd catalyst -::·-··s~·· 

decarbcnylation. 
It is preferred that the second step (for prodUCt_ 

·ieolat:ian) and the third step (for secacd decarbanyla­

tion) are repeated. in·conibina.tion. 
Fig .. l sbows a flow sheet to perform the amve-men­

tioned p:repara.ticn precess. 
· ~Fig. l, the diaryl oxalate is introduced into a 

reactor .ll through a pipe line 11. T.be oi:ganic pbOspb:)· 

rus ccnpound catalyst (opticmlly, in .combination wit.h 

the 11alogen atom-containillg compound) is supplied tbrough 

a pipe line 12 to join the dim:yl oxalate and inco%pC>rBt-

ed into the reactor n. !n the reactor, the d=carbanyla- .. 
ticn reactian proceeds, emittir2g' carbon ~de \CU.ch.~···· · 

produced in the course of the decarboaylation reac;:t.mi": 
'!he carbon naioxide is exhausted through a pipe liD.e 13 •· 

'nle reaetion mixture conprisi?Jg a major portifu of. ·a··· 

diaryl carbonate (which is produced in the decarixmyla-

tion reaction}, a small a~t of the starti.ns' diaryl 
oxalate, and the catalyst conposition is taken out from 
the bottom of the reactor through a pipe line 14, and 

introduced into an evaporator .l.2,. · In the evaporator, a 

distillate comprising a majcr portion of the diaryl car;,. 

bona.t:e is obtained am transferred t..~""'OUSh a pipe line :Ls 

•• .& .. . 
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r 

-



~· 

~· 

. 
t:11' 

-20-

., , .·- ··, ..... -.e ... •.. . 

into a distillation tower J.l, In the disti.l;l;at~ · tawer, 
the diaryl carbcllate is isolated to recover thoUgh a pipe 

line 18. 'Dle residue in the distillation tower is taken 
out through a pipe line 19 _ 

A residue ~ in the evaporator is taken out 

f:an the evapozator is taken au.t from the evaporator. _A 

pcrticm, of the residue is supplied into the pipe line ll 

tbroush a line 16 to join the dia:ryl Qvalate to be sup­

plied. into the reactor lJ.. A remaining portion o:f the 

xesidue is ~ through a pipe line 1?. 

The reactor can be utilised. singly or in combina-

tion. The evaporator can be aey one of Jmcwn evaporat=a 
llUCh as a film evaporator. The distillation tower pref- · .. .6 

erably Coaprises a certai:l numbeZ' (preferably s to SO) .. of·: 

theoretical distillation columns. One distill.at~ tawer 
can be errplayed in place of the contdnation o~_.tbe ~­

rator aIJd. tho distillation tower. The diat~iiat~ein Ca.n 
be Paz-formed a.t 1S0-250°C {for bottom terrperature) a:x3. BO-

. I 

2oooc, pn!ferably 100-1aooc (for top tenperatu:re) at a 

pressure of ·~-100 mnHg. 
'l;'he :residue taken out from the evaporator can be in 

an amount of l. to 20 we. t, preferably l to io wt. t of the 

amount. of the wmla reaction mixture. 'Die residue ccrn­
prises al.nest all of the catalyst ccq:iosition baving been 

present in the reaction mixture, am small amounts Of 

: unreacted diaryl cm.late and produced dia%yl car:t::acate. 
A portion of the residue can be removed from another 

pcrtian to De recycled into the reactor, for ol:M.atillg 

accumulation of by-p:'Odu~i.S having a higher boiling .. .& .. 
point. . ... ··· : ... 

The secom decarbonyla.tion reaction can be per:e::mea 
usillg a mixture of a freS:.ly supplied diaryl 9XB-l.iLte,. ~ 
recycled residue conpri1d .. "13' the cataiyst conPositico, a:-.d 

a. freshly 8\.1ppl1ed balcge:l atom-containixlt; carpound. · If 
necessaxy, a fresh orgar,.:.;: pho~rus corrpound is S-.JPPle­
me:ited to ccnpe.."'lS&te the catalyst portion "1.lch as t-:-MBt 

r. 
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which has been exbauated through the pipeline 1? or de-
c:ccrposec:l. • .. .e .. . 

If the organic phosphcnium salt is enployed as ~·· 
cn:ganic phospho%us ~ catalyst in tbe rea~~i-oil f~ r 
clecarbcmylatian of a diuyl oxalate, the re~tion ~ 
from which tbe diaryl carborate has been re0ave.red · (re-
'l'lCV'ed) . is preferably treated with an aqueous medium to 
recover tbe organic pbosphcnium salt, after the steps 2) 

a:cd 3) are repeated. in ocmbinaticm. Thus recovered =--
ganic phosphoni\U'll salt can be ~lcyed in the step 1) as 
the catalyst. 

Fig. 2 sbaws a flew sheet to perfom the p%'0Cess for 
the preparation of a cliuyl carbonate which includes the 
recovery of the orga.¥11c pbospbonium salt using an ~eous 
medium. 

In Fig •. 2, the diaz:yl oxalate is introduced. into a 
reactor n th..""'OUgh a pipe line 21. The organic phospbo-
nium salt catalyst (optionally, in canbination with the ..... .& , ' . .. . 
balogen a.tan-contain; ng caq;ioum) is supplied ~ .. ~a:· · 
pipe line 2~ to join the cliaeyl oxalate· and ~ated. . r 
into the ~or ,ll. In the. reactor, the ~oar~laticm. 
reactian proceeds, emitti.Dg oa:d:>on ll'QlaXide ·which is 
produced in the ccurse of the decarbonylation reaction. 
The carbon moooxide ia exhausted through a pipe line 23. 
"n2e reactian mixture carprising a major porticn of a 
dia.eyi carbccate C~ah is produced in tbe aeoarl:myla-
tion reaction) , a small anamt of the startiDg diuyl 
oxalate, ain the catalyst cacposit:Lon :Ls taken au.t frcm 
the bottom of t.he l;'ea.Ctor ~ a pipe line 24, am 
introduced into an evaporator _aa. In the evaporator, a 
distillate conprlsing a·major portion of the diaryl ca.r-
baca.te i• obtained and transfer.red. tllrouEJh a pipe line 25 
into a dist:ill.aticm tower ~. In the distillation tower, 
the dia.ryl car:bcnate is isolated to recover though a pip""·~···.& : 
li.."1e 28. The residue in the distillation tcwer is ~ .. 
o-..it through a pipe line 29 . .. ·r 
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A residue remaining in the evaporator is taken out 
from the evaporator is taken out frcm the evaporator.. A 

portion of the residue is suppl1ee1 into 1:be pipe line 21 

tbrcnigh a line 36 to join the diaxyl ~late to be sup­
plied. into ~reactor 21,. A remaining pm:tian of the 

reaidue ia renoved. through a pipe line 2'7 for trea~ .... .& 

with an aqueous medium in a vessel .3J.. ..·:····· ) 
Int the vessel ...,, an aquecws medium such ..... .at.·er r 

. . .. 
(preferably, deianized water) is supplied ~ 8:. pipe 
line 30. In the vessel, the residue is treated.. -with the . . . 

aqu.ews medium in an anount of as nuch as o .1 to 100 

weight parta, preferably 1 to 50 weis;ht parts, per one 
weight part of the residue to be treated. 'lhe aqueous 
mixture is stirred in the vessel to give a bomcgeneous 

slurry or suspension, so tbat the catalyst (i.e., 0%ganic 

phosphcnium sal.t) is extracted into tbe aqueous port.ion. 
The aquegws portion is separated and talcen out fmn the 
vessel through tbe pipe line 31. The oX"ga,.¥3.ic pbcspbon::l:um 

salt is then recovered. frcm the ·aqu.eaus portion. 
'Ihe exaact:t.on · pi"Oced:uz:e can be perf=med at a tem­

perature from room t.eaperature to the ~st d.ecar­
bonylation tenperature. If the extraction is carried. out; .... .& • 

at a ten;>erature at whieh the residu.e is in a eoliQ. :··:.... _: 
state, the aqueous mixture is preferably stirred. at( a .. . r 
high rate usinQ' a llcmogenizer. The extract~ori ·is per_. 
fonaed generally for 5 min. to l hour, preferably 5 to 3 O 

min. After the extraction proc:eclure i.s. complete, the 

resulting slurry or suspecsion is cooled to roan tenpera-

tu..""'e, if desired, and the insolubles are rem:wed .by' fil-

t:ration or centrifugal procedure. ?be aqueous portion . is 
eo:leentrated imd. heated to dryneas. The heil.tiZlg' is per- · 

formed, for instance, at uo .. 1aooc for l-3 hours in a 
st::-eam of an inert gas .S"J.ch as argon. 

For the extraction; the &Queous nedium can :be em­
ployea in combination with an organic solvent such as an 
aromatic b.yd.rccart>on (e.g., toluene) or a halogenated 

.. .... 
.. .. .. •• .& 

r 
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alipbatic hydrocarl:xm (~.g., cblorofcmn, methylEme chlo­
ride, and l,2·dicb1o:roetbane) 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 aueh as water. 'lhe 
organic: solvent. can be easily rerroved in a vassal after 
the C:xtraction is catplete. .-

The second deca.rlxmyla.tion reaction can :be perfomed 

using a ~ of a freshly _supplied dia:cyl oxalate, tlle 
recoverec1 organic pbospbonium salt catalyst (if desired, 
in combination with the residue CQllPrlsing the cz;ganic ,. 
phosphonim salt whiah is recycled. through the line 26 !-······· 
ax:id a freshly supplied halogen atan-contaimng ~· 
!£ necessaey, a fresh mganic pbospbonium aal~.- is: supple-
mented. ... · 

The present invention is further described· by. the 
follcwizlg exanples. In the exanplea, the "ccuversion 
ratio of cliaryl oxalate" (i.e., ratio of am:Nnt of c:cm.­
surred (o:r :reacted) cliazyl oxalate per tbe amount cf 
charged diaxyl oxalate) alld nselectivity to di~l car­
bonate'' (i.e. , ratio of the amount of ~oed dia:yl 
carbonate per the amount of consumed diaryl axalate) for 
decarbanylatian reactian of the dim:yl oxalate are all 
expressed in terms of nclar percen~ .ratio (i.e., nDl.t). 

~le 1 

r 

r 

: In a 100 mL-volume glue flask equipped with a tber- ,. 
ncmeter a:ld a reflux condenser, a mixture of dipbmyl .. : ..... ···· 
oxalate {41.32, tmel.), tetraphenylphoaphcnium chl9rl,de r 
(catalyst, 0.825 mn:>l.: 2.0 molar t per tbe mrcuzlt cf · 

ciiphenyl oxalate) and chlorofqnn (rn:CJ.3, 0.2··~1.t per one 
ncl. of catalyst) w.s heated under sti:cri:lg to 230°C for 2 
hours. The decarbonylation reaction was c:arrieci out at 
rm attr¥)spberic pressure, ~ emitted cai:d:lon trala>dde 
from the reactio:l. mixture. The tet.raphenylphospbanium 
chloride was heated at i2ooe for one bcur, lSO°C for one 
hour, and 1800C fer ane ~in. a stream cf a dry argon 

.... .. ~ .. .... 

' I 
! 
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gas, aild. cooled to rcom teaprature also in.~···~· of· 
an ai:gon gas, before · it was euployed for th9 al).ov9 · 
deca.rl:xmylaticm reaction. 

After the reaction was con;>lete; the- reacticm mix· 

ture was amlyzed by gas chromatography to imicate 95. 4t 
of the conversion :ratio of dipbenyl axalate ('DPO can.} 
and 99: O\ of the selectivity to dipbenyl carbonate (DPC 

sel.). 
The reaction mixture was distilled umer reduced 

pressure <2-3 mrff9'/18S°C, bath tenp~ture) to -recover the 

produced di.phenyl carbomte. The a1IQmt of tbe distil­
late was 90 'Wt. t of the reaction mixture. 'Die residue 

was subjected eo the second decarbonylation reaction in 
.& 

the same ll1iU1l'ler after the same anomts of di.phenyl oxa-.... ···· 
late and cblorofcmn were added. ..·:· 

The same decarlxmylation reaction was ~~t8d. ~- ·· 
many as 6 times (total) in the same manner._..···ihie resUlts 

are set :forth in Table l. · 

Table l 

Run DPO Ollorof orm DPO can. DPC. sel. 
No. (\'l'm)l) (molar ratio) (') (t) 

l 41.32 0.2 95.4 99.0 
2 41.32 0.2 97.0 ,9.0 
3 41.32 . 0.2 95.8 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.l 99. o·: .. · 

Remarks: DPO: cliphenyl oxalate, DPC: clipbei;yl.·carl:xmate 

The trr:ila.r ratio -of chloroform is based·· on the 

catalyst anDUnt. 

•• .& .. . . : 

r 

r 

r 
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'iPUl>l• 2 
In a so ipr..·vcl\11DO giasa flask equipped. with a ther-

mometer and ~I reflux amdenser, a mixture of ·clipbsnyl .. .6 

axalate (20. B~ 'l'llml. ), tetrapb.enylpbosiW:mi'Um chloria,:····"· : 
(catalyst, o.~o 111DOl.: o.s molar •per the anam~.::Of.... .. 
di.phenyl axal'1-te) am oxalyl chl.onde co.& ~l··· -~ -~ 
arol. of cata1*8t> was neated under sti:r:ring:.·to -~ssoe fer 1 

hour. The deci:arbcnYlatian reaction was cm:Tied. out at an 
atmospheric Pi-sure, removing emitted catbon monoxide 
fxan the reaction. mixture. . I . 

After th.p reaction was carplete, the reaction mix-
ture was amal.Yzed by gas ohrata.tcgraphy t:o indicat:e es. o~ 
of tbe c0nver.ian ratio of diphenyl oxalate (OPO con.) 

I 

a:cd 9.9.0t ct 1fbe selectivity to clipbenyl eax-l:alate (I>PC 
sel.). ! . . . · 

'l1'le reac#on mixture was treated in the same nmmer 
as in Ex.anple 11 to enplay the residual catalyst :epeated· 
ly in the fol~owiDg decarkxmylation reactions u many as 
29 t~s (totatJ.> iJl the same namer. 'l'be :results are se~ .. ··'° . 
fotth. in 'l'able 2. · .. ·:··· .. . . . 

.. 
.. . ·· .· 

.... .. .. . .. . .. ... 
.• 

1mu1m1imnr 
.. · 

r 

r 

r 
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Tabl• 2 

R1.:m J)p()l 
l 

Qxalyl abl.orlde 
Ro. (lD)f} (ml.ar :catio) 

l 20._J3 0.6 
. I 

2·. 20 •• 3 0.6 
' 3 20.83 0.6 

t?" I 

4 ·20.83 0.6 
I 

.5 20.:83. 
I . 

0.6 
5. 20,.83 

. ·I 
o.6. 

7 20.p. 0.6 
8 20.83' 0.6 
9 20.83 o •. 6 

·1 

10: 20.83 o:C? 
I 

' 11 20.83 0.6· 
i 

12 20.83. 0.6 
I 

13. .-20~·3 ! 0.6 
·_14 20.$3 

; 
0-~6 .. 

·15 .. . 20.83. ;. 0.6 
I 

-16- ~ 20. •• 3 0~6 
17 ., 

20.,3 0.6 
18 20.~. 0~6 

•' 19 '.·20. 3 0.6 t?" I 

·20 .. ·: 20.83 o._& 
. ! 

21 20.43 0.6 .. I 

22 20.83 . 0.6 
i 

23 2P.$3 ·o.6 
• 24 20.83 0.6 

·2s _· 20.~3 0.6 
·26 20. 3 o·.6 
27 20.~3 0.6 
28 20.83 C.6 
29 20.83 0.6 

. 
t?" 

··--------

---·--*'__.:=--1 ii . -- --··- ------ . l THIS ~-~!'.~;-,~~~BEEN \ 
t . -· i 

DPO con. 
(') 

85.0 
85.6 
85.~ 

84.8 
. 85.0 

85.0 
94.6 
91.6 
89.0 
85.5 
79.2 
88.2 
Bl..3 
78.3 
83.S. 

86.0 
84.4 
.79.1 

76'.4 
93·.6 

·89.4 
83.2 
87.3 
77.2 
84.4 
79.3 
87.B 
88.2 
82.6 

. ·· .. 
: 

.. ··· 

.. 
. ·· 

DPC. sel. 
(t) 

99.~ 
99.0 .... .... ' 
99 •. D:··" .. 

. :.9·9·.o .. 
99 .• 0 

··99.0 

99.0 
99.0 
99.0 
99.0 
99 .. 0 
99.0 
99.0 
99.0 
99.0 
99.0 

99.0 
99.0 ....... ,· 
9.9 • .o:··· . . 

.... ,,_ 0 .. 
99·~0 

99.0 
9.9.0 
99.0 
,,,o 
99.0 
99.0 
99.0 

99.0 

•• .& .. .. , .... : ... 

r 

r 

r 
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b ~s of Exanple_ 2 were reputed except 
tbat ao.sa mnj>?-- of dipbenyl oxalate am o.092 tm10l. 
(0~45 ll'Olar t!based cm. the anamt of dipbenyl o.xal.ate) Of 

I 
tetrapbeZ1yl~um ~ dichloride (catalyst) 

I 

were waed,· ~t ti. nactian tenprature was ahaZ2ged izitc? 
260°C am tba~ m oxalyl cbl oride was enployed. ·· 

'DJe ~lpboaplxmium hydxogen cliab'or.ide wu 
I 

~ in tlPe nmner described in z. atlCJ:'9'. allg. 
awm., ss1Cl.9.7), 11s. 

I . . 

After ti. reactioll -was ccaplete, the naaticm mix-
• I • 

ture,.. a?Jalyzed by-gas cmuretography to :indicate 89. ''···' 
of tb8 ccmverjiac. :ratio of clipbmzyl coralate (t>PO ccm. )·=······ J 

and 99.; ot Qf. ihe selectivity to dipbenyl c::a=cmat;····cmc. ., . . . 
eel.). : . ...- .. ·· . . . . . I . .· _ ... · -~ rea9ion ~was ~ted in the -.··manner · 

.- · as in ~· Ll. . tc enpl.cy the :residua~ catalyst· repeated-
. ly:~ =~~-*=:m (1.4 ncl.· per { mrr»l·. of eata.lyst) in 
· =a. followixls idaoar~laticm maot~ aa many as 6 . :~• (~) 1~-.tba - ~nner.._ The results are set 
. torth. :m: Tab~ 3 ~ · . .. .. 

~ 
No •. 

1 
2 
3 

4 
s 
6 

'· 

. I . . 
I 
I 
I 

' •· 

20.~8. 
20.58 

r 
20.~8 

I 20.9e 
20.58 
20.58 

l.4 
1.4 

1.4 
l.4 
l..4 

Table.3 

J)pQ can.. 
(t) 

89.7 
89.2 
85.7 
93.6 
93.l 
92.:a 

Exigle 4 

J)Jc:. sel. 
(t) 

99 .o .......... .. 
9~.,o .. 

.. .-99.0 . 
,.·· 99~·0 

99.0 
99.0 

The procedu:-es o:e Exalrpl.e 2 were repeated except 

r 

r 
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~ 7.88· 4. of dipbeay1 a.===-~::~. (~~5····· 1 
molar ' maeq. cm tlle arDmt of csipJMmyl oxalate) C?.: <· 
tet~~um chloride (catalyst) we;-e i.i8ed,_ ··• 
tlat dioxaly~ cbloride. wu xeplaced with c:b10roac;et!c 
acid (2. 0 DC~. per one mole of catal)'st) , Sm tbat the 

X"eaction t~ture was abanged into 260"C. . . 

After ~ reaction was carplete, the reacticro. mix­
ture was~ 1'y gas ahrcaatcgraphy to imicate S1.4t 
of tbe ~icm.. ratio of diphenyl oxalate (:OPO con~) 
and .99 .ot ~tlle selectivity to di.pbenir1 ~ (Dl'C 
ael._). . . 

·'Die r tian mixture was treated in the same maimer 

as in ~l~ 1 in the following' decarbonylation reac-
1 . 

ticm.s as many as 2 times (total) in the aama rimmer. The 
. I . 

:results are Siet· forth in Table 4. 
i 
I 

I .• .& . 
. j .· Epnplf!S ,. .. ··" ~ 

· ~ ~s ·of Exanple 2 were :repeated. ~·· 
t.hat 7.9? nJi. of di.phenyl oxalate· aD1 0.040.mn0i. (O~'S 
molar t bued!·0n the aaamt of cti.pbmyl. axalit~>. of.·· · 

tetn.pbeayl~um chloride ccataiYst.> wm.-e· used, 

tmt · dioxalylj ab1 oride was replaced _'with 3-cb' oro-:-l·pzo­
pene c2.~ 6 ft,11 •. per ale ·nole of. catalyst) w' d that tbe· 

. I 
~ion tenpu.-ature was ~ intq 2600C:. . 

· After t1* reacticm. was Canpiete, tbe reaction. mix­
ture was. aml.fze:d by: Sas c:hrcmi.~ to· imicate 82 .6t 

of the convatjd.c:m. ratio of dipbenyl oxalate (DPO ~.) 

~- 99. ot of ~ selectivity. to ··cliphanyl cm:bamte (DPC 
I 

sel.·) . i 
i . 

'!'be reacrl:cn mixture was tnatea in the sane mmnar 
· as in Exanple ! l. in tbe followillg deoa%baayl.ation rea.a:-

. I . • 

tions ·aa many~ as 2 times (total) in the same ·mmmer. '1'he .. .& 

:cesults are a~t: forth in TiAble • • ..;······· ~ 

Exa&qple ' .. 
The procedures of ~le 2 were repeat~ exc:~ 

.... - .i.... . ... 

. .. -··· ······· .. -····· 

B R:eplaced 
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that l2.39 -1. of~ QQCalate am 0.061 llllC>l.. (0.5 

IR)la.r t based! cm the anCmt of diphenyl oxalate) of 
tecraphenylp~pborU:um cbloride (catalyst) wen usecS, 
that di=alyl l cblaride was replaced with 1-ablo:nbevane 

' . . . . 

Cane mcle pm-I one mle of catalyst) , and. that the :rea.c- .... .t 
tion ~t:p tl&S cbaDged into 2,00C. .!::····· ) 

Afte:: the :reaction was carplete, the ~-niiX­

ture ,... analtzc by gaa chrcmatcg:'ilphy to ~c:&te ·'o. ~% 
of tbe ~icm ratio of diph&myl oxalate·· .. (DPQ can.) 
am 99.0t of t.be selectivity to diphmyl ca.rboaiate (DPC 
sel.). · I 

· The xeact-icm. mixture was treated in the same mmner 
as in :Bxanple ! l in tbe fol~ deca....-ix:.nylaticn reac-

i 
tions as amyl as 2 tines (total) in t:lle same manner. 'lhe 

resuits are ••t fo:th -in Table 4. · . I 
i . Ex;gple 7 
I . 

The· ~s cf Exanple 2 ~ repeated except 
. ~t a.~3 ~. of dipl:lenyl axalate am o •. 041 mnc~. (0.5 

· . -m:>lal:' t based! cm the amount of diphenyl an1 •te) of · . 
tetrap'beeyl~um chloride (eatalYJlt) wm:e. used, · .... .& 

. t . •• • 

that dio;acalyl j ~~~e was repla~ with ~l chl.~ . .-· 
(3·. 6 !"01. ·per 1 cme mol~. of c:atal.Y&t) , mxf ~t the. ·reac-
t!~ ·~~t~ was c:lmlged. into 26oac. ...- . 

·A;te:r ~ ·%8&Ction was cQTpiete, the -~cm· mix-
. ture '88 atlal.Y.zed by gas c:hrc:lnatograpb.y to. :imicate · 89 • 8% 
o~ .. tbs. ·conver•icm ratio of di.phenyl oxalate· o;,pe can.) . 
ard· 99.0t of~- selectivity to dipbmyl ·c~~e (llPC 

sel.). · . ! 
I 

'l'he reacticm "'~ was treated in the same ma=er 
as in ~e : l in tbe fcll~.!.Dg decarb:mylatian x;eac­
tions as niany ~as 2 times (total) in the same manner. The 
results a::e set forth ·in Table 4 • 

~le 8 
The procedures of Example 2 were repeated except 

.. 

.. .. .··· 
.. .. •• .6 

r 

r 
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that 4l. .29 -01. of clipbenyl oxalate am o. 826 tm10l. (2. o 
nolar t baaed! cm the anam.t of clipbenyl oxalate> of 
t~l~

1 

spbcnim chloride (catalyst) were uaeid, · 
tlJat d1.nxalyl C'blOride was zeplaced with gaseous hydzcgm 
cliloride (3. O ~l.. per c:me mole of catal)'8t, SUP.Plied. 
~ the ~tial 30 mimtes fran. the ~ of the 
reaati=: aft.pr diluted with nitrogen gas to. give 1 -vbl. • 
HCl. ctmcentraiion) , a?Jd that the reaoticm tenperatm:e WU 

cblmged. :lnt.o ~308C. . ... 
After th4 reacticm was c:a:plete, the naction mix-:.····· 

t=--.. ~ :11y 9811 cbra!atagnphy to ~, .o:n r 
of tbe · ian ratio of dipbanyl axalate (~ ·Ccm,~_>. ·• 
and 99.0t.of tpie selectivity to clipbenyl ~~e·:·ci:>Pc 
sel.). I . . · 

I 
'Die .reac':Lcm. mixture was treated in t:ba same .~ 

as in ~le .1 :m tbe foll~ ~t:i.cm reac-' . . . 

t:Lcna as .mu\Y' !as 2 times (total) in the same m.zmer. 'a. 
I . 

results a%e set forth in Table'· 
' I 

. . . . . · I !'tnlli'Nm. Bpnpla '.!. • . 
. . ·~ ~.-of ~le 1 ~ :i:epeated except for 
.. enp~·:ao·~~- ·: . 
. · · · · · Aft~· tmt :ceaCtiazi .Wal cmplete, tbe. :teaet:i.cm. .ax-
.. ~ ·wu'·-.ll{zed.by gas cbraatcg:aphy to ~cate. 93.4t 

· of ·tbe ~i~ · :r:atio ot dipblqrl ovai ate <mo con.) ...... 
-.~- .~'-~o~. ~ ~-·-:U~vity to dipbmyl carbaaate. C~···· i . 

. sel.-) •. . . . 1 . . :: • r . 
'ttle reaaqioll m:bct=e was treateci in the .ame· -=er 

as. in .Bxanple 11 in tm followirlg decarbcnyl&t:l.on. --. 
· t:1oas ~ many~ 3 times. (total) in tbe same ~. '1'be 
· re.sults are •tf forth in Table 4. 

I 

! 
i 
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,,,.. ?' 
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. Exanple 4 

l 
2 

B7ampl.e 5 
1 . 

2 

-Jl .. 

'table 4 

:ir.:ij =T=H=IS=S=H=EE= .. T=H=.l\S=EH=ie.J= •• =M". .'' 

~ REPLAy.ED .• 
>..= .I 

DPO con. 
. Or) 

.. .. 

DIC. ael. 
<•> 

orab.ogen catpOU%ld: chlaroacetia aaid) 
·,.,~8 2.0 81.~ 9.9.0 

7.~8 ~-0 . 80.5 99.0 

l 

(Hfll.cgen. c::cap;Nnd: l·diloz:o-l-propene) 
2.6 82.6 99.0 

7. ' 2.6 81.0 99.0 

. ·~·! .. .,r 
·- •••• ;.& , I .. . 

Exanpl.e. 6 (Hafosen c:arp:uzi: 1-c:hlozchexane) 

l. 12.39 1.0 90.8 
2 12j9 1.0 89.6 .. ·· 

I 

.. ~1~ 1 (~ ~: ~zcyl ~o:ride) 
. · 1 a.~3 · 3~& · a9.a . 

. 2 . . . 8·f3 . 3. 6 .. • 87. 0 

Exa.n"ple a· ~··=c!fllO'md: hydrogen ·cblcride) 

.1 41.~9 . ~-0 80.l 

. 2 . 41 •. ~9. 3.'.0 79.9 
I 

' • I 

· · ~san .• le· 1 (Halcgen cctrpcund: mme) 
1 . 41.~2 93.4 
2 

3 

! 

41.32 

41.* 
55.4 
36.8 

... ,,:·· . 

.,::99. 0 .• 

'9;.0 

.99.0 

99.0 

99 .. 0 
99.0 

99.0 
99.0 ... .& 
53 .2 .... ·· ~ 

... ·· 
. " 

. .. •: 
.. 

ExanrPll I . . .. 
b ~s of Exan'ple 2 were :a1peated ~t 

that 18.81 tm\01. Of diphellyl oxalate and 0.376 iincl. (2.0 
mol&r % baaed m the amount of dipbenyl mraiatef of 
tetrapbenylpbcspbcnium branide (catalyst) "Were used, tl:Jat 

r 

r 

r 
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dimralyl ~ .. rep;J.aced with chlo::ofm:m (2.0 'lml. 
per one male i of catalyst) , am that tbe t:eaetion t~~·.a 
ture a?ld the !reaction pericd ~- dwlged into 23C°C-ad 2 

I . 
~s, :espeqtivaly. 

·After ~ reaction was acnplece, the ;eacti~. mi.X­
ture was amJyzeci by gas chra11atogmphy tc.- im.icate 76. at 
of the ~sian ratio of di.phenyl oxalate (DpO ccn.) 
am 97.6% of \the .selectivity to diphenyl carbocate (DPC 
sei.>. I 

'n2e rea4ticm mixture was treated in tbe same netD'ler 
as in EX.anl)l~ l in the followiJJe' ~latian reac­
ticms as · ~ as 2 t:i.tnes (total) in the aame n8nner. 'l!le 
::-esults are ~ forth in Table s. 

! 
i 
I I ~alO . 

. The ~ of llxanPle 2 ware repeated except 
tbat. 21. 27 ~J.. of ~phenyl e>calate B1¥l l. 504 Ta)l. · (7. O . .& . 

molar t. l:asedl an tbe im'CU1t of· d:i.pbmyl oxalate) cf ... ······· .~ 
.. trl~l~ (catalyst-) .wm;e used,· t:bat di~lyl: 
· chl~ Was -~epl aced with c:=blorofcmn Cane mcl'. par =.e· 
~·- · ~ ~~Yet>,_ aDd. that. ·the nacticm ~t.ure- am 

· tbe·~cticn ~~were~- into 2sooe· a:cd ·2 bours, 
.. respecti~ly. ! . . 

.. After tbab reacticm was ccq>lete, tbe ~ion.~­
tlll:'e • axal~ed _:by gas chram.tC;xaphy to imicate 58.St 

· of tbe canvezo•ica rat·io of diphenyl c.wal ate (t>PO mi.) 

am ~l.4% of ~ sel~tiv.!ty to dipbenyl carlxmate (JJPC 
· sel. >. · : . ! 

. The reae~ic= mixture was tmated :ln tbe same manner 
as i;.1. Exanple ii in the fol~ ·decarbanylatian reac~ 

. I . . 
ti~ as ~las :z times (total) ·in t:ba same~. The 
:resu.lts are sqt forth in Table 5. · · 

; ..... 
Exagg?le 11 ..... ·· : 

11le procedures of Exanple 2 were iepeat:ed exc.-~ .. · 
tlla.t 20. 7s mncl. of diphenyl oxalate and l ~ 038 .. mriOl. (5~'0 .. · .· 

·····-··- ···-- ..... --···-··- --- ··- ·--· ····-···-j . 

r 

r 

r 
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uclar t ·msecJ! on tbs mm.t of dipbenyl axaJa:ce) of 
tripbenylpbosPhine cxid8 (catalyst) were used, that 

. dioxalyl chl~de was replaced with chlorofm:m (cce m::>le 
per c=e lDCle ~f catalyst) , and that the reaction tenpera- . 
ture am the ~tian period were cbanged intc 25QGC azx1 2 

hours, ~~ively. . .......... .& l 

After the reactian was ccnplete, the reactiaa ~ · 
tu:re · wa8 aml.Yzed by: gas ahraiatcg:caphy to indit;ate 34 ~.st r 
of the c:oaver~i0n ratio of dipbenyl oxai ate .. -6lPo ~~) 
am 7'7. St of tbe selectivity to cliphenyl ca:Jxma:te (DPC 
sel.). ·! 

'Dle ~icm. mixture was treated in the same mancer 
as in Bxanple 11 in tbe followitlg decmticnylation :reac· 
tic:ms as many!as 2 times ·(total) in the same mazmer. 'l1le 
.:results are s.k forth in Table s. ·. · . . . 

·j 
i 
! bmglg: 12 

'l22e p:r:cc~s of Eatple 2 '\1m'e· repeated a:cept: 
tbat 20·. 81 ~. · of cliphenyl oxalate m'¥i 1. 069 11m)l. (5 .1 
iml~ ,. ms.clan the ancunt of di.phenyl rnraJa~e) of . 

· td.~1~ dichl.~ (c:ataiyst) were used, that . .& 

d.ic.valyl cbl.~· wa~ :replaced with cblorofcmn. (0.9 ~,. .. ··· 
· per_ one .im~e. qf eatalyat) , am tm.t tbe reaction ~­

ture:. -5. .. ~ ireaotian ,Period. wem ~ into . :a-so°<: mia 2 
~· ~V..1:r.. . ..... ····· .· 

· .After~ nacticm teS ccnplete, the :react~Cn. mix-
• I r t • I 

. ;~ -~~ ~~ed.J:iy.~ ~tcg.raphy to irldicate· ,9.1% 
of the~-~ :ratio of cliphenyl oxalate (DPO con.) 

· am 99. o~ of ·tlhe seleCt1Vity to di;phenyl carbcmte (DPC 
• . I . . . 

sel.). ; 
Tm. react~on miXture was -ted in the same· manner 

u in Bxanple ti. in the follcwiDg decarbcmylaticn reac­
ticma aa many las 2 times (total) in the same mazmer. 'DJS 
~ts are set forth in Table s. 

. .. ii .. . .. . .. · . ... 

r 

r 
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Run 
No. 

I 

Table 5 

Chloz:ofcz:m DPO cca.. 
(mJar ratio) (%) 

DPC. sel. 
(%) 

~e 9 (ca~yat:: tetxapbenylpboapbonium brmd.de) .. 
1 . l.8.Jl 3.3 76.8 97 .6 
a .1a.p1 3.3 94.6 99.o 

~e 10° cba1:aiyat: tripheny~) ........... J 

l. 2i:¥1 1.0 58.5 -~:I;;~; 
. ·.2 . . 21 ~ ~.,. 1. 0 5.9 • 7 .. . .. :. 85. 2 ·' 

. ~ ~1 ·,~yst:·tripbenylpllc~ ~de)···· 
. l . 20. vs 1.0 34.6 77.9 

. . I 

. 2 · . 20. ts 1-0 39.0 73.1 
; . 

. . i • • 
Eva~ ·12 . C~talyst: tripbenylpbosphine diahloride) 
l. 20. 'l . · ·O • 9 99 • 0 99. 0 

• . I 

.2· ~ . . 20 •• 1 . 0.9 . . • 81.3 . 89.9 
,· 

' . 
•., \ I• 

. 1 . Eranplell 
. . .. ~.a so ~·w1mae· glass riask equipped with a ther-
~ ·~ a!~~ c:ondenser, a mixture of cli:pbmyl · 

r 

cxaiat~.:· c10. o~o · g, · 41. 23 11m:11-. > , tetraphenylpbospbmium .... .& 
... ~~ <c:abfiyat, 0.3090 g, 0.825 nnl)J.. a 2.o ~--~:····· . ! 

per ~. ~ of dipbell'fl axai ate) md cblo%'0f~ ···co .1~s r 
·g) ~ ~ted.l'mder stirring to 230°C for 2 .~· _ .... ··· ·· . 

7be deomtl:Xmylation reaction was carried out at an 
a~spher.ic: ~.sure,. remv1ne emitted carJ:xm mxtde 

I 

from the reao~iQn mixture. Tbe temph.ellylpbcaphoniun\ 
chloride ~ ~ted at 120°C for one l:2cur, 1500C for one 
blur, am 18~ for c:me hour in a stream of! a dry ugcn 
gas, am cccled. to roan teq>erature also iD a atream of 
an &Z'g'Qn gas, · ~fore it was enplgyed for tho i1bove 

-- ---·- - -- - - ····- -· ·-'-·--···· 

.. .... ,.. J .... . .... 

j 
) 

I 
I 

i 

1 
~ 
1 

1 

l 

l 
I 
; 
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J 
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.. deca:Umylati~ :reaction. . .... . 
After the I :reactian. was c:ca;>lete, the reactic:;C mx- . . . i . 

t.ure wa~ anal~ed. by "gaa cm:cmatcgraphy to indicate 9S. 411r 
~ the c:cnwrsfai :ratio of dipmmyl oxalate (DPO ~.) 
am 99.0% of tJ?e ·select~vity to diplumyl carlx=ate (DPC 
-.el.)~· .: 

.'rhe reacd.an mixture was distilled under.:' reduc:ed 
pres~ · <2-3 ~/lSS"C, _'.ba~ cenPnt:m:e> to ~cover the 

·:prOduced. ~l ca:b:ate. The ~ of· tbs dist~-
r .late 'was 90 wtJ,t of .the reacti.CZl mixture. ~ residue 

. I • 

was subjected. tic tbe sec:and decar.bonylat.icn reacticn. in 
• • I I • 

· tbe .simte ma:=m1 after tbe same amount• of di~l axa-
.' i~te ·.mid c:hlordferm wre added. . 
· . · ·. · The same *carJ:x:qll.acion ~im was ;-epeated as ....... . 
. ~ ~. 5 time~ (total) in tbe same maimer·. .-··:/ : 

. . 'nJe :reactiPz>, mixture produced after the s ~·· · :z:un .• 
were ;Perfo::med ~s distilled umer %educed ~ . _c2~3 

. ~/16.0"C, mt+ tenpera~) to reccver the ~~ 
diphenyl car~te. '11le' am:Nnt of tbe distillate was 90 
·~ ~ t of the ~ion mixture. 

'?be resicme was ccoled to roan ten;>erature, azld · 
stirred at :rocm. tenperatu:re for 10 mimites in a halcge-

, I 

ru.zar cµter addjltion of so mr.. of deionized water. 'Ib.e 
barncgenized ~ mixture was filtered using' suction 

. I a=. -the filtrat'9 was concentra.t~ to give a solid. The 
solid was heated under reduced· pressure (13Qac, 3 !Jom:s) 

I 
.to obtain 0.306a g of tetraphenylpbcspbcnium chloride 
(reeovcy yield~ 99. it} . 

The- obtain$d tetrapbenylpbospbanium chloride was 
subj~c:ted to ~ sixth decar=nylaticn reacticn in the ........ .$ : 

I •' same manner aft'lt%" the same amounts of diphenyl ~la~ .-~·· 
am cbl~fom ~ added. . . . ... :·" ... 

The ·results ·are set forth in Table 6. · ··· 

. -: 

: r: . I 

r I 
I 
f 
' 

l 
! 
~ 

I 
I 
f 
! 
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Table 6 ------6----------------.-..... .. .. . 
J)PC. s~( : DiO I Q!J arofczm 

('llll'IOl) (n:Wu" ratio) . (\.) r 

1 

2 
3 
4 
5. 

I 

41-·3~ 
41 .• 3~ 
41.32 . I 

C1.3* 
I 

41.-32 
I 
I 

. I 
41;,~~ 

i 
I 

0.0195 
0.0195 

. 0.0195 
O.Ol.95 

0.0195 

0.01,s . 

95.4 
97.0 
95.8 

. 93.4· 
95.0. 

.95.2 

• ! 1 .4. . 

.·· 
.·· 99.0. 

. 99.0 
99.0 
99.0 
99.0 

. ·· · .. l ··. ·--L~·· 
. · ~: ~ of . .,le 13 -were repeated acept 
.... ~t cbl~f- --· :-epl~ed with oxalyl chlaride (0.0207 
· sr> •. 'D3e ~s were repeated as many as 5 t:lmas • 

4 Ctota~) •. Aitcf the· 5th run, the tetra.pbeavlpbaapbanium ..... ···· ? 
c:hloride 'Was~ tran an aqueaus miX1:Ure in~ ... ~·: · r 
same tmm'»r as !in 1£xarLple 13. 'l'hen, the sixtb. :tim ·was . ·• I . . 

pe::fo:med in ~ same ma=er. . .... 
The result!s a:i:e set forth in Tal>le 7. 

Table 7 
I 

Run DPO l Qxalyl c:hlorlde DPO con. DPC. ael. I 

No. Cnmol) I (nclar ratio) (\') (%) 
I 
I 
I 

1 41.321 0.0207 95.3 99.0 
2 

I 
41.321 0.0207 94.8 99.0 I 

3 41.321 0.0207 95.3 99.0 
4 41.321 

i 
0.0207 95.3 99·,o 

5 41.32 0.0207 95,1 99.0 ... 
Ei .. 

41..32 95.o .. ' 0.0207 99. 0 ... ··· : 
·~ . 

.; r .. 
. ·· 

I ' 

I 
; 

I 

l 
., 
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m@ll)le 15 

Tbe ~s of ~J.e l3 ~ repeated except 
that~ ancunts of dipbenyl OKalate, tetnphenylpbcspbc­
Dium cblQrlde, i am cblorofom wel:'e cbazlged. tc 10.045 g 
(41 .. 47 -ll'llt)l.), ~ 0.4~12 g (l.230 nmol., 3.0 lDOlar t based 

·an the ~t ~ clipbenyl =-1ate), ml 0.037 g, respec- .... 
·tively~ l ... ····· ~ 

· After tba~nacticn was CClll'lete, ti= nacticc ~.::· 
ture:·was · ami~ DJ". gas c:m:cma.tcgraphy to imli~te 99 ~st 
of -the : caaversicn :ratio of dipbenyl oxalate :(ljPo COD~) 
am. 99 .-at of ~ aelectivity to dipbenyl caDxlaate (DPC 

sel .. ). · · !. 
'lhe ~ nact:l.an mixture "WU· distilled ,mder 

redUCed. .pre... in the same maimer as in BXanple 13 to . 
~ t:hS ~ dipbmyl ~te. 'D2B anCnmt c1! 
the distillate :,.... 90 wt·. t of tlle. reaction mixture. 

'lhe resi~ MtS cooled to J:.ccm teq>erature, am. 
' mt.iznd. afte:r ~ticn of so mL qf deiaQ.i2ed watez: in the 

same nmmer as !in BUnple 13, to obtain o. 4589 g of 
tetnphenyl~um cblorlde (recovezy yield: 99. st) • 

'Die . obtailied tetrapbenylphoapbcnium chloride was 
sulrject:.ed to ~ seccDli decubcnylatioa: reaction :1n the . .a 
same marmer af=.~ the same anwnts of di.PbmY'l oxalate .... ······ · 
·and cblorofam Were added. . · · -~ • 

The ~Jres were repeated as nany as s .. ti~ .·· .· ·· 
(total) • AftC: the Sth run, the tetrapbenylpbg~Um. 
chlotj.de was ~ fmn an aqu&cus mixtu;e :I.ti tbe 
same mmmer as 11.n Example 13. Tben, tbe sixth ~ was 
·Perfamecl in ~ same nmmer. 

The resul~ are set forth in Table 8. 
,. 

. ... 

. ' 

r 

.. 
••• 2 • ... . 

... ~·· 

.. 
.. ·· 

~----------····--······· 
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Table e 
; 

Run. DPO ,. O:>lmofom 
No. (11111)1)· (molar. rat.io) 

' 

.. 1 .41.47'· .0.031 
,; 

2· .4~·"?- 0.03? 
3 41.4'1 ·. 0.037 

n:::::;:::=::--=-:ro-·.:.___ . . , - . ~- ------ • 

JLTHIS SHr:::"ET H/\S BEE~ 
' REPLACED I ...__---- .. 

DE'O c::on • mrc:. ·sel. 
(%) (%) 

95•5 99.0 

99.S 99.0 
99.4 99.0 

. ; 

i .. ! . 
4 ·41.47 0.:-031 99~5 99.0 

41.4~ 99~0' ... 
•• .6 , I 

•• ·~ 1 •• i 5 0.037 99.4 
.=41.4-1 

. .. ... 
6 0.037 

': 
99.4 9~.o· 

I. 
i .. .. ··· 

&· 41..3=* 0·;037 . 99.4 
,• 

99~0 '. 

i: 
. Exln;A• lfi 

. ~ -~ of. Example 1S were repeated. except 
. ~t. the peric4 .·£= ati:c:iDg the aquec;N8 mixture WU 

cbmged into 5 l'Dinntes to recover O. 04557 g .of tetra­
phenylpbc~ium dil.Cxtide (:r:eccvery yield: 98. 8%) • 

. I 

'!be. obta:lr/,e.d tetra.phsnylphosphonium CbJ.orida was 
I 

subjected to~ secocd decarbcnylaticm reactian in the 
same mamm: aft~ the same arigunts cf dJ.pbenyl oxalate 

. and chlo:cfozm. Were added. 
After the lreactian was caiplete, the reaction mix-

' : . . . . i .. r-; 

~ : 
! 

ture was azal~ to i?ldicate 99.St of tha ccnveraicn .... .& 

ratio of cli~l oxalate (DPO con.) ai¥l .99. O\' of the -:·:····· ' 
~electivity to ~phenyl aarl:=ate (DPC ael.). . . · .. 

.···· 
Example 17 

The ~es of Exauple is were repeated acapt 
t:bae tbe deioni~ water (SO mL) tes replaced with a. 
t:Cll'lbimtion of 3o mt. of deicnized water and 30 mL of 
toluene· to recowr 0.04391 g of tetrapbsnyl~um 
cl:il-ori.de Crecovcy yield: 95.2t). '1be separation of tbe 

·aqueous portian was perf0%.1liec1 using a aeparat=Y fu=el •. 

.. 

r 

. .... .a ' .. . 

. 
r 
j 

I 

I 

' 
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. nm ~ tetrapbenylpboapbcaium -·· · -- - ... - -_J, · r 
subjected to tbs secco! ~latica reactiosi ·in the ·· 

same ~r af~~ the same an:unts of dipl:eny'l. ~late 
and chlcrofo=i were actled. · 

~ter tb8 i :reaction was c:~l ate, the reacticn miX­

. tm;e ~ cW.ried to :imicate 99 .s, of tA9 ccmversicn 

rciti~ . ct d.iphe$yl. oxalate (DiO can.) am 99. ot ~ tne 
selectivity tc-I cliphenyl car.bccate (])PC aei·~-, • 

i . l!Aml;le 1B 

T.be ~rres of EXan"Ple 13 1tlU8 repeated except 
I 

tbat.the ~s-of d:ipheeyl oxalate am eetrapbenyl-
pbcsphcnium chliorlde ~ clwlged to 10. 003 9' (41. 29 

imc1.> am 0~3~02 g co~s26 mmi., 2.0 nclU t wed= 
tbe·_mmt of ~phenyl oxalate), respectively a=. tl:at. .. .a 
chloroform was ~ed wii:h 0.090 g gaseous hydqen .. ·:···"·· .. 1 

dlloride (which waa diluted with nitrogml gas to ~ve·i"l, ' r 
vol.• HCl ~ebtra,tian) • . . . ·· 

Aft= tbe ireaction was c:c:aplete, the :r:ea<it~ n;iX .. 
. · ~ wa:S .am.l~ ~ iixlicate 93!7t cf the ~ 
· · ntiO of diphfm{il oxai ate (DPO cat\. ) . mi 99. ot o£ the 

. selectivit:y to ~phenyl oarbccate. (DPC sel.) • 

. The. mctibn mixture was distilled \mder reduced 

preeENR. to --~r ·the produced dipbenyl cubom.te in 

tlle same ~; as in Exanple 13. The residue was Sub­

jected to the s~ decarlxmylation reaction in the same 
I 

mancer after~ same amounts of diphenyl oxalate and 
. ~ cbloriae were added. 

The same ~bonylation reaction was repea.ted. as 
nmiy as 5 times I {total) in the same lManer. 

'lbe reacti(pn mixture prcduced after the 5 times run ...... .& 
1 

\ere perfomed. Was distilled to recover the p:t'Cduced . .. ~·=··· 
· r'1 

diphenyl ca:rix=&te. 'l."be amcuDt of the d:istillate wa8 · ;o . . .. 
wt. t of Che reaction mixture. · .. .. 

'!'he raidue ws ccoled to roan temperature, and 
ati:rred at roan teiq;>erature for 10 m:l.liutes in a barcge· 

-...... ............... __________ _ 

. I 
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Dizer af~ ~ticm of so mL of deicaized. water. ·Tm! 

~ad a4ueous mixture ,.. then treated in the -­
mmmer to ~ o. 308 g of tetrapbenylphospbani\Jll\ c:blo- .. .a . 
nae <:-ecowzY yiel~: 99 .1t) • . .. :....... : 

· 'l22e ~ tet:apbenylphcspbanim chloride ._. :-

-·~ected to ebe S:btt:h. decaxtt.avlatica zaction: .iil tbe: .. •-J I ..,.. •• .· 

· aame marmer ~ tbe .. same aau:J.ta of cliP=i=Yt ~lilte . 
' . 

am ch'l~ were added: 
· : 'the. xeaults ~ ~t- forth ·m: Table 9 .• 

Table 9 

Run ])f() HC1 . l)JC) CQl. 1'JC • sel. 
No:. (mol~ 

I 
(£f). <'> (t) 

: 

1_. 41.2~- 0.0.90 93.7 .. 99.0 
2 -~1.2~ 0.090 9~.2' 99.0 
3 41.2; 0.090 93.4 99.0 

I 

4 41..29' 0.090 92.9 99.0 .... 
41.2~ 

... ' 
5 0·.090 ·93.3 99.0.~·=···· : 

6 .. 4:1..2~ 0.090 93.0 .. .. 
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1. A ptjx:ess far ~ a dia,ryl c:ar!xmate frcm 

a. ~1. axaiafe in a liquid phase by decar~laticn 
which c.:mPria::r,,.the steps of; ' ' 

~Jperf . a decarlxmylat;1c:n nact:ien.. of a diazyl 

oxa' ate in the! presecee. of an organic pboap!lmus calplUD! 

catalyst to 9iite a reaction ·m:ixtui:e CCXIP'1•- a d.iaryl .a 
~~ am-~ organic:··~ ~ catal~;.: .. ····•·· · ..: · 

.· 21~ die dia:y1.ca~t• f:an the-~~ r . 
• ~ I • "' t • • .f m1xem:et- ·mKl . . ; . .; . " . . .... 

.. .. ·l>:~~ ~- ~~tictl.·-~ .. 0£:.~. ~1 
. ·~Jate m~ of t)le ~ ~·:&c!n 
··which:~ .. 1 caz:bonate bas been recovend. d to 
·which a baloge4 at:cGL-ccmtainirq ~is added, to 
give a ~icsi mixture ca!prlsll'V a dial:yl Ql%ixmate am 

I . ' 

tm ~c ~~ eazpamd··catalyst • 
. 

' I 

2. T.be ~ess of claim 1, ~the steps 2) 

am 3> is ~ted µi ccmb:i.nation • 
. · l 

3. The p1:ocess of· claim 1, wherein the oxganic 
pbospbc:us c~ catal}'St caiprises. a ccapcum1 baving 

. a tri~ er J;>entavalent pl:ospbarus atom a%ld at least ... .& ... · , . 
one carl:ai·~ bonding.. ..·:·· · 

4. . 'J:be pPx:ess of claim l, wherein the ~tBl~· ·· 
cacp:iSfl\'8 a ~ selected fran the group ·CXmsistiz1s 
of an organic 1*cspboni:um ~' a pbosphii-ie. a pbae .. 
phi.De d:Jbo1ide, '.am a. phcGpbine oxide. 

5. The p;ocese of claim 1, wherein the catalyst 
c:ompr:l.ae• a ~ selected from the group eo.asiaeiZ'JfJ 
of a teeraa.:ylphospbnnhnn salt, a tria:ylpbcaph1ne, a 

triaxylpbosphine di ha' ide am a triuylphosphine c:rx;i~· 
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6. The ~esa· cf claim 1, · ~ t:b8 ~e .. 
canpises a ~ selected f%'Clft tbe grcup ccmsiatU:lg 

I . . 

of a tetram:yl~aphcniUm. balide am a eetraarylpbOspbo-

ni~ hydrogen ~ide. 

' 
7. · The precess cf claim 1, wherein tbe halcgen 

atan-containi'1r c:cqomd is an organic halcgen atan-con-
. t.a1nil'.lf· ~ ~ a abemic:al atZ'UCture in Yiich a 

~ atcm ~ bocdecl to a eaxban atom bavi:Jg tllenc:m m 
doW>le ~ o1*er than. aiO • . 

I 

8 •. -'Im ~sa_of claim l., ~ tlle balcgm 
atcll\~cantaj niTJ8 cmpouDd is an 1migan:Lc balogen atan- .... 

: . ... ' 
cam:ain:iJli qaaicmd selected fran tbe group CCZlSiatiD,i .. .Qf -' 

a halide°" ~spbm:us, a halide af sulfur, a~- r· 
balide, a=. a ~. . ... ·· ·. · .·· ·· · ·· 

. ' ' .. .-

. 9. 'rhe P.rccess of al.aim l., wbereiD tbe balcgen 

· a1:Cm.-CODta1.ni~ ~ ia a c:blonne-ccntainiu.r cc:m-' 
pamd. . . 

" 
10 •. 'l'be .~ess .of claim l, wberein the ~a 

pbgspbon&s -~ catalyst coqrisea an =9anic pbg•· 

~um Alt; tbe rea=ion mixture frem which the cliaJ:yl 

carbcDate :bas ~ recovered is treated with an aqueous . 
medium to ~ the organic pbcspbcnilim salt; am the 

recovered ~c pbcapbani\llt\ salt is eft1?lgyed 1n the 
step 1) as the .batalyat. 
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