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'l'he present invention relates to a process for pre­
paring a diaryl carbonate from a diaeyl oxalate in a 
liquid phase by. deeartxmylation. 

It is lmcwn that a diaxyl carbalate can be prepared 
fran a diaxyl oXal.ate by decarlxmylation. '?be kDowa. p%0-

ce_l!JS, however, is not favorably employable in industry 
.. ·· ~e the reaction :r:at.e is very slow and the yield am. 

·· · · seleCtiv:Lty are low. 
•· ..... · :: . Yuki Gosei Kagaku Kyckaisbi (Jourm.l of Synthetic ·""" . ; . 

........ · Qcgan:i.c Olemistxy, Japan) , Vol. s, No. 4 .. 9, Report 4 7, pp. 
,.. 70-?1(1948) teaches a reaction in which di.phenyl oxalate 

is heated to release carbon m:moxide to give diphenyl 
carbonate.. This report describes neither yield nor se­
lectiVity. ·According tc a traee experiment of the ~ ... 

, .. .. 

. iment of this ~: gn].y a small mmt cf diphenyl · 
car'bc:mate is ~-

TJ.S. Patent No. 4,544,507 descr:fbes tbat;· the carbon­
ic acid dialkyl ester, i.e., dialkyl carbonate, can be 
pnpue4 by heating a dialkyl oxalate in a liquid pbase 
at 50-lSOCC in the presence of an alcolate catalyst. In 
the ~ ~le of the Pa~t publication, 'the di· 
~l- oxalate is heated in t:he presence of a potassium 
.·~ ·catalyst only tc give mainiy the dip!Jmyl axa-

,. " ~te;··mmel.y, the starting~- • 
•' .. ... : .. .... 

It is· an abject of the present invention to provide . 

.Jlll'f . 
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a new process fo;- continuously preparing a diaryl carbon­
ate from a dim:yl oxalate by dec:arlxmylation in au in.­
C%&Sed. yield with a high selectivity. 

'lbe present invention resides in a process for pre­
paring a dia:ryl carbCmate f:rom a dia:ryl oxalate in a 
liqUid phase by decarbonylation whidl ut.ilizes a reaction 
ve~sel eonprising at: least two reaction cbambers ccnnect­
ed in series and ccrrprises the $teps cf continuously 
introducing the dial:yl oxalate and a clecarb:mylatian 
catalyst (typically, an organic phosphorus coq;>eund hav­
ing a trivalent Or pentavalent phospborus atom a:od at. 

.... ·-least; .. :one carbon-phospho:ms ~ding) into the first cham· .. · · .~~·ana c=tinuously recovering a· reaction 11\ixture can-
...J .· ...... :·prising· the diazyl ca.rtlonate from tbs last. chamber ~ 

..... :··· the condition that a mixture of tbe diuyl oxalate and 
, .. ·· the oxganic phcsphcl:us canpcund is heated in the reactian 

, .. 

chambers, while di~ car>xm. TCDl'lOXide released from 
the ~e. 

Each of Figures 1 to 3 illustrates a schematic view 
of a. reactim vessel having a plural nunEer of reaction 
Cbambers which is eaplcyable for perfcmnillg tbe process 
of ehe :inVen.tian. 

JWt)II 0RD DESCR.ImQN OF m DNENTICN 
.··. . . .. 

•. -: ·. · · · · '.Ibe deca.rbonylation process fer preparing a dial:yl 
. .;: ·. ,...Oarlxmate fran a diaxyl oxalate can be illustrated as ·"': 

.. ······ follows: 

I 

CXXlAr +co 

whe.ain Ar stmlds for an unsubstituted or substituted 
a:r:yl group. 

. · .. :.:.: 
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In the process of the invention, a ~eaction veasel 
canprising at: least two reaction chambe.r:s which are con­
nected in series -is employed. In the process, a dia.:ryl 
oxalate and a deca.rJ:xmylation catalyst. (typically, an or­
ganic phosphorus compound ha.ville' a trivalent or penta­
valent phosphorus atan and at least one carl:xm-phc~%'US 
~) in a liquid state is continuously introduced 

... · ·: · · in~9-··rlle first chamber. If one or more intermediate 
.. .. ::reaction chambers are placed ill the reaction vessel, the .,1t 

; . .:-·· :reaction mixture of the diaxyl a.~late and the decarbon.: .. 
v······· ylation catalyst is transfer.red. from the first chamber 

into the intexmediate reaction' chambers in seqi.ience, am 
finally the reaction mixture carprisillg' the produced 
diaryl carbonate is cont:Lnuously recovered frcm the last 
dambeJ:'. In the reaction chambers, the m:1Jcture of the 
diaryl oxalate am the deca.rbonylation catalyst is heat­
ed,, while continuously or intemittentlydiscbaxg.ing 
carbon nmoxide released f:ran the mixture. 

.. 

The aiyl group of the diaeyl oxalate can be: (1)· a 
phenyl group; (2) a phenyl group having one or am-a rsub­
stituents such as an alkyl group baviiJg l to 12· carbon 
~toms (e.g., nlethyl and ethyl), an alko1ty group bavi:cg 1 
~··12 ~arlxm.' at.ans (e.g., methcxy and etlQty), a balogen. 

.... · .... a~· .. (e.g. _ :fluorine and chlori:ne), and nitxc; or (3) a 
.. napbthyl ·g:rc;>up. Prefexred is a phenyl group. _.,1t 

,.:> · 'nle phenyl group baving one or 11Dre subStituent:s, .. 
, .. ··· tbat is ~ 0 a substituted phenyl group", tray be in tba 

fem of one of various isaners. Ex'aaples of the isomers 
include 2- (or J-, or 4-)alkylpbenyl, such a.s 2-(or 3-, or 
4-)methylphenyl .. or 2-(or 3-, or 4-)ethylphenyl; 2-(or 
3-, or 4 .. )al.koxyphenyl,. such as 2-(or 3-, or 4-)-methoxy­
phenyl, or 2- (~ 3-, or 4-)etboxypbanyl; 2- (or 3-, or 
4-)balogenated phenyl, such as 2· (or 3-, or 4--)fl~­
phe?Wl, or 2- (or 3-, or 4-) chlorophenyl; and 2- (or 3-, or 
4-J nitorophenyl. 

Exan;>les of the dia:ryl oxalates include di.phenyl 

. ... . ...... _ ... 
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oxalate, bis (2-methylphe.nyl) oxalace, bis (3-methylphenyl) 
oxalate, bis (4-methylphenyl) oxalate,. .bis (2-chlo:rophenyl) 
~late, bis (3-c:hlorcpbenyl) oxalate, bis (4-chlorcphenyl) 

.... ·oXal.~te, bis (2"'nitrophenyll oxalate, bis_(3·nit:rophenyl} 
.. ..· ... ~hte, and his (4-nitrophenyl)oxalate. Most prefeJ:red 

...J .·· ..... ··is diphenyl oxalate. ,,,,,,. 

...) 

-' 

...... :··· In the decarbonylatian process of the invention, the 
,... decarbonylation catalyst preferably is an organic phos­

phorus ccnpound. havil'1g a trivalent or pentaw.lent phos­
phorus atan, and having at least one c:arlxm.-phcspbcrus 
bondj ng. Preferred are organic phospbcl::us conpoums 
bavil'lg three or ftl>m carbon-phosphorus bondings. ere­
ferred c»:gani.c phosphorua conpnmds are a phospbcni'UJll 
salt bav.illg' the follcwing formula (A) , a phosphine having 

the following foxmula (B) , a phospb.:bJe dibalide having 
tbe followillg fomula (C) , and a phospb; ne a>d.de bav.i.ng 

the foll~ fornW.a. (D) : 

Fq:rnula (A) ; 

R1 
..... 

. ··. .. R2 
- ~-R4 ·X' ..· 

.. . . R3, 

.·.· _,,,,,,. ... 
. .. .. F=nu1a (B): .. .. , ..... 

as 
' R.' - p 

R7 " 

Fo;r:mu.la (C) : . 
Ra yt 

...... ./ 
R!) - P 
Rio' .... Y2 

Fontula (D): 

Ru 
' R~:a-P=O 

.··. ... Ru ti' 

, .... 1i1i1iU1~iir 
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Detailed descriptions are given belcw for the pbos,-. 
. . 

pbonium salt of fo:tmJ.la (A) , the phosphine of foxmula 
(9), the pbcsphine dibalide of fo:mula (C), amt the phos­

phine oxide of fornula CD) • 

(A) Phcspboni.um salt of the fonnula (A) 

'lhe pbospho.Di.'IJm salt can De represented by the al:xMa 
fo:mula (A), wherein eiilch of R1 , R.2 , R.3 and R" illdepen­
dantly represents an aryl group of 6 to 10 carbon atans, 
an alkyl group of 1 to 16 carbon atans, an aralkyl group 
of 1 to 22 carbon atoms, an aryloxy group of 6 to 10 car­
bon atoms, or a heterocyclic ~of 4 to 16 carbon at­
ans, and X repx-esents a count:er ian of the pbospbanium 
ion. .Jm.Y · two of R.1 , R~, R3 l!IJld 1.4 may :be c:ommned to fom 

... a ·~.=ha.villa the phosphorus atan as its rillg tnember • 
. . . ··" .· · : ...-·Tlie aryl group is described in mre detail. '!be 

•· ..... ··~l group can be a phenyl or naphthyl group.. The pheny~ 
••••. :·;. Qr Daphthyl ~ can have one or t\m'e INl:>stituents in 

, .. ·· any positions.. Exan;>les of the eubstituents include 
alkyl of l to 15 cm:txm. atoms, preferably of l to 12 car­
bon atoms (e .. g .. , methyl,, ethyl, n·propyl, isopxopyl, n­
bu.tyl, isobutyl, sec-butyl, or tert-:butyl) , al.kar.i of l 
to 15 carb:xn atcims, · preferably of 1 to 12 carbon at.ans 
(e.g., metbaxy, et.boxy, n-propaxy, isopropo:x;y, n-bu.b»c:y, 
isobutc)xy, sec-mtoxy, or tett-bl.ltoxy), al.koxycar.bonyi of 
2 to 12 oclxm. atans, preferably of 2 to s carDon. at:cmS 
(e.g., methoxycarbonyl or ethcxyca.rlx>nyl), aeyl (e.g., 

pheny1), amino S1lCh as N,,N-d.ialkyl-substituted am1%lO 
(e.g., N,N-dimethylamixlo).. cyano, nib:'O, and halo (e.g.~ 
fl~, chloro, or bxatX>) • 

. · ·'l'b.8 alkyl gxcup is des<%ibed in nm-e detail. The 
....... ··· ~1·'9xoup can have 1 to 16 carlxm. atoms. Examples of! 

• ;:····the alkyl group include methyl, ethyl, :n-propyl, isopro- ·,,,,,. 
...... ···· pyl, n-bJ.tyl, isobu.tyl, sec-butyl, or tert-bu.tyl. The 

,. alkyl group can have one or rtDre eubstitwmts in any 

positions. Examples of the substituents are the same as 

.• .•":""" .... ~-· 
:·::. '·_"·. 
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these described. for the s\lbseituents of t:he aryl group. 
~ a.ralkyl group is described in more detail. 'lbe 

aralkyl group can ba.ve 7 to 22 carbon atoms. Examples of 
the aralkyl group include benzyl, phenethyl axld. nap.hthyl­
methyl. ":rhe aralkyl group can have one or rrore substi­
tuenta in any positions. E:Kanples of the sul:>stituent~ 
ue the same as those described for the substituents of 
the aryl group. 

The aryloxy group is described in uore detail. The 
~l~ group can be a phenoxy or na.pht:hm:y group. The 

, . 
.... ··.···axr~01ly group can have one or l'IDre substituents in any 

,.::positions. Exanpl.es of the substituents are the aame as~ 
. ;:··· those described for· the substituents of the a%Yl group.· .. .. 

, .... ··· 'nle heterccyclic: group is described in more detail. 
The het.8%0cyclic group can have 4 to 16 oarlxm atans, am 
at least one hetero at:an such as oxygen, sulfur, or ni­
t%0gen. Exatlples of the heterocyclic group include 
thienyl, fuzyl," and pyridyl. 'Ihe heterocyclic group can 
have one or ue substituents in ~ positions.. Exanples 
of the substituents are the same as those described for 
the substituents Of ~ azyl group. 

'!be groups of R.1., R41 , R.3 am R.41 of the phospbonium 
aalt can be the same or different fran each other. For 
in.atance, all of the groups of R1 , ga, R3 and R' are axyl 
groups :in one pbosphonium. salt, t:hat is, a tetxaaxylphos­
~~~ aalt. Three of the groups are GU:yl group. am 

... ...--'~··tme is another group, tbat is, a trlarylphcsphcrd:um. 
.. salt" ~ of the groups are aryl groups and other two .~ 

.... :>·. · are other ~s, that is, a diarylphosphonium salt. 
. , .... ·· Only one of ~ groups is an a.ryl group and other three 

are other groupa, tbat is, an axylpbospbonium salt. All 
Of tha groups of R1, R2 , R.3 and R4 are other than the a.ryl 
groups. Preferred are the tet~lpbosphaoium sale aDd 
an a.xylphosphonium sall: in which tl1:riee of the grcu.ps oZ 
R1

, R1 , R3 and R.' are cu:yl groups a:ad other one is a het­
f!l:OCyClic group. 

.. 

• ...• ·.···-"'·"'"7·. 
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'Ihe counter ion (X-) can be a halide ion Ce. g·. , clilo­
ride ion, bromide ion, or iodide ion) • a hydrogen di­
balide ion (e.g. , hydrogen dichloride ion, hydrogen di­
bromide ian, hydrogen diiodide i~, or hydrogen bromide 
c:bloride ian) , a halagen acid ion (e.g. , chlorate ion, 
broma.te ion, or iodate ion) , a per-halogen acid ion 

...... Ce. g :/ pe%Chlorate ion, perbroma.te ion, or periodate 
· ~onL an aliphatic carcaxylate ion (e.g., acetate ion, 

...J •· ...... >triflu.orcaceta.te ion, or propionate ion), an araaa.tic ·""' 
...... :··· carboxyla.te ion (e.g., ben20ate ion, or a- or P-?Japh-

,... t.bal~late ion) , an a.rcma.tic hydrox.yl iO?l (e .9., 
phenoxide ion), an inorganic acid ion (e.g., sulfate ion, 
sulfite ion, phosphate ion, phospbite ion,· borate ·ion, 
hydrcgenbora.te ion, cyanate ion, t:hiocymJate. ion, or 
Uuoroborate ion) , an alk.ylsulfonate or alkylsulfi:nate 
ion llaving tm. alkyl group cf 1 to 16 carloon atoms (e.g. , 
methyl, ethyl, n-propyl, or isopropyl), an arylsulfonate 
or arylSUlfinate ion hay.lng an axyl group (e.g. , phenyl, 
p-tolyl, or p-mtorophenyl) , a tetraalkylbcra.te ion bav­
ing an alkyl group of 1 t:o 10 carbon atans (e.g., tet:ra­
met:hyllx»:ate ian, or tetraetbylborate ion>, or a tet:za· 
az:ylbora.te ion (e.g., tetrapb.enylllorate ion, or tetrakis-

.. p•fl~llmate ionJ . E:x".attples of preferred counter 
,. ..· . ~··'Cx-> include halide ions such as chJ oride icm. ·mo-

...J ·:·····~ ion ·am iadide ion, am hydrcgen diha.lide ions ~·,,,,. 
...... :·· as hydrogea. dicbloride ion, hyttrcgen d1brcmide ion. hy-

,... drogan diiodide ion, and hydrogen br:an1de Chloride ion. 

Most preferred. are chloride ion and hydzogm dichloride 
ion . 

. O:mcret.e exa.?ll)les of tbe preferred phosp.bonium salts 
of the f~ (A) are described below. 
(1) P.hosphonium salt in which all of R1 , R.2 , R:1 aDd R.4 are 

aryl groups and X- is a halide ion 
Examples are tetraphenylpbo~um cbl=ide, tet.xa• 

phenylphosphonium bromide, tetraphenylpbospbonium iodide, 
.tetralds (p-c:hlorophenyl) pllospbonium chloride, tetrakis (p-
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:fluorophenyl)~sphonium chloride, tetrakis(p-tolyl)phos .. 
pbonium chloride, p-chlorophenylt:riphenylphosphonium 

... chlor;ide, p-chlorophenyltripbenylphoephanium bromide, p­
.... · .O:hl~ltriphenylphosphonium iodide, p-tolyltriphen-

.. . .. > ylpbosphouium chlOX'ide, p-tolyltrlphenylpbosphoni-um bro~ 
.· . 

..... : .. · mide, p-tolyltriphenylpllosphon::i:um iodide,. m-trifluorc-
,.... met:hylpbenyltripbenylphosphonium chlor~, p-bipbenyitrl-

pb.enylphcspbcnium cbloride, m-me~ltripbenylpbos­
phonium chloride,· p-methoxyphenyltriphenylpb.osphonium 
cbloride, p-etboxypbenyltriphenylpbosphonium dil.~ide, p­
ethoxyphenyltriphen.yiphosphonium bromide, p-ethoxypbenyl­
triphenylpbo$pbonium iodide, p-dimethylamincpbenyltri· 

phenylphgsphonium chloride, p-etboxycar:bonylphenyltri­

phenylpbcspbani\lID. chloride, m-cyanophenyltriphenylpbos­

phonium clil.oride, and i-mphthyltriphenylphospbonium 
chloride. Most preferred is tetraphenylphospbanium chlo­

ride .. 
. (~~- Phoaphc:mium salt in which -11 of a:.., RI, R.3 and R" are 

. .. ~i groups and X" i~ a hydrogen dibalJ.de icm 
.. · · ·· · · · .. : .· ···Exanples are tetraphenylpbosphcD:i.Uin hydrogen di-

.. . .... >t:hl.oride, tetra.phenylphosphon:i.um hydrogen dihrcmide, · . ./' 

•.... :··· tetrai>henYlpbospbcnium hydrogen di.iodide, . aZld. tetra-
, .. ·· phenylpbcspbonium hydrogen branide chloride. Moat pre-

fer.red is tetrapbenylphospharl.um hydrogen dichloride. 
(3 > Pbospbcnium Slalt in which all of R2 , R.2 , R3 and R4 a:re 

a:r:yl groups and x- is an alipbatic or aroma.tic caz:­
boxylate ion 
Exan'ples are tetraphenylpbcspbanium acetate, p­

chloxopbenyl.tripbenylphcsphonium acetate, p-ethoxyphenyl­

triphenylpbosphcnium acetate, p-tolyltriphenylpbosphoni\1111. 

acetate, tetraphenylphosphoni\Ul\ trifluoroacetate, and 

tetrapbenylpbospbonium benzoa.te. 
(4) Phospbcm.~um. salt in Which all. of R.1 , RI, R.3 and Rt are 

· .. aeyl groups and X- is fluorohorate ion. 

.··. ·· ~les are tetraphenyl.phosphon:i.um fluoroborate, p­
......... chl_.; _m-Opbenyltrlphenylphospbonium flucroborate, p-et:hoxy-

• ./4 

.. ····· .. · .. : ":'." 

:- <· · .. 
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""" :> · · · phenyltriphenylphcaphonium fluorol:Jorate, atld p ... tolyltri.: .. 
··" -"'-·l-""--,;...-..::um flUCJ:'Oboxate. ,... ,,,..~r· :tMA.10Jt'£.-... ... 

, . 

(5) Phcspbcmium salt in Which all of R1 , R2 , R3 mld R.4 are a.eyl groups and r is t:hiocyanide ion 
An example is tetraphenylphcspbcnium thiocyanide. ( 6) Phosphonium salt in which a.11 of R.1 , R.3 , R.3 and r are axyl groups and X" is an aroma.tic hydr.'oxyl ion 
An e.xanple is tetra.phenylphospbonium phenoxide .. (?) Phosphonium salt in which tbree of R.1 , R.I', R.3 and r are axyl groups, one is an alkyl group, and X- is a balide ion 
Examples are methyltriphenylpbospbonium chloride, methyltripbenylpbospbonium bromide, methyltriphen.ylpbcs­pboru urn iodide, ethylt:riphenylphosphali:um ahloride, .. · .. ·:e~ltfiphenylpbosphoniwn bromide ... ethyltriphenylpbos­_phC::atlum iodide, n-PX"OPYltriphenylpbospbanium chloriae, n-""" • :>._.·· p%:0pyltriphenylpbosphonium. bromide, %1-propylt:ripbenyl... . , .... ··•· pbosphonium iodide, isopropyltriphenylpbospl'loni~ chlo­ride, isopxopyltriphenylpbospbcnium bromide, n ... dodeayl­triphenylphospboniUll\ chloride, n-dcdecyltripbenylpbos­pbQn:i.um bran:i.de, cblaromet.hyltt'ipbenylpboBpboni.um chlo­ride, methyltris (m-chloi:opbenyl)pbcspbonium cblaride, methyltris Cm-cbloropbenyl) pbospbcnium brcm.i.de, ethyltris-(m-cblorophenyl) phosphcnium chloride, am. ethyl.trts (m­clll.o%cphenyl)pbc8pbon1um mcinide. 

(8) P.bospb.onium salt in which three of lt1 , R2 , R.3 and R.4 
are azyl groups, one is an amlkyl group, and :x- is a halide ion 
~les ue benzyltriphenylpbosphanium. ebl.CX"ide, p­f~u.arobenzylb=iphenylpho&pbonium chloride, p-fll10%0benz· .·· ... · . . . . · · ·yitr;»tienylphosphonim bmnide, 2, 4-dichJ.oro])enzyltrl ... •· ~lpboephom.tml chloride, 2,4-dichlox'Obenzyltriphenyl- ~ ... :;;:·· ·phospboniurn bram.de, p-n-butoxybenzyltriphenylphosphalium , .... ·· chloride, p-n-but~ltriphenylphosphotll.um bz:om:ida, · 2-naphthylmethyltriphenylphoaphanium chloride,, 2-m.phth· ylmethyltriphenylpbosphonium branide, 9-fluoreny1trl-

iiii[i1ii1UI . : ·--,.. · . .... ;; .. ;'·: . ~ 
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phe:xylpbospbalium chloride, and 9-fiuorenyltripbenylphos­
pb:mium brc:mi.de. 

(9) Phosphon:LUJI\ salt in which three of R.1 , R.2 , R.3 and R.4 

are aryl groups, one is a heterccyclic Q%0Up, and r 
is a halide ion 
An example is 2-tbiophenetriphenylphospbonium ~· 

ride. I 

(10} l?hosphonium salt in which three of R.1 , R.2 , R.3 am R4' 
are aryl groups, one is an cuyloxy group, and. X" is a 
~ide ion 

·· ·. . .. ···~- exanple is pbencxytripbenylpbosphonium chloride . 

.. :{:11) Phospboni'Ulll salt in which three of R.1, R2, R3 and R" ."""" 

.. :>·· are a:ryl groups, one is an alkyl grcup, aJld X" is an .. 
, .... • aliphatic carboxyla.te ion 

lxa1\'ples are met:hyltriphenylpbospbanium acetate, 

ethyltriphenylpbOspbonium acetate, and 11-propyltriphenyl­

pbospbali\lltl acetate. 
(12) Pbcspbonium salt in which tbxee of R1, R2 , 'R3 and R4 

are aryl groups, one is an alkyl group, and r is a 
fluorcborate ion 
~les are meteyltriphenylphospbonium fluo.r:o­

bora.te, athyltriphenylpbosphonium fluorolx>rate, am n­
pmpyltriphenylpbospbon:ium fluOJ:'Olx)rate. 
(13) Pbosphanium salt in trbich t1lt'O of R1, R2 , R2 and R4 are 

ai:yl groups, other two are other groups, am X' 1S a 
.·· .. · balide ion 

...-: ... ··-les are dimethyldipbenylphosphonill!ll chloride, 

•· .·:-·diethyl.dipieny1pho8I)honit.ml chloride, dimethyldipbeD,yl.· ."""" 
... >;. pbosplxmium bxcmide, and diethyldiphenylphospbonium b:rc-

, ... ·· mide. 

(14) Pbosphonium salt in which one of R1 , ga, R.3 and R.4 are 

aJ:Yl groups, othe:r three are other groupa, aild r is 
a halide ion 
Examples are diethylmethylpbenylphospbonium chlo­

ride, acd cliethyl.mathyl.pbenyl.pbospbcnium bromide. 
(15) Pbospbonium salt in which none of R1 , R2 , It- am1 r 

• 
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are aryl grQUplii, and X- is a halide ion 
Examples are tetra-n-l:nltylphospbcnium chloride, am 

tetra-n-bu.tylphcspbonium bromide. 
Sane of the ab:we-mention.ed phospboniU111 salts are 

known and available on market. Other pbosphoni'Ulll salts 
cap. be prepared by the processes set forth in Bt.lll. Olan . 

... ·soc. ~., s6, 2ssg c19aJ> and J. Jun. Ch.em. Soc:., 10, · 131 
•: · .. · . }.194°S), or processes similar to those described in these_,,,,. 

.. · .. · · ··publicatiomi. · ... 
.... ···· Jror instance, the tetraaeylpbosphanium chloride can 

,... .be prepared by reacting a triarylphospll:ine and an m:yl 

halide (e.g., uyl iodide or aryl bl:omllle) in tbe pres­
ence of a palladium acetate catalyst and treating the re­
sulting tetraarylphosphonium iodide or brtmide with an 
iac. exchange resin (chloride type) to give the desired 
tet:raarylphosphOcium chlori.de. '?he prcduced tetraaxyl­
pllosphanium chloride is preferably dried. For the dxy­
ing, the tetraaxylpbcsphonium c:hloride is preferably 
heated to 100 to 200°C for o. 5 to s hours :in a. stream of a 
d:cy i:2ext gas suc:h as dt:y argon gas and then heated to 80 
to 2oooc for o. s to 2 bours :in a stream of a &:y hydrogen 
~ gas. 'ltle carmercia1ly available tetraaxylpbos-

.. · phoni~·· chloride· is also preferred to be subjected to tbe 
.. ·· ~-mentioned. precess. .,,,. 

• ;: · · T.he tetraal.ylpbospboilium salt ~ a counter ion · .. .. 
.. ·· other than halide ion can be prepaxed by reacting the , ..... 

above-obtained tetraa:r:ylpbosphoni.um chloride with an· 
alkali tnetal salt (e.g., sodiunt salt or potassium .salt) 
or an atml011ium salt of the desired counter ion, that is, 
ion exchanEJe reaction. Other pbospbonium salts other 
than the tetraal:yl pbosphonium salts can be prepared in 
the same ~ er an ana1ogcus namer. . lbese pbcspboni­
um salts are also preferred to be subjected to the d1:ylllg. 
treatment, in advance of _its use as the ~talyat .. 

(B) Phosphine of the fo%111Ula (B) 

....... ·-

... ·· 
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. 'l'he pbosph1ne can be represenced by the abJve f0i:m1-. 
.. -la CB).:,. wherein each of R5 , R.d and R.7 irldependently :repre­
. s~te". an a:r:yl ~' an alkyl group of l to 16 carbon 

.· . .. 
.. _ .... ··atcms, an aralltyl gn>up of 7 to 22 carbon atans, er a .""'4 . ; . 

.... ·· heterocyclic group of 4 to 16 carbon atoms. Any two of ... 
f" R5 , R6 and R7 may be combined to fom a ring having ~ 

pl1Cspho%Us atom as its ring member. 
· ixanples of the m:yl group, alkyl g:roup, aralkyl 

group and. hetai'oeyelic group are the same as those de­
soril:Jed for the pbosphonium salt of the ~ornula (A) • 

The groups of R.5, R' and R7 of the phosphine C,an :be 

the sanie or different from ea.di other. For :1t1St:ance, all 
of the g2:0Up8 of R5, R' and R.7 are aryl groups m one 
pbospbine-, that is, a triaxylpbcsphine. Two of the 
g:;oups m:e aeyl groups and other one is arJOtber group, 
that is, a diarylphosphine. Only one of the groups is· an 
axyl group and other. two are other groups, that is, an 

... qylpb.Qsphine. All of the groups of R5 , R6 and R7 a.re 
•. . · .· . ~· thax1 the aeyl gl:-oups. Preferred is t:be pbcapbi ne 

.... ...-in which all of the groups of R5, Rs and R.' are aryl . •' 
•••• •• lY'mt IJT111 • 

•• ;;;r--~-

,... Calcrete exanples of the preferred pbospbi nes of the 

.... ... 
... 

fm:mula (D) are desC!ribed below. 
(1} Phosphine :.ln which a11 of R5 , R8 and R.7 are ~l 

gmups (i.e., triarylphospbine) 
'BXan'plee an triphenylphcaphille, tris (p-chl0%0-

pbtmy:l) pbosphine, tri.s (p-tolyl)pbospbble, mld 11-Daph­
. thyl (phenyl) -p-methoxyphenylphosphine. 

(2) Phosphine in which two of R.5, R11 mid R.7 are uyl 
groups am one is other group (i. e • I dial:ylpbos­
phine) 

Bxamples are methyldiphenylpbospb.ine am. phenyl- (p­
me~l) methylphcsphine • 

. .. _(3') ~sph:i.De in which one of R', R' and R.7 is an m:yl 
.. ·. · ··group aXld other two are other groups (i . e. , aryl-
" · ·. .... J;Jhosph:hie) 

:~; .. .. ---· .. 
. ,,,,. 
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Examples are dimethyl (phenyl) pbo&ph.ine ~ ethyl­
(phenyl) -~-propylpbosphine. 
(4) Phosphine in which Done of R5 , R' and R1 are aryl 

groups 

,,,,,,. . 

Examples are benZyl- Cn-butyl)methylphosphine and 
tributylpbosph:ille. An example of a phosphine in TNhidh ~ 
blO of· R6 , R1 and R' are combined to form a ring having · 
the phosphorus atan as_ its riilg member is pbenylbi­

pbenylenephosphine. 

(C) Pbospb:fne Dibalide of the forn,Wa (C) 

The. phospb:lne d~halide can be =represented by tbe 
above fomula (C) , wherein each of R.1 , R.' and R10 iDdspen· 
.~tly_:x-epresents an aryl group, an alkyl group of l to 

___ ... ··-16_ ~bon ata\l9, an aralkyl group of 7 to 22 carbon at-

..J •· ....... oms, or a hetEOcyCl,ic group of 4 to 16 carlxm at.ans, ~ 
.... :.;· each of Y1 and~ independently represents a halogen atom .. 

,··~ such as chlor:ille, branine or iodine. Any two of R', R' 
am R10 may be canbined to form a :r:i11g baving' the phos­
pbo%WJ atan as its ri1'2g member. 

Bxan'ples of the aryl group, alkyl g%'cup, aralkyl 
group alld. het~lic gtoup are the same as tbnee de­
scribed for tbe pbosphonium salt of t:be fOillllla (A) • 

'lhe groups of R.8 , R' am ~ o~ tbe pbcspbine dibal.ide 
can be the same· dr different b:om each other. Per in­
st;ance, all of the groups of R•, R.' and R10 are axyl groups_ 
in one phosphine,· that is, a trim:ylpbcaphine dibalide. 
'l'wO of the groups are a::yl groups and other cme is anoth­
er g:roup, tbat is, a diaeylpbospbine dibalide. Only one 
9f 'the grQUps is an aryl group am Otber two are other 

........... ~s:· that is, an m:ylphosphine clihalide. All of the -
..J ... _..gi-oups of ~, R.9 and R10 are otber than the axyl groups. .""'4 

.: ... :··· Preferred is the pbcsphine d:il:JaJ ide :in which all of tbs 
, .. ·· groups of R.8, R1 mJd RU! are azyl gxoupa. 

Q)ncrete exanples of the preferred phosphine di.­
halides of the fomula (C) are ~:r:ipbenylpbcsphine di-

. '::: ·.-.:: . 
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cbloride, triphenylphcriphine dil>romide, .and. triphenyl­
phospb:Lne di.iodide. 

(D) Phosphixle Oxide of the foxnW.a (D) 

The phosphine oxide can be represented by t:he abo'1e -
fOJ:mUla (D) , wherein each of Ru, R.13 and R.13 independently 

represents an axyl group, an alkyl group of 1 t:o 16 car­
bon atoms, an aral.kyl group of 7 to 2i carbon atans, or a 
~eroayclic group of 4 to 16 carbon atoms. Any b«:> of 

.... ··Jtll, ~~ and. R13 may be combined to fcmn a ring ha.'1illg the 
•. .· ~sPhcrus atom as its ring llBllber • 

. ;:·· · Exa.nples of the 8%Yl group, alkyl group, aralkyl ·"""' .. 
1 ...... group and J:Jeterocyclic group are tbe same as those de-, ... 

... 

scribed for the phosphonium salt of the fornula (A) • 
The gxoups of Jtll, ·Ru and RP of the pbcspbine oxide 

can he the same or· different fran ea.ch other. For in­
stance, all of the groups of R.11., ·a12 aDd R11 are uyl 
9lJOUPS in ane phosphine, tbat is, a triarylpbospb.:im 
oxide. Two of the groups are aryl g'2:alpS aJJd other tme 

is cmother group, tbat is, a diaxylpbospbine oxide. Only 
one of the gtQUpS is an a:r:yl group and otber tiwo are 
other groups, that is, an uy'J.phosphille oxide. All of 
tbe gro1.1ps of au, R12 and Ru are other than the aryl 
groups. Preferred is the phosphine oxide in which all of 
~-. grcq>s of Ru, R.J.l and R13 are aryl groups. 

. . · · .~rete exaq:>les of the preferred pbcspbjoe oxides 

o~ ··the formula {D) are described .belC7ti. ·"""' 
• .;: ... ··(1) Phosphine oxide in which all of Ru, R:ta and R13 are 

, ........ ·· aeyl groups (i.e., triaxylpbosphine oxide) 

Exaq>lea are trlphenylphoepbjne oxide, tria (p­
<:bl.ompbenyl)phosphine aUde1 tris (p .. tolyl) pbosplrl:ae 
oxide, and· .... ~pb.thyl (phenyl) -p-met:boxyphenylpbcsp>Pne 
oxide. 
(2) Phosphine oxide in which two of R11, R13 aml. R13 a:re 

a.xyl groups a:od one is other gxOup {i.e.,, d.iaryl­
pboSpbine oxide) 



--------------------------
. ' .. ~·· 

·v .... ··· 

,. 

-15-

Examples are methyldiphenylpbosphine oxide atld phe· 
nyl- (p-methcxypben.yl) methylphosphine oxide. 
(3) Phosphine- oxide in which one of Ru, R.12 and R:ci is an 

a:eyl group and other two are other group,s (i.e. , 
aeyl pbosphiDe oxide) 

- · ..... ·ixamples are dimethyl (phenyl) pbosphine oxide and. 
_,::ethyl (phenyl) n-propylphosphine oxide. ./t 

:> · ( 4) Pbosphi ne oxide in which none of R11
, R12 and R13 are .. .. 

, .. ··· aryl ~s 
Exattples are benzyl-Cn-bucyl)methylphosphine oxide 

and tribu.tylphospbine oxide. AD ~le of a pbospbine in 
which any two of R.u, R.12 am R.13 are combined to fonn a 
ring having the phosphorus atom as its ring member is 
pbenylbiphenylenepbosphine oxide. 

Among the above-mentioned organic pbospborus com­
pounds. tetraaxylphosphcnium halide, tetraaxYlpbospbcn:i.um 
hydz'ogen. di.halide, and tri8.%Ylpbosphine dilalide are pre­
ferred. Most preferred are tetraaryl~um chlo­
ride, tetraarylphcsphcnium hychogeu dichloride, mld tri­
arylphosphine diohloride. The m:ganic phcspbm:'Us com­
~ ~ be employed singly or in canbimtion in tbe 

.......... pl:t?Ceiis of the present: imlention. The organic-phosphorus 

...J ·· .. ~ can be dissolved or dispersed in the reaction ."""4 

...J 

.. :;;: · medium. ... . 

, .. ·· '?be organic phosphorus ccmpound. can be ·enpl.ayed in 

•• .. 

an amount of 0 .. 001 to so m1.!t1 preferably 0.01 to 20 
mol.t, based an the am:uit Of cliazyl mcalate c100 ttl:>J..%). 

In the reaction for preparing a diary! c:arlxmate 
from a diaryl mcalate a.ccar:ding" to the .in'Vention, ·a halo­
gen atom-containlllg carpound can be :i.nco%pora.ted. Par­
ticularly, in the cases where a pbcsphoni"l.ml aalt other 
than tbe pbcspbmium halide_ and pbcflPbonium hydrogen 
dihalide are used as the phospborus catpOllild and where a 
phospbonium halide or -a phosphonium hydrogen dihalide is 
used in a snall amount, the incoxporati~ of a halagen 
at~~ccm.tainizlg _ cCX1pOUnd is prefer.reCl. The halogen a.tan-

."""4 
....... ··:-.......... · . 

. · ... 
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.· cemta;µung cOll'p)UJld. preferably is ·a chlorine atom-con­
......... · ~;i~ c~ O"?:' a bromine atan-conta1ning conpound • 

. :: Most preferred is a chlorine atan-containing c:at1pCU'1d. _,,,,,,. .· . 

.. 

.. . :> · The incorporated halogen atom-containing conpcund can be 
, .... ·· decomposed or c~ed into othe; halogen at.an-cantain-

ing c:cqnmd in the ccurae of the .. deVelqment o% the ~­
act.ion. ~halogen atom-containill9' ~is gener· 
ally eq>loyed in an amount of 0.001 to 300 moles, prefer..: 
ably 0.1 to 100 tlk)les per ane mole of the organic pbos­
pho:rus caapcund. 

• 

The :balogen atom-con~ conpou:nd may be an illm:-
ganic catpJlD1d or an organic compound. · 

~les of the incxganic balcgen atom-contai.nlllg 
compounds are halides of aluminum (e.g. , aluminum chlo­
ride am1 alum:i.zmm branide) , halides of metals· :belorJgil'Jg 
to the platinum group (e.g., platinum chloride, rut.henhnu 

. c;rhJ.0rid.e, palladium chloride, a%ld chloroplatinic acid), 
.· .. · · ····ha.i· of pbcspbcrus Ce .g., phosphorus tridlloride, 

•· ... i;bOspborus pentachloride, phosphorus oxychloride, pbos- ,,,,,,,. 

.. , .... 
.. .. ; . .. .. . .. pboru$ tribrcmide, phosphorus pentabromide, and phospho­

rus axy.brcmi.de) , hydrosJen halides Ce .g. , hydrogen dUo-
ride am hydtogen l>ranide), halides Of sulfur (e.g., 
thionyl cblor.i.de, sulf'Ul:yl Cbloride, sulfur diehloride,. 
and clisul:fur dichloride) , and balogeDs :gs:, a (e. 9. ' 
nhl.nrine am '.bmnine) • 

The organic halogen. atan-containing C<Xlp)lmd prefer­
ably contains (l) car.bon atom, (2) a halogen atom such as 
abl.or.ine atan or a bromine atan, and (3) at least one of 
other atoms selected from a hydrogen atom, a nit:ccgen 
atcn, a sulfur aton, and a silicon atan. 

~lea of the oxganic halogen a~om·cc:m.taitUng com­
~ are organic ~ having a C-Hal bcmding (~ 
~cli ~means a halogen atan>, a c-si-Hal bond;ng, a 

... ...-·C(O):~ffil lx>ndjng or a C-S(Oh·Hal boilding. The oxganic 
•· . ~ogen atom-containing ~ can contain one or more ·_,,,,,. 
... :> . halogen atoms suc:b. as chlori.Jle (s) , brtnnille Cs) or io-.. .. , .. 

. .. .. 
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dine{s) siDgly or in combination • 
Mxanples of the organic con;>ounds l'laving a C-Hal 

lxmding include alkyl halides (e.g. , chlorofoxm, cariXm 
tetrachloride, 1,2·dichloroethane, :butyl chlor.i.de, and 
dcdec::yl Cbloride), aralkyl halides (e.g., .benZy-1 clilo­
:ride, benzotrichloride, tripbenylmethyl Cbloride, and. a­
bromo-o·x.ylene) , aIJd. halogenated alipbatic nitrilee 
(e.g., P-chloropropionitrile, and y-chlorobutyrcnitrile), 
halogemted aliphatic car.boxylic acids (e.g .. , chloro­
acetic acid, :tn:otroacetic acid, and chloropropionio acid) • 

Exanples of the m:ganic eonpounds having a c-si-Hal 
l:xmdjtlQ' include halogemted ail.mies (e.g., diphenyldi­
t;:hl~ilaDe, and tx'ipbenylchl0%0Silana) • 

···. . .. ··"~les. of the orgariic conpounds having a C (0) -Hal 
.:bOndjng inc:lude acyl halides (e.g., acetyl chloride, oxa;-.....-. · 

:>·.··· lyl chloride, propionyl chloride, stearoyl ohlorlde, . 
, .... ····· ... · .. ~l chloride, 2 .. na.phthalenecarbox.ylic: ·acid chloride, 

and 2-tbiophenecarboxylic acid chloride) , balcgem.ted 
· fcmuic acid aryl esters (e.g., phenyl cb1 orotoXmate> , am 
balogenated. glyoxylic acid aryl esters (e .. g., phenyl · 
chloroglyaxylate) • 

Examples of the organic carpcurlds · haviJJg a C-S (O) 3 .. 

Hal bonding include sulfonyl cl:Jlortdes ce .g., p-toluene­
sulfcnic acid chlm:ide, am 2-naphtbalt;mesulfani.c acid 
cbloride). 

The reaction for releasillg' co fran the diai:yl oxa­
late acom-d:i..ng to the inveni:ion call be conducted at a 
ta&prature in the range of 100 to 4SOUC, preferably l.60 

tp ·45ooq:, m:>re preferably 180 to 400"C, nost preferabl.y 
.. ·. · · · .. l.eo. t.d··3soec, in the reaction vessel comprising plural 

•· ... _ _-ction c:hambers in the presence of the organic phospbo· . .....-. 
~ .••.. :~;. :r:us catpOUnd., am optionally in combination With the .. 

,.. halogen ataa-cantaini.ng c~. I:n the ccune of prcg-
ress of the reac:tion1 ·carbon mcmoxide is emitted mJd die 
desired diary! carbonate is formed •. T.b.e reaction can be 
conducted under an atmospheric pressun1 under a. aertain 

11111rnflmnr 
.. : .. ·· : . . . . 
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. . 
pressure, or under a reduced pressure.. If the :t"e&ction 

temperature is higher than the reflux 1;empera.ture of the 
starting diaryl oxalate, the reaction is preferably per­
formed under pressure. 

The decarbonylation reaction does not require any 
solvent. Howewr, if necessary, an 'o.rganic solvent ~ch 
does not participate in the reaction can be. enployed. 
SU.ch solvent can be diphenyl ethel:, sulforane, H-methyl-

.. pti-rol:idone, dimethylimidazolidace, or 1, 3-dimethyl­
···. 3,,4,-!S·: 6 ... tet%ahydn>-2 (lH)-pyrimidinone • 

.· : · The reaction 'VeSSel caiprisillg plural :reaction cham~ . ;: · .. · 
.. 

.. ·•···· bers and the process for preparing a dia.%yl carbonate 
· ,... . £ran a diaryl oxalate usirlg the reaction vessel. is now 

described in nme detail. 
Fig. l schematically illustrates one exat\'Ple of the 

xeaction vessel which is enployable for perfozming the 
reaction for preparing a dial:yl earlxmate fmm a dia%yl 
~late according to tbe inventicm. In Fig. 1, a m:i.xt:ure · 
of a diaryl oxalate and a decarbonylation ca~yst ie 
continuously supplied through a line l into the reaction. 
vass~l COlll>ri.sing three reaction ohambera, 2-1, 2-.2, 2-3 .. 
The reaction cbambers are separated from each other by a 
partiti~. 3 ;· The partitions have he;gb.ts differi:le fxan 
ea<::n othe.r. 'the partition between the first chamber am 

. . .. the'. se~ chamber is higher than the pattition between 
.. ··· ~· ·s&ccm dJamber am the third chSmber, so that the . 

..... ·reaction mixture is transfer.red in CtZJe direction,, t.bat _,,,,,. ... 
.... ···· is, fran the first chamber to the second cbamber and tben 

,... to the third abamber. The upper s,pa.cea of the cbambers 

are kept -vacant to receive carbon tlXJDOXid.e which is pro­
duced. in the course ~t the dec:a.%'.lxmylation reaction. 
p.roceeds. 'lbe mixture is first ill~ed. .:b;1.to the first 
chamber 2-1 for performing tlie decarbonylation reaction 
by heating the mixture in the chamber 2-1, and. the reac­
tion mixture is then transferred into the secocd ebamber 
2-2 ovea: the partition 3.. The .reaction. mixture is heated 

. 
I 

I 
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in. the second cbamber 2-2 for advaneing the decarlxmyla­
tion reaction, and tben transferred into the third cham­
ber 2-3 over the partition 3. The reaction mixture re­
ceived in the third chamber 3 is further heat:ed to fur-

.· ...-ther .. advance 1:he decarbonylat:ion reaction.. The ~ion 
, ... · · ·· .tx:dxt\Jre thus em-iched with the prciduc:ed diitX'yl car~te 

..... >"is fimlly rec:avered from. the recovery line 6. In the · ,/4 

..... :.-- COUX".se of the decarb:Jnylation reaction, carbon monoxide 
...... is produced and cli.scbazged through a discba%ge line 7. 

'!'be discharge line 7 may have a condenser (mt illus~t­
ed). 

There are no limitation. Ylith respect to tbe number 
of react.ion cbambers, but generally the :reaction. vessel 
conprisee 2 to 30 reaction chambers, prefem.bly 2 to 10 

reaction chambers• '!here are no specific limi.tatio.as 
with respect to the material of the reaction vessel. 
Ordinal:y reaction "Vessels such as vessela of glass or 
stainless (stl'9) can be enployed. 

Fig. 2 schematically illustrates another exanple of 
the. reaction vessel tfbich is also employable fOJ:' perfcmn­

· · · ·.·iilS- ~:reaction for preparing a diaeyl carl:xmate accm:d· 

...) 
.. +.ns""to the invention. In Pig. 2, a mixture of a d:i.axyl 

• ;:·:--'Oxalate and a decarbonylation catalyst is cantimlwsly ,/4 

........... supplied th?;cugh a line 1 :into the reactian chamber 2-1 

...) 

" which is in the f0%1ll of an independent. reaction vessel .. 

.. 

I. ····· 
.. 

The reaction chamber 2-1 is eqUipped with a l:ille 4 for 
tl!'ansfer.t'ing t:he reaction mixture into the second chamhet: 
2-2 'ldll.ch is also in the fona of an. indepeodent reaction 
vessel. 'Die reaction chamber 2~1 is further equipped 
with a carbon mnoxi de dischaz'ge line 7. The reaction 
mixture in the reaction chamber 2-1· is then transferred 
into the reaction cbal1lber 2-2 ~ tbe same type through 

the line 4. 'lbs reaction nxiXture in the -reaction cbaui>er 
2-2· is furt.heJ:more trllnsfexred into the reaction chamber 
2-3 of the same type tbrough the line 4. Finally, t:he 
reaotian: mixture enriched with tbe pmduced. diuyl_ car-
--

. ·.· 
:•;· 

/4 . 
··.········· ...... 
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.. · .. -~~e is recovered from the reaction cbambei .a-3 through 

. . thf!.line 6. . ~ 
Fig. 3 sdlema.tically ~llustrates a further exanple 

of the react.ion -vessel which is a variaticn of the reac­
tion vessel of Fig. 1 ·and is also enployable for perform­
ing tha reaction for prepar:i.ng a diaryl carbonate accord-
ing to the invention. The partitions 3 of the ~tion 
vessel in Fig .• 3 have the same height, but each has an 
openings to assist the flow of the reaction mixture int9 
the next cbal\1ber. The partition can be ~laced with a 
partition having a plunl n~ of small openings or a 
poroua partition plate. 

In the reaction cbambers. a stirrer, a pump for 
circulation of the reaction mixture, or a ga8 blowing 
apparatus can be placed for Tilt'ell mixing the reaction 
~e. Al:aum:t the reaction eban1bel:s, a heater jacket 

.. -can ?>e·: placed to heat t:.be reaction mixture in the cham-
......... ···,~··:· . . .~ 

. . ·· The reactiou mixt:u1:e rec:overed fxam. the. thi2:d (i.e. , .. ; . 
.... ···· last) reaction cbamber is subjected t~ a purification. 

,... · ·· pxccess 9ucb. as distillation for isolating the produced 

..J 

, .. 

clia?.yl carbaca.te in a high purity. 
'.the residue pDJduced in the distillation procese 

c:onprisea the catalyst:, the unreacted d:i.aryl 'oxalate,, am 
tbe d:i.aryl carbonate is again supplied into the first 
reaction cbamber· 2-1 after the di.aryl CX"alate, the dec:ar­
banylation catalyst, and opti011ally a baloge:n-c:ontainillg 
.catpaund are aupplemented. 

b. carlxm. tta10Xide dischazged f:rcm the rea.c:tian 
chambers :Ls collected ~ter trappizlg a volatile product 
in the conde?mer aDd can be enployed far the preparation 
of '-·· r:liaµlyl axalate which is utilized for the prepara-

... Ci.an <?i··the cliaryl . oxalate. 
.. . :: ·. : ·ibe present · ~tion is furtber deacr:U:.i by the 

• ;: ··fOllowiqi examples. In the exanples, the "eanversion 
..... ···· :ratio o~ diaryl oxalate" (i.e., ratio of amoont of con• 

. ....... -.~--; .. 
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wmed (or reacted) diaryl oxalate . per the an:nmt of 
cllu'ged dia:r:yl oxalate) and 11 selectivity to dia:ryl ca.r­
:bonate" (i.e. , ratio of the amount of produc:ed dia%yl 
cax-h>m.te per the atlQmt of consumed diatyl Oxalate) for 
decarbonylation reaction of the diazyl oxalate a.re all 
expresaed in. texms of molar percent ratio Ci. e. I lTDl. %) • 

The rate of production Of diaryl car:bonate is expressed 
in te1'l'lWI of · 119 11 of tbe di.aryl carb:mate pcoduced in one . 
hour in one liter of the reaction. vessel. 

IPn;>le J. 
.· A rea.cti=. vessel illustrated in Fig. 1 .was enployed 

.. ·· .... ··. fqr··~~ ·the decarbon.ylatiai reaction of diphenyl 
•· ..... ==Oxalate to give diphenyl ca%bomte. The reac:eian vessel.-"" 
.... :>· was COllp)Sed of three cbam'bers, 2-1, 2-2, cmd. 2•3, each 

, .. ··· of which bad'- solution-receiving volume of 37 mL, 36 mL, 

azld. 48 mL, respectively. 'Iherefore, the total volume 

, ...... 

(volume for recei'U":i.Dg the reaction mixture) of tbe mac .. 
tion vessel -waa 121 mL. 1be partitions were nade of a 
non-porous glass plate. '!he reaction was perfm:med. in a 
stream of ar:gan gas. 

A mixture of diphenyl oxalate, tetrapbenylpbospho­
nium chlortde (PPht ·Cl) am cbloroform was heated in a 
flask to lSO°C far give a liqu.id mixtm:e in which PPht, ·Cl 
was contained in o. so molar t and chlorofo:r:m was ccn-
ta i ned in an amount of 6,400 ppn. The liquid mixture was 
con~inuously introduced at a rate of 27 g/ hr., into tbe 

.. f:L~at Qliamber of the reaction vessel which WB8 heated in 
.. · .· ~.-oil hath kept to 270°C. · 

.·.· =· fJ.1le reaction rnixtUre flowed f:ram tlJe reaction c:bam-· ·"""" .. ;: . 
.... ·· ber 2-1 into the reaction chamber 2-2 over the partition 

3. and then into ~ reaction chamber 2-3 over tbe parti· . 
tion 3. '1he reac:tion mixture in the reaction chamber 2•3 
was continuously ~ed from the line 6. The carbon 
m:mmd.de prcduced in the course of the progress of :reac­
tian was dis~ c:cmtinuausly tm:augh the disobat:ga 

• 
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line 7. 'lhe lines for intrcduc:ing the mixture of di­
pbenyl oxalate and the catalyst and recovering the reac­
tion. ~ure were heated to 1S0°C. 'nle reaction m.i.xtu%9 
was stirred in each reaction cbamber. 

When the reaction reached t:he steady state, the 
react.ion mixture recovered fraa the reac:tion ebamber. 2-3 
was amlyzed :by gas cbroma.tog.raphy to indicate that the 

.. ·~ion m.:i.xture cattpri.sed 93. O wt. t of dipheuyl carbon­
.... ·" ~ee··am Ei.l wt.% of diphenyl oxalate. Therefore, the ./! 

,.:: ·.··conversion ratio of diaryl oxaiate was 94. 6%,, and the · · 
selectivity to diphenyl carl:>Omte was 99.lt, '?be reac­
tion rate (in texms of STY') for produoiilg diaryl carbOn­
a.te waa 185 gfL· hr. '1he reaction tenperat:m:ea ~ 250"C 
iD the chamber 2-1, 246°<: in tbe chamber 2 ... 2, ;md. 246C'C in 
the cbamber 2-3. 

E2caIJJgle 2 
A reaction apparatus ill\1Stxated in Fig. 2 was em­

ployed for P=foxmiJlfl tbe decaxixmylatian reaction of 
· cliphenyl oxalate to give diphenyl carJ:)otate. 'Ihe reac­

tion apparatus was CC1q?Osed of three 70 mL-wlume reac ... 
cion '1eesels, 2•1, 2-2, and 2-3. '1be reaction was per­
formed in a stream of argon gas • 
. ·· .. ·· A.:mixtu:re of diphenyl oxalate, tetrapheeylphospbo-

.... ...-:n:i~··Cbioride (PPl\a·Cl) and chlorofom was heated in a ./! 

·· .. ·.flask to 1SO"C for give a liquid mixture in 'Wbich Pfht ·Cl· 
.· . 

•• : .. · was CQtltailled in o .so tlk>lar t am dll orofcmn 'W8S can-.. 
, .... · tained in an amoµnt of 6,500 ppm. The liquid mixture was 

contirluoualy introduced at a rate of 34 g/ br.,, intO tbe 
:first vessel 2 ... 1 "4'.dch was heated in an oil ha.th kept to 
270°C. 

When the amount of tbe reaction. mixture in the ves­
sel 2·1 readhed so tnL, the reaction mixture was tmna­
ferred to the vessel 2-2. T.b.en, when the anamt of the 
reaction mixture in the vessel 2-2 reached so mL, tbe 
:r:eaotion m:lxt\Jre was. t:ransferred to tbe vesael 2 .. J.. The 

........... I 
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reaction. mix1:ure in the vessel 2-3 was Continuously re­
covered from the line 6. The car:bcn monmd.de prcduced in 
the course of the progress of reaction was dischaJ:ged. 

.. c6nt:L;ntously tb:rcugh the discha:tge lines 7. 'lhe lilles 
__ .. ...-·· f~··1iitrcc:1ucil'l9' ·the mixture of dipllen}rl oxalate aild tbe 

·· .. :: ··eatalyst am ?:eCOYering the reaction mixture were ~ at 

•' , ... ··· .. :> . lSO°C. The reaction -mixture was stirred in each reaction 

. vessel. 
When the reaction reached the steady state, tbe 

reaction -mixture recovered frOll\ tbe reaction vessel 2-3 
was analyzed. by gas chranatography to indicate tllat tbe 
:r:eaetion mixture ccnprised 8.9. a wt. t of diphenyl car.ban­
ate and 9.6 wt.t of diphenyl oxalate. Therefore, tbe 
c:onwrsion ratio of diaxyl <»Cal.ate was 91.5%,' aJld the 
selectivity to di.phenyl carbonate was 99.3%, 'Dle reac-­
t:ion rate (in terms of STY) for pxoducing diaiyl ~­
ate was 192 g/L·hr- The reaction tenperat:u:reia were 250°C 
in all of t:be chambers 2-1, 2-2 .. and 2-3 • 

. · .: ,Cgrprison Exumle 1 

... 

____ .... ·: . ...-'tbs decai:1xmylation reaction Of diphenyl oxalate was 
,.· .·. _...pCtcmned under the same canditions as described in Dam-~ 
.... :·;· ple 1, .ill a reaction vessel ('Which bad a uo ·mL volume 

,.. for receiv.ing tbe liquid :reaction mixture) illustrated in 
Pig. l but haviDg J)O partitions. 

When ~ reaction reached the steady state, the re­
action mixture recovered from t.be reaction veassel was 
analyzed by gas =anatcgra.phy to indioate that tlle reac­
tion mixture ~sed 76.6 wt.t of cliphenyl carlxmate 
am 23.l wt~t of dipbenyl oxalate. '11'1erefore, the con­
version ratio of dial:yl oxalate was 79. at, cmd. the selec:­
tivity to diphenyl carbonate was 99. 4t, The reaction 
rate (in te:r:ms of STr) for p1'0ducing dia:cyl carbonate was 
155 g/L·br. 1be reacticm tenperature was 250°C • 

. ··. --....:___ ____ _ 
.~ 
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1. A process !01; preparing a diaryl car:bomte from 

a dia:ryl oxalate in a liquid pbase by decarbanylation 
which utilizes a reaction vessel con;>rising at least two 
~ction. chambers eomleeted in series and exttprises the 
steps of cont:imlcusly introducing the diaryl oxalar.e and 
an oi=ganic phosphorus cCXlplllUd having a t:rivalent or · 

· penta'Ualent pbospborus atom and at least one carbon-pbos­
pborus bonding into the first cbamber and ccmtinuousl.y 
recovering· a. reaction mixture. CORPri•ine the dia%yl car­
lxmate from the last chamber under the cOZlditiou that a 
mixture of the diaryl oxalate and the 0%galli~ pbospboxUs 
ccnpouDd is ~ted in the reaction chambers, l'.lbile dis­
~ caxbon uoncxide. released from tbe mixture • 

. ·· .··. : . ...-·2. '!he process of claim l, ·in 1rbich ea.ch of the 
·· · .. _...-;f:eaction cbarriben bas a space for receiviu.; the carbcn .~ 
•. :·;· B>Dcxide released f%'Ctl\ the mixture in tbe cbamber and the 

·1 .... 
,... · · . spaces of the reaction cbambers a.re carmecte,Ci to each 

at.her so tbat the cai:bon nrmoxide released in t.be reac­
t.ion ohmnbers can be combined and diseharged together. 

3. 'Ibe pmcess of claim 1, in whicb. each of the 
reaction dlambers has a space for receiving the carbon 
monoxide :released frau the mixture in the cbamber and 
each of the reaction chambers bas an inlet for receivillg' 
a m:iJcture contahring the dia.Xyl oxalate and the mgamc 
phospboxus cmpnmd, an outlet for d:isc:baxgilla the :re­
leased carbon 'RllnOXide throL1gh the spaee, am an C\ltlet 
for __ xecovering a mixture COllta;nj ng tbe diaxyl carbomte 

~ the..·Organic pbospborus eoapound. 
. . . . . .·· ... . 

,. .·. . .~ 

.. ·. · 4. T.b.e pJ:'OCees of claim l., wherein the mgauic 
.•••.. :~·· pbospbm:us compound is selected from the group consisting' 

.-···· · of an oxganic pbosphcmi'Ul'l\ conpound, a phosphix., a phos-
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phine dihalide, ·and a phosphine oxide .. 

5. 'Ihe process of claizn 1, wherein tmi oxganic 
phosphorus coq>Omld is selected fran the group cansist:illg 
of a tetraarylpbcapbcnium salt, a triarylphophine, a tri­
uylphospbille dihalide and a tX'iaJ:ylphcsph:i.ne oxide. 

6. The process of claim 1, wherein the organic 
pbospborus compcnmd is selected from the group caasisting 
of a tetraa:rylpbosphcnium halide and a tetrauylphcs­
phanium ~ dibalide. 

,• 

···. . ..... ·7. · 'ltle process of al.aim l, · wherein an mganic 
·· ... >balid.e conpound bavl.Jlg a chemical structure in which a ..;l'I 

.. :..: ·. · halogen a.tan is bonded t.o a. carbcn atom bavllJg thexeon m 
, .... ··· ·double bond other than =O is further introduced into the 

first cliamber. 

:..· 

8. 'Ihe process of claim 1, wherein an :inoz:gam.c 
halide CCllpOUDi selected from the grcu.p ccosistillg of a 
halide of pbospborus. a halide of sulf'ur, a hyd:r:ogen ba· 
lide, and balcgen is fUrther intl.'Oduced into tbe first 
cbamber. 

9. The pxocess of clail\\ l, . wherein a ch.l..ori:le­
~ caipamd is further introduced into the fint 
cbmri>er. . 

· .. ··. _ .· .·· ·fo. A pmcess for preparills a diazyl carbonate frail 
.. . . . ,.;l'I 

..... a d:l.cu:yl oxalate in a liquid phase by dec:m:txmylation · 
••..• :;;: · Which utilize& a _reaction wssel catprlsill§J at least tTNO 

' -, .. _·· - :reaceian chambers connected in series aDd ccapriaes the 
· steps of con.titmously introducing the diaryl nxalate and. 

a decarbonylation catalyst into the first. c:bambex" am. 
continuoualy :rec:owring a reaction mixture c:cap:isiDg' the 
diuyl cubcmate from the last ~ under tbe CODd;i -

l 
\. 

.... ·.· 
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tion that a mixture of the dia:ryl oxalate and the decar­
banylation catalyst ilil heated in the reac::tion chambers, 
ttmile diseharging carlxm ioonoxide :released from tbe mix­
ture. 

11. The process of claim 10, in which each of the 
reaction cbamber.s · has a space for receivillg the carbon 
monoxide released fran the mixtU%'e in the chamber aDd tbe 

.·· ···.··· ·s~ae~ of the reaction chambers a.re comiectai to ea.ch 
··· . ::other so tbat the car.bon ttOnOXide released in the reac- .Jiii' 

•' ..... .. .. 
. . 

:·;· 
.· . 
. tion cbambe:rs am be combined and discharged together • 

l2. '.Ihe process of claim l.O, in which each of tbe 
reaction c:ha.d>ers ~ a space for receivitlg" ~ car:txm 
m:moxide released fran the mixture in the cbamber and 
each of the reaction Qhambers has an inlet for :recei.vilJa 
a mixture ccnt:ainillg t:he dia:cyl oxalate and the decar ... 

, lxmylaticm catalyst, an outlet for discbal:gillg the :re­
leased. carbon nmcxide through the space, and an a.ttlet 

·for recoverlJlg a mixture containitg the diaryl car:bonate 
and the decarlx:mylatian catalyst. 
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