SCLVENTLESS PREPARATI ON OF ESTER- SUBSTI TUTED DI ARYL CARBONATES BACKGROUND
OF THE I NVENTION This invention relates to the solventl ess preparation of
est er - subwoimwi@ds di aryl carbonates and in particul ar topaTsHYedii ess
met hod of making bis- nethyl salicyl carbonate. In addition the present
invention relates to a nethods of preparing ester- substituted diaryl
carbonates which mnimze the use of organic solvents. Ester-substituted

di aryl carbon LS+ el | roven to be

use ul starti ngEREr S PREPARE BN OF Rt SPRST U BHAEEENTS the el ¢
reaction of a diaryl carbonate WARBONATRYS ¢ di hydroxy conpounds. See for
exanple, US U S. Patent No. 4,323,668 in which rates of polynerization of

bi s-met hyl salicyl carbonate vvitBQtI)\Lsphenol A were shown to be higher than
the corre 'RéW\QPQBHErHM ation of bisphenol A wth an

unsubstituted diaryl carbonate, diphenyl carbonate. Notw thstanding the

si mpliCi t Yhal idveftic et & WRETBIvahtest OWepARM &F eRErORBLRbI@NE Rl
ester-substituted diaryl carbonates. A classical preparation of diaryl
car bonat esarbpnat¢svarsl irhpartieder toa sofveatlésy dneshgd ofmnking bisc orgfolisalieylich as

phenol w th, phosgene,gas ,n a two.phase r tion system. conprising water,
b aci d attBptar - BLascad BS teeth R o AR LT BERATAL R nyl ene

chlori de elbsetuter dif®t arbdnaedsodtiich Afinfiachabscaddniondveised to prepare
di phenyl carbonate (DPC) utilize water and nethyl ene chloride phases,

sodi um hydr oxi de as pH control neasure and triethylamne as a catal yst.
Under suchstebaphafifest ey cqr OIS SHBl Ml&-ﬂtﬂw}é@tcy rrEhieas EavemEoNen o

essenti al Px ugéfa%é&iﬁg InYRer¥ll €lrthe pFEREMOE Df Pb1yEbSnRELHE e Mk rbidgod he
passage of phosgene gas into a reaction m xture conprising phenol and an

or gani ¢ sof wédraryl carbnathevithearomatic dihydsoa e comphasige ibee fforommamiphee USedSt i on
m xture b a .inert gas such as pitregen through.the reaction
mxture BB R Eon b e HiTeadTntos bR OS TRy RS EfBoREE ances,
sol vent i sitheBisprérd®dAOWeredfshbWe foedet higRermithdnUitiee RpriciRnliingW#¢ @@ses and
nmust be trapped and ) ) ) ] )
polymerization of bisphenol A with an unsubstituted diaryl carbonate, diphenyl
carbonate. Notwithstanding the simplicity of its structure there are few reported

preparations of ester-substituted diaryl carbonates.

A classical preparation of diaryl carbonates involves the reaction of a hydroxy
aromatic compound such as phenol with phosgene gas in a two phase reaction system
comprising water, an acid acceptor such as sodium hydroxide and a solvent such as
methylene chloride or chloroform. Typical interfacial conditions used to prepare
diphenyl carbonate (DPC) utilize water and methylene chloride phases, sodium
hydroxide as a pH control measure and triethylamine as a catalyst. Under such
conditions it is possible to convert phenol to DPC in essentially quantitative yield.
Features of this process include the passage of phosgene gas into a reaction mixture
comprising phenol and an organic solvent, and the removal of excess phosgene from
the reaction mixture by passage of an inert gas such as nitrogen through the reaction
mixture following completion of the phosgenation step. In both instances, solvent is
entrained out of the reaction mixture by the flowing gases and must be trapped and

recovered. Containment systems for preventing the escape of volatile organic



recovered. Containnent systens for preventing the escape of volatile
organic -1 conpounds such as solvent emanating fromreaction vessels
frequent | woreprasents a significant cost of equi pnent usedTiusozbeni cal
manuf act uri ng. Known net hods for the preparation of diaryl carbonates such
as di phenyl carbonate suffer in that their application to the preparation
to ester-substituted diaryl carbonates results in only nodest conversion

of startinp - i C - St di aryl
car bonat ec‘%ﬁg‘?‘}s@%ﬁﬁéﬁgﬁ&%‘ﬁ%ﬁd@%{gﬁ%%& %:agtg&h} %esgii% \?Ireeﬂ%@lﬂgu}rebtﬁgén ?Sg?i tical
st ages of sighificpitavess eghiphensoded émthavindlahanmnturing. nost difficult. The use
of reaction systens which do not enploy organic solvents to effect

chemical _transfo tLo is desirahl.e in that both enyironpental
cnhanceme e VEBAPBREE TaPreRSEh df GG TS S LR FEREMEPe. 1 ¢
woul d be desirialhf thdiNSpBERI toltRe BicpaAMEH BRI SubQItuledAifl dapioRBles
preparation of ester-substituted diaryl carbonates generally. In addition,

it woul d besults ghonjy dedest gbneersipn ofiftedimgeptenpubstifutes genolnteanedust estelki ng
est er-subst.i t.uted.di ar car from er - Lt and
phosgene F%bséyu&eedcai 't fyoﬁé/ré%a[eerQn(y\%cgamg@gin&i‘gﬁ(z(?\stﬁn?pgﬁgglgra&%rﬁgﬁ?eﬂg?gghghe use

of organi griseil wa?éssof b pRR¢ey whért svlvehtcconeittesit iablost diffiquite EHease af
reaction systemfor the preparation of bis-nmethy] salicyl_ carbonate from
met hyl  sEaFEN abysteasd Windis gith d10t BRNPeY SOMPRIY SBIvEtSEL MRt present

I nventi onypr QA8 thggiﬁéggemmwmeﬁmnﬁ&w ertiiRSdrhddd S AiAdoh in

carbonates, said net Ing a contact tine, sald nethod conpri sing
cont act i ngraanfacesing cegufrstmddetpessipleenol wi t h phosgene and a catal yst and an
aqueous phase in a mxture free of solvent, wherein the aqueous phase is

phosgene. fer Y RedSabien ERgis, ® Abers Joktr Ao 16 HOEUBLR B0 6710 and
about 1. 2@stePdidstitdfedrias0eMBorats genérellnf In fRlitkH; fuksild behpdlpdswishle
to discover an efficient means of making ester-substituted diaryl carbonates from
ester-substituted phenols and phosgene in a reaction system which avoids entirely or
minimizes the use o‘f organic solvents. Moreover, it would be desirable to use such a
reaction system for the preparation of bis-methyl salicyl carbonate from methyl

salicylate and phosgene.
BRIEF SUMMARY OF THE INVENTION

The present invention provides a method of preparing ester-substituted diaryl
carbonates, said method having a contact time, said method comprising contacting an
ester-substituted phenol with phosgene and a catalyst and an aqueous phase in a
mixture free of solvent, wherein the aqueous phase is maintained at a pH of at least
about 8.3 throughout the contact time, said phosgene being used in an amount
corresponding to between about 0.10 and about 1.20 moles of phosgene per mole of

ester-substituted phenol.

The present invention further relates to a method of preparing bis-methyl salicyl
carbonate , an ester substituted diaryl carbonate showing promise as a starting material

for the synthesis of polycarbonates incorporating methyl salicyl endgroups.
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The present invention further relates to a nethod of preparing bis-nethyl

salicyl carbonate , an ester substituted diaryl carbonate show ng prom se
as a starwprgonae®rial for the synthesis of pol ycarbonat @sTiusoneqar at i ng
met hyl salicyl endgroups. -2 WO 03/010123 PCT/ US02/20941 DETAI LED

DESCRI PTI ON OF THE | NVENTI ON The present invention may be understood nore
readily by reference to the followng detailed description of preferred

enbodi mnbﬁT%fILﬁﬁ%]%mﬁfﬁﬂlgﬁt(zgq BRTRYES included therein. In the

foll owi ng'specification an clarns ich follow, reference will be
made to a nunber of terns which shall be defined to have the follow ng
meani ngs: THhpreséntguNeatiofi araysbe alderstad " mamrededdilyely refirbnodeao phaifdlowirg er ent s
unl ess the context . clearl iciates otherwise.. "Optional" or "optionally"
reans. t hatet i Sospdeipionl et FBRaTsDt et B in A B e KRB “nay ot
occur, angcfad th&eindesiar thet f&l@vdir%'s}d&@ﬁcdti@ﬁtﬁﬂﬁ% whehe whidk Ruew! occurs
and instances where it does not. used herein the term "pol ycar bonat e"
refers torefratnyacawbhatneade) tocomymbar iof germst which shall bgrdefiwed dp ihase the om one
or nore diphvdroxy aronmati c conpounds and i ncludes copol ycarbonates and
pol yester%OE‘éWB%IéFaensl.gsAs used herein, the term"nelt polycarbonate" refers
to a polycarbonate nade by a process conprising the transesterification
of a di arYhe ciaghlandorenswid’h “an’bagiptraadlinchideaplatay trefeadntsyurdédsettie i coateatrount
refers to t%g(grmunt of the catalyst at which catalytic performance is
exhi bi t edle ¢latFS REICEYISSt he term "contact tine" is used interchangeably
wWith reaction tinme. As used herein the term"solvent free" is used

i nt er changgadnirWidrh “bheoraBYMmedrseenaf thes Ai¥RQtientBNUesbled eBYdr@Ssr - As
used herein the term"al kyl radical” refers to a radical having a val ence
of at | easitcumstiace oYy IOr Siaygoh ofquicand that the deseripidomminchylesoinstanenysVhere ch i s

not cycli fre e-\ll_Qn? oBLUrE¥ndB¥tances where it does not.

As used herein the term “polycarbonate” refers to polycarbonates incorporating
structural units derived from one or more dihydroxy aromatic compounds and

includes copolycarbonates and polyester carbonates.

As used herein, the term “melt polycarbonate” refers to a polycarbonate made by a

process comprising the transesterification of a diaryl carbonate with a bisphenol.

“Catalytically effective amount” refers to the amount of the catalyst at which catalytic

performance is exhibited.
As used herein the term ““contact time” is used interchangeably with reaction time.

As used herein the term “solvent free” is used interchangeably with the terms “free of

solvent” and “solventless™.

As used herein the term “alkyl radical” refers to a radical having a valence of at least
one comprising a linear or branched array of atoms which is not cyclic. The array may
include heteroatoms such as nitrogen, sulfur and oxygen or may be composed
exclusively of carbon and hydrogen. Examples of alkyl radicals include methyl,

methylene, ethyl, ethylene, hexyl, hexamethylene and the like.
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i ncl ude heteroatons such as nitrogen, sulfur and oxygen or may be conposed
excl usi vely of carbon and hydrogen. Exanples of al kyl radicals include

met hyl , wetdph@ane, ethyl, ethylene, hexyl, hexanet hyl ene Pamdisoveoddi ke. -3
WO 03/ 010123 PCT/ US02/ 20941 As used herein the term"aromatic radical”
refers to a radical having a valence of at |east one conprising at |east
one aromatic group. Exanples of aromatic radicals include phenyl, pyridyl,

furanyl, thien napht hyl ., phenyl ene.,, and bi phepyl . The ter [ udes
gr oups co%‘f &F%‘f/h‘*de‘ﬁ%ﬁt‘e&fﬁ’or%‘?‘?“ét‘% glcgl irﬁﬁeﬁ ?ché%dr?r%%r%\r?tn%,a \fa(l)%HCS)?g%)l e a
benzyl grREA. orRSciigmekikiLheidastt he h@hiatic yrelmalBgympleadifcabmatiefradicals 0 a
radi cal having a val ance of at |east one conprising an array of atons

whi ch i s ogbide ehen, Rmidyh fyranyl otieayl paphtleyl, mivaylens.aag biphgnyln dihgderm

xctusi vely o BB ROARRARDboR SebHid AR VAT QiR for SAAPRSTE

i ncl ude chalzgbgroepyl , cycl opentyl cycl ohexyl, tetrahydrofuranyl and the
| ike. It has been discovered that ester-substituted phenols such as nethyl

salicylate are, . efficiently co rted t,0 ester-substituted diaryl

car bonat e8s Sehneensfie Sy ¥y STk edra’ deFB o a1 wHBRYL Fbn
condi t i ONReadtidne coMPALinG Bn SMEY BMtYME Ghidtsis @R Kt wihdhvig bt arothgc.PTRS eNt

i nvention provides a nethod of converting an ester-substituted phenol to

an est er - awds Mayuinstrddi batsrpatems bvieht as, ndmigen nit it dando ApYSe8i ofgMaynPeact i ng in

a reactio 1 I he, e i ph ueous
phase, an%n%ﬂ%%%eﬁgh%hgg}ggg%ﬁ%#?@%&éwkﬁggh g?%h%?gc?ﬁé%#éa %f%ﬁco t he

est er - subgicludetced cqirema) cysiobbntyheyclohbod getrshyidrofufaeyladndehe Bkof a sol vent

ot her than water or the ester-substituted phenol itself. The nmethod of the

present ipvention provides, a neans for th reparation of ester-

Subst it ut e B dReaves é’tlaésesfeﬁ“sa?%i‘g'ﬁﬁ‘ﬁ PRSP OR SR 26t

sol vent. Byicidhll§@oMNerted b \e61RE-substitukdl dBAN catbbAdteNSuchUs\E ety 8ilidyhan wat er
or starting ester-substituted phenol is present in the reaction m xture

duri ng t hearbenste wisler ofildgsaction sapditiprsingdreaction system which is free of solvent.

The present invention provides a method of converting an ester-substituted phenol to

an ester-substituted diaryl carbonate, said method comprising contacting in a reaction
mixture the ester-substituted phenol, a catalyst, an aqueous phase, and phosgene under
conditions which promote the reaction of the ester-substituted phenol with the
phosgene in the absence of a solvent other than water or the ester-substituted phenol

itself.

The method of the present invention provides a means for the preparation of ester-
substituted diaryl carbonates in a reaction system which is free of solvent. By “free of
solvent” it is meant that no solvent other than water or starting ester-substituted
phenol is present in the reaction mixture during the reaction of ester-substituted
phenol with phosgene to afford intermediate ester substituted phenyl chloroformate
and product ester-substituted diaryl carbonate. For example, in embodiments of the
present invention wherein phosgene is contacted with a mixture comprising an
aqueous phase, a catalyst and an ester-substituted phenol, no solvent other than water
or the ester-substituted phenol itself is present during the conversion of the phosgene
to intermediate ester-substituted phenyl chloroformate and product ester-substituted
diaryl carbonate. Typically, the phosgene is contacted with the mixture comprising an
-4-



phenol with phosgene to afford internedi ate ester substituted phenyl
chloroformate and product ester-substituted diaryl carbonate. For exanple,
i n enmbodiwenBsiak3 t he present invention wherein phosgenePcs/usont@aet ed with
a mxture conprising an aqueous phase, a catalyst and an ester-substituted
phenol, no solvent other than water or the ester-substituted phenol itself
is present during the conversion of the phosgene to internediate

ester-substituted enyl, chl or of or . r L er - i d

i aryl  cariysti Bsd kel gndf LTI RR BB I S THEPhOSRBET o
conpri si n@ sail miktWie, 3/eRAAPRIJYRGIEIISORprAMRAAdditistueftis phbages g toahal yst and
an ester-substituted phenol by addition of the phosgene to said njxture,

for exanpMEEg. a 1Bt GRPRARERTS sofh reaBEFsent ol VERTIAN, &hsksds G Ress gfs resuehe

m xture. éﬁ&g&%ﬂ%&%b@ﬁ[ﬁ%ﬂ%iﬁg‘ﬁa%&%«% th CGRE-LQRGIAGT BhdhofXHEDFofict F €si dual

phosgene ow ng reaction wth the ester-substituted phenol, the
product mixtbnermayrbg pluged witheah inettlgasto fanervie thasxdess permsidealt plosgoneess or

resi dual phosgene. . According.to the method of th resent invention the
br oduct nRSTHTEE B APEATEhHLOF L RrERE! STHFERoR fln P P Brre PRI BS1 | ¢ ut e
phenol  whidigent BeePihaf Waker B ebtbr-Sublstulai phenol putiiae piddctanixieid b@as t o
renove excess or residual phosgene. The nethod of the present invention,

by el i m neurgefyWitheingnerd @At t0 tmoys|oyesss o7 sesibial phesgengat Ehe methodeof the
ester-subst]tut | - ' (o) b a ne
emoval stgpe EaIREC8Y slindihe Y pRARe RO ForR il e R cP e IHETS
measur es gdndraubsiuked phenol igeldiidugdg phosganoaditivrc asbpwepénesteatovalsstepst hyl ene
chl oride were present duri teps. In instances“gﬂige traces of

g.these _s
est er - sub¥IYSULetrIB A ne @Fdﬁ%rsﬁjéte@_s COHFNPISRS MEAR{TES BPYEnbe such as
met hyl ene.gp-Qf fdf (%’%Xni@goﬁ/@ﬁiteglcﬁ%g M dhV1end hibide Weichdsedt dhitgy tHRsesent

i nvention i'n order aid the conpl ete conversion of internediate ester-

substi t ut gebsphenyl chl orof ormates to product ester-substituted diaryl
carbonates. Additionally, one or nore solvents may be used during the

i solation of the product. I 3 avent | oyi des a
met hod f OP Pﬁtgn%efs f‘?'}}:eir% grgceﬁrégpegggtsﬁtgsﬁ?ugéd pfl(gl?/l %1‘8?0?9&11*& &2 pel%%t&rt, Y
solvent such as methylene chloride may be added according to the method of the
present invention in order to aid the complete conversion of intermediate ester-
substituted phenyl chloroformates to product ester-substituted diaryl carbonates.

Additionally, one or more solvents may be used during the isolation of the product.

In one aspect, the present invention provides a method for the efficient preparation of

an ester-substituted diaryl carbonate having structure I

wherein R' is independently at each occurrence C; — Cpy alkyl radical, Cs-Cy
cycloalkyl radical or C4-Cy aromatic radical, R? is independently at each occurrence a
halogen atom, cyano group, nitro group, C; — Cyo alkyl radical, C4-Cyo cycloalkyl
radical, C4-Cyo aromatic radical, C; — Cy alkoxy radical, C4-Cy cycloalkoxy radical,
C4-Cyo aryloxy radical, C; — Cy alkylthio radical, C4-Cy cycloalkylthio radical, Cy-
Cyo arylthio radical, C, — Cy alkylsulfinyl radical, C4-Cy cycloalkylsulfinyl radical,
C4-Cyo arylsulfinyl radical, C; — Cy alkylsulfonyl radical, C4-Cy cycloalkylsulfonyl
radical, C4-Cyo arylsulfonyl radical, C; — Cj alkoxycarbonyl radical, Cs-Cy
cycloalkoxycarbonyl radical, C4-Cy aryloxycarbonyl radical, C, — Ce alkylamino
radical, Cs-Cgo cycloalkylamino radical, Cs-Cgo arylamino radical, C; — Ca
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an ester-substituted diaryl carbonate having structure | wherein R is

i ndependently at each occurrence C, - C20 al kyl radical, C4-C20 cycl oal kyl
radi cal ow0@4/00A® aromatic radical, R2 is independently atCaamsh2/z®eurrence
a hal ogen atom cyano group, nitro group, C, - C20 al kyl radical, C4-C20
cycloal kyl radical, C4-C20 aromatic radical, C, - C20 al koxy radical,

C4- C20 cycl oal koxy radical, C4-C20 aryloxy radical, C, - C20 alkylthio

radi cal , - C20 cycl oal kyl,t hi o i cal - . C20 arylthig radical ~C - C20
i Kyt sul 1TEYmARaR R Gaiar il Sl A fadiB, SR
aryl sul fi fylanfifétaf@inyl fadical, @@ GRl-kglsdelfagiyd radedi;eal b i©4ndependently at
cycl oal kyl sul fonyl radical, C4-C20 arylsulfonyl radical, C - C20

al koxycar ershyECurEare & intqget &40  cycl oal koxycar bonyl radical, C4-C20
aryl oxycarbonyl radical, C2 - C60 al kylam no radical, C6-C60

cycl oal ky ] radi.ca any ] racki = - 3/010123
PCT/ US02/ %@@%PE&F%&WS%‘}%%@ré@fg‘i%é“gfé,s ‘gc%'?%ayc%péﬂ k‘% asingthe: bonyl

radi cal , @4thGd®f the pteaentrineatibonydludeablis-aadthylssalicyT, carbo@2® (EAS Begistoy r adi cal ;

and b is jnd d | y.at, each occurrence an integer 0:4. ampl es of
ester- subgf’i g‘ﬁ@d%b&ﬁﬁ'et@gr Wg‘ﬁﬁlt %%gm?% 1%859%2%31%@1;3?%%3%%%89% met hod
of the prasient cdrbRiY, ibIbdm2gl SRy E&bOMId) Wis-Hiekhiye W-cHIGODARSL Earbésie Regi stry
No. 82091-12-1), bis-ethyl salicyl carbonate, bis-propyl salicyl carbonate,
bi s- but yl andsglei bike- chpkroHnthis-msthy] sakiey) | caghpnpigyis Wﬁfeﬁﬁéaﬁoé,us%il%lﬁ@t hyl

4- chl or osal,i r . t ke ' LS+ icyl
car bonat e&%lgg%t%%n%gergggﬁ%%lgpu%@gtsi lﬁglﬁl{e t5 F“"’%%?%‘%?L%@?a@%& é&ﬁ‘%ﬁg@@&ue to its
| ower nol ecul ar wei ght and hi gher vapor pressure. The ester-substituted
phenol st @hd icntgr-ptsttuteal phanot Gtatiimy naveridle aproediegttoi the gmeseon inventdude at

| east one, ppﬁnol havi ng stLHct.ure | | w%;\r ein R and R2 are defined as in

st r uct ur einFludg alepstioge phenoh having SICHUre By o i es of ester-substituted phenol s
whi ch nmay serve as starting naterials for the nethod of the present

i nvent i onwh&e|neariet Xyt deidday iRbteucnet Mydnd Ak ik Yitadee 0-4. Sopr opy|
salicylate, propyl salicylate, butyl salicylate, benzyl salicylate, nethyl
4 Examples of ester-substituted phenols which may serve as starting materials for the
method of the present invention include methyl salicylate, ethyl salicylate, isopropyl
salicylate, propyl salicylate, butyl salicylate, benzyl salicylate, methyl 4-

chlorosalicylate and the like.

The method of the present invention relies upon at least one catalyst to accelerate the
reactions of phosgene and intermediate chloroformates with ester substituted phenols.

Suitable catalysts include phase transfer catalysts and tertiary amine catalysts.

Suitable phase transfer catalysts are widely available and include quaternary
ammonium salts of aliphatic amines, quaternary ammonium salts of aromatic amines,
quaternary phosphonium salts, sulfonium salts, polyethers and the like. Quaternary
ammonium salts of aliphatic amines are illustrated by methyl tributyl ammonium
chloride, tetramethyl ammonium chloride and the like. Quaternary ammonium salts
of aromatic amines are illustrated by N-benzyl pyridinium chloride, N-benzyl 4-N’,
N’-dimethylamino pyridinium chloride and the like. Quaternary ammonium salts
include hexaalkyl guanidinium compounds such as hexaethyl guanidinium chloride.

Quaternary phosphonium salts are illustrated by tetrabutyl phosphonium acetate and
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chlorosalicylate and the |ike. The nmethod of the present invention relies
upon at | east one catalyst to accelerate the reactions of phosgene and

i nt er medi woa3oindi1es of ormat es with ester substituted phenol PCT/1S02/2@I €
catal ysts include phase transfer catalysts and tertiary am ne catal ysts.
Sui t abl e phase transfer catalysts are widely avail able and i ncl ude
quaternary ammonium salts of aliphatic am nes, quaternary ammoni um salts
of aromatj ' - r ll : f.oni lhsS,

pol yet nor LELAE Eoniu it SR PN RIOF B) MR E L ichjuat Wl Bl MR BRI nes are
i 'l ustr at Pdy&thersatdwlustratedby polyethyiond glycolcind @révade gthemstsuehres I8 Eroamm®dni um
chl ori de %{;id tpEEI i ke. Quaternary amoniumsalts of aromatic am nes are
illustrat tB?/ €-benzyl pyridiniumchloride, Nbenzyl 4-N,

N -di net hyl ami no pyridiniumchloride and the |ike. Quaternary anmoni um

salts i ng gideenfbeRatbieydf tBe priselit HhvbRi 60 FHROMHALS tramEl @salEXaat1Bast one

guani di ni um chl oride. Quater nargm’phosphoni umsalts are illustrated by
t et r abut yfuaToap omanvE cemppandiryingstnguealib10123 PCT/ US02/ 20941 the | i ke.
Sul foniumsalts are illustrated by trinethyl sulfoniumchloride and the

i ke. Po B I I et hers
such as THNGERAL- g e lddiBdeREd QRC.EHI LS Ol AE R EuRhP
i nvent i onCi.0 apylaadicalradsXers at dtaal g1st orgsniabr ireaginioadon.gSattarleanipnanmoni um

conpound paving structure 1]1.wherein - are in endently a C| C20
al kyl radgcalr‘,C - eperoEifer obalidgy Ry e’oFRggona%d- @ggﬁ%tr WbPa%Fca’P and X-
is at | eagita®hgut®r gani ¢ or inorganic anion. Suitable anions X- include

hydr oxi de, halide, carboxylate, sulfonate, sulfate, carbonate and
bi carbonate. Wiere X- is a polyval ent anion such as carbonate or sulfate it

i s under sWd6Ee Xhds atdlelyvalest pripy sudins qeeErpaatev seHatedels undessiqoddhaitee | 11 are
| . i . . . i C | h
properiy @s'nmc&g ggg%lﬁggéggg&el st ﬁr@iﬂfara rPPg%dreg] 3%%;%%{ qggl_r e'xafﬁpfe eac

met hyl groups an onat e, repfesents '/2
(Q03-2) where R* —R® in structure Il are each methyl groups and X~ is carbonate, it is

understood that X~ represents 2 (CO5™).

Quaternary ammonium compounds having structure III which are suitable for use as
phase transfer catalysts according to the method of the present invention are illustrated
by methyl tributyl ammonium chloride, tetrabutyl ammonium chloride, and decyl

trimethyl ammonium chloride.

The amount of phase transfer catalyst employed is in a range between about 0.1 and
about 2 mole percent, preferably between about 0.25 and about 1.0 mole percent

catalyst per mole of ester-substituted phenol employed.

In one embodiment of the present invention a tertiary amine is also included as a co-
catalyst for the formation of ester-substituted diaryl carbonates. The tertiary amine
has been found to accelerate the formation of ester-substituted diaryl carbonate
product and to act to minimize the presence of the intermediate ester-substituted
phenyl chloroformate in the product. The introduction of a tertiary amine into the
reaction mixture after phosgene addition has been completed has been found useful in
reaction systems in which the chloroformate intermediates tend to persist. Thus,

phosgene addition to reaction mixtures comprising an aqueous phase, an acid
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Quat er nary ammoni um conpounds having structure Il which are suitable for
use as phase transfer catalysts according to the nethod of the present

i nvent i onwarog/idiksistrated by nmethyl tributyl anmoni um chlpemiusez/24%et r abut yl
amoni um chl ori de, and decyl trinmethyl anmmonium chloride. The ampunt of
phase transfer catal yst enployed is in a range between about 0.1 and about
2 nol e percent, preferably between about 0.25 and about 1.0 nol e percent

SRS RGPl Rler S Ia R BEAGUAR s BREROk SR AURtl (LO-RRE (6RO TN

of the pres inve trar

cat al yst imethotl b theoprapdnit @rWeQﬁorEﬁfa@l‘a-t sites tredulttiadh wHoduicy Immaumoasrapmng The
tertiary am ne  has been found to accel erate the fornat|

est er - subSH§TtsybeHugd afipry! c sBelg endp thfyJRiEmagiate oestersu 8“H§eﬂl Rl t he
Presence. gfiofoRida CTFEHLRL GhEShRfn? WPSLict WisthuehBRdy ChloRSBiANeR: © i n the

product . e |ntroduc on Of a tertiary amne into thé reaction mxture

af ter phobgenlessatdint 1 onoleagerbae rbasedpipen elic Hatl hwerbef @b mj01¢s affuéstdérn

reaction s or of or mat e ,i nt er,nedi at glnd ig} ersi st.
quda

L
o O SRR el AP s f SR SR aT i e Bt Shiukb bhase.
an aci d - geNGo kP4 2B alPelobsiOc 2R kky aﬁmpetd%d fellovihg eHe Hobsdnation ed

phenol and a phase transfer catalyst according to the nethod of the
present i sioReptdvidesrraipeans af W“?%I@duﬁﬂ ehleyo fes rarssen i @S‘ér?ﬁ‘?‘iuéif ng

ester - sub it{:u%t e %gc%ﬁy’ 11118 oef %ﬂ%%ﬁnh@tc %Ws@hg%af;?sl f a5 ggé' tuted

phenyl ¢ or of or unt o ester Stituted”phenyl
chl or of or batveer sbodt@vm ﬂnel%aﬁdhmmnmd)le peedeaehised apenl thepwital tluenbeobéll nunber
of noles of ester- stlt ted heno npl oyed, but its presence in the

pr oduct @Olﬁ%%g?t?raﬁ‘il tm’ltT ‘B'%&Hy?dound that a small anobunt of a
tertiary am ne added follow ng the phosgenation step provides a neans of

el i m nat i G deasivddthert BF Meqfr&fehBin®entInG R Hasd Rardsh® cRABAUS bmplBy¥d HhE -
Typically, the amount of tertiary am ne co-catalyst used is in a range

bet ween atidgast @ne teriayeansne isatrsdas tharpdtadygerlodhis eodbodimany of thenresest al
nunber of 1nvgq Sth%fte%%}yegmm%"{g%; bé ldh(?e% Brtx]grnt%l, cgﬂmthtWWlth, or following

phosgene addition. Typically, the amount of tertiary amine catalyst used is in a range
between about 0. 1 mole and about 2 mole percent based upon the total number of

moles of ester -substituted phenol employed.

Tertiary amines suitable for use as catalysts or co-catalysts according to the method of
the present invention are illustrated by triethylamine, diispropyl ethyl amine,

tributylamine, and 1,4-diazabicyclooctane.

According to the method of the present invention the aqueous phase is maintained at a
pH above about 8.3 throughout the reaction. In one embodiment of the present the
present invention the pH of the aqueous phase is maintained in a range between about
8.3 and about 12, preferably between about 8.3 and about 10.3 and still more
preferably between about 9.3 and about 10.3. The pH of the aqueous phase may be
controlled by the addition of an aqueous solution of an inorganic base such as a metal
hydroxide. Suitable metal hydroxides include alkali metal hydroxides such as sodium
hydroxide and lithium hydroxides, and alkaline earth metal hydroxides such as

calcium hydroxide and magnesium hydroxide. Sodium hydroxide is preferred.
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I n one enbodi nent of the present invention no phase transfer catalyst is
enpl oyed and at |east one tertiary amne is used as the catalyst. In this
enbodi menwoaB/otdies present invention the tertiary am ne negThesozeaed pri or
to, concurrently with, or followi ng phosgene addition. Typically, the
anount of tertiary amne catalyst used is in a range between about 0. 1
nol e and about 2 nol e percent based upon the total number of noles of

ester SUBg A er PIENGlEPLOuRLy JEUIRT hRILIRS. Bl £ARS doLee as

catal ysts sPESHECDY d of Fesent  invention

are il | ustubatieeedophehbisebly paoigoss aﬁtl is@nediste embr;dfommtéseat reztdtlbbl.thtyi; am ne,
and 1, 4-di azabi cycl goct ane. _Accordin to the nmethod of the present

i nvent i onWhifd agundidenhaswid do e Hendficignt Rrepaiatig Rf eesigssybstiguted
thr Oughoualaﬁh%ﬁ%ﬂg&s Olph ks NiHRANGBBR U (A8 PhesBht ink}emgfneﬁeanﬁeg DSelafilédypent

i nvention t he aqueous phase is maintained in a range between
about 8. Qmah;ieratolomft cdrtact meetfmnatﬂ)byemm@emuaibom tig: Grdandf aboutes. 1 3 and

still nore efera en a t H qf. the
aqueous pﬁ‘EEg‘EIWSS}tSH’S tX%BFf‘tSV% ‘mé‘ﬁ’%ﬁﬂ} “f}?f'ée”ég]?ﬁ fl’fn8ﬁrﬁo‘?f1pg‘r‘?s%f’(ﬁ’ﬁee 361Ut i on of
an i nor gaphtc iPas eholAC Rx@ss dVEBtBE anfimit of d&ter-Subkii@kide pA&HoR| eniygyedxi des

i nclude al kali netal hydroxides such as sodi um hydrOX| de and lithium

hydr oxi desubstantially RHI 9t éhee ahesgente s iconyeied xiodprodyelc psterssubgtitiiell uipm dr oxi de

and ”agne%géﬂ é;%rd% da?t%f' {1@6 gl e@%@ﬂ?ﬁoﬂl&o?&rﬁx b iRl 815}03’\8} Q310123

PCT/ US02/ I nventl on I‘OVI a neans for the
reacti on bétwesd eic r@uﬂaﬁﬁsl dfulbc&de@hebnﬂt$ wnd Iabcpho&{gﬁnmnesnd Thatexpresglomt e

chloroformates at reac |on rates, which i ent| idto allowthe
ef ficient %@étﬁ&tﬂaélm ghobtheddhospens | asapt 6&@ %P PE%FG%‘HQ‘%E??‘O%&?{}%, t he
met hod of mtt,lgg@udggdqgg%e FAVEIH inureequi res a relatively short period of
contact between the reactants, usually on the order of mnutes. In

enbodi ment s of the present invention wherein the anmount of phosgene
enpl oyed ke paed pﬁc«altamwatwmdb@ seagipats is efcrpd tnes dfe eontast timgbyithe ut ed

phenol su b e.talo ﬁl‘? fi es%)ontt a¥e ﬂ{ L rgrfgetgl:?wgerﬁo%‘apg anﬁ abOIVEY }n?rqlté S, product

ester- diary
preferably between about 5 and about 45 minutes, and still more preferably between

about 5 and about 30 minutes. Contact time is measured from the point of first
contact between all of the reactants; phosgene, the ester substituted phenol, the
catalyst and the aqueous phase having a pH of above about 8.3, until no further
reaction is observed by HPLC or like analytical technique.

The temperature of the reaction mixture is typically maintained between about 0°C
and about 100°C, preferably between about 0°C and about 80°C, and still more
preferably between about 0°C and about 50°C. In some embodiments of the present
invention a temperature of the reaction mixture between about 5°C and about 15°C is
preferred. The temperature of the reaction mixture may be varied during the contact
time. For example, the reaction mixture may be controlled at temperature of between
about 5°C and about 15°C during a phosgene addition step and at ambient temperature
just prior to workup as the last traces of chloroformate intermediate are converted to

ester-substituted diaryl carbonate.

The ratio of phosgene to ester substituted phenol may be varied according to the
method of the present invention between about 0.1 to about 1.2 moles of phosgene per

9.



carbonate and residual ester-substituted phenyl chloroformate after a
period of contact between the reactants of between about 5 and about 60

m nut es. Wbhes@xpeessi on "substantially all of the phosgemet/usezan®4nt | east
about 95 percent of the phosgene introduced into the reaction m xture. The
period of contact between the reactants is referred to as the contact tine
or the reaction tinme. Contact tinmes are in a range between about 5 and

bout 60 m f b i d
SN R T Rl R T
i s measur geithkrear-bitinatdphabl fedtsie to eipniracint bEphespenathploled. hEhusiact ant s;

phosgene, the ester substituted phenol, the catal %/st and t he aqueous phase
havi ng a fsHPsferailevBatathesatig of phosgsne t9ocsterrsuhgituted cpiiepglobe i1 2oHE8F ved by

HPLC or |} %‘ve@ma{h!o?@gn(tm?b%grgo@ﬁ%%ggp@ﬁ& 1€ Ofr- LS ARRCHHeRR, M Xt ure

is typically marntai ned between out and about 100C, preferably

bet ween aprfidraflCbatvebealbaitt BDGd avodt 8.8inhdlenphrosgenepef eolhdsierisebsiwetnd about 0C
and about 50C. In some enbodi nents of the present invention a tenperature
of the reBB¥bn i xture between about 5C and about 15C is preferred. The
tenperature of the reaction m xture may be varied during the contact tine.

For exanpirge nidid SRGEIppssent xieHtRnTRYy be caoiel oat treeittat atharghemadelbea of
bet ween about 5C and about 15C duril\&g a phosgene addition step and at
r

ambi ent t eepsiswgesfashionysin pmpeshments\fy thgpPresent Heventien opgraied ngf batch
chl or of or 1 r i t = i L I
car bonat eH%%lﬁethgéet%f%ggfaq‘%)ﬁggtégﬁg%?\éqrg%%%@ \%ﬁigg? %ﬁ%i%ggﬁéﬁ]ﬁ[& %ggétﬁrtréyvari ed
accor di ngTypicilhg thenpbtiod ester-bubatiptesdaty] carbemdté precipébies omathewtaciod t o

about 1.2 nol es of osgen er -9 3/010123 PCT/ US02/ 20941 | e of
est er - sub8VF LR &Y 3p ’rﬁio?"%é‘g‘pﬁ'@%rﬁ.co Véﬁegélfﬁyati‘?n iagﬂ}]@f@%’}éﬂueﬁooru ¥ an
excess  Ofedihfig8S&:Ehnd RS tbdHAlR-s PNRNGhbJdehaits \b¢ the nidivdapP Ui pRbenfhosgene
enpl oyed. Thus'it is preferable that the ratio of phosgene to

est er - substventiereds piperatdd e 4 gortinuengenodset the egacidrdsitar® . 1ntredugediboud 0. 95
ol es pho%&%ﬂl%o serfasm%lnem osetl Flac Polf',bssutcihta%taegxbgﬂl?rrlgalctor, adapted for continuous
introduction of reactants and continuous removal of a product stream. Solid product
diaryl carbonate may recovered from the product stream by filtration as on a rotary

filtration system such as a Bird filter.

In some instances of batch mode or continuous mode embodiments of the present
invention, the product ester-substituted diaryl carbonate may not be recovered as a
solid and may be conveniently isolated as a liquid. This is particularly so in cases
where the product ester-substituted diaryl carbonate at its state of purity in the product
mixture has a low melting point, for example less than 100°C. In instances where
excess ester-substituted phenol is employed the product may be isolated as a liquid

wherein the excess ester-substituted phenol in the product mixture acts as a solvent.
Examples

The following examples are set forth to provide those of ordinary skill in the art with a
detailed description of how the methods claimed herein are evaluated, and are not
intended to limit the scope of what the inventors regard as their invention. Unless

indicated otherwise, parts are by weight, temperature is in °© C. Product mixture
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preferably between about 0.2 and about 0.8 noles phosgene per nole
ester-substituted phenol. The nethod of the present invention may be
carried omoosmia2y her a batch node or a continuous fashi eaT/use2/apdi ment s
of the present invention operated in a batch nobde the reactants are
contacted in a reaction vessel such as a stirred tank reactor. Typically,
the product ester-substituted diaryl carbonate precipitates fromthe

ti i . | i.d_whi ch fi ' ik
{eahni quesdBRynsCRt PR sk BB Ayt Pl BLES TBRes’ of (e

met hod of aimbentplo€SRIFoformeNive@Ninissmefiastaices obsereedcinhé rdaoticn midderest he
reactants are introduced in a continuous fashion into a reactor, _ such as a

tubul ar r &llavipg Pherggrasient ofraecdliY §ihardBigheiley el o chigrplormatesare &708Y and
cont | nuouﬁ?{eﬁmgﬁgsigé c We%&tavﬁﬁ%bg@?f?ols?%é s@nﬂ{ig’@fégt;paggﬂ. aryl carbonate may

recovered rromt oduct stream ration as o rotary filtration
system such as a Bird filter. In sone instances of batch node or conti nuous
node enbodixamplesl of the present invention, the product ester-substituted
di aryl carbonate may not be recovered as a solid and may be conveniently

i sol d liguid. Jhis | i cyl [ . d
et or- subdt 00BN P, ok, DRE B LBt Pk BT i F Rehfed L GLer

m xture hagrra, lpBMpibk $otigurp diydfoxideoinl@x eoidesser eplsosdirninlddOGermhemetast ances

where excess ester-substituted phenol i | oyed t he product may _ be

i sol at ed Ayrogen injefiapd &%é?fé‘?tr?%"l'f‘é“‘é%éggfégfg hasggas parelhes Wsehatged n t he
ared | ‘ \
produc mv&i%h%gtg%f %@%@4@@(9;/%&26%@%)?%06 %llflﬁ%ﬂsm\ﬂﬂeﬁém&%lare set

forth to provi S y ski In the ar a detailed
descri pti oibuwfl dnonortive amdrived8.001 himvbadMi& A MTwrmeixéveawastceasd amah mee not

i nt ended limt f_what the inventors. d t hei
| vent | on Deip bt 7 R Ber hdherin o8 o Bk Einksy AResagfitn WSS at ur e i s
in C. Prougt of st paths g MBuR3 (A0 23alP6T 0WS0 23R Adncughddkdenons and

product purity were determ ned by reverse phase HPLC. Trace )
convert about 70 percent of the starting methyl salicylate to product bis-methyl salicyl

carbonate, had been added. During the phosgene addition the pH was maintained at
pH 10.3 with the counter addition of 50% sodium hydroxide solution in water. Upon
completion of the phosgene addition, the reaction mixture was purged with nitrogen
for 5 minutes to remove any unreacted phosgene from the reactor. Following passage
of the nitrogen gas through the reaction mixture triethylamine (0.5 mole%) was added
in order to consume any remaining chloroformates present in the reaction mixture.
The mixture was stirred for an additional three minute period, the ice bath was
removed. Methyl salicylate was converted to bis-methyl salicyl carbonate (BMSC) in
excellent yield as determined by HPLC. The product diaryl carbonate could be
filtered directly from the reaction mixture as a solid or subjected to a standard workup
in which a solvent was added to dissolve the product and residual starting material.
The resultant solution was separated from the aqueous brine mixture, washed with 1 N
HCI and analyzed by HPLC to determine percent conversion of starting material to

product and product selectivity.

The term “Cat. Level” in Tables 1-5 refers to the mole percent catalyst relative to
moles of starting ester-substituted phenol, “°C” refers to the reaction temperature
which was in a range between ambient temperature and about 48°C (“r.t. - 48”") or was
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amounts of chloroformates were in sone instances observed in the reaction
m xtures follow ng phosgenation. Trace |evels and higher |evels of

chl or of orwatesi@ee readily determ ned using conmerci al | y paraidozbkioal
phosgene sensitive test paper. Exanple I A 500 mlliliter, 5-neck baffled
round bottom fl ask equi pped with a nmechanical stirrer, pH probe, sodium
hydr oxi de inlet, condenser, phosgene inlet, thernonmeter, nitrogen inlet
and gas outlet. connected to an effigi S oSCLLRbEr, har ged
with met h%a‘@%{f“r‘ 94 LTPEFIS etgw‘feﬁ.agé‘g‘g} ?ro‘rée)"so)g‘ﬁ%o%?rﬁﬁlgl il iTth\eé,?lgaf?ongwat er,
and met hykpH? fd ‘DaBlsd 1-anmdicdtesthe pHastitlkerea&iddGhs ture ldarihMd PhysgerdtienniThe ur e was
cooled in an ice bath to about 7C whereypon phosgene gas was inér,oduced
into the EECTIIROIHEIHIUY eindicates PELcERIagH Og?gerg?@ﬁ%tuffé‘rph@ﬁhf@sﬂw INa t ot al
of 0.092 I . eno Sd -+ B0, a t
tariing oo ki EE ey ER e PE SO BTt Pk ECRERAATE had
been addegrodDutr estey $ubstitptedsdjenyé cadbdnate ovith e pithlwesk reeanvfiahguoducts. pH 10. 3
with the counter addition, of 50% sodi um hydroxi.de, sol utjon in water. Upon
Corpl et R BIHEh e phoLGE Al IR Uh PRI ER BRIt g (b6 e @ Eaa i th
ni trogen gifitvedpitnbes to renove any unreacted phosgene fromthe reactor.
Fol | om ng passage of the nitrogen gas through the reaction m xture
triethylamne (0.5 nol in order to consume any .remgaining

e% was added :
chl or of or Fhe datagatiseedtin ij/'()ﬁbEHeﬂlP%%% thgangthed qfrthe presend invention BSig&theri rr ed
for an adgi tq t 1 I i E\Bm t hyl
sal i cyl at g{mé}g{?ﬁ\@%ﬁﬁrﬁ&t@s@ﬁ@?ﬁ% mtsogﬁllnlégﬁlogg% onat (2 "’{Sgﬁ/gg‘quﬁ% Y
excel | ent The dbd iadicate ttieat hikedotly tridPhyCamihkeeanp NdTB At ard ieffesti vecatabgtraafoe coul d
be filtered directly fr t reacti.on m xt as solid.or. supjected to
a st andar eRERKIEH © f% mﬂﬁgiogﬁsar%%mmg%d\z@%t@% 08t @C{IH%°€¢‘8duct and
resi dual  g{@khtaResTRY&H s effedfifone @S] boAMrtine sk es@SubfRAEAHREJ T Om t he
aqueous brine m'xture, washed with I N HJ and anal yzed by HPLC to

det er m netqébecenespooding dgirdreadonateaBViSkyg material to product and product

selectivity. The term"Cat. Level"” in Tables 1-5 refers to the nole percent
cat al yst Fl'?.LBgtEE ye to nol es of starting ester-substituted phenol, "C'
refers to e reaction tenperature

EFFECT OF CATALYST UNDER CONDITIONS WHEREIN THE MAXIMUM
POSSIBLE CONVERSION WAS 70%

Examp | Catalyst | Cat. °C pH % Conversi | %Selectivi
le Level on ty

1 Et;N 1% r.t.-48 | 10.3 48.65 96.8%

2 EtsN 1% <15 10.3 46.2% 99.5%

3 MTBA | 1% rt-48 | 103 |61.4% 91.7%

4 MTBA | 1% <15 103 | 69.4% 98.1%

Table 2 provides data illustrating the effect of pH on the conversion of ester-

substituted phenol to product diaryl carbonate. The ester substituted phenol, methyl
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whi ch was in a range between anbi ent tenperature and about 48C ("r.t. -
48") or was -11 WO 03/010123 PCT/ US02/ 20941 mai ntained at a tenperature
bet ween awout/tfoiand about 15 C ("<15" ). The headi ng "pHPpamrusiabises 1 -4

i ndi cates the pH of the reaction m xture during phosgenation. The term"%
Conversion" indicates percentage of ester-substituted phenol consunmed in
the reaction. The term "% Sel ectivity" conpares the peak area generated by

the produgt ester .substituted di.aryl r-b t Lih, the .t ot al. area of
all pr odu?ﬁql&la eE?asrﬂ?IWélstof’-eanWer?eg Bt egfgcr]ern?iégo(;%u%gﬁt E}beel'rl}gﬁ?{ H g gﬁ#cyl at e
as the st arfartial£Bl efectiselaspHigiépe thieaut 9BelndBtangad haradarhsuntalfl e 1
illustrate the nmethod of the present invention using either triethylamne
(Et 3N) or Phasgera suffiisni tp conysid hialfnelcthe startae Mot sabieylatado paeducy 81:~ The
data i ndi - ' iephyl am ne and MIBA are effective

cat al ystsﬁ?g&l ga?lﬁgl ég?da(@t%}eggésrc}ftﬁr{l e nmethod of the present invention, MIBA is
the nore effective of the two catalysts in terns of effectiveness at
converti nfA$I&r2 i ng ester-substituted phenol to the corresponding diaryl
carbonate, BMSC. TABLE 1 EFFECT OF CATALYST UNDER CONDI TI ONS WHEREI N THE

LR VA PO B CONERN M 00 R ELta Gn R SRt

2Et IN1Y< 160N BERS IO N 2YH8HIBALY . t . - 4810. 361. 4991. 7%
4MIBA1%<1510. 369. 4998. 1%

Examp | Catalyst | Cat. °C pH % %

le Level Conversion | Selectivity
5 MTBA | 1% [rt-48 |83 28.8% 95.8%

6 Et;N 1% r.t-48 |83 29.6% 99.3%

7 MTBA | 1% r.t-48 | 9.3 42.8% 99.2%

8 MTBA | 1% r.t-48 |10.3 47.1% 97.0%

Data are presented in Table 3 for Examples 9-12 which illustrate the method of the
present invention using different amounts of catalyst when the amount of phosgene
employed was just sufficient to convert about 70% of the starting methyl salicylate to
product BMSC. Levels of MTBA as low as 0.25 mole percent based on starting
methyl salicylate were shown to be highly effective. Example 10 indicates that the
use of triethylamine is somewhat less effective than the quaternary ammonium salt

MTBA.
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Tabl e 2 provides data illustrating the effect of pH on the conversion of

ester-

anount of
sal i cyl at o]
EFFECT O:%’SE%E

50% Exanp Cat al yst Cat .

substituted phenol
substi t utwo oploenes , net hyl

to product diaryl
-12 WD 03/010123 PCT/ US02/ 2094 pc3atsomydoat e,
shown to be converted nost efficiently to BMSC at the higher pH s and
particularly effective at pH greater than about 9. 3.

c

ar bonat e.

The ester

is
is

I n Exanpl es 5-8 an

phosgene sufficient to convert half of the starting nethyl

duct bi s-

met hyl

sal i cyl

carbonat e was enpl oyed. TABLE 2
R CONDI TI ONS WHEREI N THE MAXI MUM PCSSI BLE CONVERSI ON WAS
CpH% % | eLevel ConversionSel ectivity

SMIBA1% . EFFESE. $¥8. GAPALIBI6 tBWEES UNDER S CENDHYONS3IMWHEREIN THE

TMIBA1% .t . -489. 34

0.347.1997.0% Data are

999. 2% 8MI 9 -

pr esent edMW%H%gggéﬁLéQQ%\(ﬁg%@ﬁﬁ%% illustrate the method of the
present invention using different ambunts of catalyst when the anount of
phosgene ERRIQ elcuadyst UtatSHEVel Cl €N ToHCONV Lo RPUT | 498018LtIINE Starti ng
nmet hyl saljcylale to ‘praduct BVMSQ Leviels of | MIBA as | ow as 0. 25|nol e
percent bagkd on starting nethyl salicylate weme shown|tyo be highly
effective.| Exanplp 10 indicates that the wuse|lof triethylamne is|somewhat
l'ess ef fectyve—thaptie Lq%—ernm@irgmhuidgn SPES 2o MBATYO 637016123

10 EtsN 1% <15 |83 48.6% 96.9%

11 MTBA | 0.5% <15 103 70.8% 98.5%

12 MTBA | 0.25% <15 [10.3 69.9% 99.0%

Examples 13-15 of Table 4 illustrate the effect of reaction temperature on conversion

and selectivity in the formation of BMSC from methyl salicylate under conditions in

which the highest conversion possible is about 70% based upon the amount of

phosgene introduced. Although the level of conversion in each case is excellent, the

best combination of high conversion and high selectivity occurs at temperatures

between about 7°C and about 15°C, indicated in the Tables by the symbol “<15” as in

Examplel5. Similarly, the symbol “<35” indicates a reaction temperature between

about 7°C and about 35°C.
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TABLE 3 PCT/ US02/ 20941 EFFECT OF CATALYST LEVEL UNDER CONDI TI ONS WHEREI N
THE MAXI MUM PGOSSI BLE CONVERSI ON WAS 70% Exanp Cat al yst Cat .

Level CpH®ormsmr@p3 %5el ectivit | eony 9MIBA1%<1510. 369. 4908 PL¥6US02/20941

10Et 3N1%<158. 348. 6996. 9% 11MIBAO. 5%<1510. 370. 8998. 5%

12MIBAO. 25%<1510. 369. 9999. 0% Exanpl es 13-15 of Table 4 illustrate the
effect of reaction tenperature on conversion and selectivity in the
formation %E? C fromnethyl salicylate under conditions in which the

hi ghest cg I on possible is about 70% based upon the anobunt of phosgene
i ntroduced. Al though the |evel of conversion in each case is excellent, the
best conbERBRECTN OF HTEMRERWHHREOHJND(Emi giONBIHONS/i tWHBREIN S 'BHE
tenperatures. between about 7C and about 15C indicated in the Tables by

t he synboMAXhl‘éU%gqsﬁlB@%@%SI%W‘f‘§r7p¢’ the synbol "<35" indicates a
reaction tenperature between about 7C and about 35C. WD 03/010123 TABLE 4

POSSI BLE QURVEHSCR TRE FOr Bxanr] Cat al horiCall. G PEnR Lr e ety M N
le Level n
13 MTBA | 0.5% r.t-48 | 103 |67.0% 91.2%
14 MTBA | 0.5% <35 10.3 | 64.6% 97.9%
15 MTBA | 0.5% <15 103 | 70.8% 98.5%

Examples 16-20 of Table 5 illustrate that very high levels of conversion of ester-
substituted phenol to ester-substituted diaryl carbonate are possible using the method
of the present invention. The term “Theoretical Conversion” indicates the maximum
conversion possible based upon the total amount of phosgene introduced. The data in
Table 5 illustrate that phosgene usage is especially efficient when less than a full
equivalent of phosgene is employed. Thus, in Examples 16-19 wherein an amount of
phosgene sufficient to convert between 50 and 80 percent of the starting methyl
salicylate to product BMSC is employed the yield of product BMSC approaches the
theoretical limit. For instance, the theoretical maximum yield in Example 16 was
50% and the actual yield was 50%. The term “% of Theory” provides a measure of
how close the actual yield approached the theoretical limit. In Examples 16-19 the
maximum Yyields of 50, 60, 70 and 80 percent respectively were obtained thus making
the “% of theory” in each case 100%. There appears to be a limitation where very
high conversions and actual yields are sought. Thus, in Example 20 sufficient
phosgene was introduced in order to convert 100 percent of the starting methyl
salicylate to product BMSC. Under these circumstances the actual yield was 89%

thus making the value of “% of theory” also 89%.
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%Sel ectivity |l eLeveln 13MIBAO. 5% . t.-4810. 367. 0991. 2%
14MIBAO. 5%<3510. 364. 69®7. 9% 15MIBAO. 5%<1510. 370. 8998. 5% Exanpl es 16-20 of
Tabl e 5 iwbuswr@te that very high | evels of conversion of PETIE02/20941

substi t ut ed

phenol

to ester-substituted diaryl

carbonate are possible using

the nethod of the present invention. The term "Theoretical Conversion”

i ndi cates the maxi mum conversion possi bl e based upon the total anount of
phosgene 'Trzltli %dglced. The data in Table 5 illustrate that phosgene usage is
especially eLfl cient when less than a full equival ent of phosgene is

enpl oyed. Thus,

i n Exanpl es 16-19 wherein an anount of

phosgene

suf fici ent

t o conver EFBECHaERh Y6CQOMNMERIIOe ONeSELBETIVHE YSARrREMBERATIIRES BELOAY | ate to

product BMBC is enployed the yield of product BMSC approaches the
theoreticéﬁ%iﬁﬁg%gﬁﬁgﬁ i nstance, the theoretical maxinumyield in Exanple
16 was 50% and the actual yield was 50% The term "% of Theory" provides a
nmeasur e of mﬂl DEGtdIf\e] €4t Ual Yialdranil ofehed ther{bhgoretical|l limt. In
Exanpl es 16-19 the| maxi numyieldg of 50, 60 70 and 80 percent
respectivellye were pbt ai nedlevelis nalGenyersiore | Fhebryt heor Helectivibach case
100% There appears to bel a |imtation where|lvery high conversions and
actual yiel/ds—are T yhgs, T aganpte 20 fficiente gphosgene was
i ntroduced |in orderwpgh%oﬁ$g%i 10Cf%%€cent 011?%3 star1?%3Ahethyl
salicylate [to product BMSC. Under [t hese circunstances the actual lyield was
89% thus maki ng t heITBA ued.6% "% gfettheory” all6@.,89% 198.6W0 03/ 010123
TABLE 5 EHRFECT OF| % CONVERSI ON ON SELECTI VI TY AT TEMPERATURES BELOW 15C
AND pH 10.
P 18 MTBA | 0.5% 70% 100% 98.5%
19 MTBA | 0.5% 80% 100% 98.9%
20 MTBA | 0.5% 100% 89% 98.3%

Examples 21 and 22 in Table 6 illustrate an embodiment of method of the present

invention wherein a mixed catalyst system is employed at the outset of reaction. In

Examples 21 and 22 both MTBA and triethylamine are added to the reaction mixture

prior to phosgenation.
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Exanpl e Catalys Cat. Theoretical % of % etLevel ConversionTheorySel ectivity
16MTBAO. 5% 0%1.00%98. 9% 17MIBAO. 5%60%400%©8. 6% 18MIBAO. 5% 0%4009%08. 5%
19MTIBAO. 5¢@03d002®8. 9% 20MIBAO. 594 00%89%98. 3% Exanpl es 21 ramdisé®2i9a1 Tabl e 6
illustrate an enbodi nent of nethod of the present invention wherein a

m xed catal yst systemis enployed at the outset of reaction. In Exanples
21 and 22 both MIBA and triethylamne are added to the reaction m xture
prior to gl}?l%g&ati on. WD 03/010123 TABLE 6 PCT/US02/20941 EFFECT OF M XED
CATALYST 0. E % MIBA AND 0. 25 MOLE% TRI ETHYLAM NE ON CONVERSI ON AND
SELECTIVITY AT pH 10. 3 ExanpCat al yst CTheor eti cal %%

| eConver siERFEQTV @5 iNGEXED t CAMAL YST 21VMBALFEY3 NMTBA 48YDYBA%OBI @k %2 MIBA-

o L G A ol U B R L2,

system for the practice of the nmethod of the

Examp | Catalyst °C Theoretical | % %

le Conversion | Conversi | Selectivity
on

21 MTBA- Et;N | r.t-48 | 70% 56% 93.6%

22 MTBA- Et;:N | <15 70% 61.9% 98.7%

The data in Table 6 reveal that a combination of phase transfer catalyst and tertiary
amine catalyst is an effective catalyst system for the practice of the method of the

present invention.

The invention has been described in detail with particular reference to preferred
embodiments thereof, but it will be understood by those skilled in the art that
variations and modifications can be effected within the spirit and scope of the

invention.
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present invention. The invention has been described in detail with
particular reference to preferred enbodinents thereof, but it wll be
under st oowolg/otdiese skilled in the art that variations amdTmsd2/isnti ons
can be effected within the spirit and scope of the invention. W 03/010123
PCT/ US02/ 20941 WHAT IS CLAIMED I'S: 1. A nethod of preparing
ester-substituted diaryl carbonates, said nethod having a contact tine,
said neth tacting an ester-substituted phenol with
phosgene gﬂﬁggn@3¥glyspﬁg§d an aqueous phase in a mxture free of solvent,
wherein the aqueous phase is maintained at a pH of at |east about 8.3

t hr oughout the cont dct Atmérkod @fé;irdn@ﬂﬂg&gtenmﬁsaiwt@i djs@dceirbor&lresasaiﬂmt
corresponding to . between about nd ahout 20. nol es of ne per
mol e of edihodhpyiig 4 cangast iPKet Og,E&O‘PPBf‘ﬂBEIC%&%F‘@laI‘Pg“YeBS‘étfjsé‘f”ﬁ‘?qe wher ei n

sai d ester [ | t R CO2R1 U
(R2)b | MQ%?’%%E%”%SQ%%@%?@@? aggitﬁégggﬁﬁﬁgﬁﬁlgtd&% C20 al kyl

radi cal , @dflvemowher@ytﬂhoaqwus phase mhamtan@d aC2pH drad)imsll abont@idcal, R2 is

i ndepende t at . ea ccurren a C u ro group,
G <P 0" el R hp B e S8eE BreclP poHE ot Pl PP S Mg o

r ad' Ca' Getweekdbowdl kxandradginciab 0 motes G?Qh@sgerh@ﬁdr lﬁww of ééﬂérﬁ‘s%bstltu@é C20

aryloxy radical, C - C20 alkylthio radical, C4-C20 cycloal kylthio radical,

C4- C20 aPheadlio radical, C - C20 alkylsul finyl radical, C4-C20
cycl oal kyl sul finyl radi caI ,

2. A method according to claim 1 wherein said ester-substituted diaryl

carbonate has structure I

C02R1 1

C02R
:j/ \E: (Rz)b
(R?) |

wherein R' is independently at each occurrence C; — Cy alkyl radical, C4-Cy
cycloalkyl radical or C4-Cy9 aromatic radical, R? is independently at each occurrence a
halogen atom, cyano group, nitro group, C; — Cy alkyl radical, C4-Cyg cycloalkyl
radical, C4-Cy9 aromatic radical, C; — Cy alkoxy radical, C4-Cy cycloalkoxy radical,
C4-Cy aryloxy radical, C; — Cyg alkylthio radical, C4-Cy cycloalkylthio radical, Cy-
Cyp arylthio radical, C; — Cy alkylsulfinyl radical, C4-Cy cycloalkylsulfinyl radical,
C4-Cyo arylsulfinyl radical, C, — Cyq alkylsulfonyl radical, Cs-Cyq cycloalkylsulfonyl
radical, C4-Cy arylsulfonyl radical, C; — Cyg alkoxycarbonyl radical, C4-Cyg

cycloalkoxycarbonyl radical, C4-Cyg aryloxycarbonyl radical, C; — Ce alkylamino
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C4-C20 arylsulfinyl radical, C, - C20 al kyl sul fonyl radical, C4-C20

cycl oal kyl sul fonyl radical, C4-C20 arylsulfonyl radical, C - C20

al koxycarwormgloirasli cal , C4- C20 cycl oal koxycar bonyl radi c@CT/uSe2/a8Ra1

aryl oxycarbonyl radical, C2 - C60 al kylam no -18 WO 03/010123

PCT/ US02/ 20941 radi cal, C6-C60 cycloal kyl am no radical, C5-C60 arylam no
radical, C, - C40 al kyl am nocarbonyl radical, C4-C40

cycl oal kyl am banyl dical , ,.CA- ryl am noca n radi cal, and C,
-7 C20 acyfagfﬁaﬂ(;tc"?%ﬂi%é??ﬂ(g]ﬁ@"bo r?glgglhgg%éﬁ%gﬁ O & lceaa(t:tﬁ %&é@urrence an

i nteger OadtylatinddarBhiiaddi@sIc 0f-di,neyclsalipll anifb arbéisi eidical lGy-@gt er - subst i t ut ed
diaryl car gonate is bis-nethyl salicyl carbonate. 4. A nethod according to
claiml mw%aéﬁnm@ab@%@é&ah%%a rtCap aeylapmesaficdaandst r ucture 11 CO2RL R2) b
Il wherein RL is C, - C20 al kyl radical, C4-C20 cycloal kyl radical or

C4- C20 ar uai i iSed t4y at each occurrence a hal ogen
atom cya[rglg&{éllfl ueB?aﬂ%@lgaChg%Sﬂ‘g?d%%m?g%@a‘li kyl radical, C4-C20 cycl oal kyl
radical, C4-C20 aromatic radical, C, - C20 al koxy radical, C4-C20

cycl oal koxy radi cal 3. me®dzacyirding te shiro a1 whegpin thegager-substippteddigryladi cal |
C4- C20 cycl pal kyl thi o radi cal, -C20 arylthio radical, C - C20

al kyl sul fF?ﬂg/?“ﬁi%‘&itbéséI“F{hé%%%“ 9&“%{ kyl sul finyl radical, C4-C20

arylsul finyl radical, C, - C20 al kyl sul fonyl radical, C4-C20

cycl oal kyl sul fonyl #adi asthodGéedahgao ylagnllfwlnyrtin saiddseakybsGiuted C20

al koxycar bonyl radical , C4-C20 cycl oal koxycar bonyl radical, C4-C20

aryl oxycaPhdiyhassigesg Il o2 - 60 al kyl ami no radical, ©6-C60

cycl oal kyl am no radical, C5-C60 arylam no radical, C, - C40

al kyl am nocar bonyl radical, C4-C40 cycloal kyl am nocar bonyl radical, C4-C40
aryl am nocar bonyl radical, and C, Cdtzq;ﬁﬂ acylamno radical; and b is an

i nteger 0-4. ’ OH
\

<

I

(R%),

wherein R' is C; — Cyo alkyl radical, C4-Cy cycloalkyl radical or C4-Cy aromatic
radical, R? is independently at each occurrence a halogen atom, cyano group, nitro
group, C; — Cyg alkyl radical, C4-Cy cycloalkyl radical, C4-Cyg aromatic radical, Cy —
Cy alkoxy radical, C4-Cyg cycloalkoxy radical, C4-Cyo aryloxy radical, C; — Cyo
alkylthio radical, C4-Cyg cycloalkylthio radical, C4-Cy arylthio radical, C; — Cyo
alkylsulfinyl radical, C4-Cy cycloalkylsulfinyl radical, C4-Cy arylsulfinyl radical, C,
— Cy alkylsulfonyl radical, Cs-Cyy cycloalkylsulfonyl radical, C4-Cyg arylsulfonyl
radical, C, — Cyg alkoxycarbonyl radical, C4-Cyg cycloalkoxycarbonyl radical, C4-Cao
aryloxycarbonyl radical, C; — Cg alkylamino radical, Ce-Ceo cycloalkylamino radical,
Cs-Cgp arylamino radical, C| — Cy alkylaminocarbonyl radical, C4-Cyo
cycloalkylaminocarbony! radical, C4-Cyo arylaminocarbonyl radical, and C; — Cy

acylamino radical; and b is an integer 0-4.
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-19 WO 03/010123 PCT/ US02/ 20941 5. A nmethod according to claim4 wherein
said ester-substituted phenol is selected fromthe group consisting of

met hyl sawvooybates ethyl salicylate, propyl salicylate, PeopSOpyIo41
salicylate and benzyl salicylate. 6. A nethod according to claiml in which
the phase transfer catalyst is selected fromthe group consisting of
quaternary ammoni um salts of ali phati c am nes, quaternary ammoni um salts

of aromatic am nes, qutern alts and sulf umsalts 7. A
met hod according to-cl %’%&‘?g c@a‘f’ 8¢ d F‘Sgtésggﬁ crnquat ernary
ammoni Um gRETP W d]dafdifRih Eielgd6i dﬁsﬂsﬁﬂl (I)ﬂlheth ligylateRdhylRaligN&e,
mdependegtly a G _C20 al kylg#rgédlrcal gC4- W(‘:'s;?cle%,)al kylyradiéy(]:al or a

C4- C20 ar prowh@nh@al_teaﬁgpmpyhsghg)tlatpé&%ber@ubsabmglawl c or inorganic anion.

Sui tabl e anions X- include hydroxide, halide, carboxylate, sulfonat e

sul fate, carbonate @ndy

wherei n said catal ygt |an§ ec'%')cgg¥r1 ?glr%"ﬁlmﬁé{}gﬂjpﬁ%g}né%ls@%ﬁgpcﬁmﬁé
tributyl &neebmtedrfrahtiergroe cdneisﬂa@uffqdatermrymmmummhlsnits deliphdicdecy!
trimethyl anmoni um chloride r}:e hod according to claimé6.wherein said
quat er nar 9%%%%%6%&9&%“ F@tsé’ REAEIGAM NG 1 Wﬁwmos%ﬁﬂ%nd 10. A
et hod acefdindQuifénhitmahm 9 Wherein said hexal kyl guani di ni um conpound is
hexaet hyl guani di nium chloride. 11. A method accordl ng to claim1 wherein
sai d aqueous phase is nmaintained at a pHin e between about 8.3 and
about 12. -20 WO osﬁm@xrze@wqﬂ@ppmmtsz@méwlzerem ﬁ%tqa@évsae%%ﬁeﬁg to claim

11 wherei auﬁ%eraaqfﬁ%QMﬁmp&%%uhé having structure Il

R4 X
o | ©
R*—N—R

Le

111

wherein R® —R® are independently a C,.Cyg alkyl radical, C4.Cag cycloalkyl radical or a
C4.Coparyl radical and X is at least one organic or inorganic anion. Suitable anions
X~ include hydroxide, halide, carboxylate, sulfonate, sulfate, carbonate and

bicarbonate.

8. A method according to claim 7 wherein said catalyst is selected
from the group consisting of methyl tributyl ammonium chloride, tetrabutyl

ammonium chloride and decyl trimethyl ammonium chloride.

9. A method according to claim 6 wherein said quaternary ammonium

compound is a hexaalkyl guanidinium compound.

10. A method according to claim 9 wherein said hexalkyl guanidinium

compound is hexaethyl guanidinium chloride.

11. A method according to claim 1 wherein said aqueous phase is
maintained at a pH in a range between about 8.3 and about 12.
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mai ntained at a pHin a range between about 8.3 and about 12 by the
addition of aqueous alkali netal hydroxide. 13. A nethod according to
claim 12 woaesmin2s he al kali metal hydroxide is sodium hy@corisdz209id. A
met hod according to claim1l wherein said catalyst is a tertiary am ne. 15.
A met hod according to claim 14 wherein said tertiary amne is selected
fromthe group consisting of triethylam ne, diispropyl ethyl am ne,

tributyl amne, 4- I}IQI\IA(;{1 t$%lcor%§1%%yarign lqi @E%%Bg?i#iaéyggugé%g%qygl ooct ane.

16. A met hod accordiing {0 R erein sal

triethyl amangaindd at Ppiei hethgabeedh abolt . Xl dbodit 1Whey thieaddinen ot al yst i s
present in a range between about 0.1 and about 2 nol e percent based upon

t he nunberd@PupBlkal mytal hydrogidespstit ut ed phenol. 18. A nethod of preparing
ester-substituted diary] carbonates, said nethod having a contact tine,

sai d method conpri sijBgA GRRhRCLCHQi Yo /B iMN I2SWRGEintthd SRali RREMAYdrvkidl
phosgene, a phase transfer catalyst, and a tertiary amne, in the presence

of an aquesediymhydrokidea ni xture free of solvent, wherein the aqueous phase
is maintained at a pH of at |east about 8.3 throughout the contact tine,

sai d phosgene being,u i n_amount rr di t bout 0.10
and about 1.20 nol a?4' é%ﬁ?tb/% %ﬁ?@l L%sgé%la(}onl \gﬁagggesgg%ra&angsggst%’?ﬁ% phenol .
19. A et hpgheaccording to claim 18 wherein said phase transfer catal yst
conprises a quaternary ammoni um conpound havi ng structure 11 WO 03/010123
PCT/ US02/ 20941 R4 X tg R3 I\A—RS I§ : L : .
15. A method according to claim 14 wherein said tertiary amine is
selected from the group consisting of triethylamine, diispropyl ethyl amine, tributyl

amine, 4-N,N-dimethylaminopyridine and 1,4-diazabicyclooctane.

16. A method according to claim 15 wherein said tertiary amine is

triethylamine

17. A method according to claim 1 wherein the catalyst is present in a
range between about 0.1 and about 2 mole percent based upon the number of moles of

ester-substituted phenol.

18. A method of preparing ester-substituted diaryl carbonates, said
method having a contact time, said method comprising contacting an ester-substituted
phenol with phosgene, a phase transfer catalyst, and a tertiary amine, in the presence
of an aqueous phase in a mixture free of solvent, wherein the aqueous phase is
maintained at a pH of at least about 8.3 throughout the contact time, said phosgene
being used in an amount corresponding to between about 0.10 and about 1.20 molar

equivalents based on said ester-substituted phenol.

19. A method according to claim 18 wherein said phase transfer

catalyst comprises a quaternary ammonium compound having structure 111
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6 Il wherein R3 -R6 are independently a G _C20 al kyl radical, C4-C20
cycloal kyl radical or a C4-C20 aryl radical and X- is at |east one organic
or i norgawomsamiion. Suitable anions X- include hydroxi depdralSogeqo41
carboxyl ate, sulfonate, sulfate, carbonate and bicarbonate. 20. A nethod
according to claim19 wherein the tertiary amne is selected fromthe
group consisting of triethylamne, diispropylethyl amne, tributyl am ne,
4- N, N- di net hyl am nopyridine and 1, 4- dlazablcyclooctane 21. A nethod
according to claim20 wherein the @ triethylamne. 22. A nethod of
preparing bis-nethyl salicyl carbﬁ?ﬁl aid nethod having a contact tinme
and contact tenperature, said r|S|ng contacting a mxture of
nmet hyl salicylate and an aqu mnth from about 0.10 to about 1.20
nol ar equi val ents of phosgene and|fron1about 0.1 to about 2 nol e percent of
at | east one quaternary amoni umggfnpound in a mxture free of solvent,
said nolar equivalents of phosgene and said nol e percent of quaternary
anmoni um conmpound bei ng based onaghe nunber of noles of methyl salicylate

and about "3 RTE° B drdPaR e B B A S S B Ao LT B o5, A

met hod acqrclj gl fadicel X 22 at/\lé@:fte)inﬁ of@hit dtuRdredmiahyion aRBRdblamiepound has
structure III Il wherein R3 - are |ndependently a Cl _C20 al kyl

radi cal , 1u@edq:ly)cqr@adwpll¢eaaar@a¥ylétﬁ= glfopate cpdfatey (arbenaig @ and X- is at
| east one %gﬁﬂ%@ or inorganic anion. Suitable anions X- include
hydr oxi de, carboxyl ate, sulfonate, sulfate, carbonate and
bi car bonat e.
20. A method according to claim 19 \Yherein the tertiary amine is

selected from the group consisting of triethylamine, diispropyl ethyl amine, tributyl

amine, 4-N,N-dimethylaminopyridine and 1,4-diazabicyclooctane.

21. A method according to claim 20 wherein the amine is

triethylamine.

22. A method of preparing bis-methyl salicyl carbonate, said method
having a contact time and contact temperature, said method comprising contacting a
mixture of methyl salicylate and an aqueous phase, with from about 0.10 to about 1.20
molar equivalents of phosgene and from about 0.1 to about 2 mole percent of at least
one quaternary ammonium compound in a mixture free of solvent, said molar
equivalents of phosgene and said mole percent of quaternary ammonium compound
being based on the number of moles of methyl salicylate employed, said aqueous
phase being maintained at a pH of between about 8.3 and about 12 by the addition of

aqueous sodium hydroxide solution.

23. A method according to claim 22 wherein said quaternary

ammonium compound has structure 11
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24. A nethod according to claim23 wherein structure 111 is nethyl
tributyl ammoni um chloride. 25. A nmethod according to claim 22 wherein the
contact twopsnaii@se is in a range between about 5 and aboatr/useE20926. A
met hod according to claim22 wherein the contact tinme is in a range
bet ween about 5 and about 60 m nutes. 27. A nethod according to claim 22
wherein the product bis-nethyl salicyl carbonate is isolated by filtration
fromthe reaction mxture. 28. A nethod according to claim22 wherein the
product bis-nethyl salicyl carbo @sol at ed by a process step
conprising dissolution of the pro c -nethyl salicyl carbonate in
nmet hyl ene chl ori de. 5
—N—R

R6

111
wherein R®> —R® are independently a C,.Cyp alkyl radical, C4.Cy cycloalkyl radical or a
C4.Cyp aryl radical and X is at least one organic or inorganic anion. Suitable anions
X" include hydroxide, halide, carboxylate, sulfonate, sulfate, carbonate and

bicarbonate.

24. A method according to claim 23 wherein structure III is methyl

tributyl ammonium chloride.

25. A method according to claim 22 wherein the contact temperature is

in a range between about 5 and about 15°C.

26. A method according to claim 22 wherein the contact time is in a

range between about 5 and about 60 minutes.

27. A method according to claim 22 wherein the product bis-methyl

salicyl carbonate is isolated by filtration from the reaction mixture.

28. A method according to claim 22 wherein the product bis-methyl
salicyl carbonate is isolated by a process step comprising dissolution of the product

bis-methyl salicyl carbonate in methylene chloride.
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