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DI ARYL CARBONATES BACKGROUND OF THE I NVENTION This invention relates to

t he sol vewDls®s01ps epar ati on of ester-substituted diaryl eaTamoat®@s1 and in
particular to a solventless nethod of making bis- nethyl salicyl

carbonate. In addition the present invention relates to a nethods of
preparing ester- substituted diaryl carbonates which minimze the use of
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Features of this process Include the passage of phosgene gas into a
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polymerization of bisphenol 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 WD 03/010123 PCT/ US02/ 20941 conpounds such as sol vent
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their application to the preparation to ester-substituted diaryl carbonates
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ester-substitu carbonates, sald nethod having a contact tine,
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phosgene and a catal yst and an aqueous phase in a mxture free of sol vent,
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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 of 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"
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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 pol ycarbonate nmade by a process conprising the transesterification of
a diaryl The bingalue fovnish“a, Baspheinthe” indiateaplytal cefetentseiiilest the ecoatevtint ™
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
WD 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,
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| ike. It has been discovered that ester-substituted phenols such as nethyl

salicylate are, . efficiently co rted t,0 ester-substituted diaryl
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i nvention provides a nethod of converting an ester-substituted phenol to
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ot her than water or the ester-substituted phenol itself. The nmethod of the

present ipvention provides, a neans for th reparation of ester-
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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
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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 sol ation, of the prodg%I
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preparation o
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, - CZO al koxy radi cal,

C4- C20 cycl oal koxy radical, C4-C20 aryl oxy radl cal, C, - C20 al kyI t hi o
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al koxycar@ﬁ‘)‘hwcw&?@%%ﬂmt@&f@ﬁo cycl oal koxycar bonyl radi cal , C4-C20
aryl oxycarbonyl radical, C2 - C60 al kylam no radical, C6-C60

cycl oal kytg&&.}?%ss%g%%ﬁlsubs%lﬁgla lyéa%ﬂn@fés r»@ﬁbﬁ aH’lay P Cﬁ&] using 2
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salicyl carbonate (CAS Re gistry . 82091- 12- 1), bis-ethyl salicyl

car bonat eandoths- jike pyTypwlly dys- rr@ﬁryﬂ)@nla@yé caogatgyisypretesraf i foy [use an mwiht e,

Ib: Eebe‘rll';&(’lg‘%rﬁ&%le S%l{ Q%Qﬁﬁeﬁ%)llfﬁ'clé gﬁ%‘%ﬁ%@ g@ﬂgﬂ{%@gfr ea}%}é}? use i naggl E e

pol ycarbonate synthesis due to its | ower nol ecul ar wei ght and hi gher vapor
pressur e. Thel haeembeti&mdbshénbummdtimmmﬁrim acdordigg nat the ipptsnaooentddmg to t he

present inventi 012 i ncl ﬁl | east onﬁ:I phenol having structure Il wherein
R and R2IN§MECdRCAHQ8C B e’ioh QERGRTUHUEH "and b is an integer 0-4. Exanpl es

of ester-substituted phenols which may serve as starting materials for the

met hod of wh&ginR eSRIN? drb¥emtiddan i Reddade mtiyik as dltegeybat e, et hyl
salicylate, isopropyl sallcylate propyl salicylate, butyl salicylate,
benzyl salicylate neth%
Examples of ester-su stituted 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 aomanvE cemapandiaying #ruglroB 010123 PCT/ US02/ 20941  t he
like. Sulfoniumsalts are illustrated by trinethyl sulfoniumchloride and

the liKke. ' t own
et her s susR R L R O e b R oL D e
i nvent i onCi.0 aoylaadicalradsXers at dtaal g1st orgsniabr ireaginioadon.gSattarleanipnanmoni um

conpound paving structure 1]1.wherein - are in endently a Cl 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

after phokgenlessaddint cmalehmrcetmeémscxbrqpbettbd thab noedber fO(ﬁLmdle&srff estert n

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

t
Thae | OSSR et RPoses Sy S GResndt i e AT Bhiichbia phase.
an acid pebn\ELRBMHALE 32311 RRbLbiSN2 a0 anﬂfecamb@lfonoaﬂng&ieqmogg&aﬁ@ﬁ ut 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 desubstentially kHI ¢ élieeﬁh@%emﬁatl%lcoh‘gﬁd‘ﬁéxfpdé@dgﬁ?}cﬁSt%rsSUb&t&P‘@ﬂuqiwll’!i/dr oxi de

and magne kNI A6 SRASTING S ORGoRBLE/ IR0, ooV 0310123

PCT/ US02/ Invention provides a neans for
t he react baweed t}&ste’abtanﬁutfsbettvuéredquamhch ab@utrﬁmhmmgane Tanctxpresgomedi at 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

t h ik
{eahni quesdBRynsCRt PR sk BB Ayt Pl BLES TBRes’ of (e

met hod of ainlaent@ro@&ﬁmofotrﬂat@ﬁ/b&nnlsemepes"taioed obgereedcianhé rdaoticn nixderest he
reactants are introduced in a continuous fashion into a reactor,..such as a

tubul ar r dellovdng Pheregrasient ofragedlsyslhard bighemlevels of chlgrpionmatessre s5908Y and
cont i nuoug treﬁm (ﬂ{mﬂé We%&tavﬁﬁ%b?@?ﬂos? d dnffiodist npaggx' aryl carbonate may

recovered fromt uct stream ration as o rotary filtration
system such as a Blrd filter. In sonme instances of batch nbde or continuous
node enbodixamplesl of the present invention, the product ester-substituted
diaryl carbonate may not be recovered as a solid and may be conveniently

e obd B it ek bRmRd rbbad BN e, B FARER itk fechifedt St

ester-sub carbonate a ur| e product

m xture hagrra, lpB\pioBk} sdﬁmnﬁmyﬂfomdeoi’nlc&)(edﬁdleﬁsdr eplﬁ)sgémnmlldﬂ%errhdsmtt&st ances
where excess ester- substltuted phenol ? npl oyed the product nmay be
i sol at ed &grogen itefiad aapepist FomHEtedio aa ¢ Ticserk ph&Esas parvithen eIzt n t he

product mothUnen gLt Ve M. 262058 AB), 980 TRiIfEK! W g, aRkiRE are set
S R PR R € 202 ) o

forth to provi ski n the art a detail
descri pti orbuwgl alrmm)mtne ohhirid@d@ OOI hmmijT@rAe)l Al }arrelxmralwaatce@iﬁd anah lace not

nt ended limt f_what th t d th
| vent | on Doty ip dbd T yEtERge Bhdherin o8 va e i inlsy BREegiEn PGS at ur e i s
in C Prodyugd offoXt giafhs petnir 0810181 BCH/0920R6RE94bugk PHBSENE itons 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 nmmintained 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 egfgcﬂern?iégo?u%gs%t 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 ; Idr8tedddentdib&lghy! am ne and MIBA are effective

cat al ystsﬁ?g&l ga?lﬁgl ég?daé]t} ce Sof“‘h{ 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

ol oct | vETTTET (8 UNy OO NAMRR AR Bt gy BOSSIBIETR, 1o

<15 10. 3 ¢ONVERIIAVONVASKBOIRA 1% r.t.-48 10.3 61.4%91. 7% 4 MIBA 1% <15
10.3 69.4%98. 1% Table 2 provides data illustrating the effect of pH on

the convergsionof—ester—substituted phepol—to-product—di-atyl—carbgnate. The
ester substExamed eMehst | Gabthyl | G2 | pH 7o %o

le Level Conversion | Selectivity

5 MTBA | 1% [rt-48 83 28.8% 95.8%

6 Et;N 1% rt-48 | 8.3 29.6% 99.3%

7 MTBA 1% rt-48 (9.3 42.8% 99.2%

8 MTBA 1% rt-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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WD 03/010123 PCT/ US02/ 20941 salicylate, is showm to be converted nost
efficiently to BMSC at the higher pHs and is particularly effective at pH
greater twermdabmpt 9.3. In Exanples 5-8 an anobunt of phoegensozedoii ci ent
to convert half of the starting nethyl salicylate to product bis- nethyl
salicyl carbonate was enpl oyed. TABLE 2 EFFECT OF pH UNDER CONDI TI ONS
VHEREI N THE MAXI MUM PCSSI BLE CONVERSI ON WAS 50% Exanp Catal yst Cat. C pH %
%le Levelr %‘i?éfwi on Selectivity 5 MIBA 1%r.t.-48 8.3 28.8%95.8% 6

Et 3N 1%r.tA‘.- 8.3 29.6%99.3% 7 MIBA 1%r.t.-48 9.3 42.8%99.2% 8 MIBA 1
%r.t.-48 10.3 47.1% 97.0% Data are presented in Table 3 for Exanples 9-12
whi ch i | | BEFE@Te AheCATARYGTOfLEVIEL piNGERt CONBITIONS USHEREINS fIHENt
anounts of catalys anount ene enployed was j ust
sufficien%mﬁ%n%gﬁ@tpggﬁgéiE%?ﬁaﬁ%ngﬁgvgg26%1ng met hyl salicylate to

product BWVMSC. Levels of MIBA as |low as 0.25 nole percent based on starting
met hyl sal [gYLakLE @g{a@%ﬁl‘m. L&PE[ &t 9N v et T Bef e ¥pver X q@REAedfVit Ndi cat es
that the pse of triethyllamne is [somewhat | ess effectiye than the
guat er nary| Brmoni um salt | MTBA. -13 WO |03/ 010{e® PCT/ US03/ 20941 TABLE 3
EFFECT OF [CATALYST LEVEL |[UNDER CONDI TI ONS WHEREI N THE ©MAXI MUM PO$SI BLE

CONVERSI ‘dA‘AS 70 /Mlp qa/.; at-yst \’%]ts. LRyt u6¢Ji4i%9/i€0ﬂvulggil(y;‘/6ci egtivit le
on y . . .

10 Et;:N 1% <15 |83 48.6% 96.9%
11 MTBA | 0.5% <15 |10.3 70.8% 98.5%
12 MTBA | 0.25% <15 | 103 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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9 MIBA 1% <15 10.3 69.4%98. 1% 10 Et3N 1% <15 8.3 48.6% 96. 9% 11 MIBA
0.5% <15 10.3 70.8% 98.5% 12 MIBA 0. 25% <15 10. 3 69. 9% 99. 0% Exanpl es

13- 15 of welbm1si23 || ustrate the effect of reaction tenperCarEsonmo41
conversion and selectivity in the formation of BMSC from nethyl salicylate
under conditions in which the highest conversion possible is about 70%
based upon the anobunt of phosgene introduced. Although the |evel of
convers!o&Agﬁégﬁch case is excellent, the best conbination of high
conversi o igh selectivity occurs at tenperatures between about 7C
and about 15C, indicated in the Tables by the synbol "<15" as in

Exarml e15E}t;5E(IiT| aoFyaTElgﬂ)wfboRE" mDHmd}IthmBEFIG)N&aWHEREDéWﬁHHEt ure
etween about 7C and about 35C. -14 WD 03/010123 PCT/ US02/ 20941 TABLE 4
EFFECT OFMASKBERM PRESURBER BOER HONS HRERH N THE  MAXI MUM PCSSI BLE
CONVERSI ON WAS 70%)Exanp Catal yst Cat. C pH % onversio %Belectivity le
Level n 1 [ 0.& TO. 3] dgv. U . 2%0 Do 3 64.6%
57 6% 15 [Nl |Soptalyst | Ak 70.8‘V?98.530ﬁExam/§I%‘ebglv%§?})2( RuadR i)
illustratglehat Jery h|g1LkBMeIs of conyersi dmof ester |substituted phenol

to ester-gubstityted diafyl carbonate afe possible using the nethod of the
present i nveattot—Fh = —The 3 Conve m—rghgeates—thel maxi num
conver si on ossitﬁgT§§Se béﬁ% '%3$a lgﬁouﬁppqy phoscgmg f ntroduced. The
data in Table 5]illustrate that phosgene usdge is especgially effigient

when | ess [tjgan a [fmMirBA eqoisyal ent| of5 phps@eng d4s6%8npl oyed7.9%hus, in
Exanpl es 16-19 wherei n apn anount |[of

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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15 WO

03/010123 PCT/ US02/ 20941 TABLE 5 EFFECT OF % CONVERSI ON ON SELECTIVITY AT

TEMPERATURES: BRL6M Cléa%/ﬁ'\@atPH 10.[3rfessdmdal Cabgl ys Cgf| oJheoreticlal % of %
e t Level Conversipn Theory Selectlivity 16 MIBA 0.5% 50% 100% 98. 9% 17
MIBA 0. 5% 60% 100% ©8. 6% | b&eMIBA |(C@N%eVd98 100heay. 5% | Selepthdry 0. 5% 80%
100% 98. 9%| 20 MIBA 0. 5% [100% 89%|98. 3% Exanples 21 and 22 in Table 6
illustrate enbodizwnt ot cgethogof, thepre tTnvengi g wheregin a ni xed
catal yst systemis gﬁ%*%yé%sét t he out set of F@g%tion. P%ngxanples 21 and
22 both MIBA and tfiethyllam ne arg added to the reaction mxture | prior to
phosgenatigni7 - 16 | MTBA | 0.5% 60% 100% 98.6%

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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WO 03/ 010123 PCT/ US02/ 20941 TABLE 6 EFFECT OF M XED CATALYST 0.5 MOLE %
MIBA AND 0. 25 MOLE% TRI ETHYLAM NE ON CONVERSI ON AND SELECTI VI TY AT pH 10.3
Exanp Catwbysti@23dheoretical % % | e Conversi on Conversi SelceaatSoyedion1t on 21
MIBA- Et3N r.t.-48 70% 56% 93. 6% 22 MIBA- Et 3N <15 70% 61. 9% 98. 7% The dat a
in Table 6 reveal that a conbination of phase transfer catal yst and
tertiary amne catalyst is an effective catalyst systemfor the practice
of the net-ftkof?[ﬁ@% the present invention. The invention has been descri bed
in detail 'w particular reference to preferred enbodinents thereof, but
it wll be understood by those skilled in the art that variations and

nodi fi cat IBRFECTAIODMBXERcCATALYIN 0.5 O3 06 t MABA sk¥Pe0ab MQLEY%

i nvention._ - P / 4 I IS: 1. A nethod
of ' pr epar TRIEEHSGANINE Y GV BRSHSY AN Ser S AV Tt PR 0g havi ng 2
contact tine, said nethod conprising contacting an ester-substituted

phenol w th dNOSHMRNE @adly3t cat abyst anthearetRdVFYS phage,in a mixture free
of solvent, |wherein the aqueols phase is maintained atf a pH of |at | east
about 8.3 tHhrleughout the contact tim&onyarsiotphCogeersi hhelagtiviked i n an
anount corregponding to between about 0.10 anJI0 bout 1.20 nol eg of

phosgene per [nol e off ester-substituted phenol . A mgt hod according to
claim!| whergin said ester-substituted diaryl |carbonatle has structure |
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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CO2R1 CO2R1 O YOO (R2)b R2)b I wherein Rt is independently at each
occurrence C, - C20 al kyl radical, C4-C20 cycloal kyl radical or C4-C20
aromati ¢ wadBo#a123 R2 i s i ndependently at each occurrence @cThaopg®al at om
cyano group, nitro group, G - C20 al kyl radical, C4-C20 cycl oal kyl

radi cal, C4-C20 aromatic radical, C - C20 al koxy radical, C4-C20

cycl oal koxy radical, C4-C20 aryloxy radical, C, - C20 al kylthio radi cal,
C4- C20 cy l-kyl L kcal, C4- C20 arylthio radical, C - C20

al kyl sul fﬁ&l@%ﬁ%&?g‘éﬁﬁ@jbwo cycl oal kyl sul finyl radical, C4-C20

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

cycl oal kyl sul fonyl 1r adins@hod 6HpréRPingreytes sibistotuydd diagl cabonales, saidC20

al koxycar bonyl radl cal, C4-C20 clo Ikox car bon radi cal, C4-C2
aryl oxycar"’!i‘é]?‘lﬁﬂ Vg Legntackyme, Séﬁc)‘};’&i @IC%‘P yng f%“téﬁﬂ“@ﬁ“ﬁﬁié‘?smutedo
PCT/ US02/ éﬂ%ﬁ mmﬁioggéne ahPa %Qly@md%lahué&mpngsenﬁqln@&{ure free 660 aryl ani no

radi cal , | am nocarbonyl radi cal,
cycl oal kylsalNBMOwhelbunt&lb aquethug phase (Smnmt}llndrayba»hl qfoicbﬂabtmwut 8.adi caI and C,
- C20 acyl and occurrence an

ntj.
e oger buruagitu Bl coRlart GRS sPidl g REBRRERS! B ragfRA rRRSEREG o ¢ ut o
diaryl caefeRatBoutd. 0 Sxdmdbiiyl.2Gmlboles B pheyzbedgdrenold of &stérasubailu@gcor di ng to

claiml vvh}elreiln said ester-substituted phenol has structure Il CO2R1L OH
phenol.

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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(R2)b Il wherein RL is C, - C20 al kyl radical, C4-C20 cycloal kyl radical
or C4-C20 aromatic radical, R2 is independently at each occurrence a

hal ogen aworns/ocorano group, nitro group, C, - C20 al kyl r adirasz/2084t C20
cycl oal kyl radical, C4-C20 aromatic radical, C, - C20 al koxy radi cal,

C4- C20 cycl oal koxy radical, C4-C20 aryloxy radical, C - C20 alkylthio
radi cal, C4-C20 cycl oal kylthio radi cal , C4 C20 arylthio radical, C - C20

al kyl sul fi - C C4- C20
aryl sul fi Fﬂ%’ a%d%ﬁlcyél@%y] dx éllcf} l%)ql(’? orl){yalm1 dlca’ C‘t‘izo

cycl oal ky hikylah@mycarboadi radical, %@@cﬂfaﬂﬁ&hﬁm@é&bonw aaziin@a,lc4 Co - C20
al koxycar bonyl radical, C4- C20 cycl oal koxycar honyl radical, C4-C20

ar y| oxycapplinogaskanyhradicap and @60 Cap RIaRIPRGaGeRl 2l |, C5- C50

cycl oal kyl am no radical, C5-C60 arylam no radical, C, - &0

al kyl am ngq@lglggé%her{tgpgtgggh,ocgﬂn%g anqutgéé;@u(yl am nocar bonyl radical, C4-C40
aryl am nocar C acylamno radical; and b is an

i nteger 0-4. -19 WO 03/010123 PCT/ USOZ/ 20941 5. A method accor di ng to
claim4 wherein sai a e‘smhosimsqrdmgtt@dlaphén@heréls theetstartsubistitytodrdiand gr oup
consistin f neth hyI salicylate, propyl salicylate,

i sopr opyl g"gg?ri'aéf/’ls mﬁﬁ’éﬂ %%lﬁgmafbon i cyI ate. 6. A nethod according to claim
I in which the phase transfer catalyst is selected fromthe group

consi sting of quateAnak ynediodoietardingad chimfl vahérghatidesteasubzaaitedjuat er nary
anmoni um sal tof of aromatic am nes, quaternary phosphonium salts and

sul f oni unPBenof Basatrugturellhod accor di ng to claim®6 wherein said catal yst
conprises a quaternary anmoni um conpound having structure |1l R4 X~ O
R3-N-- RS
CO,R
OH

I~

<

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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16 R I1Il1 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 norgamoosamniien. Suitable anions X- include hydroxi depcmalshznmo41
carboxyl ate, sulfonate, sulfate, carbonate and bicarbonate. 8. A nethod
according to claim7 wherein said catalyst is selected fromthe group
consisting of nethyl tributyl ammonium chI oride, tet rabutyl ammoni um

oo de gnd.9ecy| 41 L, SMOLAT. £ 4 B TR T 10 0

guani di ni YRefPIPRIRE fffh thd g&@lﬂms@ﬁﬁ@émaﬁyt flicylateetlylWakEygits, sai d
hexal kyl guani di ni um conpound i s hexaet hﬁ guani di nium chloride. 11. A

net hod acewmpdl slicyleteciseprapil sahexae and hergybiplieyas- phase is nmintained at a
pH in a range between about 8.3 and about 12. -20 WD 03/010123

PCT/ US02/ 20941 12. (A [ ueous
phase i s naintai ned atm |a%8(§81; ntgg] etl\(/:\'/%a]?ﬁm% \[fmg{e%a’ﬂs%ﬁb%algtﬁ 12 by

t he addi t isoseleafed faqmdﬁ:@ou;i mistimgoﬁghuamynhmxmﬂmnnmﬁsalts ofedipbadicaccordi ng to
claim 12 wherein the al kali . 02 ydroxi de . i s sodi um hydroxi de. 14. A
met hod ac8BHRFSYPHBXY amef“{mé @u aé‘ﬁ’i‘ad‘ccaﬂ‘a?%ngatF’?a‘éY FR}I"QW‘ am ne. 15.
A met hod aQ&0hdisiGordi@mGhRd M 14 wherein said tertiary amne is selected
fromthe group con3| sting of triethylamne, diispropyl ethyl amne,

tributyl amne, 4-N, N-dinethyl am nop?/ di ne and 1, 4-di azabi cycl ooct ane.
7. A method according to claim 6 wherein said catalyst comprises a

quaternary ammonium compound having structure III

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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16. A method according to claim 15 wherein said tertiary amne is
triethylamne 17. A nethod according to claim1l wherein the catalyst is
present iwoas/oi@Ergyge between about 0.1 and about 2 nol e percentsoba®ed upon

t he nunber of noles of ester-substituted phenol. 18. A nethod of preparing
ester-substituted diary] carbonates, said nethod having a contact tine,
sai d nethod conprising contacting an ester-substituted phenol with

phosgene, a phase trgngfer, catal yvst tertiary.amne,  in t-he presence
of an aqueous phasella'r1}§z§1n er%] &f%rcél)éﬂgetg%ggm?ollvfgﬁh% S\)‘/{\Hgglg:élory Stpﬁgseégueous phase
i's maint alditainadd ata Pk rafge bemsken abaui118. Bandl dbouolbwihe atifligiosofit act ti ne,
sai d phosgene being used in an anount correspondi ng to between about 0.10
and about 2quepys a¥sphmetd dydipxident s based on sai d ester-substituted phenol .
19. A method according to claim 18 wherein said phase transfer catalyst

conpri ses a quat er ngnya Ry é&%ﬁﬁ%‘éﬁ‘ﬂmﬁ@%ﬁ&eiﬁ%é’ﬁkm etal hydrogilie VO
03/ 010123 PCT/ US02/ 20941 R4 X~ to -NR5 16 R IIl wherein" R3 -R6 are
i ndependemt $odiuan &ydro2@eal kyl radi cal, C4-C20 cycl oal kyl radical or a
C4-C20 aryl radical and X- is at |east one organic or inorganic anion.

Sui tabl e anions X- ,i,ngl [ OX] ,hald r.b I . | fonat e,
sul fate, carbonate éﬁd‘& nﬁ%@%({r%:o%rafnegﬂgf .H%A} %?rﬁgﬁsagfg&%ar]gsﬁ ?Sga %g“a aim 19
wherein thmidertiary amne is selected fromthe group consisting of

triethylamne, diispropyl ethyl amne, tributyl
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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am ne, 4-N, N-di net hyl am nopyri di ne and 1, 4-di azabi cycl ooctane. 21. A nethod
according to claim20 wherein the amne is triethylamne. 22. A nethod of
pr epari ngwis/omathyl salicyl carbonate, said nmethod havi mgTauSogmdsact tine
and contact tenperature, said nethod conprising contacting a m xture of
met hyl salicylate and an aqueous phase, with from about 0.10 to about 1.20
nol ar equi val ents of phosgene and fromabout 0.1 to about 2 nole percent of
at | east one quaternary amoni um conpound in a mxture free of solvent,
said nolar equival ents of phosgerﬁa and id nole percent of quaternary
anmoni um conpound bei ng based onfthe n er of noles of nethyl salicylate
enpl oyed, said aqueous phase bei g@ral gt ai ned at a pH of between about 8.3
and about 12 by the additi on sodi um hydroxi de solution. 23. A
met hod according to claim22 wherein said quaternary ammoni um conpound has
structure 111 -22 WD 03/010123 PCHAJS02/ 20941 R4 X~ OR3 NR5 16 R III
wherein R3 -R6 are independently a Cl _C20 al kyl radical, C4-C20 cycl oal kyl
radical or a C4-C20 aryl radical Snd X— is at | east one organic or

i norganic n| on.,3Sykt abl -~ 1N ali de
car boxyl at% Ry R & m‘g ’f’%etng r%ﬁ ra }?Sy%%é&?yﬁb%ﬁiyira%ffl %2 met hod
aﬁftor dh ng (14@2913@1 AdR3l Mdexeis At khitWwak Bf@nic dr ihdrgaé Byibn. Bhitdbld Miommoni um
chl ori de.

X" include hydroxide, halide, carboxylate, sulfonate, sulfate, carbonate and

bicarbonate.

20. A method according to claim 19 wherein 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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25. A nethod according to claim22 wherein the contact tenperature is in
range between about 5 and about 15C. 26. A nethod according to claim22
wherein twe coniiagt time is in a range between about 5 ardTalsoeoswsD

m nutes. 27. A nmethod according to claim 22 wherein the product bis-nethyl

salicyl carbonate is isolated by filtration fromthe reaction m xture. 28.

A nethod according to claim22 wherein the product bis-nethyl salicyl
carbonate is isolated by a process step conprising dissolution of the
product bis-methyl salicyl car borﬁu e i r}(@et hyl ene chl oride. -23

| ®

R6

111
wherein R? —R® are independently a C;.Cy alkyl radical, C4.Cyo 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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