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SUBSTI TUTED DI ARYL CARBONATES BACKGROUND OF THE | NVENTI ON Thi s invention
rel ates twoasmeitbpd of making ester-substituted diaryl cadrosates7and in
particular to a nethod of making bis nmethyl salicyl carbonate.
Ester-substituted diaryl carbonates such as bis-nmethyl salicyl carbonate
have proven to be useful starting materials in the preparation of

pol ycarbonates via the nelt reaction of a diaryl carbonate with aromatic

di hydr oxy conpounds.DéﬁﬁiééﬁgégﬁggﬁﬁgﬁD(§§?§E%$§EN3$ESTER§23,668 in which

rates of pol ynerization o i Cyl Carbonate w th bisphenol A
were shown to be hi gher SUBBTITOFECODIARYDITARBONATES of pol ynmeri zati on of
bi sphenol A with an unsubstituted diaryl carbonate, diphenyl carbonate.
Notwi t hstanding the sinplicity of its structure there are few reported

preparati - i iary] carbonates. A classical
preparati %@?‘Elaﬁmom{é@%%@ ves the reaction of a hydroxy
aromati ¢ conmpound such as phenol w th phosgene gas in a two phase reaction

system conpri si ng Wah@hinveafloR el fle20GORAEMAOA BEmAkIAE eSedbubitifiyslrdixiyde and a
sol vent such as nethyl ene chloride or chloroform TyPi cal interfacial
condi t i onsarhersdes ang ippapawler @iaynethod ot making dissmethdcplicylicpibogatgat er and
nmet hyl ene chl ori de phases, sodi um hydroxide as a pH control neasure and

triethylam ne as a gatalushuddUgs) AHEHGINH] My LRiPaRbdHaR 1O

convert phenol to I n essentl y quantitative i wever,.
appl i cat i baveqfrotdnete de sisgfel sanidg iatermlsio theprepiratsed ofpolwadbonatsubiaghé n - onl y

nodest conversian of this ester-supstitute enol to the gorrespondi ng
di aryl cH‘reﬁdﬂaé‘Pgr.‘ Oéeéms‘ﬁéﬁ)ﬁ%ea\f@ﬁomﬁt&%%agé}%y ﬁ@%%wps'eg%eeég phosgene
does not Eesiiie, U PateRNE 43 3663 in WHiéh &&@@f?@lyhﬁrizgt%ﬁfbﬁ@h% 1salicylate
to the bis nethyl salicyl carbonate. It would be desirable, therefore, to

di scover pBigrkcatmatenwitiobisplagnehA were shown to be higher than the corresponding

rates of 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. However, application of these same conditions to methyl salicylate results in
only modest conversion of this ester-substituted phenol to the corresponding diaryl
carbonate. Even the use of as much as 20 percent excess phosgene does not result in
conversion of more than 70 to 75% of methyl salicylate to the bis methyl salicyl

carbonate.

It would be desirable, therefore, to discover means for the efficient

preparation of ester-substituted diaryl carbonates generally, and in particular it would



preparation of ester-substituted diaryl carbonates generally, and in
particular it would WD 03/010122 PCT/ US02/ 20678 be desirable to discover a
hi ghl y efWwoeBenti2zzreans of preparing bis-nethyl salicyl ca&charsat/z6fs om

met hyl salicylate and phosgene. BRI EF SUMVARY COF THE | NVENTI ON The present
invention relates to a nethod of preparing ester-substituted diary]
carbonates, said nethod having a contact time, said nmethod conprising
contacting an ester-substituted phenol w th phosgene and a phase transfer

catal yst b gedii61d3h %?%8\9& a3 gty efilc Hn%gﬁ (%fvp%l}aﬂ% ﬂls‘?\? 9L SRE phase

wher ei n t he "agueous al ne about 9.3
throughoutmbhﬁneﬁﬂhaﬁahyiﬂmcwsmmddphﬁg@&ne belng used in an anount
correspondi ng to between about 0.95 and about 1.20 nolar equival ents based

on said e e enbodi nent of the present
|nvent|oniﬁﬁﬁﬁggﬂﬁgbﬂyigﬁ:ﬁ@ggﬁhggkgcﬁﬁereby at | east 90% of the
ester-substituted phenol is converted into product ester-substituted

diaryl carbonate. Tieprea&f HivenyeRllatedtolaunttRed of Slepdrfiy ds@rautittigeyi el d
met hod of preparlng bi s-net hyl salicyl carbonate, a valuable starting

mat eri al flgrylwgdongtes, yaidmpgtho W%@eqnzw tigng, sid mewﬁéﬁmmsms afford

polycarbo T, i nvention
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descripti dre p)ésepéeacf)f@rnrc&garﬁﬂhﬂvhmm Sn @njuebhnapha@we/mbﬂebﬂhaaqludohEph&x&'aenrpl es
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to have h,Bg,{,0dd ﬁ%%ﬁﬁ%ﬁwﬁonﬂmo%ﬁ%}%oﬁtqrwandaabout 280 nidfg "t he”
i ncl ude plurg referents unless the context clearly dictates otherw se.

" Opti onal %qualémpbmda)hlsyfd eveanusbstihved phresok Ubosg aerhodh}nede@ahe beederdvent  or
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phenol is converted into product ester-substituted diaryl carbonate.

The present invention further relates to a high yield method of
preparing bis-methyl salicyl carbonate, a valuable starting material for use in the melt

polymerization of bisphenols to afford polycarbonates.
DETAILED DESCRIPTION OF THE INVENTION

The present invention may be understood more readily by reference to
the following detailed description of preferred embodiments of the invention and the
examples included therein. In the following specification and the claims which
follow, reference will be made to a number of terms which shall be defined to have

the following meanings:

“ b2 1Y

The singular forms an” and “the” include plural referents unless

the context clearly dictates otherwise.

“Optional” or “optionally” means that the subsequently described event
or circumstance may or may not occur, and that the description includes instances

where the event occurs and instances where it does not.
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20678 As used herein the term"pol ycarbonate"” refers to
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s cyclic but which is not aromatic.

may include heteroatoms such as nitrogen, sulfur and oxygen or
may be conposed excldsikaheteifitheciaih Ofondatd tifted iP@Ra intbehipeasly @fithcycl oal kyl

reaction time.

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.

As used herein the term “aromatic radical” refers to a radical having a
valence of at least one comprising at least one aromatic group. Examples of aromatic
radicals include phenyl, pyridyl, furanyl, thienyl, naphthyl, phenylene, and biphenyl.
The term includes groups containing both aromatic and aliphatic components, for

example a benzyl group.

As used herein the term “cycloalkyl radical” refers to a radical having a
valance of at least one comprising an array of atoms which is cyclic but which is not
aromatic. The array may include heteroatoms such as nitrogen, sulfur and oxygen or
may be composed exclusively of carbon and hydrogen. Examples of cycloalkyl

radicals include cyclcopropyl, cyclopentyl cyclohexyl, tetrahydrofuranyl and the like.

In the present invention it has been discovered that ester-substituted
phenols such as methyl salicylate are efficiently converted to ester-substituted diaryl
-3-



radi cal s include cycl copropyl, cyclopentyl cyclohexyl, tetrahydrofuranyl
and the like. In the present invention it has been di scovered that

est er - subwoioBtEe2 phenols such as nmethyl salicylate are etCiusormers
converted to ester-substituted diaryl -3 WD 03/010122 PCT/ US02/ 20678
carbonates such as bis-nethyl salicyl carbonate under mld reaction
conditions while mnimzing the use of excess phosgene. In one aspect the
present invention provides a nethod for the efficient preparation of an
ester- sub | O YO O
R2) b )s'%b Fée%gﬁ”g}l‘ %rl%l & n‘g g%n??{ﬁa?%‘ﬂécie@eggﬁltdgc%%cﬁ‘é’?gﬁ@%ﬁ ‘-éﬁ%zo al kyl
radical ﬁﬁmﬁﬁﬂngﬂxnbeafwwmmpMMQak or C4-C20 aromatic radical, R2 is
independently at each occurrence a hydrogen aton1 hal ogen atom cyano
group, nitro group, radi cal C20 cycl.oal k radi cal ,

C4- C20 aromatic r adirb%ﬂe as?f“t thecpé%seﬁ‘ ‘I?B?('i}lolnapd?‘@g‘fs a @ﬁ&‘ééor%hﬁlgt}ﬁ(ﬁﬁf’ oxy

radi cal, F;‘la Q%Qo@BVéxPé‘sYerfsﬁgétffﬁEd eryl cafbéRatehkyihg bireeri@di cal , C4- C20

cycl oal kyl' t RIO radical, C4-C20 arylthio radical, C - C20 alkylsulflnyl
radi cal , C4-C20 cycloalkylsulflnyl radi cal, C4-C20 arylsulfinyl radical

C, - C20 al kyl sul fonyl radical C4- C20 cycloalkylsulfonyl radi cal, C4-C20
arylsul fonyl radical, C - C20 al koxycarbonyl radical, C4-C20

cycl oal koxycar bonyl radl g) {A- C20 aryl oxycar bonyl radical C2 - C60

al kyl am no radi cal, cloalkylanlno radi cal {BO arylanlno
radical, C, - C40 aIkyIa nocar bonyl radical, C4- O-R
cycl oal kyl am nocar bonyl rylanl o arbonyl radical, and C, -

cye a{:al &4 C40C9 \
p o

(R)p |

(R2>b

wherein R is independently at each occurrence C; — Cyg alkyl radical, C4-Cyq
cycloalkyl radical or C4-Cy aromatic radical, R?is independently at each occurrence a
hydrogen atom, halogen atom, cyano group, nitro group, Cy — Cyg alkyl radical, Cs-Czo
cycloalkyl radical, C4-Cyo aromatic radical, C; — Cyp alkoxy radical, C4-Cyo
cycloalkoxy radical, C4-Cy aryloxy radical, C, — Cy alkylthio radical, C4-Cyo
cycloalkylthio radical, C4-Cyg arylthio radical, C; — Cyp alkylsulfinyl radical, C4-Cyq
cycloalkylsulfinyl radical, C4-Cyo arylsulfinyl radical, C; — Cy alkylsulfonyl radical,
C4-Cy cycloalkylsulfonyl radical, C4-Cyg arylsulfonyl radical, C; — Cyo
alkoxycarbonyl radical, C4-Cy cycloalkoxycarbonyl radical, C4-Cyg aryloxycarbonyl
radical, C, — Ceg alkylamino radical, Cs-Cgp cycloalkylamino radical, Cs-Ceg
arylamino radical, C; — Cy alkylaminocarbonyl radical, C4-Cao
cycloalkylaminocarbonyl radical, C4-Cyo arylaminocarbonyl radical, and C, — Cy

acylamino radical; and b is independently at each occurrence an integer 0-4.

Examples of ester-substituted diaryl carbonates which may be prepared
using the method of the present invention include bis-methyl salicyl carbonate (CAS
-4-



acylamno radical; and b is independently at each occurrence an integer
0-4. Exanples of ester-substituted diary] carbonates which nmay be prepared
usi ng t hewoathod2nf the present invention include bis-netrgir/isatiewys
carbonate (CAS -4 WD 03/010122 PCT/ US02/ 20678 Registry No. 82091-12-1),

bi s-ethyl salicyl carbonate, bis-propyl salicyl carbonate, bis-butyl

sal i cyl carbonate, bis-benzyl salicyl carbonate, bis-nethyl 4-chlorosalicyl
carbonat e and the like. Typically bis-nethyl salicyl carbonate is preferred
for use i p r\bon i | ar wei ght
and hi ghe\Re@ NO gdeéggluzt)@ B }?}Xé‘%ﬁg’? a% Lé?e% tl?trgéyl Sglv\&hcgglrngag%nt

i nventi Onbﬁfbuﬁﬁtsﬂl’cytsU&iB@ﬁa&éJbﬁdbenEﬁe;ﬁbd:yl IcSrbOﬂzﬂE: asas-adthwi mkthpiﬂmgeyle in an
anount equi valent to from about 95 t about_ 1. 20, referfgbl y about 1.0

to about %arhongigansibe liker Eym?aébét%tmeg}ﬁ g%’&t’] carlppnategs pEaferiRd 19T BSF ifp| es of
phosgene &%&gﬂgcﬁb%at% es?s'"tﬁr%ttb hk‘icﬁ@erm%llar bl G @RIgREL v atspgl" ng place

inainat hase system conpri sing water water-|m11 I bl e sol vent,
an acid pesept.or, a phase transfer catal yst, and optionally a tertiary
am ne catal yst, the ester-substituted phenol being contacted with said

0 at Teast 90% of Areorbeed Mm@l bE R smeRaN PubBof ulbafufa™ e "

est er - subghdnbolisedn@t@d Withgobgmaiead amdhrg egoivalenSieldidn 'Eabthﬁ@ gshenol is at
| east one conpound sel ected from am)ng phenol s havi ng structure 1 CO2R1
OH ( R2) babqut 1\iReprefaratiy abayg 1 Ao abeutde Mﬂie%/eaénqrﬁpgetfwa@tf@b‘éutl U@ b is an

I nteger Oggyy %rﬁ%lgssot%hoggén@ 'i)élsﬁ{g]%tdftek‘tteﬁgubgﬁm p%e\%'l', ¢fd WBtact §hkifrg S

starting
place in a in a two phase system comprising water and a water-immiscible solvent, an

acid acceptor, a phase transfer catalyst, and optionally a tertiary amine catalyst, the
ester-substituted phenol being contacted with said phosgene for a contact time of
sufficient length to allow the conversion of at least 90% of the ester-substituted

phenol into the product ester-substituted diaryl carbonate 1.

The ester-substituted phenol is at least one compound selected from

among phenols having structure II

CO,R’
‘ O
2N
(R%)p

II.

wherein R' and R? are defined as in structure I and b is an integer 0-4.

Examples of ester-substituted phenols which may serve as starting

materials for the method of the present invention include methyl salicylate, ethyl



materials for the nethod of the present invention include nethyl

salicylate, ethyl -5 WD 03/010122 PCT/ US02/ 20678 salicyl ate, propyl

sal i cyl atwp obtogb2 sal i cyl ate, benzyl salicylate, nethyl 4pcahisozewasicyl ate
and the like. Typically, nethyl salicylate is preferred. The two phase
systemis conprised of an aqueous phase and an organic phase. The pH of

t he aqueous phase is controlled throughout the reaction by the addition of
aqueous base. Suitabl e bases include al kali netal hydr oxi des such as

sodi um hy e i t nmet al hydr oxi des
such as 931 fa% %@g]r%;l(]fgga%%g%dsraﬂégm um %{,‘ ﬁghéc}gemﬁ aJc;ueous sol ution of
sodi um hy}dbmxalde/lmmmmmg Tymoalgbowthybsdleyhbauprdérqer cent by wei ght

NaOH is preferred. Care nust be taken in order to maintain a pH of the

aqueous phase of at,|east about 3 during,the contact tine because rates
of ester-substitut eal“él ‘%QW%E%Sma@m%?%ﬁwua? Llﬁ?ea?fﬁiﬂ DAY at | ower

pH. I n onghREDPHE EﬁfHﬂﬁ@@%ﬁﬂﬁ%@%hM%&h@ﬂ hdlhqld%b&ﬁ‘ontﬁyeh@queous phase
is mai ntal ned at t ween about 9.3 and about 15 gre erab bet ween about

10. 3 and adsbien abaquivns besgabiiteblstheses inglude alkalametad Edrgmdeemchgau d sol vent
being | mmj dme'h drode i8] ?hﬁgox?&q%es O a%EQ??rtM%afgy 1%& gL ogenat ed

%O
or a non- ogenate sol'ven ogena ven S 'Suitabl e

for use i ealtinm WEikdxde £id ﬁlﬁ@lGSlDﬁﬂS}&lﬂXmdd]thiquOuaﬁcﬂuﬂimi(ﬂydoﬁimﬁl chl oride and
chl or of orm Exanpl es. of non-_hal ogenat ed solvents Sh“ table for use in the

met hod of hydiexige equainngfvemebIn Sdp aboutalpsirentingweighlNa@dds aicémethe amount
of solveng, &%ﬁ&tgéé@%nt&r&%@;to&%pﬁyﬂ égﬁlbffft}{ecdq%%us Pt/ 1da Mogsol ve the

ester-substitute Typi ca sol ution of e ester- substituted
phenol |n9t3hblr1wgtﬂmccinm¢t sk bkeusotaresntt es;tons@snsltddshmbwrb&bmﬁt 5 and about

50 i ght stit nt
oD coen ™ FRGERST P kanaSrlival ey P B crud diBed FEOFR A o 1 he
vol ume of tHeh#l othe aguidoud PREE irhaintkenddli efweeh abdift oredetdbont 12,

preferably between about 10.3 and about 12.

The organic phase is at least one solvent said solvent being immiscible
with water. The organic phase may comprise a halogenated or a non-halogenated
solvent. Examples of halogenated solvents suitable for use in the method of the
present invention are methylene chloride and chloroform. Examples of non-
halogenated solvents suitable for use in the method of the present invention are
toluene and ethyl acetate. The amount of solvent used is such that there is sufficient
solvent to dissolve the ester-substituted phenol. Typically, a solution of the ester-
substituted phenol in the water immiscible solvent contains between about 5 and
about 50 weight percent ester-substituted phenol. In one embodiment of the present
invention the volume of the aqueous phase is roughly equal to the volume of the

organic phase at the outset of the reaction.

The contact between the ester-substituted phenol and phosgene may
take place at below ambient temperature, ambient temperature or above ambient
temperature. In one embodiment of the present invention ester-substituted phenol is
contacted with phosgene at a temperature of between about 0°C and about 50°C,

preferably between about 10°C and about 40°C.

-6-



The contact between the ester-substituted phenol and phosgene may take

pl ace at bel ow anbi ent tenperature, anbient tenperature or above anbi ent

t enper at uwe.o3lbmione enbodi nent of the present invention e®carsssubsyrst ut ed
phenol is contacted with phosgene at a tenperature of between about 0C and
about 50C, preferably between about 10C and about 40C. -6 WO 03/010122
PCT/ US02/ 20678 The contact between the ester-substituted phenol and
phosgene is of a sufficient length of tine such that greater than 90%

preferably greater H;an ﬁ?%g%gtg"%ﬁrhﬁ“tei I Jer—%s’?itxﬂéoe ee(rggp%rpg pglg)g%hgrs &haan 98% of

? C
the starting ester-su S(% enol 1s conver

est er - subgiffitighitdengdh af ¥hecacthhaegreatantian 80%grefkradl) dreatasthah@s%raedct i on
time. In one enbod|nent the present invention the reaction tine is in a

range bet SiebmomgaeierablggatsnBan 980 ofith stading esenbsUvRIMIendfis t he present
i nvention] ' NE B %%,t | Mg t

ester- Subcsc}[nslte rl.tlt egﬁgﬁ(&}gﬁg%ﬁlg’%@gﬁqti 1s&ﬂg)rn gglai %’f’[eégé?{?f t?ﬁ%thre ate of
phosgene mdcidnitone. Tiheerspttodimot thehwepnemeentiontherdactoon tinet isss aupege t he

unexpected findin t hat ,a phase transfe ataly dramat.i cally .i nproves
t he conye'i"g?’VS?P %h"%égtaé'g-agﬁ’ﬂ)ts Rgvig:i) IbﬁB{’l%cﬁ?ePtS_ogb’c?cﬂfeés[enﬁ’inﬁ?%%éﬁr bonat es
when sai dywRREMbSeAE & #&dBd &Cd &futint T t(ROESGNBSstithidd Phénid rqAbasEtimeact i on
system conpri Si ng)lyaqueous and organi c phases in which the pH of the

aqueous i gredioriteddly|therag ot phesgagiaddiganof an aqueous base such as aqueous
sodi um hydroxi de. Suitable phase transfer catalysts are wi dely avail able

and include quaterpplye %H%'Pitﬁé:[prs Hi%vg‘ftioﬂlrglﬁ)&qwoﬁﬂ%ﬂid@gégct dihgrary

anmoni um salts of aromatic am nes, quaternary phosphonium salts, Sul fonium
sal ts, pothged plerss transdert daealyst dkamatiQuilt irpraves thewmmvensionsdlestsr-afbsatutquhat i ¢

UL AN N TN T T R R

ST\ P LBtk Ao A s RO
pH of the aqueous is controlled by the addition of an aqueous base such as aqueous
sodium hydroxide. 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 the like. Sulfonium salts are illustrated by trimethyl

sulfonium chloride and the like. Polyethers are illustrated by polyethylene glycol and

crown ethers such as 18-crown 6 and the like.

In one embodiment of the present invention the phase transfer catalyst

is a quaternary ammonium compound having structure I

wherein R® —R® are independently a C|.Cyg alkyl radical, C4.Cy cycloalkyl radical or a

C4.Cyp aryl radical and X is at least one organic or inorganic anion. Suitable anions
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amoni um sal ts i ncl ude hexaal kyl guani di ni um conmpounds such as hexaet hyl
guani di ni um chl ori de. Quaternary phosphoniumsalts are illustrated by

t et r abut yWO ophosaphoni um acetate and the |ike. Sul foni um sa&Crasar/z0678
illustrated by trinethyl sulfoniumchloride and the |ike. Polyethers are
illustrated by polyethylene glycol and crown ethers such as 18-crown 6 and
the like. In one enbodi nent of the present invention the phase transfer
catalyst is a quaternary anmoni um conpound having structure |1l wherein R3

-R6 are ipd . g s I ' < L.oal kyl radical or
a G- C20§a a]r%gﬁ’rargz’g(?ljgéd%al%}d% %{lgoxgtéltﬁ’ é‘gg(}n%gelhgmc%? %%&’88%{}? a?%or gani ¢ ani on.

Sui t abl e wedrbosate.- 7 WO 03/ 010122 PCT/ US02/ 20678 X- i ncl ude hydroxi de,

hal i de, carboxylate, sulfonate, sulfate, carbonate and bi carbonate. \Were

X- is a polyval ent i on,such as carbonate or sylfate it .is. .understood
that the positive aﬁ’g‘e aisiwqﬁ‘ﬁgler”é@%“’?ﬁu@tarslféf pate of pulfteit iy oper | y

bal anced. yfaefstsodaiR! tRe pdBFetinBRcpdtirel Rargbs MCkuERird 1l ar@'b?b;iéﬂ?h met hyl groups
and X- is carbonate, 1t is understood that X- represents '/2 (Q03-2)

Quat er narljalanesdnFemexempirowhers iR rig seneturetilrage ¢ach matly]\wheuph and X isui t abl e
for use as _phase.transfer ys cording.to the nethod of the present
i nventi on™® EE)O aFeI’ ftdss%”?d}trsz(&oaﬁtggtrar}ketrﬁ 'Isés%ﬁ:s:gﬂ?ﬂ} ?immni um chl oride, tetrabutyl
anmoni um chl oride and decyl trinethyl amoni um chl ori de. The anount of
phase transfer cataQystmeannoyeduinscoitpoandsdingmgraemenl ]l afdoviichat and about

2, preferably between about 0.25 and abouf 1.0 nol ercent catal yst per
mol e of edttabledpmiseiop g @Gtrﬁﬂgﬁb?awz}ﬁ%q weﬁi}na%ﬁ@eﬁ}@@éﬁmﬁem the present

i nvent i on,dedtRintar@fIMs@ELNEy it Bbuty] AfintERth B108dE Qe Hu@) ¥ drdimt he
formati on of ester-substituted diaryl carbonates. The tertiary am ne has

been f ounchléradecandaleeyldtimethybarfimomaim dlomde. est er - substituted diary

The amount of phase transfer catalyst employed is in a range between
about 0.1 and about 2, 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 diary
carbonate product and to act to minimize the presence of the intermediate ester-
substituted phenyl chloroformate in the product. The optional use of a tertiary amine
added 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 a two phase reaction system comprising a water immiscible organic
solvent, water, an acid acceptor, an ester-substituted phenol and a phase transfer
catalyst under the conditions of the present invention may at times result in the a
product mixture comprising ester-substituted diaryl carbonate and the intermediate
ester-substituted phenyl chloroformate. Typically, the amount of ester-substituted
phenyl chloroformate is low, less than 1 mole percent based upon the total number of
moles of phenol employed but its presence in the product is undesirable. It has been

found that a small amount of a tertiary amine added following the phosgenation step

-8-



carbonate product and to act to mnimze the presence of the internediate
ester- substituted phenyl chloroformate in the product. The optional use of
a tertiarwOaniondg22 added after phosgene addition has been ecmpiSer/z@7has been
found useful in reaction systens in which the chloroformate internediates
tend to persist. Thus, phosgene addition to a two phase reaction system
conprising a water inmscible organic solvent, water, an acid acceptor, an
ester-substituted phenol and a phase transfer catalyst under the

conditio 1 i: | I 4.1 e a product
m xture c rr?g{dlegs?ﬁ]geg é%@i@ﬁnghﬂgng}%%%éq@%ﬁ%ﬁ%ﬁgﬁgf }élltger:\hﬁ)tdhgt i nternedi ate
est er - submbitutet @ypizhBnythe ahbwun of @rticay eminkyqo-cazdlysf usddie imapange  of

ester-substituted nyl. ch]oroformate is |ow,. |ess thap | | @ percent
based upofftYRE *ﬁ’(ﬁ‘f"b&giﬂﬁ%%?n oou mewcwéw “B%ﬁW@@PB‘B?g‘% presence
in the prodieihfbfeUddRSHi&PHIRNol dmfleyeddeen found that a small amount of a
tertiary am ne added follow ng the phosgenation step -8 WD 03/010122

PCT/ US02/ 20678 provides a neans of elimnating residual chloroformtes
present in the prodlietiariaminessvitafipiferaise ¢s co-hatalypts aerording taetheingthodani ne

co- cat al Vst yuSedel 3o ddlifhy LTS RANGARNARAMe, 8 ofklofy Pl about | ol e

percent based upon e stituted phenol

enpl oyed. tribatyl amine, amd neslisabicaddbectdmet use as co-catal ysts according to the
method of the present invention are illustrated by triethyl am ne,

di i spropyl et t]yl amne, tributyl am ne, and 1, 4-di azabicycl ooct ane.

Exanpl es THEM!BY | owi ng exanpl es are set forth to provide those of ordinary
skill in the art with a detailed description of how the nethods clai ned

herein are eval uat eglhe foo6im &anPlesiafd @PEREh toPrvidd thobd6f ERRL kil What t he
inventors regard as their invention. Unless indicated otherwi se, parts are

by wei ghtin thepgedtditagesailed deseription phhew ghemagtheds clgiiedherain prewveialidl es of
the pr eselly zjrg'Xgﬂkieggeﬂoqin%?ﬁje%@&;ee& \/Q%lt ﬁneq}i'%%rs rJg%{:d as their invention.

Unless indicated otherwise, parts are by weight, temperature is in ° C. In the Tables

which follow Examples of the present invention are designated by a number, for

example, 1, representing Example 1. Comparative Examples are designated by “CE-

number”, for example, CE-1 for Comparative Example 1.
Comparative Example 1

A 500 milliliter, 5 neck baffled round bottom flask equipped with a
mechanical stirrer, pH probe, sodium hydroxide inlet, condenser, phosgene inlet,
nitrogen inlet and gas outlet connected to an efficient phosgene scrubber, was charged
with phenol (40.00 g ,0.4255 moles) 112 ml of methylene chloride and 84.5 ml of
water. Triethylamine (0.0043 g, 0.0043 moles) was added to the reaction mixture.
Phosgene (25.27 g (0.2553 moles) was added at 0.5 grams per minute (g/min) while
maintaining a pH of 10.3 with the counter addition of 50% sodium hydroxide. Upon
completion of the addition of phosgene, nitrogen was allowed to purge the system for
5 minutes. A sample was taken, quenched with acid and analyzed by liquid
chromatography. Phenol was converted in essentially quantitative yield to diphenyl

carbonate as determined by HPLC.



exanple, 1, representing Exanple 1. Conparative Exanpl es are designated by
"CE- nunber", for exanple, CE-1 for Conparative Exanple 1. Conparative
Exanpl e IwaB@diezlliliter, 5 neck baffled round bottom f lPaskusezieiepped with
a nechanical stirrer, pH probe, sodi um hydroxide inlet, condenser,
phosgene inlet, nitrogen inlet and gas outlet connected to an efficient
phosgene scrubber, was charged wth phenol (40.00 g,0.4255 noles) 112 mi
of nethylene chloride and 84.5 m of water. Triethylam ne (0.0043 g,
0.0043 nol es) was a i g (0.2553
nol es) was added at %gﬁga%géérrgg%é@@% 53‘?%@1{ é‘ﬁ{éﬁ%m ﬁﬁfé&@&%}]% (g?nﬁlz?ll a pH of
10.3 wit hcdsmﬁtimumhmgmaﬁldepb:@mt(ﬁ(cé's@%]ssgdnumdwdhmhdw dﬂplmarnquemmpl etion of
t he additlon of phosgene, trglgcﬁ \/\1315 e\IIovvedto urﬁ)e he systemfor 5
m nutes. RNaEHHSY2 Tk 0.3 8a¢h ERe iRk SHTHRS €Ong aﬂt}]{ed by I'iquid

chr omat ogbggmgranepgg% Nnas. 50\955@10‘5&&:“& gblﬁgsentl ally quantitative yield to
di phenyl carbonate as determned by HPLC. -9 WD 03/010122 PCT/ US02/ 20678
Conpar ative Exanples 2-5 were carried out under essentially identical

condi ti onsTaBiLtEgl BBFRGT © e 6BhESERBeSIBHRId G PENENDE YERBONH of the
aqueous phase was varied bELFWﬁ%XIQQL?Cﬁ@%O@A%E Initial starting

concentrations for Conparative was 31 percent solids. TABLE |
EFFECT OF pH ON ESTER- SUBSTI TUTED PHENC]_ CONVERSI ON TO DAl RYL CARBONATE

Exanpl e OH nol [e% Et 3N pH % Cpnver,si -1 ph | 1 .10.3 100 CE-2
net hyl s?‘F?‘%‘?F@te‘( 0.3 73.4 ﬁ"g""/sﬁggﬁﬂl %al i cyﬁ’g‘?‘é’vfrs&% 68.9 CE-4
nmet hyl salclE(_:}/Tate 1 83614

phenol 1 10.3 100
CE-2 methyl salicylate 1 10.3 73.4
CE-3 methyl salicylate 1 9.3 68.9
CE+4 methyl salicylate 1 8.3 61.4
CE-5 methyl salicylate 1 7.3 44.6

The data in Table 1 illustrate that although diphenyl carbonate
(Comparative Example 1) may be prepared efficiently using a 20 percent molar excess
of phosgene and triethylamine as a catalyst, application of these conditions to methyl
salicylate results in incomplete conversion to product bis-methyl salicyl carbonate
(BMSC). Conversion of methyl salicylate was incomplete even with the use of 20
percent excess phosgene and showed a strong dependence upon the pH of the aqueous

phase.
Example 1

A 500 milliliter, 5-neck baffled round bottom flask equipped with a
mechanical stirrer, pH probe, sodium hydroxide inlet, condenser, phosgene inlet,
nitrogen inlet and gas outlet connected to an efficient phosgene scrubber, was charged

with methyl salicylate (42.92 g ,0.2821 moles) ,112 ml of methylene chloride and 84.5

-10-



CE-5 nethyl salicylate 1 7.3 44.6 The data in Table 1 illustrate that

al t hough di phenyl carbonate (Conparative Exanple |) nmay be prepared

ef ficientwgoawiog2a 20 percent nol ar excess of phosgene aad/uSoz/edehy| am ne
as a catalyst, application of these conditions to nethyl salicylate
results in inconplete conversion to product bis-nmethyl salicyl carbonate
(BMSC). Conversion of nethyl salicylate was inconplete even wth the use of
20 percent excess phosgene and showed a strong dependence upon the pH of

the_aqueots or RS Gnd BRIl AeAfG bl kst oo3s EkRRA ed round bot tom

fl ask equippe chani c rrrer hydr oxi de
i nl et, coPRBegs&r(]16060s,041683 mmllce) was added@agerns grmhepelaﬁﬁhug:ashlwt I et connect ed

222""8263 ST SR «fo%esﬂgq?gﬁé%?ﬁ%@pé@nﬁ%% he o ©
03/ 01012235’&% let530ef t%%ﬁ@séem aoqinaemh%rreacaeq nmeﬁlw{va; %argw Whth %mayah um

chl ori de 028 nol e Phosgene (16. nol es) was added at
0.5 gransfqgérmimufest & mw@wamkm qieriched wtptacmh: amcbar@lymd hyiiheidcount er

addi 1 on, rREeigaeryoN e N TPy s Wt e Rt e

sanpl e wagam@m grbten&ae dovd yidld ag eternsineld By EIPYZRd by i qui d
chromat ography. Methyl salicylate was converted to bis-nmethyl salicyl

carbonate (BMSC) in %reater than 9 %%\%(I?Hd as determ nﬁd by HPLC. Data are
gat hered in Tabl e 2Dp@raregahsedy Fa rdixamplessh ¥ thachi BStrar‘ﬁsEhﬁod of the

present i i 7 r Yidd |caIIy
to Exanpl &° ‘*O?ﬂ*etﬁﬁé?eﬁpin@%“va%ﬁg L P e e e e PR e

smal | anwulitangfle 1 mith thy felliwieg esceptian- éammple)$§t-7 edah eﬁ)pémmklea,%nalland 4 t he
;Lhe;h%llhggnmgwg\gﬁﬂeéﬁ;ﬁﬂﬁ%g% Iacc):g c%t%tlgl)sqoiggxamples 3 ang AT tneﬁlyFXmquP Was 2,5 6

added prior to phosgenation whereas in Examples 2, 5, 6 and 7 the triethylamine was

added after the completion of phosgenation. Examples 1-4 were run at a

concentration equivalent to that shown for Comparative Examples 2-5 of Table 1.

Starting concentrations for Examples 1-4 and Comparative Examples 1-5 were such

that, assuming 100% conversion of methyl salicylate or phenol to product BMSC or

DPC, the weight of the product diaryl carbonate would represent 31 percent by weight

of the methylene chloride employed at the outset of the reaction. This is designated

31 percent solids. Examples 5, 6 and 7 were run at slightly higher concentrations

37.3, 45.4 and 70 percent solids respectively. At concentrations of about 45 percent

solids and higher the product BMSC was observed to precipitate from the reaction

mixture and additional methylene chloride was added for work up and HPLC analysis.

Examples 1-6 were run at ambient temperature. In Example 7 the reaction mixture

was immersed in an ice bath during the reaction. Values for percent conversion of

methyl salicylate are provided as well as the selectivity for BMSC. The selectivity is

the HPLC peak area generated by the BMSC peak relative to the total peak area of all

product peaks present in the crude product sample. In Table 2 the symbol “*”

indicates post-phosgenation addition of triethylamine.

TABLE 2 PHASE TRANSFER CATALYSIS OF ESTER-SUBSTITUTED DIARYL

CARBONATE FORMATION
-11-
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The data in Table 2 illustrate the high conversions of ester-substituted

phenol to ester-substituted carbonate achieved using 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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7 0.5 0.5 10.3 99.8 97.6 The data in Table 2 illustrate the high
conversions of ester-substituted phenol to ester-substituted carbonate
achi eved weimagidike net hod of the present invention. The ipararso/ers7has been
described in detail with particular reference to preferred enbodi nents
thereof, but it will be understood by those skilled in the art that

vari ations and nodifications can be effected within the spirit and scope of
the invention. -12 WO 03/010122 PCT/ US02/ 20678 WHAT IS CLAIMED IS: 1. A
met hod of 55 substituted diaryl carbonates, said method
havi ng a gﬂﬁggqgcgg“ﬁ?ésald met hod conprising contacting an
ester-substituted phenol with phosgene and a phase transfer catalyst in
the presence of an organiAcmsthbd efipreparthgasteagulesiistepiiane cifbenaed) sdiie aqueous
phase is maintained at a H of east abqut 9.3 throughout the contact
time, sai BeHRdSPEng AFePRRg | U@%&agﬁmgh iﬁﬂﬂﬂ?““%ﬁWF@%ﬁgﬁaﬁgﬁrFH“B%?%ken about

0.95 and ghaid w@thiﬂof@éh@%@; pm@%ﬁﬁ@r ReAlyst BePresefiSidtanDrdpid tut ed

phenol . 2 A method according to claiml wherein said ester-substituted
di ary] casdjuerataad hrasqlsepuuplnaacwhlerem)@mqwszph@e\(or@n@mecbajar(PRQtjaj | wherein

RoTs i nd?e%set %g{l]ttd ¥ throug our| th@eSithlt %ee sz%ﬂ phosgene gemg use 191'a%%lﬂou1% - €20
corresponding to between about 0.95 and about 1.20 moles of phosgene per mole of

ester-substituted phenol.

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

diaryl carbonate has structure 1

CO,R' 1
CO,R
| F O I >Z_
(R%)p
(R?), |

wherein R! is independently at each occurrence C; — Cyg alkyl radical, C4-Cyo

cycloalkyl radical or C4-Cyg aromatic radical,

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

-13-



cycl oal kyl radical or C4-C20 aromatic radical, R2 is independently at each
occurrence a hydrogen atom hal ogen atom cyano group, nitro group, C -
C20 al kylwpadiocmkz C4- C20 cycl oal kyl radical, C4-C20 aronmCirawsozgiécal , Cl
- C20 al koxy radical, C4-C20 cycl oal koxy radical, C4-C20 aryl oxy radical,

C, - C20 alkylthio radical, C4-C20 cycloal kylthio radical, C4-C20 arylthio
radical, C - C20 alkylsulfinyl radical, C4-C20 cycl oal kyl sul fi nyl radical,
C4- C20 aryl suI finyl radi cal, C - C20 al kyI suI fonyl radical, C4-C20

2L RS ch s S S ol 0 2

cycl oal koxyraybabolyl faal(ihaq‘:éﬂz, @,‘b-aﬂ@ﬂhmlabyédiw,@d'@&Wbloél&giaﬁﬁﬂlo radal, C60

al kyl am ng radl cal, C6-0C60 cycl oal kyl am no ra i caI C5-060 aryl ami no

radi cal , €5Ceo axyminacarical, ﬁoca%éHvYamla%ﬁaéboﬂny §+-Cao

cycl oal ky , adihcal, and C, -
C20 acylémmﬁwaﬁgg%ﬂ)ory%dgéll sc 4|Cd;1r e%ﬁ@ﬁ%?gé t?agg%ﬁ%éggjr?%ﬁce an

i nt eger OacylanBno fadiwd;lhmd according to claim2 wherein the ester-substituted
di ary] carbonate is bis-nethyl salicyl carbonate. 4. A method according to
claiml V\Qereln 51 ‘{11 z en- substlctute eepge‘pol has structure Il CO2R1 OH
(R2)b fHafehepdeptlyjal cgeh occyuiggicg ap eEL ii% a1 | c4- 20 cycl oal kyl radi cal
or C4- CZO aromatic radi caI R2 is |ndependently at each occurrence a

hydr ogen at om hal ogen aAthh@d/mr@mg)mmlalmrﬂ wherefyr thel psterGubstitGd al kyl

radi cal , C4-C20_ cycl oal kyl ?dl cal], C4-C20 ar OITB.tI c radical,
diaryl carbonate is bis-methyl salicyl carbonate.

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

phenol has structure 11

CO,R’
[ ~-OH
2
(R*)

11

wherein R' is C; — Cyo alkyl radical, C4-Cy cycloalkyl radical or C4-Cyo aromatic

radical,

R? is independently at each occurrence a hydrogen atom, halogen atom, cyano group,
nitro group, C, — Cyp alkyl radical, C4-Cyg cycloalkyl radical, C4-Cyo aromatic radical,
C, — Cy alkoxy radical, C4-Cyg cycloalkoxy radical, C4-Cy aryloxy radical, C; — Cyy
alkylthio radical, C4-Cy cycloalkylthio radical, C4-Cy arylthio radical, C; — Cyo
alkylsulfinyl radical, C4-Cy cycloalkylsulfinyl radical, C4-Cyg arylsulfinyl radical, C,
— Cy alkylsulfonyl radical, C4-Cyg cycloalkylsulfonyl radical, Cs4-Cy arylsulfonyl
radical, C; — Cy alkoxycarbonyl radical, C4-Cyg cycloalkoxycarbonyl radical, C4-Cyp
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C, - C20 al koxy radical, C4-C20 cycl oal koxy radical, C4-C20 aryl oxy
radical, C, - C20 alkylthio radical, C4-C20 cycloal kylthio radical, C4-C20
aryl t hi o wadBoaiiz2 C, - C20 al kyl sul fonyl radical, C4-C20 eyelusatposisul finyl
radi cal, 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 koxycar bonyl radical, C4-C20 cycl oal koxycarbonyl radical, C4-C20 -14 WO
03/ 010122 PCT/ US02/ 20678 aryI oxycar bonyl radical, C2 - C60 alkyl am' no

radi cal ,
40 al kyl a Iogggaa{§%r§}] ?ﬂ%l a@@ﬁ%ﬁ%h ’rad"(%@oaﬁ %Oacr Xlogpk%ﬁ)ﬁ nyId r édl cal
CA- A0 ar ¢k-a mlaanhmm;dicar&‘dl—c@Jo,all@im}mﬁ,‘oca;bcﬁ&Dradmaylcammo radl cal; and b IS
an integer d accordin o clai wherein s
ester- sub%X‘i?‘iaﬁi mBF?é F@“?@I@&‘@%ﬁ?ﬂ%"?ﬂg onyl &%C@&@Q Cg G% of nethyl
sal [ cyI at goviRhilY kaci@lli syl ate, isopropyl salicylate and benzyl salicylate.

. A nethod according to claim| wherein said phase transfer catalyst
corrprl ses a quaternary anmoni um conpound having structure Il R4 ~ X to

R3 N-R5 1Bis 4R integer Glerein R3 -R6 are independently a Cl-C20 al kyl radical,
C4- C20 cycloal kyl radical or a C4-C20 aryl radical and X- is at |east one

organi ¢ or inorgani ¢ ani gijeciGi LARIENAR AR 4 el baide. hal i de.

car boxyl ate, sullfonate carbonat e
phenol is selected from the group consisting of methyl salicylate, ethyl salicylate,

isopropyl salicylate and benzyl salicylate.

6. A method according to claim 1 wherein said phase transfer

catalyst comprises a quaternary ammonium compound having structure 111

R4 3

| ®
R*—N—R®

Lo

II1

wherein R* —R® are independently a C;.Cy alkyl radical, C4.Ca 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, sullfonate, sulfate, carbonate and

bicarbonate.

7. A method according to claim 6 wherein said phase transfer
catalyst is selected from the group consisting of methyl tributyl ammonium chloride,

tetrabutyl ammonium chloride and decyl trimethyl ammonium chloride.

8. A method according to claim 1 wherein said aqueous phase is

maintained at a pH in a range between about 9.3 and about 12.

9. A method according to claim 8 wherein said aqueous phase is

maintained at a pH in a range between about 9.3 and about 12 by the addition of
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bi carbonate. 7. A nethod according to claim®6 wherein said phase transfer
catalyst is selected fromthe group consisting of nethyl tributyl ammonium
chl ori de,wotoston@but yl anmoni um chl ori de and decyl tri nmet hylcTarsozécasn
chloride. 8 A nethod according to claiml| wherein said agueous phase is
mai ntained at a pHin a range between about 9.3 and about 12. 9. A nethod
according to claim8 wherein said aqueous phase is naintained at a pHin a
range between about 9.3 and about 12 by the addition of -15 WD 03/010122

PCT/ US02/ 7 - i ' -l kal | arth

met al hydr%gl%oﬁse?ﬁg]?%%%?nh%'}é?ge’ %@leso@aqirfgéb&?%%ﬂgg&gglgg’r(ﬁ%n%&t?u c{gcl aim9
wherei n tkeradfkal i metal hydroxide is sodi um hydroxide. 11. A method
according to claim1 wherein said solvent is a halogenated solvent. 12. A

met hod according to ¢claim 1l wherein said hal ogenated _solvent is nethyl ene
chloride. 13. A net I]1§'d a&?ﬂ?@f’ﬁ@cc{o ‘E%ﬂﬂ‘?’fn F’é?"h&éilﬁﬁgﬁ?t ent is a non-

hal ogenat gg4:8Qld¥edodiukdt hydoRbhod according to claim 13 wherein said
solvent is” toluene. 15." A nethod according to claim| wherein the phase

transfer catalyst is present in a range between about 0.1 and about 2 nole
percent based upon lthe Aunpiled a¢cordingty Jeimekpderoingpid salvgndds phenol . 16. A
met hod of hﬁ)l%g%géd%glv%ﬁ{.erTSUbSti tuted diary] carbonates, said nmethod
having a contact ti1me, said nmethod conprising contacting an
ester-substituted

12. A method according to claim 11 wherein said halogenated

solvent is methylene chloride.

13. A method according to claim 1 wherein said solvent is a non-

halogenated solvent.

14. A method according to claim 13 wherein said solvent is

toluene.

15. A method according to claim 1 wherein the phase transfer
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.

16. 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 organic solvent and an aqueous phase wherein the aqueous phase is maintained
at a pH of at least about 9.3 throughout the contact time, said phosgene being used in
an amount corresponding to between about 0.95 and about 1.10 molar equivalents
based on said ester-substituted phenol, whereby at least 90% of the ester-substituted

phenol is converted into product ester-substituted diaryl carbonate.

17. A method according to claim 16 wherein said phase transfer

catalyst comprises a quaternary ammonium compound having structure 111
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phenol w th phosgene, a phase transfer catalyst, and a tertiary amne, in
the presence of an organic solvent and an aqueous phase wherein the
aqueous pwag/im2rai ntai ned at a pH of at | east about 9. ®drirsoergisesit t he
contact tine, said phosgene being used in an anount corresponding to

bet ween about 0.95 and about 1.10 nol ar equival ents based on said
ester-substituted phenol, whereby at | east 90% of the ester-substituted
phenol is converted into product ester-substituted diaryl carbonate. 17. A
met hod according to claim 16 wherein said phase transfer catalyst
conprises a quaternary anmmoni um c oun G%aving structure Il -16 WO
03/010122 PCT/ US02/ 20678 R4 X lo N- 16 RI1Il wherein R3 -R6 are

i ndependently a Cl _C20 al kyl 5adi4a€? Qﬁ-CQO cycl oal kyl radical or a
C4-C20 aryl radical and X- iR”at—NeasR"one organic or inorganic anion

Sui tabl e anions X- include hydroxi de, halide, carboxylate, sullfonate,
sul fate, carbonate and bicarbonaﬁé. 18. A nethod .according to claim 7
wherein the tertiary amne is selected fromthe group consisting of
triethylam ne, diispropyl ethyl aphne, tributyl amne, and

1, 4-di azabi cycl goctane. 19, a rdi.n o~cl aim.18 erein the
anmne is Wb?%&}gy%rﬁrﬁépd%ﬁﬁ?dg\%%t -glao %gﬁdﬁ“l‘e‘ﬁ%réﬁg%‘}‘/ %]-0 ﬁ%?’ h%’casla riacyl
car bonat eCg@ai,hryledibglding TP$ atde43g ovOpAGE bR hodganitaniiasKuitibktanfohsof a
sol ution of  nethyl salicxlate

X" include’hydroxide, halide, carboxylate, sullfonate, sulfate, carbonate and

bicarbonate.

18. A method according to claim17 wherein the tertiary amine is
selected from the group consisting of triethylamine, diispropyl ethyl amine, tributyl

amine, and 1,4-diazabicyclooctane.

19. A method according to claim 18 wherein the amine is

triethylamine.

20. A method of preparing bis-methyl salicyl carbonate said
method comprising contacting a two phase mixture of a solution of methyl salicylate -
in methylene chloride and an aqueous phase, with from about 0.95 to about 1.10 molar
equivalents of phosgene and from about 0.1 to about 2 molar equivalents of a
quaternary ammonium compound, said molar equivalents of phosgene and 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 9.3 and
about 12 by the addition of aqueous sodium hydroxide solution, whereby at least 90%

of the methyl salicylate is converted into product bis-methyl salicyl carbonate.

21. A method according to claim 20 wherein said quaternary

ammonium compound has structure 111
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in nethylene chloride and an aqueous phase, with from about 0.95 to about
1.10 nol ar equival ents of phosgene and fromabout 0.1 to about 2 nvol ar
equi val enwse fo1@22 quat er nary anmoni um conmpound, sai d nol arrcaqiioyadeesit s of
phosgene and quaternary anmmoni um conpound bei ng based on the nunber of
nol es of nethyl salicylate enployed, said aqueous phase bei ng nmai ntained
at a pH of between about 9.3 and about 12 by the addition of aqueous
sodi um hydr oxi de sol uti on, whereby at |east 90% of the nethyl salicylate
is converted into product bis-nethyl salicyl carbonate. 21. A nethod

according to claim20 wherein saidgquat ary amoni um conpound has
structure |11 -17 WD 03/010122 PCTY US02/20678 R4 X | OR3 NR5 16 R Il
wherein R3 -R6 are independently & @-C20 alkyl radical, C4 C20 cycl oal kyl

radical or a C4-C20 aryl rddrealrNandRX- is at | east one organic or

i norgani c anion. Suitable anions |X- include hydroxide, halide,

carboxyl ate, sullfonate, sulfate, pbarbonate and bicarbonate. 22. A nethod
according to claim?21 wherein structure Il is nethyl tributyl anmonium
chloride. -18 0

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

bicarbonate.

22. A method according to claim 21 wherein structure III is methyl

tributyl ammonium chloride.
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