2 3 MAR 2006 WD 03/010122 PCT[ US02/ 20678 | NTERFACI AL METHOD OF PREPARI NG
ESTER- SUBSTI TUTED DI ARYL CARBONATES BACKGROUND OF THE | NVENTI ON Thi s
invention relates to a nethod of making ester-substituted diaryl
carbonates and in particular to a nethod of making bis nethyl salicyl
carbonate. Ester-substituted diaryl carbonates such as bis-nethyl salicyl
car bonat e have proven to be useful starting materials & MARGI0Gr eparation of -
pol ycarbonates via the nelt reaction of a diary] carbonate with aromatic .
di hydroxyys@measnds. See for exanple, US Patent No. PATB2®2668 in which
rates of polynerization of bis-nmethyl salicyl carbonate with bisphenol A
were shown to be higher than the corresponding rates of polynerization of
bi sphenol A with an unsubstituted diary] carbonate, diphenyl carbonate.

- Notwi thstanding the sinplicity of its structure there are few reported

. preparations of esnerErRtEALMERIODIOCFPREPARMGESTER-. A cl assi cal
preparation of diary] carb __L action of a hydroxy
~aromatic compound. sucl ?ﬂ ﬁpi‘w\?ﬂﬁ&g‘ﬁo?@z\r}%@gas in a tw phase.

reaction systemconprising water, an acid acceptor such as sodi um hydroxi de
and a sol vent such as nethyl ene chloride or chloroform Typi cal interfacial
condi t i oNBACKEROUND @ EFEMEVENBKBhy| carbonate (DPC) utilize water and

‘nmet hyl ene chl ori de phases, sodium hydroxi de as a pH control neasure and
triethyl am ne as argahalnyist re]aH@@ﬁd’ metﬁ«btﬁ&’fnﬁa@iﬂgleiteresnbstltwedlc’a;arjdosS| ble to
convert phenol to DPC in essent |03 Iél gu alﬂé tll ve léér However , S
appl i cat | @rbongtesand gepagisniar to @method hLakipg R PRYY' S| cyq results in onty
nodest conversion of this ester-substituted phenol to the correspondlng
diary] carbonate. Edfeteﬁbshheedldmeﬂ@irbmtemh aglys-pEthesplieyheareoneless phosgene
does not result in er I | salicylate
to th e hi ]%avﬁﬁrf)m?l to B%Y%e%ftax‘i%rgaten lsmg t]% p%})%txgrpoftpglyZQ%ngﬂ(es W@Eﬂ%y y

melt reactlon of a diaryl carbonate with aromatlc dihydroxy compounds. ‘See for
“example, US Patent No. 4 ,323,668 in which rates of polymerization of bis-methyl

salicyl carbonate w1th bisphenol A were shown to be higher than the correspondmg

rates of polymerization of bisphenol A with an unsubstituted dlaryl carbonate,
diphienyl carbonate. Notwithstanding the simplicity of its structure there are few

iepoﬂed preparations of ester-substituted diary} carbonates.

A classical preparatioh of diaryl carbonates involves the reaction of a
hydroxy aromatic compound such as pheno! with phosgene gas in a two phase.
reaction system comprising water, an acid acceptor such as sodmm hydroxide and a
solvent such as methylene chloride or ch]orofo.ml., Typical interfacial conditions used
to prepare di'phenyl carbonate (DPC) u{ilize water and methylene chloride phases,
.sodium hydrox1de asa pH control measure and tnethy]amme as a catalyst. Under
such conditions it is possible to convert phenol to DPC in essentially quantitative
yield. However, apphcatxon of these same conditions to methyl salicylate results in -
only modest conversion of this ester-substltuted phenol to the corresponding dlaryl
carbonate Even the use of as much as 20 percent excess phosgene ‘does not result in

- ¢onversion of more than 70 to 75% of methyl salicylate to the bxs methyl salicyl

carbonate.

1t would -be desirable, therefore, to discover means for the efficient

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




It would be desirable, therefore, to discover neans for the efficient
preparation of ester-substituted diary] carbonates generally, and in
particular it would 23 March 2006 be desirable to discover aQN\’&H‘F}WO%
efficient neans of preparing bis-nmethyl salicyl carbonate from nethyl

sal i cyl at e .and. phosgene. BRI.EF SUMMARY OF THE | NVENTI ON The. pr esent

vent i o CETGPEUSEsA sra HY SHIGPE FirITY MR ERUBRETY FsY Lap e

car bonat gsm S SBichRe HAhbgeaecontact time, said method conprising
contacting an eSter-"substituted phenol wi th phosgene and a phase transfer

catalyst in the presence of an organic solvent and an aqueous phase

wher ei n i AL ned at a pH of at |east about 9.3
throughogﬁpﬁmﬁ%@%@@@qﬁkﬁgene bei ng used in an anount

cor r espondi ng Tht @rd3efitvieantion edliteDic%bmaidd a préparin2&terduBtitelgdidisaylent s based
on said product ester- substituted diaryl carbonate. In one enbodi nent of

t he presé&fPoRFee srif srethadfeaving ascqptasy fiaedsaid methgd SOMPEFaR goRAC AN eSBOY, of

S e S s e

met hod okolpestpadiang@qikots pRissWherda kieCiue @aIrphaseit enairdtaiviad bedypld of hieledst Ng
material for use in the nelt polynerization of bisphenols to afford

pol ycar babeitéds> thrsmghpytthe BRERIPT; Ed pproseeps bWRFFﬁé}NaWHEOB?Té@éﬁ?ﬁpqnﬁ%nt i on
may be UE@G({’[%QPQ)M()@S&%@%%%\&I% rﬁglfa?é(ﬁ?ﬁﬁeﬁtgbésgg o Qélh%\é\ﬂ)c{iﬂg et ai I ed

description of preferre ments o e 1nvention a exanpl es

i ncl udedsubishiarted diaryll narbheaté.dh loowembodipeat 6f thapresent dmantitug, théraismrowided b
follow, reference will b e to a pumber of ternms which shall be defined
to have Fent BRFEH AgeRbaniatdae q%%-sygﬁgmegpﬁ?@ Heconyerted-igfp:progiet egifs
include phstialied §hB/1 8MbSnatE! €ss the context clearly dictates otherw se.
"Optional" or "optitonally" neans that the subsequently described event or

circunstance may or may not occur, and that the description includes
I nstances Whetlil:"le tppeesent 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:

The singular forms "a", "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.




. event occurs and instances where it does not. 2 2 3 MAR 2
PCT/ US02/ 20678 As used herein the term "pol ycarbonate" re?g?sV\?OOB/OlOlZZ
pol ycarbonates incorporating structural units. derived. 23r iR 2608e or nore |
ﬂ_dlhydroxy aromatic. - conpounds and i.ncl udes copolycarbonates and pol yester
_carbonates.wasswseed herein, the term "melt polycar bonat¥ TR (o a
pol ycar b.o‘nate made by a process conprising the transesteri. fication of a
diaryl carbonate with a bisphenol. . "Catalytically effective amunt"
refers to the anount of the catalyst. at -which catalytic perforrrance IS
exhi bited. "As used herein the term "contact used | nterchangeably

“with . reaction ‘tireAspgsedbss (FE) ‘f?O{yﬁ%bcl'“é?en{e?ﬁgﬁtQ)PPly?aa%Dnatgﬁ " refers to a

';??;)(;alof hg;’gn?m&p@rauﬁ%& 18A6A1 Biits driv®ASH 0@ neddihydsoxygromalic.near or branched

is.not cyclic. i ncl ude het eroatons such
as ni tr ogensomagupdsand alvgseraRAlYBPORAES a“‘ﬁ@?ﬁgﬁ%cdg’aémﬁsxcl usi vel y of carbon
and hydregen. Exanpl es of alkyl radicals include nethyl, nethylene, et hyI
et hyl ene, hexyl, hexa@etdﬂyﬂeﬁnethamdntheh balyoerborate Usfers thEPEYCATDPREE t er m

"aromati c radlcal" refers to a.r in v t | ‘
conpri sing &® dg QAR FAMBP YRR @ané?s??ﬂlﬁca% ga(f}ergl &kb%gaﬁgvr@ﬁ?g r gg?f:al gne

i ncl ude pheag}{,hen@yrl dyI furanyl, thienyl, napht hyl, phenyl ene, and :
bi phenyl .” The termi ncl udes groups containing both aromatic and aliphatic

C onponents, .for  ex ?@Lt?y@cahf D iveQh YR refs !éslﬁﬂmhﬁhﬁif Fhetch@lytar m .
cycloalkyl radi cal ers to a radical having a valance of at |east one ’

'corrprl si ng am:cmtdyn@erfatrmeewwteﬂs cyclic but which is not. aromatic.
~The array may i ncl ude heteroatons such as nltrogen sul fur ‘ and oxygen or
' As used herein the term “contact time” is used mterchangeably w1th

. reactiOn time. o

As osed herein the term “alky] 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 excluswely of carbon and hydrogen Examples of alkyl radicals include

methyl, methylene ethyl, ethylene hexyl hexamethylene and the like.

_ As used herein the term “aromatlc radical” refers toa rad1ca1 havmg a
" valence of at least one comprising at least one aromatxc group. Examples of aromatic
radlcals mc]ude phenyl pyndy] furany] thienyl, naphthyl phenylene, and blphenyl
' ,Th_e term includes group_s contammg_both aromatic and aliphatic components, for

example a benzyl group.

As used herein the term "‘cycl'oalkyl radical” refers to a radical having a
valance of at ]east one compriéing an array of atoms which is cyclic but which is not
aromatlc The array may include heteroatoms such as nitrogen, sulfur and oxygen or
may be composed excluswely of carbon and hydrogen. Examples of cycloalkyl :

radicals include cyc]copropyl, cyclopenty! cyclohexyl, tetrahydrofuranyl and the like.

In the present invention it has been ‘discovered that ester-substituted
phenols such as methy] salicylate are efficiently converted.to ester-substituted diaryl
R N




. may be conposed exclusively of carbon and hydrogen. Exénprés of cycl oal kyl

‘radi cal s include cycl copropyl, cyclopentyl cycl ohexyl, tetrahydrofuranyl

and the like. In the present invention it has been di scoyg

est er -'subst
‘converted.t

carbonate h%%,ib?%ﬁ%&&% Uirs%elhl_yggaﬁ%!&ﬁ%&ﬁ{é WAfier 371 Sk Rcondasdns Whiled di ar - CO2R

\'VV -~ R2) IS independently-at each occurrence.C,

yeglodnpat
(Hkgﬂnnphenols such as nethyl ‘salicylate argcggﬁag&gpply

ester-substituted diary] -3 WO 03/010122 2 3 MAR 2006 _
PCT/ US02/ 20678 car bonates such as bis-nethyl salicyl carbonate under mld
reaction conditions while mnimzing the use of excess phosgene.
"aspect the present invention provides a nethod for-the efficient

wher ei n

I n one-

yl

C20

al kyl™ radi cabipind4nghousesferconipkoseencadi cal or C4- C20 aromatic. radical. R2
i s inndependently at. each occurrence, a hydrogen atom hal ogen atom cyano.

. group.; nitro group, 1FéndedPectihk plesenbidiv@dibn prohdés20netimg dorabd difidient adi cal ,

C4- C20 aromati.c radical, C, radi.cal, -.C20 cycl.oal koxy

' . ) - . C%% allko t, C4 1
radical , CA-PePeraipRfaR gstyrsHpstitpied dearyl carpongieiapde Y™ adi cal | - C4- C20
cycl oal kyl thio radical, C4-C20 arylthio radical, C, - C20 -

al kyl sul finyl"radical,: C4-C2'0'

aryl sul finyl

cycl oal kyl sul fonyl radical,,. 4 C20 aryl sul fonyl radical, C, - C20
.al koxycar bonyl radical, . G4 cycloakkoxycarbon%hjrﬁﬂicaL, C4-C20 -
aryl oxycar bonyl ' o ‘2 e :

radical, C,:- C20 alkylsul fonyl radical, C4-C20

O 0O

B LN,
NG |

wherein R 18 independéntly at each occurrence C;| — Cyq alkyl radical, C4-C20' '
cycloalkyl radical or Ci-Cao aroma‘tic.radical',‘ R? is independently at each occurrence a

hydrogen atom, halogen atom, cyano group, nitro group, C; — Cyo alkyl radical, C4-Cao

cycloalkyl radica1,4C4—C'20' aromatic radical, C, — Cy alkoxy radical, C4-Cao

cyC]oalkoxy radical, C4-Cyg aryloxy radical, C; — Cay alkylthio radical, C4-Cyo

 cycloalkylthio radical, C4-Cao arylthio radical, C; — Cao élkylsulfmyl ‘radical, C4-Cao

éycloa]kylsu]ﬁnyl_radical; C4-Cy arylsulfinyl radical, C—~ Coo alkylsulfony! radical,
C4-Cao cycloé]kyls_ulfony] radical, C4-Cyo arylsulfonyl radical, C; — Cxo

alkoXyca'rbonyl radical, C4-Coo cycloalkoxy.carbony] réd_ipa], Ca-Cao aryloxycarbonyl

".. radical, Cy — Ceo alkylamino radical, Ce-Ceo cycloalkylamino radical, Cs-Ceo

arylamino radical, C - C4§ _alkylaminocafbonyl_radical, C4-Cao
cyc]oa'lkylam'irioca‘rbonyl radical, C4-Cao arylaminocarbonyl radical, and C - Cyo

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

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

i

cycl oal kyl sul finyl.radical, C4-C20



radical, C2 - C60 al kylam no radical, C6-C60 cycl oal kyl am no radi cal

C5-C60 arylamno radical, C, - C4o al kyl am nocar bonyl radical, C4-C40

cycl oal kyl ami nocar bonyl radical, C4-C4o aryl am nocarbonyl radPd4trchaolp c, -
C20 acylamno radical; and b is independently at each occurrence an

i nteger 0-4. Exanples of ester-substituted diary] carbonates which maybe
prepared using the nethod of the present invention include bis-nethyl
salicyl GaghagNe 8(2@?\1512-‘1?, K etMBI i PQQELIRER BisIprop¥R sald$P 8dkbdratcl bis-butyl

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

sal i cyl @alieybaambenate, bis-benwyy balisal ¢aclydnatea bisemethyl, 4-dlilgrosalidyy tarlomgitg ardabel i cyl
car bonat g;;a t.h l.i ke, ically bis-nmethyl, salicyl rbonate is

o ef er redikpor gy b s S Ty R R b Gt B bRIF S s

nol ecul alsynBEghuctadislb@bemolaiar whighESid 18ghAapsHre@ule0 t he method of the
present invention an ester-substituted phenol is ‘contacted with phosgene
in an anount equivalent to fromabout 0.95 to about 1.20, preferably about
1.0 to about ] v, r t.1 t . nol es

of phosgene péa%cjc(r)rgdrﬁgg g’ftﬁgﬁ{egﬂ{ﬁ)r%o tﬁ%ﬁ rrgge?%?'n_vgg %%éﬁ?eéﬁu%l@%ﬁ%}é%hro g%’nat e,

sai d contcantactedkiithgphopgeiredn ai aRoinit equivaRnpPloaem Sysit@YCORPowSi.Zg Wat er and
a water-immscjble solvent, an acid acceptaor, a phase transfer catal yst,

and opt i GFelpaplyabout t-04e bl leand svan yiore prefraakly ebout 1Q1He@bewitledd BAKAOI
bej i i . t ' f i.cl.ent: th
Co a1 owtk PESEEndbirincielof iRIRSRRR Exd B ERRARAY el BbbEY Hling o110

i nt o the phcoduain &swephasssipgémtcoin@tsidlp araydr aad b lbanatimnhiscible Bblent, an acid
ester-substituted phenol_ is at |east one conpound sel ected from anong

phenol s 2P HgP BR4SE Lentier <Fa_t§ pHonallimisriéarn arincsaatn Ly the estefef i ned as
I n struciyp&inkte@prerd] bsingRohtAEPRith Yéaid-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 I.

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

having structure II

Wherein R' and R? are defined as in structure 1 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



- Exanpl es of ester-substituted phenols which may serve as starting materials

~-for the nethod of the present invention include methyl salicylate, ethyl 5

_ ﬁu? :\/AR I2t)06I V\? 03{30101.}22 P|CT[ U|802/ 20678. salicylate, prdp§AR%Ef icyl ate,

~ butyl salicyl ate, benzyl sa icylate, nethyl 4- chloros egand the.
like. Typi cHPIO¥010Kt hyl salicylate.is preferred. The ta%hﬁﬁggé systemis

conpri sed: of an aqueous phase and an organic phase:: The: pH of the aqueous

~phase is controlled throughout the reaction by the addi ti on of aqueous.
base. Suitabl e bases include al kali metal hydroxides such as “sodi um

hydr oxi de and I|th|u droxi de a t,al - hydroxi des such as

:caIC|un1hde%¥Y6@1§ @ﬂ%%lﬁﬂlqfY%&Fﬁ@ﬂsﬁmgﬁlugg “Sol ution of sodium

~ hydroxi de CQMb@hﬂkﬂQeﬁmnﬂem&oU@maﬂbgnabﬂuMmﬁaepqndenﬁ by weight NaOH is
preferred. Care nust be taken in order to maintain a pH of - the aqueous

phase of at 1east abah R iadins bhG;£0B! AShubliThahopausfgin e o

ester-substituted dlary‘wﬂb e for tion ramatically at |ower pH.
In one enboghavenThegi dftie agn@sepitasd :nveﬁpllwhrovst@utpht f@@“t’h@"ﬁﬁueous phase is

i ptai ned, BRSNS AN o AIC AL A2 melighekall daht veen abou

10. 3 and ab8l e organic se .1s at least One solvent sald sol vent
bei ng i mmi sscvdmrehydmmctv ot dfum m«t@xeﬂegam!balpﬁae@mﬁé@} hydsowides s%h a5 hal ogenat ed

or a non-hal gﬁrll Pﬁgﬂdé?ld\fﬁgheswﬁ?( KR, Ah aflR b&&@lﬂﬁ&rﬁ&s&d}ﬁrﬂents suitable

for use in t resent |nvent|on ar ene chl-ori de and
chl or of orm hEkemﬁﬁ @sta@fngﬁmmaboutt?épewttté‘l Rcealgy M&N@f @ %or use in the

met hod of t g Sﬁlﬁﬁﬁﬂskeh W@r@er't@rrﬂarﬂ{aﬁx a PIPbUBORuanSl piabdflat EESBH)’NJE The anpunt
of sol vent " used I's such here is sufficient | vent to dissolve the

~est er - subst PBuluEne ﬁljhefﬁ’éﬁﬂ tl”F%/‘?ﬁC'(‘}t&F rajes ofestegpseistigied S‘F’yl)F?é bonatfer - substit ut ed

gge \r/]vce)l glh tn |to zﬁgﬁ%ﬂeﬁ% t cgémlg%gll){)(lt fowt%ptéw eﬁ]tonﬁ l@rﬂbcﬂhdilé)t brhywesnEheutols and about
- stitute
pr esent: the pH of the aqueous phase is mamtameg ate bre(t)ween abou? & ? andn‘lggtgtllgent of the

_preferably between about 10.3 and about ,]2.

The orgamc phase is at least one solvent said. solvent being 1mmtscxble
with water. The organic phase may compnse a halogenated ora non-halogenated
solvent. Examples of halogenated solvents suitable for use in the method of the

‘ present mvent10n are methylene chlonde and chloroform. Examples of non- .
halogenated solvents suitable for use 1n the method of the present invention are
 toluene and ethyl acetate. The amount of solvent used is such that there is sufﬁcrent :
solvent to drssolve the ester—substltuted phenol. Typ:cally, a solution of the ester- .
| substituted phenol in the water. immiscible solvent contams between about 5 and
about 50 wexght percent ester-substltuted phenol In one embodiment of the present
1nventron the volume of the aqueous phase is roughly equal to the volume of the

orgamc phase at. the outset of the reaction.

‘The contact between the ester-substituted. phenol and phosgene may
take place at below ambient temperature ambient tenlperature or above ambient
! vtemperature In one embodiment of the present invention ester—substttuted 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.

',_5- ‘



~invention the vol ume of t he agueous phase is roughly equal to the vol une of
the organic phase at. the outset of the reaction. The contact between the
ester-substituted. phenol and phosgene may take place.aﬂawM&ﬂW&anbient '
~tenperatureway:6Rt tenperature or.-above ambient tenpecatugios7sn one
-enbodi nent 8¥.t e present invention. ester-substituted phenol is contacted
wi th phosgene at-a tenperature of between about 0C and about 50C,
preferably between. -about |0C and about 40C. -6 WO 03/010122 2 3 MAR 2006
PCT/ US02/ 20678 The contact. between the ester-substituted phenol and

phosgene is of a sufficpRnl bliBGite QlerbivdRukl shenbinad pigkgat Bloft han 90%
preferably greater than 95% and still nore preferabl reat, rdthan 98% of
t he. st.arti nguBisicatlerginaftime oehthy isEasT ‘W%”%Bﬁ@éﬁbly@aeaigb b‘?%&‘i :

est er - subst ijsﬁiﬂ%% SleRFMly FRfPBRRIE, 8NHe iisifelRF-EdRitited pindlhie reaction tine.
I n one enbodi nent thegg‘resent i nvention the reacti ' i'S in a.range

! . ction t1nme
bet ween aboueNBrihHHY PA EeSEOS R Ebdary] (rOaRBHICARTICE P 8 HE present
. ggrgpt ' OB ![ _r}fack’{/&ziﬁxh%pl'ﬂ%iﬁ@@ﬂﬂ)din_&nﬁl@&'?x@s&x@in@enﬁ&{ it reattion fimie liscin a range
-substituted phenol reaction tines. are-lim ted by.the rate of

phosgene addief156h30¢he aH%?q‘?B‘oétOd’Fm‘ftFFquF‘Bg%H?e"fs gﬁtpfcé?{’)(?’é’f"?’é)g'nupon t he
;JEeX_pect ed, _\f/}lié}ﬂ;]!é}ia&ené falded tph@RBot bHNS Esei-saiatitaled phenoirreaveion tiradsl y i nproves

e conversion. o ster-substituted..phenols to product diary]. carbonates
when sai d, pkf’_éﬁ‘_(‘)’f_‘gedglryéhecrétﬁto_@loé%f"?/\f‘%ﬁ‘oghosgene in a two phase reaction
system conprising aqueous and organi ¢ phases in which the pH of the '
aqueous i s control | edTteymethvg ofithd presanh inyéntign religuimon theyperpedisddind®g aqueous

S WP LSRG A B B
-~ anmoni um sal ghenais to peodoetaitand cabinaies when saideahenaltsaraxengpipbwituphosssne s | | '
- sulfonium sal t g, %Lé’r%&c“gﬁ ?ysé{ﬁQOﬁuBﬁsing aqueous and organic phasesin which the
B - pH of the aqueouls'is controlled by theéddition of an aqueOu‘s:base such as aqueous )
sodium hydroxide. Suitable phase tr_ahéfer catalysts are widely available and include
. quaternary ammonium salts of aliphatic amires, quaternaryvammonium svalt.s_ of
- aromatic émines,‘quaternary'phosphonium salt’é,,‘s_u],fonium salts, polyethers and the |
like.: Quateméry émmonium salts of ;a]iph_a_ﬁé amines are illustrated by methyl tributyl .
. ammonium chloride, tetramethyl a'ndménium_é]il‘oﬁde and the like. Quaternary
- ‘ammonium salts of aromatic amines are illustrated by N-benzyl pyridinium chloride,
N-benzyi '4-N’,N’-dimethylamino pyridinium chloride and the like. Quatemafy
ammonium salts include hexaalkyl guanidinium compounds such as hexaethyl .
gdahi'dfnium, chloride. -Quate_rnéfy phosphonium sélts are illustrated by teffabutyl .
phosphoniufn 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 présent invention the phase transfer catalyst

is a quaternary ammonium.compound having structure 111

wherein R* -R® are in'dépenden'tly a C,.Cy alkyl radic?l, C;;.Céo cycloalkyl radical or a

C4.Cyparyl radical and X~ is at least one organic or inorganic anion. Suitable anions

R



- like. Quaternary ammoni um salts- of aliphatic amnes are illustrated by
‘nethyl tributyl ammonium chloride, tetramethyl anmonium chl oride and the
l'i ke. Quaternary ammonium salts of aromatic am nes are Ql‘glmﬁtﬂﬂ@ted by
_ N-benzyl - pyridini um chloride, N-benzyl 4-N', N -di methyl gaj &,k di ni um.
chioride an¥QAW&%32%e Quaternary anmoni um sal ts include hexaal kyl
guani di ni um compounds- such as hexaethyl . guanidinium chloride. Quat er nary .
: phosphonium salts are illustrated by tetrabutyl phosphonl um acet ate and-
thg ItrhkeI 'Eul foni um ﬁal ts are.illustrated by trinethyl - sulfonium chl oride
an e like ther s | ycol and - crown
. “ethers suchXai® %gé/@: ggc c%rko@fal Q\ﬁﬂ %élgﬂ% ey%ng%gtﬁﬁgdn? gf t he presegt
“invention tbraph@se transfer catalyst is a quaternary anmmoni um corrpound
havi ng structure 111 wherein R3 -R6 are independently a Ci-C20 al kyl .
~radical ,  C4_C20 cycl @l k- {sggbﬁ'@alen‘?am&a subifasG2Momtidr stiigé gl and X is at
| east one organi c or inor gani ¢_anion. Suitable anions -7 WO 03/010122 . 2 3
MAR 2006 PCTASBORNIZ0618 pwn\remvﬂl wrsativerhessimrucnEafl e Prepsithoxy | at e,

sul-fonate, gl 3§ €por CAMPN) ah&e RAOR DL Qﬁlcbﬂ@ﬂlf £e eadhPeByDgrovpsand Xyad yval ent

ani on such as carbonate or sulfate it erstood that the positive and
negative chawbenste fisypdergeaditaat pi Fepéﬁs‘if‘ts Vpﬁ%‘p’e 1y~ bal anced. For IOexarrpl e,
‘where R3 -R6 in structure 111 are each nethyl groups and X- is carbonate

it is understood t hatQuXtema@prrﬂﬁaetahScorr{pnur(déﬁé&m&)stru@atﬂémda’rh}cha‘mon| um
conpounds haviaggtfirtug%%t e ﬁransg"%* c%ldlésts ac {]'r ﬁ{; ofthgﬁlethgd)ofqhé LseptS€ as_phase

transfer 4 rese I nvention are
i |1 ustrat ed;ibyntistafeiiustrated by xyrbthﬂmmxtul ammotibmrchidade, temabtaﬁamwomamrmm um

chlorrde n
a Cci:hlggg'ey and Eler:clylnr:"rmethyl am%m Eﬁlo kd[ ori de.

o .The amount of phase transfer catalyst employed is ina range between
_about 0.1 and about 2, preferably between about 0.25 and about 1.0 mole pereent -

catalyst per mole of ester-su_bstituted phenol employed.

Inone embodlment of the present invention a tertrary amine is also
included as a co- catalyst for the formatlon of ester-substxtuted dtaryl carbonates. The
tertrary amine has been found to accclerate the formation’ of ester-substrruted diary :
carbonate product and to act to mmlmrze 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: mtermed1ates tend to pers1st Thus, phosgene
addition to atwo phase reactlon system compnsmg a water immiscible organic .
solvent, water, an acid acceptor, an ester-substrtuted phenol and a phase transfer.

© . catalyst under the conditions of the present invention may at times result in the a ‘

product Thixture comprising ester-substituted diaryl carbonate and the intermediate
ester-substituted phenyl chloroforrnate. ’l“jrpically, 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 amme added followmg the phosgenatlon step

8



. The amount of phase transfer catalyst enployed is in a range between
about 0.1 and about 2, preferably between about 0.25 and about 1.0 nole
percent catalyst per nole of ester-substituted phenol QIplARy88S. 1'n one

~ enbodi nent QJO(?/Q?M resent invention a tertiary amine iSpalgQanbie! uded as
- a, co-catal yst e formation of ester-substituted diary] carbonates. The
tertiary. amne has been found to accel erate the formation of
ester-substituted. diary carbonate product and to act to minimze the
presence of the internediate ester- substituted phenyl chloroformate in the

product. Th er QRel PR3dns ld?&mﬁ};%lﬁ% k%'a{xail %1?1&0?&%51& pr@sgxq‘:ﬁqth@{ntogﬁct phosgene

addi ti on ha een conp een found useful in reaction systens in
whi ch..t he chiigoef (’fmme@t“e' theunequnedditatiary amisn do-eaalysenssd &tin a TRES, phosgene

addi tion toy a“leg)PabBE&%%ﬁ A BRI T URAGTEATRl ShAnetolhPhibet ST SCi DI &

organic .solv wat er, an acid .acceptor, an ester.-substituted phenol
and. a phasentqlart?ﬁmqr-sub%mt@lp}’éfto} Emﬂé)‘edt he conditions of the present . v
invention nmay at times. result in the a product mxture conprising a
~ester-substituted di aTeMiar)Q@d'rlQ@&ﬁfaB]e@‘@dlséab%ohﬁlﬁ]?itﬁﬁdd)raihgtotﬁsinethedsubst| tut ed

phenyl chl or for mat e. unt f ester-substituted henyl
chl or of or maPbth §reF"6‘\‘/\}“VT"é‘§ a’fﬂ&ﬁ‘}’altedr}’gltréeag‘/g%g‘ﬁ "sxﬁ’é?élaﬂwzgﬂ "Fhe total IOnun%:l)er v
of ol es ofriphe Baine AP @yiedatitytlobdismepr esence in the product is .
undesirable. It has been found that a small anmount of a tertiary amne
added fol | ow @9 Ehe phosgenation step 2 3. MAR 2006 WD 03/ 010122 '

PCT/ US02/ 20 provides a neans of elimnating residual chlorofornates

~present in the product m xture. THaéﬁ(pl cal Ify. the amnount. of ‘tertjary am ne
co-catal yst used is, ThafollowinggeanpissREsat aBlbterrreyids thase piordipary sibut "1 nol e

‘percent  basgnURPRith BBedkiRl falascﬂ;mm%fh&t the FRINBEs Mim&SKeRdin ars lasiated Ut ed phenol
enpl oyed. Tertiary am nes suitab for use as-co-catal %sts accor di ng to the

“nethod of erfarppidrended W\}’éfﬁ't‘i‘?ﬁ?o%ﬁ%fwhfi‘l e inyentagregard ey heit MyFUAf ne,
di " spropyl  efhd lnﬁgaté_h%ther\wsé, BiHohke @rﬂféqé?vt, té—ﬁ'&_ralurérsdﬁ azahi gy Taact ane.

whiéh follow Examples of the present invention are designated by a number, for
| -example, 1, representmg Example 1. Comparatxve Examp]es are designated-by “CE-

number”, for example CE-1 for Comparatlve Examp]c 1..
'Compalrative Example 1

A 500 milliliter, 5 neck bafﬂed round bottom flask equlpped with a
mechanical stlrrer pH probe, sodium hydroxnde m]et condenser, phosgene inlet,

.~ nitrogen inlet and gas outlet connected to an efficient phosgene scrubber, was charged
Wit.h’phenol' (40.00 g ,0.4255 moles) 1 12 ml of methylene chloride and 84.5 ml of -
water. Tnethylamme (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) whlle
maintaining a pH of 10.3 with the counter addition of 50% sodium hydroxide. Upon
c'omAp]etion_.of the addition of phosgene, nitrogen was allowed to purge the system for .
5 minutes. A Sample was taken, quenched with acid and analyied by liquid
chromatography. Pheno] was converted in essentially quant:tatlve yield to diphenyl

carbonate as determmed by HPLC.



- Exanpl es The followi ng exanples are set. forth to provide those of ordinary
-skill in the art with a. detailed description of how the nethods clai ned
~herein are evaluated, and are not intended to l'imt the s¥&pBlbf what the
~inventors regard as their inventi on. Unless indicated gif\oosR Parts -are
by wei ght, VEBAY&P¥ure is in C In the Tables which follow Exanpl es of

the present invention are designated by a nunmber, for exanple, I:,,
‘representing Exanple 1. Conpar ati've Exanpl es are designated by "C&

- nunber", for exarrpl e, CE-1 for Corrparatlve Exanple L. Conparative Exaan e |
A S00 milliliter, Ck?rlé@\tef]':lxam 9318 @e%%taltrgfﬂnft uﬁf&ies@%hl@ﬂ@gt%\ﬂt h-a -

mechaAnl cal sti rrer mﬁ SoBrum hydroxi de i t, condenser,  phosgene
inlet, nit E:@gletlbns et 20amde m&nmxtdsephoegmn@@mdla! e aH obthe pEUERHt phosgene

scr ubber, char ed with n )y 112 'm of -
nethyl ene cRMSF e ‘%lb“é%“él%%“fh (},QMPSQ ‘i’ggctc’ﬁg%g%gﬁ}é{%?o 0043 g, 0.0043
nol es) was mdd;eakaﬁaﬁxlampleeaétwaohl peroehtsokids.  Phosgene (25.27 g (.0. 2553 nol es)
was added at 0.5 grans per mnute.(g/mn) while maintaining a pH of 10.3
wi th the COU?ﬁBLE@@*PEC@@F% SR ¥sseRisumBshyTBD PEENGD CONVERSIGN i on of the
addi ti on of -phosgene, ni trogen was all%}/\{% Ntﬁ\&Egur ge the systemfor 5
m nutes. A sanple was taken, R and anal yzed by liquid
chromat ogr aphy. Phenol was converted in essen'{/}bal |y guantitative yield to
di phenyl bonat é .as..det erm ne C 22 2 3 MAR 2006
PCT/ US02/ 2(%: %5 égti ve Exarrﬁqog%A gl”g \R/ere dari e‘%ilsgjl]}t {under essentially
i denti cal. %%nﬁl t| oHs sing 20 qol e perdgpg exqggs phosgeéne except that. the

pH of the a was_vari ed bet,vveen 1.0.3 and 7 Initial starting
concent rat ifops, T of methyl salicylate |1 |103 | 734 o
CE3 |methylsalicylate |1 |93 | ess
CE-4 |methylsalicylate |1 . |83 |6l4
| CE-5 methyl salicylate -} 1 |73 446

The data i in Table 1 111ustrate that although diphenyl carbonate
- (Comparative Examp]e 1) may be prepared efﬁment]y using a 20 percent molar excess
of phosgene and trlethy]amme as a catalyst, application of these condmons to methyl
-sahcy]ate results in incomplete conversion to product bis-methyl sallcyl carbonate
(BMSC) Conversion of methyl salicylate was mcomplete even with the use of 20

percent excess phosgene and showed a strong dependence upon the pH of the aqueous _

phase.
Example 1

i-A 500 milliliter, 5-neck baffled round bottom flask equ_ipped with a
: .rnechani'cal stirrer, pH probe, sodium 'hydroxide inlet, condenser, phosgene inlet, »
nitrogen inlet and gas outlet connected to an efficient phosgene scrubber, was charged

with methyl sahcylate (42.92 g ,0. 2821 moles) 112 ml of methy]ene chloride and 84. 5

-]0-,



- Conparative Exanples 1-5 was 31 percent solids. TABLE | EFFECT OF PH ON
ESTER- SUBSTI TUTED PHENOL CONVERSI ON TO DAI RYL CARBCJ\IATEZG1 WﬂseAr OHnol e%
Et 3NPH% Conver si on CE- | phenol 110. 3100 CE- 2net hyl sali cyl % 73.4
- CE-3net hyl  sa) gspydipf €19. 368. 9 CE-4net hyl salicyl atel8. .38dTdsoRes38TEt hy |
~'salicylatel 7.344.6 The data in Table | illustrate that although. di phenyl
carbonate (Conparative Exanple |) may be prepared efficiently using a 20
percent nol ar excess of phosgene and triethylam ne as a catal yst, -
application of these conditions to methyl salicylate results.in inconplete
conver si on ) opiveaid Métbyl Bulyy imsadiing ghlokder (D.00Etole BBBE) . Conver si on of

nmet hyl -salicyl ate cQ eve t he use. o 0, percent excess
phosgene an gﬁaz‘s%t ’8%@8%&&8&%8@”“&% OFEPHRET BEEY ef"‘%llﬁe aqueous phase.
Exanpl ehl' An&fl@amﬁhghp}lﬂofﬂrs with the cdunbabdditie olt‘ﬁmﬂebdhmt h)dmxideaslhoofequi pped wi.th
a mechani cal stirr.er,. pH probhe,. sodi um hydroxide in enser,
phosgene i nIcglllp]etrﬁ(l"torfﬁﬁé’ﬁgﬁgﬁﬁ’é‘%g%ﬁ“ﬁé%ac%‘iﬁ’%é{ure R REEE ‘él"}? m(f:rgzhegef ficient
_ph?)sg)enel scrw?ﬂbbﬁ;mutey\/alt»:smlpad\g@ahkemyiqvénch@ltmmactdazlndcayellmeébju@ucﬁz g ,0.2821.
mol es) 1. 12 of t oride and 06 WO

03/ 010122 Pé“l*f’[ﬁéﬁ’%rﬁgﬁa% ‘H‘Irﬂsa“?yll% & S aR G d% lnmf“’*%? S%bC t‘% aar%r‘gmnl um chl ori de
(0. 0028 nol ¢BIMEBAN. greaﬁhthag%ylemasaﬁexgm;eObyHBBG nmol es) was added at 0.5
grans per mnute while. .. maintaining a pH of 10.3 with the counter

addi'tion Of 50% sodi Wy uydgexied s TR or Examples 1-7 which illustrate the

~method of the present invention. Examples 2-7 were carried out essentially 1dent1cally
to Example 1 with the following exceptions. Examples 2-7 each employed a small
" amount of tnethylamme as a co-catatlyst. In Examples 3 and 4 the tnethylamme was
added prior to phosgenation Whereas i in Examples 2,5, 6 and 7 the triethylamine was
,added after the completlon of phosgenatlon Examples 1-4 wererun at a |
concentration equivalent to that shown for Comparative Examples 2-5 of Table 1.
‘Starting concentranons for Examples 1-4 and Comparatlve Examples 1-5 were such
‘ ‘that, assummg 100% conversion of methyl sahcylate or phenol to product BMSC or
DPC, the welght of the product diaryl carbonate would represent 31 percent by weight
_ of the methylene chloride employed at the outset of the reaction. This is desxgnated
3l percent solids. Examples 5, 6 and 7 were run at sli ghtly hlgher concentratlons
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
| .,mlxture and additional methylene chloride was added for work up and HPLC analy31s
Examples l-6 were run at ambient temperature. ln Example 7 the reactlon mixture
was immersed in an ice bath durmg the reaction. Values for percent conversion of
methyl salicylate are provided as well as the selectivity for BMSC, ‘The se]ecthty 1s
the HPLC peak area generated by the BMSC peak relative to the total peak area of all
product peaks preseht; in the crude product sample. In Table 2 the symbol ok |

indicates post-ph‘o'sgenation addition of triethylamine.

TABLE 2 PHASE TRANSFER CATALYSIS. OF ESTER SUBSTITUTED DIARYL

CARBONATE FORMAT]ON
<11-



- conpl etion of the phosgene addition; the reaction m xture was purged with
nitrogen for 5 mnutes. A sanple was taken, quenched with acid, and -

anal yzed by liquid chromatography. Methyl salicylate wag Jciarvielst ed to

~ bi s-met hyl %hﬂ%@zgar bonate (BMBC) in greater than 99%cyiuebxbo@s :

- det erm ned by Data are gathered in Table 2 for Exanples 1-7 which.
illustrate the nmethod of the present invention. Exanples 2-7 were carrled
out essentially identically to Example | wth t he follomnng exceptions.

‘Exanpl es 2-7 each enployed a smal |l anount of'triethylanine as a

co-catatl yst=
- 'phosgenatio

hEwdreple

IIIE

anmptes—3

hanojate Exﬁnpll@ﬂe% PTG,

a4 thet

rethyt=

6 ard 7

m ne was

t/hGOQVFES@Plr. adgﬁm &r

or to
hwas added

after the c

prptet

DT Of —piTos
yalert to

ge”d[l OTl. —E
t hat Shown

X anpl es
for

T=4"Were rfu

5 of

nﬁﬁé%“z
Cadnpalati ve Exanpl es

ﬁgfscyl At e or
g] car bonat e

concentfatfpn éqU| ébnparatige EX
~Table 1. Startd ng
1 -5 were stch2 t
phenol to pfoduct
woul d representd 31| p
enpl oyed at [The ou
solids. Exafpl &s 5
37.3, 45.4 and 70

45 percent |sol’i ds

COTMCENt T at|rons Tor EXanples 1 ﬁ@
hat 008 suni ng Péb@bccnvépélon of t hyl

ijb or C, the melght he duct
8 n@pﬁyler T"ori fde

At by weiOg?ht
set ' ctlor 1,S 1 ghatjed pel cent
éﬁé % sﬁpahtly hléher conce#tra.ions

MBre un at
Jerc t soilds espeqt cgpeent|ratdggns pf.. about
“and i gher the{prodL ,%EQBC was obser\Ved %%), bcipitate
fromthe react%on '.niggpre and agddi tignaly,
wor k up- and

trerQ%OchlcrlcgéjNas added for
HPLC ahal ysis. |Exanples 1 |-. &:re run _at anbi ent per at ur e.
In Exanple ¥ the reacty} mxturg s was i

_ Krsed inggy icCe bagsh. duti ng t he
reaction. Values for péercent| conversion of net hyl salicyllate are provi ded
as well as the selectivity for.BMSC, .The selectiV|ty is. the HPLC peak
area generated by the BWMSC peak relatlve to the total peak area of al
product peaks present Thedataie Tebled dlustraseithe high sepypisions of estgpubstiutedhe synbol
"*" - indicat QQ§ Es’t&@%gﬁ%tcbrg&a@%qh@eg Risi@f the Frie@bl ¥f BébraRnt TABLE. 2° PHASE
TRANSFER CATALYSI S. ESTER—SUBSTITUTED DI ARYL CARBONATE FORVATI ON

invention.

. The invenfien has been described in detail with particular reference to
'preferred ‘embodimen’t-s thereof; but it will be understood by those skilled in the art
that véri_a_tions and modifications can be effected within'the spirii and scope.of the

invention.
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WO 03/010122 2 3 MAR 2006 PCT/ US02/20678. Exanpl enol e% Et 3Nnol €% PTCPH%
ConversionSel ectivity 101. 10.310099.8 20.05*0.510. 310099.5

30. 0250. 510. 310099. 8" 40. 0250. 510. 310099. 3 50. 5*110. 310099. 1 23 March 2006

60. 5*110. 310099. 2 70.5*0.5..10.399.897.6 The data in Table 2 illustrate the
hi gh con [ -substituted phenol to ester-substituted
ca?bonat§9§§Hﬁ§3%@39§§h§%the nmet hod of the present invention. The

i nvention has been described in detail with particular reference to

preferred enbodi nents thereof, but it. will be understood by those skilled
in the art tHametradichprepayng pdempbitituied disylcatmnatss, seidmethedhavingiin t he

spirit a f invention. .23 March 2006 . T, IS CLAINED 1S 1. A
et hod ofREERRs 580 Mod BRI Funs il Fle PRGN ARt avi ng
a cont aghd hiphsse tEabldr CRAROCN CRPEsHcHBf HOGEAGE bdl¥erRAng S QucdUPphdst ut ed
phenol w th phosgene and a phase transfer catalyst in the Bresence of an

or gani ¢ SYietaintheAdHeQHs Phatrds mpippiase at bk o8 rticashabay dedbizougheddhg eontact
mai nt al ng e?gai& H&é 91fle B‘éiné ﬁ?e%ltin%%}ﬁtougt c%&eggo%ﬁg{%qgnoe&%n%? t%(.;}5 Ei'gggut sai d
phosgene berng BSe& I h an® anount correspondi ng o between about o} and

about  1.1200 moleesf plospiiesge aviPef saibprodadt estar-shbstiehdcdiagbéfbormtdst i t ut ed
di aryl carbonate. 2. A nethod according to claim1l wherein said
ester-substituted diaryl carbonate has

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

structure 1

CO,R’

CO,R’

AN
bl
(R
(R o
Wherein R’ is independently at each occurrence C1-Cyg alkyl radical, C4-Cyq cycloalkyl

radical or C4-Cyg aromatic radical,

R%is independently at each occurrence a hydrogen atom, halogen atom, cyano group, nitro
group, C1-Cyp alkyl radical, C4-Cyg cycloalkyl radical, C4-Cy( aromatic radical,

C1-Cyo alkoxy radical, C,-C,, cycloalkoxy radical, C,-C,, aryloxy radical, C{-Cyg alkylthio
radical, C,-C,, cycloalkylthio radical, C,-C,, arylthio radical, C;-Cyg alkylsulfinyl radical,
C4-Cyg cycloalkylsulfinyl radical, C,-C,, arylsulfinyl radical, C;-Cyg alkylsulfonyl radical,
C,-Cyq cycloalkylsulfonyl radical, C,-C,, arylsulfonyl

13




. structure | CO2RL CO2RL. (R2)b Werein Rl is independently-at each
-occurrence Cl-C20 al kyl radical, C4-C20 cycloalkyl radical or C4-C20
aromatic radi caI R2 is |ndependently at each occurrenc@3adARy@liogen atom
hal ogen at om ano group, nitro group, CI1-C20 alkyl rgdi c20
““cycl oal kyl WQdﬁ’ Wi22 C4-C20 aromatic radical, Cl-C20 al klgcgil{/&?%a{zlggl Ca- CZO
cycl oal koxy radical, C4-C20 aryl oxy radical, Cl-C20 alkylthio radl cal ,
C4- C20 cycl oal kyl t hi o radi cal , C4-C20 arylt hi o radical, Cl-C20 R
~al kylsul finyl radical, C4- 020 cycl oal kyl sul fi nyl radi cal , C4-C20 -
aryl sul finyl radical, Cl- C2 yl radical - ) -
“cycl oal kyl stadfah - F%?(i‘?]‘(?éYca kﬁ/ﬁ%"tﬁ"fl% xy??(’ﬁy]%ﬁ%{eﬁ&% VO
03/ 010122 Pglo%%oaﬁﬁid&ar @g]l—@@)gla,]k)@hmo I%Galaﬂ:élxtaxyxcmalksﬂmyinor@mabal C4- C20
cycl-oal koxycarbonyl radi c I Cﬁ, Cﬁ(% roxarg %ﬁg&%’b’ radl cal,. C2 - 60
al kylamino FaGcaramipgradsgl CyefodfemaaHe cal, s-060 -
aryl am no. raﬂal@adylanﬁocarb@emraabd{ycm ybevitvosrydnyt mdicaahd CCACB40 B
cycl oal kyl am nocar bony!" radi cal, CA4-C40 aryl ani nocarbonyl radical, ‘and C, -
C20 acyl anfRFMEYR ‘é%i g b is independently at each occurrence an
i nteger 0-4. 3. A met hod accor di ng to claim2 wherein the ester- substi tuted
di ary] car bbrisinéepesiehfiysat neshlagdurrguge peiregerd-honat-e. 4. A met hod according to
claim vvherel n said ester-substituted. phenol has structure 11 CO2R1
3. A method accordmg to claim 2 wherein the ester-substituted

d1ary] carbonate is bis-methyl sallcyl carbonate.

4. A meth‘od according to claim.1 wherein said ester-substituted

. phenol has structure 11

CO,R" -

(R?),

B

-wherein R' is C -Capo alkyl' radiéal, C4-C20 cycloalkyl radical or C4-Cop aromatic

radical,

R%is mdependently at each occurrence a hydrogen atom, ha]ogen atom, cyano group,
" mtro group, C - Czo alkyl radical, C4-Cyp cycloalkyl radxcal C4-C20 aromatic radxcal
C, - Cy alkoxy radical, C4-_C20 cycloalkoxy radical, C4-Cao aryloxy rad_;cal Ci~Cyp
alkylthio radical, C4-Cao- cycloalkylthio rddical C4-C20 arylthio radical, Cy — C2o
. alkylsulfinyl radical, C4-Cyp cycloalkylsulfinyl rad:cal C4-Cyo arylsulfiny! radical, C;
- Cao a]kylsulfony] radical, C4-Cao cycloalkylsulfonyl radical, Cs-Cao arylsulfony]

radlcal, Ci—-Cy alkoxycarbonyl _radlcal, Q«:-Czo cycloa]koxycarbony] radical, C4-Cao

-']'-4-




~z /OH 11 wherein R is Cl -.C20 al kyl radical, C4-C20 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, 23 &2
radi cal, C4-C20 cycloal kyl radical, C4-C20 aromatic radical, C, - C26

al koxy radical, C4-C20 cycloal koxy radical, C4-C20 aryloxy radical, C -
C20  al k§Pienvsarbapylaadicalca-€ro alkykiming rapianhiGs-¢adyelapky Bmimpmdicals| t hi o
radical, C, - 0 ..alkylsulfjny adi cal , C4-C20 cycl oal . kyl sul finyl

radi cal , C@Z@é@?%%mwg lﬁ?lnél-daaalill%fémln@,arbonﬂ&%alb @1%@ fonyl radical,

C4- C20 cycl,0 | sul fonyl. radical ,.C4-C20 aryl sul fon radical, .C .- C20
1 koxycarBRTIo Hiucartona e, e aminy Rt pom Fedicaliapl - G seghinp, 53
Mar ch ZOQéh&ﬂM%Bxycarbonyl radi cal, C2-C60 al kyl am no radical, C6-C60

cycl oal kyl'lam™no radical, C5-C60 arylam no radical, Cl-C40

al kyl am ibasar boepet Ovdadi cal , C4- C40 cycl oal kyl ami nocar bonyl radi cal, C4-C40
aryl am nocar bonyl radical, and Cl1-C20 acylamno radical; and b is an
integer 0-4. 5. A nethod according to claim4 wherein said

ester-sulsstit u gdinBh %E&erih? t& Blafify YSPhekdif Qid b -QIb‘QHﬁtééiO;gl%héltiF 8 @dd LMY !
salicylate, ethyl salicylate, 1sopropyl salicylate an enzy salicyl ate.
6. A net ederaee cordistigg vomethyil salicyleie ethyhsaiaydtep sap@py | sahisylete and bahzydt
conprisesla uat ernary ammoni um conpound having structure 1l 11l wherein
R3- R6 aréaﬁﬁﬁ%%endently a Cl-C20 al kyl radical, C4-C20 cycloal kyl radical
or a C4- C20 aryl radical and X is at |east one organic or inorganic anion,

and wherein suitable anions X include hydroxide, halide, carboxyl ate,
sul fonat @, sulXmekodeesdydinateclaind | wherein said phase transfer catalyst comprises a

quaternary ammonium compound having structure III

R.4-. X6
3 l@ 5
R —N—R",,
L
HI

wherein R>-R® are independently a C1-Cyg alkyl radical, C4-Cyq cycloalkyl radical or a Cy-
Cyo aryl radical and X is at least one organic or inorganic anion, and wherein suitable

anions X' include hydroxide, halide, carboxylate, sulfonate, 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.
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bi carbonate. 7. A nethod according to claim®6 wherein said phase transfer
catalyst is selected from the group consisting of nethyl tributyl anmmoni um
chloride, tetrabutyl ammonium chloride and decyl trinmethyl 3Maiclu?R00

chl oride. 8. A met hod according to claim1l wherein said aqueous phase is
mai nt ai ned at pH in a range between about 9.3 and about 12. 15 23 Nhrch
2006 9. A met Me@eééﬁmrﬁ@gtt%ct@tra.fwl@r%éwé.aau@alﬁ ahas§ieBRE Rk o

mai nt ai ngq Rt Bo aa%g and, &%@

addi tion o?%kqueoug' a||§ﬁg?%P€E%§§ XI e%&magﬁgoussgpﬁgﬁ?%élggr et al
hydr oxi dequamus alkaiuxetwrélmbteﬂmifromd@ .or Ammetunothemofor di ng to claim9 wherein
the al kali metal hydroxide is sodium hydroxide. 11. A rret hod according to

R R KN ANE R o R s

chl ori deqhyddxidh. et hod according to claim1 wherein said solvent i s a

non- hal ogenat ed solvent. 14. A nethod according to claim 13 wherein said
solvent is toluene. 15. A nethod according to claim1 wherein the phase
transf er léat alymethod apgasdiagito rlaim | whergje sbdsoleent iabbalogenatedssotveabout 2 nol e
percent based upon the nunber of noles of ester- substltut ed phenol. 16. A

et hod ofypr enakAgesl s lims YOSl 41 SeliR Ll nGRELRRA ShendRiflifiabi0d havi ng

a contact tine conprising con act AR ester-su Ituted
phenol wkchloripghlosgene, a phase transfer catalyst, and atertiary amne, in
the presence of an organic solvent and an aqueous phase wherein the
aqueous Ease is mai.ntained at. a H of .at ﬁat about t hr oughout t he

contact tPme, ASEHFHOPREYE: gt%tawa, d@teaeltlﬁalaﬁ ﬁ‘t}dﬁfln@&?@]@gﬁ%‘tﬁ%’ cop,

bet ween about 0.95 and about 1.10 nolar equivalents based on said product
ester-subgti t W @ethod 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 product ester-substituted
diaryl carbonate, 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 III
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- diaryl carbonate, whereby at |east 90% of -the ester-substituted phenol IS
converted into product ester-substituted diaryl carbonate. 17. A nmethod .

according to claim 16 wherein said phase transfer catal gty rises a
guat er nary anmmoni um-conpound havrng structure 111 16 2 % ﬁ,
 03/010122 P9 B583Y#20678 111" wherein R3 -R6 are i ndependently a C1C20 al kyl

radi cal , C4C20 cycloal kyl radical or a C4-C20 aryl radical and X- is at

| east one"orgahic or -i'norgani ¢ anion. Suitable anions X include ..

hydr oxi de, halide, carboxylate, sulifonate, sulfate, carbonate and

bi carbonate. -18. A net hod according to cIarnt? wherein the tertiary
amne-is selected fromthe groupF€0n5| ng of triethylam ne, dii.spropyl
ethyl anmine, tributyl amine, and 4- di azabi cycl ooctane. - 19. A net hod
according to claim18 wherein 5he Eg is triethylam ne. 20. A nethod of
prepari ng bis-net hyl salrcylf%é"ﬁ at€ said nethod conprising contacting a
two phase m xture of a solution of thyl salicylate in nethylene.

chl oride. and an aqueous phase, "wiRth from about 0.95 to about 1.1 O nol ar
‘equi val ents of phosgene and from about 0.1 to about 2 nol ar equival ents of
a, quaternary annpnruntconpound IBai d mol ar fgurvalen S ogﬁghosgene and

quaternary %mehRuﬁi@oﬂﬁﬁmﬁﬂﬂﬁeﬁﬁb(ba§€ﬂﬂﬂﬁa eCnERREYLRYFOPES of nethyl

salicylate. r% M@%xca’ﬁﬁid@(‘%%ﬂﬁ%m@h@ﬁrﬁc bahdiganiRinioh abiiedleahions pH of
bet ween about of agégguf sodrunthydroxrde_
S

sol uti on, Wr?é_r‘é%&deét’drl‘”ég"st“algjﬁﬂ)éarbt??‘/y]i“ﬁé“ﬁ’gf‘%‘ifF‘Hg‘éﬁ’ FARA converted into
product brs BBt sal i cyl carbonate. 21. A nmethod according to claim 20
,mhereln sai d quaternary annonluntconpound has structure 111 -

18. A method accordmg to claim17 wherein the tertiary amine is
4 se]ected from the group con51st1ng of tnethy]amme, diispropyl ethyl amine, tnbutyl

amine, and 1,4-diazabicyclooctane.

19. A method according to claim 18 wherein the amineis

triethylamine. -~ . ' ' o

. ' '20L A method of preparmg blS methyl sahcyl carbonate said v
A method compnsmg contactmg atwo phase mlxture of a solution of methy] sallcylate :
in methylene chloride and an aqueous phase, w1th vfrom about 0.95 to about 1. ]_0 molar
equivalents of phOsgene and from about 0.1 to about 2 molar equivalents of a
quaternary ammonium compound, sard molar equwa]ents of phosgene and quaternary
| 'ammomum compound being baséd on the number of moles of methy] salicylate
employed, sald aqueous phase being maintained at a pH of between about 9.3 and
about 12 by the addition of aqueous sodium hydroxxde solutton, whereby at least 90%

of the methyl salicylate is converted into product bis-methyl salicyll ca'rbonate.

21. A method according to clalm 20 whercm said quatemary

ammonium compound has structure 111
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-17 2 3 MAR 2006 WO 03/010122 PCT/US02/ 20678 |11 wherein R3 -R6 are
‘independently a O _C2o0 al kyl radical, C4:C20 cycl oal kyl radical or a
C4-C20 aryl radical and X- is at | east one organi-c or i nor ani on.
Sui t abl e ani ons %, i nclude hydroxide, halide, carboxylgéﬁngﬁgkhfonate,,_
“sulfate, caM$bidi®*and bicarbonate. 22. A method according to claim 21

wherein structure Il1-is methyl tributyl amoni um chl ori de. -18
e K
l D 5
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I

wherem R —R" are mdependemly a C; Cao a]ky] radical, C4.Cao cyc]oa]ky] radical or a
C4.Cyoaryl rachcal and X is at least one organic or inorganic anion. Suitable anions

- X" include hydroxxde halide, carboxy]ate sullfonate sulfate, carbonate and

~ bicarbonate.

22. A method according to claim 21 wherein structure I1I is methyl

tributyl ammonium chloride.
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