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25 30. MANUFACTURE OF CARBONATE E PRI C ALKOXI DE* TRRRUARN Gt i on
is directed to manufacture of cammm@‘mymrs and nore particularly to
product i onwofeosgaronat e by cupric al Kox nduced reacti onp@f; ooty EhsOXY
conpound with a sul fur conpound, optl%ﬁﬁjly) in the presence of a
solubilizing Iigand to nake tetraaryl oxyal kane which can be converted to

t he carbonate ester by acid hydrol ysi s~ 1BACKGROUND OF THE | NVENTI ON

Pol ycar bonate resin) particularly bisphenol A polycarbonate, is an

i port ant engi neer iMMUFREITURBUFIARBONNTH ES TERS WS WS ESPRIM ACKEabE UCt i on, gl azi ng
and optical applications. Polycarbonate resin can be made by interfacial
reaction or by nelt transesterification. The nelt transesterification
technol ogy has a significant environnmental advantage over the interfacial
process which uses phosgene for reaction with hydroxy conpounds such as

bi sphenols. In addition nelt process naterials have | ower |evels of

cont am nant% whi ch Thisdnvaationis/didectedalol manutactirptofocarbopatecesters

applications such as maki,ng,c act di sk trang i.nterest.in the nelt
process tephno?B@W?'? Pﬁ"t?g‘ll?rf)yd Cbé’ﬁﬂg‘ﬁ ' oié:\?&’%ﬂ*&h?stgfs BY SHPNGt act ory
manuf act uring glk@ﬁﬁ%siﬁdﬁfcebh?bé‘&ibhoaﬁteﬁ HRdr6%ys corpoul Rithhanyhiggar bonat e.
Nuner ous net hods are enployed to synthesize Bi phenyl carbonate. The two

current conmmer compoynd,i aptienaliy, Hoothe: preseneecet Bi palubjlizingdigandtito are: 1)
phosgenation of phenol in an. nterfacial process and.2). the

titani um cat al J'2X8 '?Féﬁ@gg’f)@r"ﬁq%%' céf'pl?ﬁ ﬁ@?ﬁ?ﬁ%&r@éﬁﬁt@mﬁﬂephenol .
14 FEBRUARyy 20 $aOHRIsSi on of carbon disulfide and phenol Into
tetraphenoa)g/rrel?%grﬁé)tiayzf?lom%ﬁi s reaction is effected by the use of a
cuprous phenoxi de conpl ex, prepared insitu in an organic solvent by

e o oo B ASREREU S THE VBN T o7 Lo arelysts of )
sol vent| ess system pgwggmaqgrrggﬂ’ ?a?ﬁ&fléﬁfb_iétﬁrl:%mﬁ tﬁﬁgbwggg)g#g@ and

phenol are conbined and reacted 1n one step w or 'preformng
the reactive cispaar impertant dengipeelsg i thexmoplastionwithUSnaay ewsesndn 5, 663,

406 di scl thod of produci banat. by the netal induced
eact i on ofS a ROARBIEIORo BIAAY AL AP ARRIFELONSoERNCAIParHR S ocoss.

can be made by interfacial reaction or by meit transesterification.

The melt transesterification technology has a significant
environmental advantage over the interfacial process which uses
phosgene for reaction with hydroxy compounds such as bisphenols.

20 In addition melt process materials have lower levels of contaminants
which make the very desirable for critical optical applications such
as making compact disks.

Strong interest in the melt process technology is in part
dependant on development of a satisfactory manufacturing process

25 for the carbonate esters such as diphenyl carbonate.

Numerous methods are employed to synthesize diphenyl
carbonate. The two current commercially viable methods to
produce diphenyl carbonate are: 1) phosgenation of phenol in an
interfacial process and 2) the titanium-catalyzed transesterification

30 of dimethylcarbonate with phenol.

A
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SUMMARY Hi gh yields of tetraphenoxynethane and di phenyl car bonat e hgvg been
obtained in short reaction tines by a copper-induced condéhERRYERY q)phenol
and ‘car bon di sul fide, when cupric al koxides, such as cupric nethoxide, are
enployed in the synthesis. The addition of appropriate am ne-containing

| i gands increases both the initial rate and the total yield. The

devel opnment of efficient routes foeR-the preparation of Bi phenyl carbonate
is required to fully exploit the nelt based technol ogy using Bi phenyl

carbonat e and bTa@hes@ersionpraipatacbgrol gisalfidonadrel rgtsdnol Ftwi r onnent al
pressures are di recti&g manuf act urj ng away from the traditional phosgene

reactions 1Q3TapIGBOKYRG Misa‘fwmsm reactipnis efforted bydbey6@) that can be
oo That Of RLSRBRIS bAAIATL Rofbfne frenRbaHERR 4F Hibal o V¢ have

found that the use of "copper(I] I'des increase the"rate of formation
of t et r aphaolventriiyh esuetiam cofBsgdiemy phemmdden atith suproubi adoridey) with up to 80%
yi el d by 1("[” The addition of snall unts of am ne-containing ligands to
the copper yl‘%m‘é(fi‘ﬁp iw&a%%%vwﬁ%@cﬁ”g%eﬁagC?ﬁ’é’"a‘&i X &0t 0 i ncrease the
initial ray@odnd Af ﬂneg«bayéd%'&l@fﬁ&ﬂ{ﬁeﬂﬁﬁ%titﬁ@h%@bn Mbdifge!p to 80% 14
FEBRUARY 2003 WO 00/ 09470 'PCT/ US99/ 11698 -3reaction achieved within 5-15

m nut es andupicadxigé (Ce®) aindlplenddGys coppinadand deadled én peact i ons, the
extent of the fyndanental, nonfigand cont ai E{/ﬁggpreaetions at 15 mnutes is

only 2 - 7 936p Witheublhernged fpeREIPERNG Lhq 144, ReeRIIeHRXier 5
tetrapheno%@,} Lphenyl carbonate. ~~-off + S~cas + Cu(ll)

al kuxi de gqCN9 #%ea§®8%'oc-OI O~ Tetraphanoxy nethane (TPM o /o0 o\
Di phertyi t ar boi8 eate@Pa). swﬁ.meérgisqlq‘fﬁ@@am&wét@ylem ®u(11) al koxi de .

copper (il) |, A& i lof 8@Wdroxy 86Hsound

tri phenyl phgg%ﬁﬁ?%éggﬂ ﬁgﬁ%ﬁ@‘%@&%‘gﬁ?:’%‘ﬁgnz ggllppyﬂ dyl am ne,

t et r aet hyl ewithlacutfari conipound DRSS PFPe&I8 OF THE FI GURES 10 Figure 1:
Conmparison of Initial Rates for Reactions using Different Copper Conpounds
wi th phenolSWMMASRY to Form TPM (no added water): Copper(l1) Methoxide

(730A) and COpp%&ﬂ\)yie%si %I? tetraphenoxymethane and dipheaylcarbonate
have been abtained in short reaction times by a coppet-induced
condensation of phenol and carbon disulfide, when cupric alkoxides,
such as cupric methoxide, are employed in the synthesis. The
addition of appropriate amine-containing ligands
increases both the initial rate and the total yield.

The development of efficient routes for the preparation of
diphenyl carbonate is required to fully exploit the melt-based
technology using diphenyl carbonate and bisphenol to prepare
polycarbonate resin. Environmental pressures are directing
manufacturing away from the traditional phosgene reactions to
make intermediates, such as diphenyl carbonate, that can be used
in a tranesterification process to produce polycarbonate.

We have found that the use of copper(il) alkoxides increase
the rate of formation of tetraphenoxymethane and diphenyl
carbonate significantly, with up to 80% yield by 1 hr. The addition of
small amounts of amine-coataining ligands to the
copper(ll) alkoxide-mediated reactio~ns has the ability to increase
the initial rate and final yield even more dramatically, with up to 80%



(1t 6A). 15 Figure 2: Conparison of Initial Rates for Reactions usin
Di fferent Copper Conpounds with phenol and CS2 to FormTPI\/F‘t%ﬁ?@é’dRV\é‘iogr):
Copper (1'1') Met hoxi de (730B) and Copper(l) Oxide (1 ~ sB). 14 FEBRUARY
2003 WO 00w@Lsb00470°GT/ US99/ 11698 ' - 4Fi gure 3: Conpari son of pof/gksbor ke
Reactions using Copper(ll) Methoxide with phenol and CS2 to form TPM (no
added water) using various ligands 5 DESCRI PTI ON OF THE | NVENTI ON Mel t
reacti ons using carbon disulfide and ph¥nol in conjunction with copper(ll)
al koxi des resulted in greatly inproved reaction rates and hi gh yiel ds of
TPM DPC. The aeatkdn athievbtaithis Sst®windtes Stteweal yield of d 2009809l d by 1
hour can be achi eved 10 when using copper(l1) nethoxide (730A). Figure 1
conpares the dwvempared tethesea seaqtioass thes exterti afithe Jundamentainoed- r eact i on

usi ng copper (1] t hoxi 1) i de-nedi ated control
reaction (116A i n "ﬁgﬁémsﬁﬁi#@?@gﬁf%k&u@%z conpares the

anal ogous reacti onsTiden gverll er r¢divn | sisaddiistrafed heberiwer (bt )

met hoxi de- medi at ed reaction (7308) 'and a copper(l) oxi de-nedi ated control

reacti on {$168ptraphenaxymetbane apdidiphanybearbonateat 65i C, with stirring,
under a nitrogen bl anket. The heterogeneous experinments were sanpl ed

t hroughout the 22-30 hr reaction tine; the production of products was
nonitored by GOF\D. 20 The copper(11) al koxi des ith t were screened were
copper (11) rrec(m(em;-zs ﬁlw(llpﬂppleo(ll)—aég‘-g-l—ea(@(}@m) 2). The

i nstant inventiwaZprovi des a nethod of produci ﬁ‘ﬁ"c’aﬁ%nate ester conprising
the step of adm xing and reacting an aliphatic, cycloaliphatic, or aromatic

hydr oxy conpound of iJe 25 formul a R OHxWekert\PB#Ns sel ected fromthe
group consisting of ti t uyed N\and 3ubs it aI kyl radicals, and
substituted and unsiisgif Wt ey _arg| NAEBRUARY 2905 WO 00/ 09470

P/ phenyt '

Di
PGT/ US991 1 t 698 °_| carbonate (DPC)
O 28
0 O7Q0
Tetraphenoxy- Diphenylthio-
methane (TPM) carbonate (DPTC)

Cu(lf) alkoxide = copper(ll) methoxide; copper(ll) acetate.
ligand = none, triphenylphosphine, triphenylphosphite, 2,2'-dipyridyl amine,
tetraethylethylenediamine.

DESCRIPTION OF THE FIGURES

10 Figure1:  Comparison of Initial Rates for Reactions using
Different Copper Compounds with phenol and CS2 to Form TPM (no
added water): Copper(ll) Methoxide (730A) and Copper(l) Oxide
(116A).

15 Figure 2: Comparison of Initial Rates for Reactions using
Different Copper Compounds with phenol and CS2 to Form TPM
(added water): Copper(ll) Methoxide (730B) and Copper(l) Oxide
(1168).



-5radical s; a sulfur conpound selected fromthe group consisting of the
formuy as R=C=S, 5 and R" C=S R' wherein R is a dival ent &af FEH&ARE 2003
radical, Oor S) and R' is Ror OR and a pronoter conprising at |east one

et al soupwernolob@b 1S capable 10 of reacting with said hydrg sgp‘qi gd and
sai d sul phur conpound. Enhancenent of the reaction rate and%’i‘%ﬁ tgrough

.the addition of iigands in the copper(ll) methoxi de systemwas al so tested.
These reactions utilized copper(ll) methoxide with various 15 ligands) at a
10 nol e percent level; the |ligands chosgan were representative of the types

of ligands that had previously been found to increase rate and or yield:

tri phenyt phosphj (/LPP) ' y i) =i Qyarid )

(22" Dy | e R Sy ) CoTHAEOR oF Y P Rcadin? B KoogBh(IF
reactions, 20 Meth@xidet with ghenopramdi@Spltorfeant TAM (Houaddbaswdtgrpact i ons
wi thout the addition of ligands), are listed in Table 1. The addition of
smal | anount s, usingwarious ligandbdout 10 nol percent, of phosphorus- or

am ne-containing iigands to copper(il) nethoxide nedi ated reactions
increased the initial rate and final 25 yield even nore dramatically than

t he use of gop | TNt O 80+% reaction was achi eved
wthin 5- 1§m’ Qgée%memt teoﬁtﬂI#E;'Fel sTo 115-130% (Tabl e 1. Reacti ons 88A,

812A) and 826A).  MelfFERAHONS 208hg\AB0AAdIGUMTBNSAAd 1 phiedol B ALl of
the ligands used in this study increased the Iq@ al rate of the reaction.
A conpari son ofOPRHBCHRM W ceRPertth alkoxidassrpsuitad in greathydmpravedhng

comari son_ofoR] i copporihalictlese thaies 124 i
0.1 1o about i RS Biee f PigH sk TEMWDRE: T1e ot TRESRN 1< ot ant. ot

the reaction ngkdwneh Selwmalas Ugamm%ayibw bypt doenl cdnebd achiglegdeact i on
rates. Table 1: Melt reactions of Cu(]l)al koxides with phenol and carbon
di sul fi de: 100 WhBAVHSIPGRAPPEHY) (DetheyideLDB0A)r e fdgurend cpmpares the

Qi 1) al i degyodicylofi°or RS st & ABLACOPAR BRASAESS 38aRIN Bkilign9 Boands

copper(ll) methoxide (730A) versus a copper(l) oxide-mediated
control reaction (116A) when no added water is present. Figure 2
compares the analogous reactions when a water-phase is added:
15 the copper(ll) methoxide-mediated reaction (7308) ‘and a copper(l)
oxide-mediated control reaction (116B). All of the reactions were
run at 65iC, with stirring, under a nitrogen blanket. The
heterogeneous experiments were sampled throughout the 22-30 hr
reaction time; the production of products was monitored by GC-FID.
20 The copper(ll) alkoxides that were screened were copper(ll)
methoxide (Cu(OMe)2) and copper(ll) acetate (Cu(OAc)2).

The instant invention provides a method of producing
carbonate ester comprising the step of admixing and reacting an
aliphatic, cycloaliphatic, or aromatic hydroxy compound of the

25 formuia

R-OH,

wherein R is selected from the group consisting of substituted and
30 unsubstituted alkyl radicals, and substituted and unsubstituted aryl



Reac~on# | i gandTo~| Y~el d15%, ~~ (10 nop/ 1A~~3 hry~1~2: ~116A(C-O-' YN34995%
(30h) 913294168 (C~t ~pO QOr | UO~ - YY34%$% ( 30h) 21157%34A ( CUEBRBAR.2RB0%78%
(29h) 751 39%w308 (Ct J(OVR~ -YY88%94% (29h) 340%2088A ( Cxl (Ove~~
TPPYNl~‘%i%%§,§@,&16r 49826 A( CU( OVR~~ TPPYY. 127%146% 24h) 685884888v0/11698
(Cu(OVe~JYNI16%d10% (?211) 10829%81?A( Cu( OVR~~

22' - OPAYNOI ~994% 2?J1) 81i %8128( Cu( Ove~

22" - OPAYY82980% 2A) 6d" ! 39258ZCA( C~( Ove~ TYNI91%92% ( 24h) 9d0¥8208( C~-J( Ove~
TYY11490919% 24h) 8169BL4AA( C~( QAC~] - YNABYLQ( 3% 30h) 1110298148 ((~. J(QAC~
-YYO50%84% (30h) @B4%Al | reactions (except8l4B)were runat 65QC under 30N2,

wi th mechanical stirring." renmaini nganount i s DPTC*"" These reactionswere
extremely fasti RG] §; SUbIFGAMBRYNS, SP Csefigqu thegroup Lonsistingry 2003 WO
001 09470 _7_ PCE{ U3PRuia098 The |evel of diphenylthiocarbonate (DPTC

hal f - product of e reaction), often observed when sonme of the nost active
| i gands are used at the 10 nole percent level, is lower than in the
correspondi ng Cu20-nedi ated system _fo xanpl e, alnost 50% 5 DPTC is
produced at the 7 hr point in a CuZ(BT‘éﬁgat ed reaction when 10 nol e percent
TPP (131A) i% ugﬁg. Al t hough the DPTC I evel in this TPP-containing reaction
finally decreases to | ess than about 2% (after 50 hrs), reactions utilizing
Cu20 and any of the aromatic am ne-d@®taining iigands retain a significant

| evel of DPTC 10 throughout (11-33% . Nn a simlar reaction using
copper(1l) methoxide with TPP (88A), no (@ than 2% DPTC i s ever noted.

Al t hough DPTC shoul d be able to be cony €d to TPM under favorable
conditions, it is beneficial to have te TPM or DPC formed directly, thus
precl udi ng unnecessary steps or extdtded reaction 15 tinmes. The use of
copper(11) acetate (Cu(OAc)2} as the copper species increases both the
initial rate and final yield slightly in the reaction that contained no
wat er phase (81lgfbreidR'ss a)divaleniaNpidtiordeicf Otorf$,0and Re igddoE oI of a
ligand) as did the copper(ll) 20 nethoxide system The copper(li) acetate
(Cu(OAc) 2) syst and @i promadercebmprisingaé lgast ang petal spurcenthat imgapabldue to the
solubility Cuf QAc in ter .that enhang i.ts. rempval .f,rom the organic
react ants. EQfDEﬁ Nﬁ'AI!v\e%esﬂgl 'fhyldg%i ‘E@pﬂﬂpg Al b"‘sf"go W}leﬁg phenol ,
copper(11) al kogg@,,q\gouha_gand (if used)) internal standards and a snal |
amount of acetonitrile in a round bottom flask; sone of the reactions

cont ai ned water as aEpbancamentaod. thehesactiosudate andeyieldt through fthe 5 30

mnutes at 45C gg&ﬁ{)naop iiéér?@seri]n bt %nggﬁpeir?ll)orrt(\je%o;ige nsey}sttef%'th?vaghg sgl
tested. These reactions utilized copper(ll) methoxide with various
15 ligands, at a 10 mole percent level; the ligands chosen were
representative of the types of ligands that had previously been
found to increase rate and or yield: triphenylphosphi'ne (TPP),
triphenylphosphite,  2,2'-dipyridyl amine  (22'-DPA), and
tetraethylenediamine (TEED). The data for all of the reactions,
20 along with data for control reactions (Cu20-based reactions without

the addition of ligands), are listed in Table 1.

The addition of small amounts, about 0.1 to about 10 mol
percent, of phosphorus- or amine-containing ligands to copper(il)
methoxide mediated reactions increased the initial rate and final

25 yield even more dramatically than the use of copper(ll) methoxide
alone; up to 80+% reaction was achieved within 5-15 minutes, with
total yields of 115-130% (Table 1: Reactions 88A, 812A, and 826A).



14 FEBRUARY 2003 WD 00/ 09470 PCT/US99/11698 -s and di sperse the copper(11)
al koxi de. The carbon disul fide was added and the tenper at uf&FERRYARY 2003
concurrently raised to 65QC) where it was kept for the duration of the
reaction ntative reactions and their charges are i | ow.
The reag%&ga{;/\%?(g 5 used as received with no drying or pr eg%b%gﬂégﬁﬁi on
steps. Copper(l1)Methoxide with no added ligarrd (CH3CN, no H20) (730A)
Into a 250 nL) 3-neck round bottom fl a$k;, equi pped with an overhead stir
paddl e, condenser and nitrogen bl anket, were placed 10 phenol (29.96g;
0.318 nol)) cApmdrthelljgameisheseddia this Stidlydincfeds2dOBeninitial ratebbimet ril e
(CH3CN, 2.5 nL; 0.04787 nol), and internal standards [3-nethyl anisole
(0. 3054g) andreaciRBay| A costpasigen. ofnthe Gepperdld meathe¥deimediatedssqC oi |

bath and stirp}] . [ QP ] id.e the phenol
mel ted) for 5FAMB@M$%W%“6TF§§@E‘H |8g'r'1 dﬁéﬁg‘%%rﬁ "Wl fide,

car bon di sul fgdfm gEheraivbmMustd.{ itdcaen woldel detoghs of t9RgaRy,m0!) and
the tenperature of the oil bath was i mediately raised to 65QC for the
duration & thasedmenithe coppen comentsel the jeaatiomsmidgre, t providesr e good

m xi ng of the_hetearogeneo ] XL ure. [l e _course of the reaction, a
20 bl ack suspg"rﬂ'ig%lfqu@r'ﬁwg&f:adylé\ﬁg acﬂ‘ﬁééﬂglgﬁtraquughout. Sanpl es were taken
every 15-30 min. for the first three hours and intermttently thereafter.
0.4 nL sanmples were pipetted out, diluted with 1.5 nL CH3CN, followed by
filtration usTableviiat naMalhirgaetiorts |afe Ca)illadkaxides nyithh phasolaandPTFE

menbr ane. San$)l S re.2o anal yzed using a Hewl ett Packard 5890 Series ||
gas chromat og ﬂﬁﬁ"\gﬁﬁﬁ"ﬂﬁau with a 30 meter DB-1 coated capillary colum and

a flame iqgni zati on det eg¢iopiol febitibhs ,Qgggﬁ heabfRh8 Qsihgle u@'ak?n% added |igand
(CH3CN) N20) (7308) 14 FEBRUARY (ZOQ V@BO/ 09470 g_ PCT/US99/ 11698 Into
a 250 rnL) 3-neck round ahdeadionswithaninean phosphonistcantainingligandead stir
paddl e, condenser and nitrogen bl anket, were placed phenol (30.05g; 0.319

nol ), copper(Ll). nethoxide, (2. 6438g; 0.02105 nol), acetonitrile (CH3CN) 2.5
m_; 0.04787 nﬂmn’f/vat er ( ; 2.0 ] , and internal standards

[ 3- met hyl15ani $Cdais( 0. 30490matih)d ADNINERQ? Jhbick O 220 . TERMOACAsk was | ower ed
into a 45C oi {ighialdhame) StiLri ngy wasncommugpcedgsy]fgy)  eagimpn was m xed)

whil e the pheﬂ%‘d@ﬁ’ﬁd, for E\Bm' nyt es :ggi orgéo))%’ée a?@i on of the

car bon disul f .. ‘The carboh disul fi é’vva added ( 2, 0.03325 nol)
and the 10 tempd%)@ of ttie oiY babh wdi m&Fh &b y f%ed to 65QC for

t he 7308 (Cu(OMe)) - Y Y 8%  H%(2h) 3460%

20 88 (CuOMelp)™ TP Y N 12% 12%(h)  1164%
8BACUOME) ™ TP Y Y . 12F  126%(4h)  6858%
888 (CuOMel) TPProphie Y N 116%  1H0% (2  1082%
BIA(CUOMe)™ 2DPA Y N 9%  U%@h)  816%
BIB(CUOMe)) 2DPA Y Y 8% 8% 60M3%
25 &OACUOMe) TEED Y N 91% %)  900%
QB(CUOMe)) TEED Y Y  114%  91%{4h)  818%
814A(CUlOAC) - Y N 4% 106%3h) 110%
8148 (CulOAC)) - Y Y 05 M%B(30h)  034%

" All reactions (except 814B) were run at 65°C under
30 N2, with mechanical stirring.

-l

remaining amount is DPTC
***  These reactions were extremely fast initially; 80+%
reaction in 5-15 min.

35



duration of the reaction (29 h). The stir speed was fast to ensure good

m xi ng of the heterogeneous mixture. During the course of fhEFBRYARYF¥AR, a
bl ack suspension forned and was di spersed throughout the enul sion. Sanples
(0.7 nL) wW¥OL0p0IeNn) diluted, filtered and 15 anal yzed as spatmssniieys.
Copper (11)Methoxide with 10 nol % Tri phenyl phosphi ne (TPP) as added |igand
(CH3CN, no H20) (88A) Into a 250 nL, 3-neck round bottom fl ask) equi pped
with an 20 overhead stir paddl e, condenser and nitrogen bl anket, were

pl aced phenol (30.00g; 0.319 nol)) coppéer{Il) methoxide (2.6402g; 0.02102
nmol)) triphenyl phosphine (TPP; 0.567g; 0.002162 not), acetonitrile {CH3CN,

2.5 nm; 0.04787 nol Thededeliofidipteylthicomtibonte[(BRTT Nyalf-produst of tHe 30399)
and bi phenyl (0. 29,90%{]). The flask was | owered 25 into a 451C oil bath and
stirring was cHaaieedOfterhebsened; whenaeme aidhe MAs! activaligardsoararel t ed,

for 5 mnutes LOr _to e,A_dditi0 h rban di.syl ihde. . The carbon

di sul fi de was gé%fgd a?ztﬁréj; 1@. MESrbr?g{:?ﬁtaﬁg&@hegt égp@?attﬁgﬁ 5 e oil bath
was i mredi at el gofrasp&itting GpO-rhadiatdte systent.i Fordxdigle; ewbstos0429 h). The
stir speed 30 was fast to ensure good m xi ng of the heterogeneous m xture.

14 FEBRUARY5 200 TW@Di$ @roddctd BCINSIOht pedd in1d CupOrgediated seactionof t he
reaction, a black suspension forned and was di spersed t hm-ughout. Sanpl es

(0.4 mL) were whrBn10 dnelgt percent TR é&3%hi$aH§P$-ze6“H§U9h dhgd)BE@ve. 5

- Copper (1) et e W Sl LElgeRAb A alh MAROE S AR IRRD, 2
equi pped W th ghoQ 2r4¢akers 50 hidRdedRtions AR CRDD Mrld @ﬁgrbfbl'hénket , Were
pl aced phenol (34.25g; 0.364 nol), copper(ll) methoxide (2.6464g; 0.02107

10 nol)) Te][ raatdmatieahweli}nenﬁahﬁhgéigeiﬁ&ﬂietam QWifi&MPBQéEofBWTC wat Ier (36
m; ~2.0 : tonitri , 2.5 . m_ 0.04787 ), i

st andar ds r?@) nﬂ?&‘jﬂﬁ&:‘ﬁ &hl"?@a%/%gggg)a aﬂg‘hﬁf pfedePn( g’D oggqnér(?*hgr P?ask
was | owered in el NG St EL OPfes reaction
was nmi xed) whi Heéﬂt?%fe}é%ﬁ{o{lrp%ﬁbﬁ) ql'fShPf)ér ItIJiag}\mé%'sjt es prlgocesgtr(g;gt € addition

of the carbon ditaolgh dPTThehoaldbbe dbleutd itke consertddetd (TPMLundbr03325 nol)
and the tenperature of the oil bath was | medi ately raised to 65 for the

dur at i onf of ht htaveezkigiconditipgsnit is ﬂ’ﬁ@eg@i?“%@@jﬂ\ﬁa PMagt OF¢ Wfede good
T bl ack suspendreiihe S prRcidiia 'fimedstdly $18Bs Ceh exfortled iachiBnf °3¢ 1 I

were takemsditimeed, filtered and anal yzed as stated above.
Copper(I!)acetate with no added Iigzand (CH3CN, no H20) (814A) 25 Into a 250
mL, 3-neck round boffhenuse fkcoppern(ih@setate n((HQAQRheas thei copnedd e,

e ) e Pokoq S aBak B L AP BTN RS 88 )
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stirring was calsoeberefit from the addition of a ligand, as did the copper(ll)
20 methoxide system. The copper(ll) acetate (Cu(OAc)2) system with
added water performed poorly. This may be due to the solubility of
Cu(OAc)2 in water that enhances its removal from the organic

reactants.

25 EXPERIMENTAL
The melt reactions were run by combining phenol, copper(ll)
alkoxide, ligand (if used), internal standards and a small amount of
acetonitrile in a round bottom flask; some of the reactions contained
water as a second phase. These reagents were stirred for 5
30 minutes at 45°C under a nitrogen blanket in order to melt the phenol
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t enper at uneo @dookfee 0il bath was imediately raised to 65C fpRipnt s??nﬂs%at'o” ’
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The reaction was honogeneous and blue-green initially. During the course of
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is a divalent aliphatic radical, Oor S, and R' is Ror OR and a cupric
al koxi de. 2. Aeaetionsiaed thaitrharges %nean@luq!edubelm cTrhet feagents weee f ur t her
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Copper(ll)Methoxide with no added ligand (CH3CN, no H20) (730A)

Into a 250 mL, 3-neck round bottom flask, equipped with an

overhead stir paddle, condenser and nitrogen blanket, were placed

10 phenol (29.96g; 0.318 mol), copper(ll) methoxide (2.6405g; 0.02102
mol), acetonitrile (CH3CN, 2.5 mL; 0.04787 mol), and internal
standards [3-methyl anisole (0.3054g) and biphenyl (0.3010g)]. The

flask was lowered into a 45°C oil bath and stirring was commenced.

The reaction was mixed, while the phenol melted, for § minutes prior

15 to the addition of the ca}bon disulfide, carbon disulfide. The carbon
disulfide was added (2 mL; 0.03325 mol) and the temperature of

the oil bath was immediately raised to 65°C for the duration of the
reaction (29 h). The stir speed was fast to ensure good mixing of

t_he heterogeneous mixture. During the course of the reaction, a

20 black suspension formed and was dispersed throughout. Samples
were taken every 15-30 min. for the first three hours and
intermittently thereafter. 0.4 mL samples were pipetted out, diluted

with 1.5 mL CH3CN, followed by filtration using Whatman Uniprep
filters, containing a 0.45 pym PTFE membrane. Samples were

25 analyzed using a Hewlett Packard 5890 Series Il gas
chromatograph equipped with a 30 meter DB-1 coated capillary

column and a flame ionization detector (FID).

Copper(ll)Methoxide with no added ligand (CH3CN, H20) (7308)
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water with the hydroxy conpound, al koxide, and sul fur conpound. 6. A nethod
according to claim1 which conprises preparing and reacting a m xture
conpri sing phenol, carbon disulfide, a cug)ri c al koxi de) water and a |igand.
7. A nethod according to claim1) furtherdtonprising the step of acid
hydrol ysis of tetraaryloxy nethane to carbonate ester 8. A nethod according

to claiml in which tihio ae280 mby 3-eegleraind boltemffrask, eqalpped whbuin 100Q C.
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stirring was commenced. The reaction was mixed, while the phenol
melted, for 5 minutes prior to the addition of the carbon disulfide,

CS2. The carbon disulfide was added (2 mL; 0.03325 mol) and the
10 temperature of the oil bath was immediately raised to 65°C for the
duration of the reaction (29 h). The stir speed was fast to ensure
good mixing of the heterogeneous mixture. During the course of the
reaction, a black suspension formed and was dispersed throughout
the emulsion. Samples (0.7 mL) were taken, diluted, filtered and

15 analyzed as stated above.

Copper(ll)Methoxide with 10 mol% Triphenylphosphine (TPP) as
added ligand (CH3CN, no H20) (88A)

Into a 250 mL, 3-neck round bottom flask, equipped with an

20 overhead stir paddle, condenser and nitrogen blanket, were placed

phenol (30.009; 0.319 mol), copper(ll) methoxide (2.6402g; 0.02102

mol), triphenylphosphine (TPP; 0.567g; 0.002162 mol), acetonitrile

(CH3CN, 2.5 mL; 0.04787 mol), and internal standards [3-methyl

anisole (0.3039g) and biphenyl (0.2990g)]. The flask was lowered

25 into a 45{C oil bath and stirring was commenced. The reaction was

mixed, while the phenol melted, for 5 minutes prior to the addition of

the carbon disulfide. The carbon disulfide was added (2 mL;

0.03325 mol) and the temperature of the oil bath was immediately

raised to 65;C for the duration of the reaction (29 h). The stir speed

30 was tast to ensure good mixing of the heterogeneous mixture.
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' 109%& () - f1036ethbad str\pabldRBidendendét and nitrogen blanket, were glaced
10810968&' ()-: 109B& ()-! YLI0%5F5& ()- 109B& ()- @O0%& ()-! 10%

a?PE: 3, 10 10!piermd 43425010484 mobi cogperii)Fmethopine 2. 6)4649.002107
109& () - 4y 10%36‘ ('?etraermﬁ §h§lenje%|amme (TEED; 0.362g; 0.003115 mol),

water (36 mL; 2.0 mol), acetonitrile (CH3CN, 2.5 mL; 0.04787 mol),

H

and internal standards [3-methyl anisole (0.3039g) and biphenyl
(0.2990q)]. The flask was lowered into a 45°C oil bath and stirring
was commenced. The reaction was mixed, while the phenol melted,

15 for 5 minutes prior to the addition of the carbon disulfide. The
carbon disulfide was added (2 mlL; 0.03325 mol) and the
temperature of the oil bath was immediately raised to 65°C for the
duration of the reaction (29 h). The stir speed was fast to ensure
good mixing of the heterogeneous mixture. During the course of the

20 reaction, a black suspension formed and was dispersed throughout.
Samples (0.7 mL) were taken, diluted, filtered and analyzed as
stated above.

Copper(ll)acetate with no added ligand (CH3CN, no H20) (814A)

25 Into a 250 mL, 3-neck round bottom flask, equipped with an
overhead stir paddle, condenser and nitrogen blanket, were placed
phenol (33.44g; 0.319 mol), copper(ll) acetate (2.6386g; 0.01453
mol), acetonitrile (CH3CN, 2.5 mL; 0.04787 mol), and internal
standards [3-methy! anisole (0.3039g) and biphenyl (0.2990g)]. The

30 flask was lowered into a 45°C oil bath and stirring was commenced.
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10%& ()-!t @ HMed((R-ri@¥.0B328 rhdh 'ahdthe temperature of the oil bath was
immediately raised to 65%C for the duration of the reaction (29 h).

5 The stir speed was fast to ensure good mixing. The reaction was
homogeneous and blue-green initially. During the course of the
reaction, a black suspension formed and was dispersed throughout;
during this time, the reaction slowly turned orange. Samples (0.4
mL) were taken, diluted, filtered and analyzed as stated above.
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contains a ligand which is a monodentate amine or a polydentateamine.

3. A method according to claim 1 in which the hydroxy
compound is a phenol, cresol, bisphenol A, xylenol, p-cumyl
phenyl, n-alkylated phenol or a halogenated phenol.

4. A method according to claim 1 in which the hydroxy
compound is a substituted or unsubstituted phenol.
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10. A method according to claim 1 in which the mixture
further contains from 0.1 to about 10 mol percent based on
the moles of copper in the mixture.

11. A method according to claim 1 in which the mixture
further contains water or other dipolar aprotic auxiliary solvent.

12. A method according to claim 7 in which the
tetraaryloxymethane is tetraphenoxymethane.

13. Method according to claim 1 in which the cupric alkoxide
is cupric methoxide.

14. A method according to claim 9 in which the reaction
temperature is 65 ®C.



