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* PHOSPt NE LI GAND PROMOTED SYNTHESI S OF TETRAARYLOXYALKANE AMEBRUARY 2003

DI ARYLCARBONATES Fl| ELD OF THE | NVEN!“IIMIIIIIIIIIIIIIHIIIIIIIIIIIGM ion is directed to
net hods f orVRA¥PI#8€t et r aar yl oxynet h | car bonat eECKAISAH1183%
useful in the preparation of polycarbonaggei€esi ns by nelt

transesterification technol ogy. Manufacture of polycarbonate resins by nelt
transesterification of 5 diaryl carbonates provides sone inportant

envi r onmentEOSEaNLRHOSD PROMOTEDSYNTHESISOOFTETRAAR YIOXEAEKANE AND P! OY'S
direct reaction of carbon nonoxigigryAlCARBONARESPhOSgene. | n addition, the
nelt process produces a product characterized by very |ow | evel s of

contam nants which make them particularly suitable for use in optical
applications such as the manufacture of 10 conpact discs. Manufacture of

poi ycar boneRIEEDO@FEHE IBRMBNITIQNt i on of diaryl carbonate is not used
extensively on a commerci al scal e because, at the present tine, there is no
satisfactory synthesis for the diaryl carbonate. Prior art nethods for the
synt hesi s of thdhis imyentioarisslieacted o methedyfarapakingotetfaneilpxymethanel 5

h | i A di t h ' I fti- I
Convar i on ek 48Pl Febenalél mghl ey B Bre BECeeERof Al paticatbpPaana o
third ' I £ ti f h I iri
cat al yot S aens B A RS CR o BRAMED, T ocycl e U8 5, 603, 408

(King, Jr.et.al.) discloses a nethod of producing carbonate ester by a

netal induced rdshufaenat éf ipolycaxoratepasing biyt melt srdrisesterifiomgon. of20 The
present invention provides an inproved nethod for producing
t et r adr yl oxljaiyk xacborateh paevides saptecimopgrtanh aneirppoentt adyantagescevdson

disulfide in th f. | d d liphati | oal i phat i
(ilzfsérE )é I?UE\I;IIE% 15F £ aIr Z‘éﬁe nICB’:“e?QQIC IJ?E‘;EF%EQZWXIPSE%%IDI‘%%B%IJF : Icép;ﬁ—%fcf%gehng) '
Addi ton of"Sadat el 46 pRoRerie it addhion MHE Held prbekss! Roitesd

t et r aphenoprodubtaditaradteitbed by eirpliony teveldohadrttaniPhintsi whighahhké elagrhi on
times and inproved reaction rates by a copper-induced condensation of

phenol and paatissdarlyissitabledfor ugsin optictlappdicatians sudh asithepnanufacturexfi t ut ed

10 compact discs.

Manufacture of polycarbonates by melt estrification of diaryl carbonate
is not used extensively on a commercial scale because, at the present time,
there is no satisfactory synthesis for the diaryl carbonate. Prior art methods
for the synthesis of the diaryl carbonate includes direct phosgenation of a

15 phenol in an organic medium. Another process involves a multi-step low
conversion rate process using a catalyst such as a titanium catalyst and a third

process involves the direct carbonylation of a phenol requiring a catalyst such
as pladium that is difficult to recycle. US 5, 663, 406 (King, Jr.et.al.) discloses a method of

producing carbonate ester by a metal induced reaction of a hydroxy compound with a sulfur
compoud.

20 The present invention provides an improved method for producing
tetraaryloxyalkanes such as tetraphenoxymethane from phenol and carbon
disulfide in the presence of cuprus oxide and an aliphatic, cycloaliphatic or

aryl phosphine ligand.
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5 phosphine |igands can be enpl oyed. The copper(l) oxide utilization is
significantly inproved in reactions containing phosphine |F*FERRIEARY0E t hat
yi el ds exceeb s9edds0% t et r aphenoxynet hane , were observed. SoperAisssmigas

sul fur-contai ni ng byproduct is transferred to the phosphine in the form of
phosphi ne sul fide. 10 The invention provides an enhanced nmethod for making
tetraaryl oxyal kane and di aryl carbonates such as tetraphenoxynethane and

Bi phenyl cagUMARY IQORTHBINVENTION, phenol, and carbon disul fide. Mre
particularly, the present invention provides a nethod for naking

tetraaryl oxyal kane and di aryl carbonate conprising contacting at |east one

hydr oxyar omat i ¢ Adepdend ofi tph gands | ganc prasiuse orhiigl ~ greldsr @h 0. 1

to 10 t t b | . t5 i h hi

| Cgand. " The SiEtahRRy SRty e and ‘diBhemiBaasaad e B Cin dholk BRREPE o
 Jans:. Fee O > M . o g of

o Pt AASENIE sl AR KRR o

where the tghmdliaﬁnd:a'rmi @l@étﬂﬁdé‘,ncs%i Eidiercardimatiodri gliphiatie ibstihaeatic
phosphi ne. 2 SUBSTI TUTE SHEET (RULE 26) 14 FEBRUARY 2003 _ PVO 001 09466

, ~"" BH + phesphirte QighdsHeaiN be knmiployednd THRCE F1)1 8RfdeCutiization \is_ -
. ~~0- 8—50 I’ O Tet raphenoxyrr%t hantka)y( TPM O /e,vggla (o)lDi pr?enyl car b%n‘gt e
(DPC) /0 O significantly| inproyedbionegactiomPTontainigghphosphine higandsospdhi tat wher e

R
1, 2-bis(di | Tolall di_phas) ..
1, 2- b: zgd: B eﬁ_%/fl P g%&%é:%?gﬁg] {bD § MFB:Ffid\? &eﬁﬁé”?’f{k’)éleﬂ 5\? ré“ioriist ant

i nvention pplodphte sulfRlehod of produci ng carbonate ester conprising the

step of m xing a hydrvxy conpound of the formula RROH, 5 wherein Ris
sel ected fromthe group consisting of substituted and unsubstituted al kyl

radi cls, and subg i tinveatiomd preyvides i @nt e@nhapted aanethiod; forsulnhaking

conpound sel ected fromthe dgroup consisting of the fornulas R =C=S, and 3
tetraaryloxyalkane an diaryl carbonates such as tetraphenoxymethane and

diphenyl carbonate from cuprous oxide, phenol, and carbon disulfide. More particularly,
the present invention provides a method for making tetraaryloxyalkane and diaryl
carbonate comprising contacting at least one hydroxyaromatic compound with carbon |
disulfide cuprous oxide and from 0.1 to 10 mole percent based on the moles of cuprous
oxide of a phosphine ligand. The presence of as little as 1-10 mole percent of an
aromatic or aliphatic phosphine significantly increases the reaction rate and yield of
tetraphenoxymethane and diphenyl carbonate. The reaction is shown below, where the

15

term ligand indicates an aliphatic, cycloaliphatic or aromatic phosphine.
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" SUBSTI TUTE SHEET ( RULE 26) 14 FEBRUARY 2003 WO 001 09466 R' C=S R'
'PCTNS99/ 11835 ' wherein R is a divalent aliphatic radi cal ]4KBBRUARY 208ad -R"
is Ror OR ronot er conprising at | east one netal sour i

* capabl e of r§§§9@%§6wm sai d hydroxy conpound and said sul pﬁ&&"%sg%lghid 5
It has been discovered that the addition of small anmpunts of aromatic or
al i phati c phosphines to the fundanental reaction, shown in Schene |,

i nproves the y=ehd of tetraphenoxynet hane ant&;ﬂﬁi@%enyl carbonate, DPC, from
cuprous oxi deg, phdnol, and carbon disulfide. Ch4Nf{i¢BQ | oyenents in
the-rate of \gact' on QHr & oBSefven \%&Pq@osphi nwgéﬁ(gaﬁag 2%2ér esent 10
during the re on. The nelt reaction between cuprous oxi de, phenol,
carbon disulfide and | ow | evel s of methyl cyanide (CH3CN), reaction, is
conpared with a simlar reaction perfornmed in the presence of about 10 nole

percent triphepgFphosphine, TPP, (react] J a 1. Once the
reaction cont 10 m)lcent trff phen Iph%fphi n§ (13)A) undergoes an
initial 15 | ag of apf at el y 5 hgurs, the ploducyi on of

t et raphenoxynet e IMmgreaggs./dramati ca

- with“the t .yield of

t et r aphénoxymet hane, ihcreAsing from5%to 105%within 5 I P@'Mi nitial
i nduction period mgy—t&de to linmted solubility and i ni CRRPN3 Y on of
a phosphi ne- assaocj/at edl cuprous phenoxi de conpl ex. 20 Table 1 shows the data

for control rg¢ ons € cuprous oxide ﬁased w th and wi thout added
wat er in addi§ 40 t hefldat a |f or the avt Qt\i ed various types
and ol ar | eve pf phospthi neJcont ai nifhg |ijgand The{tablg |ists the
auxiliary reagents used, yield at hogrs, tde to eld at 30 hours,

and t he di str Thwdphewoxgf products. 4 SUBSTI TUTE SHEET ( RULBDigfshyithion WO
00J094G5 PCT/ Hiafhadd ) When the reaction is carried out idardohfle (DRFENCE Of
wat er, di phenyl carbonate is generated insitu and becones the primary
product. A siml EP% reaction that used 1/10th the |evel of

ri n sphi r PORSP [ n i : r S
e R i, s
i enybkebi ; .Ezig 52%(&;?& '

n
Il (Total Vi
e pheny! phoa Iﬁr ] per cent
ethanold ’ agwt)'?ysngﬁn %@Fgg time

tri phenyl phosphi ng 4

tri phenyl phosphi ne” (35A a much reduced
was reduced to 15 mnutes for the reaction using 1 nole percent
tri phenyl ph@ESCREPTION ORTHE INVENTION

The instant invention provides a method of producing carbonate ester

comprising the step of mixing a hydroxy compound of the formula
R-OH,

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

a sulfur compound selected from the group consisting of the formulas
R’=C=S,

and

SUBSTITUTE SHEET (RULE 26)



!

toalag time of 1.5 hours for the 10 nol e percent triphenéIthos hi ne rxn.
A 10 graph conparing the first 7 hours of both reactions i%FERBWRY0Fi gure

2. Areacti ining 10 nol e percent triphenyl phosphi ne ed
wat'er phaseq??%@ﬁééhowed an increase in the early rate of rﬁdﬁ'{%ﬁ“ th a
75% yield by 3 hrs and a 95%yield by 4 hrs. The corresponding 1 nole
percent triphenyl phosphine reaction (35B) al so denonstrated an enhanced 15
rate of reaction of > 80%by 3 hgurs. A graph conparing these reactions is
shown in Figure 3. Aromatic bidentate phosphines as |igands have al so been
successfully enployed to enhance the initial rate of tetraphenoxynethane
and di phenyl carbonate production. Thé€s® |igands have two aromatic

phosphi ne groups 20 |inked by an al,i/phati c bridge. The two bidentate

| i gands screened were 1,2 bis(diptenyl phosphino)ethane (al so known as

di phos) (reactions 919A & B, 1014A & B) and

1, 4- bi s(di phenyl phosphi no) but ane g\r eactions 925A & B). The initial rate of
reaction (sesherein R'\is el divaleablaliphptit gadicale$2 oriSy R’dsdl wrIQR; andteahat of

tri phenyl phosphi ne. 25 Alj phati c phosphi pes as |igands have al sop been ,
successf ul iPiPWP%%F‘HQ‘SW@tﬁ%RSé Ogﬁdg%tagwrr-eyi‘%hlacapab ST IFRSHX VY hane

and di phenyl f i i | and Cu20. Reactions
utilizing t%E@‘é?@@&yﬁ°"éﬁ’@ﬁﬁéﬁﬁ%ﬂﬁ%‘3‘%‘d&m§§ﬁ§% TUTE SHEET (RULE 26)
14 FEBRUARY 2003 .. _ WD 00/ 09466 PCTN599/ 11835 phosphi ne ((CyHex)3-P) as

the added |igand Iahad Beentdiscoveded Chatthe apditi@nbf kmatl arhid GRS oLaBmARTA &
B) denonstrated a nuch inproved reaction rate and yield. Surprisingly, even

reacti en 1029Balimetichphesphines yo ache fusidemeatalereactione gbpwime ity |Sqhieosphi ne i n
conbi nati on with added wat e ave a 3 hr, 5 yiel f .90% The fir even
rours o ChamasRues ioyie B tetfiterigsiandt Sad AphanY] Friorats TBGs o of
tri | oh | ) . ) : 1 i 4,
1 07 NN D6R: B Lo SRS aETS SR o

tributyl phosahithegate 6A¢édcHBA Were! AolfseBled WHehephesphihe li%?iridsairer pigertnl y 10
slightly while depressing the overall yield. I'n all of the reactions which

cont ai Hed hidyringthel reaciop Atepheligeadtiprbitweed aupireup exislen phenall cadioneved

high total vyj.elds, sigpificant Levels. of di | 1. hi ocar honat e ( DPTC,

hal f-productdlﬂflgaﬁea"\agg?ﬂ IGHIs g6 e sepaaa A e caeren Br SYPBEELY. The

oot PG SO R Nk B ARl WBoPIBSRRSPerch
triphenylphosphine, TPP, (reaction 131A) in table 1. Once the reaction

containing 10 mole percent triphenylphosphine (131A) undergoes an initial
15 lag time of approximately 1.5 hours, the production of tetraphenoxymethane
increases dramatically, with the total yield of tetraphenoxymethane,
increasing from 5% to 105% within 5 hours. The initial induction period may
be due to limited solubility and initial formation of a phosphine-associated

cuprous phenoxide complex.

20 Table 1 shows the data for control reactions that are cuprous oxide
based with and without added water in addition to the data for the reactions
that included various types and molar levels of phosphine-containing ligands.
The table lists the auxiliary reagents used, the yield at 3 hours, the total yield

at 30 hours, and the distribution of products.
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" ligands produce |less than 1% of DPTC. In certain |igand-pronoted cases,

'however, the final |evels of DPTC decreased to | ess than 298FEBREBHE03ch
as these (13%00;03%6?, 26B, 927B) denonstrate that sone Iigand,;cp‘g@;%ﬁqs
a

reactions are cap e of converting the half-product, DPTC, to
t et raphenoxynet hane insitu. Reactions using a 10 nol e percent |evel of
aromati ¢ bidentate phosphines and tricycl ohexyl phosphine as |igands show

211 ronct i ons i t PG, R eisEPhakERRed BHE' i s Erdsentf' BraRcBbrpl - 1"

appear to beciianatessgenddted mshiGRdHEREs tﬁepﬁma%y?mad&.vel of 20-50%
It has been noted, however, that lowering the level "of Iigand used in the

reacti on can have a positive effect on the rate. The phosphine |ligand 6
SUBSTI TUTE SHEET ARihfila2Gpaction that Weed 0} DBh6HhellévEEBRpipheriidpBosphine (1

0 e B i) Lt o i 1°
3on - o0 o PROZE° b s gfloioh bitafing ' FEnblsn BRgen (bipIIS Ao PIRE )

1 % DPTC was (13129, In! fAcOUBBYehciidie coRafiihgn WdlB perbédietrisioaiyimeosphiRct on
the final vyi gltzg gf tnetraphenoxg/rret rclane ang di phe yIr car tfonat .mgs?hough

di phenyl t hi o(3)axhikitedRTGuch andbeed. lagptimeur $he lag tirhe wao deditded rtoof5
t et raphenoxynet hane, this half product is not always ipeen as a discrete

i nter medi at eMdRuteRdop thenreastip s b mnlg Rt sRiMetrinheny phesphing compared | f

the t O diph t hj. te hal f d . 1,0 dj tly f

t ot r aphenowy fod g ETEot i Rofed s thB 18 Hte SHeEp CitRertlARRRtoHinG Bl Assary.
Ther ef ppe, r r;a?g\'éb‘iﬁpa%mg BRNGEst 7 BRErIWY BSthREAEHGE ik shblva i?anngreZ .

di phenyl thio onate by the end of the reaction are preferred. Gas ,
chromat ogr aphy- mass spectroneter (GC-MS) anal ysis of the 15 products of
reactions whi ch uAerkagtigh ¢ontainingfl0pimote ipenceniti yiplenylilospiline petlt et )

h that both. t h hi ' hosphi ne, syl fid duced
duri ng e reAad Bister BBRIAAN Shp RS ATIBEFeASea e FITEAREnD! FRSUEM ne.
The bidentatg.hi : t |
chr ot ogr apR TTr oM FREAyI0Y, Bhct IRE DRSRUTRRIAGR. |
20 i s assumegercBVEYSHenylpRosHHIAG REAdIONOETHY Salsh Hertbndteed v lehah&d be

produced in these cases.” A set of control reactions were done that utilized
only t1%phensatplbsedttion ¢far 8% by Boheunser A egraphesmehparing dbajaireactions i t h
phenol and cagrbon,djsulfide; i.e. - no cuprous oxide, Cu20, was used. This
set of 25 r W HsFY8e dd the catalytic ability of triphenyl phosphine
itself to convert carbon disulfide and phenol to tetraphenoxymethane while

al so eval uating i ArélﬂgﬁgiBE}Y&{é{e&?}déhhﬁ%g}q%d% .ﬂ%o?%eh%cg«%?ﬁg&isnem

oxi de and phosphi ne su e occC pi cal reaction con

reaction to empldysd! tblbithdvtdeRthe (iRldlal ra2te) of tekdapHeBiSWARCtRANS and dipWéhyl
00/ 09466 PCTNS9911 183 ' tetraphenoxynmet hane occurred w thout cuprous
oxi de. Low |@ibmat@fproducnpner{ﬁwqghdlgpndﬁé\aazi o arquptio)phesphine groups

Ll Dyl PhoRORl, S LS TR RY S S en R RSl MRS, TS S
bis(diphenylphosphino)ethane (also known as diphos) (reactions 919A & B,
1014A & B) and 1,4-bis(diphenylphosphino)butane (reactions 925A & B). The
initial rate of reaction (see 3 hr. yield, Table 1) for these ligands is similar to

that of triphenylphosphine.

25 Aliphatic phosphines as ligands have also been successful in increasing
the rate and overall yield of tetraphenoxymethane and diphenyl carbonate

from carbon disulfide, phenol and Cu20. Reactions utilizing tricyclohexyl
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cubrous oxi de containing reaction, the level of TPP-O was one-fifth and the °
5 level of TPP-S was | ess than 1% w t hout the use of cupr oYFEBRVARE. 20Ghi s- '

i ndi cates t i bhenyl phosphi ne is capable of acting as a f or
sulfur, thugk%’&%é‘ﬁg TPP-S during the conversion of carbon diistﬁwgé{gﬁd
phenol to DPTC and tetraphenoxynethane in the presence of cuprous oxide, so
that not all of the sulfur is transferred directly to form cuprous sulfide,

10 CuZzS. Th : ' tern.i r j mal |
amount s of P AAERE SCIBIPTE Sk Rdus IR BAHUE & TR Peftent

i nproves th I e r ! @@,E,@W d
ultimately Sllegﬁgﬁ??@%aﬁghg??g Q@Tﬁéﬁ‘?ﬁ%ﬁ;ﬁgﬁ rﬁgﬁﬁi on rel a?é:a%‘tscrj't6 gerg@é]rret hod
for manufactand ngeldar [Surpticingdy, eevervireadtions 10208,e athdett [ysed saxlyt 0.1pmradeice

pol ycarbonate. Mirre particularly, it relates to a nethod whereby carbonate

ester is obtpéraent tsigyclohenyk phosphine iscombiration withaddedrwatgr gaveauhbr wi t h
| f ound ducts, of th t. i ti i.ncl but t
it edbt o Bielh e 9bo0 e Tt seven s bRy ESCoN G Hih GHAER Walkh Rk hy)
b te. T i :
Formila R crionth el R RO PR AN EI G £ RREABTGC JikcirlS
substituted m@haﬁmmmlg&}éq,ut ed G -a alkyl radicals, and substituted and

substituted C6-~3 aryl radicals. It includes cresols, bisphenol-A,

xyl enol s, p-cunyl phenol, nal kyl ated phenol s, hal ogenat ed phenol s, and
al cohol s. Pref er abie/use pbargalgmete s g posphine & te) 10 mole parsrmidrvel2003

WD 001 09466 PCT/ US99111835 hydr. i ncl ud .t her. .substit d
nsubst i tut CATHRERBPSPBIE (RSCRORR. 1O0RRndY BIFociieged e gk el oy
i nventjgn, t | L SeSidiat er i al ted by formul
ol cot o't - R e ERPRAUA BRI 2o/ B herein R i & i val ent

aliphatic radical, O or S, and R" is Ror OR, and wherein Ris as

previously defi ndd. albof tirlreactions whidhormaindd Highllevids odphosphifie tigand$ | de
and di (O phenyl) thiocarbonate. Addition of phosphine Il%ands can produce

hi gh yi el ds @ mele jpersant)y and hachieved bigb\héﬂgaﬂcm%%haﬁigm ifaphdevelseatt i on

times and w t.h, i nproved  react] ajes by .co - i nduced condensati pon of
phenol -and. CIPERV i bgRricTate BIPRCT halmraRel Gt RaHagR oV eRuaRe b e
Phosphi ne | |igfdactioh p0eiesclP I ENC by 6r DPTRCHArdedCHBAPISSON KPS to 7
utilization 1s significantly 1nproved 1 n reactions containing phosphine

| i gand$5 sudirst hdh gompasisenc desli fagdafiitale Ouafharvealiytedt beations ewitheat ved.

Water nmay be added to the regents. Water nay be added in a quantity
sufficient tliganeaderoducealesntsnl 1&niof PHCt hin khgrtaibx Jigendipooumoted gasesas 20

phenol, wherein a hqQnogeneous|y .m X olution results, er can gl so be

added in an howeses ﬁ}faﬁwltlyv%pf{ﬁi’ﬁﬁgﬁsef@a&cg&m SéL?Q\B/"p SEETRS E¥ShA% t h

the hydroxy tﬁg@QT@PA, 91318, 26B, 927B) demonstrate that some ligand-promoted
reactions are capable of converting the half-product, DPTC, to

20 tetraphenoxymethane insitu.

Reactions using a 10 mole percent level of aromatic bidentate
phosphines and tricyclohexyl phosphine as ligands show the same general
trend of significant levels of DPTC being formed early. In all reactions with
10 mole percent ligand, the level of DPTC does not appear to be transient, and

25 once formed, remains at a level of 20-50%.

It has been noted, however, that lowering the level of ligand used in

the reaction can have a positive effect on the rate. The phosphine ligand
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' PC'CNS99111835 The materials can reacted in either a batcH?*bFERERY FMYous
process. Thayogabspe heated to a tenperature of about 20 - 2pBErsonisss
Preferably, they are heated to a tenperature of about 45 to about 180C. The
reactor can be operated at reflux or under pressure. The pressure 5 can
range form at nospheric pressure to 20 Mpa. Preferably, the pressure is held

i n the rangeoffaiihBDARARAOGNS WhithsgHwe e Bedvbpield/Tastestagite it theNTBARe € can
be conprises of air or an inert gas, such as argon or nitrogen. The -

reagent s shpetcenbievel xeatesaldd soceanedl at the redikeeddeeltof lopelespercent ligang. The

t ot al ti i is d d ' t of t t t he 10
desi red” dogEo8 2Bthesl Bers REGMS: HBPRERE PERSPIYRE Déckith APRGHAOIEA & e | s
det I nabl . |41 Qs L ol ial $o t

present | nvEntisROBERAEL FRosblirk 30k forf TERCHAR, T TINC Salindiefa 1

no sol gent pRPRbul PRI rédt@idne AdaD Ufttle THEaHVEC @HEctObn! e IfiNal afikld Byenti on
can also be run”in the presence of a 15 solvent. Suitable solvents are well

known in t héetsaphenbxymethehede hamid ocar dipkenylich aearbohatene, xilthoagh
hexanes, heptanes, and octaves;_acetoni &ri-l e; benzonltr&\l@e' eéhe,rs sych as
t et r ahydr of i nydihveear HPBtPeylpPg hefal 8RdanBI¢EArsGuily | t REpdu ;ﬂ? et hyl
ket one; acetqne: t hyl .i sobut,V: e;..¢chlorli Y. c 0 h as
chl or obenz e?ﬁ%gapeﬂﬁrﬁg% 4 ﬁ?%tb%%n %‘%1 el}g‘ﬁﬁg 80 ‘Hf’i(':‘ r J(f’né? E 2atrll‘g’;gy€ r‘f'ggl(r?li %{ gb @isfg#g :

Al Ler nat | velterEAfAPe SDARADEIC RN diIRABL phrthdtte. TNB ARk etfi@knd f1ane st ant
I nvention. The orthocarbonate conprises materials represented by the
fornuit@: ( RAjplendSthiberrbonateac hha¥f-psodisctpr egoesusion defd nediredily SURSTI TUTE
SHEET ( RULE 26) 14 FEBRUARY 2003 WO Q0l 09466 PCTNS991 11835 Wen

or t hocar bon#gteaphengzyarethane spfbatan pdditimal enyarsionstep g &0t iNeRessarpr i ses
a further s f convert.ing the ort rhonate .t o bo este When
the met hod iﬁng‘gfé%r(f't oreaghgrr‘gt eangrt ﬁ%’gcgl?%ggat ‘thhgcsh a_P gcr)&e‘g{)er S('i}?ttl?o_ocrar %?)nat e
ester, it igdipHeyBihdotaebbAatccBP ke ¥Rd Bf tHeoreaBHoR Hfd prefdried.r eaction of 5 the
pronot er, hydroxy conpound and” sul fur conpound. This elim nates any
potential hydrolysis during preparation of the orthocarbonate. This

ort hocarbonat e céiasschssyatngraghpenass espeatrqmetdn c €G- M) amnigsis esf gheby

aci di ?Shydr 8|rgcillxcsts of reactions which used high levels of phosphine ligands (10 mole

percent) show that both the phosphine oxide and phosphine sulfide are
produced during the reactions, concurrent with a decrease in the parent
phosphine. The bidentate ligands themselves were too large to be observed by
gas chromatography, therefore neither the oxide nor the sulfide were seen; it
20 is assumed, however, that phosphine oxides and sulfides would also be

produced in these cases.

A set of control reactions were done that utilized only
triphenylphosphine (at a 50 mole percent level) in conjunction with phenol
and carbon disulfide; i.e. - no cuprous oxide, Cu20, was used. This set of

25 reactions tested the catalytic ability of triphenylphosphine itself to convert
carbon disulfide and phenol to tetraphenoxymethane while also evaluating
if the conversion of triphenylphosphine to the phosphine oxide and

phosphine sulfide occurred under typical reaction conditions. No reaction to
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Li gands i ncl ude conpounds derived from phosphi ne by replacenent 10 of
hydrogen atoms with al kyl or aryl substituents. |11 ustrati{AFEBREAPHINES -

include trip osphi ne, triphenyl phosphate, triphenyl p i
oxide, tricyclo }é’?({%? phosphi ne, tributyl phosphine, HO0BoATsas

1, 2- bi s(di phenyl phosphi no) et hane, and 1, 2bi s(di phenyl phosphi no) but ane.
DESCRI PTI ON OF FI GURES 15 Figure 1. Conpari son Between Reacti ons using

Win (131 EraBOrRRyafeeEy StuPhal o hBuh bR RS ERRENERIBCRE . o

Conpari son BeisMea 1_];?\% hif Sxide! aH t?i?h f 1594@@ Rineas\él figle" {(I¥P-S
di sul fide al or%\ﬁvxy h t%eili§)z(aln§ Qli)%g’r’]ylgho pgi% (TgP) 20 to Form )
t et r aphenoxywetehaeen.; Howeveer whade thel amburifs t weseheoyripared pio tleoge3i)a vs.

10 nol % triphenyl phosphine (131A) Figure 3: Cogpari son Between Reactions
usi ng cupr ouRPERPE exidsheeripinangl reaqtiosh the devel iof dFH-Ghyasiane-fifth andythed

(i phory] phOEhfh o T8B-% e 168 gt TohrRofPesh thd u2) o rubrofifee Ty
(RULE 26) iﬁﬂicﬁ%@%ﬁr%yﬂ%ﬁ%@hﬂ?@% BpdbleSSP lé&ﬁ%%s':h O4ta@efiger for

Conpari son Between Reacti‘ons cuprous” oxli de henol and

car bondi sul fsulfaratiang fovrhingt TEPIS danihgT the yohwdrsionl oplkadpin désulfide and
(tricycl ohexyl phosphine) to formtetraphenoxynethane ; water added ADDED,
0.1 nol % ( gpgﬁl‘@gml tetraphemouy restheng 3in the prassnce of sugraws edens,

Hex) 3P (927 TAB - Mel ti Cu2 it h I GS2;
Control 1 eac, ik neh ohithe hituf 35 Eiangferast, Asety do ot iy Bilade
phosphiges a%uig'_gands Tot al Yi el d10eact' nli aandACN?HBCO3 hr

DP

af 30h1TPM ~ 118A (Control) --~YN349%95%93/2%116B (Control)
- _-YY34~78/ 0211 57~131A10 nol /o TPPhosphi neYN35~135%129/ 6~15131B10 n&x %

TPPhQSphi neYY7 5k s S04R80 10 ofbié TERHGRREBkAINNEuTK 95 I8! 24e26BLmatp! %
TPPhOSphl neNY34%86k38/ 2394 14A10 nol k TPPhosphi ne ~~YN5794.25%/01 5k35A1 ol %

TPPhosphi ne Yix6éinits Oof 1aimati- 3581 iphstic THiRspBiidsnayYs4digand' eignificuelyoAl0
nmot 9~o0 di phasYN70%113%631 09919810 1% di hQSYY6F°/<93k57! 169' 01014A1 npl k
di phOSYN729@BWIeses faerenct tam daterang, @ A R tesspphenpyyspetiang agslb a1 o

Em Qllég- 82 Eb%ﬁ@@%%@ﬁéﬁ%%%gﬁgﬁo( %ﬁf’x) 3PYN75%4.06% ( 70h) 53/ 3k927B10

m01% ( CyHeX) 3PYY95%.00% ( 70h) 501 48k1024A1 D1k

(CyHeX 8- PYNL17%dI2e%hs thnt Yandihtdedila ted 160a(iae i) Br MAtivfatiit i ddrbéhafe29A0. 1
n01k (CyHex)3PYN4Ok89k84/594029B0. 1 nD1k (CyHex)3PYY90kt 06k33961 73%4017A10

mol % Tr | but yesgEaOSyhiche Vs seraysendyd 0Bee1 6o npfodice polycarbonate.  More

Tri butyl phosphj.neYY459058%24] 22k35311A10 | % . .

TPPhosph 1 e WRERASEY olt F&I256 ook BeRRAG I PRERSAEOBHE 8 nehtsged Pt

nol 9~o0 TPPh { E J 395 34 ( i % SIHH

Ol devvaokage (o RTINS PRiod REHRSRa TRHCh SOl

mechani cal  Qroduite df* thise ppdsapie invaintivne irttlude, DRt Gre ridtdlimitedntafdi h%nr;alr nol .
sieves (3A) to renove any waterforned duri ng reaction. 12 SUBSTI TUTE SHEET

(RULE 28)  catbarebrMY-plengl) thiocarb@orte ietwyl osdmret®35 as a scavenger
for sulfur, thus form ng TPP-S during the conversion of CS2 and phenol to

DPTC and tetraph hane in th f ou2 th 1 of
the sul fur i 5 & 1061 SVRRETH: FUBPPY Ao co et PBiR ) Fbatsg S cby the °
EXPERI MENTAlformula

R-OH,

wherein R is selected from the group consisting of substituted and
25 unsubstituted Cis alkyl radicals, and substituted and substituted Ce.13 aryl
radicals. It includes cresols, bisphenol-A, xylenols, p-cumyl phenol, n-

alkylated phenols, halogenated phenols, and alcohols. Preferably, the
8
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The nelt reactions were run by conbi ning phenol, cuprous oxide, 5
‘phosphorus-contai ning ligand, internal standards, and a smifFEBRYHBHE0Sf -
acetonitril ey und bottom fl ask; sonme of the reactions ' ter
as a second gﬁg%@?hﬁhese reagents were stirred for 5 ninutesqgﬁhﬁﬁgﬁﬂ% der
a nitrogen blanket in order to nelt the phenol and di sperse the cuprous
oxi de. The carbon disulfide was added and the tenperature was concurrently
raised 10 to ' : ¥ols [ WolcH
Repr esent at | L1arol FbApblnSRAERE dier LlBsbel bRutkRE Mol or ot
wer e used asahh¢dioigckthandl. no drying or pre-purification steps. Cuprous
oxi de (Cu20), Phenol, CSZ and 10 nole % Tri phen~l phosphi ne (TPP) as added
Li gand,- (CH3CN, no H20) (231A) 15 Into a 250 nl, 3-neck round bottom fl ask,
equi pped with an &Perusgasn thetinstanddiaventienn tee selfuaneompousge somipaiseet |
wer e placed phenal, (30.02g; ,0.319 1),:C us Qoxi 1.5043; 0.0161
nmol), tri pheﬁ?ﬁ erials %ﬁ%@%é%&é&“@%ﬁ%ﬁé@ﬁe{“ t?‘iacf%ﬁf3§"l"/g'based on Cu+),
acetonitrile (2.5 nL; 0.04787 nol)) and internal standards [ 3-nethyl
ani sol eg(0.3123g) and bi phenyl (ﬁegiggg)]. The 20 flask was |owered into a
45C oi|l bath and stirring was conmenced. The reaction was m xed, while the
phenol nelted, for 5 mnutes prior to the addition of the carbon disulfide,
CS2. The carbon disulfide was added (2 nL; 0.3325 nol) and the tenperature
of the oil bath was immedi ately raised to 65C for the duration of the
reaction (120 h). The stir speed_ was fast to ensure 25 good m xi ng of the
het er ogeneous m xture. During thB course of the reaction, it changed froma
dark red suspension to a well dispexsed bl ack suspension as 13 SUBSTI TUTE
SHEET ( RULE 26) 14 FEBRUARY 2003 - 'C=S WD 00/ 09466 PCT/US99/1183fi the
dark red Cu20 was converted to blaqy/CUZS. Sanmpl es were taken every 15-30
mn. for the first three hours agﬁ Iintermttently thereafter. 0.4 rnL
sanpl es were pipetted out, dilut with 1.5 nL CH3CN, followed by
filtration using Whatman -Uniprep filters, containing a 0.45 Lun PTFE 5
menbrane. SawHetsinvRf & arbivalzadaliphavc tadieall €,torP8ckmd R'SEOR SGe0ORsarld gas
chromat ograph equi pped with a 30 neter DB-1 coated capillary colum and a

f1 ame i oni zawhsreiadt issqreyiously definede Guitale sulfucgompoumsisiprludesarbon 10
nol e % Iri phgn hosphi,n ri | phosphi ne) as added Li gand, (CH3CN,
H20) (E§1B) %bsx‘ll“ﬁ‘fl%a dggg)%{hengnﬁgéggﬁggﬁ ‘bottom flask, equi pped with an
overhead stir paddle, condenser and nitrogen bl anket, were placed phenol
(30.04g; 0.319 nolaAgdigew’ ¢S phosHRinel - Ridwels Ocdhl OpfodiRle) . high PHRINE  of
phosphi ne {0.5575g; 0.002126 nol, 10 nol % based on Cu+), acetonitrile (2.5
nm.; 0.04787 tattaphenakpmeflginenind 2diphefylcarhohaitentiar stabdrt steantian dSmes-arst hy|
ani sol e (0.3018g) and . ) .

with improved reaction rates by copper-induced condensation of phenol and

carbon disulfide. Either aromatic or aliphatic substituted phosphine ligands

15 can be employed. The copper(l) cuprous oxide utilization is significantly
improved in reactions containing phosphine ligands, such that yields

exceeding 100% tetraphenoxymethane are observed.

Water may be added to the regents. Water may be added in a quantity

sufficient to render it a co-solvent with the hydroxy compound, such as

20 phenol, wherein a homogeneously mixed solution results. Water can also be
added in an excess quantity sufficient to produce a two phase system with the

hydroxy compound.
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15 bi phenyl (0.3018g)]. The flask was |owered into a 45C ail _bath an
stirring was commenced. The reaction was m xed, while the 1ﬁﬁ§$ﬁ5{tARP(r§P(ged;'
for 5 m nut ' to the addition of the carbon disulfide,

car bon di suﬁ?ﬁfédw\/\%s added (2 nmL; 0.3325 nol) and the terrpergﬁ'r%g”z g"%"he
oil bath was imediately raised to 65C for the duration of the reaction (47
h). The 20 stir speed was fast to ensure good m xing of the hete: ogeneous
m xture. During fhe ntAkfisR @h rbi@ed dReithePa batctOrat A Prac .Hrhgyd
suspension to a well dispersed bl ack suspension as the darK red Cu20” was
converted t eamlbacheated Jo Sasmipesaturs oftaboan 20/ e2p0IG- 3Preferably,othey el i 1 St
three hours and ° intermttently thereafter. 0.7 nL sanples were pipetted
out, dil ut ebeated|te artethpesatune obaboyiA45T taaboubt8Cabove. Cuprous Oxi de
(Cu20), Phenol, CS2 and 1 nole % Tri phenyl phosphi ne (triphenyl phosphi ne) as

added Li gand, CN, H20 5B) 1 UBSTLTUTE SHEET ( RULE 14
FEBRUARY92003 ( %W%?bé%gge @%?Ré@gla?fg BX Of W aeT FEssHre. @?&FES%EM
bot t ongf | as J 1 V, ; d e .t rogen
bl ankep,  wort Eftiheckth Bt GHsSRte B 20 NP Eaelef IS Halbraliiey )
0.01056 nol heldihithbeange phampbiplerichrebine tod. MR 2 reaktion atbsPhdrased on
Cu+), acetonitrile {2.5 nL; 0.04787 nol), 5 water (36 nL; 2. Omol), and

i nternal st &aldedeomprises lof|ainwrsan dnel. gaH echaatd apgPnanyhitfageB06ThR] . The
flask was | owered int 45C qi | .bath.and stirri was Cco nced. The
Feact i on walSTBERBEhOR Pe TRed SHEMRFTHER B KeheBr A RePBE SR Gr ¢ ot he
addition of the carbon disulfide, CS2. The carbon disulfide was added (2
m_; 0.3325 nol) I f; il i iat.ely

ol sed to 65C forhe FeRRrodt B by i dBbehdéncit pf bR (RphARuICHRA LR ABEY

fast 10 enSdéﬁr@iOdéigﬁeﬁ'bﬂ@rﬁ?leﬁbﬁ bletley egretionlsTve xéquited Peddtidg tile isour se
of the reaction, it changed froma dark red suspension to a well dispersed

bl ack suspeflteominable hy onerskilleshindhe@rivas converted to bl ack Cu2S. Sanpl es
were taken every 15-30 min. for the first three hours and 15 intermttently

thereafter. 0.7 sanpl. wer.e pipetted out. .dil d_fihltered.an

anal yzed as stat'g%e gffgg’agfs@fﬁpgﬁga %Yit §Rr€§"z‘8)‘f‘l"ﬁﬁ§??%r~'?“'(‘?§zwaﬂ‘8dm le %
1,2 Dbi s(di phumytdieaBhs R INBEANHAITIAS) siifertdfRieht datthg _Qﬂ"%gr%en@ H20)
(919A) Into a 250 nl, 3-neck round bottom flask, equipped W th arr overhead

20 stir pad@he procesdenfsthe amstanti invegéionbtamladsq beanm i dhe dprebenvel of( 29. 95¢;

"~ 0.318 ), quprous_oxide (1.5071; 0.01053 nol),. )
1, 2bi ;5& phﬁcﬁycrﬁhos%wtﬂa;ye@mﬁ@tq BF*Phb@,?l gnem ig; the RrsooelhAY indudgo|

based on Cu tonitriye ( ; 478 i.nternal jar ds
[ 3ret hyl an|H %1023%82@0%%8} aﬁné“i‘fﬁ%(er’l&l gxleﬁf %éﬁ’ ﬁ%@‘?#’agﬁamﬁﬁ&ﬁ er ed
into 25 a Ap&et@titrileabbnZditrfle! étheRIsH@S aé SETPEYARBIUrhRE efiRACHIRIyMARer) X€d,
while the phenol nelted, for 5 mnutes prior t'o the addition of” the carbon

di sul fi de, @s2metiykbaglethers methiddthiPketbne; Ac8BRG; mpihyl isstslityl ketonhenper at ur e of
the oil bath was i diately raiseq to 65 . C for the duration of the
reacti on (2%Ayinate £aroeRs S FRdombenzenes Uughiprobgyzengs;

‘001 0946 Pq{t}maﬁ%{'@,sa;}dy%%aﬁgeed was fast to ensure good m xi ng of

t he heterogeneous Xtu he course of the reaction, it changed
froma dark red suspension to a well dispersed bl ack suspension as the dark

red Cu20 was conyRédreliviely, briRécarbésateSediD be et fteldl aE the iddthod bf e M N.

fox the first three hours and 5 intermttentl’y thereafter. 0.4 nL sanples
wer e pi pet t wdtapd invetitiant. eThefdrthamaebonatd comapnisesdmateriisrepresbotasl by

the formula:

(RO),C

25 wherein each R is as previously defined.

10
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" Cuprous xide (Cac20), Phenol, CS2 and 10 note % Tri cycl ohexyl Bhosghi ne
'((CyHex) 3-P) as added Ligand, (CH3CN, no H20) (927A) Into %%@6 ARY 2083 neck

round botto equi pped with an overhead 10 stir paddl e, r. and
ni trogen bl g}ﬁde@, ‘Hre pl aced phenol (29.29g; 0.311 nol), cu %ﬁ@&%@é

(1.5056; 0.01052 nol), Tricycl ohexyl phosphine (tricyclohexyl phosphine),
0. 7562g; 0.002122 nol, 10 nol % based on Cu+), acetonitrile (2.5 ni;

0.04787 nol), andy | - i.sal : ip
henyl (0.3001 g) Wﬁfﬁéﬂﬁ{’%skaﬁg{?‘gﬁé%ﬁE%{%)“g&h‘agi’gdégf%}qgﬁg%‘g
stirri ng was c@xﬁﬁiﬁi@%@ﬁartﬁé@té g’&kbﬁﬁer\t\ﬁg tﬁbb?ﬂwocnfﬁdr&té ft?a paYboRate @téred,
for 5 mnutes prior to the addition of the carbon disulfide) CS2. The

car bon di sul When whe mdthed (2 used 0 Feperate|drtkonarboratecaspar prequesaf te he

oil bath was i di atelly, r,aig%efd tlﬁ ,65C for the durat,on.of .the reaction
(70 h). The SAtPpnajsesieryitds praferable &p eemeve waterformed Giring theweastion eheous

1 Xt 20 | tJ i : d
Suspens Son t SLPHERbRE, ERMIGRT RimbOfind SR i (dmBOREGTH BTHRENG- ohF
converted t Opbletil CpdrolFAEP RSN Srebibre I %ha 5 odholhrborke. t M I st

three hours and intermttently thereafter. ,0.4 nL sanples were pipetted
out, di | ut edprthbtarbpeateacah augdsqcpmmbrsbemeédoapmch;cez& agviponate eskardoy
(Cu20), Phenol,,,, %2 a|1*|d_T nol e % Tri cycl ohexyl phosphine ((CyHex)3-P) as
added’ Li gandacigd OI¥fS-H20) (927A) 16 SUBSTI TUTE SHEET (RULE 26) . WO
00/ 09466 14 FEBRUARY 2003 PCT/US99111835 Into a 250 nlL, 3-neck round bottom

f1 ask, : dq wi . , . ,
bl anket - wer 6 pl AKRIORAUREETHpaihdl dhaved o IRRRRe BY ebldrbiRs.
0.0106Gorml)ofﬂyamgdﬁwmbvﬂlnl@aug}rw& Irsubgghueexyl phosphine), 0.0766g;
0.0002149 mol, 1 nmol % based on +), acetonitrile (2.5 nL; 0.04787 nol),

and internal standards [3-nethyl anisol ewio. 31329g) and bi phenyl (0.31309)].
The flask was | owBlustrativeo phagpbines dudendriphenyli nphosphinenmstiheny! The
to t

reacti on was_m xed Ll.e the phenol nelted, for m put.es prior e
Laation of plistitte o iplfert phesplias  ox i iohexyl R iae E&‘a‘é‘éf?( 2
m.; 0.3325 ;ﬁ.ﬂg the t ﬁ@é 0l 10 was | di at

raised to GE%h%sr t e durg?%gggr@wt }rléeﬁz%l?dc?n (30 Taﬁe'The se{tI?Hra speg'zyvvas
fast to ensubig(diphenyiphiosghieb) blagarteet er ogeneous mi xture. During the course

of the reaction, it changed froma dark red suspension to a well dispersed

bl ack suspension as the dark red Cu20 was converted to black Cu2S. Sanpl es
wer e taken ep@%:RigT@Nrﬁ)ﬁﬂgyrREﬁle first three hours and 15 intermttently
thereafter. 0.4 nL sanples were pipetted out, diluted, filtered and

00 60306466, pCTTBRION 183C BRI PerRERL Bich pEe “Hipg, fdploud bRidE, 2007

tetraaryl OXY?l\MQr@rﬁirﬂbﬁﬁYdulﬁdéb@m‘ahﬁ teRaPhéajanétbhahactwith (281Apasd one
hydr oxyar omati ¢ conpound with carbon disulfide, Cuprous oxide and fromO.1

to 10 nol e pWhthout (bis%dlbmol %elriphenydphesphine§TRR). de of a phosi ne |igand.
Figure 2: Comparison Between Reactions using cuprous oxide,
phenol and carbon disulfide along with the ligand Triphenylphosphine (TPP)
20 to Form tetraphenoxymethane ; no water added 1 mol % triphenylphosphine
(35A) vs. 10 mol % triphenylphosphine (131A)

Figure 3: Comparison Between Reactions using cuprous oxide,
phenol and carbon disulfide along with the ligand Triphenylphosphine (TPP)
to Form tetraphenoxymethane ; water added 1 mol % triphenylphosphine

25 (35B) vs. 10 mol % TPP (131B)

11
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2. The nethod of claim1 in which the ligand is an aliphati

cycloallphatlc or aromati ¢ phosphine. 3. The nethod accoﬁdfﬁﬂ“?@Yémglnll
in which theyy ¥Qn m xture includes auxiliary reagents seI é?i éypthe
group conS|st|ng of water and nethyl cyanide. 4. The nethod accor di'ng
claim1 in which the hydroxyaromatic conpound is selected fromthe group
consi sting of unsubstituted phenols, cresols, xylenols, n-alkyl ated

phenol s, hal ogengieg, ptenol @o. 50l N9le/Ren IR HigHiHlinB & ous oxife TN

met hod according 't aiml rern e phosp |ne i gan

tri phenyl phosidtol@nd! Edrbyabghifside akiighwith the ligand Tricyclohexyl phosphine

tri phenyl phosphite, |, 2bi s(di phenyl phosphi no) et hane, tri butyl'phospnhi ne,

tri phenyl pho(stpbyairmw phpspining) B (oainmemphpho:sphetm)neb,umm@ adde’lBSTI TUTE
SHEET ( RULE 26) o

A3, An. Al . A A ASAPPEDy Q1 mohn(GyHexaB (1g298)ab mals) (GyHex)3B (124B)o, 6 Q

(z:;]plég] [ ] ca%]rtcgi(ig'g* c/a}(éa%{ %h@%@] gg] (éaj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

1] ) 5=KRc_e>~ytoj e [ VU] ca] ca] ca] ca] ca] ca] ca] ca] c(a] ca] ca] c(a] cal] ca]ca] c™a]c

al cacal cal s al cahaRL oA SALERD @]tf%?ﬁ;zcmcs F&b;,t{ranﬁéacéoné*&n%Lw Ehc
ﬂ IC?lU]l IC?]I !Ci] &@éggéoc/g]&c? Laﬁ]gc']aol?&q]l&g @gﬁﬂyﬁ]a‘;c ‘%q%ﬁfcsg?cg] cg] ca

U] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] ca] ca] caI "10(())8)
)S)AMC )o) e+, #/ / CO11<1P1R1l 1n11<222344} xsni d_ZU] ca] c a] ca] cal ca] ca] cal

ca] ca] ca] al.cal ca] ¢cal ca] ca] ca] cay C cal.call ca] ca] .ca] ca] ca
] ca! 4> 6%—%"8*8 8>§"@'{8[ 88879A9K9§§J( q"UJ) —yﬂg Cﬁlﬁ&]

, $=&=D=Y=[ =vz=>. >zlpke ca] ca] caU|ca] cg] ca ca] cal.gcal ca aJ cal]ca] ca
: ] caj ca] caEJ] G (coa:]o g] ca][ cfja{J] c!a] c!a] cgkcca] CZJ ca} é%ca} ca%si beal CSQ’LF Jealcal
>?f @BBBaCnCy K S 1 JJ Q) QI Shsd Kzupkiaged V] | Ca&f/ﬁga] ca] cal] ca
] ca] calscal capmal cal ca]m,a.]ma] k@] calycal] cal] ca]snza] caUjos] ca] wabea] cal cal ca
] ca] ca] ca] cabKKKKKKL" L1b t¢i% TPPhosphine N N 1.5% 95% 58/2%

LALCLI LOLRLZ#8 L" Li LLLDC nd'% WRAWRSINENZ U € ZTzupkf3a® U] ca] ¥%U] ca] c&®¥<ca] ca] cal

ca] cal] ca] catfjaca] cal] ceheajrerhapeall] cal ca) cN\a] caldk ca] caldeal caVipsaV] caV] cal ¢
aV] ca]_ca&MVIAVMVIVIV2 NS Nmol% TPPhosphine Y 65% 110% 108/4%

N<Nd NEANNNRENNN' Ca CODMEEPBhekeing Uz upkf af UU] cal¥aU] ca] b&%] ca] CA¥cal cal] cal

ca] cal] ca] cca] cal] dATeAEphey] caU] C caU]'ta] cdf¥ca] ca ta] ca -] cal ca] ca
00000 POP™ PgER PPPPPQI? [eieb f [ Uz é:l&%[ U4 cal] ca] ca
0 ca] call caligib] cal cal[Eaua) ca] cal)\ca) cAL) Cala] call & 5] o2l bl carbel cal cal

cal] cadsca] caklacal caQ?I?a 5&5]’] TTHTDUU WZVX s Z) g%} xsni d_ZUU
] ca] ca] ca] caga) ca] calial zs@ 62§V1 Ga] cayj ca] f‘aa»},ca] calggal ca] Gjsa] cal cal ca
] ca] cal] caUlga] ca] ca] Gghga &,ﬁex)s; ~ZZZ77[ W\ \\ \JEd Y _V_sopapadaaah&b) b=b?bzt

0j d_ZUi d_ZU{L& a] ca] calj cad & ¥] caV]ca] cgV] calgaV] cal gal Ha) cas],,g@,] cal] ca] caVv

&k
?bKoYbf f f f | 238
}"v?]féﬁﬁf‘vf@ ke mﬁw‘% :%*2&%?““]“@]caﬁ%’fcal{ﬁ’fga?%&aﬂaua]ca
C
8%%.

] caU] ca] ca] cg2 cal ca] %a V] ca] caVl.ca] ca, ca] cayl ca] ca] cal] ca

8

bnnoOp2qg5q]| qgqd qqqr r psvvvv xyzzz| wr mhb~xsnohc™ YT ]calc aU] cajcalc
a] ca] ca] ca] o a] cal & 'Lca] ca] ca caU]983] cal ca] ca :\ﬂ caV]calc
a] ca] ca] ca] ¢3%4~ @z %R ( "l 10%&58 I<I () -

| 109&56) - . | 7! % 109%& (3~ v '"° 109 () ,@10%& X -

310%°() - ' qyMdE! ) #104 m by T,,Ph ,,,t O/aY() f ,,() $2a10 /«& ( by

"10%& () - S18R0%& () - Ao méids TFPR Gide)y ! §3% (23h)  530%
109 () -! 3L3&BOYR' () - tio nforx ZPPI:&%&\B@)!G@V Z ]MO%& (3)5%+y 1086% 43y  15121%

40 " All reactions were run at 65°C under N2, with mechanical stirring.

Remainder of yield is DPTC.

Addition of 3 g of mol. sieves (3A) to remove any water formed during reaction.

%
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]
T# S %Qj] ~ @f 109 ()- 10%& ()- z109%&' ()-!;s!10%& ()-- 10 10

10L?-10%' ()- 1] dB~ @' VOA 0% ()- #10%&' ()- 10%&' () -: z#10%4 FEPRUARYRIES (Y- 3
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“10%& ()-TDy10% A .

) and phenol to DPTC and tetraphenoxymethane in the presence of Cu20, so

that not all of the sulfur is transferred directly to form cuprous sulfide, Cu3S.

EXPERIMENTAL

The melt reactions were run by combining phenol, cuprous oxide,

5 phosphorus-containing ligand, 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 minutes at 45°C under a
nitrogen blanket in order to melt the phenol and disperse the cuprous oxide.

The carbon disulfide was added and the temperature was concurrently raised

10 to 65°C where it was kept for the duration of the reaction. Representative
reactions and their charges are included below. The reagents were used as

received with no drying or pre-purification steps.

Cuprous Oxide (Cu20), Phenol, CS and 10 mole % Triphenylphosphine (TPP) as
added Ligand, (CH3CN, no H20) (131A)

15 Into a 250 mL, 3-neck round bottom flask, equipped with an overhead .
stir paddle, condenser and nitrogen blanket, were placed phenol (30.02g;
0.319 mol), cuprous oxide (1.5043; 0.01051 mol), triphenyl phosphine (0.555g;
0.002116 mol, 10 mol % based on Cut), acetonitrile (2.5 mL; 0.04787 mol), and
internal standards [3-methyl anisole (0.3123g) and biphenyl (0.3104g)]l. The

20 flask was lowered into a 45°C oil bath and stirring was commenced. The
reaction was mixed, while the phenol melted, for 5 minutes prior to the
alddition of the carbon disulfide, CS2. The carbon disulfide was added (2 mL;
0.3325 mol) and the temperature of the oil bath was immediately raised to
65°C for the duration of the reaction (120 h). The stir speed was fast to ensure

25 good mixing of the heterogeneous mixture. During the course of the reaction,

it changed from a dark red suspension to a well dispersed black suspension as
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h& ()-*aVK@ 10 h 10 h 10 h>10% h& ()-9;s10% h& ()-,610% h& ()- s3 10%

h& () -!L0$10%heldak ted ClTPWia@dohleP@d: t6)bladl&TLBY Biniples WerdQalén every
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10067& ()-yS 109F& ()- YT 109%& ()- @O%W& ()- @ 10%& ()-zb dEVK@T, f

1090& () - +#samples wergspipettedy out) dilpted 1withe’ 115 -miay ¢ ) follomedodape: () -
HITLT L dE: / %0T,10T> 10048 () - "1004& ()- 9. 10978 ()-f. 8f 1094 () - 4f sof
10998 () - 4#fidogtion) using) Whatepan ddniprepsiltsys g coptaining a 045 pm PTFE

SH#109% $$( ) - ﬂ%g?@ fﬁ%&}g@é?\y&%’%ﬁ‘al%ed %'\s{;nlgo % itbet PatPad¥shd0 Series II

10TK###T SSYR
10% " & () - GFEad&hfomh tegfipped wiVa 0(sretet3DBOPESated capfllaryl dolldmBd/
10610% & () - @410%% ?’)@f?’%v ?o%ée&' OV S M0% & () - captllary

and a flame ionization detector (FID).

Cuprous Oxide (Cu0), Phenol, CS2 and 10 mole % Triphenylphosphine

(triphenylphosphine) as added Ligand, (CH3CN, H20) (131B)

10 Into a 250 mL, 3-neck round bottom flask, equipped with an overhead
stir paddle, condenser and nitrogen blanket, were placed phenol (30.04g;
0.319 mol), cuprous oxide (1.5025; 0.01050 mol), triphenyl phosphine (0.5575g;
0.002126 mol, 10 mol % based on Cu?), acetonitrile (2.5 mL; 0.04787 mol),
water (36 mL; 2.0mol), and internal standards [3-methyl anisole (0.3018g) and
15 biphenyl (0.3018g)]. The flask was lowered 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, CS2. The carbon
disulfide was added (2 mL; 0.3325 mol) and the temperature of the oil bath
was immediately raised to €5°C for the duration of the reaction (47 h). The
20 stir speed was fast to ensure good mixing of the heterogeneous mixture.
During the course of the reaction, it changed from a dark red suspension to a
well dispersed black suspension as the dark red CupO was converted to black
Cu2S. Samples were taken every 15-30 min. for the first three hours and
intermittently thereafter. 0.7 mL samples were pipetted out, diluted, filtered

25 and analyzed as stated above.

Cuprous Oxide (Cu20), Phenol, CS2 and 1 mole % Triphenylphosphine
(triphenylphosphine) as added Ligand, (CH3CN, H20) (35B)
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103510% uie (919 Vel sp(gusstive (k3130 094050 kol Bphenyl Bhotpine (005675
1025 onl T o Fort s skl EAT

= ‘%B‘@Qﬁ}@r}(é@\ni %rﬁol),l% fhtbrrial $Binldards [3-methy! anisole (0.3196g) and

biphenyl (0.3060g)]. The flask was lowered 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, CS2. The carbon

disulfide was added (2 mL; 0.3325 mol) and the temperature of the oil bath

10 was immediately raised to 65°C for the duration of the reaction (47 h). The

stir speed was fast to ensure good mixing of the heterogeneous mixture.

During the course of the reaction, it changed from a dark red suspension to a

well dispersed black suspension as the dark red Cu20 was converted to black

Cu2S. Samples were taken every 15-30 min. for the first three hours and

15 intermittently thereafter. 0.7 mL samples were pipetted out, diluted, filtered

and analyzed as stated above.

Cuprous  Oxide (Cu20), Phenol, CS2 and 10 mole % 1,2-
bis(diphenylphosphino)ethane (DiPhos) as added Ligand, (CH3CN, no H20) (919A)

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

20 stir paddle, condenser and nitrogen blanket, were placed phenol (29.95g;
0318 mol), cuprous oxide (1.5071; 0.01053 mol), 1,2-
bis(diphenylphosphino)ethane (DiPhos, 0.8351g; 0.002096 mol, 10 mol %

based on Cu*), acetonitrile (2.5 mL; 0.04787 mol), and internal standards [3-

methyl anisole (0.3073g) and biphenyl (0.3048g)]. The flask was lowered into

25 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,

CS2. The CS2 was added (2 mL; 0.3325 mol) and the temperature of the oil

bath was immediately raised to 65°C for the duration of the reaction (27 h).
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and 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; 0.3325 mol) and the temperature of the oil

10 bath was immediately raised to 65°C for the duration of the reaction (30 h).
The stir speed was fast to ensure good mixing of the heterogeneous mixture.
During the course of the reaction, it changed from a dark red suspension to a
well dispersed black suspension as the dark red Cu20 was converted to black
Cu2S. Samples were taken every 15-30 min. for the first three hours and

15 intermittently thereafter. 0.4 mL samples were pipetted out, diluted, filtered

and analyzed as stated above.
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cycloaliphatic, or aromatic phosphine.

3. The method according to claim 1 in which the reaction
mixture includes auxiliary reagents selected from the group consisting of

water and meihylcyanide.

4 The method according to claim 1 in which the
hydroxyaromatic compound is selected from the group consisting of
unsubstituted phenols, cresols, xylenols, n-alkylated phenols, halogenated

phenols, bisphenol A, and p-cumy! phenol.

5. The method according to claim 1 wherein the phosphine
ligand is triphenylphosphine, tricyclohexyphosphine, triphenylphosphite,1,2-
bis(diphenylphosphino)ethane, tributylphosphine, triphenylphosphine oxide,
or 1,2-(diphenylphosphino) butane
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