S

PROCESS: FOR THE CARBONYLATI ON OF METHANOL OR A REACTI VE DERI VATI VE THEREOF
The®present invention relates to a process for the carbonyl ation of
. methanol or a reactive derivative thereof in the presence of a halide
pronoter and a catalyst system conprising a rhodi um conponent and a
bi dent at e phosphorus-sul phur ligand. The 5 present invention also relates
t 0 novel rhodi um conpl exes. The preparation of rhodium (1) and rhodium(I1)
conpl exes with m xed sul phur-nitrogen, -phosphorus and -arsenic ligands is
described by HA Hodali and I.M Kittaneh in Di rasahgé\latgzsmtms(&lry \2)
- Jordan), 1983 10 47-55; CA., 1983 101 16218s : US Pat ent
. 4,670,570 describes a proces§h$ on of carboxylic acids from
al cohol's in the presence of a LmE m consi sting essentially of
rhodi um netal atom a phosphor ligand and a hal ogen-cont ai ni ng
conmpound as pronoter. According to US 4,670,570 in the phosphorus
containing ligand at 15 | east one oxo (=0 oxygen atomis attached to a
phosphorus atomor a carbon atomto forma Z group and the P=O or C=O group
in said Z group is |located at | east one carbon atomrenoved and preferably
from 2-4 carbon atons renoved fromthe phosphorus atonrof the nDIecuIes
represented byprbBEsd SORLERS cAMBONYLA : R_2 Xer
preferred ligand 1s said to be [err]

THEREOF
The present invention relates to a process for the

carbonylation of methanol or a reactive derivative thereof in the

presence of a halide promoter and a catalyst system comprising a

rhodium component and a bidentate phosphorus-sulphur ligand. The
5 .present invention also relates to novel rhodium complexes.

The preparation of rhodium (I) and rhodium (II) complexes with
mixed sulphur-nitrogen, -phosphorus and -arsenic ligands is
described by H A Hodali and I.M. Kittaneh in Dirasat:Nat.Sci. (Univ.
Jordan), 1983 10 47—55;-CA., 1983 101 16218s.

10 US Patent 4,670,570 describes a process for the production of
carboxylic acids from alcohols in the presence of a catalyst system
consisting essentially of rhodium metal atom, a phosphorus
containing ligand and a halogeh—containing compound as promoter.
According to US 4,670,570 in the phosphorus containing ligand at

15 least one oxo (=0) oﬁygen atom is attached to a phosphorus atom or a
carbon atom to form a Z group.and the P=0 or C=0 group in said Z -
group is located aﬁ least one carbon atom removed and preferably
from 2-4 carbon atoms removed from the phosphorus atom of the

molecules represented by the formulas :
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| nt'er nati onal application publication nunber WO 92/04118 de

- cat'l yst precursors having a phosphorus2 nitrogen 5 chel at ed as ee

to a netal, where said netal is nost preferably Rh, N or m "i

| i gand conprises a substantially unreactive connecting backbo

which links two different dative centres or a donor with an ani onlc site.
According to WO 92/04118 the catal yst precursor has the general

formula: [err] or R12 3 wherein Mis a Goup VIIl B tran3|t|on rretal
Y,Y' are the sang, @epédifahty prer&eaci RfAnkr pinshed b pdiosphi nes and ol efinic
hydr ocar bons, é" QJ are the sanme or different non-reactive 5

substi tuentpsh2 2847V EPRY from [err] where n=1-5, a benzene ring
connected to P antte¥natiohA® apppisEtiionnsibliwatdbe friumben mices2 4119 P and X
across the doubl.e bon R=a
subst tut e A ateys Bope, SEntvit Bicuthdey Rl phfepnorus picronen (N0 R
[err] afd atbefhtedhdigand aémgcwq é mﬁarlmmrerS%@mlgmm%r i soners

thereof, orprefera.bly Rh, Ni or Co. The chelated ligand comprises a
' substantially unreactive connecting backbone structure which links
two different dativé centres or a donor with an anionic site.
According to WO 92/04118 the catalyst precursor has the general
10 formula:
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15° '« R=[err] or [err] where M is methyl and Cp is gyclﬁﬁentadi ene

R5 s aryl or alkyl, and [err] is S, Se3 0 or R, R bei ngTh h S Replaced
her ei nabove. Anpbngst the exenplary |igands enpl oyed in W92 I ' d
20 to be those having the general fornulae:- [err] -
catal yst precursors described in W92/ 04118 are active as catalysts in the
carbonyl ation reaction of nethanol to formacetic acid and its derivatives
such as nethyl acetate. Whilst according to WD 92/04118 the process is said

to be performablgabih 9f ik 4 rbep Mrrand ckbesiRigssietg1is from1 psig to 5000

psig, the preferred 30 conditions are said to be [err% to [err%1 and 40 to
400 psig and exanpl es¥Ye¥ e 2B | 5o gFaRen o5 AL ERRRRE B a5 ed FEPREY ahbe [err] and
at a pressure ofpHipRShd: addl®1epirnilcy Rfddecaentnsor s descri bed in W92/ 04118

are not entirely satigfactgry. 35 According, to th r.esent
invention there is providdelea2pfte B8 same,o% orlfg?lree%f:i'b?ﬂ_ g?)‘%algé
car bonylSat i on of sumetthemsitsor a reacti ve derivative thereof which process

compri Ses contacting gajpan JRAAHYE Wk Auld: UL 503 beRFerORRGS! LI 0N

conprising nmethanol of a reactive deriv f‘ve. t hereof, a hal ogen pronoter
and a rhodi um 5 conngerhed s Byaddeh o iR icsPRitdoRho dPuPAidRpReRttehd a

'3i ?ent ate pEOsSphprase §WdHays dhegdditblet hnd, | gandcrpar i sing a phosphorus
atli ve
X is P or As

10 R = a substituted aromatic ring, A B

D
where A, B, C or D are selected from F, H, NO; and alkyl and E
is endocyclic nitrogen or a C-CN group or isomers thereof, or
15 R = SiMe3 or TiCl,Cp where Me is methyl and Cp is
cyclopentadiene
Rg is aryl or alkyl, and
s* is 8, Se, O or N-R, R being as defined hereinabove.

Amongst the exemplary ligands employed in W092/04118 are said

20 to be those having the general formulae:-
Ph Ph ' Me
) : '
/\ / N\ / \
Ph2 P ﬁth Ph2 P ﬁth th P |P|Ph2
S s
25 The catalyst precursors described in W092/04118 are active as

catalysts in the carbonylation reaction of methanol to form acetic
acid and its derivatives such as methyl acetate. Whilst according
to WO 92/04118 the process is said to be performable at 25°C to
200°C and the pressure igs from 1 psig to 5000 psig, the preferred
30 conditions are said to be 50°C to 120°C and 40 to 400 psig and
examples are only given at tempefatures in the range 80-90°C and at
a pressure of 40 psig.
The catalyst precursors described in W092/04118 are not
entirely satisfactory.

35 According to the present invention there is provided a process



centre- |(I nked to a sul phur dative or anionic centre by a substantlaﬁy\

unreactive backbone structure conprising two connecting car g
connecting carbon and a connecting 10 phosphorus atom ﬁce

enbodi ment, the phosphorus and sul phur dative centres or ph

centre and anionic sul phur centre are linked via two connectlng car
atons .in the backbone structure which backbone structure may conprise an
unbranched hydrocarbyl 15 group -CH2-CH2-, a branched hydrocarbyl group

such as [ergdy Qh%@{l&%ﬁ&@k&%&%&@ﬁ&{ By mdkhahe) SUCh rascervaenzene ring
(optionally substjtuted with a non-coordinating substjtuent such as

- Si (CH3) 3 oferippiive thekeof cthich PIRFegs (IBPHESt PO % R osphor us and
sul phur at ofghosiaé h\ﬁ.thlﬂ&ﬂduldaxh:"’e&fﬂiahl sobipysition ¢unpsphiowusetnadol wrpaur 20

cont 1o are. THaRRSte At IR IRR et ory” eV isHo rronBi RAE TR TP L om
in the Backéatzdyst raystem @pmﬂlshag&bhr;mdmcmmmiataedm@SMS sul phur
glgaruj has gné?%ﬂgfﬁg—safgﬂnflfi&and!ltheliiganh\ééﬁbrygiﬁ%5a[§H6§£h5¥35355tiwe5 [err]
centre linked to a sulphur dative or anionic centre by a
substantially unreactive backbone structure comprising two
connecting carbon atoms or a connecting carbon and a connecting
10 phosphorus atom.

In one preferred embodiment, the phosphorus and sulphur dative
centres or phosphorus dative centre and anionic sulphur centre are
linked via two connecting carbon atoms in the backbone structure
which backbone structure may comprise an unbranched hydrocarbyl

16 group -CHy-CHy-, a branched hydrocarbyl group such as (CH3)CHCHp or
an unsaturated hydrocarbyl group such as a benzene ring (optionally
substituted with a non-coordinating substituent such as -8Si(CH3)3 or
-CH3) connected in the ortho-positions to the phosphorus and sulphur
atoms of the ligand. Alternétively, the phosphorus and sulphur

20 dative centres or the phosphorus dative centre and the anionic
sulphur centre are linkedlvia a connecting carbon and a connecting
phosphorus atom in the.backbone structure.

Preferably, the bidentate phosphorus-sulphur ligand has a
general formula I, II, III, IV or V:

25
rRl g3
] i
(1) R,P— C—— C—— SR°
R2 R4
30
gl r3
[ |
(I1) RyP—C—— C—— S~
R2 1'&4
35



mhereln the R groups are independently sel ected frQﬂLLELL]—LG—%eFFT—kay|
cyctoal kyl, aryl, substituted aryl and ®ptionally subst Ly af Rlgaddd t he
R5 groups are selected from hydrogen, [err] to [err]

cycl oal kyl, aryl, substituted aryl, acyl and optionall m\ﬁﬁa aral kyl
gr oups; the [err] to [err] groups are independently s drogen
[err] to [err] alkyl ‘and optiopal ly substituted aralkyl; X is a

non- coordi nati ng substitute RN2S [err] to [err] aIkyI cycl oal kyl ,
aryl, substituted aryl, [er Brr] al koxy, [err] to [err] al kyl thio, 25
trralkylsrlyl or trrarylsrl I-rably, [err] or nethyl and nis O to 4
preferably 0159 1. PprBtRrat g1z groups are independently selected from
[err] to [err] alkyl, cyclohexyY, phenyl and optionally substituted aryl

and the R5 groups are sel ected %9n1[err] to C8 al kyl, cycl ohexyl, phenyl,
acetyl and benzyl. Preferably, tRe 30 [err] to [err] groups are

i ndependent |y sel ected fromhydrogen or [err] to [err] alkyl. Preferably,
when n=1, X is -Si(CH3)3 at position or Xis -CH3 at the 4-

posi tion. Exanples of preferiy jands are: 35

This is the(F8pl aceneRiP sheed NZ# 996 6 [err] 10 wherein Ph is [err

20 In the process of t present invention, reactive derivatives of
met hanol i ncl ude di net hyl etherb_nethyl acetate and net hyl

10
rl
V) R2P-—-é PRy=S
I, '
R
15

ﬁherein the R groups are independently selected from C3 to Cyp
alkyl, cycloalkyl, aryl, substituted aryl and optionally substituted
aralkyl; the R® groups are selected from hydrogen, C; to Cyq alkyl,

20 ' cycloalkyl, aryl, substituted aryl, acyl and optionally substituted
aralkyl groups; the Rl to r? groups are independently selected from
hydrogen, C; to Cyp alkyl and optionally substituted aralkyl; X is a
non-coordinating substitutent such as C; to Cyq alkylf cycloalkyl,
aryl, substituted aryl, C; to Cyp alkoxy, C1 to Cyp alkylthio,

25  trialkylsilyl or triarylsilyl, preferably, Si(CH3)3 or methyl and n
is 0 to 4 preferably 0 or 1. Preferably, the R groups are
independently selected from C; to Cg alkyl, cyclohexyl, phenyl and
optionally substituted aryl and the RS groups are selected from Cq
to Cg alkyl, cyclohexyl, phenyl, acetyl and benzyl. Preferably, the

30 Rl to R4 groups are independently selected from hydrogen or C; to Cg
alkyl. Preferably, when n=1, X is -Si(CH3)3 at the 6- position or X
is -CH3 at the 4- position.

Examples of preferred ligands are:

35



acétate and/or acetic acid. Preferably,6the process acc B ©
present invention is a process for the 25 car bonyl atiq ﬂﬂﬂ H Lor_
reactive derivative thereof to produce acetic acid. The

present invention is suitably perforned at a tenperature in the range 25 to
[err], preferably 50 to [err], nore preferably 100 to [err], yet nore
preferably 135 to [err], and nost 30 preferably 145 to [err]. The process
of the present invention iggsuitably perforned at acgessure in the range
10 to 200 barg, preferably fb\Lo 200 barg, nore pwéfersaQly 30 to %?0 barg
and nost preferably 582Po 100 b§y. Wil st themffﬁfpormtion 2 ef f ect! ¥
greatest at higher pressures, 3scHy zfnom ¢ consideratioss may dictate the
pressure to be used Date: 14 JUN 1996 7 industrially. Acetic acid may
be present as a solvent in the reaction conposition in the process of the
present 8 nvention. Water nmay _bBe-xesent in the liquid | on conposition
of the 5 process of the pr
concentration in the range 0 0% preferably O. o by wei ght
based on the total wePegh™0 - qui d reacti BfEonp . The water may
be added to the liquid reactionfconposition and/or may be forned (Inis)itu by
esterification of nethanol with _gc(eItng: acid sol vent and/ géHB

hal i de, if or exanpl e, nethyl iodide. The products of th@hipgggﬁas ar EL%tJ‘y|
a

]

10
H H H H
\c/ \c/ wb)
N\ 7 \

15 PhyP PPhy (CH3) 5P ﬁ(CH3 )o

s (Va)

wherein Ph is@.

20 In the process of the present invention, reactive derivatives

of methanol include dimethyl ether, methyl acetate and methyl
halide, for example, methyl iodide. The products of the process are
methyl acetate and/or acetic acid. Preferably, the process
| according to the present invention is a process for the
25  carbonylation of methanol or a reactive derivative thereof to
produce acetic acid.
The process of the present invention is suitably performed at
a temperature in the rangé 25 to 250°C, preferably 50 to 250°C, more
preferably 100 to 250°C, yet more preferably 135 to 250°C, and most
30 preferably 145 to 200°C.
The process of the present invention is suitably performed at
a pressure in the range 10 to 200 barg, preferably 20 to 200 barg,
more preferably 30 to 200 barg and most preferably 50 to 100 barg.
Whilst the promotional effect is greatest at higher pressures,

35 economic considerations may dictate the pressure to be used



10': a_cf'e_t Ic acid reaction product present in the |iqui dm,-gse}]ct fon T———nu

conposition. The rhodi um conponent and i dent ate phospho :

of the catal yst systemnay be added to the liquid rea-bM
[

Rd ja&gpd
the present invention in the formof a rhodium 15 co Mﬂhe

bi dent at e phosphor us-sul phur ligand is coordinated to rhodium Pre bly,
a rhodi um conponent having displ aceabl e groups is pre-mxed with the
bi dent at e phosphorus- sul phur ligand in a suitable inert solvent, for

exanpl e met 0l,.prior to addition to the liquid reaction conposition. For
this 20 %'ﬁ]‘?lﬂélt)é{rqfﬁ%hents may not be suitable. Wth these provisos, the
r hodi um conponenkcetdy &wdavaiedei Pregapt Asi 8 gsilaentyim Fhe reaci#dPe [err]

rhodium |11 gbosé e 1 hadi biadebd SNEAS ideoditl Mienaton. rhodium |11 brom de,
rhodium 111l 10odide, rhodiumlIl acetate, .rhodi umdi carbony]| acet %n% et onat e,
25 [err] and [¥a%eF ™e DEHRRASERT COnbRh AT r?’f‘l‘é“é?ﬁt%‘fn?g%/“s’x?gt% ﬁ'ﬁy be
p][ e;gnt SSBO%f&elsbq:t]ﬁ gpé gaekén ri]ﬁ(aem;ﬂ:as:hl ifoR, exfafbléeX anph &onaéntxatimcdnt r at i on
o] - pmr I um t he_mo rati f ot ' t toth
b1 dent at o PSR SUI AL Prasaciy G Padey' Hf veigsh MRAPRRABRT. 12 | ¢
1: 4, preferedial atightnof ehealiquidfrebetionPrafimsibion. (The HatFYBAY Ronoter is
an organic ound.,co Hell Lodi

gc?%% gg,qh% f#ﬁlgb%cﬁgﬁ Q'lgmpégiﬁ._orp 'éﬁa%ra%y weoﬁ;ﬂdogen pr onot er

is an al kyl preferal I odi de. The concentration_of alkyl
i odi de in t#HEEY byesFerdbiaation €5 pebo il a5eEtRAght PRt hE  Mifge of 1
35 t 0] 030% M 1Weh &Y red@Tbn Wb RDrEsdnt! 8n 2% Digidai gdilction

composition. ' ,

The rhodium component and bidentate phosphorus-sulphur ligand
of the catalyst system may be added to the liquid reaction
composition of the present invention in the form of a rhodium

15 complex in which the bidentate phosphorus-sulphur ligand is
coordinated to rhodium. Preferably, a rhodium component having
displaceable groups is pre-mixed with the bidentate phosphorus-
sulphur ligand in a suitable inert solvent, for example methanol,
prior to addition to the liquid reaction composition. For this

20 RhIIT components may not be suitable. With these provisos, the
rhodium component may be added in any suitable form for example
[Rh(CO)5C11,, [Rh(CO)Il,, [Rh(Cod)Clly, rhodium III chloride,
rhodium III chloride trihydrate, rhodium III bromide, rhodium III
iodide, rhodium III acetate, rhodium dicarbonylacetylacetonate,

25 RhC1(PPh3z)3 and RhC1(CO) (PPh3)a.

The rhodium component of the catalyst system may be present in
the liquid reaction composition, for example, at a concentration of
25 - 5000 ppm rhodium and the mole ratio of the rhodium component to
the bidentate phosphorus-sulphur ligand is suitably in the range

30 1:0.5 to 1:4, preferably at a mole ratio of 1:1.

Preferably, the haldgen promoter is an organic compound
containing iodine, most preferably the halogen promoter is an alkyl
iodide, preferably methyl iodide. The concentration of alkyl iodide
in the liquid reaction éompositioh is preferably in the range of 1

35 to 30% by weight, most preferably 5 to 20% by weight.



3 b . M . -
8 Al'so ‘according to the present invention there is provided-arhodium

conplex having a fornula [err] or [err]swherein L is nbid e
phosphor us- sul phur |igand having a general formula, (I o dor
(V) as hereinbefore defined, preferably (lla), 5 (II’Mm ) or
(Wb), Y is a halogen, preferably chlorine, bromne or s | ess
than 10, typically at least 2. The invention will now be illustrated by

reference to the follow ng exanples in which Ph-is [err] and Me-is

[err] Al preparﬁgoogé%f\qggﬁ? g@rg'eegrgéamumgrnt%h LIRS RS vehed @

ni trogen using standar nk-11ne techniques. Solvents were dried
bef or e use.rhodive Fompkes Wrvings pafE@uls JRREO Wen P KRR X BFY ¥BEYHY Ferr] nnr

ggggi ; gggggzvs gggiﬁmééwﬁswrasﬁﬁba@ﬁ Q{:‘Lb&@ hbyir{geérdeé@gil fiofuar, ed
m croanal ysi s, spectra were, recor anpj_ent
terrperature?/Ud'lsuI’a SJ%'(U?E)@’?O"’%B&E?’F@&E?% dﬁﬁ@%@r%regg?%ﬁgng}e)fﬁfo the 2H
ggoc/k[ Si @?al (fjxgzt} tmaﬁp:c(\vantozv\ﬁ(gh) i fr i3 a—hdb4807 4G eFerahldeatilosiuk. val ue for
o[err]: positive shifts_ are do L€ f t e recorded on
a Perki n- EI P8R $RFEs*Fodr F%Yﬁfrsaéns owﬁ %g%%%rlgl?ree%e?&%ﬁ Pr eparat i on
of Ligands The | Tigmidvéntseuiiidnydyp besilivatyatethanahentdsel fvhbe

Ph2PCH2P( S) Fina oL Vad Yamp RECPR AR ndes qPNFe dnamdaB. cul- Chem , 1988, 66,
1272 by D EB%eroryl?JJ Br olvvni ng, KCR 5 xomd Ir?1 W Hi | t%ﬂlz The |i gand

2- (di phenyl phos phlh@Feramsshetfo Mo Garr iR 0v% Undsy @ pHPshheih & et hod of E
Bl ock, 1@ Of gidrogkiiusang stagabicebsnnmkdener tbathiqesl AsolvehesnweBec. , 1989,
111, 2327 [gE{ d gg%g%£3&ée. Unless otherwise stated ligands were
characterised by 31P{lH} nmr spectroscopy and complexes were '
characterised by 31P{1H} nnr, infrared spectroscopy and
microanalysis. NMR spectra were recorded at ambient temperature on
15 a JEOL EX270. spectrometer and were referenced to the 2H lock signal
from the solvent with Ep = 40480740 Hz (idealised value for 85%
H3PO,): positive shifts are downfield. Infrared spectra were
recorded on a Perkin-Elmer 1600 Series Fourier Transform
spectrometer. ,
20 Ppreparation of Ligands
The ligand bis (diphenylphosphino)methane monosulphide
PhyPCHyP (S) Phy (Va) was prepared as described in Can. J. Chem.,
1988, 66, 1272 by D E Berry, J Browning, K R Dixon and R W Hilts.
The ligand 2-(diphenylphosphino)thiophenol 2-(PhyP)CgHy (SH) was
25 prepared by the method of E Block, G Ofori-Okai and J Zubieta_as
described in J Am. Chem. Soc., 1989, 111, 2327 3lp(lH}-NMR (CDC1j3):
Sp = -11.4 ppm Diphenyl{2- (methylthio)phenyl}phosphine:31p{lH}-
NMR(CDC13): 8p = -12.1 ppm. The ligands PhyPCHpCHyP(=0)Phy and
PhyPCH,P (=0) Phy were prepared according to the method described in
30 European patent application publication number 0072560. Triphenyl

phosphine and P(=S)Ph; are commercial materials which were obtained

from Aldrich.

35 A solution of elemental sulphur (0.848g, 26.5 mmol) in toluene



NNR(CDC13) [err] = -12.1 ppm The ligands [err] and eff]“QEFe”prepared
accbrdlng to the method described in 309 European path Ik@ak mam
publ i cation nunber 0072560. Tri phenyl phosphine and P

commercial materials which were obtained from Al drich. f Bi s
(di met hyl ohosphi no) met hane nonosul phi de 35 A solutlon 0 e enent a
sul phur (0.848g, 26.5 mmol) in toluene 9 (70cnB) was added over a period
of 5 mnutes to a solution of bis(dinethylphosphino)nmethane (ex Strem

3.69, 26.5 ppglyByifad Qhwgvéﬁ(&cg@mat ofl 5t RIMALA &5 @ S81dtesdk lof The
resulting mxturée was stirred for 30 m nutes gt err and Shi tof’ue 1 hour

at room t enpit €igeehylghosphipeinethans (fkHXeke %)5 mr
bi s(di met hykpéeasphana) B&ﬁﬂb&ﬁ&m&ebﬂ 0°€nDVENR ﬁiﬁiﬂtlﬁ@dtNﬁBﬂepWﬁS@indo yi el d

a white solid oduct 7 g i si:n tur f 0% yield
based on sulfﬁ’ﬁﬁ%b} b’h‘tfe%e‘?’f?? % b Vi el 55’ P‘éu%r gtfoc?% %&E%%ﬁ'{r% e
2- (di phemy| pbbepiti a) emhmﬂlhiISétlunerb}'lpl{oephi]nom?@lapP erpxearemeNed s adapt ed

fromthe pr S o u J
D1 Fvor th, " S FEERE BEIHRGe B JigldE el Boldl pRdapttaIédl + Joo

1595-99. To camprdisfing chmixturepsk MepPHs2 4R Mee (‘é%?‘ F—‘T“ﬂif‘a aged PP HRAYY 0. 772
nmmol ) in 153ndd4éazt(byﬁcu§bkeme§1&mzﬁﬁems added butyllithium (0.31 cn8 of a
and J he.

2.5 Msolution in _hexane ol uii;on was 30 minutes at
room t enper FEgRAFALE 2, , : ﬂiJ

10 thpcnzcuz (SLi)
This preparation is adapted from the procedures described by J
R Geigy FR 1401930 and J Chatt, J R Dilworth, J A Schmutz and J A
Zubieta J. Chem. Soc. Dalton Trans., 1979 1595-99. To a solution of
diphenylphosphine (ex Fluka; 0.134cm3, 0.144g, 0.772 mmol) in
15  diethyl ether (15cm3) was added butyllithium (0.31 em3 of 2 2.5 M

72 mol )

solution in hexanes) and the solution was stirred for 30 minutes at
room temperature. Ethylene sulphide (0.46 cms, 0.109g, 0.772 mmol)
was then added and the mixture was stirred for 2 hours at room
temperature. The resulting ethereal solution of lithium 2-

20 (diphenylphosphino)ethanethiolate is suitable for preparing
complexes of the 2-(diphenylphosphino)ethanethiolate anion without
further treatment. 2-(Diphenylphosphino)ethanethiol: 3lp(ln)-
NMR(CDCl3): 3p = ;13.1 ppm. [2-(Methyithio)ethyl]diphenylphosphine:
31p(1H)-NMR(CDC1)3): 8P = -13.4 ppm.

25 Preparation of Rhodium Catalyst Systems
Preparation of [Rh(CO)IG1]: where L is PhyPCHyP(S)Pho,(Va}

To a solution of [Rh(C0)5Cl]g (0.046g, 0.118 mmol) in methanol
(1.9 cm3) was added a slurry of PhoPCHoP(S)Phy (0.099g, 0.237 mmol)
in methanol (1.9 ml). Solvent was removed from the resulting

30 nmixture under reduced pressure to give an orange solid of product
(0.110g, 80% yield).

Reaction of IRh(COlzgllz with MegEQﬂzP{S)MegA;ﬂhl
~ To a solution of [Rh(CO)9Cl]ly (0.092g, 0.237 mmol) in methanol
(3.8 cm3) at a temperature of 0°C was added a solution of a mixture
35 of MegPCHyP(S)Mey and Meg(S)PCHyP(S)Mey (0.132g, containing 0.474



wast hen' added and the m xture was stirred for 2 hours at

This Sheet Ha$ Beth S’f;[gee({ ature.

The resul ting ethereal solution of |ithiem 2- 20

(di phenyl phosphi no) et hanethiol ate is suitable for preHﬂtIl““llH ||l es of
t he 2-(di phenyl phosphi no) et hanet hi ol ate ani on w t hout ment..
2- (D phenyl phosphi no) et hanethiol: [err]- [err] - -13.1 ppm :

[ 2- (Met hyl t hi o) et hyl ] di phenyl phosphine: [err] = -13.4 ppm 25

Preparati on of Rhodi um Cat al yst Systens Preparation of [Rh

was added a slurr

(COLC1]: where L

s [err] Tonaowegmg@éem g 06 80, ol dSeciBbve | 0 BaARA! (L O OTE)

099g, O. mol )

i n met hanol (1.9

n). Sol venFmV\)as %@Wé'dl‘ﬂnﬁnq‘jt’ﬁér? e%’uV?Jr]r?{f{ B’EFCiPh’fa;&eu%’é neRERnel) et ed
pressure touged Aisctliyaage l&&i:dl@seffcﬂ'r[-eﬂél@arﬁ&yli%n 89%e)£hedxdi) Reacti on

of [err] w

descri bed agg,% h I (3 8 an) Theresultl ngm Xt
precipitate™ %@W%s used directly as a catal yst for the

car bonyl ati on of Ampixtanelof PRe(RM afllen (Bf15g, 0.385 mmol), 2-

7.mol ) in methanol
a mxture 35
geepar ed as
ure (a yellow

Car bonyl bi s[¢g pHén{ﬁ)Ho%pﬁﬁid?'ﬂﬁfBﬂhQHQﬁp(W B8, 9.747PsksBNehAIMbBEE OdodbFdrodi un( 1)

C]lgorrer ([Rhf wher e Agmxture of Jerr]. (0,15

oll in methanol (25

) was refluxed for 30 minutes.

0385mm)

10 resulting red-orange precipitate of product was recovered by

. filtration (0.287g, 88% yield). It is now preferred to

stir the

reagents together for 30 minutes at room temperature instead of

refluxing. C19Hy gOPRhS M, = 424.26. Caled. C 53.79%, H

3.33%: Found

C 53.66%, H 3.43%. 31p(lH)})-NMR (acetone-d®): §, = +60.5 ppm (d,lJpgp

o =
16 = 158 Hz). v(C=0) = 1946 cm~! (Nujol mull).

PhoPCHoCHo (S7) . 11a}

To a solution of lithium 2-(diphenylphosphino)ethanethiolate

20 (prepared as described above) was added a solution of [Rh(CO),Cl]l,

25

30

35

(0.15g, 0.386 mmol) in methanol (10 cm3) and the resulting mixture
was stirred for 30 minutes. An orange precipitate of product was
recovered by filtration (0.264g, 91% yield). Cq5Hi4O0PRhS M, =
376.22. Calcd. C 47.89%, H 3.75%: Found C 48.01%, H 3.49%. 3lp(lm)-
NMR (acetone—ds): Sp = +63.7 ppm (d,lJPRh = 158 Hz) v(C=0) = 1947 .
em~l (Nujol mull).
Preparatijon of Chlorocarbonyl[(P.S)-diphenyl{2-(methylthio)phenyl}
A{PhoP)CgHy (SMe)  I1Ia}

To a solution of 2- (dlphenylphosphlno)thlophenol (0.227g,
0.772 mmol) in methanol (25 cm3), at a temperature of -20°C, was
added dropwise iodomethane (0.048cm3, 0.109g, 0.772 mmol) over a
period of 15 minutes. The solution was allowed to warm to room
temperature and [Rh(CO)5Cl], (0.15g, 0.386 mmol) in methanol (10

cm3) was added. The mixture was stirred for 2 hours and a dark

10



(di phenyl phosphi no) t hi ophenol (0.22g, 0.747 nmmol ) and—MeELi- (0.07g, 1.6

mrol') in methanol (25 cnB) was refluxedisf or 30 m nut efy;s shierdBeen & ﬁwdtl ng
red- orange precipitate of product was recovered by fil 88%
yield). It is now preferred to stir the reagents togeti I“M“ﬂ m tes at
roomtenperature instead of refluxing. [err] M = 424, . 79%
H 3.33% Found C 53.66% H 3.43% [err] (acetone-d6): [err] = +60.5 ppm

[err] 15 = 158 Hz). [err] = 1946 [err] (Nujol mull). Preparation of
Car bonyl bi Si;z(o%&g)ake%)lpgféél' p@@@xl,am.sagg f}%};o@éé&a”t%} *%h?é@ak%&“ fonesdgun( 1)
A i goner {[Rn( wher e s To a solution of |1t

2- (di phenyl $Ho¥peido) e?:nawﬂﬂl’&h%% S0A74-THr &paFed ca§°tﬁ9§cr’f Befl¥bove) was
addefjt a solnttutrﬂnccn‘o Be%{]n 3012%5g,33®{33ﬁ-uu501¢ncn§1)n6{,han0b g b@mp{rﬁz an](cj t he
resul ting re wa gs e precipitate o

pr oduct vvagur(é%}B%re?is% Iizi) ‘?(rcgg 1{3} sylerd). [err] = 376.22.
Cal cd. & 47RR%H R : A O T49% [err] 25

y p y
phosphi ne]j riﬁ;dﬁhqmﬂz;ﬂ -&MQ]LJNere Lis 2 30 To a sol ution of
2- (di phenyl phospii, @LBN&BHG&O|11£ﬁ1&239(d19h2r&&pﬂmﬂhhn6)rétﬁﬁﬁé”aﬁeiat{e% cnB),

at a terrperature of [err], was added dropw se 1 odonethane (0.0

0.109g, 0.7EreRAEF 25 escxibest PB%I""df was, aﬁfiﬁ%tdéepmﬁﬁe KgERBIT \%S"%I | owed
to war nh(l 0 dsxﬁ?qrmtmmgc ad 7r7e mied) [ &1 Ehé Ghikbire QaS8&ipvad ¥oir r2 mBGF@NOl (10

35 cng) e t%ls mdzl'.'xt:ul-:'l_c-:rI %ag‘ e)lgdlé[iea \gaoiu\:sfcjnr of d[RL?éO)ch_:}fpzur(%.@%,ao%rsk
. mmol) in methanol (15 cm3®) and the mixture was stirred for a further
30 minutes. A dark brown precipitate of product was recovered by
filtration (0.191 g, 58% yield). Cp4H17Cl1OPRhS M, = 426.71. Calcd.
15 45.04%, H 4.02%: Found C 44.26%, H 3.61%. 3lp(tm}-mur (cDCl3): &
= +72.7 ppm (4, 1Jpgpy = 162 Hz). v(C=0) = 1984 cm™l (Nujol mull)
General Procedure for Carbonvlation of Methanol
Methanol (22.69g), acetic acid (59.79g) and methyl iodide
(6.84g) were charged to a 150'cm3 Hastelloy B2 autoclave which was
20 equipped with a Magnedriﬁe (TM) stirrer. The autoclave was then
flushed.twice with nitrogen and once with carbon monoxide. The
reaction mixture was heated under an initial préssure of 1 bara of
carbon monoxide to the desired reaction temperature by means of
electrical heating coils. The temperature of the reaction mixture
25 was maintained to within 1°C of the desired reaction temperature by
careful control of the amount of heat supplied by the electrical
heating coils. A rapid and consistent rate of stirring (1000 rpm)
was employed. In a first series of experiments a ligand (1.89 x 107
3 moles) and [Rh(CO)5(Cll, (0.092g;2.37 x 10”4 moles) were partially
30 or wholly dissolved in methanol (5g) (see Tables 1 and 2) and the
solution or slurry, as the case may be, was injected into the
autoclave as the autoclave was simultaneocusly pressurised with
carbon monoxide to a total pressure of 70 barg. In a second series
of experiments of rhodium complex (see Table 3) ﬁas injected as a

35 solution or slurry in methanol (5g) into the autoclave as the

11



brown preC| pitate of product was recovered by fi |-t—Fﬂ-H—Oﬂ~(‘G 179q; —49%
yield). [err] M = 474.75. Calcd. C 50.B0% H 3. 61%, %@éﬁﬂi@
uj ol
To a

3.72% [err] :+703ppm[err] = 158 Hz) v(C=-0

mull) 5 Preparation of Chlorocarbonvlir(P. S)-{2- :l‘mm!lﬂ

(et hyl t hi - o) et hyl | di phenvl phosphi nel rhodi un(1) [err

solution of lithium 2-(di phenyl phosphi no)et hanet hi ol ate (prepared as.

descri bed above) was added dropw se i odonet hane (0.048 10 cnB, 0.109 g,
0. 772 ol ) aiyd1ie wgk)gll!lﬁﬁt%u§i§ 8&6513&%9.8 WO cBrbdiP nbl:Siadl ¥4 W € was
added a solution of [err] 1(’ 15 g, i n met hanol (15 cnB) and the

m xture wastaLr PERFSIEP of 7OMamEr 3B ReTREEELESAOH AFREBISRAS fPEci pi t at e of

pr2 gduct Vc\gfpﬂééﬁﬁﬁyﬁriﬁdtﬂw aféltbé]l’a&blm ﬁl@xrrtglnga o 83ptukel ¢f) caflﬁgihr] l[\/r :]

426. 71. cd. n 4 1% err
(CDC13) : [e??']Wiéiff?’? S’ﬁ‘# I’ess ‘{%49 T%F’?‘j'ylag %‘Ezfa[? r"‘]so (Nuj ol null)
Gener al Sr odmiamenéd)by@malsgn;dgath@rrabé de ubeakel oﬁ/mahamlmotlQJQld@%r)om acetic

acid (59. 79g)e %legg%t bxéselodlﬂetﬁé e%égaf \eﬁaere%n@{a@da; ot dSaCHP Hastel | oy
B2 aut ocl ave whi ch | pped a Magnedrive (TM stirrer. The

aut ocl ave wiREakRef FPE%%H‘”@% vﬁl'lehr?ﬁ"ttllﬂ'gé‘}’rx&% ¥t Eopted EBebon
nonoxi de. Tagdc@aed wab ventkdlhd\@Ssahpaé & sl ebadtiiohhixtate maessur e of 1

bara of carbo i de t t he desired reactign t erature, peans of

el ectri cal ?f?gt"?ﬁg%é’oﬁ?%c ?gmya’f'?frg‘ ?nftlﬁ’@e"fg:gﬁt? Qgﬁfe 25  was
mai nt ait@ed ae=tiict i@ fering cihe Trb&ctd@ﬁLrGﬂhermﬂ.tﬁ)rbft eagrenglatrienbysingr ef ul
control of 3hte£er D rll?g%dshg?t sgtslgrglg)l ?%Stpeton%ect rical heating coils. A

rapi d and consi stent € 0
85°¢

Experiment __Ligand __Rate® mol/1/h
Experiment A - ! 2.3
Experiment B PPha 2.6
Experiment C P (=S)PhyP 3.5
Experiment D PhoPCH,CH, P (=0) Ph, 2.7
Experiment E PhyPCHoP (=0) Phy . 3.0

Example 1 PhyPCH, P (=S) Phy (Va) 14.2

(a) The rate is the average rate up to the point at which half of
15 the methanol has been converted to acetic acid.
(b) Ph(=8)Ph; was included in the initial autoclave charge and was
not present in the solution which was injected into the
~autoclave.
The results given in Table 1 show that at a temperature of
20 185°C the rate of carbonylation of methanol in the presence of
triphenylphosphine (a tertiary phosphine ligand; Experiment B) was
only marginally higher than the rate in the absence of a phosphine
ligand (Experiment A). An improvement in rate was observed in the.
presence of the monodentate tertiary phosphine sulphide ligand
25 P(=S)PPh3 which was eﬁployed in Experiment €. This ligand was also
superior in performance to the tertiary bisphosphine monoxide

ligands used in Experiments D and E. However, the reaction rate

12



was errpl ‘oyed. In a first series of experiments a ligand (1.89 x [erri—ferr]
nmol es) and [err] (0.092g;2.37 x 10-4 nol®s) were partlaj,,;%eg(ﬂlasBégﬁRﬁ dy

di ssolved in nmethanol (5g) (see Tables 1 and 2) and the urry,
as the case nmay be, was injected into the autoclave as tmﬂ ﬂ!ﬂ I‘Eﬂ

si mul t aneously pressurised with carbon nonoxide to a tot

barg. In a second series of experinents of rhodi um conpl ex (see Tabl e 3)
was injected as a 35 solution or slurry in methanol (5g) into the

aut ocl ave agptdified ackéoPdingCta \tBeiesshiUiinvanaeusly the gsedbh&edsW th carbon
nonoxi de to_a totalnﬁressure of 70 bargﬁsln both series of experinents the

pressure i nTR2RERRR{TYPhY o AnAST HETH {RASREQFRN TS SPRREIPPILS, A48/ % onoxi de from
a bal |l ast veszaa{plarrcb)t hes csazbmmlsaﬁﬁamnowmaea\m bhe aBleémteri 62G by measuring
the rate of f, ca % nmnoxi e.ballat VESSE, At the end
of the reacP rP%lineOl meﬁp?‘k ?ya\"r on trlr‘oano?g?t ﬁléq’ur‘%actlon
m xtur e &as tb@@ioaddeme alﬂrgedﬂa'vehMWQrﬂUéHhm?dlwas@nﬂ @xpériment 1Bact i on

m xture wasyaRaws et HRY cAFdnF U BR QUL G 1 W Cih sehbh & ”iedrai he 7 efaat i on of
10 acetic acid during the reaction. The results of carbonylation using

di fferent | PLSHAYsthan that abtainefabp e pragence pApHe FORISEPIPENIRATES AT
[err] Exper né@dMide ligand Ph,PCH,P(LODANRd (Experiment E). Ratea nol/I/h

Experinment A 2.3 Experinment B
[err] 2.6 Table 2 |
10 t e ©
Example - Ligand Rate®mol/1/h
‘Experiment F PhoPCH,CH,P (=0) Phy 0.6
Example 2 PhoPCH, P (=8) Phy (Va) 7.6

(a) The rate is the average rate up to the point at which half of
the methanol has been converted to acetic acid.
The results given in Table 2 show that at a temperature of
150°C the carbonylation rate in the presencé of PhyPCHyP(=S)Phy is
15 12.7 times that obtained using the monoxide ligand
PhyPCHyCH, P (=0) Phy .

20

13



Experi ment C

[err] 2.7 Experiment E [err] This Sheet Has BeeBR laced
Exanmple 1 [err] 14.2 (a) The rate

rate up to the point at which half of 15 t he netiha M"ﬂﬂ”ﬁ@n
converted to acetic acid. (b) Ph(=S) Ph3 was i ncl uded in

aut ocl ave charge and was not present
The re

into the autocl ave
of 20 [err] the
tri phenyl phosphi ne
mar gi nal 'y hi gher
(Experinent A). An
nonodentate tertia
enpl oyed i n Exper

[err]

ate of

{hgn S he|r

(8 tert|ar

i frprove
y phosp

car bonyl ati on of net
y%phpsahlmeml igandg;

|‘?5 thealblsefice
re«nt-! n°r & e*wds Vbsg
i ne sul phide |igand

nt C.

Thrs T1gand was al sd

3.5 Expertment— D

in the solution which was injected
ults given in Tableﬁl show that at a tenperature
anol

in the presence of

erinment B) was only
ofEﬁP

rved
25 u
Su

phosphi ne Iigand

in the presence of the

P(=S) PPh3 whi ch was

rerior in performance to
in perinments D and E
rding to the present
ter§iary bisphosphi ne

t hat® obt ai ned i n the absence
nes ¢ hat obtained using 5

and ‘of Experinment C.

arrplg 1 was 4.7 tines

the tertiary bisph¢sphi ne

_ ronoxi de Iigands useq
However, the react?on rate

EB & acccq
invention in the pflesence )ﬁvPhQQEH (HSTPhZ (3
nmonosul phi de |igan (Exanp e 1)) was 62 times
of a phosphine liggqnd (Expgrinent A and 4.1 ti
t he nonodentate teftiary ptosphine sul ghide i

Mor eover, the carbcnglatio £at@ BbtaiBedwin B

o

14
e

=

PhoPCHoP (S) P
MeoPCH,P (S)M
2- (PhyP) CgHy
PhyPCHoCHS™
2- (PhyP) CgHy
Pho PCH,CH,SM

Moles of
Complex

(x 104)

4.74
2.37 (4)
4.74/m (4)
4.74/m (4)
3.38
.17
2.37 (4)

Complex of
Rhodium Component

and Ligand

2C1]2/2Lc

LC1]
Llm
Llm
LC1]
LCl]
2Cl],

L < L S

[Rh
[Rh
[Rh
[Rh
[Rh
[Rh
[Rh

Experiment

Experiment A

Example 3
Example 4
Exanple 5
Example 6
Example 7
Exanmple 8

The rate is the average rate up to the point at which half of the nmetha

(a)

4.74 x 1074,

Resulting complex was not characterised.

Mole of rhodium

acetic acid.
Initial rate.

(b)
(c)
(4)

14



hi dher ‘than that obtained in the presence of the corresp_o_ndj,ng_nnnged—ele——
ligand [err] (Experiment E). Table 2 1015

Rates at [err] Exanple Li gand This Sheet een
Experiment F [err] 0.6 Example 2 amlwl
7.6 (a) The rate is the average rate up to the point f the

met hanol has been converted to acetic acid. The results given in Tabl e 2
show that at a tenperature of [err] the carbonylation rate in the presence

of Ph2PCH2P( S) Pb}'ﬁe'lsesléts g%.?rer? il B85 et E'aéhogbélﬁtngg UEérH&rLB?réTBEOX' de

| i gand [err] 4 e The results given in Table 3 show that at a
t enper at ure 8? CE'eF'PTn a\/\,ﬁ %mrmﬂﬁ’r‘n"{%h‘tﬂ éxPifaptate &hﬁ?@@ﬁt‘%ftsé‘lph“r
phosphor us- S.hlbé}{wEoldﬂaﬁdtémtOYﬂioaﬂr@dst&d%be&iidéﬁtlhé aGb6d1996 (l:&ainﬂil&

aut ocl ave (Exgm%l)eﬁ 3 t?e%# h %( ?C1€ bgmtjsog of r}[
si gni ficantPy"% PFEFe ¢ ﬁ’fc?f‘y %@Pl i f%?’l’f]qew out a
bi dent at® phhdsiphothsn Sok pkxperingana whese CIRA(GRIGCL D, ichautt achizleatate
' phosphorus-sulphur ligand was charged to the autoélave.
Experiment G
A carbonvlation experiment was performed using the same
procedure as for the experiments in Table 3 but using 0.474 mmol of
10  [Rh(CO)LC1l] wherein L is Ph,PN(Ph)P(S)Ph,. Thus, to a solution of
[Rh(CO),C1l]5 (0.092g, 0.237mmol) in methanol (3.8cm3) was added a
slurry of Ph,PN(Ph)P(S)Ph, (0.233g, 0.473mmol) in methanol (3.8cm3).
The ligand PhyPN(Ph)P(S)Ph, was prepared by the procedure described
by MS Balakrishna et al in Inorg. Chem. 1993 vol 32 5676-5681.
15 The resulting yellow slurry of [RhC1 (CO)PPhyN(Ph)P(S)Phy]

formed in the methanol over 5 minutes and was used directly as the
catalyst éharge in the carbonylation experiment. In the
carbonylation experiment, the carbonylation rate (average rate up to
the point at which half of the methanol had been converted to acetic
20 acid was 3.4 mol/l/hr which is less than the rates for the ligands
according to the present invention in Table 3. The use of
PhyPN(Ph)P(S)Phy in a carbonylation reaction is described in WO
92/04118. This is hot an example according to the present
invention.
25 Examples 9-11
Example 3 was repeated at different pressures and the results

are shown in Table 4.

30

35
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Exper i ment G A car bonyl ation experiment was perfor ned—ua—ﬁg—t—he—sama —

procedure as for the experinents in Tad®e 3 but usi noryd sefu L, e

[err] wherein L is [err] Thus, to a solution of [err] nnDI)
in nethanol (3.8cnB) was added a slurry of Ph2PN( Ph) P(H!wﬁmwl
0.473mml ) in nethanol (3.8cnB). The |igand Ph2PN(Ph)P par ed

by the procedure described by M5 Bal akrishna et al in Inorg. Chem 1993 vol
32 5676-5681. 15 The resulting yellow slurry of [err] formed in the
met hanol over 5 m nutes and was usedmhi.s.dtly as the catalyst charge in the
car bonyl ati on experinment._. L& aEak R X pedlgpnt, the

carbonyl ation rate (avere rate up to ich half of the

met hanol had been converted to acetic 20 acid was 3.4 mol /1 /hr which is

| ess than the rates for the |ligands according to the present invention in
Tabl e 3. TFe use of [err] I'n | carbonylation reavtlog desgtebed n WO
92/ 04118. [This i E¥P&Nn exanpl e FAERVIE TFE t hE g%?ﬁ Prvention| 25
Exanples 11 Exanple 3 was repeated at-differen orestm@_/ﬂﬁazﬁi_t_h_e results
are shown jn Table g 30 1p Tabl e 435eacti on Rates at,pifferent
Pressures -

10 50 21.2
3 | 70 19.6
11 100 19.8
5
(a) The rate is the average rate up to the point at which half of
the methanol has been converted to acetic acid.
10
15
20
25

16



Ex‘érrpl‘e’ Pressure (barg) Reaction Rate: ¢

3 0 IR HIIIIIHIIIHIII Illllliﬁﬂl

19.8 5 (a) The rape—fs—the‘éveréﬁe—réte up to the point at whitch®habf wof
t he met hanol has be ,scgi\ge(e[ﬁstmdx ﬂilieﬂéetrc acid. 10 15 20 25 18 (1V)

[err] 5 wherein the ependently selected fromthe group 10
consisting of [err] t cycloalkyl aryl, substituted aryl and
optionally substitut e he R5 groups ar e Coné GBRRB40BOPaT HR) group
consi sting of hydrogen, [err] to [err] al kyl, cycloal kyl, aryl, substituted
aryl, acyl and optionally substituted aralkyl gr oups; the [err] to [err]
groups are independently selected fromthe group 15 consi sting of
hydrogen, [err] to [err] alkyl and optionally substituted aralkyl; X is a
non- coordi nati ng substituent and nis 0 to 4. 3. A process as clained in

claim2 in which the R groups are independently selected fromthe group
consisting of [err] to [err] alkyl,

Claims:
1. A process for the liquid phase carbonylation of methanol or a
reactive derivative thereef which process comprises contacting
carbon monoxide with a liquid reaction composition comprising
methanol or a reactive derivative thereof, a halogen promoter and a
5 rhodium catalyst system comprising a rhodium component and a
bidentate phosphorus-sulphur ligand, the ligand comprising a
phosphorus dative centre linked to a sulphur dative or anionic
centre by a substantially unreactive backbone structure comprising
two connecting carbon atoms or a connecting carbon and a connecting
10 phosphorus atom.
2. A process as claimed in claim 1 in which the bidentate

phosphorus-sulphur ligand is selected from the group consisting of:-

Rl R3
I | 5
16 (1) Rzp--c———cl:—-sn
R2 R
Rl R3
. 1 |
(ID) Rzp--c——tl: — T
20 R2 R
(III) RyP Xn
SR>

25

17



cycl ohéxyl, phenyl and optionally substitued aryl. 20 4. A process as
claimed in claim2 or claim3 in which the R5 groups—a%e—sefecféﬁ“f‘bn1the
group consisting of hydrogen, [err] to [err] alkyl,

acetyl and benzyl. 5. A process as clained in a 3‘ H@ m““ to 4
in which the [err] to [err] groups are independentl §0M t he
group consisting 25 of drogen and [err] to [err] alkyl. 6. A process
as claimed in any one of ne 2 to 5 in which Xis [err] or nethyl. 7.

A process asrv) ai ned Rrgp8Y@iSh 2x,n which the bidentate- sulphur ligand is
selected fromthe group coffsisting of:- 30 [err]

CH2 17 Cains: 1. A process for the liquid phﬁmﬂmamﬂhﬂﬁﬁl la 20 of
met hanol or a reactive derivative thereof which proc
contacting carbon nonoxide with a |iquid reaction co r|S|ng

nmet hanol _or a reactive deriyative thereof, a hal ogen pro

rhodiunﬂ%atalyst system co#prising a rhodiun1conponent and a bldentate
phosphor us- gy phur Ilg?pd,cLhe_bkgaQ@ conprising a phosphorus dative centre
linked to a sul phur dafivelgr anionic centre by a substantially unreactive
backbone structure conprlang two connecting carbon atons or a connecting
carbon and a connecting 10 phosphorus atom

wherein the R groups are independently selected from the group

10 consisting of C7 to Cyy alkyl, cycloalkyl, aryl, substituted aryl
and optionally substituted aralkyl; the RS groups are selected from
the group consisting of hydrogen, C; to ézo alkyl, cycloalkyl, aryl,
substituted aryl, acyl and optionally substituted aralkyl groups;
the Rl to R4 groups are independently selected from the group

15  consisting of hydrogen, C; to C,p alkyl and optionally substituted
aralkyl; X is a non-coordinating substituent and n is 0 to 4.

3. A process as claimed in c¢laim 2 in which the R groups are
independently selécted.from the group consisting of C; to Cg alkyl,
cyclohexyl, phenyl and optionally substitued aryl.

20 4. A process as claimed in claim 2 or claim 3 in which the R®
groups are selected from the group consisting of hydrogen, Cq to Cg
alkyl, cyclohexyl, phenyl, acetyl and benzyl.

5. A process as claimed in any one of claims 2 to 4 in which the
Rl to R% groups are independently selected from the group consisting

25 - of hydrogen and C; to Cg alkyl.

6. A process as.claimed in any one of claims 2 to 5 in which X is
Si (CH3)3) or methyl.

7. A procesg as claimed in claim 2 in which the bidentate-sulphur
ligand is selected from the group consisting of:-

30

CH, CHp
PhyP \\\CHZ ' thp” \\\CHZ
SCHj3 (Ia) 8~ (IIa)

35
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A process as clalne %(L I n which the bldeﬁ?aFE“~‘“““--~_
fﬁE &t ed

phosphorus sul ph ﬁm [err] ;?281 mgrgrﬁuﬁhcfﬁmmm ”Fyqﬂas
|m

R3 15 (1)
claimed in any one ing clainms in which the ndlecrat

r hodi um conmponent to the bidentate phosphorus-sul phur ligand is in the:

range 1:0.5 to 1:4. 15 9. A process as clained in any one of the
preceding clains in ihch the process is perforned a tenperature in the
range of 25 to [err] at a pressure in the rang to 200 barg. 10. A
process as clai g one of the precedingmgb n mhich the l'iquid
reaction conpositfon CPnprises water at a 20 Conceltration j e range

of 0.1 to 20% by wei ghf, an 4F¥&) iodide at a concent £5E3 on |n”Fﬁ§ range 1
to 30% by wei ght and a rhodi um conponent at a concentration in the range 25
- 5000 ppm 11. A process as clained in any one of the preceding clains

I n which the carbonyl ati on product is acetic acid. 25 12.. A catal yst

system consi sting of B rhogium conponent and a Bident afe phosphorus-sul phur
l'igand in which the Ii is selected fromthe g consisting of 11, '
11, 1Vand V as_def Lagl MRany one

PhyP PPhy (CH3) 5P ﬁ(CH3)2

s (va) . [ (Vb)

10
wherein Ph is @ .

8. - A process as claimed in any one of the preceding claims in
which the mole ratio 6f the rhodium component to the bidentate
phosphorus-sulphur ligand is in the range 1:0.5 to 1:4.

15 9. A process as claimed in any one of the preceding claims in
wﬁich the process is performed at a temperature in the range of 25
to 250°C and at a pressure in the range 10 to 200 barg.

10. A process as claimed in any one of the preceding claims in -
which the liquid reaction composition comprises water at a

20 concentration in the range of 0.1 to 20% by weight,an alkyl iodide
at a concentration in the range 1 to 30% by weight and a rhodium
component at a'concenﬁration in the range 25 - 5009 Ppm.

11. A process as claimed in any one of the preceding claims in
which the carbonylation product is acetic acid.

25 12. A catalyst systém consisting of a rhodium component and a
bidentate phosphorus-sulphur ligand in which the ligand is selected
from the group consisting of.II, IIY, IV and V as defined in any one
of claims 2 to 6.

13. A catalyst system as claimed in claim 12 in which the

30 bidentate phosporus-sulphur ligand is selected from the group

consisting of IIla, IITIa, IVa, Va and Vb as defined in claim 7.
14. A catalyst system as claimed in claim 12 or c¢laim 13 in which
the mole ratio of the rbodium component to the bidentate phosphorus-
sulphur ligand is in the range 1:0.5 to 1:4.

35 15. A rhodium complex of formula [Rh(CO)Lly or [Rh(CO)LY] in which

19



$ o ¥
of clalvms 2 to 6. 13. A catal yst system as clainmed in _clalm-12—n—wh

t he 30 bi dent at e nd is selected fromthe
consisting of Ila, Vb as defi ned ml\mml\m“ Mﬁ
catal yst system as c 12 or claim 13 ratio

of the rhodi um conponent to the bi dent at e phosphorus-=* sfil p ur Ilgand isin
the range 1:0.5 to 1:4. 35 A rhodi um conpl ex of forrmula [err] or
[err] in which 20 L is sel ected fromthe group of bidentate

phosphor us-Bulspheltedtiegafes cengreird of loifdehtate phosphban@ulphuasliteiidaed in

claim?2, Y ihedelAlOGRMANIrT bf S WIS alfSgal 1201dl 216y 1 4 ThOdI UM

conplex as clalne al m 1 i ch electéd Tromthe group of
bi dendat e p?ﬂi@ﬁﬁ%r%@dspﬁu?unlheﬁm th%h%1 sting of [err] and Vb as

defined in gdai M 2rRaduiNcofipBdx heafihiked 10 dRid01929n3Mmich L is

5 selected from the group of bidendate phosphorus-sulphur ligands
consisting of IIa, IIIa, IVa, Va and Vb as defined in claim 7 and m

is at least 2.
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