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CATALYTI C PROCESS FOR THE COLI GOVERI ZATI ON OF OLEFI NI C
MONOVERS Fi el d of the Invention The present invention

woeb@isz68 0 a process for the oligomerizati on 8ET/GB2006/004164

ol efini c nononers. Background of the Invention The
efficient catalytic trinerjzation or tetranerization
of ol efinic nononers, such as the trinerization and
tetrameri zati on of ethylene to 1-hexene and 1-octene,
FUNGTIONAL EBUIS ANDER PROCESS FOR THE PREPARATION OR THE
FUNCHDNAICFLUID™er s and tetraners of varying degrees of
comercial value. In particular, 1-hexene is a

Theustbsttd irtreatiorD rutes td @ Furlctisre Fluid ainddRmEdulary 6 layrahdtivheirniid
e i s, val uabl ..chem cal

LLDPE) and 1-qcten e.as a
for {g& By Ik oaeTe. ¢ BSIDAne FOROGH OF PRk St pmponents (.0,
H.S3| sehalGs, GOy a0H dS0K datey Gemt flid @aBams 389, a hydrocarbon

| upri.cation oil ,addjtiyv s well|l as _a. val uable
vased HHSHeR™ A pont SHMBURIET Tl ottty had Ve 2 relates o a
pro¢esk Yertthy besparatibn lde yerfenciodallftuect ene can be produced by
a conventional transition netal oligonerization
process, although the trinerization and
BACIKEROUND Ot THE INVENEONar e preferred. Several
different catalytic systens have been disclosed in the
art for the trinerization of ethylene to 1-hexene. A
In thelekieactioh, ploesssitgbad yefiring rstorhges edd @montlusion ofthydrocarbon
US- A- 5198563 (Phi.llips). disclases chronm um based,
and G785 DS, GHPRITHIRG i Stk o SYahE I BhudgR AR, gpsy coal
andf @pké)r isigmificaningjuahtitfes nsf Uxié\- 58E881@6s ( &fel ldncp@itered and/or
i s¢lo n ene.oljgonerization/trinmerizati,o
profloB8 oo Tiarte sOPORAR ey B SRHIAE! hidBer, Sty o=s
mercapiphe XShgadesqet S0 NandaSOgoand N&Ikigages tyaidel, N@, and N,O).

iy RuBh " B AR AL bRl SR08AFT Bler
dioxide, 1edrbare meondSe5 266 0504 Rjases | mah be qrbdised durbwt atugst oil
. | "e_ i | :
proftS R Bl R 5 ek, B PioBLER oR GhPbfstone of
hydtacarteni besed duelo f Fgtheyhense post chmbestemdumeEl éom @ahfined .power

2 -859 P ki S r Qi
stat(?g)?\g1 ?%kﬁqrgdglggé %%ﬁjestég ﬁo%ﬂﬁﬁﬁ k)%éfs g%{éﬁﬁ@l" %Wt:a‘fr? 'ESHJ; B Fiore of
thessr tdacesret Abrie- $318berefane eal eonfihuigy onged & dwt aleysibpment of
il I i ' f Y. : 1 P
corfitbhd "5 AR ALINERR, 0GR 138 B cates o
hydeasardndiasgd atrearns,cbirvfieys land reixbagstsrol ybdenum or
tungsten, a ligand containing at |east one phosphorus,
arsenic or antinony atom bound to at |east one
H:Shsehverging yompouhds typishid coopriseyémipecadaubtsvantdgthe pepamtory
methY §tfhte|‘ég)'f‘t oftéHJtregéiFé ulﬂbn%Sé th C&ﬁ%g@%gcﬂn' p‘?%iggols and
pol ar substituents are phosphane, drsane or st bane
envgpryngriallaiedicapadtion anatgriais Botdxantpts, GBre40985§ aledcrinee c@n oil-

solgfe SRk s averoRe BRI Sk ental TR b Sy Mdups
fron ihe reacism @?loaiumtose stenicalyniodered pEmagyver speondary amine and
. N ) h ¢ tion.
OB S ¥heaR el aiohat Ber? i Ton (elq
C] _ by-products) is typically observed. WO 2005/ 039758
i . ! : . | g
us gﬁ%ﬂ; Inbphtasich REES0 /(gé1't4"f§§ l4&&rpR8s a‘iérg;g s%:fféﬁ%{%‘%ﬁéﬁdaﬂ@se

. process for t rimerization
oxidgp gemeeendi¢isag feriremeing|ppdttasisnpuhi as oNOCabakyand CO by
g f Qr J t i i (6] .
2o g AR o PGS B0, sy TP N 8 roggtion of a
these catal ysts are based on chrom um WD 2004/ 056478
and WD 2004/ 056479 (Sasol) disclose catal yst
conpositions and processes for the tetranerization of
ol efins. The catal yst conpositions disclosed in WO
2004/ 056478 conprise a transition netal and a
heteroatom c |igand having the general fornula (R) n
A-B-C(R) 1n where A and C are independently sel ected
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het er ohydr ocar byl group, a substituted
het er ohydr ocar byl group, a silyl group or derivative

woOher@staest he R groups are independently sel ecPet/GB20061004164

an optionally substituted aromati c group bearing a

pol ar substituent on at |east one of the

ortho-positions; and the groups are independently

sel ected from hydrocarbyl, substituted hydrocarbyl,
bivaltpt ﬁ’fa‘h%ﬁéé@e‘:@éﬂb\)ﬂth amrdii %&étdeﬁ%ﬁ&nﬁ?& she hycﬂ"b?ie@ BMJIUOHS in

groups wth provi so that group Is
the Rresgagq ef jop- %B%ngegt walghtadey SePeﬁ'BP aea@lebsqonﬂm(@m Kemoval

rate§Bﬁ/u;9fo 35996 apy Qrt@&)ﬁritﬁ rapsct thichiboh Mfordke¥l so that mis
1, nis or 2 and the total of m+ nis 2 ;
opt| onal ly, any of the R and R groups nay

Thus, nﬂﬁp@@@hbé!d trer |furﬂ4é?%oh#bo§i‘ﬂ§ns°"for”’9§ee i fth& aeMoRAINGT toxic
or to the br idging group Xto forma cyclic structure;

SUbSIHRES. ) 1RO BoSaRIBP s PeRd Tol BATERGSACES, Wb o dbR TFared via
relaﬁ\feWTstE@ém%ﬁHf@%%Qicbﬁoﬁw@a%@éﬁon"&oﬁﬁbﬁ aftbréts 8iso a need

rrperature in the range of fromabout 0 OC to about

e
for t&%@ ?Péfat'o*ﬁr?é‘dﬁ?%@%?ﬂ of GRREitions Whieh hewe md§ungiogal use in a
nunidepefsplitfions heuchiadthdsRR|Hdrdpagé. zat i on and

tetramerization of ethylene to 1-hexene and 1-octene

Wi th said catal yst systemconprising (a) , (b) and (c)
SUMMARY @it THEINVEREISONE and tenperature defined above.

Det ai | ed Descri ption of the Invention A s used herein,

t trinmerizati on" neans the catal ytic
A TGIPATRR SSHOBHOT hE BIRBF T TR G (Ao UdrEa Rragpelas the
prepedtiRasHit 4 GiincliBh&ICHES cbrmph@ codanny ndiceer ke migtal Myldhside

efini c_nononers. The term

ion of three of sal
a”dtarﬁoﬁ-&'PP £9MPERNe N@te fod Cthﬁ’é'”% T2 leqgfian uesvelt a teperature no
greadérahambbout200rRR(E3°CY) the feed stream are identical as
well as the cases wherein the feed streamcontains two
or nore different olefinic nononmers. In particularly,
Optibhal festures dfithererst agddco of thuheentisredrel the sabjatt ¢fnhé Gepdrient
| trimerization of ethylene nmeans the trinerization of
Ca"@?hyl ene to forma Cg al kene, especially 1-hexene .
The term "trinmerization selectivity" when used in

e By P FbER S FoRtar PRl aciofal nug
via awrgeosarhicainandr Maﬁ\emtralgmﬁmd ;sert@st nm']et SUnctibren fluieklas

secl i S8 oy LS AAER S S AR A e o
agebther eﬁmoxidamt aivanteigeowsly, t%ﬁr@&&ﬂ&bﬁd% alsdavénghdfenetnmm
in..t r| Za ene i.s

h
fluid, \Wf]o p'\e e ﬂ l%itll(%c?)fp\?P?ive TANIE; c&e : ?stan:ﬁ &an result in %1e
formatieh ef(maetusrebyepr(dductsy Sucﬁ'by&ptaeiunns chaealiféculizarid expensive to

. n h tic tetranerjzation, of . an .ol.efini
cispB58 87 ob o, SRV tient SRR A fRbeE PaEnidbR 1 i vt fpgtonal
fluidoambeywdpated iundel dtmosplidnie or paestured cofdifiony. of sai d

olefinic nonomers. The termtetranerization includes
the cases wherein all the olefinic nonomers in the

Acchreleg ®t a eseovad aspebd f itea invastioretherass plovided s sunstiemaifuid

: . S re.different
naviy oA 22 1% g A B & ok Ehite to about 12,
obtdinable iyt mmesem)‘f thetfast aspect of therieventioon to t he
tetrameri zati on of ethylene neans the tetranerization
of ethylene to forma C al kene, especially 1-octene.
Anofhies ateantade eftthainyenticat liesin thel mmarmmnd/tb@atlmsm‘ch functional
- [ 3 r riggatd I n
ﬂu'déﬁ&oﬁhlt ﬂ%? %@l@fpﬁ%{oﬂﬁl - rrFég &QQ\H H |r1\_ hlbey oﬁn%\ugsgs Erodlaguon
conposition. The term "1-octene selectivity" when used
inrelation to the tetramerization of ethyl ene neans
the anobunt of 1l-octene fornmed within the C g fraction
of the product conposition. The overall yield of
1-octene in the tetramerization of ethylene is the
product of the tet rarrerl zat| on sel ect | VI ty"

o o o o g, — o
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optionally substituted aromatic group bearing a pol ar
substituent on at |east one of the ortho-positions;

wanw7ntoszeR groups are i ndependently sel ected fPOMGB2006/004164

hydr ocar byl , substituted hydrocarbyl,

het er ohydrocar byl and substituted heterohydrocar byl
groups with the proviso that when the group is
aromatic it does not contain a polar substituent at

| mdu%&ythé’iuﬁct%né?rfhw%éﬁpﬁé hh%@és alH.B §d&9erﬁ§é9\lh %ﬂJdef‘@t pdﬁtplﬁg

he total of 2
pipesopnd a4l doyrosignyinhilitar fie the Rires- RTER Swﬂscaﬁsfy”her be G i The

treath@ﬁ@&e(fgegﬁ& Nd%‘%vﬁdtﬂ'é‘?ﬁoé&e@%nﬁgﬁ ré¥RHirRy 6ff the aeldeodih @hd/or

group X to forma cyclic structure.
unorrrw@ntblﬁwg@frt@e QMSMWHC& of the fornula - N(R-A)-
wherein R is preferably a hydrocarbyl group,
asubstituted hydrocarbyl group, a heter hydrgcar b&)
The fynelignal B8 b e, SeqpediasRack PG AVGRITTHIRY BE s OHFpY 28 &FPy 0
or HY Q4Reyerderi vative thereof. Typically, R3is sel ect ed
rom hydr ogen or the groups consisting of alkyl,
substituted al kyl, aryl, substituted aryl, aryl oxy,
The ﬁ}Héﬁértél Ahigtmay Bé s¥d a§|ekH£B’ kcavehifpsitin twet @l aildkgsyproduction
cycloal kyl, substituted cycloal kyl, al koxycarbonyl,
syste/B$-bony!| oxy, al koxy, am nocarbonyl, carbonyl am no,
di al kyl am no, silyl groups or derivatives thereof, and

al kyl or a gr oups. bstltute
The &imstienal ﬂ@ﬁtn{ay %%ﬁpddaifi'ﬁ featmepi @ r%%&*o%g% Pi\nﬁar‘d SOx
(egm@;ﬁm%t gBsés an al kyl, substituted al kyl (including
het erocyclic substituted alkyl with at |east one
het eroatom such as N or 0, and al kyl groups
Themﬂéﬁéhdl fhiathay Bdusednesenpisamathertteystenst om ¢ group)
cycl oal kyl, substituted cycl oal kyl, substituted cyclic
aryl , substi t ut ed aryl, aryloxy or substituted aryl oxy
The BlirRYbhal Fsiamdyeise afedsas 4 abrrasion ighiibitgrs i nclude C]_-C]1_5
al kyl groups, substituted C-C5 al kyl groups, C2~C|] 5
al kenyl groups, substituted C2-Cl5 al kenyl groups,
The@ﬁnéﬁbﬁalcmd: www lEé@la@Sa pacitiat oft cirboh €8el @ prder to reduce

cl oal k Cl5 aromatic groups, substituted
Corre%mc&%esa%%ﬁg@?e? P"o??b% a¥® - 5 al koxy groups and
substituted C -C] _5 al koxy groups. Mst preferred R

e i maibRe A e et e ing RS LU £l o 4

exanpl es include nethyl, ethyl, propyl, isopropyl,

bt R0 b H PO B oo B U vt or

boildrepéyWatedl Kyl branched heptyl groups, octyl and al kyl
branched octyl groups .Exanples of suitable bridging
groups include - N (nethyl)-, -N (ethyl)-, -N

The(foraipyd)ftuid may bé sispd apyisjore for hydisigeuped.) -, - N(t - but yl)
-, -N(pentyl)-, -N(hexyl)-, -N(2- ethylhexyl) -, -N
(cycl ohexyl) - , -N (1-cycl ohexyl ethyl) - N

In at@ora@ideyittys thiideaspbgt of the inberitivanthgte) is pre\hde(dpa ernceds for the

cespRRayPEMAdepou AoRF DB ENER bmprnd e

(S (Edht3ctind the -gaseeusl\m@rb@fﬂard@dﬁo(:l()\mp 3 )‘unctional fluid as

o de%%‘?‘:@eﬁ g? er SP%Adyée)cond Z&%oa ﬁ{e con aF eilis Skl)jﬂgble fo

used 0 a group I NI ng car
and hjoimegsutfuatomnehed fEfMohgtdlumlcand)yl group may be a
saturated or unsaturated, linear or branched al kyl, a

non-aromatic ring or an aromatic ring. Unless

ot herwi se stated, the preferred hydrocarbyl groups for
use herein are those containing from1l to 20 carbon
atons. The term "substituted hydrocarbyl" as used
herein refers to hydrocarbyl groups which contain one
or rmore i nert heteroatom containing functional groups.
By "inert heteroatom containing functional groups” is
neant that the functlonal ~groups do not |nterfere to

1 a4 .= - .



10

15

20

25

30

35

The Rl groups of the ligand of the catal yst system of
the process of the present invention, conmponent (Db)
waneorioazhependent |y sel ected from optional | y subeTiGB2otsth04164
aromati ¢ groups, each bearing a polar substituent on
at | east one of the orthogpositions. For the avoi dance
of doubt, the phrase "bearing a polar substituent on
atl east one of the ortho-positions” neans that, in the
(i A rd oGt a Bé’@lfﬁﬁséﬂir%@od@ hydtbsdrborufeedstacit from the kalfur-
Substituent on on h of its ortho positions. The
tern?“%ﬁ?péwaﬁPvagH@stltuted inrelation to the R

groups of the ligand of the catal yst system of the

process of the pre [ nventi on, nen .
The IRPESE Qe INYdGsBRGGATANy IVERGy BAY PRGRR I sk pybrise, the
gep§yﬁbst|tuted aromatic groups, each bearing a polar

(Roaneoriging e sdrenasedorcrntonglruf Mo FtRtAg; cagr

| easun@&recapiditiohs saﬁrbrbﬁlptbsalbmmcrpltdﬂmnsdrmrlfﬁr fgjomupe rsalfur-
contain one or. nor ther substituents . Polar is
deflﬁaﬂdﬁnyﬁﬁﬁE@J@cgﬁn ntity with a pernanent

(i9) eC%ép@raﬁthme)réﬁmﬂwtﬁd sumewerhaheﬂuraso nes:ederraeruecurqnat fhed

I whi ch
| ncorpaPatiad H e MRtfond Bate & OF RRRh G en ¢

Sui t abl e polar substituents for use hereln i ncl ude but

ar e, not ed to na
in aqtogiapgs aicspigpaapect §f b ykBiog Mk plolieRUADBEESE or
the $ar6idl t oft @D Wb & I'g\ademmrriygirocgrboupfaedamls,t daavmgr augR:
y m optionally substituted C5-Cl4
Com%qwﬁig”w'ﬂn%g% ?n[g% f?he R and/or R groups are
(5 ubstdohtacty e Furetioretfiuahahd ythe gaseousubytiocaroom feedstock

group connected thcou
opt i R Goriane puTcER AR C e s bRl i
(B oupspalating thd gadkbuarigtiorcaogrfeegstock @omutbetfumcrjvped fluid;
Wi th dC C20 hydrocarbyl group bearing a C]_
aIkofV’group hydr oxyl; amno; (di-)C _-Cg alkylanrno
(it r cnep&}ssuﬂ‘sjngxtﬁeyl’uscthnbbﬂhydl to Gusedioe ar@yﬂnqrmf&@@aﬁjym
al kyl,, grou hat e; heterocyclic groups, especially
mrthtggﬂ#eﬁgqéﬁH"N and/or Oring atom and tosyl
gr oups. Exanples of suitable polar substituents
Lol propoxy, phenoxy,
BRIEE ﬁéB GSSOecyl oxy, hexadecyl oxy,
octadecyloxy, elcosanoxy, pent af | uor ophenoxy,
For & iettet inydessthdiyg otiiheerésani mvaatjonnendja srmvroﬁmﬁ@rzlearly how it
tos hq 0 Y, , ApR Yd th
may Vet T RET TeRbtonsd Ll B HRAG oy why of cZHRER, X the
follostrigadrawingsuh piinédhe, nitro and t he I|ke Preferably, t he
pol ar substituents in the R groups are independently
selected fromoptionally branched C] - C20 al koxy
Figuge olipis, aopthemnalid yeprebentatian «ff an 5atmqspherm yaresgps for the
o] -C20 al kyl (C _-
mar%% lt{.g)ré olf q’ur?&‘ohglnf%'id Hé FH%? Eﬂr abTy.

groups. t he pol ar
substltuents are |ndependently sel ected from

Frgu%’ti B"EaHﬁé |@r|l8 S troncgfoa Emor%é?&ﬁ%’tmswﬁb%e%ure
OXYy groups suc
closeﬁ amibm folnﬂae hm(wfaoéltrh @ﬁun@ilonaéfbpd @gﬂswyn\@mtmm. ch
nmethoxy is a particularly preferred polar substltuent
alternatively, longer optionally branched C]_-
Figurk Koisya gelmmasicoepiesartatipn pbaarmqesarf@rn@ﬁésrregélc%d*zs from a
metﬂarlfé)gé(ds EQUPS, for exanpl e decyl oxy, dodecyl oxy,
etradecyloxy, hexadecyl oxy, octadecyl oxy or
ei cosanoxy groups, of which eicosanoxy is preferred,
may be preferred as the polar substituents in order to
increase the solubility of the ligand in organic nedia
In one enbodi nent, the RL group is independently
sel ected fromsubstituted or unsubstituted aromatic
groups bearlng an optlonally branched C4 C20 aIkoxy

oy o " L )
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to the bridging group X to forma cyclic structure. In

particular, when nis 2 then the two R2 groups may
wopti7osaieBy be |inked together to form a cycli CT/GB2006/004164

structure incorporating the phosphorus atom 1In

anot her enbodi nent of the Ppresent invention, one or

both of the phosphorus atons of the |igand of the

catal yst system of the process of the present

i nvention may be independently oxidised by S, Se, N

t 0 [ f
Flgu?% 4(?3 8 Igrgérﬁaq,c r%.reggﬂgggﬁf 8?%% g@lngL& éﬁoggjegtﬁf@%% grpﬁess
applaadfturanrm«stlegldesulﬁmesatloofprd)dess ps @gemofitj andent i on, t he
ligand of the catal yst system of the process of the
present invention may al so optionally contain nultiple
Figufdr 51is )epsehentatic Refdrepentétien2of) an protess forNba rémaval ioh €O, from a
f such ligands include |igands where the
nmﬁﬁﬁ%ﬂ§;§§a$ units are coupled either via one or nore of
the R or R groups or via the bridging group X .
DET ) BN ﬂ\‘l\?éNﬂ@ contain nultiple (R 1
%Wwﬁhe | i gands according to
formula (1) can be prepared using procedures known to

Thecmﬁctr%héll ﬁLﬁdj lSIE@ &fegme Rac ﬁjc#]nsglj ¥ QIQaI'i %e?ﬁg 'dgn%%ve thereof

Iterature. of suc npounds 1n
and @Qlcmat ﬁb&pq@ﬁm;a ysed mr(eneaﬁ@h)prae(sa wilhfirshiesxgesiednsd. )
(phenyl) (2-nmet hoxyphenyl) 2PN (nethyl) P (phenyl) 2
(2- ethoxyphenyl) 2PN (nethyl) P (2-ethoxyphenyl)
Silicophenyl ) (2- ethoxyphenyl) 2 PN (nmethyl) P (phenyl) 2
(2- met hoxyphenyl) (2- ethoxyphenyl) PN (nethyl) P
(2-met hoxyphenyl )  (phenyl) (2- methoxyphenyl )
SIIICQQUé@%WWQWS§ opie(ipxankign pampbe glmpgnte)l sflicprz.-or silicon metal.

SilicbR Pt WS'MH%e?WJnEP% j;%gkﬁ) es' <§f%ﬂi{c i n\ﬁﬂ)ﬂ an
h h

. %%gzzytp?ﬁm;ﬁzg;ﬁssmw i oy

e

mam‘gummgnm r)/ rpqxlmﬂh@gm@ﬁ rjlicpn (mpetal grade 441 ( 9% 8Si,

0. 5W%¥|ﬁhﬁﬁxbate@tpb' 1()”%td§'é/ 'n%axFr’m(rﬂ d&ﬁfelﬁ X¥;ﬁ£&ﬁﬁ¥k al %réd% 442

heny ﬁ-)é’n 2- met hoxyphe
(99%| %op&[yfgé;@ymﬁx'mnhﬁ@ﬁé&tyﬁ W aaparimpat ﬁgntgntb gligon metal
gradd weasd@eﬁ%lél 64@#%5}%{@@%& 68&'%@{ mé&brmr ccantent)

et hoxypheny uor ophenyl ) (2- nethoxyphen

siliconygeta) gyads %‘293&8% AeSiphé e meximun seatant, &Bnéqﬁmwmym
cont(eﬂt nﬁﬁéb%h‘]@ﬁ?@béd)e 3%'?'\(’9@ J 8ylo) 3°/E F%4max1mu5n conter}t 0.10 % Ca

t h t t hyl
maxrs%?r% CoHiSRIoR PP St SCHD IR0 Ok g Reiy P mBHeR! Sontn,

0.05 2% @Etrhgkwﬂhﬁ%ht)am? élln&cff?trﬁatbl) gFéd%43303 (9. 4% Si, 0.3% Fe
met hoxypheny| ) met hoxy ZPN

maXirﬁ%mrﬁﬂn}errh 0.93 r{eﬁ@om%ﬁ@ﬁqut@mt) %!!Cﬁﬁtrmﬁab%aﬁe%ﬁé 199-$%
si, @. .ﬁ_‘?/JTEé hﬁ%ﬁrﬁbﬁlﬂ(‘}dn}er@ P(NOﬁ '%’td‘B’ axfindrd content) silicon metal glrade

g hyl.am_no- g - met hoxy henyl ) 2PN (neth

220 (?925/ g@)@B gﬁa}qn)ur(l gont(aqt 216 ﬁ@ﬁwm COMERly Oy smcon

metélZQra@tWYﬁbW@ @.15%( Fetrhadinhufid €dhtent, 0.01 % Ca maximum
4- et hoxyphenyl ) -phenyl) 2, (2-met hoxyphenyl) 2PN

confepBt hyl ) P (2- met hoxyphenyl) (et hyl) (2- met hoxyphenyl)
2PN (nmethyl) P (et hyI) 2, (2- net hoxyphenyl) 2PN

2- nethox en (oet hyl phenyl)
Siichh TR HENGIL)S DERFTAAATYS §1 Sicahabtis) daekiiy e prosess for
prefaZingetidRayidrenitid oPRblidvertidh/| ) P (2- met hoxyphenyl)
(2-naphthyl) (2- nmethoxyphenyl) 2PN (nethyl) P
(2-naphthyl) 2 , (2- methoxyphenyl) 2PN (methyl) P
(2- met hoxyphenyl ) (p-bi phenyl) (2-nmethoxyphenyl) 2PN
(methyl) P (p-biphenyl) 2, (2 methoxyphenyl) 2PN
(methyl) P (2-nmethoxyphenyl) (pnethyl phenyl)
(2- met hoxyphenyl ) 2PN (nmethyl) P (pnethyl phenyl) 2
(2- met hoxyphenyl) 2PN (nethyl) P (2- nethoxyphenyl)
(2-thiophenyl) (2- nmethoxyphenyl) 2PN (nethyl) P
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any conmpound or m xture of conpounds that generates an
active catal yst systemwi th the source of chrom um

waounbymdzesm or tungsten, conponent (a) , and t RET/GB2006/004164

| i gand, conmponent (b) . Conpounds which are suitable
for use as a cocatal yst inelude organoal um ni um
conpounds, organoboron conpounds, organic salts, such
as nethyllithium and nethyl nagnesi um brom de and
i norganic acids and salts, such as tetraf |uoroboric
I lve f bora sodj
The B o Eh Fretdl o orib Breh R of BRIRI ety e partices
can pedd éerfedn oblergeathusks orangots Keggrinmﬁngn frieamdézpmgtenus. about

f h
150 A2 T P QO SN BERHNG, e WRGarL oF RiRaf g
CompélS@Swl@be@ﬂ%I Mth laymean patidd dianmeterGif-bEBleeal &ydut 1 mm and about
o300 o, SN AR Ao
a mege Pparkele diameter raft be’ige%)(abpute% ahmsahd atd0emm. In a further

emtf(éﬁgﬁ’é}ﬁ?thé 'rﬁ:léeéltntﬁar&l‘?u rﬁgmggﬁ id %%ég ﬂ1attnréb[5%_ WH@ il résugrrrt]aater
tharg] Qﬂﬁ”hlfgranX&mme gsﬁﬂtﬁﬂtmraﬁ@ﬁnnmﬁm rhgamparticle diameter may aiso
be 1b&d tHéhofﬁrﬁ(r{wal’dr' 'Bngéngl@oleg@mé}‘n dﬁ?‘ ﬁ{cﬂn%sdiegg L g?%ﬁﬂ Qjdess

et hyl al um ni umdi rnde al um™nium c
tharg il apm Y Bgra iheiparticleis| ave inge- sah@ruaill uthe texaftismétat’sefers to the

|arg@§gldhrﬁg1s@dd15ﬁqﬁggﬁﬁl)ﬂe M xtures of organoal um ni um
conmpounds are SO suitable for use herein . In a
preferred enbodi nent herein, the cocatalyst is an

Som WHINQXANSarfaest rﬂ%}y Save THEGEMR élmb&g?&@nﬁ\ec %ﬁ@c& My %@es

may conpri se any al um noxane conmpoun
HowgreirimreReanly ablepsiuflls. fOAIQ?FﬁVﬁ@X@W@QStn%@%beU@T ep@ﬂ&&d obthe

partfclé@ rﬁ@é‘bro%rh&@r ﬁﬁﬂh%é’gbeefﬂemél%s IR aﬂrén%dﬁ%@]#tué’[]bg Lty

nmpound, such as those nenti oned above,
all Oéthsmaéttﬂ'% *tqyﬁwﬁ'émaier yithinghe snesified mangsx anpl es of
sui tabl e al um noxanes i ncl ude net hyl al um noxane ( MAO

nodi fi ed net hyl al um noxane (MMAO) , tetraisobutyl
—I@&ﬂéﬁ—@hﬂﬂ&égﬁe (TIBAO) , tetra-n-butyl dial uni noxane
and tetra-n-octyldialumnoxane . In this context it

shoul d be noted that the term "al uni noxane" as used
The gl metali ydegxids ppechin die PrRoEERIEaN cenmrsise lifhium hydroxide,

sod@M&Nd&ledie & HothsAMOSroxiB! G oAs %n%'aln’{éafﬂ SBHBFH Ibng‘?OXIde is

res ondln trial kyl al um ni um by tion o

use IRIPAGR efor\'#awn hYdﬁﬁX'@etGOQIBTT%WdrOXdey@ndapbtﬁssmm
hydr@ﬁ@é'baﬁa?éﬂbe useHtin PRtjréveas! y about 10 %t ., of
alum nium Oher suitable co-catal ysts include those
mentioned in WO 02/04119, WD 2004/ 056478 and WO
The a%ﬂlrﬁ&@ﬁ?faroxtdae(e ¢ s6di@h %g@f%xi%) Y E@u%oeln sﬁﬁ@fo?lﬂro?'ir??:

einin their entlret ref'erence. quant

formg GPEPYISE qaepHrSeliion Jishe slvat @?ﬁt@lﬂydm% nin Solid form the
alkali meehiy@rdxide chif Bk GatheYoreeURRed ﬁbeﬂét@‘b‘r ?Swﬁerr atio in
the range fromO0.1 to 20,000, preferab roml to
2000, nore preferably 1 to 1000, nost preferably lto

AlternBfelya ltheraial memﬂ HyBFcRidle &R Be fRBlacBl Wd%ﬁerféngacﬁfadd“alk line
In one SP ecific enb ?

no um or t sten
eart H@aﬁﬁ’yﬁw% rHH'dtuﬁbhlddPﬁWsherﬂw dyfigridenmagnesium
hwﬂpma@eﬁﬁmﬂﬁhV@emﬂéeﬁﬁmhwhmM@M&b@%rQQmEﬁW?Sﬁmwé ) a
source of chrom um nol ybdenum or tungs
I i gand having the general formula (I); (R 1 )2 P- X-P(R
2 )2 ( wherein X, RL and R2 are as defined above; and
c ) a cocatalyst. In another specific enbodi nent of
the present invention the catalyst system of the
process of the present invention conprises: a ) a
source of chrom um nolybdenum or tungsten; b ) a
I i gand having the general formula (1); (R1 2 P-X-P(Rl
J(R2 ) (Dwherein X, Rl and R2 are as defined above;
and ¢ ) a cocatalyst. The catal yst system of the
process of the present |nvent|on nay |ndependently

o o o o
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branched C4-C24, preferably C4-C20 cyclic ol efins and
optionally branched C4-C24, preferably C4-C20 di enes,

wa00mi52068s optional |y branched C4-C24, pref er ROTAGB2006/004164

C4-C20 functionalized ol efins. Exanples of suitable
ol efinic nononers includey but are not necessarily
limted to, linear a-olefins, such as ethyl ene,
propyl ene, 1-butene, 1-pentene, 1-hexene, 1-heptene,
Watet aad telbdne dolatiomene, 1- decene, 1-undecene, 1-dodecene,
1-tridecene, 1- tetradecene, 1-pentadecene,
1- hexadecene, 1-heptadecene, 1-octadecene,
The Wateoreadecdorineanolutlore usads énthe proaessheomprises| waiensprefesably

s o N O] o BipAN, P Ehtind sty b Ropinai

whicle jscthemdiseoleed inovdsenr nene and the |ike. M xtures of
ol efinic nonomers can al so be used in the process of
the present invention. Preferred ol efinic nononers for
In ayseferrad temsoddirnenss theathlorneasourcetis digeidi chierinen aiHcokrayy as
vention are propyl ene and ethyl ene.
SOd“ﬁEE&@OChﬁrﬁg%é?r ed is ethylene. The catal yst system
and process of the present invention are particularly

The y/%ref g;IJrefe%bI# B&tiRlg P‘%& ﬁﬁlﬁ&’ ‘dﬁloﬁﬁé %Fer é&\%lhémmaen%tlo of between

neri zatl on o ene hexene and 1-octene.
abouF®: & itenabbain 8@d sbyt F/‘DIH’GIGI MGPFdIﬁU'dn@h"Préler),af?é rexgEPieo hetween

abtheI%ﬁtén%nab%%{" oL fﬂ’%ﬁ%érﬂﬁgd lh‘l@ﬂ@ Heibtio Br WQ@?E) chibriHe’iy about
phase, gas ase ase. \Wien the sinultaneous
20ﬂtrinerization and tetranerization is perforned in
solution or slurry phase,a diluent or solvent, which
is substantially inert under trinmerization and
The weter amd figwid tchisrine 6a be icombingd pripetoadditiopde thegigaetian essel
Comﬁhéd&gcar iftdon®: é)rLdV %Qéﬁ it h?ﬂr'ogi'a@t bEtRNWatdF A& {chferine can be

ons ogenat ed rocar bons and ol efins
addemasemr@telez, iswifat ant i al | y inert under trimerization and
tetramerization conditions may be enpl oyed, such as
t hose dlsclosed in WD 02/ 04119, WX004/ 056478 and
D ONERE pestiant functiopaldibidi zati on and tetraneri zati on
process of the present invention may be perforned in
any one of a nunber of suitable reactors,

As digdussechbelawt teofiration pi g Aracasif 4he f'fSTﬁﬁP%Célq?}het [gention

wil &éde‘ﬁﬁ rdnzféétb%rbuéﬂ ‘éstréédheﬁ?émaééﬂu%arm REEEHt PartitlBeize (due to
Invention is carried out in a bas

the SBedt-d5 e Pize G INRUBIECRSERS CARACSRIRTG guration of the

readtibh "Gl 'b%agh&fer%%ﬁ §ﬁ16ﬁ’éf%érﬁé)éé Qfe Fﬂlé@@%ﬁﬁ hgéh@hen larger
resent invention may be carried out u E
Be 1gnae e

partiisel a9 g0 B GESOPPEARENSn MeCrAebi AR

abohﬁéﬁ’ﬁé@l ‘fUreean'{p\e BRgEMhEA_bbEIE Aolis tich RRUbN r(ﬂwéroabout 6
preferably from about 10 Egto a

hougs, Tmrrea@tpe%wauﬂnymﬁy oatso < SFTORUS 5045 108 GERTPE less

thar?éf t'iDda%s RUEH 8 MAkMhar SFBRRAHyY cﬁ@eé&%b@ aBb@cUIZ A&Ps. Bince
process of resent i nventi on my .a

the éQﬁW@hl'Seﬁ%qt@erHEC ﬁ@PWJeré'EP éqaofaé\trﬁéﬁu&{eu?%e Pﬁ?{{f@s(ﬂ MERRH P!

conBOftY t290iRE dxtor i Fatd f GeadiBMRIE henck theieBRe to which the
commercially desirable to performth rocess of the

e
reagfioayense! reprRs coplingtdugng &eewafeéa of dhefk %ﬂﬁﬁ’?@

therefore, the process of the present invention is

highly suitable to be applied at a te
TheraABISNORESHel Shnaistaleec ol DleTiRsraitisfeio SBe i cslitfedi W s
conBir&IAS W SorhaReodiftifits, thé edhctibie tamsiatite Afaytdeempinedestt at a
i nvention may be perforned is typically in the range
of from bel ow at nospheric pressure to about 40 barg.
Preferably, the pressure will be in the range
fromabout 0.1 to about 40 barg, nore preferably from
about 0.5 to about 38 barg, especially in the range of
fromabout 1 to about 35 barg. Tenperatures and
pressures outside those stated above may al so be
enployed homever the reacti on product mﬁll e|ther

.



10

15

20

25

30

The use of the process of the present invention for
WOZtO osegiisal ytic trimerization and tetrameriza licg“yb&f006/004164
efinic nononmers provides a sinplified neth
produ0|ng trimers and tetraners of the olefinic
nmononmer with reduced for%ation of by-products conpared
Wi th equivalent trinmerization and tetranerization
processes. In particular, the use of the process of
o0 t I I
tempel o R B ey e AE R Se4b] ok doBEL 12! AP
embodimgot, éeaepetipniteoperatyse m@QQtwmtm@uq@f@bogw@@t ivity
for 1- hexene and 1-octene over all the other products
formed in the and Cg fractions respectively and
The fallpwingrdisnussian i firvied énarogsss mopuising sd@ﬁ@am@d Wpde 441
and s§tHFRiad 1t Re Bﬁ%ké’rﬂpléndRéi‘féFén%E?% FUON and 2 of the

processes. over al |e| - hexenée an 1- oct ene
drawmgs angealpe deckudeds for aggiel Wihﬁ'elmdﬁ&ittﬁwnﬁm the process of the

mvent?‘ﬁt rl-?dWévblz Qﬁés%rbrgfnoﬁlllﬁ'}(ﬁr%n %nc‘i’fthet Q@Ie@rgﬁz‘e'f’@&? will 'B\éederQ fhat

epends upon the reaction conditions
the fGF?WﬁnQa¢'F§}JSSPﬁeWﬂlrb?réyplﬁ%ltfobrﬁ @Haﬁb@étqfaaingmaz'aeu%yﬁtems as
degx@g@ggéwylty (i.e. the amount of trimers and tetraners
of the olefinic nonomers in the overall product
conp03|t|on) of the process of the present invention

Typicall, @ﬂmér??fﬁtalﬁgﬁ'%é ,44ﬁr§{c¢%ﬁ<lﬁhynéﬁal hed@ekidd (ére%’b!omtfmidem a

preferably | east he” overal | product

r eaCtOé SRS | F'QBW 1 SRS 31 ﬂ*@?qsﬁa?’i"bl?ﬁtghﬂropéﬁsf f&ﬁﬁ}ei panyfagure of

the fuﬁéﬂoﬁéltﬂu\{d bivinb mvehm talr 6’&‘-3rn| réaétb\om p&eféréw ﬁ@ﬁafrabmaéd fdm
Iene . he anou fraction in

stamqus,estqg} df igade M&ta@étcoe ey mf?tahgradg Aﬁ@) Z F?Ea §i26 tddbygion
in thetrﬂﬁq@éﬁﬁ%ﬂﬁ t G PBanh Giatietéreate ol is IBARGED Aheight

east 70 9%, nore preferably, at |east 75 %u

f
equivalert ty 8P% PF fhe derdCCoNBlEteL nghding e ¥nieaoR Oéffhe slicon

particibs e XStk h?%ﬁl@g 3h ﬂé‘l@ fofrh)Bddaad t®theaditon 2 in reactor 1,
tetraneri za

) ion of ethyl ene u3|n t he process
to a lgyplaRafeximalpereq I 1 %9 \oifadg av "q%'nrfaﬁaicm % %Hﬁﬁ%i
the 1%t oft 601R9 iffithe r@é(%rersaﬁlbétefrﬁlaﬂp ibﬂcl%h@eﬂ OTEb i§tMchichdd &y

thoro FBLBBR SIS £ SRd SR AaToKHS 2. GBS Sl slica to

sodlumyhydmdd isn@rblcam} ebsutand Byevslane! | Eajill @@ eéarcfonhkesidlied
roce res

i
perso JiA\aP 7ol o1 i STPGTh BErGIES Ref b bk 106 798 Jpacton (ie.
upon @G@iﬁ@ﬁ ablhe WaemcAbritévsoluford ddiehdingwnethpreifatalarea o e
/N}/t to 80 %, of the overall product conposition.
S'"CO“T‘P%T dehexene selectivity (i.e. the amount of 1- hexene
present in the Cg fraction of the product conpositi on)

ot bl b TRl BTSRRI bratae s S

liquid ehidties abhowr 20t s trolBime Yptior tﬁﬁmtﬁ)dﬁzlbm@eh@beeamtolreatstbr 1,

and 15 5E4418R BoTvede ey SIS eBhn RN | dfe MHeSIbiR fRluton e
addec &l @(Hvew(ﬂetvyél 6 iin Eiguten®) an@asanaél td or grlatarehay ’e&ee\tel ofithe

raction of t oduyct composition) in th
siicon/Sedidp yaieh i B Siek Aarabe SHEruRoTRR R Sl iietey
immetded ipwakesslotfie sdlatigpr.esent i nvention ispreferably at
| east 85%Ww, nore preferably at |east 90 %w, nost
preferably at |least 92 % of the Cg fraction of the
Typicpllyo thece wtlbb@@sﬁrhé dng béfbfe amuouceablesrebctt@a guecocu CHds itime
the tr |zat|on IZ of e
g wi| dBpitd T St bl B Faplk Bl B o, e st B8 Sicon to
typically at nost about 5 % . Lower levels of solid
ol efi n waxes and pol yet hyl ene produced in the
trimerization and tetramerization of ethylene are
desirable in commerci al operations as this can reduce
t he amount of fouling of the reactor equi prment, reduce
t he amount of vvaste by- products and reduce the anount
of operatl onal dovvntl rre due to mai ntenance and

o o - Y " e e — oy Y ~1
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amount of Cg-fraction forned within the product
conposition, as determ ned by GC. The term "1-hexene

weebwms20s8t y* when used in relation to the PCT/GB2006/004164

trinmerization of ethylene neans the anmount of 1-hexene
formed within the Cg-fracgion of the product
conposition, as determned by GC. The overall yield of
1-hexene in the trimerization of ethylene is the

sodluﬁxr l%ﬁ&&de?f%exen |rt1'c iezﬁtthééﬁll fSﬁd ¥6Ju¥m h o§<1'd@|3' e

tIVI term - 0ct ene
results exgthermicyeaction hogibedo ?ﬁﬁrﬁ%?rc‘@twlﬁhthﬁéelt?@@ of hydrogen gas 7

and s%e%‘iﬁ Q”ﬂ‘iér?f@f’é %glté?lfle 2 H/I rﬁ@%d?@saé‘t% bR M. Ofhe reactlon

1-octene fornme -fracti on of the gro uct

temperatuse & mamtam%?ssw@tféahit ﬁiéas B9’f exceeq oyl 20Q8F (93 dargd is
prefer%;\b Si H?anr#é@i tﬁ-ﬂﬁN bESUtATESE fRPCRTIM tRideYAtBREf the FdiRtion is

uct tetramerization selectivit

maintained iusingeh eijernaldeatingleraling reanecit fﬂrtegﬂampéhey geosetof a

heatnﬁ/coo’ﬁﬁ% jShket. ml%d‘al GRS aﬂd/&g\N%r-BﬁéNﬂe YaitiGH'A added as
I ene, been det er m ned ghi ng, after

the reetcgon §Eﬂ°§?¢%ﬁ> mawiﬁlm te texalafdhe \%ﬁiUF'O%ﬁEO‘é?p%‘éeri&QQ/§°d'um
hydro‘?d%i'eI geedo Matemsihd "&s%tehtnbmaﬁ%nﬁn & Ay@tbgss gfab| ARl steam
P3) and by vacuum drying. The anount of ""total
lossepk oduct" is the sum of the anpunt of largely ol efinic
product derived from GC anal ysis and the anount of
solids. The NVR data was obtai ned at roomtenperature

Undefithen cendifians deseiponilpover theorsapion pisaivatalies updp X, aeurs,
after SHHéIERe TQyréa il éflﬁrvé‘s@gﬁ&,s's‘tdr@?eo Qflmtrfb?t PArRS &Y resultant

i nvention were prepare m cat aI B ? 1;
funcipB B BiTeAs o Rrsine drpugoide & v gsBliabie fifhormeriym
to reﬁho@é‘ I SHWEY partichiBes evm&nmvecfmn@é & P! i i finished

el ow. Chronj.um source 8mumtr|chlor|detr|s

Chemdctaétsrtama@fﬁdu? srgle SW%B@a Y fqg utiésaépmy THF) 3, and
chromumtris (2, 4-pentanedionate) , also called
. chromumtris (acetyl acetonate) ( a
Figur JLTHQHSEIn HEMR OLhHBRTG A BasrEedi RPN i e
be opdrated attbbed bAPEIbWZANbSPharieqrédstiRe O& hepiet 33nie Ibadqgandlith

e SERRHTY o ERBIR - ek it 7 FBrSng] P

hydrde@t?e m ¢d§7rad glderbyaft:h Rk, fHUW‘Hv@glt has us@enmhenn pfacicedthafin a
in 80_m

Closeg sggte@ gf( Q%%ﬂ%%%ﬂﬁ ?l?%cp‘l %@(ﬁ%\h ?tgbswﬁ@qr)paﬂc?e

size dlstBbutithdRy loR2sAngo Baabewsediahes endibiingrinet sukfacevamea of silicon

tirred for 4 hours, afterwhich time .a 5 ml ali L
avaighie for R h48 THIRAES SHSHTABE TG (Rt ol o
contrbhﬂhenpréﬁs‘,tgg witafri e Wtsehby bepresduré Io@ﬂtrdﬂﬂ&em@ pacileds the

t wo m e e

Ll
reactlp Ginemae o GH RO RIS Coiten the Hag 'ERULEL, 5T (hastiep of
the sEp@ET Xprowdcel tye 2yuirkd cmémrclal Tes gilit@o21 and tmermuluanhwfrmade

20, 7% FRE R e pPao g Srmeled By vadlie et oo o 55 rrastion
presdurd Vessee27. V\Mhe:‘halmmeahm% Henraiesdsf and 2 pvdp 24 srtsd@hich is

ol.ved fromthe reaction
fed bl & whler 39 3 BioRtle BAMES. | TRTrre, EHPHS SR kmeans 25
to a eartdxegbriceaton®Mmsiteatpe véthirr meamdssmme geskehR7 h Thietreagien then
. enpy esent t he,.
pegilsGaTEL  SithexBordigpie TP Bl e iRl ARG of fhelpifticge 20 and
21 and liefid92 and 28 byebe ectdeftigaldotche withindkevorédxed t ol uene
solution and left for a few mnutes, after which 6 m|
of 2 MH2NWMe (12 nraol) was added a few drops at a
time. The suspension was filtered and washed with 20 m
| of toluene. The toluene filtrate and the tol uene
wash fraction were conbi ned. The conbi ned tol uene
fractions were evaporated to dryness and 30 m| of
net hanol was added. The net hanol solution was |eft
overni ght at -35 0C wherein a white (2- nethoxyphenyl)
(phenyl) PN (CH3) P (2 rret hoxyphenyl) (phenyl)
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added and allowed to stir overnight at room
tenperature. The precipitate was renoved by

woOibda7roaeae®n. The sol vents were renpved from t hECT/GB2006/004164

resulting solution in vacuo. To the evaporation

resi due pentane was addedq@nd subsequently the sol vent
was renoved in vacuo fromthepentane sol ution,

yi el di ng (phenyl) 2PNH (isopropyl) as a colourless

The Qy&irogé\rh g8 Bl Yssdaih lgbﬂ@rdte@rbyﬁmﬂiaﬁﬁbrﬁéref &ﬂl@bted in the upper

erature . r a, nitrogen at her e, m
portip nEPﬁ%ﬁSU&%V%SéeﬁgZ il PeSeLTg 1Bige 2 e dssuentasgel 27, i
contfofée ity the 2E0red sstoimy 3 prddslrenddnsef, Bhifoller and a pressure

cont(oh T4 P B GHAS 2B e Tt s dmcrearsl dican b5 raytee to 2

flamé arrestonB@ karat orrpSdrubEMeerddnsee37, W(ihlérhfh tues il redquiged, can re-

oo TSNP Hietief: b FLABRCS T (3500 1

vapahio lcaasdds byweiee réa&:ltmrv ed’hus ane m&lero@eﬁ Wahi bt resdborbe@No iflirther

Th t
enriff¥ Shermibal of AIcb (RGO Er0 P YGIRe for Ik Qe GPPaReb et 2
furthehrdogiremientdof fbeprodeste thal thd llgaisl 1o e dnavbidssprenicasier 27

o U i 5, s BN o5 i

run the-puatpal4 ahd ds edtubte ahe mkpmr pom bdd bedkevp Wasersa @glieed.

o 8, 350 B APSERS Rl LA oo i

pres§ie meagtpr et than sopurhy [40dstaits) ahdh oa-aineuldtes BAOLh& Qi@ product

o R TPEEC el SSeiek s sy ik 5oloes Agnarel 25 i

suspendidnCat al yst system preparation for sinultaneous
trimerization and tetramerization in a batch autocl ave
In a Braun MB 200-G dry box the &3 1:1 conpl exes of
A coblirggiadset A1@an Be(fed @ith Emoplirgi medins iAordesito Bigulatetheqad s
temdceg?tg o%wt]n r) th\é'ergcguu%lde}?rﬁg qunt%ra%\k/\gi &gﬁ%e ?ﬁg&?qﬁﬁe copHgHer
32. IE eam:ﬁryéta;wacmum mambea&idplnygaoeomthelv@ommutlezbﬂgmlch in some

t r i .
concﬁtéﬂn#o\hlﬁ’g hg\m{ hggﬂﬁltfcﬁﬁb oic?erglcgl t\grlhgréghé\% %I:J{/ea?tﬂg is
complete;, [tiee wampsétalsmwskgndav@@mﬂansa?@ clobes e Thatvalvesimeans 34

L] I
operth @Rl sRRita o835 el s i BorE ook oseBise

ethylene. Alternatively, chromumtris
ety c
The g@% ‘?fgég‘ﬁgﬁtgg” ngllé)lﬁl)énneg Fr?émgr PéBl:ﬁ{orr?% H&DMI% { egerrsna%?agﬁy Q/&hout
wishingrte bel betied biyriheory ités belisved et theochibrinehaals gs Bolelsetren sink
to tHel MREGSH. ! ¥ ﬁﬁuﬂ% Ehi adg u§e% %%r@%@? Lde ll?c%Eeag%tc'st will. form
precursor solution. Finally
instegd £ theufivnetional fitids aoaatqaem sqﬂ_uen tydroxide sblutiom lssusedr then
the f?rﬁé tla itk Bé%ﬁu&oét‘lrbtrﬂ f'&ﬁe tO8hE 'rége%g%?%ﬁuiﬁ%é&gre prior to the
ave as cat recursor so
addlm pi/ﬁleewawctﬂh@nq) s@lutMSed'n m@emlrcmmstaﬁlcem e tiquid rathlorine
sho 1B SEUEN Y 18/ 8REvoRehbPoTMINES BROUS o
tetraneri zati on reaction o ene Ptaneous
trimerization and tetraneri zat| on reacti ons of
[
The RreH B By ke 1] e b B, IS T A ST oo
transpayent. Yisqqus ligtidehaving:  spesific gr@uitsppédbwtﬂh?q" teckefor example
0 elels
abOLﬁ‘B -bh@gg\#d'hgh?ﬂ%gl ne gé’?%?%’ t?%e?ﬁaﬁn ba #es@g%?e o
reactor was scavenged by introducing 250 m tol uene,
MAO (0.6 g solution) or a simlar anount of a
TI BAO sol ution, and subsequent stirring at 70 OC under
nitrogen pressure of 0.4-0.5 MPa for 30 mn. The
reactor contents were discharged via a tap in the base
of the autoclave. The reactor was evacuated to about
0.4 kPa and Ioaded W|th apprOX| matel y 250 m tol uene,

1. a1l o4 AN o~ o - oy A -
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use

Utrlﬁt\ho tthe f

are produced at high conversions. WO 01/ 68583

di scl oses rates for the sanme process as WO 96/ 19434
woheot/0azesl f or hi gher al kenes and when in the PCE&HB005/004164

of an externally added aprotic solvent. EP0495548B1

gi ves an exanpl e of vinyl 1dcetate carbonyl ation

enpl oying the C3 bridged phosphine 1, 3bis

(di-tert-butyl phosphi no) propane. The rates quoted are

to aB@tﬂ 120] Bee fonotttunat flyiey howdver ain RBonetimeb @ppeamidartshueent. The

oA o e BRBALEL Dol By, e ) B G o

exa®pled tielfinctional fasdmag bmm{uifed dabispacifiogtaviy bi aleut 4128 prior to

phosphi nes used in EP0495548 wherein one or both
phosphorous atons are incorporated into an optionally
substituted 2- phospha-tricyclo[3 3.1.i {3, 7}]decyl
whi ch one or nore of
Cg&%gﬁ% ﬁf@ﬁ%t‘r?égaﬂu\e{:&rﬁeﬂ ilnglght'doy het er oat ons( " 2- PA"
group). The exanpl es |nclude a nunber of

Theﬁ:lrgﬁ%(é/ 8@5{;’ é"thJnlaéda"@ﬁn%ff ﬂ}%tfnﬁ&%Palpfﬂf?@Er}?rt] gglgi@?%rﬁtood, but it
is He}rel\rarﬂf Urah/stllmnoandafalkalinyietadzoel_natfemg|a/|wagerascbjuidacrrﬁ!edomeric
inorh%rﬁlg %{Sry’BlreQ%BB{w rE bR vﬁh ;@Qw%te'r Thid ié@sﬁbﬁ’&r O ﬁsq*rot cle)e}[ if the

no al koxy r oxy- car bonylati on of

chlcgipet probalily prsent aﬁ;@dondm:oss/f@mmt ehibe mmatnhecomplex The

res@ﬁ@ﬂjn@%)r}% tﬂ\lﬁ?e%% Yrﬂgbthk%rl@oﬂgawaﬂ e@h@&ﬂgll sc (f)cg@ 'tIBgoe

elemoﬁmmsnb%@ommnsmofree @l@:rtnons)s rmdtneatilb'sa@trSsaﬁ ageducing
ageklgﬁ‘rl tg??rec‘s%%% 2k o{ CheMisNBH fk! QiSers tﬁéfs%n&%mrcals to
ers are not nentione

watgre seluble| salter ospeen i feleragntgl. ccxr@@mﬂs_os@rsem@r wRan [RAckon

S T PR ek s

sel ection of WO 04/ 103948 where the tertiary carbon

ThLéumétfHﬁéﬁSHélsﬂuﬂf & tHe kfe%(eﬁ Evé?‘ﬁroﬁ tF‘r@s Elfesé’rﬁl% kY Selectively Jemove

osp orous at oms. CCOY Ing t first aspect of

tarqet%is@mtamlnaf@ﬁrrpmranmeon passriélwdcﬁér@am process for the

car bonyl ation of ethylenically unsaturated conpounds

rising reacti n sai d conpound with carbon nonoxide
l&g@ﬁhﬂwd&ﬂ hegresenbinggntiondr oxyl groups and of

Thee Snstional
exa z ral formula (1) (1) X1(X2)- @ - A- R B- Q -

a catal yst system the catal yst system obtainabl e by
conbi ni ngq‘éa a netal of Goup 8 9 or 10 or a
fluitboédhe iayantion)hag Bﬁll@érﬂ & eumpgn Rl applications, for

X4) wherein: A and B each i ndependent |y represent
Iower alkyl ea%e2 CR-Pepresgent s a cyclic hydrocar byl
structurge hayi one non-aromatic ring to
whi ch t he @aééa%g %CA% E are |linked on avail abl e
adj acente cydhitie weamenbdf NBOg (ag. Nezsd NPg & BAg (@gdSO, and
which is Su%:(?i):g%% é]l with at | east one substituent on
at | east one er non-adjacent cyclic atom of the
at | easte oneasra Ggrrosibempibitoeach adj acent cyclic at om
to the said.a a|I bl e adj.acent c clic _ato
Subst 1t o ed B4 e rEpAPhT sn S0 o8 Rk Hfrems sucn

structure vias Ainmeqlidreés ad] acent cyclic atomto the

saidavailable dj e clic.a he at S
one t1od o GBS LSRG of dntibinhle3 o fetd s & mibiERtment of
adj acent at diuilbufeedwitércsnd Wasta vaterasiatraae for Vigiatile [Grganic

groups X1, X3 an i_n tl epresent

uni valent r ;%?'E%?@ ﬁgvéé) @ng\ﬁe@ﬁ;ﬂe{nﬁm&u&{ %&sngﬁe and
tertiary carbon atomor X1 and X2 and/or X3 and X4
together forma bivalent radical of up to 40 atons
having at |l east two tertiary carbon atons wherein each
said univalent or bivalent radical is joined via said

at | east one or two tertiary carbon atonms respectively
to the appropriate atom QL or @2; and QL and @ each
|ndependently represent phosphorous arsenrc or

T . - o
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is preferably substituted at 1, 2, 3 or 4 such cyclic
atons, nore preferably 1, 2 or 3, nost preferably at 1

wonro®Z/suekh cyclic atons of the at | east one ri RQT/GH2606/004164

substituted cyclic atonms nmay be carbon or hetero but
are preferably carbon. Fgn instance, in a ring of
cyclic atons wherein the QL and 2 atons are linked to
cyclic atons 1 and 2 respectively, substitution is

pref erabl ygadtrefién @F niBHyEfoRAS iof badterid suieh s eteeeoli forms,
positions 4 and/or 5 in a 6 nenpbered ring (position 6

bei ng n), PYRIosPeidium and legienngie®s in a seven menbered

ring agd p%‘jéétrbﬁrbf‘ﬂ-lyﬁmc‘érﬁdﬁs@ro% B'PWBﬁéd?QoIHsnﬂ)r%&émple rn
When there are two or nore substituents on the said

| east one Hghigoeh&matignsrieruanoviieh il &5 f'a\rmaeﬂ*erfvﬂg'ona'

structure gnyewstseiR Fﬂfb@cﬂﬁf bl M%Vaﬁractéd tcS the rock
preferred that substituents attac t%ed to sal acent

cyclic at ofRSMeHoRhBus dprgingyihe| Allpp '%Fdjr%eﬁ? 9@9 and
atons do NgfplaRiRk oMby substituents on the ot her said
adj acent cyclic atons to formfurther ring structures
at al |l *as imiseremayal ehalblypesef gephyecaniaigng SYdstaRees: in

Pr ef er abl Ypahﬂﬁlaﬁbﬁrdoﬁylhéiﬂgr@@@(ms) ShIcHCE Wnewdi Birdl§se
substituted by A and B at avail abl e adj acent positions

on the at MEBAIRE foMh-has 388 &Qe- conformation with
respect, togthg d’nﬁ|f§éﬁﬁ|ﬂp sg¥ed i ¢ bond and the A and B
substituents. Preferab the cyclic hydrocar byl
structure I@é@ffan@ﬁrﬁe@rd@mto 30 cyclic atons, nore
prefergbly | g;%ﬂi
pr efergbl y rom ﬁtl BRIdBHt ?.[& cyc !n@lbﬁt?t‘éﬁ@fan V\%Ie when the
monocycl i ¢ che@p@tlsanleytes inlg BPippling er asspkMadel ffOIThC%IWy“
case, may e RGEXCHECAHty RO FGEE! te: pibBfheE BF veSsel from
atons may be carbon or %etero wherein references to
het er o her egpriogipe ref erences to sul phur, oxygen and/ or
ni trogen. Typj %qecg%amerﬁeor%%é ErdNALRGR S riddicifridi Sfor
has from 2 up I c carbon atonms, nore
preferably efxarmies fcurihe treatgnany of arinsaetthite. aviwusandipeklood
preferablycff] up to 12 cyclic carbon atons and,
when nonocyclic, especrally 3 to 8 cyclic carbon atons
and in any case, may be nonocyclic or polycyclic and
ProcS8YfoP dedIR¥ridiRbn BFgh ﬁE'h EstbBY f2a8toBks MOr € hetero
€ cyclic hydrocar byl
structure is polycyllc it is preferably bicyclic or

In thé rti?rfdy%?eﬁt of tHE |ﬁ‘\)é?r'trbr? tné! %Q&ﬁfs%r&‘ém&tﬂ%@st@& (whrch may

her ei n rra¥ unsat urated bonds insofar as
be, fonexamiiel najipl el r@nacqaa);mw heyeantactest Witk theofupgtiongl flyid of
Uh&tRdroRNeat F
the (RO (g™ BB AOREGS XiBuath he chEicpMRat purpose. For
exanyle, At nlins MbiesigPatapier 9na<iosbieh gurEe dlow ﬂgprgmg tgwesyBey ke
useg@t Omis neant an atom which forms part of a cyclic
skel eton. The cyclic hydrocarbyl structure, apart from
that it may be interrupted with hetero atons and,
By cSMRIsBftth bﬁortér?dgﬁflﬂuﬂéétioﬂriﬁnté‘ 8h& &b afiig JYStedid] H{eaﬁrégeéérof
unsat urated. The cyclic hydrocarbyl structure may be
the Héreasnegt dogwnnet a[ﬁﬂV"Efr bs"wwéraatsrsm%étr@ﬁ@zaﬁbfe-rm%tlon
procgés)’ binits "'f%"‘%i‘oc@k&df QM&'tﬁrR?@sé&ﬁ mé)r ghérbﬁdre b c&rré@%lﬂ’rat

| ower al kyl cycl ohept ane- 1, 6 and 7
ambreatrr@rnpera%yﬂecﬁ% ex@Epigaseater t@aa.apput BiC. sucheas reaiRah 1°C
or gﬂegf@? ke DHUE Y SI® "'N’ié%‘r@ces% t@mﬁéﬁékure B REs thdrnoasdut 60°C,

kyl' piperidinane- 2,3-diyl, 5 and/or_6 |ower alky
for eﬁ@pplﬁdeqsntgﬁ@_abgut:ﬁ%pypuch as less than 30°C This process is therefore

O 2, 3-i sopropyl i dene- 2, 3-di hydr oxy- et hane- 2, 3-diyl,

cycl opentan-one -3,4-diyl , cycl ohexanone- 3, 4-diyl,

6- 1 ower al kyl cycl ohexanone-3, 4-diyl, 1-1ower alkyl

cycl opentene- 3,4-diyl, 1 and/or 6 |ower alkyl
cycl ohexene- 3,4-diyl, 2 and/or 3 | ower alkyl

cycl ohexadi ene- 5,6-diyl, 5 | ower alkyl

cycl ohexen-4-one- 1, 2-diyl, adamantyl-1-2-diyl, 5
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Particularly preferred is when the organic groups Rl-
R3, R4-R6, R7- RO and /or R10- R12 or, alternatively,

weReRAsz68/ or R7- R12 when associ ated with thei PCT/GB2006/004164

respective tertiary carbon aton(s) form conposite
groups which are at |east 48s sterically hindering as
t-butyl (s). Steric hindrance in this context is as

di scussed at page 14 et seq of "Honbgenous Transition

partibéitdy uSafubliy 8l prefedBingt hatur tmethde GadBRoP 6 . processing in

o BEB RO SRR S S B LA e

the @wyadein writs pad todaiybokes wotilderesenua haBsrdoes afidri ut ed or
unsubstituted or saturated or unsaturated. The cyclic
or part cyclic groups- may preferably contain,

The ipradess ohthetthied tspdct af thedavdmion aieyndibnalfyr farhércdmistise, the
step f.e preferably C8-C24, nost preferably C o-C20 carbon
atons in the cyclic structure. The cyclic structure
(iipy beorgadimpi thatwdfubgnrivhed dunctionel Buid stitht deficBulating agent

%?g%%%fofn%% 81 %%lggt,o %go ﬁiggt%%%%@moﬁég%%mcm

fOip8A3Wid; €0&) NR27R28, aryl or Het, wherein R19 to R30

h j T hyd I I :
& ey =PLRRE A bl RS iy BREEE: e S pp difidypra
sul pHluid efttoerfirst or sdopnd aspand obthe divehtigr. si | con groups.
In particular, when cyclic, X1, X2, X3 and/or X4may

represent congressyl, norbornyl , 1- norbornadienyl or
The digaeriatingl agent Médy hedany2knavge flbeeulating lag€at tapabie of indueing

r : 0 % L4 i
oo & RGN LR AR RAR 4 SEDULH R o e
the flogewlaliyfg agent ay badnXkaicpetehwlide préfe@dld sodirh chlotitiey
are attached forma ring systemof fornula I
aSimlarly, X3 and X4 together with QL to which they

The Precipitatesc Hiditr megy besepanatespby anylsbijatdeslseparaticre grocess. For

- - 1 7 | . .
ot ApS! 0l (Sl LAgSTY B, gl Fed Bk Y
to give & raescnebly diryraglicf suitable for sidp digposalfrom diter asta té Mate have

y f
shod .94 53R Ry TR B LAUPS 0 an
result inyainémalenyirerioerdal.impaett i cul arly preferred is when X1,
X2, X3and X4 or X1 and X2 together with its respective
Q@ atomand X3 and X4 together with its respective
The Qreeessrinapecordamce aviid the thiftbaspett afhitte Xdveatien hhe beanfound to

be e b R SRR e o e i AR BB rom o
leveljip {fer regioraf 10.8PQ PpmHaladevs oHess thandframabl y, | ower
al kyl, aryl, halo or Het. R19 to R30 each
i ndependent|y represent hydrogen, |ower alkyl, aryl or
The pgacegmnaifiytiise cpmpdse ihetsiep efyreernling themecevessg fimational fluid
for us i) Sfithd - skl ano or dial kylsilcon
g‘?’gﬁ%%“ () Sthe B0 BbOITA é%'?%fé{" R54 and R55, when
present, each independently represent hydrogen, |ower

Priordokdey@ihgatng! pH R7Gnd Qe&@éreg"‘fﬂxﬁetiowéfﬁl‘ﬁatma @gpnocgl;i?f o be

|ndependent5y represent hydrogen, |ower alkyl,

greajggithanygbouy A 2, {og exampimip ¥PH ahabpusrids dhis, maybh achieved by

addith i igdr N-R55
R G S YISOl 01 o
Preferably, RlL to R12 each independently represent
| ower al kyl or aryl. Mre preferably, RL to R12 each
i ndependently represent G to C6 al kyl, Cl1-C6 al kyl
phenyl (wherein the phenyl group is optionally
substituted as defined herein) or phenyl (wherein the
phenyl group is optionally substituted as defined
herein). Even nore preferably, Rl to Rl2 each
i ndependent | yrepresent G to C alkyl, which is
optionally substituted as defined herein. Most
preferably, Rl to R12 each represent non-substituted

M.
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OC(OR 20, halo, nitro, -COR 2 1, -C(OOR 22, cyano,
aryl, -N(R23)R24, -C(ON(R 25)R26, - C(S)(R 27) R28,

wWoSRZA52068( O) SR 30 , - CF3, - P(R56) R57, - PO(R 58PCREBR006/004164

-PBH2, -PO(OR 60)(OR 6 1), or -SO8R62 , wherein R19-R
0, lower alkyl, halo, cya and aryl are as defined
herein and R56 to R62 each independently represent
hydrogen, |ower alkyl, aryl or Het. Suitably, when the

The g?léleeﬁs“w&rocé}%}gfeea%bk mag bB @AY lgassout-Hyeardearodifesustock but

roup I's substituted one_or re._supsti uents S,

wouIdlaro HPIE, B2 n/RHFPCh SBTEE HERATNETBn e TS THe

natu,léngégbstltut ed C, to C8 alkyl, -OR19 , -OC(OR 20,
phenyl, -C(O OR 22, fI uor o, -S(BH, - N(R 23)R24, -P(R
56) R57, -C(O N(R 25) R26 and - PQ(R58) (R59), -CF3,

The wﬂe raeb@ct%iaﬁné RRERRAMIB nby el &iatadnsulesdronaes o Grocess for
eny

the oL R LR TION f SpAaRTs ooty e ReTF BrCssa Misules fead Jo'dhe
drawfigkYare 156 uﬁ@udé'ﬂ9toea§§istl nndmpemler@tbmumgapf disemprocess of the

unsubsti t ut ed - [n a icul ar
nverog; BpveteTe ssa PR HEnGaE PEnkiied PefaReah b e et
the F@JIIJS\Mlln Gﬁ@ét&%s@heﬁvﬂir B& | typicarefohyd natbbr af dlevrdive reystedns as
i met adamantyl . Suitably, the adamantyl,
descg@%ﬁ@% nor bonyl or 1-norborndi enyl group may
conpri se, besi des hydrogen atonms, up to 10
Fig B$HoWs! 4 1oy stags paetss@dnatifyirg, thp Ittﬁifdeas@bbt}oflﬂpe ingergion.
substltuents as defined above, nore preferably up to 3

subst | t uen above. UI tab
The GaTRE e EbRdr L R gt Bingparod el HERfinal fud
(des@n@téﬂ MOﬁ@@h@ﬁﬁandJW sas glmﬁdaregxaused dmsontecteeanh cptbere The

funcg‘?ﬂ?itd”f‘ﬂéﬁt Si 9;“ tg‘ %‘%ﬁnge@e é’PS’ ﬁ‘f g?uenfhse qrePee

swesteAsd gbs &héredx@aﬁ‘e Stagjekgrie ecmﬂacttcnn ér’ndmrd;reetelqiyﬂoyvards either a
articul arI unsub i tuted h, a I
e AN S e Pk Sl SR TR A AL THE N B PO s

p|peﬂ.né1f@i’b§d§ndl enyl group conprises hydrogen atons only
i.e. the adamantyl congressyl, norbonyl or

1- nor bor ndi enyl group is not subst ituted. Preferably,
The \iredlion@irfriid baithed evitadédySeinamy lthe stage oes sphtacion isvibey (direeted,

1- nor bor Loup
anc BRI 3 SAEHR 5 Soflefas R £ BOSRGNG Efeconcar
smaiibft mﬁmy/cbmtpct& lwith. erdeigiiIresjdenge ime e acteas tac;ievelopment tank.

her ej n d
FocheFLRohsBnd AR S SEBA K0 K 48 G e e
sulflreb figcamatamad degglomas asolity or phosphorous atomii . e.

2- arsa-adamantyl and/or 2-stiba-adamantyl and/ or

h a , I

e O3 SR erEL 60, g BRAS raaray e
whigipcan balkestyi forne of i;qw&lscbl@blfdirailobsmdalélﬂ@‘@nr He Pragtice. o plate

YRR Kby B Ea 8 oS e PRl Pk 3R ety gy g

su1tdaln1wefor adklwldlsppsmtfrml a’uel yTaatss tm:elatq uhﬁté@ soengthgt |the solids
|
gene bg |¥I¥ rﬁ)gcgctegéé ale %ﬂli%)l}e{]fgé %ﬁ@%mg%ﬁﬁpﬁﬁ?ﬁ%&b&%ental

conadarinyl or aryl, and 4- dodecyl phenyl When t he
2- et a- adanantyl group i ncludes nore than one

Thelﬁgl Jfllfréﬁ%nﬂ*dr? %fa‘ﬁ% etlﬁr%?'@’ r g&Qd %P@gé bHE Yor tetisb 46 He ;St%l:ess

era roup i s substituted
Depmdmgeorothmph-ls)fdhe rénycled anctlQn@lrﬂWd @Délltsl wesiligigravity, a pH
substituent as defined herein. Mre preferably, the
2-met a- adamantyl group is substituted on each of the
1, 3 and 5 positions. Suitably, such an arrangenent
means the Q atom of the 2-neta-adamantyl group is
bonded to carbon atons in the adamantyl skel eton
havi ng no hydrogen atons. Most preferably, the
2-met a- adamantyl group is substituted on each of the
1 3 5 and 7 p03|t| ons. V\hen the 2- net a- adarrantyl

o 1 . " . a Y
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herein, particularly -CH 2- . Still further preferred
conpounds of formula | include those wherein: RL to

wera7aszesal kyl and are the same and pref er abl yPCeaE2006/004164

represents G to C6 al kyl, particularly nethyl.
Especial |y preferred specijgi ¢ conpounds of fornula I
i ncl ude those wherein: each Rlto R12 is the sane and
represents nethyl; A and B are the sanme and represent

corre&i'é'% chef%lcfa? ﬁ?%“éoﬁieﬂ tﬁ malntaln the pH of the functional fluid at about
dinmethyl-crs 2-cycl ohexyl . Exanpl es of suitable

13. bi dentate |igands are
cis-1, 2-bis(di-t-butyl phosphi nonet hyl ) -4, 5- di et hyl

In F@Eysz!heh@maaﬁal i of than%ﬁﬁcm is re BHEABA A5 PRI HOIRT B dovrate

t
detepmised (7 mﬁgg&%u;gﬁaét%ftq bey rempvedh fioghie ges Gstiganmy.prqne
exalﬂg@ ‘l@)‘i@%@ﬁdﬂs) pé]’ rAinutd! (ﬁ’ﬁbbﬂréé’ gér(}ﬁiﬂﬁfé‘)‘ @waé?étﬁﬁéent to remove

bi s(2-phosphi nonet 7-tetraneth
up tqdﬂtqqod@pa@eahla%tfm 76, %QQ ﬁ;\nare cHpigfeatrrer &y S8D) (19,822
cumeh%ﬁ%ﬁ%mﬁbﬁfQﬁT@ﬁﬁﬂgﬁ&y|phOSphlnonethy|) 4,5
di met hyl cycl ohexane;
cis-1,2-bis(di- adanantylphosphlnonethx g |¥|
The@b@wgwﬂt@ﬂ@d PEqCess pas @bomrgmnq%,p $ B'Ugeymo g CO,. The
COJOBé?ﬁ PRI RemEsay | f)asﬂm@dd)ff to twtgué IHase fﬁg&WQhBé”the AMdrmoChem

di met hyl cyc| ghexane; P adamant
oreSSHES St AOREk 1 91508 Vel 1piibABRDNHER baejrier th 10,000
ppIT &ﬁllszih CMALIARRO bad Stredih Bavkr bdeA-roasehsinRIEhdRUs!y.
5,7- tetranethyl-6,9, 10-tri oxa-adamantyl) - 2 -
hed;( gdgl g_ tg aggltlégtlgr?gfs hglprr]gcré%g rc;}/’theéthlrd asotl)legzrtEt hyl cycl ohexane;
(2- phosphi nonet hyl -1, 3,5, 7-tetranet hyl - 6,9, 10-tri oxa- a
mm Misting das tré@tmeht briicsp PR BU@HTEQ thihe 2naecibys units

oantb@telf B rh?;?v? %sgpltér@s t/vp?,@xtge gﬁ%hl ng@g I¥a2/e thanged z)r whatever
ma&ﬁﬂ&ﬁ@uambwiphosphlnonethyl) 5- et hyl cyclohexane
(2-phosrhi nonethyl - 1, 3,5, 7-tetranet hyl -6, 9,

10 WWB%Qf %%'l‘?ﬁ'iﬂaﬁ?% -2-

(dﬂﬂ@ﬁﬁﬁﬁﬁ&ﬁ?hosphlnonethyl) 5-net hyl cycl opent ane;

ei svqlume of [q#sA®t hyl -1, 3,5, 7- tetramethyl -6, 9,

¢ 0-\(ariagees ladalﬁhﬁeryp9ratt12e

(di adamant yl phosphi nonet hyl ) cycl obut ane; cis-1 -
Changies tof Bis v dopihe elae phHmnepsystems can upset the operation and
req& FE mWh@%ﬁWm ARbiYdased s8r e Rl heslis€ KRAIANEE@HIRAS in

phosphi nonet hyl ) -
Plaf(tdlpaiféﬂﬁﬁ#ﬁ#!Wi@m@rﬁmﬁtshyl) 5 -net hyI cycl opent ane;

cis- 1, 2-bis(2-phosphinonethyl-1 ,3,5-trinethyl-6,9,
DuelEb %‘ sgrﬁgﬁ]cfelﬂycdeh@MoﬂwgChénlfuﬂ&t%ngﬂ f}lﬁ@gyétém“lt - ndl pBEdmIE to

oﬁec.aspnocgssOst@gg-tg thgsaiilied wastraA ©of gxisting pae eweeteping plants to
efferch\@ﬁatdébgm%ébk s S’r‘o&es% o3 tg]sub%ﬁﬁ'éll% r@dﬂ@é A¥intenance cost
['opent ane; cis-1 -(2-phosphi nonet
whe_r_e @%exlﬁungewmm issofgha absqrptiantype. w&fyehl Eﬁqu{rss sgentmaterial to
beréqovbg%ﬁaugmgbéan -t - but yl phosphi nonet hyl ) - 4, 5- di net hyl
cycl ohexane; cis-1
- (2- phosphi nonet hyl -1, 3,5-trinmethyl-6,9, 10-tri oxatricy
clo- {3.3.1.1
Hgﬁ?“?W?@ée@?Fyﬁfvﬁl-t butylphosph|nonethyl) 5- et hyl
cycl opentane; cis-I|-(2- phosphinonet hyl -
, 3, 5-trimethyl-6,9, 10-trioxatricyclo- {3 3. 1.1[3.7]
}decyl)-2- (di adamant yl phosphi nonet hyl ) - 4, 5- di et hyl
cycl ohexane; cis-1-(2-phosphi nonethyl -1, 3, 5-
trinmethyl-6,9, 10-trioxatricyclo- {3 .3 .1.1[3 .7]
}decyl) - 2- (di adamant yl phosphi nonet hyl ) - 5- net hyl
cycl opentane; cis-1,2-bis-perfluoro(2
- phosphi nonet hyl -1, 3,5,7-tetranmethyl-6,9, 10-
trioxatricyclo {3 .3.1.1[3 .7]}-decyl)-4, 5-di net hyl
cyclohexane CIS 1 2 bi s- perfluoro(2-

T - e . a4 ~ o~
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I n an hydroxycarbonyl ation reaction, preferably, the
ratio of bidentate ligand to acid is at |east 1:2

waoubi7rostaesl +) and preferably, the ratio of bi dearaB2006/004164

ligand to group 8, 9 or 10 netal is at least 1:1

mol /mol (C 2+) . Preferablyjg the ligand is in excess of
metal nol/nol (C2+) . Excess |igand may be advantageous
as the ligand itself may act as a base to buffer the

In A§ial d aurliéndl rﬂutcheomﬁé&tddawcwa%y@feﬂvwboaﬁ&fe%dﬁhtfr&ﬁt &fan
substrate. he ot her hand the presence of acid

exisipg 99%{?@%"”19@& plagh ctheoineionakifid corppaa; eanteler saepriionally be

bypégée@ &f canactidento thsat réembp@ﬂ@d of ﬂ\BQoféﬂfléWYﬁba§Y§b@ edfed.
resent invention ma%mb} eneous

Theh%rpe g 198 g8 IFpated, @nchey C'eretwela@&t%u sthafs\ye%rﬁ cqmbined
withe dintreaies @ae ohe I r¥suliBht PIRA bf AN fEiR Ae systdifli€manageable by

te to t e substrate, the process of the
theﬁg'g{lﬂé)‘ﬁﬁi"?aémﬁ'&tr Myl arly efficacious for the
production of |inear product. Therefore, the invention

In F&gblﬁ‘@ 4 eé@éralsmﬁri&ml){er/@mth?toﬁs?ré hige€ af bering with @chﬂﬁnlﬁﬁavmg
t ur at ecifica

t
Bt T B0 foEagBanlies aiple ¢HEMpuBauR or% of the bu
stciarthmga(é midt@s db@crﬂfed\lh debla 1fbeion. s arfb)tahﬁ)le lllustratlng the

rod t|on of, thyl lLactate and 3- hydrox
profisgfib t BoG cHIaGAb R0 PP aa G eh LR G SR tigh 2 the
confl‘mbgy)f thlea'arli;@baalifmudgastcwghetégE)anegmeelevélsﬁat:mr&amofaltqé g@‘serct in

ci IS produced either by synthetic nethods or
the eeqdnééﬁi%gtsfa@ﬁ The main synthetic routes are based on
the reactions of acetal dehyde. In one method,
cet al dehyde is reacted with hydrogen cyani de to

duce a lactonitrile, which is then hydrol ysed.
Alternatively, acetal dehyde can be reacted wth carbon
nonoxi de and water in the pre$k8ce af | #,.8i ckelut(!11)
i odi de or sul phuric acid catalppst. Synppetic routes
pr oducleCsmntaetsr Mixar xt ures of I@oboc aci dpoand so
racem CComtsttor Bxepf2 met hyl T agpebe resybde Tn recent
years, | COmESMEN®BERE 3 1 N Ternentzabi on neiBheds have made
this al ppeherpikefite to Tadlyyg acird|apg 1tsS
deri vaf cysactolierad 1Y pure I[g@Ri C acid4qCan be
produced by the fernmentation of sugars with carefully

Geldtafe it c,%octeegé@ thataRE ARAE iuhld tHaL Bk B {)I‘?ﬁe@ e@kn the better the

resi'stant, so fermentation at tenperatures of around

H:Sseanovalyiirkes sgougt gt tree%\@pnnbﬁ&whrphéhw@e@falga@eﬂé‘rom

exti@l s iPmpichgdui res careful nonitoring of pH,
tenperature and oxygen |evels, but by selecting an

appropriate bacteria culture, optically pure lactic
Theyetrgfit ysteasd isnngemaiy desigradiie Q?BWVB@anGEﬁﬁd@a’OVﬂ)E'?YSJIOf up to

5% Qé‘évﬂ'tgethbsfmléﬁ engs a8 b rBhdled i tnendkisting @qu&fh‘léfﬁ NSucref Petrofit
present in variety of material s such

SYSFfé‘i! @fif%r e ﬁ?‘é,era'o%cb’ﬁéfé‘@%& thg errcess e'agh%qqr%@r%ﬁacff Fod
flavourings. It is biodegradable, and so
envi BYnFenstaot }é;fpfﬁgaﬁw e eRisfi riqibl@nﬂsinét pipme! tHRAMBETiedtions

woul d be |ndustr|a favour ab Exi st1ng routes

i ncl 0889 PH W%’ﬂyo‘far\‘??étﬂ%ﬁsﬁ‘ﬁ MRy | ene oxide with
Syngﬂ&e&@i?écﬂh@%@m YOhhiRE eavidr R be2bshvehed %ﬁfoﬂ@%%t $y3fkm

of corn su%[ In the 1980s, Davy Process Technol o

f oundSiag MeRaChem yith ghe Mﬂr@%lmowepowgfterth? ﬁ@v@p%mﬂm tank

mal eahe fiftsramith Uik e &Sre@Y R tive M@hd)dhcﬁfﬁ @tk dipetihe camdctors.
then dehydrogenating it to the diol. 1, 4-butanedi ol

is now wi dely used as a pol yner conponent and also in
fibre production and as a high boiling sol vent.

Pol yhydric al cohols are often used in reactions wth
I socyanates to produce urethanes, and in reactions

Wi th acids and acid anhydrides to produce (poly)
esters. 1, 3-propanediol is thought to have uses as a
pol ymer conponent and as a high boiling point

solvent V'nyI esters are knomn to hydrolyse eaS|Iy

N a o o o
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of the lactate ester to produce 1,2 propane diol.
Preferably, the transesterification is carried out

waei20d7/0652088 al kanol corresponding to the al kyl grPoOuUiGB2006/004164

the al kyl ester product required for exanple nethanol
for converting acyl oxy al kyl esters into hydroxy

nmet hyl esters and ethanol for converting acyl oxy al kyl
esters into hydroxy ethyl esters etc. Advantageously,

th hidsnpthwways,l ﬂnbﬁ(raml }?«’XMS Qfg@lﬂ?tr&éﬂﬁ L@\Q@t%lrl@ Péncké e FeduhBant,
ydr gxy a : oate . Prefera N e
tr an&é%ts@z’%%m@ii’ f‘?ﬁﬂ’c’lnglgﬁs%‘?%cf@m ﬁ‘%/?\f@ presence of a
sui t Rbliiquigaichl i Fornsadcthugshdrolis Bxasdd & RidVanELliquid acid from
sulph nic acid or p-toluene sul phonic acid. For ease
of r&f%rence, any one or nore of the aspects of the
inv emhe POsditsility RE colesitre of $WpHerseiids At fRfisor, dsrassPnridreial
the invention. It has also been found that the acid
count¥rparts to the vinyl ester by-products of the
present invention may be used as the source of anions
i n the hydroxycarbonyl ation reaction. The use of such
Seleativel sesval i DD Affemua daeesusskydroebat eegdetdk |pmprising CO.,
andob i nabl e by. hydrolysis of the ester byproducts.
—é@&%%m%?—%@ch acid hydrol ysis products include but
are not restricted to acetic acid, propionic acid,
in dcuwryjahc‘.e mﬂh d, folréin 2epect of trd, mn@ttbapthpké s mindedlraCbrocess for
cr ot onj d.. These aci ds romthe
the IR 5 SCOF (B BopreiSn Vg e oBiilard Ttk 1. co-
conppdent, yangrisirig thbetepardiionyl at i on pr oduct s eg. Vinyl

0z obteBh e hBRRRr b, e GaephEBarolatin, reeostooe

Sw t abhdgr c,bheltlmméﬁmerrbﬁo tiksolventhe 1@0.an tmafunbiionas fhad;t o

ts th é‘?%e{fétﬂ‘%c@‘% usaéhééﬁcé;réoritf%gﬁ&%k gg%ltni?fheo]iunctional fluid;

et hyl eng¢ in the presence of carbon nonoxi de and a

(G 7 ¥ BRae el aGTR A0S, BB bl R of 68 rom

esterﬂmdumﬁbnaﬁhmbspondlng acyl oxy carboxylic ester.
Conveniently, the process of the invention may utilise
hi ghl y stabl e conpounds under typical carbonylation
In thieaspedrof doa diventiors tia ghsaduathytitbegrboedeedstodk fwihich wmay be,
for Q)Qarﬁ Iﬁurﬁgm%ﬂ{ane%g?:ﬁﬁk %&ﬁtecttebewﬁlﬁ (ﬂﬁea gncgr,aﬁ 5‘]§|d of the
mvemeactusmg afy aﬁultebllayamaretais I knowns it Lheataddfocsoﬂrpb@ncbosec fror
t e t
exaffpIe B ER pRer Borkad ord iimer AR NEN sopited Buer grpy be
usedates of the ethylenically unsaturated conpound such
as ethylene or a vinyl ester, thereby yielding the
desired product in high yield with little or no
Thei prisasure ia svhichothedtjoetionpliuid lmpd geseeuschydrocdrbdn feedgtook are

conf"acﬁeﬁ'{ m%&@m% tmeca:e?ée of B8] raﬁno&élen&ﬁrtﬁ@gafébd@wcszr}e&i.red

vin
WGWW oﬂwegmro@regwef mpreeCanelhtiisanlve s;umheamretlonal fluid.
I Mt h
Typﬁ,IaW tﬁﬁ bfe%%l%x%a(?f rﬂﬁ@&%’t@f\?ﬁl& ngpé%lt‘%qﬁarﬁ Q"at aHIn for r example greater
tharaﬁ @tretsw;h emg@atqr;thajrhﬁh@tm éfhe@res@nmawslsh a\xnumj}yfoemaszhan
30 4tfh, 7% ¢ %B@qe tﬂgﬁz &fm. ol ecul e, or m xtures thereof.
Swtab e ethylenica Iy unsat ur at ed conpounds nay have
one or nore isolated or conjugated unsaturated bonds
per nol ecule. Preferred are conmpounds having from2 to
20 carbon atons, or m xtures thereof, yet nore
preferred are conpounds having at nost 18 carbon
atons, yet nore at nost 16 carbon atons, again nore
preferred conpounds have at nost 10 carbon atons. The
et hyl eni cal |l y unsaturated conpound may further
conprise functional groups or heteroatons, such as
ni trogen, sul phur or oxide. Exanples include
car boxyl | C aC| ds, est ers or nitril es as funct| onal

.._L_... N T LT o,
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A and B are the sane and represent -CH 2-; QL and
both represent phosphorus; R represents

woizes7mgaiedpent yl . (3) X3 and X4 together w th SLTEB2006/004164

whi ch they are attached form a 2-phospha-adamantyl
group, and, X1 and X2 togjgher with Q2 to which they
are attached forma 2- ph pha-adanantyl group A and
B are the sanme and represent -CH 2-; QL and bot h

g AR, o PSS PR e
feedstnok raéwl beeq@mnétatt un@m condiffons rod ambl@'ﬁt(h’ e\emr b@e\mamblent
presgnl%s 8‘@ cg%t r%ﬁ&ﬁlﬁg@t?p (Zpu?k’}é(@l @H&é&kara%rﬁ Iolf tf\éJ gt%gc%us

ounds
hydroaarbonyeaiatonh frame lthed @inchierse fluidgrtbe rpresRure is fmtlaeralnowered to
ef erably, each represents
cmu%% dhn%g%f?&%W%nﬁggﬁﬂgﬁﬁﬁgﬁ@hnethyI Especial ly
preferred specific conmpounds of fornmula I or V for

The\lg! ngsg.@# &b ﬁaﬁgqm&.@ﬁmg.d |§Cﬂeﬁé{%dtte%%e|n]‘aé}$él9 IpPopoRtAl to

ane an represents net
the fpid tenmes@tu@ dherefarpr s erser i@HDCZeaSGRtheeﬁﬁlé@@Vit@ QOs5in the

func@b@ﬁtf[ﬁ}’c{ tﬁc—% ﬁmctuﬁ‘-a‘?ﬂﬁlqungﬁ(% PFIAIR &Sa Phaukl téRb&rature. The

fluidcigy in anwsl(e dqe prowidey lap BoY frmprraturs Bpevecits freszing poipt, swith
the I]rllgﬁe décﬂl{b JWB%B? Qﬁ%ﬁltétﬁﬁqﬁé M&F?é%&?ﬁﬂ?e@nﬂowever there

i nonmet hyl ) "cycl obut ane;
is ame;f,onormcmw@em@@ ;ﬂssmf@d wyjth-copling #e7funetiongiiidyand so in

sonmf: gm%gghtnﬁ¥4hQQRﬂPQMV%Ecp%bﬁgﬁﬁﬁnﬁghertanpaahues In some

cis g phosphi nomet h t et ramet hyl - .
emipdaments- thei By Iad@rﬁwﬁew)tc@/ctpwemﬂaﬁeof gelgwi about 50°C, for

examplePheibdi aBEQSHBE %PB@leyéboht 3PP Tﬂetﬂ@fdfrﬁé%l% lbe pRovided at a
-tri oxa- adarmnt%r hég obut ane, CI S-

temperapire (lerlow crbeaht ?@%lb@i%lajﬁ’@%ﬂg%xﬁh@ preferred
emtsadﬁnén@fr#é' fRAdlis p%‘Q\ﬁH@d“&Vé RAHRSRBIURO BBILIYADRY SIS ReIRh 288h the

Cls- bi s(di adamant yl phos hlnonethyl) cycl obut ane;
rangg féormabppt P3%d derearanple ft‘b%'ugﬁ phosphi nonet hyl ) - 2-

(di-t- butylphosphlnonethyl)cyclohexane CIS 1-

(P, P-adamantyl, t-butyl- hosphlnoneth 2
The( pocesg may| fﬁ'ﬁb@p?@"ﬁ@ﬁ'ﬁ@t ﬁgﬂ sten @ dﬁéﬁftyﬁ‘ﬂe hecgepatated CO, gas
obte(nﬁ’eaD rhaéi@émﬂtdf lihe Ero@é’s‘;sy Wh%%éé&ﬁsﬂé) RY&Mpte addrantageous in that it

but yl'p i nonmet hyl) cycl obut ane; ci s-1-
alloy(vg tbﬁo@qyﬁq:tmn@ft 2 for gogimergiak paﬂ@@pms, not least to prevent it
esc@plﬂg 18- thé'é??&@orﬂﬁ@r\'faﬂfqldid)sed @03 has a well advanced market in the
-t - butyl phosr hi nonet hyl ) cycl ohexane; cis-1- (2-
fomﬁﬁﬂ%aﬁﬁﬁonethyl |,3,5, 7-tetramet hyl -6, 9, 10-tri oxa- adam
antyl) - 2 - (di- tbutylphosphlnonethyA cycl opent ane;

€d)S- bmbﬂol@h@éﬁ&ﬁaﬂ@ djyfraés)S 5, 7- tetrarret hyl -6, 9, 10-
trloxa adamant

t - but L hos onethyl)
SBERRHREY orcgrglan%dzoﬂﬂﬂ%avﬁrh&%@% fjﬁrma on flooding.
?35 htvrsérroaﬂ@t_ Mbm@er@f&@trbﬁdw@sadawant yl) -2-

SRR SR T RSiElghenns,

10- trloxa adanantyl) 2-

In an?%%@g%%ﬁ%; |Mr}f%gf§¥s5x¥rngréd Y enrtﬁ rredGFoBOWIng dissolution

of tH@CU lirP¥R-faskieBAtiNld it isPossible to break the bond between the CO, and

the L?riﬂ:l%o?%%@y %ﬁgﬁﬁﬁgl:l{gﬁeggt ggljl ;S;Xr(\:ter?t aust aa Qc‘iahd {:yplcaﬂ'y bicarbonate of

sod(adwmei DywRinyg releasahinfotetsh et W thiembBodtines, shelfunctional fluid
tbutylghospm

s SpTIcaR A8 A SPPEBBE AL DS . 6 loplstan ok e functiona fic
cis-1-(di-tbutyl phosphi nonet hyl)- 2-
(di adamant yl phosphi nonmet hy”~cycl obut ane; cis-1
, 2- bi s( 2-
phosphi nonet hyl -1, 3,5-trinmethyl-6,9,10-tri oxatricycl o-
{3.3.1.1[3.7] }decyl ) cycl ohexane; cisl,
2- bi s(2- phosphi nonet hyl -1 3 5 trlnEthyI 6 9 10 trloxat

o o o
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tol uene, ethyl benzene o-xylene, mxylene, p-xylene,
chl or obenzene, o-dichl orobenzene, ndi chl or obenzene:

wablkb@Ermszesi ncl udi ng hal o variants of such conmpadnaB2006/004164

egg, hexane, heptane, 2,2,3-trinmethyl pentane,
nmet hyl ene chl ori de and carbon tetrachloride; nitriles
e.g. benzonitrile and acet®nitrile.Very suitable are
aprotic solvents having a dielectric constant that is
bel ow a val ue of 50, nore preferably in the range of 3
to 8, at 298.15 Kand 1 x 105Nm2 . In the present

In aﬁoéiﬁ&iﬁrmeﬁthgf @h@'f&ﬁhr b§pé?:@rb‘fttﬁ8t|nfléﬁtroﬁ Ghe/ ‘Frgdr%@%]%emfeed

is used in its normal neani ng repr esent |
Comrrrtﬂeﬁos%turfﬁ@apapaepmpomd%(%hd@w&&wnt Rddiigh 1o the CO,

comsoHeht Spciieds 1tcHa8! &r?prfsir@;ly} &émt%uﬁ@%' HprrQ\f/rdth Qhé ﬂlﬁnctronal

condenser with a vacuumfor dielectric¢. Val ués
fluid gt @ eueed: terppasatars: 4t isTPassiRieol? erlecively sqpacﬁte§%fmorbéhe

hydras@um feRdSeBE rvﬁthoﬂ?ife‘ﬁﬁcﬁ/@PSf PRALS coithsdhed® Ih *trﬁs 'é%rb%erﬁ%t
m stry and PL/]SICS 76th edition, edited

of thearweatlw the ctwélt)nadrf idamay pemrp@maby t@nrzgerpﬂ@s@e%w about

5°C, b%?&iabgﬂﬁ' td r%ngé gah aboiti 9ized, fop éxﬁnﬁl@@@ftérhgér%t&é of about
about 200C or i .e. about 293.15k or 298.15 K, and
°C. at nospheri c pressure i.e. about 1 x 105Nm 2 , or can
readily be converted to that tenperature and pressure
u5|n the %FF‘SI on factors quoted. If no literature

The Biaegsh By 4l BLFIPPTISEHR® (ROY chihe Fulfy ompagnds of the

sepaftitéll §84d0us FESURTRNLINGRYe ProcEfAs ithey thifeBPEQ T Hidl iRntion.
est abl i shed physi co-chem cal nethods. For exanple, the
dielectric constant of anisole is 4.3 (at 294.2 K), of

The fﬂ)luﬁth fé&berﬁbh e ihderfiod willrtow2 B8 illdstrated B réfbtched 88 pictess for
| pent anoate is

of ne .
the 5513 SRFO23i0mR BNy edPFSISK OBt g COnieac 3R Refsfence o
Figudi 5ref thgl (ﬂd\}ttvmg*s&s ln&lugecﬁtd éésrs%%tr% Ll@dersﬁéndrng of the process of
rofuran is

the iy EEG RBhErerio8 18 SR8 BonkliiRg andrioe skifed person

will mparmlrecthstqhu dédllowirly @SEUBBIoR - will Be ttiificd) feS£ AGRLE! oftditernative
rotic solvent will be generated by the

al kangl , .an

Syﬂ%‘?ﬁ%ﬁ&%ﬁ?“ggd?ﬁ Cester carbonyl ation product of the
et hyl eni cal | y unsaturated conpound, carbon nonoxi de
and the al kanol is an aprotic solvent. The process may

Fig Sieeiomishows adusical Bystemensc esswhén &,eht cstcdomst in d méthane
ol vent to anol f?f at

t ' /. f ti
gas loalh S 4R rbately B B2 ool B naleglr R iee vy
10:1 and nore preferably from1l:1 to 5:1. Most

For % o & bt cOr Eo gty pohen SREF Sredd rssatrigibmetnans gas

and assaciateanCOs iscdirectegidnioudontautdr el 0ahitene @ sifeafnyf tax feichienal

. ed I h f
s 3595 RGN, uk it Rtecsir b8, RS PeGcier P apove
typicéyra remdoyrdsarkingandideny catintencurtdne spibping neweroTh@ gps edritacts

the R TR RO Fodeefireish TR sk arletoplenTisques i

the fmictmnaﬂ)ﬂurdes'merfsnctranqﬂaﬂutd @jdcty thg raethbrd bas whighiteen exits the

coniil B S0 85 AIRETHE BB A5 e S st

to exitethe phitagint . wiyede dige mirreted He tiael @) m«trat:ﬁltm CesbloNY0 2R tvizdan

oo G354 Rl 0 BB A 1102 R o 8 Sl

causéd lby dredsreynosdldsrives the ﬁ@z oratrdjd)hie salation. T ee Omrearts the top
b
of TRIZYE 4215 eibitdeh SelBnogh IcrRksoidRtek radoripef

preferably 3-10% vol /vol of carbon nDnOX|de The
cat al yst conmpounds of the present invention nmay act as
a "heterogeneous" catal yst or a "honogeneous"

catal yst, preferably, a honogenous catal yst. By the
term "honbgeneous"” catal yst we nean a catalyst, i.e. a
compound of the invention mhlch |s not supported but

T
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| east 30 m nutes, nost typically, at least 1 hour. In
a continuous reaction such tine scales are obviously

worowleumst and a conti nuous reacti on can cont POUGB2B06/004164

long as the TONis comercially acceptable before

catal yst requires replenishnent. The catal yst system

of the present invention 79 preferably constituted in

the |iquid phase which may be fornmed by one or nore of

the reactants or by the use of a i tabl e sol vent
reguiadAnT G BAsvEneTihe TR CRIRYIERT Lar V5P TriaReindaped in

otheF SpfliRkithsl s Vi nyl ester, the vinyl ester can be
substituted or non-substit uted. Fbmever it is

e Biieanal i gt ob 6B/ s Soin o 18p2A03 4 plijhed throush a

refri @ﬂ@amt @xchéngyt tof @fdmttgck Vo e céqluwé@ﬂotbrmt:e The functional

oo 5 ELCRSELRLE US04 LLUORSELAL o o soray

nozii\ﬁz WlltchCe"dérﬁrﬁiiﬁ eontXEtoy Ea&ku{g;yér&d ’ﬁhg bfbﬁads-lplr&!yaéaéda Little or no
| e noate, Vin ecanog
Mong R 2 SRAnEROR A Prop e SR ERSR B ATEIeURIRA e MopaPhem

maMﬂup$Wgﬁntertbutylbenzoate and Vinyl-salicylate. The
use of stabilising conpounds wth the catalyst system
may al so be beneficial in inproving recovery of netal
EXAMPLES bavseen | ost fromthe catal yst system Wen the
catal yst systemis utilized in a liquid reaction
medi um such stabilizing conpounds may assi st recovery
A fupdtiohbiefluit wap ppafedaindliBsteg balfolBwef er abl y, therefore,
the catal yst systemincludes in a liquid reaction
medi um a pol yneri c di spersant dissolved in a liquid
Thedfanctioatl, flsidi viasp tdsyate on exbiaush eyesastirobeiangas apbibe duaéd with

at@%labl | @%h@% (ﬁ’i‘ ﬁautrﬁodal wﬁg?& '(9 n %f(aﬁa et\/:ef% vﬁgre%onﬁtgﬁed

overcapatigbsdf HstreiTha rebults drbashbwnin malmlanw and 18hé expgtiments

L e L T e

in eppertharits G-h@nEeiB/asd CT3R threcaxttaant gasasdwereguassen through the

funcﬁ%@%ﬁ@;ﬁé@' $ rff‘lo}éﬂgfgfq/gén){s ?ﬁ tRS I%} %C{)fbé%e‘én ﬁlqhé) exhaust after

pasging ymrmug'mthelifm‘mﬁonﬁrﬂuidivsersmaalsm@dﬁw theurl i quid reaction
medi um but shoul d not significantly increase the
viscosity of the reaction nediumin a way whi ch woul d
be detrinmental to reaction kinetics or heat transfer.
The solubility of the dispersant in the Iiquid nedium
under the reaction conditions of tenperature and
pressure should not be so great as to deter
significantly the adsorption of the di spersant
nol ecul es onto the netal particles. The polyneric
di spersant is capable of stabilising a colloida
suspensi on of particles of said group 8, 9 or 10 netal
or metal conpound within the liquid reaction nmedi um
such that the netal particles fornmed as a result of
catal yst degradation are held in suspension in the
liquid reaction nmedium and are di scharged fromthe
reactor along with the liquid for reclamation and
optionally for re-use in nmaking further quantities of
catal yst. The netal particles are normally of
col l oi dal dinmensions, e.g. in the range 5 - 100 nm
average particle size although [arger particles may
formin sonme cases. Portions of the polyneric
di spersant are adsorbed onto the surface of the netal
particles whilst the remai nder of the di spersant
nol ecul es remain at | east partially solvated by the
liquid reaction nediumand in this way the dispersed
group 8, 9 or 10 netal particles are stabilised
agai nst settling on the walls of the reactor or in
react or dead spaces and agalnst forn1ng agglonerates

o T 1 o
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Tableeterature and was diluted with water (100m).

The filtrate was then dried under vacuumto give a
colourless oil. Yield = 16.8g, 81% 2. b) Preparation

Exanpl e 2a (16. 8¢,
(48% 30.8nm,

117.6mmol ) was diluted with HBr
272mol ) and to this was slow y added
H2SO4 (98% 49m , 906mol ¥1 This gave an orange
suspension, this was then heated to 1000C for five
hours to give a dark brown/black Iiquid. The
suspensi on was then allowed to cool to room

The

product was extracted-into diethy

Test #F

ther (2*200
Be conbi nédr danit extracts vveré;%%a hSefPwi 1

AmbigRERETI ) |

10% sodi um|car bonate sol uti on (250m ) and

lnché’w% ( Zb

o )86 Imgserganlc extracmgwms bhen ¢ried over

nh ot el

Tem

, 2di bromonet hyl ) cycl ohexane The droT/GB20061004164

[ +. 1L
S UTITII

52“
n ml Yield = 23.Og,

[ ar.oal T
1 I.CI CuU. | LAY
g| ve _a bro

ate %2u i

under vacuumito

A

Tempﬂﬂﬁ)get

%r epar'8tion of trans- |8 2-pi'd

me@ﬁmbW@ﬁﬁ but6pbpNAxiepl nonet hyl ) cy

®108%1e x 89651 The

Engi

TREPERIHTEH] 3 7283. §2281.[5mOT )~ Vias [GoeSol[ved 11 THF

i | hi acdad

n
T IJUl

yl & '56 \2. S5Mn—he %‘éﬁrﬁctlon(%)

Emlsg@\élll } Clll

Sml )

addedd

cffbH rf

ultant

\/pl |l ow _solution

NOx (par@vd) hen st%zﬂ ed

30 r o

éﬁﬂtenperat

FFE 1 d

13‘bne

Rolr. The

CO (ghirlyd)om de

fa08dn exefpl e

2.6h)

(10. g

Gr3e37myes ) waes

02@g|550|ve0

ol it

CozPhen heat

dp THA

@qum

) and the |

ot U

nipaosphi de

ed for 4%

Qlo
V\ll DT .

m nut es

Fhe resulggnt
(1'Th¢=

at 500C

el gt 1l
Grutton Was—
el red

sol ution was then cooled to roomtenperature.
giti on was then quenched w th methanol
The sol vent wa

TabR?]

stirred fo

30 mMn

ut es

hrang
The
(50mM ) and
t hen renoved

Testitider vacuufmA The

ptid2 phi ne

was then syspended in

Ambrelmtedsrhmns et

er (200

m) and HBF4 (54%in

di et hyl et her,

(mch@é’of Pb’)'

haat n\/nl u

22

If'\h

éinQI) V\aﬁ‘g@aaea
Tl‘He rac-nl t

stowy. Thi's

nt
LILILY

gave gas and

TempEEIYG 1 o

eflux f

Th

suspensgqn was then
o sixteen hours

excess sol vent

TempBiswethen r

etfoved u

ntfer vacu

um and the r

esi due

HumBISpanEed

moaset han@bosg SO

Engl?{@@eéd'(r‘ﬁllrl) >

rempved un

fFred—f

er  \Vvacu
T V-t

H-ahd—a
-ahG

caol ution

). The net hgnol
5030 IHIWHTET__ThE—WEthanO|

suspensi on
was then

EmisSe¥ 7ol )

in wate

r_(75m ,

NOXRpmva0 mi n

76%) ad

0¥d sl owl

KOH (13g,

diﬁgmm@é%&LLh ni trogen gas
y35-fThi s gave

heat evol ution

CO (piddp Wi T

E6HES pen

S548n. Thi

sotvias then washed wi th

0, (‘*})CIIL dlTc \L

6—?4"'“ )

dig}l t IIB C

onbred—pent

ane washi ngs

dr ied-over
CO2

cndlnnw=HlnhaLe——Ihe—penLane washi ngs were

Pﬂen transf EYred bvglgnnula into a clean schlenk flask

and then dried under vacuum This was extracted into
pentane (50m ) and sone insoluble white material was
observed. The pentane sol uble material was cannul a
transferred into a clean schlenk flask and the sol vent
renoved under vacuum This gave a yellow oily solid.
Yield = 5.35g9, 36% 3 1P ( 1H NWR d = 22.3 ppm >95
%ure. Conparative and Preparative Exanple 3
Preparation of (2-exo, 3-exo)-

bi cycl o[ 2. 2. 1] hept ane- 2, 3-bi s(di -tert-butyl phosphi none
thyl) 3. a) Preparation of (2-exo,

3-exo0) - bicycl o] 2. 2. 1] hept ane- 2, 3- bi s(p-tol uenesul f onyl
met hyl ) The equi val ent (2-exo-, 3-exo0)

bi cycl o[ 2. 2. 1] hept ane di met hanol (commrercially
avai |l able) (21g, 134.6mmol) was diluted with pyridine
(50mM ) and cooled to 00C. To this was added p -
tol uene sul fonyl chloride (Tsd, 56.46g, 296mmovl )
pyridine (100m ) over five mnutes. The resultant
suspension was allowed to warmto roomtenperature and
diluted with a further 50m of pyridine. The
suspensi on was then stirred at roomtenperature
overnlght The suspen3|on was then poured into a

A NS 1N
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. Cl,ﬁg %BkdrﬁldﬁséfaWS %fé%lhﬂwew%\@r%ﬁ ng

The Bu' 2PH. BH3 (13.3g, 83mmol) was dissolved in THF
(50m ) and n-butyl lithium(2.5Min hexanes, 33.2m,

wa2mms)o6added. The resultant yel | ow sol uti on Ras/GHE2606/004164

stirred at roomtenperature for one hour. The
ditosylate (5b) (18. Ig, 3 ) was dissolved in THF
(100m ) and the lithiump phi de sol uti on added
dropwi se. This gave a bright yellow suspension. This

CLQ@% stirred for one hour and then stood overnight. The

ensi on was quenched with water (100m ) and the
product extracted into diethyl ether (2*250m ). The

(P By BLRE et B ol L b it ePcto ghcon,
emlkametandtdx&je drid 4 eusletnbrmuﬂnpirsmgdn/ajmmrd & eldorina solintesin
g?a\ér%g?tgf s%gf%testlgg\%lflratlére o? 0o greajfer t%%\ abou{°208°F @23°C)
(di-tert- butylphosphlnonethyl) 4, 5

B s

( m@a’ddechmdhe-lmtuﬁnsra%sehprmrem thel addttlbﬂ rof tHélsoBution comprising
ﬂ%ﬁg slowy. This gave gas and heat

evo |on e solution was then heated to reflux for

three days. This gave a Iarge anDunt of white

. prﬁpt&ééfﬁ&o tdre% 1 Jrh% er 4 u‘[@@%o[rn:%qs Elﬂ)lg i@eﬁgas

re andt I'on renove
caanWdchmheereS|due was drled under vacuum and then
suspended i n nmethanol (50m ). The nethanol suspension
was then stirred for thirty mnutes before the

. meh hegess arpordirgripvarimun ddreraintheuchlorifie sobeserie bquid ehlogie.

added a sol ution of potassiumhydroxide (1Qg,
178.2mmol) in water (100m , degassed with nitrogen gas

. f ok pragess §coetding togaimehivdetriv éhenwaier avbliquid ghiorinedare lirea

fqgﬁgbrm¥5g§%%1@pf&$% egbgbk@é% elhis was washed with

pent ane conbi pent ane washi ngs were
dried mrth sodi um sul phate and t hen transferred |nto a

acuumtd give a colourles
4, @goomtzoirby(vome NVR d = 26.9, 25.4, 24.4 ppm
>905 % pure. Cbnparat|ve and Preparative Exanple 6
Preparation of cis-1, 2-bis

. (ot p[@pg@@goprcbmm@paﬂymﬁmﬂg glaimg whegrein the amount of silicon to

di S
AT §raf)o POk o0kt by il

anhydri de

. (3 Erdébwé‘&%rdrﬁdzﬁ) diaifr @We?@ﬁﬁ@“ﬁﬁbﬁﬁs Egirfédn' dtS alkall metal

anhydri de) 33.33mmo

(1fo'arﬁx)dearﬁabwtﬁu lg—hy(/qﬂmnen THF 200nmol , 200n ) vvas

added slowy. The resultant col ourl ess sol ution was
then heated to 700C for sixteen hours. The sol ution

- wefS PEasess aeserding tornydgvasadinegpdaia, whereihaddiiipnat sedetion t h

Waéo@rﬁpri@ E%tér an@i"l@rh'ﬂﬁﬂ’r‘iﬂrﬁrea@géjdém a ratd s%f%ﬁ\fﬁ tc?m%ﬁ‘r’tﬁﬁ the

vol ume of white solid. The THF | ayer was ect ed

f i eastion Wil eneertRYredh #teemstabelltﬂntcmsedmmeaoxm 2 spent
di ethyl ether (2*150m ). The conbi ned organi c extracts
were dried over sodium sul phate and filtered. The

10.1 | A Progees areording:ie AtwiRsacadingeslai whiars the readlien gemperature is

Cm&g{ébl%ﬁifhaﬁ'ébout\@ﬁ"ﬁ(%@ 99, 91% 6. b) Preparation
of cis-1, 2-bis (p-toluenesul fonyl-nmethyl), 3, 6,

dlphenylcyclohexane The diol (7a)(l 8.9g, 120.8muol)
was diluted with pyridine (100m) and cooled in a cold
wat er bath. To this was added p-tol uene sul fonyl
chloride (Tsd, 50.7g, 266mmol) in pyridine (100m)
over five mnutes. The resultant suspension was
allowed to wvarmto roomtenperature and stirred at
room tenperature overnight. The suspensi on was then
pour ed |nto a beaker contalnlng HO (concentrated

A NS 1N . I s 1\
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Thus, there is a need for further conpositions for use
in the renoval of toxic substances. There is also a

waeew/ 062068 conposi ti ons whi ch can be prepared vPaT/GB2006/004164

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

relatively straight forward and econom cal reaction
protocols. There is also eed for the preparation
and isol ati on of conpositiths which have

mul ti functional use in a nunber of applications, such

bed U Y, OF. THEI
At BREES AERRING i e ot QM WaSsiT B SR di e
t hreetal m;gjr@ndn/lsdiﬁmua, qodamesspdtassidrhe preparati on of a
functional fluid conprising reacting silicon, alkal
nmet al hydroxi de and a solution conprising water and
c A procass accoadimgetataimn v ehsedin thie raetbdapediatur e no
greater than about 2000F (930C). Optional features of
the first aspect of the invention are the subject of
t epoepemalenotding @i alm TRhwherdihthemodivesisydoodde @eis sdliak form.
the preparation and isolation of a new functiona
fluid via an economcal and relatively straightforward
privpeessss Jeverdingtotdlaimal2, ivhereih thessodenhyfdooxide isdn beverm of
“tddé&déobgs&uﬂﬂﬂber of applications as an el ectron
donor; redu0|ng agent or antioxi dant. Advantageously,
the process provides a scavenging functional fluid

.ne - .

ors g AReRE o by i AR DAL, RERRRL s sicon meta
réﬁ@d&éﬁ1by products. Such by-products can be
difficult and expensive to dispose of, due to
envi ronnental concerns. A further advantage is that
t Heprfogass aeneEding any preeeding elaiph, eyiwrein thersilioongbmpsipdrer i ¢
or fhalild

o TR Rth R A RERE (ribol et T 3 REGY
hé@oﬁ@ﬂa specific gravity of about 1 25 to 5, and a pH
of from about 9 to about 13, obtainable by the process
of the first aspect of the invention. Another
adV Brpcagfeacsprding:to; giaients, merelrwemﬂlcph goppugssrRericies having
| SirBbh Britle dfarhtBFfangiMliroht dbelr 24Mfifl BBt 150 mim
mul t1function use. For exanple, in e ol
producti oni ndustry the functional fluid can be used as
oo PreReSERBRAN] (o Sy TR iRl TRLRS: BL0RTea0Histfed”
f Waleler be used in the treatment of CO2 and NO2 which
is produced during refining of the crude oil, and/or
upon conbustion of the crude product. The functiona
f |uP@CE$S @mr%r&@r@yﬁmngdﬂalﬁhwhemmeurwtmsad is open
qu%@gnﬁ\,sg@r&c& or H2S scavenger. The functi onal
fluid may be used as a H2S scavenger in wet oil and
gas production systens. The functional fluid may be

US@ﬁrdc@sé é&oFcﬁr?forﬂ?ﬁtoanof Mg €18, wﬁ@eﬁ\r’tﬁe F%?c}dor%gsfg

gases. The functi onal
§$§epﬁ°§EUﬂ”Q§§“¥?eatnent systems. The functlona
fluid my be used as a corrosion inhibitor. The

functional fluid may be used as a pacifier of carbon
stAeBIOCEFS BRQENNG 19 3y RGeS iayay, Whetelt tbs shisamand sedium

WiHyBroxfdedn 88REBrm E'ﬂaeloﬁdé@fd @ﬁé‘?htféqlt'ﬁ\ﬂleﬁﬁdf eﬁ%ut‘@@ﬁ oftthe

an_antifoan ng agent. functi onal may be used
" et Her YesaphraOIgTe. dut t@rﬁchiziwn@f thecialulias cempesiag weter and
baiguRIrchici@d. water. The functional fluid may be used as
a store for hydrogen gas. In accordance with a third
aspect of the invention, there is provided a process
for the desul furisation of a gaseous hydrocarbon
feedstock conprising: (i) contacting the gaseous

hydr ocar bon feedstock with a functional fluid as
specified in the first and second enbodi nents under
conditions suitable to forma sulfur-enriched
functional fluid; and(ii) recovering a desulfurised
gaseous hydrocarbon feedstock fron1the sulfurenrlched

o S o M T o, Y
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sodi um hypochlorite (NaOCl). The water (preferably
distilled) and liquid chlorine are conbined in a ratio

wohob@sreen about 10: 1 to about 30:1 by vol umePCT/GB2006/004164

(watepliquid chlorine), for exanple between about 15:1
and about 25: 1. In one enbodinent, the ratio of water
to chlorine is about 20:1.24The water and |iquid

chl orine can be conbined prior to addition to the
reacti on vessel conprising the silicon and

al
22. E‘I‘"'C‘l'ﬁﬂﬁ’t tid faving g SPﬁ@f"\?\ﬂ"taé'lty Sfiborhi-&p tthe: Qf’a’rﬁ B'é of from
acgpadt @%@t @B)/obtélﬂatﬁé by a pldtRss rae@&aﬁ%wany Srdifna8nt21,
functional fluid As di scussed bel ow, e duration of
t he process of the first aspect of the invention wll

23. depRALticHAI fl@éta@é&dﬁng%‘claﬁn Qzﬂgtm%a sbemgr@mwa adadt 5, and
reactant partlcle S| e effect of particle

ze ue to. t
si%RH GhirerREbeH Y inboyt éé\ PRgRPYR PHIFSFS 26905dIRg PR
ofcidilne 1t2@ction will be shorter when snmaller particles
are used and | onger when |arger particles are used. In
nost enbodi nents, the reaction duration will be | onger

24.t hRunehsnd figa ab@cbtﬂl.ngft@ Elaf 20Bl 23 IviHegein thidalkalpdetal 3
hours such a &H % han about 6 hours. The reaction

dUPVEEPHS RS9 €ess than about 3 days for
exanpl e Iess t han about 2 days such as | ess than about

1d S, tha out hour, Si nce .t rea
2.1 ARfofbng i ceaRrBds o romTeza et MeiEg s gfeon

prmy@d@sda4neans of controlling to sonme extent the

rate of reaction and hence the degree to which the

reacti on vessel requires cooling during the process of
26.t hgsd offthé furstiedd! fluidloe aneefcdiaimg 22e2558d a CO, 0D, 1ur&l,8ed at

a tengerature bel ow about 930C. Subject to this

i n sonme enbodi nents, the reaction
terrper ature may be mai ntai ned at atenperature of

greate about. 600C, r. e ter

ST e Anerana fUig R AR Rt A8 pealt S serahiE st o
|5£ﬁugmﬁmbmmﬂmahyaemajue of about 8Q0C. The foll ow ng
di scussion is limted to a process conprising silicon
nmet al grade 441 and sodi um hydr oxi de, by way of

28.ex@spbicthe Refotioraidlaid df any-olelaims R2e2finZhefreathrentiofWDxgsd
ar aIso i ncluded to assist in the understandi ng of
bP@%éss of the invention. However, these are

non limting, and the skilled person will be aware

2 L Bl TS AR A B R s

Typically, silicon netal grade 441 and al kal i et al

0.7 B8 isfaf BRIt B b S v F BB L

of the functional fluid of the |nvent|on An open
1re rahl I ;
1o 8 ind ry RGN TR o o7 Pl B oS ot A PREI4iS Ry steet i

44dr)1e2tooédm:es¢czmsuhnsates Iaasoomrted with beid ganere of 24mmto
150mm nean di aneter. The silicon 2 is |loaded to a
hei ght equivalent to 30% of the reactor's vol une

32.i ndseudi thg fiurietionalifld@gd aoy of ¢tlainsi 32-2ZDas paabifoamigagent.
Sodi um hydroxide 3 (in flake form is added to the
silicon 2 in reactor 1, to a | evel approximtely

33.equse al thafunationd dluidaif day ef eliris| 2262%inithe réreoval bl ctarginants

S Bl e bPGler REaSor 1S achi oved by

t horoughly m xi ng the silicon 2 and the sodi um

hydr oxi de 3. The anount of silicon to sodi um hydroxi de
is typically about 1:1 by volune. It will be clear to
the skilled person that the size of the silicon
particles used will affect the rate of reaction (i.e
upon addition of the water-chlorine solution)
dependi ng on the surface area of the silicon
particles. D st|IIed wat er 4 |s dosed wi th Iqu|d

o .
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weeB)7/0gases as a Corrosion inhibitor in the PCT/GB2006/004164

34.

35.

36.

37.

38.

39.

40.

41.

as a CO2 Scavenger as a H2S Scavenger in the
treatnment of NOx (e.g. NO and NO2) & SOx (e.g. SO2 and

enhancenent of existing sour gas treatnent systens
such as Amne plants in the renoval of contam nates
fromwater e.g. pre-treatnt of boiler feed water and
waste water treatnent for Volatile O ganic Conpounds
(VOC) and Methyl Tertiary Butyl Ether (MIBE)

afidriecass (@rtthe degififunisationiod igesedusiydtasartmndeedstack f et a
C b , Cryptosporidiumand | egi onnaires ~
rg?@gﬁﬁgﬁsof Hydr ocarbons fromoil wetted solids, for
(Bx sppaeting; the ghggaushydiocabomigadstesk mith@dghctignaktfuidas i s
fl om int j L i : ' e
ang Rl in g QR RO 28 et o bl Wb P2 s
t héngghed denctiopal flugtlend r educi ng drag and i nprovi ng oi
()| RMoyérhdt D8ed TR %é%feoéé hydrSRES rpfeeéélbﬁbl% the sulfur-
cont ai ni Ng substances, 1 n partlcdfar car onjp su?phlde
( cergyjchgdifienctipaalifigisly t o hydrol yse with water to form
H2S, S, and CO2 as an anti foam ng agent as a flane
retardant as an _antioxidant corrosion inhibitor, for
eRBAPICSS afislaimet i daiBndLclartherscamirisingetieistans of pi pel i ne
() v essthotiigde SiMeAALRAMBRL fuld willPs nbOZ 1Rk bE

to protect the pipeline or vessel fromcorrosio as a
medi cAMSHCORMItIPNE SUiciant faallow Ripeipitation ofedipbiarfeame thef syifur-

exanprichb@¥furichendimert agt of an insect bite, a virus
@gd/or bl ood condition. Process for desulfurisation of

s eotRPARINIJBRPERSIPIRIEd By tferdiam the fiuitktormeever adwrationalf
the inyeas cRimed Mear§ar@ A slaliidlf.gar bon feedst ock
(which may be, for exanple, natural nethane gas) may
be contacted with the functional fluid of the

| R\pedtics®Bs WRirMEd MYaifitas, alMner 8RSt d Pe R b cliftPthe

aft for ﬁ?at pur pose. For exanple, an inline

waghionabihic &réise di stgp dipahiadim 4ur rent 1 ow stri ppi ng
tower may be used. By contrast with prior art
dgsulfurisaglon units such as am ne sgstens, the
P HEESS 87 ClaHreq In Faima whereibibe Rhbef the sreveled Hindienad
hiad & raodified IS8 greBRr fan@bolietd. nj ection process units.
The process of the third aspect may therefore be
carried out at anbient tenperature, for exanple

OA pEd0RES bib 3RS CIERG7, AHEIRIPHe PHEGHRE rdd)aiBd kaHFord]
g{e$ter %ﬁa ta ou%1 50C. The process tenpérature nmay
plid gdodi Oégﬁﬁ O0C, for exanple |ess than about
400C, such as less than 300C. This process is
thereforeparticul arly useful in e.g. pretreatin
APITERS ARPAINE bttt Ho hhetsin e cadsa Rmrreera feedsiock
Na torgdrimitaastly (Nabiighl aeBhegad.f shore, where cl ose

proximty of heat sources to the cryogenic units and
cool boxes woul d present a hazardous operation. The

ph poeess as claimeed i ddimapRBiéredhe btResNYGHHitioRS af@Y¥uch that
qghlonqlly fur& er ﬁoqgrlse the steps of: (iii)

cont RAThGMyed Fom e nédreraken feedatockonal fluid with a
floccul ati ng agent under conditions sufficient to
allow precipitation of sul fur fromthe sul fur-enriched
A AR SR EF 1 fePiav Bl QB Bmas dnvgracRib o Teeddat od
shavingra €Ogrompendntuéaingrisingek®seps bhe functional fluid
of the first or second aspect of the invention. The
floccul ati ng agent nmay be any known fl occul ati ng agent
capabl e of inducing sulfur precipitation in the

al kal i ne environnent of the functional fluid. For
exanpl e, the floccul ating agent may be an al kali netal
hal i de, preferable sodiumchloride. The precipitated
sul fur may be separated by any suitable separation
process. For exanple a plate filter press nay be used.
Use of a plate filter press has been found to give a
reasonably dry solid suitable for skip disposal from

e — . a I T . o o



10

15

20

25

30

condition of the functional fluid at each stage and
the levels of contam nate present in the feed at that
weoeteg®s2068bl e 1 Generally, it can be said that PCI&BIONGH04164
units that are enployed, then the better the H2S
renoval will be, although there will be a point at
whi ch the benefit gained f26omextra units is mnimal.
The retrofit systemis normally designed to achieve an
overall renoval level of up to 95% 1 eaving the fina
RS t cordactingriiow Buahclional fled erd $he gageegs hysirecarborsieedstack
retro f
oro Ceg@&erﬁéﬁ{n%ﬂ ecﬁf ae?éé)v%%@deﬁ{'gﬁlr% gafj&’l%}'i\%gtﬁg dfd; ih 8 functional
tapplﬂ@danto the exi sting plants inlet piping, the
difj ' t ' | 3 .
B, S 0ne 656 nylREERRA TodtukR 13fh Aeabnd e
Gionv edeprassyisivrtiye fumctionsy fvid to calisedhevbymGloamf Qi gasHem
Mono t to the devel opnent tank and filter
unltgﬁﬁgggﬁgg&ﬁgggver the MonoChem from the pipeline
contactors.In this way, the Am ne plants downstream
42.UTH Er%cé’é'seaé' SRARksH cff'aﬁﬁ Yy qﬁﬁlstremtﬂl?éJ Bﬂqg&\{?béﬂbb% feedstock
reducing emssions rromthe sit
f Alspeepnipiges sHiéreontaining memmds renmove a |iquid aci d
fromsite. - The possibility of conversion of sul phur
solids into fertiliser, for comrercial use. Selective

43. r enpipapssors caimedrip flain ¢4 & slain AY.dvhere thsoiinetinnakiiuid lo
I onents I n accordance
I%%%‘%r?ﬁ)gg%ggf&ééf&%aeﬁmeml on, there is
prOV|ded a process for the renmoval of CO2 froma
44. 998 GRS WSEINRRIINR Biafif @I SYIRGK thd RULRMaPAIHPEs FBRBENSIY .
conprising the steps of: (i contactlng the functiona
f Itamgeraiiie imibe jargaiem iapaviciCare ahoutdd@st ock under
conditions sufficient to dissolve the CO2 in the

functional fluid; (ii) separating the gaseous

45. h AIPSEBsHRCIAIBEdR SlkM i owherpia th@ﬁ@@tl@}%ﬂwﬁ liprgvidgd gt a
(Hémbeg@pée§§5gm§p@g the functional fluid to cause the
evol ution of CO2 gas fromthe functional fluid. In
this aspect of the invention, the gaseous hydrocarbon
f ’ .

* giﬁﬁ%@“%%&‘%@ﬁagﬂ?fmkf‘ﬁﬁ?‘a@ﬁ R P AT e
|ﬁV@ﬁF¢%h QePAY any suitabl e apparatus known in the
art for that purpose. For exanple, an inline

m xer/contactor or a counter current flow stripping
47.1 dwetocegsaheaimeddn o 43, eler comprisifgitg stepof desulfurising
the bamwa&ocfa&ueshde@s@boﬂ%m |méférpqumf4qed§h@% are

contacted wi I | depend on the degree of CX2 renoval
Proggss/af £%EM fdedst ock required. Under conditions of

hi gher pressure nnre 607 MA|| di ssolve in the

fupctional fl ui ically, the pressure of the
48. s yRPEATYR 1ar Upe "b‘?‘@é’( Sg H%ff‘f‘ylo%t%c'%‘"ﬁ? StiafPremyriding ar

ﬂrsttd@ﬁthcﬁ)raé Bacone h:oﬁ%c@i’ pasifdncdRWnéPedh BF th-E*TﬁstRfoﬁ’é‘étUr €nd a
also téglca H%ﬁ"h ess than 30 atm for exanp

seppitar RsANSbCciving the %%qugtcpv@ceﬁ%avh%tﬁma"v ﬁeparatmg

a sdlidriednt @mgdhidf | ui d and gaseous hydrocarbon feedstock may
be contacted under conditions of anbient or even bel ow
anbi ent pressure, provided that, following step (ii)

49. abmptrrdttd as slapasdihi ofimafs, vheregatne @bgarBiod (<0 prakOfilter press.
feedstock fromthe functional quid? the pressure is
further | owered to cause evolution of CO2 fromthe
functional fluid. The solubility of CO2 in the
functional fluid is believed to be inversely
proportional to the fluid tenperature. Therefore, in
order to increase the solubility of CO2 in the
functional fluid, the functional fluid my be provided
at a reduced tenperature. The fluid nay in principle
be provided at any tenperature above its freezing
p0|nt mnth t he hlghest CCE solublllty belng exhlblted
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7. A process according to any preceding claim wherein
the anmount of silicon to alkali netal hydroxide is in
we 20@ose®f from about 1:5 to about 5:1 by vol BOE/GBR006A04164
process according to claim6, wherein the anmount of
silicon to alkali nmetal hydroxide is about 1:1 by
vol une. 9. A process accordfing to any preceding claim
wherei n additional solution conprising water and
liquid chlorine is added at a rate sufficient to
50. ndippastus ahdaimeadn iclaim 4 tor tlaivm 42 oxharoetrofitfed the gast al
. 4 j 10. A process
ueaﬁh&h?ﬁgﬂﬂﬁngﬂ*@ggaggggﬁhggékgﬁﬁgg&%ére the reaction
tenperature is no greater than about 1750F (80 0C).11.
A r [
51. R o O h Breed Worl R LA A7 Mt R o
con@@tnr @nd @rdeprasaurisation vessel, Ropitioneskdovenstreani of ghet cordacionm
11, wherein the netal is sodium 13. A process
according to claim 12, wherein the sodi um hydroxide is
52.i m\ Boortiahat Bwidras tlhimex iprasyene ohcleinsi2atp 2%for Lsd as a2,
&ltn the sodi um hydroxide is in the formof an
aqueous solution. 15. A process according to any
preceding claim wherein the silicon is silicon netal

53. gr@ééeof‘b V\ﬁnct'r’bﬁal ﬂ%ﬁo"éé’&‘ﬁiﬁ%d‘?ﬁ \z_ghé‘gf é}é%spizet‘é%'uﬁ‘%e .

rises particles having

treaanﬁ@a)ﬁ opirthe sraauigchwie pba medisgmegt for mtm@@uentpf insecidites.
about 150 mm 17. A process according to claim 16,

wherein the silicon conprises particles having a nmean

54. pdiss Fladuastional feid aselgineg in epyrPadeltlaipg 34t0t2d agrobipcide

or i MAAuiaduredr B RsS according to any preceding
claim wherein the water is distilled water. 19. A
process according to any preceding claim wherein the

55. 1 Q3¢ &fa Mﬁ&%ﬁbl fluld P88t ih BRy ehéfeﬁaéhﬁ{sezz t%Ozs if\the
process accord gito any one of clalns 1-18, wherein

trealtrl‘i@n"r%i getndhe V@§§ cture Ofﬁ gwdigament ﬁ@ét@ttfﬁ%@ﬁ@r@ avirug, A
andnﬁQﬁﬁ@&mﬂgﬁQﬁdlng to any preceding claim wherein the
I'i con and sodi um hydroxide in solid formare | oaded
to a hei ght equival ent of about 30% of the reactor

56. V%ﬁ\%'tho%i of %Hﬁﬂ%nt Bf ér?fnséét bRe ‘ébﬁnbﬁﬁné’fhets{l@p §péd|'ﬁ|h@{érln? a
npri si ng er and | id chlorine. functi ona

meqlpwwtw&wd@ @e%ac@mﬂ@léluer%ml@'meéﬂn a@ome af gajms @250 25.
and a pH of from about 9 to about 13, obtalnable by a

process accordln% to any of clainms 1-21
57. f hEH G TRt bR W @fyﬂwmdaﬁ%ﬂﬁlzn ﬁampﬁan@the step of
adnfiRig@tihg & redednieht fHclipithe funcithl AuiB Asaie @R AoHe &
to about 12, obtainable by a process according to any
claigs 2tai2/s 1-21 . 24. A functional fluid according to
claim22 or 23, wherein the alkali netal hydroxide is
sodlun1hydrOX|de 25. A functional fluid according
58. arfy PRAMECSRe! opnpositiopremeriEing gdurgtionaldiyid as @alme@dﬂ any
one¥ficRlimgprageosi4l. 26. Use of the functional fluid of
any of clains 22-25 as a CO, CO2 or H2S scavenger. 27.
Use of the functional fluid of any of claim22-25 as
an H2S scavenger in wet oil and gas production
systens. 28. Use of the functional fluid of any of
clains 22-25 in the treatnent of NOx and SOx gases.
29. Use of the functional fluid of any of clainms 22-25
in sour gas treatnment systens. 30. Use of the
functional fluid of any of clains 22-25 as a corrosion
inhibitor 3 1. Use of the functional fluid of any of
claims 22-25 as a pacifier of carbon steel in order to
reduce corrosion rates associated with acid gases. 32.
Use of the functional fluid of any of clains 22-25 as
an antifoam ng agent. 33. Use of the functional fluid
of any of clains 22-25 in the renoval of contam nants
fromwaste water or boiler feed water.34. A process
for the desulfurlsatlon of a gaseous hydrocarbon
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