WD 2009/ 020665PCTf US2008/ 0119604 - 1- _ THERMAL METHODS FOR TREATI NG A
METATHESI S FEEDSTOCK RELATED APPLI CATI ONS [ 0001] This application clainms the
benefit of the filing date under 35 U S.C. 5119(e) of U S. Provisional

Pat ent Appld mednz048sSeri al No. 60/ 964, 186, fil ed AugusteSudf@ieswhi ch is

i ncorporated herein by reference. TEC]leI CAL FI ELD [0002] Thi s application
relates to netathesis reactions and, in particular, to met hods of

i nprovi ng catal yst performance in a netathesis reaction of a natural

10f eedst ock. BACKGROUND OF THE | NVENTI ON [ 0003] Met at hesis is a chem cal
process that is generally known in the art. Metathesis is a catalytic
reaction that involves the interchange of al kylidene units anpbng conpounds
cont ai ni ng oneH&RMdr MEIdIBDPE A AREASING, A MESTATH ESICoMpBEDATASOLCKYI a t he

15f ormati on and cl eavage of the carbon-carbon doubl e bonds. Metathesis may

occur b%méwdm%g%hgcul es (often referred to as sel f-netathesis)

and/or it may occur between two different nolecules (often referred to as

Cross- €SI S) 1 . 23| resented sch i.cally as
chown | OB onriSpbi bR e Bthatol RETRREILEARI ST O o
20( 15 widneien oRU. SirktoRBicaskP ategidpaticgticoupearial N20 60]9BAOSS- filetidtuzesi & may be
represe hemat i cal ho i.n Equation |1. Rl-CH=-CH R2+

Rl G o O B R ol @ I e leb e L O, e R8 & R GHECH Re +
R1- CH=CH R1+ R2- CH=CH R2+ R3-CH=CH R3+ R4-CH=CH- R4 (11) wherein Rl, R2, R3,
and R4 dBESHNIGAL ElEibups. WO 2009/ 020665PCT/ US2008/ 009604 [ 0005] I n recent

years, there has been an increased demand for environnentally friendly
t echni qUe@03jor nahiit &epligating refateerd aletathes ezddtipnslend vie ghafiicolar gt r ol eum

) . . ' ) f ihilit f
manuf aci L o SRRl ERERL AT n F R A B bIB A PO selo”based
oi | 80 | rieersdoakxanpl e, 5Snetat hesis catal ysts are used to manufacture candl e

wax, as described in PCT/US
BACKGROUND OF THE INVENTION

{0003} Metathesis is a chemical process that is generally known in the art.
Metathesis is a cataiytic reaction that involves the interchange of alkyiidene units among
compounds containing one or more double bonds (e.g., olefinic compounds) via the
15 formation and cleavage of the carbon-carbon double bonds. Metathesis may occur
between two like molecules (often referred 1o as séif—metathesis) and/or it may occur
between two different molecules (often referred to as cross-metathesis). Self- |
metathesis may be represented schematically as shown in Equation |.
R'-CH=CH-R?+ R'-CH=CH-R? <+ R'-CH=CH-R + R%-CH=CH-R?
20 ()
wherein R' and R? are organic groups.
[0004] Cross-metathesis may be represented schematically as shown in
Equation [l
R'-CH=CH-R?+ R%-CH=CH-R* —
25 R™-CH=CH-R® + R".CH=CH-R* + R®%-CH=CH-R® + R%-CH=CH-R*
+ R-CH=CH-R" + R-CH=CH-R?+ R®-CH=CH-R® + R*-CH=CH-R*
(1)

wherein R’, R? R® and R? are organic groups.



2006/ 000822, which is herein incorporated by reference. Mtathesis
reactions involving natural feedstocks offer prom sing solutions for today
and for the future. [0006] Natural feedstocks of interest typically include,
for exanpwe,zomabtessal oils (e.g., vegetable oils, fishwduszanicemabs fats) and
derivatives of natural oils, such as %atty 10aci ds and fatty acid al kyl
(e.g., nethyl) esters. These f eedst ocks may be converted into industrially
useful chemicals (e.g., waxes, plastics, cosnetics, biofuels, etc.) by any
nunber of different netathesis reactions. Significant reaction classes

i nclude, for exanple, self-netathesis, cross-netathesis with olefins, and
ri ng-openi ng netat hesi s reactions. Represent ative exanpl es of useful

met at hedP@0%at al yistrscentyepisoliegedapbeonan Isnersediissnandior anvisnmeandallybe
expensi ency of the
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[ 0008a] ect, there is provid ed a method of nmetat hesi zi ng a

| oadat nORTDEKAl TPRET ARISITTH FRpcor b ek SeRpIoNG SR ea ks B o |
heat i ng ekaepfeeeashwhéas SrbQPRIARAY SR eetﬁﬁg AR glO9&ikd) rchanalisence of

oxyge odlngthefeedstock at heterrperaturefor atine

suffi m | &pRctiogs aRepPisseRialive axaeplep of Yaiyl matathesis ealelysto @ie Peavigied below.

f ol {mpwi NikthingsiBeatdiyie: aithdrakshifte HRIMHIAE: M t with the
f eedst ock undse’r con)?iﬁl ons su%| cient to rgeetgaat@{r:g'sa%i tos' eed g%gk

[ 0008b] EHICENSK OHHE agighesis saidlye. |Tdepnwitersdiaye ﬁmweafnemathﬁés pgu ng a
f eedst OGkcr&4MRY /LIRS ef@ét@ﬂdﬂh!ﬁ‘igh%%%%ﬁm i ""%"’igS@. i t{]e S Sence of

heating the feedstock to a'tenperature g
oxygen ff%ﬁdsépf*ﬁrre sufficient to dininish non- perOX| de poisons in the

CoraryoBane, o enepht) s AR DRIy SOTYNRR, LB NEST S
f eetist o@rpending on the purity of the feedstock that is being metathesized. One of the
challenges with using natural feedstocks is that naturally-derived feedstocks may
include impurities, sometimes in trace amounts, that do not exist in peiroleum
feedstocks. These impurities often react with the metathesis catalyst and may
drastically affect the efficiency of the catalyst and metathesis reaction. Moreover, the
25 presence and level of various impurities in natural oils may vary from batch-to-batch,
depending, for example, on the geographic iocation of the harvest, and even on the
specific field of harvest as well as other growing conditions.



[0008c]In a third aspect, there is provided a nethod of netathesizing a

f eedst ock conpri sing: provi ding a feedstock conprising at

| east one species selected fromthe group consisting of a natural oil and a
natural oil derivative and having a starting peroxide val ue;

heating the feedstock to a tenperature greater than 100C in the absence of
oxygen for a tinme sufficient to dimnish the starting peroxide value of the

f eedst ock by approxi mately 80% or nored-and foll owi ng the
heating, conmbining a netathesis catalyst with the feedstock under
conditiogns sufficient to netathesize the feedstock. - 3a - [0008d] The

nmet hod %HMMABXS providing a feedstock conprising a natural oil. The nethod
further conprises_heating the feedstock to a tenperature greater than 100C
inthe B@ggﬁce of Thexiyrgeent disrdoswie ivd Methet i providedifeedetmnesiagg ehe
feedst%gdg‘{o khe tenperature for a time sufficient to dimnish catalyst

poi sons I'n R& feedstock. The nethod further conpri ses conbining a

nmet at hef@i088aht al \ista fikst dspeht thereds ponkdadhal ereticath di mietaibegzihg iadeedstotio

met at hesi ze .t he feedstock. [0009] In another enbodi nent, the nethod

conpr i sS¥E"BYYY9di ng a feedstock conprising a natural oil. The method

further conpri segrb@aiignofcestobredeippisingtonautaigner at ure greater than 100C
in the absence of oxygen for a tinme suf fgi cient to dimnish non-peroxide

poi sons in the fd@gdpgée fepdetoskinadempetaiaie wealsrithan 10 binthagbgence

et at hegd & alyst with the feedstock under conditions sufficient to

met at hesi Ze“t he feedstock. [0010] |In anot her enbodi nent, the nethod

conpri ses provi dihddiag tleeietsokk ab e iesipegatarattr ar tithe sufficiehb & fievnish ock has
a startgiiqug gfroxi de. ‘4@' :fue. The nethod further conprises heating the

f eedst TRV PYSPIHE 1BGfF5451 2P di mi nish the starting peroxide val ue of

the feedstock by fapting feheathgBai@ BoIdIR Bombithd e sidthedist eslySomRT | ses
conbining a netathesis catalyst with the feedstock under conditions

suf ti ci BRtieedstaph UrdRsopaions spifictesk brwetatpasize s lsedeiRebTI ON OF THE
F RVENT! (hiobBR1 1] The QIcBRERspaEPInarald idvigelial SBtiodl SfBtalRzi] amet At hesi s

feedsto uch treatnents, which renove har catal yst poisons, are
conduct fegdpiock cotmprisimgr oduci ng a met at hesi s -.catal yst, thereby inproving

met at hesi s cat al yst .ﬁerfor nacpsﬁe. Exenpl.ary f edFt.Pcks may i ncl ude natural
oils. [0012] As usBdvVHERS rﬁ?e %Cl%‘i:% 19 algly »an,™ and "the" include

plural referents hetiagshd fivdenikes b tehpardturadjrebdr @sardt DBI0NNAe abeénce
exanpl e, reference to "a substituent” enconpasses a single substituent as

wel | asOhygsP faiop EmemsbiGienidn dyninishnareeroxide poisgns in the feedstock; and
2009/ 020665PCT/ U%@&ﬁhg%%@ﬁéaﬁrfg B%ﬁf‘%ﬁéﬁ%ﬂ}?@%@étﬂlysﬂ\n% b 18R dstoek
, or ncl ual ng are neant to I ntroduce

exanple," "for instanc suc ’z(i:s, i
exanpl egnddraorfliionheufficleat iof petathesige ter fakdstobk.ect matter. Unl ess ot herw se

bl coAo9gel T B SR R B B L BB R LR et e BT BRR o
be |i m ¢drAgrisingany fashion. [0014] As used herein, the term"netathesis

catal yst" 1 ncludes any catal yst or cat algyst systemthat c taI%Izes tfg
met at hesi s reactinH‘.”d%/'@C?i Astogk cOMPEisRIGAL ledd ongrspeciesiseientedirem ge

_hatur aégob%%%%ﬁhé of §natital § &Y Qinandar diV@shviti08aAd Pladily £5tafiHgT@l sour ce.

The termn” nat ural ©il" 1 ncludes natural oil 10derivatives, unless otherw se
i ndi cat perox@eargilass of natural oils include, but are not

heating the feedstock to a temperature greater than 100°C in the absence
of oxygen for a time sufficient to diminish the starting peroxide value of the feedstock by
approximately 80% or more; and

following the heating, combining a metathesis catalyst with the feedstock

under conditions sufficient o metathesize the feedsiock.



limted to, vegetable oils, algae oils, animal fats, tall oils, derivatives
of these oils, conbinations of any of these oils, and the I|ike.

Represent ati ve exanpl es of vegetable oils include canola oil, rapeseed oil,
coconut oil, corn oil, cottonseed oil, olive oil, palmoil, peanut oil,
safflower oil, sesane oil, soybean oil, sunflower oil, linseed oil, palm15
kernel oil, tung oil, jatropha oil, and castor oil. Representative exanpl es
of animal fats include lard, tallow -3acken fat, yellow grease, and fish
oil. Tall oils are by-products of wood pul p manufacture. [0016] As used
herein, the term"natural oil derivatives" refers to the conpounds or

m xt ur eIO@IOSdbrrpouﬂmmatnodv:@mnrw@mptrn@dlnataﬁeansf@pk COBIPRgINarg/ Naneal gi. The
conbi nati AR dnel ude
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deri vat ing@fod fipthEdSorhalides c@mﬁm@wmfeeéthys.a@aféw kith tlﬁ@f&dstdﬂktdhde) esters
of the natural oil. In some 25preferred enbodi ments, a feedstock may

i ncl udecensgitians sificentie aetainesize dhe fseslsinck; refined, bl eached, and
deodori , E’cﬁ-ﬁﬁ} I

unsatur@ olspo yopjegé%gédirggm hg(?%t%?y tistgé %%Oggw%t%kscgs a out 95%
wei ght @nagnelamlerTI(eemgthodqg%\mnpn@s Iga'aélagéhe) feadstfiokde @ @W@Mtufeatty

aci ds. 0 | _ude

sat ur at %%la?eat %%gg?ﬁg C{ﬁgra ngﬁﬁ%&g‘%’é@ Pﬁ]&{?é%&%u&‘ﬁ; @%ﬁﬁgg i@é:sahnm c acid) and
st ear i cp@okidie(fatiaddn dnofeadsicl) Ihéﬂﬁeﬂhbddﬂrﬂﬂi@*tcﬁudﬁr&btpo&@ndag a WO

2009/ 020665PCT/ US2008/ 009604 -5- for aci d (9-octadecenoic
2ci d) , TRHRNEHE CHENH! b T escRingsiich ABNUUGRY B TCERHOI HBERE B8 o
(9,12, 1§eg§fdagecatr| enoic acid). [0017] As used herein, the term"catalyst
poi son" includes any chem cal species or inpurity in a feedstock that

r educesl08#0} s "‘c%}@ﬁlﬁ*lf empedineptu herfeeth pCITRiiSEs Bividingya feadgjock %’"@F'ﬁ’f‘@l ency,
conver sk MuyrbtiNONR! rBHIBEk hath dENERIALIES a1 THeHRE OB ™ * L Ur nOver
nunber' catal yst turnover” generally re ers to the nunber of noles of

f eedst occb(mphs&s Iaea’mlgéhafeamtcwkjet a tiare amfﬁ&ientttomw@ thecaiting peeadde vat ed.

cuch. hev P yBeptrek AL ebBlimBE Hafecrmer®S e ERY AR ftopiBtiea™

her ei n, cérBinirgy Amidigthegie lcad! i vnml thefsedstock unﬂiehe:bndlabai; gafficiat goNS,

refers to catal yst isons other than peroxides that may be found in

nat ur al M&tath ?’@é%lyieoéﬁgs to¢kese non- peroxi de poi sons include, but are not
limted to, water, aldehydes, alcohols, byproducts from oxidative
degradati on, t er mi nal conj ugat ed pol yenes, free fatty acids, free glycerin,
al i phat DETéIleBdDE$CRiRT!DI\bgF BEANYENTIONL 5unsat ur at ed groups near ester
groups, d-sphingosine, and additional inpurities, including "color bodies.
Exanpl ef0dfi} " col ofhédprdisest apmichiinieralatas do lmpummicﬁmeﬁa&lles'@s‘ee@ﬂmm

napht hal.ene he ant hr enes ren I benzenes t.h [ 0020] As
Labt naptrR rep RS WS Ao vE L R4 BSRREE Hhe oPREVART bBER: ahoo  hat
I s usedint@butifgta rﬁ@téti%télﬁﬁdiyst Qh@’@ﬁ?rrhpﬁfvzr@iﬁﬁ@fd%@é@b@@fysﬂﬁéﬂdﬁﬂn@éno@(

subst ance 20and i ncl udes so and gaseous absorbents and

adsor beR¥8MPp[asy feg &?%§@@W@P'§Iﬂﬁ ”ané[ ¢ils: m " cat al yst efficiency” is defined
as the ?Zpt CORY GESH ABref, tﬁ@%ﬂgggaﬂf%ﬁ%d"a‘ '5"a'ﬁ93aﬁddf ek ciLBE pfdranal ysi s

of tranSes ified products, as d ed bél o
referents unless the context clearly dictates othenmse For example, reference to "a

substituent” encompasses a single substituent as well as two or more substituents, and
the like.



[ 0022] As used herein, the term"maxi numtheoretical limt" or "maxi num
25t heoretical conversion |imt" refers to the apparent nmaxi num f eedst ock
conversion determ ned through GC-anal ysis. For each netathesis reaction,
there i s @wgrggedepscat al yst | oadi ng anount required t%@g&ﬁm@@g maxi num
theoretical limt. Any increase in catalyst |oading beyond this m ninum
| oading will not inprove conversion. -Addi ti onal | y, nho anount of treatnent
to renove catal yst poisons will inprove conversion 30beyond the maxi num
t heoretical conversion limt. It is noted that different natural oil WO
2009/ 020665PCT/ US2008/ 009604 -6- feedstocks may have different maxi num
theoretical conversion |imts. Additionally, a particular feedstock may
h?ve a C!gﬂifajarent Aa?uiseﬁlnﬁtd‘rremhri]eet%rmalc‘;fot@ﬂimb&i,"drbdiﬁﬂialﬁcfa,'b‘aﬁadaslp@ﬂ the type
of nmetathesi,s reaction that e feedsto undergoes (cross- v. .
el 1< ot BERTeE £ Ao bt saeBis o LARE: Ao e daraal subiect
sel f - netradttee siUhiafs Aheoydegieciet| thdes bxahbies e providBpdriHas bhagy gt i cal
conversion limit of appr.oxi mat_el¥ 70% [0023] As used herein, the terns
" et at hé@B?@ta (Y “Weﬁp irions jilgatedrin the Rrepht disaieaura@ngrarg noeBwsnock in
t he presenedndingini®Riyahdiesi s catalyst to forma netathesis product
conpri si n&a new ol efi ni ¢ conpound. Met at hesi zi ng_n&y refer to

ae

cross- mP@tHesi s {8 URed hewhL fa lermegieidthess catatus edgssanyratglyelpeni ng

met at he?d:aﬁaﬁysftisg‘genﬂtﬁﬁp@élbiﬁ)ﬂesr@h@té’tﬁééi§ rdRkiyper i zations (ROWP), ring-closing
met at hesi s , .and acyclic diene netathesis (ADMET). For exanple,
net at hed?@1:g nayAp&ped hewit &g tarmgneine of ehoatuafeedstetly cefersdesnmilesent

in a nalddfigbd freFOS bRGKo( Sffnbr SBikA& B kmiRatulf ¥ ﬁ?g@@? nQfurd Jyet at hesi s

catal yst, wherein each triglyceride has an unsatura carbon-car bon doubl e
bontP ~ t Kerisaivesormipsgoinaovisr disatdd. nbxempes olihalgravhiic ey, buidredet a

15di mer nﬁﬁmﬁh?, Jefde‘éﬁb‘!’&@ilf]si, Qg‘gae%ﬁgiéritrﬂaf’#aisy taif‘éﬁis%%‘rﬁ%ﬁi%éé‘gf HBY, Ll er to
reacting an olefin, such'as ethylene, and a triglyceride in a natural
f eedst ocrRMpifAEtAGS af aneeakitesmeilauasd the e Remaebonaitear dbampdenbi wgbtabik,

t her eby ) L Qi I .e Cl. -metathesi.s). [ 0024] The
pr esencg%g'}r]@l{%v&ea\wggévéﬁeg&é@ iaﬁfp%ﬁ'ﬁt;gél’ ?’ %‘&1 %!3? %‘F%qse%ij 1o %é c\‘)a?%”‘f rom
20l ocat iofinp2anut ot sgafitowerfoil esababe §il, ebyheaproibatciiovwen -db Atrsked bll, paky: be

di ff4 cul i . . | of tain i it in th
nat 1 KerrePpRaffs S SOS AR ShEBatl: o “FenBra i L REP LA TALES: i gt v,
it is inpudealntd, ta@idse chisken fab, ydewgmease; abd $ith bil e@hiMeid afedy-irodustabi ous

nat ural _qil e ith varying levels of inpurities in order to
di m ni st‘{%toﬁeguﬁ}%%ﬁ’g%%gugwand i nprove catal yst performance and product

conver sif@in6]25As Aeesed herelre trex@np|"astube b Werivatives alefdre a6l sttt diave

varyi ng | evel s of éperoxi d% i.\gﬁri ties. Tyaﬂ]l (ial ly, the natural ojl feedstock
may  hav& TVEFY WERPHER OGHER ' dhanetyraliof UsBg Ay Ane i SHRIPINEH0 °f of

f eetlst oclethoigkricgyn inEypch@hicabsex i Sechvimbiheds yuddesondtatiord, han 10 neq/ kg.

Food gradge .nat.ura ils typicall ave relatively | ow peroxi de val ues,
cl oser FBteff’ﬁ%tkﬂnkbygrPﬂﬁT%fg’gi(a?mae/%f?ﬂé”)nﬁf’ﬁ‘reé'@t&q? §Xgrtiemang raduciiope Ry

esters ekadprRathy edtui b deyRitivamay Hay eyl AhemeRs oxkAGEAMAEVESveBaRRA upon
WD 2009/ 020665PCT/ US2008/.009604 - 7-' fatty acid

t hese eggaqn&l es for, the -7- fe
met hy| et ddypaatialnl EerREsENElive expmples A nehiplsdidstivaidesal ue i s
typi cal |ir1¢kﬁ:fe®f@ttﬁbc&i§%ﬂd5atm adid BRI (43, BRLSYIH86tek80NE n%iuréredw%%%e( meq/ kg) .
Exgl es also show that fatty acid nethyl "esters of a natural oil may
exceed PIRIRER RFLOFINRLY Prieedsioentay indhidrecatiotconamybeaar hiktfocaxamylet
ef fici epmnelicBEndl, @Al Idbodorized soybean oil (i.e., RBD soybean oil). Soybean oil is

an unsaturated polyol ester of glycerol that typically comprises about 95% weight or

greater (e.g., 99% weight or greater) triglycerides of fatty acids. Major fatty acids in the

polyol esters of soybean oil include saturated fatty acids, for example, palmitic acid

30  ({hexadecanoic acid) and stearic acid (octadecanoic acid), and unsaturated fatty acids,



5i nproved using thermal techniques to treat a natural feedstock. In one
enbodi nent, catal yst poisons may be di mnished by thermally treating the
feedstock prior to introducing the netathesis catalyst to the feedstock.
Ther mal tweahimntssgay target netathesis catal ysts poi s@Rggs26088hdde Ng
peroxi des. The inventors have di scoveped that peroxides are strongly
correlated with catal yst efficiency and turnover. This nmay 10i ndi cate that
peroxi des are a significant catal yst poison. Additionally, the inventors
have di scovered that such treatnents al so appear to target and react with
ot her, non-peroxide, catalyst poisons, rendering theminactive. The

i nventors have al so discovered that treatnent of a natural oil feedstock
with a Fovexstredd, iokjc peidqRiotedeatbnsc Geidy finoieic amd (% gL -dcadzapaigheicaicid),

i mprovin atal yst .effigciency and.turnover, indicating that 15while
per oxi d§g9§P8'8“ sacécﬁ{%’%ég'toﬁ e'ﬁ%ﬁ%’&?’%a@g{‘f eedstock quality, it is not the
|g_nl y fagoowz] [ 00244 Tised gfa:ceirt, ﬁmﬁﬁﬂ’ﬁptatggyt ;gﬁstﬁ?ﬁﬂ\diwd&mrdh&ﬁré@\éﬁé@és st eps.
irst, oxygen.is removed fromthe feedstock. IS st s inportant to
it ¢ R Ty o RS Rt e ke o) & S AL cSueRs B e topie® Sror
exanpl e effRRiey cevetaidh Bemel&aiptbdrNeaHE malBmssidabiapit atné BerCRIRBNcar bon
doubl e bond of the unsaturated fatt cids in the feedstock. O()/ngkr]]%rny be
ear

renoved "¢ t%éﬂ?@bfagwweﬁwe@araﬂw%a egs (P4hE e phwoles & &asisio

any Oxy@efioleibf chRiyReass Banr randoe Ry By Weabi§saLved oxygen within the
feedstock. Alternativel oxygen may be renoved by sparging the feedstock

with an P&t gashs §a%xér§irh¥q9r GgEAPeroXeY2PTINERE anY ARd AlbBEFOKiIER. $ushheat ed
to an el gvatiRfchIBRGLA L LBIest Mdiditdd BBeRMEL | cient to achi eve ther mal
deconposi tion of catal yst poisons. Wile the feedstock is being heated, the
feetst odROIH pref &9 HBEY NRIERT thiGED "VeinBivxisie RAiRRNs. taTcotheeeaialy® of an inert
gas. TheoiBKENtaEs tB%‘é?al@igg%ﬁﬁé Bt Bt N188LiLBG1aN Rz %g;#?&r%#ﬁ deud oil

t enperature greater than CI's necessary to acr{?l eve I cl ent
deconpodgadsiekss Thase NYPP2COGEIRIBESEPEIVEES X0 8100gdidtedde, watenl yst  poi sons
found i I - r.apl ; - s about 120C
or grea’?ll iedr%tygéir? 'éﬁ.g]?%s%?@iﬁg?% If/)ﬁ‘ %‘g&ﬁ Srar"pl@%é’?[%dtaﬁ'?g' %egﬂ@%gﬁnﬂ%é%sor greater.
[ 0028] Addivenendrdeyfatty acids, pregiveal, elithedc aldnbotse njpdieatastars béthappr oxi mat el y
30 or f . [ . j £ 250C or

I egg. Eyé%%ﬁ%%t%@é%@% Z‘re %L??%y?rﬁggge&ﬁ%@%%ﬁg’%g d}ggﬁgﬁgﬁrﬁr@ ef'@é%loc or |ess.
[ 0029] Catchuding “gotir dodies."stisdmples pétaokir dediesti mghaddrask émpentpesadhte hi gh

t enper at f i Gl i er i m econposi tion of the
cat ol yortsiRsRoriees, Bikdiifnes RSB BRa 0B BRT crper at ur e
for a s@®da0di ent persedhekit tmeterfliaddwbehtt rafersut lahy wantgrizl epsusitavgeon,

anong other varjable the tenperature 10of the thermal.treatnent. In
gener al fthzﬁilsgﬁ%?d‘ toﬁghramayﬁee%lstergeﬁet a"ﬁ?s r%g? gcﬁ)stfrré?nﬁfhlef "{gy?%iaiaﬁ ?‘ﬂpgfaé.ﬁﬁi re
shat@ er ahdlittiddesesiid Alquid, evdigadedengianaiantesnaboyebdeC, the cat al yst

poi sons capabl e of , deconposi ng.i ter of hours or. mnutes, as
opposed [&gﬁéays. ’Ilf’? Hped g%qey??q%tgr rﬂo?%a@istrn%&'?%?c% frede g @sdbePePRhges
descri bednahoive oMdddstieklae8ss easuret &yday GOVanalys of easddsierifibordiicg, ti me

will be I%ss th ne hour. Even nore 15preferagly, the hold time will be a
matter GF SRPHIRSELEIW030] 1 n preferred enbodi ments, the thermal treatnent

di m ni sihgee2ghe peaousstehéevetnd @rhh@akenms iedfetil imgsort-hakirduried/ kg, and
nor e preferabl¥ | ess than 0.5 nmeqg/kg. In sone circunstances, for exanple

whet® t hdheosslisal BRNVEATER IBHL fafers o esdnpakent naimdrdeeeHask PWBEINY, it nay

be pref %@brlnmehqndju@hr@@lanbgeis! 6ebad mREJtRAIS RS YN ARBYEAX bR hBhm 2080% or
90% or nore. In sone circunstances, for exanple

nore, or by approximately 90 ] ] ! nc
wher e tﬁétaYyéég’éfjtS’@kafﬂ%*ée%t“&ﬂttPﬁ_@h'ﬁéﬁ?H)@ifﬁé‘x'vwnm@e@rﬁtcai lgnigr et er than 10
meq/ kg, iricrrealpé%)ﬁg gs/taws%ﬂa@%@ HeyoRd ShiEHihisHnd t&%ﬁlyn*ag@ | n8f | é\@?‘é%@érsl?%.

d
approxi nat el y % or nore,” or by approxi nmate !’A)or
Additionally, no amount of treatment to remove catalyst poisons will improve conversion

30 beyond the maximum theoretical conversion limit. 1t is noted that different natural oil



[ 0031] The nmet hods may-~be used to dimnish the amount of netathesis catalyst
25poi sons in netathesis feedstocks. This all ows netathesis feedstocks
prepared in accordance with the nmethods to be netathesized at a high

t urnover wonserefst he netat hesis catal yst. I n ot her wermdseodioeii Shi ng
catal yst poisons may assist in inprovenent to the catal yst efficiency and
conversion, [0032]By thermally treating the feedstock, the reduction in
catal yst poisons will 30i nprove feedstock conversion, and allow the
opportunity to decrease catal yst |oading. W) 2009/ 020665PCT/ US2008/ 009604
-9- This is particularly desirable due to the high costs associated with
typi cal netathesis catalysts. [0033]1In sone preferred enbodi nents, a

net at hedeesistaeis niayrhaveditereal :yuaa‘ntdnetheetﬁit:hlecsdmemﬁorahmiteasdidiﬁ@%i9fa t he

t 5 d f 30
o L1 GRS PR B e RS R W™ 2
?X a (rjrp![ ey Ebm tiichigpemx nmmthe:he ogatibn tat tanieedstiook uhiidigbes {Scrti’@/woﬁeit—h e
eedst oc

o.cata €. or .conve ast 35% of the
foodst ooretpbbrsd Eoriahihie hetstn S50 PR ens R e et Shaavarmy
t he® et maﬂenbatmethasnat rhlaiﬁwmltﬂsﬂiﬁetmih t@nBrdicn R iﬁﬁ{t@f Qp;&ffghaé@éhl? Ig% 5%‘(%:]I gr
greater er3|o e na m t heo ical limt Wi t or
Pess i sk R fied Peisie eAEHs BRIt G0 el P NG e
t heor et irgatink lonhtfeausndsnkan pRObReRte d)f%ﬁaeta‘ih@é(@ﬂatﬁ@‘sﬁtoﬁb@ﬁ arAdathes® 50% or
greater conversion of the maximumtheoretical [imt wth 3 ppmidb or |ess

i's even PRRFUE! B?‘EP%?‘%P@QWAOIS@@)@ 6PMEP L dVetabiRrdaiRg BYRY SRS HeCTREXI num

t heor et ingahthbéilich kW, &B-rdetBitEsER saf- nh&ﬁﬁxeb@ 2 fﬂpm%s nwt%@éz@%f‘g. 15[ 0034] I'n
some preferred enbodi nents, a metathesis reaction may cat al

Z
met ¥t he SPENIBE matalheasopmIszatiohe(RRIMP Iniito flevre metal e%@ﬁﬁ%@@.w limt with
a catal mapc;icceﬁ&mefafm@sgsbp@me@Bﬁ&sex@ﬁ{mér%etgihegar@%a&?éf tﬁ%&é{%? bonds

in the feedstock q,\%o % or eater conversion of thé nmaxi mum
t heor et itwapf therfiam ’QWCQBG%Sthﬁeé%md'ﬁ a|nesyal feeayipex (selifreptatiiesis) im the v or

great er pGonves %FQ%ététhEQ@ ag?af,»me%@m%%%w@ém' | Hs an%#sfaiﬁ&ea%% or

less is even nore preferable.” A 70% or nore conversi on e nmaxi mum

t heor et icadion|dogbte hnda t@f@@hﬂoabtr@rtwpé@w 9lefindy aplemiies ywhieh eraybheude\a70% or

gr er vel e or |ess

s B o RS R0 AT LAY MR AT nly Bl ¥ty BREIR, 1

t heor et isgel a ethytenm ahd 2 tpgpeaiisledn alnedgai fecdsterk havieg pt lebeiras! e. 25[ 0035] I n

some P eheld LRI BALS, ddPh A5 Sof AR ANTRYY GRHALYASANG

met at hesi s 0 east maxi mi conver sl on 11 mit
a cat al yyvss-owtiithgsisf 30 ppm or | ess per nol of car bon-car bon doubl e bonds

in the f(g%cﬁtock {’heoé)ﬂys%gé%%n Vg,SO{oV Fody eatuerg?g PnVve Si ocgﬁsg}“aiﬂae%gam mum

theoretl limt b0t ‘e 'Y
gr €4t er leativetsiooatiaf, fiehbtonfaatdi mnmsaﬂﬂttb&mrtcﬂft i icaiaylbermiﬁcum tdprdBicpial db or

TR e el e N DA R
limt wtdsting oppact tbatoh. | Asrdisgigviel impoant to be able to design a robust

treatment for the various natural oil feedstocks with varying leveis of impurities in order

to diminish the impurities and improve catalyst performance and product conversion.

25 As seen in the examples below, natural feedstocks have varying levels of peroxide
impurities. Typically, the natural oil feedstock may have a peroxide value greater than 1
milliequivalent per 1000 g of feedstock (meq/kg). Typical peroxide values may be
greater than 10 meg/kg. Food grade natural oils typically have relatively low peroxide
values, closer to 1 mea/kg. industrial grade natural oils or fatty acid methyl esters of

30 natural oils typically have higher peroxide values. Based upon these exampies for the



preferable. An 85% or greater conversion of the maxi numtheoretical limt
with 3 ppnmidb or less is even nore preferable. An 85% or greater conversion
of the maxi mumtheoretical Iimt with 2 ppmidb or less is even nore
preferabl o hiaReRk I n some preferred enbodi ments, at vghyudaWeeabal Yst

| oadi ngs of 1 ppm db, a netathesis reaction may catal ysze the netathesis of
at |east 30% conversion of the maxi muf theoretical linit. A 40% or greater
conversion of the maxi mumtheoretical Iimt with 1 ppnmidb or less is even
nore preferable. A 50% or nore conversion of the maxinumtheoretical limt
with 1 ppmfdb or less is even nore 1lOpreferable. A 60%or greater
conversion of the maximumtheoretical limt with 1 ppnmidb or less is even
nmor e pr édtaraadid metf[yﬂ)@éié]sF@‘ldo@hemgahdneamdi&bﬂaﬂhebﬁaahm@mxudeh%tdﬁgdﬁlm% is

or event CORIENTB0 S geNERUDR B nIRB 9oR S FaRRek AR Ein PUTUAT IRGSHRY al hesi <

react i ofhat Ifasttygﬁwmlthyi tberd @mlaét@edq oVMnheiy é}@eé5cl@%éc§l'er| ow approxi mately
100C bef(gl{ s exgosed to oxy prefera the treated feedstock
| o

is cool & w apl BxEHRIshaY Ovexﬁéwhﬁbcfaéawe%f&?'amymav Re orgatiyt ed

f eedst 0%pﬂo$e§@@;h§@hé?ﬁ1&$¥éc&ﬁ@u@§ kdBESR Y n &l 1dRILAD S oRE BhBalhaht, the
treated feedstock i s cooled to bel ow approxi mately 40C before it I's exposed

to oxyg&RtalysHpRBPNF May b?i?@“ﬂ'éﬂteid@’ thﬁf"h%w&f%%éh%ﬁe&ﬁ%k PREYICbe added to
the feeggiRekinghRcfthbal @attaw%t Rha etk el in@Nre ﬁ\%&?ﬁﬁglté’r of N€

nmetat hesi s catalyst is conbinéed with the feedstock W|t ut e gure to air,
as the mMAtARYScataptaPgisens, nduAncegPyidsandheiinentass pre dﬁb@@&@thaf/el Y,
the feedstftde { Ef@ﬁ b is used
ina mst(:a SE hesF?ér‘( ggg? p%ﬁigitate:dswcfgg?t%g tagh?ss}t ?)?@U?ﬁ(ggtrrgé@erg T eedst ock
undiér amd'qraéethagagmxmwra@ sanificagepatalyat poiserh eAtiditiosaliyclbeiisvantadyator use
ina nme ] ural oi |
feedstog%gggégléé%ﬁg%yﬁg\el%mﬁtggﬁgl Q%Ie)ttrog% ESM&F%%%{})&?% ranges from
appr oxi patedde, tatwyst peigensy aprderingdhen CoGtiye f ebdstveokore meg? kigy to nore t han

he T oodbratiict 07 EaFiERa RAGALOPRRNsELRW 365 Salfnd P Rl ne

per oxi dée.gal<ianewkd)es sapdtae cOintprondgg kgtahish eﬁ*mmuwnhﬁ@eevaman&atuhgathat

s oy of g pArDt G5 B B B 8P 0Bl St Rparti b he [ Svel

of perofaaiss Wth thermal treatnment by approxi mat el y 80%or nore. It is

by appr SARLC el y OBl Prdihen” e Pk RSt SRl E 1Res { EENorask g

st art i ngerpevakirate theafeeelsﬁobat This smpaatrmpottdanarto lithitreg ckaatioh of esrigin ef erabl e to
dlmnlshtgletleve gaoeromas[\éviththﬁ? treatmeg %Fa@roxmntely
00% or - HBPDE! PEEls HonRiTEPKAED) Bo SRt PR A L OB oA hBr SR aes w t b
t heaomal okitiafidr®ithe Ryrbap RO BG Y beﬁa/@:mhermfsazurét@@%)&yl fcigoPmanhenbodi ment s,

i n addi FI ong%g @thermal treat me so be desirable to use

physi caf5"e YRRy O FFH&’VFBS\;@F“ e fﬁ%‘i@%ﬁ‘sw Rultifea Masdye gBIkNE An

adsor beféed@ﬁﬂ:kb@clééd@@ beydehan treeklsdoegked andrshele érﬁy Qbéﬂtﬁécﬁ&yﬁgnt he level
of cat ap%gm t%% oi sons. The adsorbent may be added before, duri gg or after
t

any of ﬁ"?é’ﬁ ok e ARETAIVEIY nRIVYIR B RSYR L BNRRMEC DY RESEIN B &t Teppisipel abl v,

t he adsqithemtindrsgadldadh aumitigedr after the thernal treatment. Mre
preferabl&}v the adsorbent is added after the thermal treatnent. Even nore

pr @Per affl4271t he dﬂ@%rtbéﬁﬁeqséocédﬁééaf&ﬁtt%?“ﬁ@%@rﬁ@mwﬁﬂ@ & atiree f eedst ock
has beegyfaehed AR ISR BRRS AN neéfycaié?%? ol QaWhiﬁEQE kdBakidcR & amount
150f air that may enter the m xture during g tion ven nore

pr ef er aBeipg heptedatiedepdsieck is F&@f@é@lhmﬁwnﬁﬁévambmm theapressiobed down
bel ow a t f r is added after
T e G e o e

pr ef er alfinyperatee agatarbean 1067 Cad dedestaneto adh‘ea\»teeafﬁ@eattdﬁcerrrmbsmhm of teedst ock
has been cool ed down bel ow approxi mately 40C. Shoul d



20air enter the mxture during the addition of the adsorbent, a vacuum may
be pulled or the mxture nmay be sparged with an inert gas such as nitrogen.
[ 0041] Preferably, the anmount of adsorbent added to the feedstock may range
from abouwoQude/iabe¥s t 0 about 5 wt % when used i n conj ungldrarishivsihe ther nmal
treatment. More preferably, the anmount of adsorbent added to the feedstock
may range 25from about 0.1 wt%to abdut 3 wt% Even nore preferably, the

| evel of adsorbent ranges fromabout 0.2 wt%to about 2 Wt % [0042] After

t he adsorbent is added, it is mxed with the feedstock for sufficient

time for the adsorbent to dimnish residual peroxides and ot her
non- per oxi de poi sons, such as "color bodies."” Additional hold tinme and

m xi ng tatalysondiskes foond irheatads feddsiucks. SM‘fJIne prefe@bbathe teaipratureis\wbblt depend

2000/ 020RBERCH HEZb0n) BoBbEA o 9=0n arer sl Raonuy SECnsIes st

Typi cal [08281 he sWHdditminelty, it ik meefboabid mat testerperatord beapprerima4e 0T a

mat t er of hou Mor.e ef er.abl t he adso t| 0 nt i | ess t'han an
mour - ESURER o b e MR BT BRipb et T AP R R AR Tk e
treéat rrentef&rsbia Mttémpemﬁurﬁit@ubﬁmmrﬁét@@%bﬁxamtéses of adsorbents that may be

usedln i nati with. a ther treat nen e, but are not I|mted
ol BE3BD, "2l e Lottt SeThas BRROZE dearade WEEh exBOSRY 'O N | or ' &

eart h témﬁa"ratlur@ fansiFbicieheEhe. A bitfienfy m@ﬁth’ni@de@&hﬁbs@&ﬁrﬂ yahedatalyay

al um num sul f cal c%um carbonate, Kaolin esium sul fate, potassium

chl or i dBOSHHY é el?ﬁ?tﬁﬁ FeTAIHRE %@%ei%atﬁgggmgr{agwﬁffa&%sufgelea‘t RE®Y sodi um

car bonagftime 0ttha MobQené hat wry @f@g@ﬁ:ﬁh@ﬁhsadabﬁ%bﬂ»er QhGabid D W dniharasfer red
enmbodi ments, the adsorbent is a silicate such as nmagnesiumsilicate (e.qg.,

MAGRESCR! the dhgrmiak reaimerd. (g eenerak higher theamal ﬁﬁ%atmﬁhsewra@@f Wil t he
adsor befjbically RfcpiralRhyret ffd kgl Qe RERESIMYB-SitdCHS a8t he ges

b
fromabout 0.1 W% to about 5 wt % when used in conjunction w tﬁ atﬁ&@t her mal
t r eat mePRISONOR'E %@ﬁ?@ff&d&ﬁwpowa inamatier of hwgrvééﬁ"nwaga a5 eprosef dnges from

about Odéyswtﬁ/fété?a@p% i (R0 tdFRp&raRlrEF %%&ld’esc B LENR wxﬁfbe nesium

silicate ranges from about 0.2 wt%to about d|t|onal time and
m xi ng ey ame CtﬁryoNQféd”@f@‘-Famhéhfﬁrﬁgﬁégﬂ%mﬂs@q legathan oxgaour. Fvenmeressary

holsg tl%f%b{y @,@%Qp Bv\h ? exﬁ@ﬁ‘éra&f%ﬁ t]@Qd m xing intensity. High

intensity m Xi ng ica the sufficient tine for the
20adsor [#038h t reétl M@FF%Q @mb@ﬂtmemghéﬁiaﬂmattrmmré dinsinsheathegrerofidhour s.

More pr r | ess
than ancha R NelschUBARISRLOMAY hSRHER it B RARAE K8 820 bRINEAS, ot on
t r eat nemsonie birgraepiesdasnicsiekbowicewhsn tenperoede obluei of thefedTloek imggaasi um
silicat d I f t he thernal treatrrent
cond 1 a0 89 Ky dEulelhrabit e BRhuf b B Mot by AT GR R o7 <
adaed del%ervg nmreacﬁrtmjranmex:mmiyrﬂo"/d mreabrrmrih sowmrcerqanﬁfm@abj fpr etdrepigagnesi um
silicat r nal t nen 0045].The dsor ber t may be
rem)ved‘%Belse tﬁgq S?Ock%aée%'%? g"a‘f‘{?’sﬁ %IUEE}P} i%bﬁ% e rrbefqilggo i i qui d
separ at b® prd{mm tbalihineseths I{ae\}eli efipemxidbe bgrabprdaaﬁamtye@d% or endré |drewy ai d,

such as_Cel i ‘el gg al so be added at the tine of adsorbent addition to aid
305ubse%ﬂpéﬂf'”ﬁw f4¥ " Fhe treated feedstock is typically cooled to |ess
than aboB1p0C ViBe2080662 ayHRCI{HdS3 N8 MRIOBE Amount of metathesis catalyst

25 poisons in metathesis feedstocks. This allows metathesis feedstocks prepared in
accordance with the methods to be metathesized at a high turnover number of the
metathesis catalyst. in other words, diminishing catalyst poisons may assist in
improvement to the catalyst efficiency and conversion,

[0032] By thermally treating the feedstock, the reduction in catalyst poisons will

30 improve feedstock conversi_on, and aliow the opportunity to decrease catalyst loading.



-13- before allow ng exposure to air. Thermal plus adsorbent treatnent
preferably di mnishes the peroxide value in the feedstock to less than 1
meg/ kg. It is nore preferable to reduce the peroxide value to |l ess than 0.5
meg/ kg. lwochnsiogstances where the feedstock has a st afddgoeieeneyd de val ue
that is greater than 5 meg/kg, it is bpreferable to dimnish the |evel of
peroxides with thermal treatnment by approximtely 80%or nore. It is nore
preferable to dimnish the | evel of peroxides with thernmal plus adsorbent
treatment by approximately 90% or nore. In circunstances where the
feedstock has a starting peroxide value that is greater than 10 neg/kg, it
is preferable to dimnish the I evel of peroxides with thermal plus

adsor befhistis patticetatly ldesisgipe oxe hmthel high 089 %mssoaiated wilht typisaimaemttpsef er abl e
to dim @ét%b {he | evel of peroxides with thermal plus adsorbent treatnent by
appr oxi rat Cety Yy 95% or nore. [0046] When the netathesis reaction is conduct ed,
it is de03sgd t hah sandi preferedesnbadimkenf a cadtathests rpattionsapasadzypen t he

t hermal _pl ads nt, W) | result in ved feedstock conversion at a

oner caRDeSS RR ARERS stoh ot Stk Bh Plar<TBa R e e Gt S SRS, o

r ﬁa(ﬁ [ Omalﬂia'ggl (ﬁfaioa;bpyfﬁ @r Ie:ée pEe ridh bﬁéérﬁomfca'ﬂionkﬁ%ﬂed@@%sqgj trgéa%eﬂ’@%bﬁmlm

t heoretica gnversion |i with a cata oadi ng o m or | ess per

oot P L e R L ShT T Do Bl RPaeIe R i R O Res056 or

greater f@!@l@t&ksit %rbr@feréth@ tdTBRBIYHE G BeVeet 4t08hstII5H bf rhbtf@ede'éodm%ﬁrb or |ess
reater conversion of the maxi numtheoretical

o] A 50%
i WPBHI10 Bheagreste EaueRiomsaighe R Mg heHEN GG RS PRT P

conver sieB i®mord Braf@rsbRUM E0RGrefré @l chivakdionof theImBPRALAPIRbd18SSIniE even
nor e pref er able. A 50% or greater conversion of the maxi numtheoreti cal

i it wWiHth 18 RISAERIST dissiieg¥en wogs BeferaPle. i e raiinere crnsemasy ofgheat er
CONVer s pfikirffimthorBTed) ﬂH\mv@rﬂ@bﬁﬁde}%r teééﬁste\)%trﬁor% et e Oh 9858, | S even

nore preferable. 25[0047]1n sone preferred enbodi ments, a netathesis
react i oRTSREF C@érrfarsgpz@fttmrrr%trwﬁé garetigal amltlveﬁs% PROEO®T IEpRiSRYEN MIOTe

t heor et rabraBRNVEEEY,00) dré%‘?er ¥4 srenssa&g'rxé; gru% eaaatragrj}?gﬁbrrngrp%@%s per

nol of carbon-carbon double bonds 1nt feedst oc
great er CElgRT & aYsrynere RIBEETARKI num t heoretical linmit with 15 ppmdb or |ess

erdys8 erabllﬁ so@ﬁe?;ﬁe/?egrredgf cﬁﬁ‘reﬁ@ng%&b@r@s%fregaﬁnrmé%wg'gée the A 2006

30theor tic [imt wt €SS IS even nore
or nor emWQ@QQ)’ ableag510CT, pUeeooammgsmmremm Cowve s Eomit Mthtartmtawsu mum

theoret jcal, |6fr§0toprp’r‘46%>|ﬂ eds BQ%%PO\OE §§§arb%n§6%ﬂieﬁr{n%®ﬁt ﬁi%{eggﬁ%p‘ 70% or

greater conversi FRXI TN § REOr et or |ess
i s even(‘ppmédipy. eiﬁé’roffbbregremem%mrsgnmﬂwma@zmwn themmetafal B withxiSmum

t heoretcal ..l in i ry even oore o ferable 5[0048]In
sone. pr PR Teks 8 hole hrRRRASE, RirdsE 3P ol pud MR Mol Bl
me 28t heﬁ"i&oreifcaaiﬁmilt mstroam%/drb ot hmsnmgvemnmmémmf@hbmam @@%\mrrﬁdaren I imt with

a cat aI 0 l e of car bon- car bon doubl e bonds
in the ?%&?P% ﬁg%wgfmeﬂpetrgg%r%rf wgp ggﬁpé’?/ dR SARSPLS BHEL%fhe maxi mum
t heor et prmiarabiemﬁ& ?&%tdrr gtéatppodrliersion bewe rmaxinuretheobeftiesdibhiewitAs Fpaveior
greater ofgaver si on_of th%r@xi WOt heoretical Limt with 10 ppm db or
less i sPeVER DIl PPIGRIPRLT e & G r@NYBIRAT i tBR MXIPHE naxi mum
t heor et iheateticantirhit with 12 gprpablod iesaris besis riose prgsraBRy e prefer abl e. An 85% or
ter qc?%g ersion of the rraegi rrumc}heoretl cal limt with 3 ppmidb or |ess
venl pr ef BEABEL TSR EF5YRRCIPRRTG & M BIEEIESPRRIOBIM A BIAURS Hifim
t heor et ine@dthédigot amehdt 85°p BNhematimuasEebeti@MRdbrvRIS IR RitARl @talyst
loading of 30 ppm or less per mol of carbon-carbon double bonds in the feedstock
{"ppm/db”). An 85% or greater conversion of the maximum theoretical limit with 15
ppm/db or less is more preferable. An 85% or greater conversion of the maximum

30 theoretical iimit with 10 ppm/db or less is even more preferable. An 85% or more



15[ 0049] I n sone preferred enbodi nents, at very |ow catal yst |oadings of 1
ppm db, a netathesis reaction nmay catal yze the netathesis of at |east 30%

conversion of the maxi mumtheoretical limt. A 40%or greater conversion of
t he maxi nwmmtvaoomtical imt with 1 ppmdb or |ess i S@WEAERDIBs
preferable. A 50% or nore conversi on , f the maxi numtheoretical limt wth
1 ppmdb or less is even nore 20preferable. A 60% or greater conversion of
the maxi numtheoretical limt with 1 ppnidb or less is even nore
preferable. [0050] Tables 2, 4, and 5, shown and descri bed bel ow, displ ay
experi ment al results associated with thermal and adsorbent treatnent.

Addi tional ly, other non-peroxide catalyst poisons are dimnished to an
unknown cesdession OIbt;t@erdadmthbeprafvsatl'ahit 28h &qapint/dbion IeBabs egemtmanel 5, shown

and desBF%er%g!ebeArp %o OQ%? legoer{ errsl?(% S%thg%&ingﬁ}m@eé%ggaig@iz ‘P’Eréﬁt trand (2)

t her mal us adsor ent s are’i nprove eat nent
al one. W)mmmdslessbeerwnan@'etmeférdWethemﬁ% vegretterdonversdh of dteainprimypoi sons,

orcee S Yt Pl B4 R ABRE VoL, op o act Lies

quarit i f [@x360f adsierseen prafitiedamiutiieshised: o lov eaﬁabet aowesf 1 WO

2009/ 020665PCT/ 118 008/ 009604 -15-. Additi onall or bent eat nent al one

a1 ai PRI A ECTP SR Ay Gaietie 26 ear wiatiens OEAes ok Cam

t r eat ment theasakibiuyn Seshitioadingt. t R 4% adgresiee BbnEaBioAdY & MaRBUShY M ni m ze
mninmze ntact time required.

t he ano t of r bent d and/ or he

Additio qr?/"cagﬂﬁi?w ﬁé&f’rﬂ’ggéﬁr 5SS GEEHROKR B EIH@PG He %&4’0‘?{ PEFoxi de
Scat al ygbnRatis?S tHEBaRmuAt tHeekaidal IhioWaR 1115 /a8 lor Ids8at BB mohat was not
possi bl e in adsorhent treatnent alone., Furthernore, the conbi ned thernal

pl Ul ad@BB@Rle- 14 Bdimurrentst RoRyeRtion &f 66 madEn Heorticadinghwiih dfensed® ai n

adsorbeatﬁesgkgaévém%aré@@@@ﬂﬂ@ne woul d not be nearly as effective at
maxi m zi n&cata yst efficiency. [0052] After thermal or thermal plus

adsor be 07 eat mefRllowingethe trimad realeerit obr feedsieriria sopled derarajorstige ed
under niglpQGRINc WRYhdn M BREXobiRlg 4SS rﬂa@f h%i;ﬁ*ﬁr‘e%ﬂﬁ%v’éaﬁt@@ téhé’r%t:o%fﬁb\@s

sel f-netathesis, Cross-netathésis, ri ng-openi ng hesl s 0053] After
t he t hePfExidss thﬁé?alﬁélo"-tﬂ”dﬁea%ﬁé@tﬂﬁélﬁtre@fﬁ@ét r#@genertahéher @dgm&wﬂhw be

subjzect %Qolii b@ioiw SHrBRRatal] Qégf{q]ﬁ?é‘foké‘xt 5§“§1p%"s$§ ?cS‘SE)ig%hes it Jﬁé  the

catal ys e term’ esi s catalyst /st or
cat al ystreg tfeﬁqiszg@mtw@@ﬁamapmomﬁeim@%@f’@ EY&C YA pra-(ﬁgablbn@vm or

future- %¥%|dQQ§&tg’ﬁ$d|§tcBSI%H%eﬁﬁ$ g‘*ys%ﬂs #S%en ?M?? ré}érdb@am;?gt ion

with one or nore i tTonal cat npl ary netat hesr's
i ncl udeffﬁﬁﬁdlfe@féﬂﬂb@vm C@alealtyé)t?@“bmdxmmmy todhbetorein inetmmissd t6 oxygexanpl e,

| ud | . . | ef
r ut heni Sgifgt le N %rﬂégﬂ%}}ﬁg&éﬁ{&#@até%&% %Bﬁ 4 HRRGE slt%c%gcogoefl n

nmet at hesi car he ¢ €esi's rea
t he2ldi so*lttaﬁent@ instapnesiereablion. aP @feraply8therraatsitasencatelystl is conmplmﬁ withvthag t he

struct u?eeedgtoct(%l%l.:? eédolsluke towl)r %9%194 91 93@@855&5’{%? sp %{;;99;%@ sensitive 1o air.
Alternatively, the feedstock may be stored. If the feedstock is stored before if is used in
a metathests reaction, it is desirable to store the treated feedstock under an inert gas,
such as nitrogen, until the feedstock is ready for use in a metathesis reaction.

25 [0038] As noted previously, the natural oil feedstocks typically have a starting
peroxide value (PV) that ranges from approximately 1 milliequivalent per 1000 g
feedstock (meq/kg} to more than 10 meg/kg. Thermal treatment preferably diminishes
the peroxide value in the feedstock to less than 1 meqg/kg. It is more preferable to
reduce the peroxide value to less than 0.5 meg/kg. In circumstances where the

30  {eedstock has a starting peroxide value that is greater than 5 meg/kg, it is preferable {o



-16- [1, L2 and L3 are neutral electron donor ligands; nis O or 1, such
that L3 nay or may not be present; mis O, 1, or 2; X1 and X2 are anionic
figands; and 5R1 and R2 are independently sel ected from hydrogen,

hydr ocar byg, 20804P8dsk t Ut ed hydr ocar byl , het er oat om cont aichimgeddyedsecar byl ,
substituted heteroatontontaining hydr qcarbyl and functional groups,
wherein any two or nore of X, X2, L2 L3, nl, t-c and R2 can be taken
together to forma cycfic group, and further wherein any one or nore of X,
10R1, and R2 nmay be attached to a support. [0055]Preferred catal ysts
contain Ru or Gs as the Goup 8 transition netal, with Ru particularly
preferred. [0056] Nunerous enbodi nents of the catal ysts useful in the

r eact i odgniofshtthe laviesol gaxideawith thesmal fveaimient by appabeinsatelyi8tPs ar Fore.t he sake

erphas, SoHoEE AR I8aE td BREr HRIGRST Beb b Poargethobiny “iay. That
is, any apbr&hmtebyt%]”zyst saus. e frudircumstanee s wbero thar feedstycil his & b@rﬁi@ﬁcr i ption

of nore than one u criped., her ej ir aup of

cat ol yo PErO TR gt B ooy Jrar e PRRS: 1 Peletenkf A gk b e B DS ¢ e
cat & ylstperoxami \h&\\é&rehh@! 1séatmehwyea;gfrcé>fuﬁfmw 80%l %rl r)uorel;(qu lstrhkgfef;jréfétal_tgé OE g of
20cat al yst,s m are as .descr.ipe ove, a n, L X2, L, , ,
o 2 YR e Sh T el s R W Pelied) st o Semiarimaley oot

cat al ysi8040) i s Oin svned emeaainieat@szeammmﬁmrwww ﬁ@tﬁé’h?ﬁt rhapaisBibesphi ne,
sul f onat edﬁgbhos hi nehys,?ﬁhaﬂg{)h ite, hos hi nite, phosphonite, arsi ne sti bi ne,

ether, &RP! HeP eagg ¢ ¢ 'Wé t%‘?ﬁ%’)@lpo'ﬁ?ﬂﬁﬂ%@ff‘l feedipekyi

25subst laaum@nm@y @b@@deﬂ % d%zf@é@stomsésbtsﬂhﬁ‘@im:Mtqﬁé alievOiRElR: and
t hi oet her, grgl ary gands are trisubstituted phosphines. [0059 X and X2

ar e'ni GRISONP ﬁagso@ﬁaf ey be@dene belore duwringi of @Feér@tf‘y obthethermaink ed

t oget helyehndRIhaitiens bié%r(ﬁ!%@%scﬁ%@ qaﬂekéfa@ytm@%@o%w @e&ﬁs@a%'nhg oft five-
to eight-nmenbered ring preferred enbodi nents, X and X2 are eacCh

“i ndepen@édst thy tﬁﬁwwrt!@@tcmenthMqra@fef@ﬁabéyné’\%daqﬁfeerft@ P@%W@ﬁ%@b’@fm@ﬂ C20
al kyl,  GRafrhéntamien ridre % =RltPXde adsorbent is added after the temperature of the

feedstock has been cooled down below approximately 100°C, in part to limit the amount

15 of air that may enter the mixture during the addition. Even more preferably, the
adsorbent is added afier the temperature has cooled down below approximately 80°C.
tven more preferably, the adsorbent is added after the temperature has cooled down
below approximately 80°C. Even more preferably, the adsorbent is added after the
temperature of the feedstock has been cooled down below approximately 40°C. Shouid

20 air enter the mixture during the addition of the adsorbent, a vacuum may be pulied or
the mixture may be sparged with an inert gas such as nitrogen.
[0041] Preferably, the amount of adsorbent added to the feedstock may range
from about'0.1 wt% to about 5 wt% when used in conjunction with the thermal
treatment. More preferably, the amount of adsorbent added to the feedstock may range

25  irom about 0.1 wt% to about 3 wt%. Even more preferably, the level of adsorbent
ranges from about 0.2 wi% to about 2 wt%.
[0042] After the adsorbent is added, it is mixed with the feedstock for sufficient
time for the adsorbent to diminish residual peroxides and other non-peroxide poisons,
such as "color bodies.” Additional hold time and mixing is provided for the adsorbent.

30  The necessary hold time will depend on the temperature and mixing intensity. High-



WD 2009/ 020665pcuus2008i 009604 -17- C5-C24 aryl oxy, 02-020 al koxycarbonyl,
C6- C24 aryl oxycarbonyl, 02-024 acyl, C2-C24 acyl oxy, 01-020 al kyl sul f onat o,
C6- C24 aryl sul fonato, Cl1-C20 al kyl sul fanyl, C5-C24 arylsul fanyl, Cl-Cm

al kyl sul fyvBybos/oedss£6- 024 aryl sul finyl. Optionally, X1 saads¥Xdsimyede
substituted wth one or nore noieti eﬁ selected from 01-012 al kyl, 01-012

al koxy, 05-024 5aryl, and hali de, €h may, in turn, wth the exception of
hal i de, be further substituted vvith one or nore groups selected from

hal i de, Cl1-06 al kyl, 01-06 al koxy, and phenyl. In nore preferred

enbodi nrents, X and X2 are halide, benzoate, 02-06 acyl, 02-06

al koxycar bonyl, Cl1-C6 al kyl, phenoxy, 01-06 al koxy, 01-C6 al kyl sul fanyl,
aryl, omtéhbﬂ@@zalhgymambé employed:i nTepiealiyimtivees yificé etrtines foe teodd stepticsy X1 and X2

S 0 SRy Ay B s LS

trifl uotiamedrhiene - Svehonat@referathi) ¢harat spiicient f@dhe nbadp@nirsatmént mnd X2
are each chl ori de 0060] Rl and R2 are independently selected from
hydrogeﬁ’,‘anﬁf/a{'@m /l (e.g., 01-020 al kyl, C2-C20 al kenyl, C2-C20 al kynyl,
06- G24 fcméﬂsg 06 %én@dlé@bﬁ’édso%r@ﬂaaﬁfrﬁy'@é usehﬁﬁtc@nﬁamaﬁzubsﬁaihtwmédnai

hydr ocar byl sgbstl tutF 020 al k% . 02-020 alct \t/) 02-020

al kynyl tree@www&fﬂgﬂ UigRse 94 iR moleRyliarsievesa PRYMAISLRIDPA, ZEdiites,

het er oakgen geNtaidsnrhy HEQEATRIhink eea&ae AlRRigE @éiﬁ@?&mﬂé@tlv@lé&@}- 020

al kyl, 02-020 al kenyl, 02-020 al kynyl, 05024 aryl, 06-024 al kary 06- 024

ar al ky| 2lUSHBUT SUERIE. SRR %Pwtﬁe’m@amﬁpe%mawﬁwg Dﬁgﬁéﬁweﬂaﬁﬁw'éqe 9.

substi t ubedsig] ﬁ%@ﬁé@%%@ﬂ&@ Bbtagslgﬁa QRBieakbkih as®Z0RRMn Bhie8Rle, S%DHZO
20al kynyl, 06-024~an/l, 06-024 al karyl, 06-024 aral kyl, etc.),

f uridt i oﬁa!rfatgrr@a%e&m sHigateretcnmay al so be linked to forma cycl i c gr oup,
whi ch npyphg al | Hh%ﬂff@rr@ ﬁf]ﬂbﬁﬁﬁérﬁfItﬁ@%d@%eﬁ?@@éu&aﬁé‘?@% éé@z’&?ﬁeé&ﬂ/ or

het er oatons. Gener al Suc

0 cont ai n
pr ef er aBlligats (eg;, MAGME@HYW@ "%fledﬂ%”as Cgr@em]orf AMsRelinca bl asthRl i s

T R ek Sl i L F T P

Still rm-ft% tprabbet abitYp WiRd usedgheapiuncidmyith theethlirnal teatmedipyioreor t - but yi

opt.fégn Lé?essal!ﬂ F] M’f‘vggwt"éﬂftnha Ry @i@ré@&gt@n gg&éﬁﬂ @ﬁi’/ tB%’B})Qt]SCG al kyI,

and a unc I ned earlrer herein.
Most pr e\ﬂ%r aEb-Ieyt mm frefepdianythe tﬁvel/mfnyagwlﬂsn|3tl|uaiedamg¢mfr@n@bout Pr3rve %

2000/ 02088 TReoBBTbBBRCE B S8 mFe R nE bRReg e rgnesiio,
Erggggi Asmreaﬂ&oﬂg,alram& pds@&ytargar(am immalvhwemwd sn mayipemtum@r(f(r@lﬂ')gZ | -

L5007 et a o sy YR8 i Srlolbf omikaly) e altheidhimd for g 12

f orzmxaﬁﬁk@ptiomir%t&erﬁ%pemth Mgné&:&g%;i&é%of'sﬁ r?aﬂérbﬁ m:JrsaI Moﬁé{lﬁgsany g}‘ | é(l,
(0]

" oups e L Ao iopdreFenti abResig Wifchie sfedt GR2D Mol S EuSY

conpri sendra@raferdbly, @R Ghe SUffidieht fogthe addcehtidrysdiment Whie rna‘gtn&adrromhdatmked
i phati.c or_aromatic,

The cyclic grou may be_al

et er oathETHEAPHING el g MSBRNT leate AL EERPY bEdR R, Of H'Sone
cases, fay Y thelthe@mtl deatrdhti @abBfoME previdusHaitsatifed | Datstabfpx@apl es of

bi dent ate ligands include, but are not limted to, bisphosphines,

di A%KoxiRsHeSHMilicat i aitledlring od afiesihgitherm dealment. Riore preferably, the

magnesium silicate is added after the thermal treatment.
[0045]} The adsorbent may be removed by filtration, centrifugation, or any other
method of solid-fiquid separation known to those skilled in the art. Optionally, a filter
aid, such as Celite, can also be added at the time of adsorbent addition to aid

30  subsequent filtration. The treated feedstock is typically cooled to less than about 40°C



[ 0063] A second group of catalysts, commonly referred to as rd Ceneration.
G ubbs-type catal ysts, have the structure of formula (Il1), wherein 12 is a
carbene ligand having the structure of formula (1V) 15 (1V) (0 3)w R3A
(4) z_R4AANB 2809/03046 t hat the conpl ex may have the str wetrwsesoebosker mul a (V)
(03)w_R3A(04)z_R4A P R3-(01)x XY (Q’/Q13R4 (V) WO

2009/ 020665PCT/ US2008/ 009604 - 19- wherein M m n, X1, X2, 12,
L3, Rl, and R2 are as defined for the first group of catalysts, and the
remai ni ng substituents are as follows. [0064] X and Y are heteroat ons
typically selected fromN, O, S, and P. Since O and S are divalent, pis
necessarily zero when Xis O or S, and g is necessarily zero 5when Y is O or
S. Howeveiore almyinKekposnreto @7, {herma) plus atisoeisat (hatment peeferably P, then q is

1. 1 , d
i nker o SPfREs B (R1300% DRk in B MedhBiolicld fhalt 1 mBORTL bis md B ¢ @ e
het er oapmfenab#ettalremlrt@ thy@ew@dm\ﬁiwm Ieammamﬂ)émaqﬁkgdtnmmmmoasont ai ni ng
hyd l e t i ni al kyl
L S I G R e D
eacls |i pl@erab&a to il theﬁé\mﬂ ef pdybyideswvitk th@fma\andaiznmeyabbrcm‘enzqtetyFurt her,
t bst t { t.hi " d b
[ ked PR oTREn LG Eanaer e Ao Pt Pedxdesingieri G A ar e
Lngependgsklirbynﬁamb&tobyf aEprokiyreitelg 00% drhyidr da @rrbmhstaau@ﬁmmuad

rocar t er oat gm cont aj ni rocar stjtute
ot o oot loghPaE G GRBRE T de fD bRt arc TRty t inrSliratiaie of
X, X2, liirihnlshZhe leFe! RiperdXdedRith ﬁ@aﬁnaﬁﬁus aﬁferépﬁ tf‘e’ﬂimbﬁt tﬁ;aekxﬁﬂoilﬂ@%h}ﬂer to
forma cgg@l rou and any one or L3, R', R2,

R3, T0R3 A VMO BiE- ‘ﬁ\”ﬁ%(? %%%%W%%@W"ﬂ'ﬂ“ ‘a{‘es'ﬁb?id’tftpemzfé’[e@dﬂ%‘]tﬁ?@?%rp&!ﬂ y, R3A

and R4Aa§§@rbéhﬂ|@§ﬂnbﬁt Eyoégfﬂraxmé@éi%/%%r@uﬁor%o that the carbene ligand is an
het er ocycl i ¢ carbhene and preferab an N-heterocgcllc car bene, such as the

N-het er 88A8I ¢ car'Bere tﬂ?aW?Fﬂjh?%reﬁcP%W@ Btef of [fuegiredhyat a diminished

level of catalyst poisons based upon the thermal plus adsorbent will result in an
improved feedstock conversion at a iower catalyst loading. In some preferred

15 embodiments, a metathesis reaction may catalyze the metathesis of at least 50% of the
maximum theoretical conversion limit with a catalyst ioading of 30 ppm or less per mol
of carbon-carbon doubie bonds in the feedstock ("ppm/db”®). A 50% or greater
conversion of the maximum theoretical limit with 15 ppm/db or tess is more preferable.
A 50% or greater conversion of the maximum theoretical limit with 10 ppm/db or less is

20 even more preferable. A 50% or more conversion of the maximum theoretical limit with
5 ppm/db or less is even more preferable. A 50% or greater conversion of the
maximum theoretical limit with 3 ppm/db or less is even more preferable. A 50% or
greater conversion of the maximum theoretical limit with 2 ppm/db or iess is even more

- preferable.

25 [0047] in some preferred embodiments, a metathesis reaction may cataiyze the
metathesis of at least 70% of the maximum theoretical conversion limit with a catalyst
loading of 30 ppm or less per mol of carbon-carbon double bonds in the feedstock
(“ppmidb™). A 70% or greater conversion of the maximum theoretical limit with 15
ppm/db or less is more preferabie. A 70% or greater conversion of the maximum

30 theoretical limit with 10 ppm/db or less is even more preferable. A 70% or more



25 (VI) RBNNN77N- R4 where R3 and R4 ar.e defined above, with
preferably at |east one of R3 and R4, and nore preferably both R3 and R4,
being alicyclic or aromatic of one to about five 30rings, and optionally
cont ai ni ngoan@/eschror e het er oat ons and/ or substi t uent CTPSPEL/A96M0O

2009/ 020665PCDUS20081009604 - 20- |inker, typically a hydrocarbylene |inker,
I ncl udi ng substituted hydrocarbyl ene, heteroatorn-containing

hydr ocar byl ene, and substituted heteroat om contai ni ng hydrocar byl ene

| i nkers, wherein two or nore substituents on adjacent atons within Q may
al so be linked to forman additional cyclic structure, which may be
simlarly 5substituted to provide a fused polycyclic structure of two to
about f icQavargien jof ther saysumthesreiicakimit witk ﬁmﬁdé@éi’%sn%?"%@é%arl ly, a

t wo- at or&},é é%ﬁgeﬁ\ ?b%f:%td}éﬁt‘ér é&r‘ﬂ)@rélbﬁ‘ Ef"ﬁ% m& RG] @é@@tlcgﬁmq with Bghei@syclic

carbene |1 gan sul't - thus include, but are not limtedto, the
fol | owi wgless ia—emn%prefambimmm%mr gRepter ConvRBIQMNDTithe mABImuUM

2009/ 023%%3%% g@g%/é@gﬁ% GrAass ,g Q0L0 }ébfgr%:‘aﬁter ut henium then, the

preferr he structure o rmula (M1). 5(VIl) a
5 [0048] in some preferred embodiments, a metathesis reaction may catalyze the

metathesis of at least 85% of the maximum theoretical conversion limit with a catalyst
loading .of 30 ppm or less per mol of carbon-carbon double bonds in the feedstock
(“ppm/db™). An 85% or greater conversion of the maximum theoretical limit with 15
ppm/db or iess is more preferable. An 85% or greater conversion of the maximum

10 theoretical limit with 10 ppm/db or less is even more preferable. An 85% or more
conversion of the maximum theoretical limit with 5 ppm/db or less is even more
preferable, An 85% or greater conversion of the maximum theoretical limit with 3
ppm/db or iéss is even more preferable. An 85% or greater conversion of the maximum
theoretical iimit with 2 ppm/db or iess is even more preferabie.

15 [o043] in some preferred embodiments, at very low catalyst loadings of 1
ppmi/db, a metathesis reaction may catalyze the metathesis of at least 30% conversion
of the maximum theoretical limit. A 40% or greater conversion of the maximum
theoretical fimit with 1 ppm/db or less is even more preferable. A 50% or more
conversion of the maximum theoretical limit with 1 ppm/db or iess is even more

20 preferable. A 60% or greater conversion of the maximum theoretical limit with 1 ppm/db
or less is even more preferable.

[0050} Tables 2, 4, and 5, shown and described below, display experimental
resuits associated with thermal and adsorbent treatment. Additionally, other non-
peroxide catalyst poisons are diminished to an unknown extent, based on experimenial

25 results in Tables 4 and 5, shown and described below.

[0051] Experimental data shows that (1) thermal and {2) thermal plus adsorbent
treaiments are improvements over adsorbent treatmeni alone. When adsorbents are
used by themselves to diminish catalyst poisons, excessively high levels of adsorbents
and/of excessively long contact times may be required to diminish catalyst poisons.,

30 The use of higher quantities of adsorbent adds an undesired cost to the process.



R3- N, N7N- R4 (L3)nR1 Ru=C \R2 L2. 10[0071]In a nore preferred enbodi nent,
Qis a tw-atom|inkage having the structure -CRL1R12- CR13R14- or
-CR11=0R13-, preferably -0OR11R12-0R13R14_, wherein R11, K-12,

R13, and Rg4oe®hesdsndependent|ly sel ect ed from hydr ogen pchyis@easdoyl |

substi tuted hydrocarbyl, heteroaton}ggntaining hydr ocar byl , substituted

het er oat ontont ai ni ng hydr ocar byl functional groups. Exanples of
functional groups here 15i ncl ude carboxyl, 01-020 al koxy, 05-024 aryl oxy,
02- 020 al koxycarbonyl, 05-024 al koxycarbonyl, 02-024 acyl oxy, 01-020

al kyl thi o, C5-C24 arylthio, 01-020 al kyl sul fonyl, and 01-020 al kyl sul fi nyl,
optionally substituted with one or nore noieties selected fromCl-0-12

al kyl , @tdoionall, ladsyrbe 05 r@iment 3ibne magrfakio dimgnisii mﬁdwﬂ perbutenghtalyshd

el e B, vpuBioeliRyrees BB L Glagspenceent 1Y sel coted

het er oalalyantagehsty mumede(iﬁe adduhesfeadsattdent fequhed)ahﬂfoanﬂnsmmtaon@m

phenyl . Alternatijv of Rl11 e |inked
t oget het1 M requ'rr?é E@%B%’Hn@/ % @J"%Fequﬁ\s’ﬁ f‘ %%:rotx c%g 3”8{3"3?%5;"3} %Er?gﬁgs aturat ed
ring st cuedyst ﬁc:tsen@maya:e%h(él@dalhrbugt@thecmgrtnemrrmnt maﬁﬁfaemomommé irgr oup,

Wmchma bstit e.g., wWth r usd |cycI|c or
aromati & a?%’ﬁﬂét"eagwe\ﬂr?tﬁn%t Egﬁg%rﬂﬁé‘?'itpﬁéﬂpg’nefgh (%ac;ﬁu 9%8'and R4 are
aronmat i Greatri@y ristBod Wﬁinﬂéd No@ttrk‘eoeﬁgbieﬁ@ oﬁm@&sadsdrwemgmmmdn@&e@ne or

t t b, . R3 d R4
o e Hnaoud datee Pes B i HEe %mﬁ@fﬁaﬁﬁg% BRI o Shonvy o e

i cbst ROOEE (P oA B o Gh T Slbalbs AaraBoTl Tt 4 el et qﬂ??ﬁgﬂts

sel get edndd prerdrabiQ 26radi kiitier rﬁﬁ@gﬁ}ﬁmmm uéaeﬁ fOludf20 aamkidthedklred2forheter oal kyl |
substituted Cl-C20 heteroal k 05-C2

L, WO _
2009/ oz@éé@ﬁ@?f@%@éﬁsff‘@é%b%gthﬁé's %UH&‘?R%“E%”‘GB?%@?AS aryl, 05-024
het er oanyhs3]06- 024far Ak kryérma%r@.aﬁnalﬂwafdsor@émm@btrd@m B@ﬁé@dﬁsﬂé&maﬁny
substituents present are hydrogen, C12 al ky Cl-C12 al ko 05-014
aryl, Smgsqugqg%to(gm@h%qameacgqn Wéh?@éese%eé’ﬁaé?ﬁﬁwﬁé’soﬂ? d R4 are
mesi tyl .rod4K373] | nﬂae £emnr thedsiRBRs @Btaw ah&%és é\%ﬁtgw&m ctdijt kiiemof
forrrula(lll M 5.x1, X2, are as defined for the
firk grtw;ﬁa@riwétaamﬁt@es'weaﬁ%ma %?Y W’y%@&ffﬂﬂﬁ%{?‘i‘)ﬁ@d AEitPasis el ectron
donor | iggfikt$ @ése?mo% dr PeEmBiRaSEd RRE ohQbr hitfe bhi&BbnARERRGONd gr oups
of catalysts, L2 and L3 are weakly coordinating neutral electron donor
| i gands 'wmm@ymtmh@ﬁfswtaimnmwdgmﬂi tapetF priBWP6dPEPH &PgR Bapsliongai n, n
I's zero Lt o?‘é&é‘mfaféaf-uthé”h Y g g%b{urﬂo&sri?ﬁm?rcﬁﬁﬁﬁkhm (R0 4 10 the
third groupo catalysts L2 a L3 are optionally substituted five- or
si x- mentengstemohivz 9lefin oradptbeps catashiaticagyingtost e gees-metaihesiaraastians nost
pr ra t i g OF
Dol $Ey el e iblofird i Bledd Bl offund FaRBdApla Kodblex el e Blrfakd o
monocyclfernga glips. |f the heterocyclic group is substituted, it should not
be substituted on a coordinating heteroatom and any one cyclic noiety
wi thin a 15heterocyclic group will generally not be substituted with nore

than 3 qlbhstituents. 1
L

S
X! /
25 ™~
/T::fcﬁ:c\
2 RZ
L

in which the various substituents are as follows:

30 M is a Group 8 transition metal;



[0074] For the third group of catal ysts, exanples of L2 and L3 incl ude,
without Iimtation, heterocycles containing nitrogen, sulfur, oxygen, or a
m xture thereof. [0075] Exanpl es of nitrogen-containing heterocycl es
appropri aywe herozbeds and L3 i ncl ude pyridine, bipyridi necrkredagdsne,
pyrim di ne, bipyridam ne, pyrazine, % 3,5- 20triazine, 1,2,4-triazine,
1,2,3-triazine, pyrrole, 2FprrroIe,'§H—pyrroIe, pyrazol e, 2H imdazole,
1,2,3-triazole, 1,2,4-triazole, indole, 3Hindole, 1H i soindole,

cycl opent a(b) pyridi ne, indazole, guinoline, bisguinoline, isoguinofine,
bi si sogui nol i ne, cinnoline, guinazoline, naphthyridine, piperidine,

pi perazi ne, pyrrolidine, pyrazolidine, guinuclidine, imdazolidine,

pi col yli m ne, purﬂmé?améhgamiMam@Ie¢0b¢@ﬂmm®dmeh@$ 25phenazi ne, acri di ne,

and carbazole. [0 I fi 3 r- i nj terocycles appropriate
for L2 and L3 incﬁ‘)ﬂsf?‘*eg?ﬂ{%ﬁi%%}- i‘%)f%ﬁ?%fﬁf@%&ge i thiole, thiepin,
benzo(b)thi ophenem ib@nzofrd;t hi ophene, thi onapht hene, di benzot hi ophene,

2H t hi opyran, 4H hi@f%fan, and hhhgggthrene. WO

2009/ 020665PCT/ US208/%7 60880109319 9Exanpl es of oxygen- cont ai ni ng

het &3 ocycl es appr Rpah@Re afdndbgemduhtiy 3eiebeidichen Rrpyearhydidtplyyian,
2-pyrone, 4-pyrqne, 1,2-dioxin, 1, 3-dioxin, oxepin, furan H 1- benzopyr an,
conmr | subib T Rtoca JraRtonte e HRESH SR EtE BT

I sochr oBAtami g Bydrsaablie BRd furetibedl Wasusur an, 1, 4-di oxan, and di benzof uran
5[ 0078] Exanpl es of m xed het erocycl proprd ate sfor L2 and L3 include

i soxazoi e, ‘oxazol where aioiie or'g Ftﬁ?%g(a)?e,!- b 2?3- 1_)(38? g’z&?@%e taken

1,2,4- OX@giétﬁérQb%mla%g&'rc drsasli aaaligneriwierdindar@cHel drad@letof X', X2, L' L2 L3,

1,2, 3,5-qgxatrigzole, 3H 1,2, 3-dioxazole, 3H1,2- oxathioie, 1,3-oxathiole,
4I—|—‘EL0 2- éﬁ(_ai“i“i’mg, may be %‘ﬁ?f‘ﬁ?ii?\é,w??@’i-oxazi ne 1 2 5- oxathi azine,

- 0-i500x3g0%%), PhepRA&FNEataRBRNShEIRRUMR OPYd MRAbBuf-Boasitdd Betal, with

10i ndoxazi ne, benzoxazole, anthranil, and norpholine. [0079] Preferred L2
and L3 IRuyBeaigsuiaiePe@fesiag i c nitrogen-containing and oxygen- contai ning

het er ocygh&s, a”dNB%%FdL%%rﬁiﬁédmeﬁz%fcﬁlrtr:ieeé’até%s@%ehﬁ (ijrl %Q?ﬁgﬁﬁo%%f%”ocyd Ic

Nhet erodryl "Iigands that are optionally substitute | to 3, Preferably
1 or 2. disdesre aeendescrisdin mpe dstaihlrast ofthpspke elivavepieprafiee ca@ists and L3
| i gands jodi; n ' el = br i di ne,
oL S B A nthostiohid i ERogsich haF petchfs g e

2, 6- di brtolepyriing inany vayhiToaiopyanydiiriee catalystsl unedpyn the digclosure may fit the
3,5-dic i gi 4. 6- L4 W ..6-di chl oropyridi ne, 4-

i odopyr ry&gé’(é?‘%r?cg’ﬂiﬂ?é &p?/’% %*‘ﬁh%?*‘%{%%%?%ﬁﬁ‘e ®Met hyl pyri di ne,

3, 5- di cHO@5®- 4- matfistigogun ofi aadalySs Shen rare ispmndorty miepsd icdan®, Generation

3

, 5-di i di i e ity Ll ding.
3 o o TR R BN s SRR R B bl
but30 ) pyataiysie, M 4nphe i sy déatiibed aBede, dinpme iy ) Xy 11 di’ne®, R', and R? are

3,5-dichlora-4-ph | pyridine, and the Iike. [0080]1n general, any
substi tt?l(?ﬁf@bepq'%’s@mgwgn L2 and/or L3 are selected from hal o, Cl-020 al kyl,

substi t yo@sB]Ci - C2Pomthk Yirst godu0@cateyss aaks Ky land $0 st iLf atethdEperc@mtly
25het eroal kyl,. 05-024 aryl, substituted 05-024 ar 5-024 heterogaryl,
o het T BB ash e e Bh PR RS, e ORon e Db AT 6 POBSRBR Y har 1
06{) 024 meéigé,cmibmr, Eiherﬁ:ﬁlaé,i érblId@din@ﬁe,%oh&é,lecf(abiﬁdﬁyarr%ﬁosyﬂ@ryﬁgiﬁe,ar al kyl ,
substituted CE-C24 ara , 06-024 het.eroar ,. Substituted 06-024
PuC2 onBRyTEd T PE A T Eele SyPRUIES Gy o B VSBIne. RUn PSS or ocns
i ncl udi r@envwérwgéndsé srettaddRntutdtlpfbdPhekoxy, 05-024 aryl oxy, 02-020

- 024 3Paryl car bon 02- 020 al kyl car bonyl oxy, 06-024

al kyl carbonyl, 0O nyl /
aryl car t;ng,#loxy, 522094 éfq@&l%taﬂl%«p@ﬂ. and may be the same or different, or are
linked together to form a cyclic group, typically although not necessarily a five- to eight-

membered ring. In preferred embodiments, X' and x? are each independently

30 hydrogen, halide, or one of the following groups: C1-Cyp alkyl, C5-Caq aryl, C4-Cop alkoxy,



WD 2009/ 020665PC T/ US2008/ 009604 - 24- C6- C24 aryl oxyca;ﬂlq:‘)onyl , hal ocar bonyl ,
C2- C20 al kyl carbonat o, C6-C24 aryl carbonato, carboxy, carboxyl at o,
car banoyl, nono- (G -020 al kyl )- substi tuted carbanoyl, di-(Cl-C20

al kyfi - sulpgtzbiobsds car banoyl , di - N-(Cl- C20 al kyl ), N- @canfs2dbanoscos
aryl)-substituted carbanoyl, rmno (C5- C24 aryl)-substituted carbanoyl,
-(C5-C24 aryl)-substituted car bam)y] 5t hi ocar banoyl, nono- (Cl1-020

al kyl)-substituted thiocarbanoyl, (Cl- 020 substituted thiocar banoyl ,

i-N- (G -C20 al kyl)-N-(C5-024 aryl )-substi tuted thiocarbanoyl, nono-(C5-C24
aryfi-substituted thiocarbanoyl, di-(C6-C24 aryfi-substituted
t hi ocar banoyl, carbam do, fornyl, thiofornyl, am no, nono-(C -C20
al klyl)) Slgi&zu iatryjb)e;d Carﬁjaalkodyca(rﬁﬁnm @b4kgﬂypoxscﬂrbbhylmgﬂzmyh(ﬁz -Gmno- ( C5- C24
ary sub am no, tut
di - N- ( gt dre %O)a‘ws(”df%”"‘éﬁ P;‘H ?’Cyisd%@{‘ uFég:b Ky “'?%‘Eé’?glzﬁn&él kyl ani do,
C6- 024 éFyYéLﬂﬁﬁhdeC;JO}Tb amy!s@h‘mﬂZ&@é Kyd gMMnyO%ﬂ%aﬁyyﬂ ande® mayteo, and
nitroso. In a on, ustltue ther to
form a_ shigiEdmilonte o RVhOEREs sOecRl il Bl Ryebr SroRkary Coring,
igt b%gillapy SkAidel weich rhay, $ et %m@@cc@mmom@nae Submtthtuassugs above.

eferred substituents on L2 L de t hout m ta |on,
haI 0, owfbloz*eaqure QIR F9ERted ey eaﬁ?kgﬁ rl@i%oﬁfi %%%r gaf Pb?nv
subst it wsd podrelted chtioRimattk " ar@xﬁ% gk, bértzlaaté Uglcesdacﬁ}ﬁ-cglcéa aryl,
C5-Cl4 heteroaryl, substituted C5-Cl4 heteroar al kar

Sopsti t Blkeey e Gl RapliY PEoT6 e IOy Kot b ATHEATM HEdots: a s

het er Oalah@réal|fon§¥61r¢é@er%%lé< Jeferﬁéabéﬁbw#@ﬂtscﬁﬁ Gh ﬂr@é EMJ:h hQﬂ:‘eClG
het er oar al’kyl, substituted 20C6- C15 heteroaral kyl, 01- kOXXAe Co5-C 4

ar ylbxy CFO@%;L@HaCPQyI fé%'ﬂ&@wl CHYEC 01 L s ERlBHrifH (@ﬂa)@@@ PhO
al kyl carhgnysgiye, ﬁiy%él Rt RS RO h6ViTo e %%h@%@,w%r%myl Ce- C14

aryl oxycar bonyl, ocar ponyl, tfornyl, am no, nono-(GC -
al kyl ) - somadientsdX aanhs’ aEﬁEE(CCPfM@eaI kyl ) - substi tut ed am no, nono- (C5-Cl4

| t ut d t
25 008218 Pha 1 oreans ng 1t ieependely SRR el AUERoftee™ o %05
al kyl, G+ aited, ci“azl—‘l%z;olalk~‘5¢’JIyL Ca- Cazblaﬁwwi phény Bryi, sﬁﬁb@hl&liﬁﬁfﬂdcpﬁe{lyﬂaikw or nyl ,
N, Cl d bed
NN Ot AT RRcaRh (0 Sl s 0990 bR PG LR cdesgr | be
pyr azi nelkypyl Cailthic agy), pyCh.cilkeey!, Py1Czdaraling, eieﬂ d‘Ie)efOEimBqulalnmd L3 may al so
be tak b i taini
be 2k baRaHET: LopLRrMALAetaLe & M desL she 300 sandus g
2009/ 0266 8RCTL4IS2008rP0 G604, aiky! atc P, anm stdh:sphu&f@n&‘te@aﬂmhohﬁa@yﬁmjs bei ng

di I f th t at I d
has 1 he NeRREAIH B-af SraTidpd R T oquGs Ring P ER SR'C.YE Y ¥os' “RiG
R1720 anchlifghi, oy dr-0aayt byd-Clealigaryl, C@:@Z@rﬁ{y{{,)@’tc)Oﬁrdﬁﬂﬂctmlnbbgmhps or! agd
al kynyl , 205 024 or 06-024, ar ’g%{igeoﬁ subst it ut ed

P ot RaTay disg Bokad T ROT AP EE Siyoai Maso8 S0P AT Omals. 635

al kynyl m&bcdi?dinaiipbtituents and/or heteroatoms. Generally, such a cyciic group will
contain 4 to 12, preferably 5, 6, 7, or 8 ring atoms.
[0061] In preferred catalysts, R" is hydrogen and R? is selected from Cs-Cyg alkyt,
25 C2-Cyo alkenyl, and Cs-Cao4 aryl, more preferably C4-Cg alkyl, C»-Cg alkenyl, and Cs-Cqa
aryl. Still more preferably, R? is phenyt, vinyl, methyl, isopropyl, or t-buty!, optionally
substituted with one or more moieties selected from C4-Cs alkyl, C1-Cg alkoxy, phenyi,
and a functional group Fn as defined eariier herein. Most preferabiy, R? is phenyl or

vinyl substituted with one or more moieties selected from methyl, ethyl, chloro, bromo,



06- 024 al karyl, or C6-C24 aral kyl), heteroatom containing hydrocar byl
(e.g., Cl1-C20 15heteroal kyl, 05-C24 heteroaryl, heteroatom contai ning

06- 024 aral kyl, or heteroatom containing 06-024 al karyl), or substituted
het er oat ompeontaseds Ng hydrocar byl (e.g., substituted @GtaGRGookesssooal Kyl ,
C5- C24 heteroaryl, heteroaton}contalqlng 06- 024 aral kyl, or
heteroaton}contalnlng 06- 024 alkaryl), or (1) R15 and R16 (2) R17 and R18,
(3) R16 and R17, or (4) both R15 and R16, and R17 and R16, may be taken
together to fornla ring, i.e., 20an N-heterocycle. Preferred cyclic groups
in such a case are five-and six-nmenbered rings, typically aromatic rings.
[0084]In a fourth group of catalysts that have the structure 9f formul a
(111), fode. toreheitreudistethiaming. methvl. akethoxs gedmenylo Qnirmally. Bi serheayle

| i gand Qg‘fLéde% ntate | i gand. Exanpl es of bidentate |igands include, but
are not limted bi sphosphi nes, 25di al koxi des, aIkyIdlketonates and
aryl di KEWSARt es. ﬂsmmqmronesea(mmicwy b thcke, or RUPH)T2CHRCHBR(PhY, R, and

l-mAﬁgE Ql) é?; 5@.‘5%’3?%{2‘%56196 %f%é@%%gé%?g %%Cloggb ”@E%}é}@% %t %@Fgg |0 E)1ns :

Preberr Edtelmlt dent At1@, d40garitsbis et al PYRgRaGHACKR RC 2 1A', and R? are

P( OH3) 2 ) 2-. Tridentate | d | d to,
(0r6) » IOREDEBR et oo ke o' ﬁa%n%ﬁé%oﬁ?%a% PRI ¢ Behas ar o
those i M onigi atbms\V RAPSHOPAESIROTY RO LRAIHAE, wRibh neybe ditiee fnded 6t ,

X2, L2, nd L2 t ak { th tob
cycl opeh%fﬂ*lRtlarrﬂﬁ Cycf‘ﬁﬁ@%?ﬁgn%g% ?[{Pg}agﬁﬂ ary Wfaéﬁih 5 i?nq S‘Fqg'??@%‘feqr“"t u'?edewl th
02 020 aéﬂnemydg ar&ﬂo%sﬂimﬁhe O&Hi0 3w el , inQdrmd26sas ybim @lbidRatal koxy,

Iken X | o C20. aryl oxy, - C20 .
a1 BBy c BTG 12 055 DGATED | XATRPIS St e TR AP FRe, BUSHG o8 it
al kyl sutd, Ibmﬂhos@aﬁéh @fazm&t myzdm@tdnmdﬂ%mwpan@ioub@@ with 01-06 al kyl,
hal i de, _Gi - koxy or wt oup o%&lsonall substituted with

hal | Ge. [9E3he ol b PLodid @eus olrRaNes. RAECRh 257" ConseiRBs of this

type, Xgrigdbs-§pe chhigie Hatkeme &tﬂgi?&rQfo fdehilig gﬂy%%ﬂt&.a@l £8¥beRE n?menyl
each optionall'y substituted with vinyl, 01-010 al kyl, C5- C20 ary Craw

car boxy[aYgg tf@smurmfé&rwé@ Bbhy! 01 010 al koxy, or 05-020 aryi oxy,
10gach optionally substituted with G -Cc alkyl, halide, 01-06 al koxy or
wi th a phenyl group optionall y substi tuted with halide, 01-06 al kyl or

C -C6 al koxy. Most pref era _ g,m 2 may be taken together to be
cycl opem/?dl enyl, opti onal subs JJ it h vinyl, hydrogen, nmethyl, or
phenyl . Tét radent at e Il_g n ncl udg, but, are not linited to

02C( CH2) 2P( Ph) (CH2) 2 Phﬂ%(’mzﬁ‘gg/ pht(ﬁdr ocyanl nes, and porphyrins.

15[ 0085] Conpl exes wherein L2 andyR2 are |linked are exarrpl es of the fourth
group of catalysts, and are comonly called "G ubbs-Hoveyda" catal ysts.
Ex&fpl es of G ubbs-Hoveyda-type catal ysts include the following: WO
2009/ 020665PCT/ US2008/ 009604 -27- L1li..1 --..,,_  Xx'ix'-...".N4d nmm X2
cm--, =X2.---1 -x2---"" -

such that the complex may have the structure of formula (V)

03, ~R3A - ]
25 {( i ]p {(Q G Q
RI— Q" —X (Q2), mm R
(V)
(La)n r!

R?

30 "2>T/:€C,;m<

2



---.."--6.,--6 ----- 6 15 wherein L1, X1, X2, and M are as described for
any of the ot her groups of catal ysts. [0086] I n addltlon to the catal ysts
that have the structure of fornula (111), as descri bed above, other
transi ti owomRivakogwar bene conpl exes include, but are naictisabdkashsaOt O:
neutral rutheniumor osm um netal carhene conpl exes containing netal
centers that are formally in the +2 oXr dat i on state, have an el ectron count
of 16, are penta-coordinated, and are of the general formula (IX);

neutral rutheniumor osm um netal carbene conpl exes contai ning netal
25centers that are formally in the +2 oxidation state, have an el ectron
count of 18, are hexa-coordinated, and are of the general formula (X);

cati oni ¢ rut heni uwhareinddninum Xbtd I Ll b%‘nendé?‘?mremesieﬁom & thenfiy strgroap

centers h r || e Ldati state, have an el ectron count

of 14, %aq%‘ggtﬁ a,&(}ogﬂg Hﬁ%‘%’c}g %Qb%méengs B ?shgﬂa‘gﬁer al formula (XI'); and WO

2009/ OZQ‘BEEPCT/ USR 868 NofreGiddero2Bms typ:caliy seiecteda{rorrom O, Bubie Al uBineg Cosm um

nmet al carbene ¢ r%l et\xes cont ai Qi ng net al ter at. are formallg in the
é\[ 2n T n

+2 oxi d8PF orP &P MEEM AP ST SETIEE £ '&edh)ﬁt's FOr an rFB ISP ES Y0P nat ed,
and sar ewdpkntyhie @ener ovievenudisen Xid DJ or [PZitharR i ?Jah'b vitlenr R NALP, thdrlg [ Z

1s-R2 V\D 28}039{){% 23%6 ePnC%'tI)'é rsnze% /0989(66%% v %?e N\/\/ner ein: X1, x2, L1, L2, n, L3,
- 1,
[0065] Q', @2, Q% and Q* are linkers, e.g., hydrocarbylene {including substituted
hydrocarbylene, heteroatom-containing hydrocarbylene, and substituted heteroatom-
containing hydrocarbyiene, such as substituted and/or heteroatom-containing alkylene)
10 or -(CO)-, and w, X, y, and z are independently zero or 1, meaning that each linker is
optional. Preferably, w, x, y, and z are all zero. Further, twc or more substituenis on
adjacent atoms within @', Q% Q°, and Q* may be linked to form an additional cyciic
group.
[0066] R’ R¥ R* and R* are independently selected from hydrogen,
15 hydrocarbyl, substituted hydrocarbyl, heteroatom-containing hydrocarbyl, and
substituted heteroatom-containing hydrocarbyl.
[0067] In addition, any two or more of X', X% L', L% L* R'. R? R®, R* R* and
R* can be taken together to form a cyclic group, and any one or more of X', X2 L', L%
¥ R R R®, R¥ R* and R* may be attached to a support.
20  [0068] Preferably, R* and R* are linked to form a cyclic group so that the
carbene ligand is an heterocyclic carbene and preferably an N-heterocyclic carbene,

such as the N-heterocyiic carbene having the structure of formula (V)

25 (V) '. - ( \

N R
\/
where R® and R? are defined above, with preferably at least one of R® and
R*, and more preferably both R® and R*, being alicyclic or aromatic of one to about five

30 rings, and optionally containing one or more heteroatoms and/or substituents. Q is a



and R2 are as defined for any of the previously defined four groups of
catalysts; r and s are independently zero or 1; t is an integer in the
range of zero to 5; Y is any non-coordinating anion (e.g., a halide ion,
BF4", et cwho0dlz@Be Z2 5are i ndependently sel ected fr omraaoosodees - NR2-
-PR2-, -P(=0)R2-, -P(OR2)-, - P(= 0)(352) -C(=0)-, -C(=0)0-, -0C(=0)-
-0C(=0)0-, -S(=0)-, and S( =0) 2-; I's any catlonlc noi ety such as
-P(R2) 3+ or -N(R2)3+; and , LI, t L2, any two or nore of X1, x2L-, n, Z1,
Z2, Z3, Rl, and R2 may be taken together to forma cyclic group, e.g., a
nmul ti dentate |igand, and 10wherein any one or nore of X1, x2, Li, L2, n,
L3, z1, z2, z3, R, and R2 nay be attached to a support. [0087] O her
sui t abl Enkeortpbieadysa hm}'buar@ylaneuipk@ inciudyria $ubstittedihydracderiese bear i ng a

CaL O B RYBR Y50 80016 018 LOSR oo, 305,140

(L2), ZBymecmbwenMimisera Whenep Bva wransnetsn.matttrmen‘al gn adjacard atcﬂnawéhmeﬁlt r aI

el ectron _daonor n X1 _an 1N | i R1
s hyar e (B85 s Rt af BT SaRH iR e MRS by Aty by1 . 25w s
an @pti Qtﬁtwtrltt}te@td)ﬁﬁdvtdeteeﬁ:saﬂ@bﬁybycﬁetmomt@m Wmttoaabuumgv@&ycﬂiagroups Q

hydr ocar b ene a _positively, char . (xoup 15 or
& oup’ 16 GeEnaoBiain eipcrrrin SRR Bkobs 5 RYNES TR NG bs 1 t ut ed
01-012 tmmg car byExarhﬁiberwN-mempélaicﬂirhﬁtgxe@lga@ﬁg shitalsio@arnbytus iniude, '
substi tut ed het ero (t:)m cont ai ni ng hydrocarbyl; 30Z"- is a negatively

char gedPHAIRSF iHHied e B¥gMESH 665PCT/ US2008/ 009604

Q N——~R*
o

R o N—~R* . \/
~o R e Newmn R
15 ' -
S I Y 3_____N N‘—"""“"Ré
i N\/N " i \/ Ra N\/N R*
20
CHy CH; H.C CH Ph Ph
HgCHCHE, 3 3
Ramw\\/N—«R** R s \/N———R‘t R \/Nm—-R“
25 -




-30- mis zero or 1;_ and nis zero or 1; wherein any two or nore of LI, L2,
, (1, x2,W and Y can be taken defined herein. [0088]Wis an optionally
substituted and/ or heteroatom contai ning Cl-C20 hydrocar byl ene |i nkage,

typi cal | ywayho@hbganal |y substituted 01-Cl2 al kyl ene | imkagasRados - (CH2) i -
where i is an integer in the range of, .1 to 12 inclusive and any of the
hydr ogen 10at ons nmay be replaced w t#¥'a non- hydr ogen substituent as
described earlier herein with regard to the definition of the term
"substituted.” The subscript nis zero or 1, neaning that Wnay or nay not
be present. In a preferred enbodinment, nis zero. [0089]Y is a positively
charged Goup 15 or Goup 16 elenent substituted with hydrogen, 01-012
hydr ocaf®ya0} subsiWhenived rGtheGiiion Hiyelr, doappitrredt ed@pleato eeo ieadtnichge H501- 012
hydr ocart byl substituted heteroatom containing hydrocarbyl. Preferably,
Yis a ar}‘ﬂ'azahydrocar byl -substituted, positively charged G oup 15 or G oup
16 el enent. Representative Y gro include P(R2)3, p(R2)3, As(R2)3,
s(R2)2, O(R2)2, where the R2 ar{umpendently sel ected from 01-012
hydrocarbyl; w thin these, grefjerredyXY-g+oups are phosphines of the

strugct upgiP(R2) 3 wherein the R2 i ndependently selected from 20G -C12

al kyl and aryl, and thus include, [f exanpl e, nethyl, ethyl, n-propyl,

i sopropyl, n- butyl, isobutylx't- ?E;y’l R'cycl opentyl, cycl ohexyl, and
phenyl. Y can al so be a heter o&chuﬁz roup containing the positively
charged Group 15 or Group 16 gténent. Xor instance, when the Goup 15 or

G oup 16 elenent is nitrogen, Y be %n optionally substituted pyridinyl,
pyrazinyl, or imdazolyi group. 25(0090)z- is a negatively charged
counterion associated with the cationic conplex, and may be virtually any
ani'th, §#711dng asinr@oenpreferies emeedimgnt 12 isexs ecttonplinksged@ypanbat s of the
Conpl eX g OSCREROL BRIST AN LFASRNRS. Usgtradly LR RBLARNGSES iRAEhI on
catal yzed, F;rzefgrred- - oieties are vveakd:\é coordi nating ani ons, such as,
for insfande; R (wt%f@enn@eaﬁmﬂy,se[lq@% PBDM,TOQQBFQSS@)CBWV!. [ PF6I ,

bref or t S A5 valoetTin, 1oy bl Bt st B SR R G0a604
-31- f ocanlainii( RiBparrbwhene iRtBona groursr é;xampes oidungiéamial gonpaaesd aryl ,
LS i) S LI oL B, By H05h, ARERERSETLCES Sul bl e o
enphasi aé@xytmborah)Ct+Om amyiaxgr @1-6te akylthik Z;s-Tie, arfihio, C1-Cyq alkylsulfonyl,
o ok adbP A BRE Bh00) 280 0RO HERE BPUPe BRelloTilFr
) (2, 2 I5:-QRL alkgy, Carleh, dikaxe, Ci-Oledryl bydroxyl, suifhydryl, formyl, and halide. R
R™ R™ and R" are preferably independently selected from hydrogen, C1-C12 alkyl,
20 substituted C1-C2 alkyl, C4-C+2 heteroalkyl, substituted C4-C, heteroalkyl, phenyl, and
substituted phenyl. Alternatively, any two of R, R'?, R*®, and R may be linked
together to form a subsiituted or unsubstituted, saturated or unsaturated ring structure,
eg., a C4—C1g'alicyctic group or a Cs or Cg aryl group, which may itself be substituted,
e.g., with linked or fused alicyclic or aromatic groups, or with other substituents.
25 [6072] When R* and R* are aromatic, they are typically although not necessarily
composed of one or two aromatic rings, which may or may not be substituted, e.g., R®
and R* may be phenyi, substituted phenyl, biphenyl, substituted biphenyl, or the like. In
one preferred embodiment, _R3 and R* are the same and are each unsubstituted pheny
or pheny!l substituted with up to three substituents selected from C1-Cag alkyl,
30 substituted C4-Cgp alkyl, C4-Cyp heteroalkyl, substituted C4-Cop hetercalkyl, Cs-Cas aryl,



f.ormcyclic groups, those cyclic groups may be five- or six-nmenbered rings,
or may conprise two or. three five- or six-nenbered rings, which nay be
either fused or linked. The cyclic groups may be aliphatic or aromatic, and

may be hefyenoediwmscont ai ni ng 10and/ or substituted, as rexplsaimeesin part (1)
of this section. [0092] One group of g)iwfr]rpl ary cat al ysts enconpassed by the
structure of formula (XI11) are thost erein mand n are zero, such that
the conpl ex has the structure of formula (XIV) Possi bl e and preferred
X1, X2, and L1 ligands are as described earlier with respect to 20conpl exes
of fornmula (1), as are possible and preferred Y+ and Z- noieties. Mis Ru
or Gs, preferably Ru, and Rl is hydrogen or C-C 2 al kyl, preferably

hydr ogesubgtd@88]0:+C4 aryiulACE X robyypeCeataarpbilyl Cotlas ia&aw%ecbrdvsﬁitiby a

h | ]
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E &2) \s“trla w%f?mte;df%m Larvt mas;déomg:géﬁa?ggmahwsémshmgm f’é Rl
D7 e o 5 ik o o caleds PaTE 1 Sreety s At (D e Erent s

are @S b@lkb\ﬁs andR94]eZds @etthedZobthe fh@ttgemaboma@y@ calslaysteigact ed from N,

0, S, and P. SlnceOandSaredvaIent %S eces r"éé?o en Z1 is O
or S, afgoidinaling AeRLERl FFqtPnAangT HEN, %ﬁyo? 1054 AeRAVERd HBR AL is N or
P, then ghdistcdnd gladp¥BetutdidstsSant OF afi L1 ARwKalllp cdordinatifg Peefr@rdi@sion

enbodi ment, both Z1 and Z2 are N. 15[0095]01, @, @B, and Q4 are |linkers,

e.g., O dpm;zhg@y\gﬁ schedorepkortiongly thﬁtig{je eterocyclic'groups. Agam nis zero

or 1, such that L.* may of may not be present. Generally, in the third group of catalysts,

10 L? and L* are optionally substituted five- or six--membered monocyclic groups containing
1 to 4, preferably 1 to 3, most preferabiy 1 1o 2 heteroatoms, or are optionally
substituted bicyclic or polycyciic structures composed of 2 to & such five- or six-
membered monocyclic groups. If the heterocyclic group is substituted, it should not be
substituted on a coordinating heteroatom, and any one cyclic moiety within a

15 heterocyclic group will generally not be substituted with more than 3 substituents.
[0074] For the third group of catalysts, examples of L2 and L® include, without
fimitation, heterocycles containing nitrogen, suifur, oxygen, or a mixture thereof.

[0675] Examples of nitrogen-containing heterocycles appropriate for L and L°
include pyridine, bipyridine, pyridazine, pyrimiding, bipyridamine, pyrazine, 1,3,5-

20 triazine, 1,2 4-triazine, 1,2,3-triazine, pyrrole, 2H-pyrrole, 3H-pyrrole, pyrazole, 2H-
imidazole, 1,2,3-triazole, 1,2 4-triazole, indole, 3H-indole, 1H-isoindole,
cyclopenta(b)pyridine, indazole, quinoline, bisquinoline, isoquinoline, bisisoquinoline,
cinnoline, quinazoling, naphthyridine, piperidine, piperazine, pyrrolidine, pyrazolidine,
quinuclidine, imidazolidine, picolylimine, purine, benzimidazole, bisimidazole,

25 phenazine, acridine, and carbazole. _

[0076] Examples of sulfur-containing heterocycles appropriate for L and L3
inciude thiophene, 1,2-dithiole, 1,3-dithiole, thiepin, benzo(b)thiophene,
~ benzo{cjthiophene, thionaphthene, dibenzothiophene, 2H-thiopyfan, 4H-thiopyran, and

thiocanthrene,



012 hydrocar byl ene, heteroat om containing Cl-Cl2 hydrocar byl ene,
substituted heteroatom containing 01-Cl2 hydrocarbylene, or -(CO-, and w,
X, Yy, and z are independently zero or 1, neaning that each linker is

opti onal .wPnreférésty, w, X, y, and z are all zero. 20[F@00GR#BHIVREA, R4, and
RAA are independently sel ected from Rgdrogen, hydrogen, 01-C20 hydrocarbyl,
substituted Cl -C20 hydrocarbyl, heteroatomcontaining Cl-020 hydrocar byl ,
and substituted heteroatomcontaining C -C20 hydrocarbyl. [0097]Preferably,
w, X, y, and z are zero, Z1 and Z1 are N, and R3A and R4A are linked to
form-Q, such that the conplex has the structure of fornula (XVII)

(XVI1) R3N.N-R4 30 WO 2009/ 020665PCl TUS2008/ 009604 - 33- ere|5| R3 and
R4 are ¥ 7hed adeXamples phopoerepaiifnGheles@clesfPPHPIREe Bid rAd Land nore

pref er acy, Rt GRinaBd - fffan, RehRIGn 4-6)iBhé C1 OLdiddi0 B it oQQﬁntfﬁrﬁpou'[ five

rings, and opti onal [y containi'ng one or nore heteroatons and
subst i t ddnt-BenaQpysara CoHMRER, cowmr@m |ojreMeRel IcHEAP By e, ramk@rnen-hcl udi ng

01-Cl2 Bxgrte&a{rmgﬁ!};@%é %gﬁ%bhé' J@gag;}{)gﬂa?aéhyﬁB%&Q@bé’doe&ﬁerazofuran

het er oat om cont ai ni n rocar byl ené, "or substit
het & oal®8¢ont ai ﬁﬁxaigpie&mm%eﬁymwcw%ﬂ anpsopiiatkder, L ansriiinclud® or nor e
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cyclic structure stmilarly ut'ed rovi de' a fused
pol ycycbkadigtaigict, 28e4- oizatnmi@ d 2Bduoxdtiiamie aH-i &, @dmpsole QHi-4,bf t en,

Ith h , 101 i nk

o o BBl T E Al 4y el o SRR R 2R SV gt se 1o

an unsubxamtaztredo(lsdrteaaziﬁe—pthénoaazmamhanbuﬂmineé I?ayr—ami{hérb}phmiel-l) triazolyl

X CH2- Si RS al kyl, al koxy, etc 0098]1n a

I Bskothe SRk, LT dRERohaRe Y niage havi ng. Lhe structur o

-0R8R9- RYGN11 oﬂaref@méﬁgrmw Emaeﬂeam%nwmmnmgmem&yger% RO,

15R10, 11 are i1 ndependent e rzo

nycir ocaPBYPNTIA, GUEIINC G BT TEiEr iyt L s o B GhreteoP PRl Ney- caz

Pydr opahbwroarﬁm@hdﬁ R drdgprany eobsteasd &?ml 1hn@ @br@ré%mwdbaaar Ibyl ?nd

uncti1 on S _as erl ne art 0 t hi on e 0
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02-1320 ah#exysaiteamytiding2-eh a@@ilﬁv@’rﬁcﬁfyh@lﬁﬁ' 4—b&?m@;239|d@r€ey|3®<y1 a-Cc20

al kylth o, 20C5- C20 argl thio, 01-0 | sul fon and 01-

al kyl suPBrPPYTiSHG. drikPrigoretsRyidine e%gﬂ'%ﬂm&ﬁé”%ge b FRIOKABY B ‘P@s sel ected

f 01 | ¥
rom it g RS it e

| hkad GGerTEDe 55 PR ase PP G TRt dIPe L b5 SBlTarat od or
unsat ur ﬁ%&ﬁyiﬁyr%étgrsiemt -6 @mopdri@hie 03 8- Ak hyiyH8ind! 2iRetRfipfidise, OF
A y2| o ou5p d:tsvowgl)lrocpytpr{;?%;nlet S% g~tr|tr)1$ethyipyndme 2.4 b-triisopropylpyridine, 4-(fert-
butylypyridine, 4-phenyipyridine, 3,5-diphenyipyridiné, 3,5-dichiaro-4-phenylpyridine,
and the like.
[G080] In general, any substituents present on L? and/or L° are selected from
halo, C4-Cy alkyl, substituted C1-Cap alkyi, C1-Cyg heteroalkyl, substituted C4-Cyp
25 heteroalkyl, Cs-Ca4 aryl, substituted Cs-Ca4 aryl, Cs-Coq heteroaryl, substituted Cs-Cas
heteroaryl, Cg-Cys alkary, substituted Cg-Cays alkaryl, Ce-Cas hetercalkaryl, substituted
Cs-Cos heteroalkaryi, Cs-Cas aralkyl, substituted Cg-Cps aralkyl, Cs-Cas heteroaralkyl,
substituted Cs-Ca4 heteroaraikyl, and functional groups, with suitable functional groups
including, without limitation, C1-Cyg alkoxy, Cs-Cys aryloxy, C2-Cyp alkylcarbonyl, Ce-Cos
30 arylcarbonyl, C2-Cao alkylcarbonyloxy, Cs-C24 aryicarbonyloxy, C,-Cyo alkoxycarbonyt,



25substituted, e.g., with linked or fused alicyclic or aromati.c groups, or
with other substituents. [0099] Further details concerning such fornula
(XI1'1) conplexes, as well as associated preparation nethods, may be

obt ai ned fphenmoldadess Pat. No. 7, 365, 140, herei n i ncor porsatrad2dgoéséer ence.
WD 2009/ 020665PCT/ US2008/ 009604 - 34- LOOIOO]AS I's understood in the field
of catalysis, suitable solid supporfg for any of the catal ysts described
herein may be of synthetic, sem -synthetic, or naturally occurring

materi als, which nmay be organic or inorganic, e.g., polyneric, ceramc, or
metallic. Attachnment to the support will generally, although not
necessarily, be covalent, and the 5coval ent |inkage may be direct or

I ndi r ecCq-G.f arynshycationylt Matbcabbwlmf %ghkacémnobﬁooﬁa-lcggamlqmrlmnaao,support

oo R S T TR 2L SRR e PR
conveni gRgp-sabstitL@artariareeyl LAMNOLDROLalkyl, 8i-(:SC1,GoYN-sutistituted eaaamyl, 0 t heir
gocggcglzgnr%vge(lcgs_cﬂ aryl)- subsﬂ’ﬁtéd carbamo&p gi Ce—ém ary%) subst:'t\tlitléé ';grbamo I Ph "R G
5  thiocarbamowl, mono-{C-Cap alkyl)-substituted thiocarbamoyl, di-(C1-Cyp alkyl)-

substituted thiocarbamoyl, di-N-(C4-Cog alkyl)-N-{Cs-Cpq aryl)-substituted thiocarbamoy,

mono-(Cg-Coq aryl)-substituied thiocarbamoyl, di-(Ce-Cas aryl)-substituted

thiocarbamoy!, carbamido, formyl, thioformyl, amino, mono-(C4-Cyp alkyl)-substituted

amino, di-(C1-Cyp alkyl)-substituted amino, mono-(Cs-Cys aryl)-substituted amino, di-(Cs-

10 Cas aryl)-substituted amino, di-N-(C:-Cyp alkyl),N-(Cs-Co4 aryl)-substituted amino, C,-Cyo
alkylamido, Cs-Caq arylamido, imino, C4-Cyzp alkylimine, Cs-Coq arylimino, nitre, and
nitroso. In addition, two adjacent substituents may be taken together to form a ring,
generally a five- or six-membered alicyclic or aryl ring, optionally containing 1 to 3
hetercatoms and 1 to 3 substituents as above.

15 [0081] Preferred substituents on L? and L° include, without limitation, haio, C1-C12
atkyl, substituted C,-C+; atkyl, C1-C1, heteroalkyl, substituted C,-Cq, heteroalkyl, Cs-Cys
aryl, substituted C5-C14 aryl, Cs-C14 heteroaryl, substituted Cs-Cq4 heteroaryl, Ca-Cis
atkaryl, substituted Ce-Ceg alkaryl, Cs-Cqs hetercalkaryl, substifuted Ce-Cis
heteroalkaryl, Cg-C1g aralkyl, substituted Cg-Cqg aralkyl, Cg-Cyg heteroaralkyl, substituted

20  Cg-Cqe heteroaralkyl, C1-Cqz alkoxy, Cs-Cia aryloxy, C2-Cqz alkylcarbonyl, Cs-Cqs
arylcarbonyl, C,-C1, alkylcarbonyloxy, Cs-Cis aryicarbonyloxy, Co-Cqz alkoxycarbonyl,
Ce-C1q aryloxycarbonyl, halocarbonyl, formyl, amino, mono-(C-Ci; alkyl}-substituted
amino, di-(C4-Cq; alkyl)-substituted amino, mono-(Cs-C14 aryl}-substituted amino, di-(Cs-

C14 aryl)-substituted amino, and nitro.

25  [0082] Of the foregoing, the most preferred substituents are halo, C4-Cs alkyl, Cs-

Cg haloalkyl, C+-Cg alkoxy, phenyl, substituted phenyl, formyl, N,N-diC4-Cg alkyl)amino,
nitro, and nitrogen heterocycles as described above (inciuding, for example, pyrrolidine,
piperidine, piperazine, pyrazine, pyrimidine, pyridine, pyridazine, etc.). '
[0083] 1.2 and L* may also be taken together to form a bidentate or multidentate

30  ligand containing two or more, generally two, coordinating hetercatoms such as N, O, §,



20 84es- ,- N-1Aes | Ph PY-- Cr! py 24 _ 50 where L t PCyl, slates,
M's, Phoiaane X H, HO7, SO2NI CHaja X22 H, N C71-11)2Cl41 Xi =H. Phenyl R =
H alkyl, aryl. CO2Me Ceny"3) - VI \ O,- PhPh Mes- NN-Mes Cl &', , OA\ Ph

Roar- | wop 2009/020665 PCT/US2008/009604
25.

or P, with preferred such ligands being diimine ligands of the Brookhart type. One
representative bidentate ligand has the structure of formula (Vill)

R15
5 R‘:S N
vy =
R177 TN
10 R’B

wherein R R'®, R and R hydrocarbyl (e.g., C1-Cao alkyl, C2-Cag
alkenyl, C2-Cyq alkynyl, Cs-Coq aryl, Cs-Cos alkaryl, or Cs-Coys aralkyl), substituted
hydrocarbyl (e.g., substituted C4-Cyp alkyl, C2-Cyog alkenyl, C5-Cyog alkynyl, Cs-Cas aryl,
CG-CQ; alkaryl, or Cs-C24 aralkyl), heteroatom-containing hydrocarbyt (e.g., C4+-Cag

15 heteroalkyl, Cs-Czs hetercaryl, heteroatom-containing Cg-Co4 aralky!, or heteroatom-
containing Cs-Caq alkaryi), or substituted hetercatom-containing hydrocarbyl (e.g.,'
substituted C4-Cyp heteroalkyil, Cs-Cous heteroaryl, heteroatom-containing Ce-Coq aralkyl,
or heteroatom-containing Ce-Cas alkaryl), or (1) R'® and R, (2) R and R, (3) R™® and
R", or (4) both R™ and R, and R" and R'®, may be taken together to form a ring, i.e.,

20 an N-heterocycle. Preferred cyclic groups in such a case are ﬁve—a.nd six-membered
rings, typically aromatic rings.

[00B4] in a fourth group of catalysts that have the structure of formula (1), two of
the substituents are taken together to form a bidentate ligand or a iridentate ligand.
Examples of bidentate ligands include, but are not limited to, bisphosphines,

25 diatkoxides, alkyldiketonates, and aryldiketonates. Specific examples include -
P(Ph)gCHQCHgP(Ph)g—‘ -As(Ph)2CHCHAs(Phy)-, -P(Ph}2CH;CH,C(CF3)20-,
binaphtholate dianions, pinacolate dianions, ~-P{CH3)2{CH3)}2P{CHsjz-, and -
OC{CHs)2(CH3)2CO-. Preferred bidentate ligands are -P(Ph)z CH2CH2P(Ph).- and -
P(CH3)2(CH2):P(CHj)z-. Tridentate ligands include, but are not limited to, (CHs),

30 NCH2CH2P(Ph)CH2CH2N(CH3)2. Other preferred tridentate figands are those in which
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any three of X', X2, L', L2, L3 R", and R? {e.g., X', L, and L?) are taken together to be
cyclopentadienyl, indenyl, or fluorenyl, each optionally substituted with C,-Co alkenyt,
Co-Cop alkynyl, Cy-Cyp alkyl, Cs-Cypp aryl, C4-Cyp alkoxy, Co-Cap alkenyloxy, Co-Cag
alkynyloxy, Cs-Cqp aryloxy, Co-Cae alkoxycarbonyl, C+1-Cyp alkyithio, C+-Cap alkyisulfonyl,
or C4-Cyp ailkylsuifinyl, each of which may be further substituted with C,-Cg alkyl, halide,
C1-Cs alkoxy or with a phenyl group optionally substituted with halide, C1-Cg alkyl, or Cs-
Ce alkoxy. More preferably, in compounds of this type, X, L', and L? are taken together
to be cyclopentadienyl or indenyl, each optionally substituted with vinyl, C4-Cyg alkyl, Cs-
Cyo aryl, C4-Cyp carboxytate, C2-C1p alkoxycarbony!l, C4-Cqg alkoxy, or Cs-Cyp aryloxy,
each optionally substituted with C1-Cg alky!, halide, C+-Cs alkoxy or with a phenyl group
optionally substituted with halide, C+-Cg alkyi or C{-CB alkoxy. Most preferably, X, L' and
L2 may be taken together to be cyclopentadienyl, optionally substituted with vinyl,
hydrogen, methyl, or phenyl. Tetradentate ligands include, but are not limited fo
GC{CH PP CH)P{FhHCH,1L.CO,, phthatqcyanines, and porphyrins.

[0085] Complexes wherein L and R? are linked are examples of the fourth group
of catalysts, and are commonly called “Grubbs-Hoveyda” catalysis. Examples of
Grubbs-Hoveyda-type catalysts include the foliowing:

Ph
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wherein L', X', X?, and M are as described for any of the other groups of
catalysts. _
{0086] in addition to the catalysts that have the structure of formula (lll}, as
described above, other tranéition metal carbene complexes include, but are not limited
to:

neutral ruthenium or osmium metal carbene compiexes containing metal

centers that are formally in the +2 oxidation state, have an electron count of 16, are

- pentfa-coordinated, and are of the general formula (IX};

25

neutral ruthenium or osmium metal carbene compliexes containing metal
centers that are formally in the +2 oxidation state, have an electron count of 18, are
hexa-coordinated, and are of the generatl formula (X);

cationic ruthenium or osmium metal carbene compiexes containing metal
centers that are formally in the +2 oxidation state, have an electron count of 14, are

tetra-coordinated, and are of the general formula (X1}: and

NN



PPh3 C916 Ru\ .aA\ Cl BF4- = P+CY3 Mes-NN- Mes Ret=Cr--\\ O | pcy3nBu
C841-n Mes-N N- Mes C ;It py-t-Rit=-\ Ce t.\Ph PY Cr27 WO

2009/ 020665PCT/ US2008/ 009604 -40- [00102]1n the foregoi ng nol ecul ar

st ruct ur ewoand/k@eiul ae, Ph represents phenyl, Cy reprresanteseysbohexane,
Me represents nethyl, nBu represents&j‘é:butyl, i -Pr represents isopropyl, py
represents pyridine (coordinated throtgh the N atom, and Mes represents
mesityl (i.e., 2,4,6-trinethylphenyl). [00103] Further exanples of catalysts
useful in the reactions of the present disclosure include the follow ng:
ruthenium (I1) dichloro (3-nethyl-1, 2-butenylidene)

cationic ruthenium or osmium metal carbene complexes containing metal
centers that are formally in the +2 oxidation state, have an electron count of 14, are

tetra-coordinated, and are of the general formula (XiI)
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10 bis(tricycl opentyl phosphi ne) (C716); ruthenium (I1) dichloro  _
(3-methyl-1,2- butenylidene) bis(tricyclohexyl phosphine) (0801); ruthenium
(I'1) dichloro (phenyl nmethyl ene) bis(tricycl ohexyl phosphine) (0823);

r ut heni umyGlabdsddes3- bi s- (2,4, 6- WO 2009/ 020665PCT/ USZRGB QR0 041-

tri met hyl phenyl)-2-im dazolidinylide di chl oro (phenyl net hyl ene)
(triphenyl phosphi ne) (0830), and rutffenium (11) dichloro (vinyl
phenyl et hyl ene) bi s(tricycl ohexyl phosphi ne) (0835); ruthenium (I1)

di chloro (tricycl ohexyl phosphi ne) (o-isopropoxyphenyl nethyl ene) (C601), and
ruthenium (I1) (1, 3-bis-(2, 4, 6,-trinethyl phenyl)-2-imdazolidinylidene)
5di chl oro (phenylnethylene) (bIS 3- bronnpyrldlne (0884)). [00104] Exenpl ary
rut heni um based nebaeledi sxTaf dl’ystls’, Rhcdnade? ammfepdée:eem}emf thy

structures.12 bbs' s, cat al 16 Structures
o, 50, Pyiousy ST Yt dRBTSR Sl g ek SRS Endrachly 2Rt A"
r ut heni imedgasechaeingbheses tod; al ysts. Catal ysts 0627 0682, 0697, 0712, and
0827 represent 10still additiognpal ruthenium based catalysts. _General
StrUGtures 50 and? $oPeRTELANEMAUE0 BBAAF Or(7 RAKEUT tased ThEPRES s
cat @ ystee mﬁeb@@dérﬁlgger&wﬁ@ﬁ -on QheNRéaLPQQ»EEFQ(b@R?I R ORENs; Febr uary 12,
2007, at paﬂes 37-4 In the ctures, Ph H Mes 1s nmesityl, py
is pyri QRN s opemIPP- Aid= |9%‘§fé Q)hé%y’ 2 Fﬁélﬁ(‘sjq}é‘egnlsques for
usi ng ”éﬂy'?ﬁﬁhéﬂn@%iét %@&t@bys}bmzﬁl’gr Wﬂ*'aﬂwdt he art (see, 15for exanple,
U S. Patent Nos. 62 047; 6, 794, 534, ? 997, 6,414,097, 6,306, 988;
5,922, 863; 5, 750, thOaWdﬂﬁf@ttﬁtﬁweg c!atla ysts: 4w £h R i GRAES M3y be tgken
PUbI i catdduindlto 13H0Z/cIRARSE, ALd. a%ultudiéiﬁé}én@éﬁa%dby reference herein in
their entireties. A nunber of the metath esi.s gata%véts , as shown are
mant¥ act ured by Mibefineany ere of Pasaefehal C‘EA)L [M061.65] Addi t RosaH Rexeapl ary
met at he Satt%@ﬁ@t}}]YoSééubM ude, without limtation, netal 20carbene conpl exes
sel ecte fromthe group consisting of m)lgbdenum osm um chrom um
rheni um0Q87d t ungSthen sulfde cempiexes instuse Gioepdr kansificn Mmetghtarkeods such as a
transitig : i I GORRI €%
coor di na"tg g%ﬂgﬁ%%gﬁtﬁ]g%%ﬁté%é%@&%%eﬁ%&d#g& ?{l;gll %aFI)%' ﬁ?sﬁ’gbﬁ’g4égﬁ%ase i
rret al cet benemvitgiiesseasral stficiurd gdlllal kyne- or al kene- net at hesi s. Typi caI
| es of such ligands include 25phosphi nes, halides and stabilized

r enes. Sone netathesis catal ysts may enpl oy plural netals or netal
co catalysts (e.g., a catalyst conpri siRng a tungsten halide, a tetraal kyl
tin co d, and an or ganoal uri'\qum compound) . [00107] An i nmobi | i zed
catal yst''can be used for the netaiMrexis process. An i mmobi li zed
catalyst is a system conpri si ngi< a catalyst.vand a support, the catal yst
30associ ated with the support. Exenpl ary associ ati ons between the catal yst
and the WD 2009/ 020665PCT/ US2008/ 009604 - 42- support may occur by way of
chexg cal bonds orwmealm interacti ons (e g. hydrogen bonds, donor acceptor
i nteractions) bet taI any portions ther eof and the
support or any po royﬁgir °§LIB t@Ft is intended to include any
mat eri al suitabl eLt@quL?pmgrdeutrbee;g@&@{ ¥&dor iigdpdcal |y, immobilized catal ysts
are solid phase catal ysts that 5 ct on liquid or gas phase reactants and
products. Exenpl afyag %5p8ﬁ§“‘8‘|“8 IB8MdSers, silica or alumina. Such an

i mmobi i zed cat al g$fs HRYodes @SQQZ h?dr%céﬂb?h/\/opé@%iw?tedm a0Ddokamed cat al yst
can sinplify purification of products and recovery of he catal yst so that

t
redfcling the cat¥ fan %‘9“5‘@’ W@%%WP@P@”W‘I@BWFH&”%B'&?M& S
pr ocess woaRcBmyiRdiMkhgs under any conditions adequate

Y is a positively charged Group 15 or Group 16 element substituted with
hydrogen, C-Cq hygirocarby%, substituted C,-C+z hydrocarbyl; heteroatom-containing
C+-Cq2 hydrocarbyl, or substituted heteroatom-containing hydrocarby!;

30 Z is a-negatively charged counterion;



10 to produce the desired netathesis products. For exanple, stoichionetry,
at nosphere, solvent, tenperature and pressure can be selected to produce a
desired product and to mnimze undesirable byproducts. The netathesis
process @y, Aeeeeuct ed under an inert atnosphere. Sigfi@hdgioedshs @ reagent
is supplied as a gas, an inert gaseous diluent can be used. The inert

at nrosphere or inert gaseous diluent tpically is an inert gas, 15 neaning
that the gas does not interact with the nmetathesis catalyst to
substantially inpede catal ysis. For exanple, particular inert gases are
selected fromthe group consisting of helium neon, argon, nitrogen and
conbi nations thereof. [00109]Simlarly, if a solvent is used, the solvent
chosen may be selmads eekota hendubstantially inert with respect to the
nmet at hesi s catal yst._  For exanple, substantially 20inert solvents include,

wi t hout Ilnltat|6h$2§?%ﬁﬁﬁlc hydr ocar bons, such as benzene, tol uene,

xyl enes, etc. ha&mgenaérqdmaarcﬂMneoodeﬁoxé,r)b?oﬁé W5 aat Yasanctid kebenzene and
di chl or pbenzene tlc sol vents, including pentane, hexane, heptane,
cyclohegﬁﬁ%‘“é?gyn’ﬁﬁ ¥CCHBR nat ed al kanes, such as di chl or onet hane,

chl gsof orm  di chl paaestane, LAOC, dr0LLAkkackes bailnmapbediseiisusia | | gand
may be adFed to the netathesi's reaction 25m xture. In many enbodi nent s
usi ng adfiiRRthte® e 1igand is selected to be a nolecul e that stabilizes the

cat al yst[eomd MayWt B dptioMaldes dBtilufel Sapechdtdidseiconuied cl.on, t he
catalyst. In sone cases the I'igand can alter reaction selectivity and

pr oduct MYfecRTYIRNEdinkags AWRiFalY %5?Oqtioﬁa}‘bﬂ%”qsr%&te%Qm‘cbéa'lﬁ’@ﬂe|“H'@Q§»’d8 dew s
base | i G@v@% whERY i@8n iMbEdQHnd IaFgbal 10D 1 2tindiadiky bRE ARPBI MRSydfdenexanpl e

tl‘l%d ohexyl phosphi ne and tributyl phosphi ne; 30triaryi phosphi nés, such as

t r i Phen@lpnosishibeerepicad Wtawwphwgsa%é%bst%%ﬁ aagescmmd earlier herein with
2009/ OZQ%Eanet yﬁﬁ(oﬂ%%@é‘terﬁk?’sugétﬁuhsawW&é%ﬁbﬁ‘ PROZPOLIE, mBYKihglI nes,

such as yridi ne ,4,6- trinmet ine; as well as ot her
Lewi s b&tdV imayerdsay solche prespiodpiai m@fe@ﬁﬁmb@%aepquamrﬁn tes. Additives
al so ”a)@]&b% present, Q%blﬂge;?‘éhérig%%r%u%h%tor'd}%;g%%ié?ﬁéxﬂ'sYzEEmLfeE%{h”e

[00111] t at hesi s 'react erature na rate-control
vari abl éydiegee, €héq1 b&rcbemaibufreutisﬁltls@qi @@ﬁedhv@fopar@vi Beteaoaie@rmtalwn@duct at

ﬁgyﬁgce% %’l P/El%acgrby-lnb‘? spﬁé’tﬁé%gﬂeferé (%tHIrn g 9 e?9tr Qfg"?f =% 40C,

e gr eaf yp| ca grea er 0C or
gr eat er atGvafdhoinecRNC:subsiguieal Dcﬁltl\tdinectmgad I@esm;sﬁ‘sea@trmu]:m& ehep@mat ure is

l ess th I n 0,

t enper aroriankB o bR EERS PIEE AR SEE PR AT RO
about 1%Oﬁndﬁeﬁm']thmeia:cHdafrdFmQHSfgéadtacarbyi:amtﬂuetheae pretierdanygradesi r ed
pressure. ally wi || S|rabl s naln t.ota [ 83 sure that
PG on i BligTearhé sttt el Rt Rndne & B BBb PP sBlesr Rt o or o
?s athe ml@ge alkat am@ag,lntargdfthlnslhmctdmesﬁ:r e&&mpteahmmr[]setigﬁa?@mm,n@peamfs;-ht he
oWer pressur ra}n_etylﬁa ec elssmet i lin i nt of .the

cr 0ss- MU HERh W B Y ToRe s SIORERE. pRY RReHe SR RGE BRlPRESd 1o
be gr ealgesur duitaiaipgihe pOsikiRay chmgeermoelﬂbsdjrrmﬁﬂmeremaﬁ Foamsadpos! 30
e ralebabe orhbods Beayoun (S ehemar BUBIERIR & s 6 SHEREALBERTSt hene
An exe adivvi2 emyl beirmiaagsyif he net at heS| S reactl on is from about 100
kPa tonggoulty?)gg% kg ;0;01gﬁ¥ Igﬁéus%ne enbodi ments, the netathesis reaction

i s 4%t all$8%H py a swf@ﬁa@&wv&hﬁfgﬁa ypierian @eap@pter gHth4ha calion- t r ansi ti on
et al Cemf&nbndm BEOSHuRARL driCarAd] sloaélggeﬁé tHAUESH i<Ohel ithlr¥Slectisthens are

derived fromGoup VI Atransition netals, for exanple, tungsten and
nol ybdeﬁgmpo%'['t@@ﬂ'lﬂ ‘I?(H“B‘Gﬁ@“@#iﬁ)fﬁaﬁ?rﬁ‘ﬁ%anq FRAgghtsatsgeat e pelajifsiester is
partial 'r%/]aég&sﬂrcw,{%bedor%fr@e%'nnmwess%ﬁé&@d cf@di%%d‘?ﬁs@ﬁ@%%bﬁ ab&aet i on.

Parti al rogenati on of unsat ur at ed ester” reduces the nunber of
doubl e mmeu H{Csbs)d ™, alldia] alBi(€stiadd] QF:tf:H@):éulH%Féad]uéﬁth}reMIhﬁesIng‘On}eact| on.

| | f
n sq)ome ngsuﬂﬁ.aﬁc}@ﬂé@s*gg O%étﬁ A eF%O Fbgéf?ﬁéé Ghiohs s[RIt B8 aRARe fOrm a

nmet at he



WO 2009/ 020665PCT/ U52008/ 009604 -44- net at hesi zed unsat urated pol yol ester
is then hydrogenated (e.g., partially or fully hydrogenated) to forma
hydr ogenat ed net at hesi zed unsat urated pol yol ester. [00115] Hydr ogenati on
may be cowduodvadesacscordi ng to any known net hod for hydroagsaekiomgodoubl e
bond- cont ai ni ng conpounds such as vegﬁtable oils. In sone 5enbodi ments, the
unsaturated polyol ester or netat hesi“Zed unsaturated pol yol ester is
hydrogenated in the presence of a nickel catalyst that has been chemcally
reduced with hydrogen to an active state. Commerci al exanples of supported
ni ckel hydr ogenati on cat aI ysts include those avai | abl e under the trade
desi gnati ons NY OFACT", NYSOSEL and "NI 5248 D' (from Engl ehard

Cor por afdromia BE: MnWhNIQ)R  pglBuarp orrl, o1 petiyponated anylcliypicaliydrasgenat i on

" Brr oare G0 B E A os T e YL Pl B8 R Fom doimeon

I\/attheyoﬁianailwtbegattai\ard H1l, MA). [00116] The hydrogenation catal yst may

COTPY! g, o ATBl R BB SlreshRRRSR Db Lo U TRl g

al sé may dme hestatlen Wgrhthdr tc &bral § syclicayolie dsedisriaspen boesaopianoderisderg. | n

catal yake Spaose i iR S AL AR LSRR R T o ogona o P AREYRE Compr  Bos

ni ckel tdiaicyieis glzeps, thbeaicedid groumduag devivehohsishnagererto riags.astmaye st ate

bor ous EFTPRSE M il BeRicn ShememRPisC IR Whish 4T onat S008. st & MRERous.
earth) whe@yumgfraupgheycﬁtag%%aﬁeommmharaﬁi ﬁrey?ed:éaaroatomaldsnmi&mlgel sulrface
ar e er fam O n ) Jcles of supporte ni ckel catal yst
ey Ohe andberussitiR s, Sbes Jratt (hEhisRERADr i o ho har dened Y
trlacylgi ride, oe@ghi@@dxen@raryabda sémboarpaeé@ﬁrﬁwwstaﬁﬁmwl ment, the

supported ni ckel cat aI S rsed in the protective nediumat a | evel
of abouforppila et ghi f%‘h? \é’f‘eferfb@ %ﬂﬁ‘ﬁ'@ %ﬁ&@éﬂ%ﬁ%@@@@é‘t%%&?s may be of
t he typgtrgggpé&egrmlmal{kﬁ; Pat ent No. 3,351,566 (Taylor et al.), and

i ncor por at ed by reference herein. These catal ysts conprise solid

ni ckel -silica having a stabilized hlgh ni ckel surface area of 45 to 60 sq.
30mgt ers per gramand a total surface grea of 225 to 300 sq. neters per
gram The WD 2009/ 020665PCT/ U32\d)8/0 604 -45- catalysts are prepared by
preci pi {8 ng the nickel and si |,i-&eF€ i ons from solution such as nickel
hydrosilicate onto porous sili &a partl\pd es in such proportions that the
activated catal yst contains 25 weight%to 50 wei ght% ni ckel and a total

silica content of 30 weight%to 90 weight% The particles are activated by

cal ci ni BYcLiBielidy FHhrdAY ¥ 5@, SAP0 fEnak BRNAL BOYUGHHRE eiildh JAYILGHER

20 complexes of formula (1), as are possible and preferred Y™ and Z™ moieties. M is Ru or

Os, preferably Ru, and R' is hydrogen or C1-Cyy alkyl, preferably hydrogen.
f0093] in formula (XIV)-type catalysts, L' is preferably a heteroatom-containing

carbene ligand having the structure of formula (XV)

25 [ <Q3>W—R3ﬂj [rcr')z-R“A] v

(XV) R3“(01}x .._._._2‘%\\/ ZZ__(Q2)y_R4

such that complex {(X!V) has the structure of formula (XV1)



[ 00120] Useful catal ysts having a high nickel content are described in EP O
168 091 (incorporated by reference herein), wherein the catal yst is nmade by
precipitation of a nickel compound. A sol uble alum num conpound is added to
t he sl ur ryyogposteh@oepr eci pitated nickel conmpound whil e te@/Uspeipoeddate i s

mat uring. After reduction of the 10rgsultant catalyst precursor, the
reduced catalyst typically has a nickel surface area of the order of 90 to
150 sq. mper gramof total nickel. The catal ysts have a nickel/al um num
atomc ratio in the range of 2 to 10 and have a total nickel content of
nore than about 66 wei ght% [00121] Useful high activity

ni ckel /alumna/silica catal ysts are described in EP 15 167,201. The
reduced catal ysts have a high nickel surface area per gram of total nickei
in the catalyst. Useful nickel/silica hydrogenation catalysts are descri bed
in US. Patent No. 6,846,7%3%_%h f gakxits are produced by heating a
slurry of particulate sili 1e. ¢; ?ﬁéseiguhr) i n an aqueous ni ckel am ne
carbonapgn§olution for a.tot period of at [|east 200 minutes at a pH above
7.5, fol'Towed by fil £raf?bn, “washifig, & %iny, and optional |y 20cal ci nati on.
The 5ni ckel / silica hydrogenation catal ysts are reported to have inproved

filtration properties. U S. PRatent . 4,490, 480 reports high surface area
ni ckel / al um na hydrogenati on Cakaky&ts having a total nickel content of 5%
to 40% wei ght. [00122] Commergial ex | es of supported nickel hydrogenation

catal ysts include those avail able undeédf the trade designations "NYSOFACT ',
"NYSOSEL", and "NI 5248 25D' (from Engl ehard Corporation, Iselin, NH)

Addi t i owhakresuphot’t Bd. R, ok ehnd Fyate agaisdined proatuiy sng the cdrogisinghose

co rciall: Ll abl nder the trade designations "PRI CAT 9910", "PRI CAT
99%"?, s%t%\{%@@%\%%m ‘CAT 9936" (from Johnson Matthey Catal ysts, Ward
Hill, MXas4] 00123 Hydr Ifgers dicternatoms theicalprsalededfioni N, @, BadwhPor Sinpe a

cont i nu@us ocess_30and may be.partial hydrogenation, or conplete.

Py dr oo Thn 375 AVAERG e nti ) 2 batos Lo G006 00K es B el 38109604
-46- pr ates ¥’ iaOva@IuRbvsvaruivhed ZOs It e Pheaasiiadeand waes tF g BabrFedeaini on
vessel and,the reaction yessel ,is. char wth the material to be
hydrogeﬁgi@dnt%P&g?"ﬁ%EV¥B§QEﬁHJ5FWEoﬁﬁﬁgféY% i zed RBD soybean oil). The
matier i afpdss] t hen @b];@tz,edz?’,tagnmﬂgfg ifrﬁdrs% e(r)gom?mf ﬁydr&&ef?b?iéhé,%ub%ht?éegfé)v 200C
t enmper ature ranges fraom about to , for exanple, 5about to

br Bbou B E3s0t: MBS a NS e DROFRDVBaS SRR anpl e, wth
hydr oge Re@dSatomesonttifing TMRT c@yhibcadyltinghef -(0&3- RINGSE W, §, hd k afequire a

| ower tenperature. In a separate contajner, the h¥drogenat|on catal yst is
wei ghed NAFPBNSENHY ZeryOL bJBeaniag iaf sa¢h (ipker &oplipna! shEeraghotink YN iKe

mat er i akrd g peohydrogenated (e.g., RED soybean oil or netathesized RED

soybean oiI}. v%eq1tgg materigl to be 10 hydrogenated reaches the desired
t erfder at@H®8] t he Bl HrryR oﬁ”ﬁﬁgr BtfciRdereidepty apigsted feom Ayd@oes. MMEcGeBact i on

vessel . chidl AORBcaRS! sbdih@Rd W?@%%F&%Qrﬂyh%eﬁééﬁfdnﬁleoﬁﬁﬁﬁﬁ@ cle,achieve a
desired pressure of as. Typically, the H2 gas pressure ranges from

H2
about 1BY¢§C®@®bab§§Q?ﬁg@ﬁd@? tem-eRINIngsC pseghHMdEOBIPYsi g. As the gas
pr essur endgier eas i ghi Lgh-p § r 1) Lpment may
be requp¥§g$ UndgfmTﬂgéﬁ'@Eﬁé@%b??%ﬂ%g%ﬁézhé §§géﬁ%§?§ﬁ&?§a§§?§ﬁuﬁgbins and
t he t enpeiesttaferm sQalshowidt the ¢caneplenses the sthustyresif ferenuig dF\dfenat i on
tenperature (e.g., about 120C to 2 where it is maintained by cooling
the reaction mass, for exanple, th copling coils. Wien the desired degree
of hydrogenation is reached, thetreaction mass is cooled to the desired
fiItratbgﬂitenperature. 20][ urtRbdf hydrogenation catal yst is
typi cal Iy Qelected in view of a nu r of factors including, for exanple,
the type of hydrogenation catal yst used, he anobunt of hydrogenation
catal yst used, the degree of unsatwation in the material to be
hydr ogenat ed, the desired rate of.+ydrog ton, the desired degree of
hydnogenati on (e.g., as measure by iodine value (1V)), the purity of the
reagent, and the H2 gas 25pressure. In sone enbodi nents, the hydrogenation
catalyst is used in an anount of about 10 wei ght% or |ess, for exanple,
about 5 weight% or |ess or about 1 weight% or |ess.




[ 00125] After hydrogenation, the hydrogenation catalyst may be renoved from
t he hydrogenat ed product using known techni ques, for exanple, by
filtration. In sone 30enbodi nents, the hydrogenation catalyst is renoved

using a piwat:gemngetrame filter such WO 2009/ 020665PCHWRAQNBNGRNO04 - 47-
as those commercially available fromSparkler Filters, Inc., Conroe TX In

sone enbodi nents, the filtration is & rformed with the aSS|stance of
pressure or a vacuum 1In order to inprove filtering performance, a filter
aid may be used. A filter aid nmay be added to the netathesized product
directly or it may be applied to the filter. SRepresentative exanples of
filtering aids include di atomaceous earth, silica, alumna, and carbon.
Typi cal wperdime® f:anmﬁérar@gem@ aisomse:dh|prefamtm,rmmmstofneab(§l}tanﬁ(}?‘§/\anght % or

| ess, for exa ess or .abou A or |ess.

o her 1 MorErra B Rir S a4 Behe Zlifiis S8 udhaited e o BRo N teny S + &

L e :jmve tbhe opﬁ@fhnpy:ldm@gﬁmabm@ar ﬁm@t@hm‘toatd)ms @hb&frfseﬁﬁﬁddmfg Pmlssl & hifker,

y rogenatl at.a IS renove entri atio 0

o e = ol b A £ Gro BB R SRt Be St bed wi t h
ref ey enﬁ?dr*o@aﬁbglénéC’rhét@ﬁ@a&ﬂn&@ﬁtaldmg’f’(‘,ﬁlmgh@d{@ﬁ’ﬁhﬁf&ne or subswLES 15
EXAMPLE 1 [00127]In this exanple, the feedstock was heated to 200C to

degr ade "&IFPHPRIGANEHNIBS Cat e Wyﬁﬁcé%?”ﬁriﬁ‘ﬁ?f e ar@Bdep G6 KOG RELS T

treat negh a@{é&@ﬁ%b&s%%ﬂ@hﬁai} bk lihk&h & fdrrh 'ah%ddﬁ%%ﬂ@?oﬁ@@ﬁb&u@%&mdheaﬁ or
with 400 g tTeedstock of C{&gm S Undistilled Canola Fatty Acid Mt h% Ester
We

(FAVE) , May-Renmmteny sulsdituieb ipshiouie Ralyseth BAlYSY e by chins ﬁf Modtorabaet Bre wi t h an
agl tat og cne Va\f@@éur@ YaStthi 'altﬁéugwncs:f}%céé@a?#fy faqv@e&aﬁa lirfk@héd 9¥"§@hr’é¥~a@orﬁ' trogen

spar ge. t he feedstock Wwas heat ed | e mai ntai ning the best vacuum

pos$ bl éﬂkwmlges%@tm%HP%%(Fhk W@é@l?ﬂ’d& Rheadcted-NmS givisg riss®  and
200C to, EME&:':J g4 gﬁﬁé@?ﬁ'-dﬁpﬁﬁéd{fstl&ﬁéé (R Ir&ﬁ?ére\/g HS?"E L h P?H’—at
| ess ? an 8

an
200C. Ssa Lf?‘es an were run unti nmeq/ kg.
Tests f@l! Wvae(M@ermﬁ ikl atfyRsikesy Rieli can O | Cheni sts Society (AOCS)

Vet hod g D- 90. i SURSEANI b ok DS ERIY RCkiASIH LSS (LUAIHLS heati ng

source, was CO0O0 an |1 ce rogen sparge was
t hen stetyp@urahm?RP fREdst 6eR*aGRIGh eefamdly THRPRHCGRIBY - f\ele@rgtrua‘k Rias t hen

t he

f eggc’gt oC \%\Igéégl @eo{ég%‘g%%aegﬂggg%eor Or%b %g?r%ggnheé éi)aceo%eﬁ ¥1ike¥ egfq‘t%'dr 301
m nut e, Ceéh@egldroam&yséateedatomM%@@Q@%ﬁMddm@mwmetémmm-
[ 00128] e e
subsequgﬁﬁa ns%a%j gé’t gﬁ?‘gaqg}hs%ﬁqsf%gﬁﬁ%g q"sD gea%%flngﬁ-{gﬁgﬁﬁib sence of
r ut heni geztivet ﬁﬂa&mls ufaftzad:tmt—al 82 ps Yargyinoigdamartnbgi, af - Ctzblalk:my P85 S
cat al yst wer e .u se reactions, as,specified i 1. .The
Foedst olRIEACESEa PYR AT &t ey FHoRRE: Crbes pbod” Brduse el
sulzequentd,y agmaloed 13y, mmutf@mbeirmt Cf-Ey amyaszmﬁmgﬂ edptionanyeutssiinned wiam
feedstock to transe terl ned_b the anal ysi s of
{r anses QBRI M BRARIGeE eott BT e eI Gt 1 Do A 4D gIEEe
sci nti | kaityeiryl VoathylCaid RhlieN A lteriaBaRt by 84d bf RF, RYa Rt hat e may be

linked together to form a substituted or unsubstituted, saturated or unsaturated ring

structure, e.g., a C4-Cy2 alicyclic group or a Cs or Cg aryl group, which may itself be

25 substituted, e.g., with linked or fused alicyclic or aromatic groups, or with other

subsfituents.

[0099] Further details concerning such formula (XIil) complexes, as well as

associated preparation methods, may be obtained from U.S. Pat. No. 7,365,140, herein

incorporated by reference.



wi th net hat hesi zed SBO (-50 ng) and 2 nL of 1% w w sodi um net hozi de i n-

nmet hanol . 10The |ight yell ow heterogeneous m xture was stirred at 60C for 1
hr. Towards the end of the hour, the m xture turned a honbgeneous orange
col or. ToWPRe&3eY i fi ed products was added. 2. 0 nL DI PEHZISAWFIRS® ni et hyl
acetate, m xed and the phases separafzgd. The organi c phase was diluted with
ethyl acetate for GC anal ysis. [00130] The GC anal ysis conditions

were: [col um: HP-5TM (30m x 0.25 nm I D, 150.25 umfilmthickness)]; 100C
for 1 mn, 10C¢mn to 250C, hold for 12 min.; R 12.6 mn (Methyl
Palmtate), Rt 14.2 - 14.5 mn (Methyl Linolenate, Methyl Linoleate, . and

Met hyl O e ), 14.7 mn (Methyl Stearate). [00131] The degree to which
the  ceBATPE had 1B ORI SROHIANS Seici Clalis. SHIGRT SaM SeRIRerS: I Ofpor cant
conver st cat@§sis absshtrlakréihonay B ofXyrifdtRNMBémosaithait:, P ANRPAINIRBS ke sum
of methyl paimtate, nethyl l|inolenate (cis and trans isoners), mnethyl

| i nol eaf®tgrE&ls Wiih ‘ﬂ“?&ﬁg%@ﬂi@PEWPFQ?@E%@Q-oﬂ"é)&"l”é”‘é'cﬁ@sﬁafai?doﬁ Mg _“Cl' soners)
and et RphciihERME R shdiwin @;@héﬁégy,saﬂmhﬁ n8M8ede88h Sy [ chRiN i tal ue
(PV) were run using the Anerican G| Chem sts Society (ADCS) Method Cd

8b- 90. Thalentiinkagremay badirngsl erdndimct dhivHirecnpypieal wiheaeswe fundipeal gepurent
conver SiHAM, o} n.dn Table 1. 25 TABLE 1 Exp # type of FAME starting
mat er i aFR?rsedg?ﬁé%?H%%%at hesi s catal yst 827 (ppnidla) PV value (nmeg/kg) GC%
conver si¥H01po- o-ITnilioh £xaowes3d @iadydsihat may be used in the reactions of the

'disclosure include the following, some of which for convenience are identified

throughout this disclosure by reference to their molecular weight:

4 f"‘\N B
S M DE—RAES
c, FOY P cr\ff Ph oy 6w
“Rp=—" i g gy 3
O O T Lot R
Flyy FCys PCy,
12 4 p il

10

- pc!}u 4 F’Cy3
Lk, v = . S
"F!i*u=/~< Rz £

c cr Mes—N,_, N-Mes
PC"} * o3 Ph
. e
Y CP"BM

) PLyy
1 20 33
MES-—NYTN—MES N(::\NH M —
o en ¥ =N
DY—-;RI.!:-::-/ C"‘"‘Ru‘..'w___,\ CL...R :

By

4 26 \7—‘

28



109- 054B Canol a none 15 8.6 12 109- 054C Canol a none-5 8.6 6 109-057A Canol a
none 2 8.6 4 WD 2009/ 020665PCT/ US2008/ 009604 - 49- 109- 0540 Canoi a Ther mal
~ 200C 30 0.5 66 109- 054E Canal a

WG 2009/020665 PCT/US2608/009604

35-

L

{ i
" ‘T

ht} X

ﬁ\]/ .
X X

50
where '

L = PLy,, siMes, Mes, Phobane o
X = H, NOy, SO;NICH;); N :
Xy = H, B {UoHyCHy =
X, = H, Phesyt . siwas
Ro= H, abhyt, aryl, COMe
0L
L .
! /ﬁgi\' ) Mes
R £ :
N s,
L1 o
- P

LY
where m(

L = POy, siiles, Mes, Phobane
1’ = PCyy, Phobane Phobane

PGy Ll T ] ) wmdery
"

g"*-,‘! e

”
o Ein,

| & b i

Plrs g

ity
Ly




Thermal -
Canol a Ther mal -
109- 0556

WO 2009/020665

Ph Ph
g Mes—N N--Nes
mmslf;mM&m
=
u"l
N
]
S

]

Mag N N—Mes

a

Z
a
o

|

o
—_—
=

A
=

4

]

Mes—N N—~NMes

S
/
Q

......_J'O
[=

WPh

o

~J

Mes—N N—DNes
/ \ Cl j/m ‘\\\\\Ph
.
— | Yo
Br /N !
= Br

200C 15 0.5 67 109-054E Canol a Ther nal
200C 2 0.5 14

Ph Ph

1

Mes——N N~—-Mes
C“Hn]q/____ﬂ_ ‘\\\\Ph
L
e l
N
]
2
Ph

~

Meg—N N—Mes
cmh\T/ Rt
Rum“
cIre l
N
]
T

m
=

]

Meg-——n

N

N-——Mes

=
To

-2
=/ A

WPh
Ph +

1

N
=z

1.y

Mes —-N

C CI/,‘

N—Mes

—

PP

Nl
oA

)
{ )
Q

- 200C 5 0.5 43 109-0576
109- 055A Canol a none 30 8.6 64

PCTAIS2008/009604




Canol a none 15 8.6 9 109-055C Canoia none 5 8.6 2 109-055D Canol a Thermal -
200C 30 0. 466 109-055E Canola Thermal - 200C 15 0.4 68 109- 055F Canol a
Thermal - 200C 5 0.4 55

WO 2009/020665 PCT/US2008/009604

.37-

— S ) ~
Mes—N N—Mes Mes-—-N N-—Mes

‘“\\\CI T \]/
5 R ‘\\\\\Cl R RB\:C'—

e
civ Ru— BF, v —'\
i - N\ i l
L Ci P+Cys ) PCy, nBu
Y3 -
C859 C84%n
C827
10 i-Pr /'"\ i-Pr 60
@-N N [\ ™\
i-Pr i-Pr Q N N 6 Mes=——N N—-Mes
Ru—= \\“\ RO
» \ R Py TN
15 c Ph cre” iu — cl ity Ph
=
PPha Py c727
C916 C965-p
20

25

30

35

40

45



109- 049A Soy none 30 10.269 109- 0496 Soy none 15 10.2 68 109-049C Soy none
5 10.2 11 109-056A Soy none 2 10.2 12 109-049D Soy

WO Z009/020665 PCT/US2008/009604
.38-

cn -Pr
Ru___. s
c¥ ] TN
o —\a 8P Poy; Ph
PCya
C838 C712 €933
/—\ Pr
Pﬁ_ E :: > i-Pr
PCY:}
T\‘\\
Ru_..
\\\COZCF3 X/ le f
Ru_
CrcO™ * s N \r
6Bl
o €697 (X = CI)
C785 (X = Br)
824 CB7T9(X =1
fes—N N—»Mes Mes——N N—Mes Mes-—N N—Mes
W/\\c# W/\\C‘ Rd\c:
R;\— R‘\._.- v' —
o | TN av l” \ S

bey, PO fpn, o o
C8438 €831 . C627



Thermal - 200C 30 0.4 70 109-049E Soy Thermal - 200C 15 0.4 69 109- 049F Soy.
Thermal - 200C 5 0, 469 109-0566 Soy Thermal - 200C 2 0.4 22 109- 050A
Soy

WO 2009/026665 POTUSZ088/009604

-30-

} Ri= }
_<0Q >—N02 o | _< SON(CHs);

DEAL-278



none 30 10.3 68 109- 050B Soy none 15 10.3 67 109-050C Sey none o 10.3 16
109- 0500 Soy Thermal - 200C 30 0.5 69 109- 050E Soy Thermal - 200C 15 0.5 68

109- 050F
WO 2009/020665 PCT/US2608/069604

40-

C629
Ce06 CB33
Y G Q@N )
e TJ’C% \(Ci [
U= Ru= Lz N
o | cf| = c ey
~ By CiomR
G
Ccell cazy cazy
\ €753
—<;§—NV;H§':—:>» QNYN‘Q—
RUA_ E. v [ N
o1 Y R ?:b o o
AN \< ClRu= 7N iy
E = ok PN
# crs2 "Q B @
C598Cs Ph S~
Lo 1 CBa84
.
< g fan _—
N\.;//N N N @‘N I \ / '7\/N
{Ct T i C‘D/W G 5
RL}:\ F0EOm Cl""'?“_ -Ru=
o i Ph FaCCCr L Ob @
Cys ”"< -<
Ca33 C571 s
(o113
100102] in the foregoing molecular structures and formulae, Ph represents phenyl,

5 Cy represents cyclohexane, Me represents methyl, nBu represents n-bufyi, -Pr
represents isopropyl, py represents pyridine (coordinated through the N atom}, and Mes
represents mesityl (i.e., 2,4 6-trimethylphenyl).

[00103] Further examples of catalysts useful in the reactions of the present
. disclosure include the foliowing: ruthenium (II) dichloro (3-methyl-1,2-butenylidene)
10 bis(tricyclopentylphosphine) (C7186); ruthenium (i1} dichioro {(3-methyl-1,2-
butenylidene) bis(tricyclohexylphosphine) (C801); ruthenium (ii} dichioro
{phenyimethylene) bis(tricyclohexylphosphine) {C823); ruthenium (1) [1,3-bis~(2,4,6-
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[00106} Additional exemplary metathesis catalysis include, without limitation, metal
20 carbene complexes selected from the group consisting of molybdenum, osmium,
chromium, rhenium, and tungsien. The term “complex” refers to a metat atem, such as
a transition metal atom, with at least one ligand or complexing agent coordinated or
bound thereto. Such a ligand typically is a Lewis base in metal carbene complexes
useful for alkyne- or alkene-metathesis. Typical exampies of such ligands include
25 phosphines, halides and stabilized carbenes. Some metathesis catalysts may employ
piural metals or metal co-catalysts (e.g., a catalyst comprising a tungsten haiide, a
tetraalkyl tin compound, and an organoaluminum compound).
f00107] An immobilized catalyst can be used for the metathesis process. An
immobilized catalyst is a system comprising a catalyst and a support, the catalyst

30 associated with the support. Exemplary associations between the catalyst and the

Acid Methyl Ester (FAME). The feedstock was then stirred
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silica or alumina. Such an immobilized catalyst may be used in a flow process. An

immobilized catalyst can simplify purification of products and recovery of the catalyst so

that recycling the catalyst may be more convenient.

[o0108] The metathesis process can be conducted under any conditions adequate

10 to produce the desired metathesis products. For example, stoichiometry, atmosphere,

- solvent, temperature and pressure can be selected to produce a desired product and to
minimize undesirable byproducts. The metathesis process may be conducted under an
inert atmosphere. Similarly, if a reagent is supplied as a gas, an inert gaseous diluent
can be used. The inert atmosphere or inert gaseous diluent typically is an inert gas,

15 meaning that the gas does not interact with the metathesis catalyst to substantially
impede catalysis. For example, particular inert gases are selected from the group
consisting of helium, neon, argon, nitrogen and combinations thereof.

100109] Similarly, if a solvent is used, the solvent chosen may be selected to be
substantially inert with respect to the metathesis cataiyst. For exampie, substantially

20 inert solvents include, without limitation, aromatic hydrocarbons, such as benzene,
toluene, xylenes, etc.; halogenated aromatic hydrocarbons, such as chiorobenzene and
dichiorobenzene; aliphatic soi\)ents, including pentane, hexane, heplane, cyclohexane,
etc.; and chlorinated alkanes, such as dichioromethane, chioroform, dichloroethane, etc.
[00110] in certain embodiments, a ligand may be added 1o the metathesis reaction

25  mixtwre. in many embodiments using a ligand, the figand is selected to be a molecule
that stabilizes the catalyst, and may thus provide an increased turnover number for the
catalyst. In some cases the ligand can alter reaction selectivity and product distribution.
Examples of ligands that can be used include Lewis base ligands, such as, without
limitation, trialkylphosphines, for example tricyclohexyiphosphine and tributyl phosphine;

30 triarytphosphines, such as triphenylphosphine; diarylalkyiphosphines, such as,
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diphenyicyciohexylphosphine; pyridines, such as 2,6-dimethylpyridine, 2.4,6-
trimethylpyridine; as well as other Lewis basic ligands, such as phosphine oxides and
phosphinites. Additives also may be present during metathesis that increase catalyst
lifetime. |

5 001113} The metathesis reaction temperature may be a rate-controlling variable
where the temperature is selected to provide a desired product at an acceptable rate.
The metathesis temperature may be greater than -40°C, may be greater than about -
20°C, and is typically greater than about 0°C or greater than about 20°C. Typically, the
metathesis reaction iemperature is less than about 150°C, typically less than about

10 120°C. An exemplary temperature range for the metathesis reaction ranges from about
20°C to about 120°C. )

[00112] The metathesis reaction can be run under any desired pressure.
Typically, it will be desirable to maintain a total pressure that is high enough to keep the
cross-metathesis reagent in solution. Therefore, as the molecular weight of the cross-

15  metathesis reagent increases, the lower pressure range typically decreases since the
boiling point of the cross-metathesis reagent increases. The total pressure may be
selected to be greater than about 10 kPa, in some embodiments greater than about 30
kPa, or greater than about 100 kPa. Typically, the reaction pressure is no more than
about 7000 kPa, in some embodiments no more than about 3000 kPa. An exemplary

20  pressure range for the metathesis reaction is from about 100 kPa to about 3000 kPa.
[00143] in some embodiments, the metathesis reaction is catalyzed by a system
contéining both a transition and a non-transition metal component. The most active and
largest number of catalyst systems are derived from Group Vi A transition metals, for
example, tungsten and molybdenum.

25 [00114] in some embodiments, the unsaturated polyol ester is partially
hydrogenated before it is subjected to the metathesis reaction. Partial hydrogenation of
the unsaturated polyol ester reduces the number of double bonds that are available for
in the subseguent metathesis reaction. In some embodiments, the unsaturated poiyol

ester is metathesized to form a metathesized unsatu rated polyol ester, and the
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metathesized unsaturated polyol ester is then hydrogenated {(e.g., partially or fully
hydrogenated) to form a hydrogenated metathesized unsaturated polyol ester.

[00115] | Hydrogenation may be conducted according to any known method for
hydrogenating double bond-containing compounds such as vegetable oils. In some
embodiments, the unsaturated polyol ester or metathesized unsaturated polyol ester is
hydrogenated in the presence of a nickel catalyst that has been chemically reduced with
hydrogen to an active state. Commercial examples of supported nickel hydrogenation
catalysts include those available under the trade designations "NYSOFACT",
“NYSOSEL", and "N} 5248 D" (from Englehard Corporation, iselin, NH). Additional
supported nickel hydrogenation catalysts include those commercially available under
the trade designations "PRICAT 9910", “PRICAT 9920°, "PRICAT 9908", “PRICAT
9938" (from Johnson Matthey Catalysts, Ward Hill, MA).

[00116] The hydrogenation catalyst may comprise, for example, nickel, copper,
paliadium, platinum, molybdenum, iron, ruthenium, osmium, rhodium, or iridium.
Combinations of metals also may be used. Useful catalyst may be heterogeneous or
homogeneous. In some embodiments, the catalysts are supporied nickel or sponge
nickei type catalysts.

[00117] in some embodiments, the hydrogenation catalyst comprises nicke! that
has been chemically reduced with hydrogen to an active state {i.e., reduced nickel)
provided on a support. The support may comprise porous silica (e.g., kieselguhr,
infusorial, diatomaceous, or siliceous earth) or alumina. The catalysts are characterized
by a high nicke! surface area per gram of nickel,

j00118] The particles of supported nickel catalyst may be dispersed in a protective
medium comprising hardened triacyiglyceride, ediblé oil, or taliow. In an exempiary
embodiment, the supported nickel catalyst is dispersed in the protective medium at a
level of about 22 weight% nickel.

j001189] The supported nickel catalysis may be of the type descibed in U.S. Patent
No. 3,351,566 (Taylor et al.), and incorporated by reference herein. These catalysts
comprise solid nickel-silica having a stabilized high nickel surface area of 45 to 60 sq.

meters per gram and a total surface area of 225 to 300 sq. meters per gram. The
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catalysts are prepared by precipitating the nickel and silicate ions from solution such as
nicke! hydrosilicate onto porous silica particles in such proportions that the activated
catalyst contains 25 weight% to 50 weight% nicke! and a total silica content of 30
weight% to 90 weight%. The particles are activated by calcining in air at 600° ¥ to 900°
5 F, then reducing with hydrogen.

[00120] Useful catalysts having a high nickel content are described in EP 0 168
09.1 (incorporaied by reference herein), wherein the catalyst is made by precipitation of
a nickel compound. A soluble aluminum compound is added to the siurry of the
precipitated nickel compound while the precipitate is maturing. After reduction of the

10 resuitant catalyst precursor, the reduced catalyst typicaily has a nickel surface area of
the order of 90 to 150 sq. m per gram of total nickel. The catalysts have a
nickel/aluminum atomic ratio in the range of 2 to 10 and have a total nicke! content of
more than about 66 weight%,
[00121] Useful high activity nickel/alumina/silica cataiysts are described in EP

15 167,201, The reduced catalysts have 2 high nickel surface area per gram of {otal nickel
in the catalyst. Usefui nickel/silica hydrogenation catalysts are described in U.S. Patent
No. 6,846,772, The catalysts are produced by heating a sturry of particulate silica (e.g.
kieseiguhr) in an agueous nickel amine carbonate solution for a total period of at least
200 minutes at a pH above 7.5, followed by filtration, washing, dryihg, and optionally

20  calcination. The nickel/silica hydrogenation catalysts are reported to have improved
filtration properties. U.S. Patent No. 4,490,480 reports high surface area nickel/alumina
hydrogenation catalysts having a total nickel content of 5% to 40% weight.
[0G122] Commercial examples of supported nickel hydrogenation catalysts include
those available under the trade designations "NYSOFACT", “NYSOSEL”, and "NI 5248

25 D” (from Englehard Corporation, Iselin, NH). Additional supported nickel hydrogenation
catalysts inciude those commercially avaitable under the trade designations "PRICAT
9910", “PRICAT 9920", "PRICAT 9908, “PRICAT 9936" (from Johnsdn Matthey
Catalysts, Ward Hill, MA}.
[00123] Hydrogenation may be carried out in a batch or in a continuous process

- 30 and may be partial hydrogenation or complete hydrogenation. In a representative batch
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process, a vacuum is pulled on the headspace of a stirred reaction vessel and the

reaction vessei is charged with the material to be hydrogenated (e.g., RBD soybean oil

~or metathesized RBD soybean oil). The material is then heated to a desired

temperature. Typically, the femperature ranges from about 50°C to 350°C, for exampile,
about 100°C to 300°C or about 150°C to 250°C. The desired temperature may vary, for
example, with hydrogen gas pressure. Typically, a higher gas pressure will require a
jower temperature. In a separate container, the hydrogenation catalyst is weighed into
a mixing vessel and is slurried in a small amount of the material o be hydrogenated
(e.g., RBD soybean oil or metathesized RBD soybean oil). When the material to be
hydrogenated reaches the desired temperature, the siurry of hydrogenation catalyst is

- added to the reaction vessel. Hydrogen gas is then pumped into the reaction vessel {o

achieve a desired pressure of My gas. Typically, the H; gas pressure ranges from about
15 to 3000 psig, for example, about 15 psig to 90 psig. As the gas pressure increases,
more specialized high-pressure processing equipment may be reqguired. Under thése
conditions the hydrogenation reaction begins and the temperature is allowed to increase
to the desired hydrogenation temperature (e.g., about 120°C to 200°C) where it is
maintained by cooling the reaction mass, for example, with cooling coils. When the
desired degree of hydrogenation is reached, the reaction mass is cooled {o the desired
filtration temperature.

[00124] The amount of hydrogenation catalyst is typically selected in view of &
number of factors inciuding, for example, the type of hydrogenation catalyst used, the
amount of hydrogenation catalyst used, the degree of unsaturation in the material to be
hydrogenated, the desired rate of hydrogenation, the desired degree of hydrogenation
(e.q., as measure by iodine value {IV)), the purity of the reagent, and the H. gas
pressure. in some embodiments, the hydrogenation catalyst is used in an amount of
about 10 weight% or less, for example, about 5 weight% or less or about 1 weight% or
less.

[60125] After hydrogenation, the hydrogenation catalyst may be removed from the
hydrogenated product using known technigues, for example, by filtration. in some

embodiments, the hydrogenation catalyst is removed using a plate and frame filter such
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as those commercially available from Sparkler Filters, Inc., Conroe TX. In some
embodiments, the filtration is performed with the assistance of pressure or a vacuum.
in order to improve filtering performance, a filter aid may be used. A filter aid may be
added to the metathesized product directly or it may be applied to the filter.

5 Representative examples of filtering aids include diatomaceous earth, silica, alumina,
and carbon. Typically, the filtering aid is used in an amount of about 10 weight % or
less, for example, about 5 weight % or ess or about 1 weight % or less. Other filtering
techniques and filtering aids also may be employed o remove the used hydrogenation
catalyst. In other embodiments the hydrogenation catalyst is removed using

10 centrifugation followed by decantation of the product. _
[00126] The invention will now be described with reference to the following non-

limiting examples.

EXAMPLES
15 EXAMPLE 1

[00127] in this example, the feedstock was heated to 200°C to degrade and
diminish catalyst poisons from the feedstock. The thermal treatment procedure began
by filling a 1 liter bottom sample port reactor with 400 g feedstock of Cognis Undistilied
Canola Fatty Acid Methy! Ester (FAME), MF-CNF6C02. The feedstock was then stirred
- 20 in the reactor with an agitator. A vacuum was pulled on the flask to degas, followed by |
a nitrogen sparge. Slowly, the feedstock was heated while maintaining the best vacuum
possible. Samples were taken when the feedstock reached 45, 75, 150, and 200°C to
analyze for peroxide value (PV). The feedstock was then held at 200°C. Samples and
tests for PV were run uniil PV was less than 0.5 meg/kg. Tests for PV were run using
25 the American Qil Chemists Society (AOCS) Method Cd 8b-30. Subseqguently, the
feedstock was removed from its heating source, and was cooled with air and an ice
bath. The nitrogen sparge was then stopped when the feedstock reached 40°C. The
treated feedstock was then placed in a 250 ml narrow mouth amber jiar and one clear
jar, wherein the feedstock was nitrogen sparged for 5 minutes, headspace blanketed for
30 1 minute, capped, and sealed.
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[00128]

subjected to a self-metathesis reaction in the presence of ruthenium metathesis catalyst

The treated feedstock, as specified below in Table 1, was subsequently

827. Varying amounts of the metathesis catalyst were used in these reactions, as

specified in Table 1. The feedstock and catalyst mixture were stirred at 70°C for 2
5 hours and subsequently cooled to room temperature. The percent conversion from

feedstock {o transesterified products was determined by the GC-analysis of

transesterified products, as described below.

[00129]

with methathesized SBO (~50 mg) and 2 mL of 1% w/w sodium methozide in methanol.

A 2 mL glass scintillation vial containing a magnetic stirrer was charged

.10 The light yellow heterogeneous mixture was stirred at 60°C for 1 hr. Towards the end of
the hour, the mixture turned a homogeneous orange color. To the esterified products
was added 2.0 mL DI-H20 and 2.0 mL ethyi acetate, mixed and the phases separated.
The organic phase was diluted with ethyl acetate for GC anailysis.

[00130])

15 0.25 um film thickness)]; 100°C for 1 min, 10°C/min to 250°C, hold for 12 min.; Rt 12.6
min (Methy] Palmitate), Rt 14.2 ~ 14.5 min (Methy! Linolenate, Methy! Linoleate, and
Methyl Oleate), Rt 14.7 min (Methyl Stearate}.

[060131]

percent conversion. Percent conversion was calcuiated from the GC chromatogram as

The GC analysis conditions were:[coiufnn: HP-5™ (30m x 0.25 mm D,

The degree to which the feedstock has been metathesized is shown in

20 100% minus the sum of methyl paimitate, methyl linolenate {(cis and trans isomers),
methyl linoleate (cis and trans isomers), methyl cleate (cis and trans isomers} and
methyl stearate. Additionally, samplies and tests for peroxide value (PV) were run using
the American Oil Chemists Society (AOCS) Method Cd 8b-80. The final peroxide value
for each sample, along with the percent conversion, is shown in Table 1.

25 TABLE1

metathesis '
type of starting material catalyst 827 PV value GC%
Exp # FAME treatment (ppm/idb} (meg/kg) | conversion
109-054A Canoia nane 30 8.8 68
109-054B Canola none 15 8.6 12
109-054C Canola none 5 8.6 6
109-057A Canola ngne 2 5.6 4




0.4 22 109-049G Soy Thermal + 2.5 wt % Magnesol 30 0.6 70 109- 049H Soy
Thermal + 2.5 wt % Magnesol 15 0.6 69 109-0491 Soy Thermal + 2.5 W%
Magnesol 5 0.6 69 109-056C Soy Thermal + 2.5 wt % Mat:nesa! 2 0.6 51
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106-054D Canola Thermai - 200°C 30 0.5 66
109-054E Canola Thermal - 200°C 15 0.5 67
109-054F Canola Thermal - 200°C 5 0.5 43
108-0578 Canola Thermal - 200°C 2 0.5 14
108-055A Canola none ' 30 8.6 64
108-0558 Canola none 15 8.6 9
108-055C Canola nong 5 8.6 2
108-0550 Canola Thermal - 200°C 30 (.4 66
108-055E Canola Thermal - 200°C 15 0.4 68
109-055F Canola Thermal - 200°C 5 0.4 55
108-049A Soy ‘none 30 10.2 89
108-048B Soy none 15 10.2 68
108-G48C Soy none 5 10.2 11
109-056A Soy nene 2 10.2 2
109-049D Soy Thermmal - 200°C 30 0.4 70
108-048E Soy Thermal - 200°C 15 04 89
109-D49F Soy Thermal - 200°C g 0.4 89
109-056B Soy Thermal - 200°C 2 0.4 22
109-060A Soy none 30 10.3 58
109-0508 Soy none 15 10.3 67
109-050C Soy nong 5 10.3 18
108-050D Soy Thermal - 200°C 30 0.5 69
109-050E Soy Thermai - 200°C 15 0.5 68
108-050F Soy Thermal - 200°C 5 0.5 57
[00132] Table 1 displays the marked improvements that thermal treatment can

have over a natural oil feedstock such as canola oil or soybean oil. in both feedstock
examples, the feedstock conversion improves after the peroxides and other impurities
5 have been treated. Experimental data shows that an excessive amount of metathesis

catalyst (15 to 30 catalyst per mol of carbon-carbon double bonds in the feedstock, or
“ppm/db”) may reach a maximum theoretical conversion limit regardless of the catalyst
poison level. in this example, self-metathesis reactions of the fatty acid methyl esters of
canola and soybean oil reach apparent maximum theoretical conversion himits of

10 approximately 68% and 69%, respectively. As the levei of catalyst is lowered below 15
ppm/db, the untreated feedstock has a lower conversion, while the thermally treated

feedstock has a much improved conversion. The data alsé shows that at some point,



109- 050A So none 30 10.3 68 109-0508 So none 15 10.3 67 109-050C-So none 5
10. 3 16 109-050D So Thermal - 200C 30 0.5 69 109-0508 So Thermal 200C
111111.9111111
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the conversion rate drops considerably due 1o the low ratio of catalyst to feedstock (2-5
ppm/db).
[00133] For canola oil, no treatment of the feedstock with 5 ppm/db catalyst
loadings resulted in conversions of 2 and 6% of the feedstock (or approximately 3-2%
5 conversion of the maximum theoretigaf conversion limit}. Heating the canola oil to

200°C resulted in conversions of 43 and 55% of the feedstock for similar 5 ppm/db
catalyst ioadings. This equates to approximately 63-81% conversion of the maximum
theoretical limit. Basically, the thermai freatment improved conversion approximately
10-foid for canola oil due to thermal treatment.

10 [00134] For soybean oil, no treatment of the feedstock with 5 ppm/db catalyst
loadings resulted in conversions of 11 and 16% of the feedstock (or approximately 16-
23% conversion of the maximum theoretical limit). Heating the soybean oil to 200°C
resulted in conversibns of 69 and 67% for similar 5 ppm/db catalyst loadings, or
approximateiy 97-100% of the maximum theoretical limit). This is approximately a 5-

15  fold improvement in conversion for soybean oil.

EXAMPLE 2

[00135] In this example, a thermal treatment was combined with an adsorbent
treatment to further increase catalyst activity or turnover. The treatment began by filing
20 a 3-neck 500 mL round bottom flask with 300 g feedstock of Fatty Acid Methyi Ester
(FAME). The feedstock was then stirred in the flask with a stir bar. A nitrogen sparge
began as the feedstock is heated to 45°C. The feedstock was held at 45°C for 45
minutes to degas. Slowly, the feedstock was heated to a target of 200°C. Samples
were taken when the feedstock reached 45, 75, 150, and 200°C to analyze for peroxide
25 value (PV). The feedstock was then held at 200°C. Samples and tests for PV were run
until PV was less than 0.5 meg/kg. Tests for PV were run using the American Oil
Chemists Society (AOCS) Method Cd 8b-80.
[001386] Subsequently, 2.5 wi% magnesium silicate (Magnesol) and 1.25 wt%
Celite wére added to the flask. The feedstock was cooled to 80°C, and then held at

30  80°C for 1 hour to aliow the magnesium silicate to adsorb. The feedstock was then



0.5 68 109-050F So Thermal - 200C 5 0.5 67 109-050G So Thermal +1 wt %
Manesol 30 0.8 69 109 050H So Thermal 1 wt % Ma esol 15 0.8 68 109-0501 So
Thermal +1 wt % Man nesol 11111.101111111 0.8 67 109-0560 So Thermal +1 W %
Manesol WO 2009/020665 PCT/US2008/009604

51-

cooled to 40°C, at which point the nitrogen sparge was stopped. The treated feedstock
was filtered through #4 paper on a Buchner funnel to separate adsorbent from the
feedstock. Twice more, the feedstock was filtered through a Buchner funnel with #2
filter paper. The freated and filtered feedstock were then stored in two 125 mL amber
5 bottles and 1 clear jar, nitrogen sparged, blanketed, and sealed.
[60137] The treated feedstock then followed a similar metathesis reaction with a
ruthenium metathesis catalyst 827, and conversion results were measured through a
GC-analysis. Table 2 displays the results below.

TABLE 2
metathesis PV
type of catalyst 827 value GC%
Exp # FAME starling material treatmant {ppm/db} {meg/kg) | conversion

108-054A Canolz nonga 30 8.6 68
105-054B Canola nong 15 8.6 12
108-054C Canola none 5 8.6 &

109-0574 | Canola none 2 8.6 4

108-0540 Cancla Thermal - 200°C 30 0.5 86
109-054E Canola Thermat - 200°C 15 0.5 &7
108-054F Canola Themat - 200°C 5 . 0.5 43
109-0578B Canoia Thermal - 200°C 2 0.5 14
1098-0545 Canocla Thermal + 2.5 wit% Magnesol 30 G.7 63
108-054H | Canola Thermal + 2.5 wt% Magnesol 15 0.7 64
108-0541 Canola Thermal + 2.5 wit% Magnesol 5 0.7 67
108-057C Canola Thermal + 2.5 wi% Magneso! 2 : 0.7 55

10

109-055A | Canola none ' 30 8.6 84.
109-0558 Canola : none 15 B.6 S

108-055C Canola none 5 8.6 2

1098-0550 Canola Thermal - 200°C 30 0.4 66
109-055E Canpia Thermai - 200°C ' 15 0.4 58
109-055F Canola Thermal - 200°C 5 0.4 55
108-055G Canola Thermal +1 wi% Magnesol 30 0.7 B5
109-085H | Canola Thermal +1 wi% Magnesol 15 0.7 87
108-0551 Canola Thermal +1 wi% Magneso! 5 0.7 6%
109-087D Canola Therral +1 wi% Magnesol 2 0.7 38
109-049A Soy none 30 10.2 8%
109-049B Soy none 15 10.2 68
109-048C Soy none 5 10.2 11
108-056A Soy none P 10.2 2

108-048D Soy Thermal - 200°C 30 0.4 70




2 0.8 48 [00138] As shown i.n Table 2, inprovenents exist between thernal
pl us adsorbent treatnent and thermal treatnent al one, especially at |ow
net at hesi s catal yst levels (5 5ppnidb and less). In both feedstock

exanpl es, whheofoemest ock conversion i nproves after the ppensxicslems@nd ot her
inmpurities have been treated. Experi rggnt al data shows that an excessive
anount of netathesis catalyst (15 to 30 ppm catal yst per nol of

car bon-carbon doubl e bonds in the feedstock, or "ppmdb") may reach a
maxi mum t heoretical conversion limt regardl ess of the catalyst poison
level. In this exanple, self-nmetathesis 10reactions of the fatty acid
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conver si_aP8-04%1 t s Sof _dppr oxiThetmel-v069% and [70% t%especti vety.! AsB% he |l evel
of cat al V8%-04%6 | owey ed bel oWwhdBap@Ehf @b, untireated feedst o¢k has 8° poar
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conver sj ans-bs0m 1) .Soidedti ng the eaeol a oil tio 200G resulit ed 320i n a7 14%
conver sj ans-odoct he soeedst ock (orneapproxi mately 20% conver sican iof the WO
2009/ 0206656X0D/ 1152008/ 009604emaB-200raxi num|t heorsgiical |limEt) foesa siml ar
2 ppm db icatsEyst depadi ng.  Adeimag 280°B wt % magnesiium si lii case aftet t he
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10 reactions of the fatty acid methyl esters of canola and soybean oil reach apparent
maximum theoretical conversion limits of approximately 83% and 70%, respectively. As
the level of catalys! is lowered below 15 ppm/db, unireated feedstock has a poor
conversion, while the thermally treaied feedstock has an improved conversion, and the
thermal plus adsorbent treaiment is even more improved. In other words, a.thermal

15 plus adsorbent treatment can use a lower amount of metathesis catalyst to achieve the
desired conversion, in comparison o thermal treatment only.

[00139] For canola oil, no treatment of the feedstock with a 2 ppm/db catalyst
loading resulted in a 2% conversion of the feedstock (or approximately 3% conversion
of the maximum theoretical conversion limit). Heating the canola oil to 200°C resulted

20 in a 14% conversion of the feedstock (or approximately 20% conversion of the



nore than a two-fold i nprovenment over thermal treatnent al one. EXAVPLE 3
[00141]In this exanple, the feedstock was treated by an adsorbent only to
20 denonstrate that additional non-peroxide catal yst poisons are present in
nat ural owb zhwedstiocks in addition to peroxides. The fPeFdst@eki¢EANVE) was
treated with either bleaching clay ogsnagnesiumsilicate (Magnesol). The
results are shown in Table 3. TABLE ? Exp # type of FAME starting materi al
treatment netathesis catalyst 827 (ppm db) PV value (nmeg/kg) GC% conversion
109 0 4E2 Soy 2.5 w. % bl eaching clay 3 0.3 28 109 006F1 Soy 1% Magnesol 3
3.8 45 109-014B2

maximum theoretical limit) for a similar 2 ppm/db catalyst ioading. Adding 2.5 wt%
magnesium silicate after the heating step boosted conversion to 55% (or approximately
80% conversion of the maximum theoretical limit), a four-fold improvement over thermal
treatment alone. Alternatively, adding only 1 wt% magnesium silicate after the heating
5 step resulted in a conversion of 38% (or approximately 57% conversion of the maximum
theoretical limit), nearly a three-fold improvement over thermal treatment alone.
[00140] For soybean oil, no freatment of the feedstock with a 2 ppm/db catalyst
loading resulted in a conversion of 4% {or approximately 6% conversion of the
maximum theoretical limit). Heating the soybean oil to 200°C resulted in a conversion
10 of 22% (or approximateiyk 31% conversion of the maximum theoretical limit) for a similar
2 ppm/db catalyst loading. Adding 2.5 wt% magnesium silicate after the heating step
boosted conversion to 51% (or approximately 73% conversion of the maximum
theoretical limit), more than a two-fold improvement over thermal freatment alone.
Alternatively, adding only 1 wt% magnesium silicate after the heating siep resulted in a
15 conversion of 48% (or approximately 69% conversion of the maximum theoretical imit),

more than a iwo-fold improvement over thermal treatment alone.

EXAMPLE 3

[00141] In this example, the feedstock was treated by an adsorbent only to
20  demonstrate that additional non-peroxide catalyst poisons are present in natural oil

feedstocks in addition to peroxides. The feedstock (FAME) was treated with either

bleaching ciay or magnesium sificate (Magnesol). The resulis are shown in Table 3.

TABLE 3
metathesis PV
type of catalyst 827 value GC%
Exp # FAME | starting material treatrent {ppm/db) (meq/kg) : conversion

109-014E2 Soy 2.5 wt.% bieaching clay 3 0.3 28
109-006F 1 Soy 1 wt.% Magnesol 3 3.8 45
109-014B2 | Canola 2.5 wt % hleaching ciay 4 6.7 )
109-006B1 Canola 2.5 wi.% Magnesol 4 2.2 36

25 [00142] As shown in Table 3, when the canola and soybean feedstocks are

treated with 2.5 wt% bleaching clay, both feedstocks have peroxide vaiues of less than



Canola 2.5 wt. % bl eaching clay 4 0.7 8 109-006B1 Canola 2.5 wt./0 Magnesol
4 2.2 36 WD 2009/ 020665PCT/ US2008/ 009604 -54- 1 meg/ kg, but the product
conversions are 8% and 28% (or 11% and 40% conversi on of the maxi num

t heor et i c&b 2biombdsss assuming a limit of 70% for canol acand:sembean oi l

f eedst ocks, respectively. Instead, wggn soybean oil is treated with 1 wt%
magnesi um silicate, the peroxide valté is 3.8 neg/ kg and conversion is 45%

(or approximately 64% 5conversion of the maxi mnumtheoretical limt) at a 3
ppnf db cat al yst | oadi ng. Wen canola oil is treated with 2.5 w % magnesi um
silicate, the peroxide value is 2.2 neg/kg and conversion is 36% (or
approxi mately 51% conversion of the maxi numtheoretical |limt) at a 4
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10 clay at comparable catalyst loadings for each feedstock. This example proves that non-
peroxide poisons have an impact on the overall conversion, since a lower PV doesn’t
necessarily result in a better conversion. Additionally, this example demonstrates why
magnesium silicate is a preferred adsorbent as it appears to be effective at removing
some of the non-peroxide catalyst poisons which were missed by the bleaching clay.

15 .
EXAMPLE 4
[00143] This example demonstrates, among other things, the presence of non-
peroxide poisons in the feedstock. The feedstock had been subjected to thermal
treatment or thermal plus adsorbent treatment, following the procedures outlined in

20 Examples 1 and 2, respectively. The comparison is shown in Table 4.

TABLE 4
metathesis PY !
type of catalyst 827 vajue GC%
Exp # FAME starting material treatment (ppm/db) {meg/kg) | conversion
109-056B Soy Thermal - 200°C .2 0.4 22
109-056C Soy Thermal +2.5 wit% Magnesol 2 0.6 51
{00144] As shown in Table 4, thermal treatment at 200°C results in effective

removal of peroxide poisons (0.4 meg/kg), but results in only a 22% product conversion
25 (or approximately 31% conversion of the maximum theoretical limit, assuming a 70%
conversion limit) at a relatively low catalyst loading (2 ppm/db). When the natural oil

feedstock is subjected to both heat and magnesium silicate, the ievel of peroxides are at



nmet at hesi s catal yst 827 (ppm db) PV val ue (neg/kg) GC% conversion -

109- 0568Soy Thermal - 200t2 0.4 22 109-0560L Soy Thermal +2.5 wt %

Magnesol 12 0.6 51 [00144] As shown in Table 4, thermal treatnment at 200C
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EXAMPLE 5

[00145]  This example demonstrates, among other things, that thermal treatment

prior to adsorbent treatment is an improvement over adsorbent treatment alone. The
10 comparisons between adsorbent treatment and thermai plus adsorbent treatment are

shown helow in Table 5.

TABLE 5

metathesis PV
type of catalyst 827 value GC%
Exp # FAME starting material treatment (ppmidb) {meg/kg) | conversion
108-008F1 Soy 1 wi% Magnesol 3 3.8 45
108-056D Soy Thermal +1 wi% Magnesol 2 D& 48
108-00681 | Canola 2.5 wt% Magneso! 4 22 38
108-057C | Carola | Thermal +2.5 wt% Magnesal 2 0.7 55

{00146] As shown in Table 5, adsorbent treatment of soybean oil with 1 wi%

15 magnesium silicate followed by self-metathesis in the presence of 3 ppm/db ruthenium
catalyst leads to a 45% conversion of the feedstock (or approximately 64% conversion |
of the maximum theoretical limit, assuming a 70% conversion limit). Alternatively,
adsorbent treatment of canola oil with 2.5 wt% magnesium silicate followed by self-
metathesis in the presence of 4 ppm/db catalyst leads to a 36% conversion of the

20  feedstock (or approximately 51% conversion of the maximum theoretical limit, assuming
a 70% conversion limit). When each feedstock is subjected to both thermal (200°C) and
adsorbent freatment, the peroxide value was diminished below 1 meqg/kg. Additionally,
the soybean dii achieved 48% conversion of the feedstock (or approximately 69%
convefsion of the maximum theoretical limit, assuming a 70% conversion limit) with a

25  33% reduction in catalyst ioading. The canola oil achieved 55% conversion of the



shown below in Table 5. TABLE 5 Exp # type of FAME starting materi al
treatnent netathesis catal yst 827 (ppnfdb) PV value (neg/kg) GC% conversion
109- 006E1 Soy 1 wt % Magnesol 3 3.8 45 109-056D Soy Thernmal +1 wt % Magnesol
2 0.8 48 w0%e006&kts Canol a 2. 5 wt % Magnesol PCT/US2008/009604

56-

feedstock (or approximately 79% conversion of the maximum theoretical limit, assuming
a 70% conversion limit) with a 50% reduction in catalyst loading. In summary, thermal
plus adsorbent treatment may provide increased levels of conversion with lower
loadings of metathesis catalyst. As noted, lowering the amount of metathesis catalyst

5 required to achieve the desired conversion is important, as the ruthenium catalyst i

typically the most expensive component in the metathesis reaction.

EXAMPLE 6
{00147] - This example demonstrates, among other things, that catalyst

10 performance can be improved through thermal plus adsorbent treatment, even for
feedstocks having starting peroxide values already lower than 1 meg/kg. Additionaliy,
this example demonsirates thaf catalyst performance and conversion can be improved
dramatically for very low catalyst loadings (i.e. 1-3 ppm/db). In this example, the
feedstock comprises fatty acid methyl esters derived from soybean oil supplied by

15 Cargill. The feedstock underwent thermal and adsorbent treatment by heating the

feedstock to 200°C and subsequently subjecting the feedstock to 2.5 wit% magnesium

silicate.
metathesis PV
typa of | catalyst 827 value GC%
Exp # FAME starting material treatment {(ppm/db) {meg/kg) | conversion
Round 3 -
Biodiesel Soy none 3 (.86 22
" Round 3 -
Exp. B8 Soy Thermal +2.5 wt% Magnesol 3 0.55 89
Round 3 -
Exp. B8 Soy Thermal +2.5 wt% Magnesol 2 0.55 66
Round 3 -
Exp. B8 Soy Thermal +2.5 wtt Magnesol 1 0.55 48
[00148] As shown in Table 6, improvements in conversion may be possibie for

20 feedstocks with low starting peroxide values (i.e. <1 meg/kg). Experimental data shows
that no treatment of the fatty acid methyl ester feedstock derived from soybean oil
. resulted in'a conversion of 22% of the feedstock at a catalyst loading of 3 ppm/db.
Assuming a maximum theoretical conversion limit of approximately 70%, this equates to

approximately 31% conversion of the maximum theoretical limit. When this low



4 2.2 36 109-057C Canola Thermal +2.5 w % Magnesol 2 0.7 55 [00146] As
shown in Table 5, adsorbent treatnent of soybean oil with 1 w % 15magnesi um
silicate followed by self-nmetathesis in the presence of 3 ppnidb ruthenium
cat al yst weaomnt@sa 45% conversi on of the feedstock (ecrapprexiseset ely 64%
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: i m;js_t , as?xwm mgd'ﬁaQYt)\%;fﬁeweclmed:?wefsiicgﬁ it-s)stf)m,:m @pﬁﬂﬁmt aewmt %@mtﬁmdca_t al yst |
oadl Nng. n su ry,. er nal ., US, .adsor.nen orea nment r d I.LNACr ease
| evel s BIPXBIR PRI BHiCaUCOR S SIRB MY SAHT S 6 7S umd hediebsal S al R o o
| over i ngeiyhewanBpiidbfatdipsdt ad4tns, Shereabiosk coraiitibr s 48%achiovyRiyteve, eesi red
conversion 1S | rtant

,,as the rutheni um cat t is typically, the nost
expensi V& 8 S i G SR SN SRS URIRS 6,10 SRR Ry ) o
exanpl e THes® RsulaWeSe uasTIRE Rl Bersiddtingahe stdititg aloRidsiaib0Fend aigmnee can
be i mproved through thermal plus adsorbent treatnment, even for feedstocks

P _ ,
havithg ¥earheiayy T pesdks & aPHIL 4P EHER) 21 ONEmaURLAT adtAkR | PPMKERC i onal Iy,
this exagRh@ndeppaHdalfsretiiad vhisd Ble/sdnvBRidOMERNCS ppRtCQNX9sSbaRngan be
i nproved dramatically for very |Iow catalyst loadings (i.e. 1-3 ppnidb). In
this ex#nppbly defeabigedst ock conprises fatty acid nethyl esters derived from
soybean rgd4493UpPpl irBfle BYe &.@Q@ﬁtgwéﬁgoﬁ hes hesHeasibddnA s MR Jrberarl and

adsor bent tréatnent by heating t ‘ o o _
examples, it will be understood, of course, that the invention is not limited thereto since

15 modifications may be made to those skilled in the art, particularly in light of the

foregoing teachings.



feedstock to 200C and subsequently subjecting the feedstock to 2.5 wt%
magnesium silicate. Exp ir type of FAME starting material treatnenti

net at hesi s catal yst 827 (ppm db) PV value (nmeg/ kg) GC% conversion Round 3 -
Bi odi esel Soy none 3 0.86 22 Round 3 - Exp. 138 Soy Thermal +2.5 wt %
Magnesol - 8

CLAIMS

What is claimed is:
1. A method of metathesizing a feedstock comprising:
providing a feedstock comprising a natural oil;

heating the feedstock to a temperature greater than 100°C in the absence
of oxygen;

holding the feedstock at the temperature for a time sufficient to diminish
catalyst poisons in the feedstock; and

following the heating and holding, combining a metathesis catalyst with
the feedstock under conditions sufficient to metathesize the feedstock.

2. The method of claim 1 further comprising combining an adsorbent material
with the feedstock to diminish catalyst poisons in the feedstock.

3. The method of claim 2, wherein the adsorbent is combined in an amount

between approximately 0.1 and 3.0 wt% of the feedstock.

4. The method of claim 3, wherein the adsorbent is combined in an amount
between approximately 0.2 and 2.0 wt% of the feedstock.

5. The method of claim 1, wherein the temperature is less than or equal to
300°C.

6. The method of claim 5, wherein the temperature is between approximately
120°C and 250°C.

7. The method of claim 6, wherein the temperature is between approximately
150°C and 210°C.

8. The method of claim 1, wherein the temperature is about 200°C.

9. The method of claim 1 further comprising cooling the feedstock below

approximately 40°C before combining the metathesis catalyst.



3 0.55 69 Round 3 - Exp. 88 Soy Thermal +2.5 wt % Magnesol 2 0.55 66 Round 3
- Exp. 138 Soy Thermal +2.5 wt % Magnesol 1 0.55 48 [00148] As shown in

Tabl e 6, inprovenments in conversion may be possible for 20feedstocks with

| ow starting peroxide values (i.e. <1 neq/kg), Experinental data shows that
no treatment of the fatty acid nethyl 58ster feedstock derived from soybean
oil resulted in a conversion of 22% of the feedstock at a catal yst | oadi ng

f 3 ppm db. As ' [ h i,cal ion. lim
appr oxi mat ai'f 7090eREOTGHARHE s 4 Bgh dn MEVENSS S oA BRI S Bok ¢ ne
maxi mim 5 NeeneiHeedtichl 8ddverdBeNmihbad howreiNhe RR4tH 8616 Ga Rt JaR01B5 09604

-57- peroxide value feedstock is subjected to a thermal plus adsorbent

t r eat meneipthasis ofatdsast S0Vaplibedeeriansethesretipatl convarspdNes to 0. 55 meg/ kg.
At a 3 ppnidb catalyst |oading, the conversion increases to 69% or

appr oxi mat ellyl. 99%hefmethed whziamm: Wherait theametshowp sabiygtirmaiatheagseM ng a

70% naﬁl%%{rc?g%gf e%hgglg}%%é o?ﬁé%tl cgn\?erBB{'ﬁéi tK5cat al yst 1 oading, the

f eedst approximatel y 94% of the nmaxi num

t heoretical gonversion limt, (assunin 7Q% XL pum i imt). At
a very |ow f%ppnﬁﬁﬁ nagtlhﬁpfét‘:ia\grga i ﬁaysﬂg%eca?%fgg@%@?@gcog%@gfoﬁﬁg%@lysé 48% or
roughl Y, o9¥h e Iddse maxi mum theoretical conversion limt (assumng a 70%
maxi numtheoretical limt). These results were unexpected, considering the

starting perxi depaaha@oBforicheml eedsiepsk tHdvasijreldming Beghkeximtey abi ity
to use suc/rcliba I!ow amount of catalyst (1 ppm db of
ppm/db or less.

14.  The method of claim 10, wherein the metathesis catalyst metfathesizes at

least 85% conversion of the maximum theoretical conversion limit.

15.  The method of claim 1, wherein the feedstock comprises a starting
peroxide value of approximately greater than 5 meq/kg and the heating decreases the

starting peroxide value of the feedstock to approximately 1 meg/kg or less.

16.  The method of claim 15, wherein the heating comprises decreasing the

starting peroxide value of the feedstock to approximately 0.5 meg/kg or less.
17.  The method of claim 1 comprising any two or more of the following:

the combining comprises a catalyst loading of approximately 5 ppm/db or
less, or approximately 3 ppm/db or less, or approximately 2 ppm/db or less, or

approximately 1 ppm/db or less;

the metathesis reaction comprises a maximum theoretical conversion fimit
and the metathesis catalyst catalyzes the metathesis of at least 50 wt%, at least 70%,

or at least 85% of the maximum theoretical conversion limit;

the temperature is between 100°C and 300°C, or between 120°C and
250°C, or between 150°C and 210°C, or about 200°C;

the feedstock comprises a starting peroxide value of greater than 5

meq/kg, or greater than 10 meqg/kg;



catal yst) and achieve nore than tw ce the conversion than a 3 ppm db
catalyst loading is highly desirable. [00149)Wile the present invention

has been described in terms of preferred exanples, it will be
under st ood, of course, that the inventjon is not limted thereto since
15nodi fications may be made to those lled in the art, particularly in

| ight of the foregoing teachings. 58 CLAIMS What is clained is: 1. A
o O ot 8t DAL et L ERASLOR: SABRAL SR ofhEYeiddofid £ELRLATK

conprising a nat I'hg to a tenpérature greater

t han 10@€pioRirtdielyabeenke milessxyggproximately 0.5 medfial di iagst he feedstock at
the tenperature for a tinme sufficient to dimnish catalyst poisons in the

feedstock; and after the heatifgQthecrigtdches besibd iy aasshpbaltdiengslowonbi ni ng a
net at hesi s cat al %//St with the feedstock under condjtions sufficient to

met at hegPR@XtPrieleddstrsiek to the Comb'ﬁ‘”gﬂfé %‘3%@’5 e%‘fs Atalyeh it metfﬁé‘?smk

conpri sing conbi ning an adsorbent nmaterial w the feedstock to dimnish
catal yst poi sons ¢ameiR@gfasedgaednt material W'ﬁh thﬁf@eﬁ’éﬁoﬁ&g@ gimigisiithe 2, wherein

t he ads 3.0
Lo 20Sgh5 hSpRORBSthddtody A SLUE BB RBIN TS A byt

adsorbelgtoupscmrﬁnhgedsnilzm gel alﬁaahmgbéawmhvappmamamtcéhgco@ l,2naladul2r 0 wt % of

t he feedstock of .claiml, wherein, th te rels

oo ¢ naRves. Ysslies. Fleyssah, Neuba i, BaBoba e Selid Morh GBFLthie b

t enper atcHicRirh SaPBh¥Re Rashi Xy M eh sulk2ieCosrdshPéhioride, potagsiurhhe met hod of

claim6, wherein the tenperature is between aplprom mat el y 150C and 210C. 8.

The et Wagnesiug ailfata, megrastim silivale OrfRssinupelats. spuesRGOEIUM 9. The
nmet hod %ta[bﬁng'remgéd m’?gul?eﬁ%p“ sing cooling the feedstock bel ow

appr oxi na ore conbi ni ng the rret athesis catalyst. 59 10.

e o of 1 kb MO A0 UR, BRI H3 S0E RSB GATIBABER g

t heoreti cal €s1§ catal'yst catal yzes

t he net & hesd S.0oMt%br bemn@%roi:n{dﬂay @B@(amum(l\bvé’xaramai cal conversion limt.
11. The method of claim 10, wherein the netathesis catal yst netathesizes at

l east 70% of the mexbatdtbtbheahptiseabneonmers mtelidigisklected from tA@grdilpe
met hod of claim 11, having a catal yst Ioadl ng of &g{r oximately 5 pp db or
| ess. consistingof afgee pbtqaHalaoe!l crRESRCE 2l GRERMLQIlt Fn Ok aPYiIsergdth A

?Egr ?n);f[ gﬁ}lﬁélhé%ggg{w&tbapgai’ﬂ%ﬁér oil, sesameléh sE?@eafFPézh%%%w@* 8l Tnd8ed \eper e| n

yst metat hesi'zes at | éast 85% conversion of the maxi num
t heor et ipa&h keowV eil, diiom ol jairopha oil, castor oil, and natural oil derivatives of any one or

more of these.
18. A method of metathesizing a feedstock comprising:
providing a feedstock comprising a natural oil;

heating the feedstock to a temperature greater than 100°C in the absence

of oxygen for a time sufficient to diminish non-peroxide poisons in the feedstock; and

following the heating, combining a metathesis catalyst with the feedstock

under conditions sufficient fo metathesize the feedstock.
19. A method of metathesizing a feedstock comprising:

providing a feedstock comprising at least one species selected from the
group consisting of a natural oil and a natural oil derivative and having a starting

peroxide value;



15. The method of claim 1, wherein the feedstock conprises a starting
peroxi de value of approximately greater than 5 neq/ kg and the heating
decreases the starting peroxide value of the feedstock to approximately 1

meq/ kg or | ess. 16. The method gf claim 15, wherein the heating
conprises decreasing the starting peroXide value of the feedstock to
approximately 0.5 neq/ kg or |ess. 17. The nmethod of claiml

conprising any t Welok o i oing
compri ses a cat allirery B fsbisk Rl slelrPRldtdie reater hap, 100°G nEABRerte”
appr oxi ¢raxgbgn SorrptiheButficidr $s dinoinisappe eteriineg péyxRieprdal bf e feedsocloby
approximately 1 ppnmidb or |ess; the netat hesis reaction
conpr i sEP'AXAEIGN ALBIETi&W conversion linit and the netathesis

catal yst catalyzes the netathesis of at |east 50 wt %, at 70% or at

. € | east
| east 85% of the REsWIRg NG Redling: CemPIninhd Splriiesis ‘?ﬁt@i}’St with ﬁ“e feedstock pe
temer Al doaaRBhYSERCEIDG MakiR0GEe 1 fobaiigen 120C and 250G, or between

150C an r about t he feedstock conprises a
starting pergxid f in2h inQheakLe! sibh 10

meq/ k. 80 20 em/ea‘lngﬁ"’t%h‘gg{ﬁagg‘iﬁf’ﬁ%@‘?gaﬁgéﬁ%dﬁgpgxﬁﬁg VPR e

f eedst opdrokinieavahsd ofethe fleamioaxiyrap@ioyiniatay @Ry oomdress or approxi mately 0.5

meq/ kg or | ess; after the heating, the feedstock is cooled to a
tenperature bel ow approximately 40C prior to the conbi ning of the
met at hesi s catal yst wth the feedstock; conbi ni ng an adsor bent

material with the feedstock to dimnish the catal yst poisons in the

f eedst ock, wherein the adsorbent material is selected fromthe group
consisting of silica gel, bleaching clay, activated carbon, charcoal,

nol ecul ar sieves, zeolites, Fuller's earth, neutral alumna, basic alum na,
Celite, alum num sul fate, cal cium carbonate, Kaolin, magnesi um sulfate,

pot assi um chl ori de, potassi um nagnesi um sul fate, nmagnesiumsilicate,

pot assi um sul fate, soda ash, sodium carbonate, and sodi um sul f at e;
conmbi ni ng an adsorbent material in an anount between approximately 0.1 and
3.0 wt % or between approximately 0.2 and 2.0 wt % and t he
feedst ock conprises one or nore naterials selected fromthe group
consisting of algae oil, canola oil, rapeseed oil, coconut oil, corn oil,
cottonseed oil, olive oil, palmoil, peanut oil, safflower oil, sesane oil,
soybean oil, sunflower oil, linseed oil, palmkernel oil, tung oil,
jatropha oil, castor oil, and natural oil derivatives of any one or nore of
these. 18. A nethod of netathesizing a feedstock conprising: providing a

f eedstock conprising a natural oil; heating the feedstock to a
tenperature greater than 100C in the absence of oxygen for a tine
sufficient to dimnish non-peroxide poisons in the feedstock; and

foll owi ng the heating, conmbining a netathesis catalyst with the feedstock
under conditions sufficient to netathesize the feedstock. 19. A nethod of
net at hesi zing a feedstock conpri sing: provi ding a feedstock
conprising at | east one species selected fromthe group consisting of a
natural oil and a natural oil derivative and having a starting peroxide

val ue; 61 heating the feedstock to a tenperature greater than
100C in the absence of oxygen for a tinme sufficient to dimnish the
starting peroxide value of the feedstock by approximately 80% or nore; and
followi ng the heating, conmbining a netathesis catalyst with the feedstock
under conditions sufficient to nmetathesize the feedstock. 20.The nethod of
claim19, wherein the heating dimnishes the starting peroxide value of the
f eedst ock by approxi mately 90% or nore. '



