WO 2009/ 020667PCT/ US2008/ 009635 - 1- CHEM CAL METHODS FOR TREATI NG A
METATHESI S FEEDSTOCK RELATED APPLI CATI ONS [ 0001] Thi s application clainms the
benefit of the filing date under 35 U S.C. 5119(e) of U S. Provisional

Pat ent Application Serial No. 60/964, 183, filed August 9, 2007, which is

i ncorporated herein by reference. TECHNI CAL FI ELD [0002] Thi s application
rel ates to MEIHWPMELS reactions and, in particular, toPCT/US2008HEH0ds of
nprovi ng catal yst perfornance 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 one or nore double bonds (e.g., olefinic conpounds) via the

LSformat i on anccREGRYAOM=0HORr GRM R RREHONEIAYOLS DaddssTAEKAL hes! s may

occur between two |ike nolecules (often referred to as net at hesi s)
and/or it may occur between two different nolecules (often referred to as

Cr oss- et ﬁ%ﬁ%} APBLIGATONS hesi s may be represented schematically as
shown in ion I, . o . R1- CH=CH R2+ R1- CH=CH R2
R1- CH=CH RTVH Ro- criMferaRliggsion glains fishespit Clﬁiheafﬁgé fatedindentydm € gr oups.
[ 0004] & o316t} af DS ProwEdhabRatespAmSieaTondcsiahReEoIgsal sy, Med Abgwngi n
Equat i on Eé gl-CH:CH-R2+ 33-%Hchéﬁéé&> 25R1- CH=CH R3+ R1-CH=CH- R4 +
R2- CH=CH- 3% RETEHE e oRpra SR Siei §N4%- CH=CH R2+ R3- CHECH- R3+
R4-CH=CH- R4 (I1) wherein Rl, R2, R3, and R4 are organic groups. 2
TECHNICAL FIELD

[6002] This application relates to metathesis reactions and, in particular, to
methods of improving catalyst performance in a metathesis reaction of a natural
10 feedstock.

BACKGROUND OF THE INVENTION

[0003] Metathesis is a chemical process that is generally known in the art.
Metathesis is a catalytic reaction that involves the interchange of alkylidene 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 ocour
between two like molecules (often referred to as self-metathesis) and/or it may occur
between two different motecules (often referred to as cross-metathesis). Self-
metathesis may be represented schematically as shown in Equation 1.
R'-CH=CH-R*+ R'-CH=CH-R?  R'-CH=CH-R" + R%CH=CH-R?
20 (1
wherein R’ and R? are organic groups.
[0004]  Cross-metathesis may be represented schematically as shown in
Equation 1.
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.



[0005] I n recent years, there has been an increased demand for
environnentally friendly techniques for manufacturing materials typically
derived from petrol eum sources. For exanple, researchers have been studying
the feasibility of manufacturing waxes, plastics, and the |ike, using
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deri vat i.yes 1of . Qi f at.t Ci 05, .7 id.alkyl
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ri ng- opgpkRg ARt at hesis reactions. Representative exanples of useful
nmet at hesi s catal ysts are provided bel ow. Metathesis catal ysts can be
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nmet at hesi s cat st. 07] Cat al yst. effi.ciency apd product conversion can
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bat ch-t o- bat ch, dependi ng, for exanple, on the geographic |ocation of the
har vest reagiipis e VRgpressniai e spuenles ef predplgmetathesisvailVsis aiganpvided eloat gr owi ng
condi ti Y..10 T : ' I4Sq; , esi zi ng
o T ecastioah LT A T DREE Al At A & el IR bR oG of
nmet at hedfiiziengy af the edsithalks cailyt.i si ng: providing a feedstock conprising a

natural oqil; chem.cally treating the feedstock under conditjons, sufficient
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net at hesi's ca éfyst th the feedstock under conditions sufficient to

met at hediadlengehevifleedsy nathral 000834 linthat sswohly-dsiped feedsthersemisinghwei ded a

net hod of t at hesi.zi n f eedst poc rjsi.ng: pravidi eedst ock
Conpr | ST e p GEHes M Casgygtire 147 O BAl g REeT Eeadr R oL
condi t i PRyl fdkdne Ract vt TRDInSRatheRs RAfD%E dfdPiasoBsstidallyhertt@egist ock
through a chem cal reaction of the non-peroxide poisons; and follow ng
cheni catffigicneeaf thegcatabytishd imeiptesivaeadtivasi Mauaewryide pigserce dnd lredddt ock

under conditions.sufficjent .to netathesi e edst oc [00 athird
aspect,V?ﬁ@fgﬂPgmﬁ¥69ﬁﬁ?&ﬁgﬂﬁgyﬁﬁﬁm%%%ﬁ%éﬁ]%ggF%%ﬁg%ggF%%%g?%%%%%%%prising:
provi di figihe geegephiothcationpf iheihaged, Mat ¢iedlonaht shraiiofEiper Bavele apaicBons with
a starting peroxide value; chemcally treating the feedstock for a tine

suf fi ci erthergrewmgcentienst arti ng per oxi de val ue of the feedstock by
approximately 80% or nore through a chem cal reaction of the peroxide

poi sons; followi ng chemcally treating, conbining a netathesis catalyst
with theUMBdARYck under conditions sufficient to metathesize the

f eedst ock. [0008d] The nmet hod conprises providing a feedstock conprising a
natural (a8} The WRé pRdert disthgire iSa fRtREIS@sthehanE adtddytotk.eat i ng the

f eedst ock under conditions sufficient to dimnish catal yst poisons in the
feedst ock. The nethod further conprises conbining a netathesis catalyst
with the feedstock under conditions sufficient to netathesize the

f eedst ock. 100091l n anot her enbodi nent, the nmethod conprises providing a
feedstock conprising a natural oil. The nmethod further conprises chemcally
treating the feedstock under conditions sufficient to dimnish non-peroxide
poi sons in the feedstock. The method further conprises conbining a
net at hesi s catalyst with the feedstock under conditions sufficient to

nmet at hesi ze the feedstock. [0010]In anot her enbodi nent, the nethod
conprises providing a feedstock conprising a natural oil. The feedstock has
a starting peroxide value. The nmethod further conprises chemically treating
the feedstock for a time sufficient to reduce the starting peroxide val ue
of the feedstock by approxinmately 80% or nore. The nmethod further conprises
conbining a netathesis catalyst with the feedstock under conditions




DETAI LED DESCRI PTI ON OF THE | NVENTI ON 100111The present application relates
to treatnent of netathesis feedstocks. Such treatnents, which renove
harnful catal yst poisons, are conduclad prior to introducing a netathesis
catal yst, thereby inproving netathesis catalys erfoonance. Exenpl ary

f eedst dOReSatay | el RECE AT %r.owrle%fqu Oﬁ%@gé}lqﬁ?é}?f‘éi%ﬁ‘}g t feedsiorul ar
forms " Quyishll ‘prdfingt Needspek Ut b ARhSl SNt $hUlaRS ddEngant ext
clearly it a égrgﬁﬁlgﬁwysg? SE’or exéﬂn%wg referencé t1o "a guhst?guent "
enconpatesdsoch sndeyl @nditloat | ufftnidntae diebihishscatuigstopoimmrseins thys féddsent s, and

the like. [0013] As used herein, the terns "fo anple," "for instance,"
"such & ,"“ggra o e%?ﬁﬁd?%&f’“é&ﬁ%ﬁ%ﬁ“t@@%r Gﬁ‘ijégi(og‘féng%rﬁb‘“égmf‘lﬂ‘éfm?% her
clari fy . jxfigngeDehahtsiP] Gelty BB the UL&SSIOLABEWL SR SRAC klfedn: khiese

exanpl es are provided only as an aid for understanding the applications
i |1 ust rattethesine thedeguiswskent di scl osure, and are not neant to be limiting in

any fars@i ﬁélﬂ V\012009/ 020667PCT/ US2008/ 00953{? -4- II[‘0 1?] Ast ‘tﬁseg. hezriei n, the
term " mdP%Mesi s Baf a1V: FREFUHEE A PIEAPST s 00% 8F AP0 8¢ et t hat
cat al yzgsdstodrloaipheRioSpioRRkid £ oed{tBOL&IMSiUSLE nhkar£ bl); cidhfcdlg tiatingt ur al
oil' or "natural feedstock” refers to an oil derived froma plant_or animal
sour ce. th¥higedssqah undaruecaiditisins " sufhelkridés diainishanosineradds ipoeis é8, thein| ess

ot herwi se. i ndi cat ed. |.es . nat yr, ils i u limted
Lo et BRER 4 RIRG BRIy 1B S SR hnd Py e

t hese oitlemicati9thiafiad, OR®Ihg amyetdhedihesdyaivish trndedsheklunker cordptoasent at i ve

exanpl es of vegetable oils include canola oil, rapeseed oil, coconut oil,
corn o fufficignttte metshpsize|the Grdsieckoi | | palmoil, peanut oil, safflower oil,

sesame @bb?cfoyb%m bl assinf et pﬁ!vllldedl | nsged o?in%etatﬂé’éim%glf&% oi l,

tung oil, tropha oil, and castor oil. Representative exanples of ani nal
fats i nalmdsidgapthvidiag hdeedsobk claprifiag 2 mpelrdlovl rvéaspgroside pbissts with.  Tal |
oils are by-products of wood pul p manufagtyre. (0016] As used herein, the
et m rintaaE PR st ehoRichTy Beag th Feot i R RS Gt
compou . i i : 0 aRDI i of
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and reduction. For exanple, .the natural oil. .derivative my be a fatty acid
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Repr esentakdye exanpl es of natural oil derivatives include fatty acids and.
fatty acid alkyl (e.g., nmethyl) esters of the natural oil. In sone

20pr ef el088idle mbodl e ntethodacdrersehss aekvidiag 4 Aeddsieek camprisingra sadaml.oi |, for
exanpl e, ref] ngg‘?ﬁbl eached, and deodorized soybean oil (i.e., RBD soybean
oil). Sg{}eblélg i }ieg an unsaturated pol yol ester of glycerol that typically
conpri ses about 95% wei ght or greater (e.g., 99% wei ght or greater)
triglycerides of fatty acids. Major fatty acids in the polyol esters of
soybean oil include saturated fatty acids, for exanple, palmtic acid



25 (hexadecanoic acid) and stearic acid (octadecanoic acid), and
unsaturated fatty acids, for exanple, oleic acid (9-octadecenoic acid),
linoleic acid (9, 12-octadecadi enoic3acid), and linolenic acid

(9,12, 15-oct adecatrienoic acid), [0017]As used _herein, the term ' catal yst
poi son"compeiserd ekeminglly: leswiing | the feedstosk under copditigpyspifipiang ta disdrish ock t hat
reduces. of. I I ci f i | : LGl ency,
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refers to the nunber of noles of feedstock that a nole of catalyst can
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al cohol &,qBRE Aokt HrHmAXdfaht ¥&qdear.adati on, term nal conjugat ed

pol yenes, free fatty acids, free glycerin, aliphatic alcohols, nitriies,
esters @10 10undat ancghedergbalipsninghe regthed ognpuises pebvagihg rig desidsieck and

additional inpuritjes, .includjing."color bodies." Ex l,.es ' col or bodies’
el uaensist hostieFa k" n e dahies U ProRERISE b ERphes,

pyr ene, fughlytReREeNRemARAlly tRetihd KR feb@IZA] A% M58E REH@EN, to trBR kAR
“adsorbent" refers to any material or substance that is used, or that may
be usedstarting @rerds ‘G?lufaélg trenfeapnieckeby papreringtelyr808ulos mamee Thsanethpdicl udes
solid, liguid, and Qul hsarben nt.s., ] § her ei n
t he terilrlﬁrtﬂ%ra?da{]il Ii/msste 5 g?@lglcni]r? gyﬁ&?tggﬁgef% ?%@ ¢ %ﬂﬁ?[ hg%%etg?%)g{ﬁt% é%rn‘éég }sﬁ%g% of

f eedst oskfidad tb hemiasireabe fyddthe. GC- anal ysis of transesterified products,
as described bel ow. [0022] As used herein, the term "nmaxi numtheoreti cal
limt" or "maxi mum 20t heoretical conversion |[imt" refers to the apparent
maxi W%Eﬁ@iﬁ%ﬁn%&ﬁtﬁﬁb@ﬁoﬁﬁk' INBENTpRUIN CC anal ysis. For each
net at hesi's react1 on, ere Is a mninum catal yst | oadi ng anount required to
achi eve maxi nmm t heoretical .lim,t. Any increase | tal |.0adi ng
eyond AT i nli POSA RO dtibien P suu bRy 6F A S S a s Ty o
anount Qfcht heA¥RR! Wikch et e CRArAItYS ataBiss PRtsows,| brd FpidicedCprvensi on
25beyond the maxi mum theoretical conversion [imt. It is noted that

di f f er eiftrofuping al mefpihesia cgal wokdorehy HRvevies mastbers airlyRUPSTRBERE i cal

conver sj L.m ] Lt ti cul ar feedstock nay have a
( ik 9&5’1‘1} i alPds! barl y
dlffere%g 1X|é%%??ﬁg%#%%lca(k%ghv%rsﬁon l[imts based
{0012] As used herein, the singular forms "a,” "an,"” and "the" include plural

referents unless the context clearly dictates otherwise. For example, reference to "a
substituent” encompasses a single substituent as well as two or more substifuents, and the
like.

[0013] As used herein, the terms “for example,” “for instance,

ka1

such as,” or
“including” are meant to introduce examples that further clarify more general subject
matter, Unless otherwise specified, these examples are provided only as an aid for
understanding the applications illustrated in the present disclosure, and are not meant to

be limiting in any fashion.



upon the type of netathesis reaction that the feedstock undergoes (cross-
V. self-netathesis). For exanple, based upon experinental data,

sel f-nmetat hesis of a soybean 300il derivative has a maxi numtheoreti cal
conversion |imt of approxinatel y 70% WD 2009/ 020667PCT/ U82008/ 009635 - 6-
[ 0023] As used herein, the terns "netathesize" and "netathesizing" refer to
the reactingd"®F%%P®adst ock in the presence of a net at AEEVSBAIMEY St t O
forma nmetathesis product conprising a4new ol efinic conpound. Metat hesi zi ng
may refer to cross- netathesis (a.k.a. co-netathesis), self-netathesis,

ri ng-opening nmetathesis, ring- 5opening netathesis polynerizations (ROW),
ring-closing netathesis (RCM, and acyclic diene netathesis (ADVET). For
exanpl e, metathesizing nmay refer to reacting two of the sane triglycerides

present i njpai4jat ur ahs feRdekaskné sahf n@étﬁésk’seéd@%st* Mchubés BRERINS 8Pf a

net at hesi sﬁcg%t al %%t wherein each tri cerid as an unsatur
car bon- car FoHYI SYHFE t%ﬁataiﬁﬁ%ﬁéwath%?‘ﬁﬁﬁt@% new ol efi ni ¢ nol ecul es whi ch

may i ncl ud@oas]10di ey usld Heh@n tthé ﬂirhﬁc‘ﬁém%%nl”'%#dﬁétb;%ﬂ%%ﬁéﬂoc@éf@?sh@%h 4iing may
refer to r act%ggman ol efin, aZUCh as_ethylene, and a triglyceride in a

nat ur al RRIFHG" &pim Q%I{’C%ngh%ﬁé'ﬁtrtﬁ“é’tab‘éf‘ é’éﬁ"lﬂ?ﬁ ”é HEK doubl e

bond, & heraebiyatim mm@stmmawm@ﬁeml Exaﬁﬂl&%ﬂn@&rﬁi%l@ﬁﬁﬁd@i@t Rlthesh§) -
ities for tural oi | s may

[0024]The nce an variou
vary from 'E@Fg%\%t‘@% &8 q‘ﬁ%caéqaieo‘ﬁfs ?‘?"@F"ffa'ﬁo aﬁ i© ?d’e“‘cﬁt‘”ﬁéf) HesoBat ch. 1t may
be diffi cmmm@%zpmeoﬁmdfh@spmmdmeoukel Replesehtatitd baipibdPllehbiats I N the

nat ural oi vw t hout xL,ensi ve testing on each batch. Accordingly,
it is i npo(!}"tsé ePTSE geos'li 003” YbTRE © r(?é’gf’ﬂ%ei’?g FloPVERE: RAIPI ous
nat ur al oidi, fa@emsllsolb@hﬁlomlt til, saszymmgn lseyteias obf sunftpued dif, Breseled oﬂ),r;:daﬁﬁ to

di m nikgh t i1 r f.or nanc ro uct
conver1§| onl&%}%gg%flégtwafa Pﬂ%bg%g@é StgFJ‘IE)eI o tr%%n d'vglex? @8 ;(kjf%e
varyi ng | ev@ide igfd, F?é'ﬁ@x(ﬂmké(ehrf@tuvélbmeaﬁypmctwﬁ ail, Ttdﬂ@llsnatamad:rodmdts bfeedst ock

nmay have ayRef X ,q,gnyfgétupe greater than 1 mlliequival ent per 1000 g of
f eedst ock /1 Kg) . pi cal peroxide val ues may be greater than 10 neq/kg.

Food gr ade[g%fﬁur al ‘l‘ﬁ 1F~°§dtryeﬂi‘f%sdh¢ {ermalaturabpiheenvatives crfersdp the Q!Jéﬁﬁnmhd;ﬁes

closer to gk niROfkg corh@ﬂ&lrﬁisrde%becgFr@aﬂQhé‘ﬁétHFa%ﬂ RihS R orté"&rtéé £ hyl
ester of 25 aét%}o | s typically have higher peroxid ues. Based upon
Beds pupr

t hese exarpft hefieinicat pas: n%?WFe‘QQ‘i*Se%'UB‘P Séféﬁi‘tﬁfé‘ﬁh@‘and canol a oil,
the start mgarq:ﬁeamm Mro@nuﬁon @a'ﬁbépbrcfaiiﬂ ?ﬁe:ﬁéﬁ»‘?&h@ﬁ M@dﬁoﬁ 4Hdl lbHQGUH VRbENT S
per 1000 ang [ na . *q(va %/ktg) how that fatty acid nethyl
esters of A §I ‘f f n‘ﬁe &% 8&335’1?? 15’ I?Q‘d T%%ﬁsﬁé‘:ﬁ‘w%ﬁ?fﬁf’g REy e
di scover edh¢ bacercdatcamesmm@f oiC | e ysamivbd exghEiad biynaanBir Retivesi Ng
chem cal t,gGH A ScibLatd BRY agd%"ﬂ}yweaglr mee’tﬁ}ﬂfesgers of WRL Al e lg%tor%lteySt
20 preferred embodiments, a feedstock may include canoia or soybean oil, for exampie,
refined, bleached, and deodorized soybean oil (i.e., RBD soybean oil). Soybean oil is
an unsaturated polyol ester of glycerof that typically comprises about 95% weight or
greater (e.g., 99% weight or greater) triglycerides of fatty acids. Major fatly acids in the
polyol esters of soybean oil inciude saturated fatty acids, for example, palmitic acid
25 (hexadecanoic acid) and stearic acid {octadecanoic acid), and unsaturated falty acids,
for example, oleic acid (8-octadecenoic acid), linoleic acid (9, 12-octadecadienoic acid),
and finolenic acid (2,12,15-o¢tadecatrienoic acid).
[0017)] As used herein, the term “catalyst poison” inciudes any chemical species
or impurity in a feedstock that reduces or is capable of reducing the functionality (e.g.,

30 efficiency, conversion, turnover number) of the metathesis catalyst. The term “turnover



WO 2009/ 020667PCT/ US2008/ 009635 -7- poi sons nmay be di m ni shed by chem cally
treating the feedstock prior to introducing the netathesis catalyst to the
feedstock. A chemical treatnment nay target netathesis catal ysts poisons,

i ncl udi ng peroxides. The inventors have di scovered that peroxides are
strongly correlated with catalyst efficiency and turnover. This may

i ndi cate t hat® BHEPELi des are a significant catal yst pbFEBRISANRIT I onal |y,
the inventors have discovered that such-treatnents al so appear to target
and react with other, non-peroxide, catalyst poisons, rendering them

i nactive. The inventors have al so discovered that treatnent of a natural
oil feedstock with a |low starting peroxide value (e.g., <1 neqg/kg) is
capabl e of inproving catalyst efficiency and turnover, indicating that
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w t h ani ons poten 0 Crea Sl ts.
Potenti al ‘BFHtENS’ %M@@W?Sl rﬁfxa”rﬁi&ismf a¢0|¢!’é7@d®$oroﬁuuimtﬂmfdmpsroee;ssucplaesphat es,

sul f at es, :a&%e%h%fdht%%nel%ehﬁﬁﬂré%kepéﬁ@:Let §|k2t§8§ieﬂle£ a8 dfiOf solution to

be filtered avvay romthe feedstock process provi des a cl eaner
f eedst ock PB£0k he nfist eteRderain tbatarmoadsobeefeéars tagpnymhelgiizhonsulistanse

cation-i nqn@a@ugedoasaat Saf b et;étmtmésédwbﬂ&dsoﬁ@%ﬂaér%ﬂéﬁér%F E@&tﬁ%@om ment s,
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20  theoreticai conversion limit' refers to the apparent maximum feedsiock conversion
determined through GC-analysis. For each metathesis reaction, there is a minimum
catalyst loading amount required to achieve the maximum theoretical limit. Any
increase in catalyst loading beyond this minimum loading will not improve conversion.
Additionally, no amount of treatment to remove catalyst poisons will improve conversion
25 beyond the maximum theoretical conversion limit. 1t is noted that different natural oil
feedstocks may have different maximum theoretical conversion limits. Additionally, a
particular feedstock may have a different maximum theoretical conversion limits based
upon the type of metathesis reaction that the feedstock undergoes (cross- v. self-
metathesis). For example, based upon experimental data, self-metathesis of a soybean

30 oil derivative has a maximum theoretical conversion limit of approximately 70%.



5level in the feedstock to |l ess than 1 neg/kg, and nore preferably, |ess
than 0.5 neg/kg. In sone circunstances, for exanple when the peroxide val ue
of the feedstock is greater than 5 nmeg/kg, it may be preferable to di m nish
the | evel of peroxides by approximtely 80% or nore or approxi mately 90% or
nore. In sonme circunstances, for exanple where the feedstock has a staffing
per oxi de valfe20H&Pss7 s greater than 10 neg/ kg, it nay ROWES2M8E%Isabl e to

di m nish the |l evel of peroxides by appgoxi mately 90% or nore or
approximately 95% or nore. [0031] The net hods nay be used to dimnish the
anount of netathesis catal yst poisons in netathesis fee.dstocks. This

all ows netathesis feedstocks prepared in accordance with the nethods to be
met at hesi zed at a high turnover number of the 15netathesis catalyst. In
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| ess i s evenhppetyenef andablirglycaids0dmomatyridatdstockdraviep sit Basofnet he nmaxi num
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20 As seenin 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 (mea/kg). Typical peroxide values may be
greater than 10 meqgfkg. Food grade naturai oils typically have relatively low peroxide
values, closer to 1 meg/kg. Industrial grade natural oils or fatty acid methyi esters of

25 natural oils typically have higher peroxide values. Based upon these exampies for the
fatty acid methyl esters of soybean and canola oil, the starting peroxide value is typically
greater than 5 milliequivalents per 1000 g of feedstock (mea/kg). Examples also show
that fatty acid methyl esters of a natural ol may exceed 10 meg/kg.
[0025] The inventors have discovered that catalyst efficiency may be greatly

30 improved using chemical techniques to treat a natural feedstock. Metathesis catalyst



10preferable. A 70% or greater. conversion of the maxi numtheoretical limt
with 3 ppnmidb or less is even nore preferable. A 70% or greater conversion
of the maxi mum theoretical limt with 2 ppnmidb or less is even nore
preferable. [0034]1n sone preferred enbodi nents, a netathesis reaction may
catal yze the netathesis of at |east 85% of the maxi mumtheoreti cal

conver si on M@PWYRPEH a catal yst 15 | oadi ng of 30 ppm RGT/USaes/0¢9615 nol of
car bon-carbon doubl e bonds in the feedgtock (ppnidb”). An 85% or greater
conversion of the maxi mumtheoretical [imt with 15 ppmdb or less is nore
preferable. An 85% or greater conversion of the maxi numtheoretical limt
with 10 ppmdb or less is even nore preferable. An 85% or nore conversion
of the maxi mumtheoretical Iimt with 5 ppmidb or less is§ even nore
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For exarrple speci es e an I'npact” on cataly
activitby, %@OF’PWOH@BQE hébwﬁinetwmp 1fj A4 plosAbats mqme qre@m&ﬁhe

bi sul fite exawplee, oRPAHBAIfiRSOrABAIBMURSN dSIAL W bRA -askle lesuliffBgdrixed with the
f eedst ock under a nltroq%gn envi ronnment ‘or under vacuum Heatln t he

sol ution difRGY APRIR G PGIAER (e B@XifRRaneabef FalvstReispesiifAggeghe
pr ef er abl ypozons wed ezdemymeamm@@m‘tére@smwrﬁamt to prevent formation of
addltlonallél,te?ﬁOX|dﬁ o Addlbé) h {m%/? be desirable to limt the
wat er cont in t KWL GPRPIIEepts; ﬁ FHER YRUNPRA D% FRERLSB TRRIMAN BB sons
creat @l dunimggaric aéer.ee(nsuctrhss mmnazalb.osaaamaateq r k{10384 Rnapied wad areast i on
tenperat ur ?Lﬁ:h%ycafcwgr bar aano g&ch emlcaﬁ l?rea%ment, the cation-inorganic base
reacts with anions (potential catalyst poisons} to create insoluble salts. Potential anions
present in a natural feedstock include soaps, phosphates, sulfates, and the like. The
insoluble salts precipitate out of solution to be filtered away from the feedstock. Such a
25 process provides a cleaner feedstock for the metathesis reaction. A preferred
embodiment of a cation-inorganic base is calcium hydroxide.
io028] In preferred embodiments, the chemical treatment includes combining a
chemical, as described above, in an amount that is 5 wi% or less than the feedstock, 3
wi% or less of the feedstock, 2 wi% or less of the feedstock, and more preferably, 1
30 wit% or less of the feedstock.
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90C. It is-even nore preferable that the tenperature range from about 50C
to about 70C. Sufficient hold tine should be provided to allow the reaction
to proceed to 20conpl etion. The necessary hold time will depend, for
exanple, on mxing intensity and on reaction tenperature. [0039] The sodi um
bisulfite |s referably added in an anmobunt |ess than 5 wt % of the

f eedst ock. WO preferable that the addition of YHESIWENMIDI sulfite
conprise 3 vvt%or | ess of the feedstock. It is nore preferable that the
addition of the sodium 25bisulfite conprise 2 wt% or |ess of the feedstock.
It is even nore preferable that the addition of the sodiumbisulfite
conprise 1 wt%or |less of the feedstock. Additionally, it is preferable to
add approximately 0.1 W% or nore sodiumbisulfite to the feedstock.

[0040] I n sppEs)] errbodhr;seé*féﬁed an%ﬂmeht@tﬁ@%hém.cmtx&gtmmxs9&&&%@9 4§ order to
accel erate the rate of reac | es of such devices 1 nclude high

shear ni xeFEPEREERRpMepD§at aﬂ@é@@ 6} sbehéﬁe‘ezf‘ aPRIE¥IDaied/ 35506679817 358008/ 009635
-11- [ 004 Ljibetpstetnsy, §&%§H‘ab;br§kﬁh~fa'tél@5@ cesd@rt, the feedstock may be
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f eedst ock) nove residual. traces of water. A vacuum

be d
f1 ash drye?da?% rg{)r%gorr a@ai‘{"%ﬁ %iy%gg 2 RGBS B SIRICE P LAMPIR r enpval
of trace welaze the[fOGIERIcASas @estarting bérex;éaaa!pbﬂ&tlimd;rewer thiae 10abatyied, itohdy
f eedst,gck d t hat f
appr ovmt 1 & SRR R A LA 8BS B KRR B ehh e 85 more < han
10 meq/ kg. awzﬁaﬂy 95Peatmenet with sodiumbisulfite preferably dimnishes

the peroxiggsial ue 4y, rh&ﬂoéiseﬁ'Q?EQ%gec?fbdrﬂﬁw htin@'a[rﬂ? ut cglrJgEQath%ﬁcgtargtr €

preferabl e to'reduce the peroxide va ess
ci r cunst anRAisONGififeatatiissisfferdiacke k Thiagliewsmatathase fse@%mké@famlfmmt hat is

greater t hﬁ&o@aﬂ@é%t'ﬂgt’he'nﬁeth&s]é%%&étﬁ@éiﬁe& 2 adfugh Rirsdvet hﬁmF%}'m f

perOX| des with a sodium bisulfite treat nment %/’ proxi mately 80% or nore.
It is 'Nor eNPREEEE 2BRYSH oD @hAF Micsts. HiRdnipRigR Fats swwm aksehina sodi um

bi sul fite ipratmentiolrye @é!ﬂ&ﬁ@fmér@wn&@%\@suﬂﬂ)re I'n circunmstances where
t he feedstéﬁ has starti g er oxi| zqval ue that is greater than 10 neq/ kg,
it is pref le t PFATHFEHR VPR b5 edsiochdPoigteioninRtalyssepeth Wil sul fi te

treat ment ibwrove feedstock conversion, and aliow the opportunity to decrease catalyst loading.

This is particularly desirable due to the high costs associated with typical metathesis

20 catalysts. In some preferred embodiments, a metathesis reaction may catalyze the
metathesis of at least 50% of the maximum theoretical conversion timit with a catalyst
loading of 30 ppm or less per mol of carbon-carbon double bonds in the feedstock
("ppm/db”). For example, if the maximum theoretical conversion limit is 70% of the
feedstock, it is preferable to catalyze or convert at least 35% of the feedstock (35/70 =

25 50%). A 50% or greater conversion of the maximum theoretical limit with 15 ppm/db or
less is more preferable. A 50% or greater conversion of the maximum theoretical fimit
with 10 ppm/db or less is even more preferable. A 50% or maore conversion of the
maximum theoretical limit with 5 ppm/db or Jess is even more preferable. A 50% or

greater conversion of the maximum theoretical limit with 3 ppm/db or less is even more



20approximately 90% or nore. It is nore preferable to dimnish the | evel of
peroxides with a sodiumbisulfite treatnment by approximately 95% or nore.

[ 0043] The chenmically treated feedstock is preferably sparged with nitrogen
in order to renove any oxygen that was added by water washing. Preferably,
the chemcally treated feedstock may be stored under nitrogen until it is
ready for uds¥Cpi/@IPBnetat hesis reacti on, such as sel f PARURHBEIE,
cross-netat hesis, or ring-opening netaghesis. [0044] When the netat hesis
reaction is conducted, it is desired that a dim ni shed | evel of catal yst
poi sons based upon the sodiumbisulfite chemcal treatnment will result in
an i nproved feedstock conversion at a | ower catalyst |oading. In sone
preferred 30exanples, a netathesis reaction nmay catal yze the netathesis of

I ) i i
at | east 59cPiiid he 0% 2R09% Q%Q@Z B8 f%ééga?&ﬁ 89&%@1 caI@thbﬁ!Hf{d&s oer

theoretical conversion limt with a catal I ng of ppm
nol of carHdPRSIRPHEITHEREE AP nds in the feedstock ("ppnidb"). A 50% or

greater copgsgsi on rafsomq)réraﬁfédruﬂbécfh%eﬁ@té Gkathédid Feablidiimay cRRITE %{%em | ess
is nmore preferabl e reater conversion of the maxinmumtheoretical

limit wit hm?a@”p&ﬁroaﬁf '8?31 |§8s/°sofq§e BEYBWTHEY ehral cepyastian it stbesatalst o

conver $i onicgding BESUEDG BLIEBS PEARE F ERbon-taFbbn Whihle BoRdNThdR: REJ4iESS | S even
nmor e pref L abl ﬁf‘r) %SchA) or reater cowrm on of the maxi rrumtheoretl cal
d

it it % G GERIPcaBYERo e ppRTHaYEcreACH TN ¥t dPeat er
conver si onpifi/db belessmixinmmaptdieablet IACEI% bi glebteticthversipp BT B0 nkinh@ss iS even

nor e pref abI referred enbo nt nmet at hesi s
reaction °‘8§$85IWIE’CII“ ISIé pﬁ‘g‘?(gf &ISSIS BYe™ Toree%fgg %% f70?%%f TREKi num

t heor et i catongemivensthermainrut tindrétical ioait witty 5 pphodidbmigsok «36n Hpra or I ess per
ol of,,car rb t f eedst 0 )

gr eat er coﬁggfagl?eo ;99?9?%% eeatéjr QII‘?@[ %Srtﬁ?r%aéﬁ'mfm%?&ﬁf‘%wrﬂg IIII) I ess

is nore p_r@fi@aeaper_ee.n mprféoi?&ferab@ efaffe% oc greatET sooversibn ththemaadimum
15t heoret | {%@I)reIidanIirI'utWtI% EGIJI) Lodeglelely eveﬁﬁfﬁré ref'e‘{&rﬂ?mr e preferable. A 70%

or nore conversion o max!i mum t eoretica with 5 ppm db or |ess
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conversion of the maximum theoretical limit with 5 ppm/db or less is even more
20 preferable. An 85% or greater conversion of the maximum theoretical limit with 3
ppm/db or less is even more preferable. An 85% or greater conversion of the maximum
theoretical iimit with 2 ppm/db or less is even more preferable.
[0035] in some preferred embodiments, at very low catalyst loadings of 1
ppm/db, a metathesis reaction may cataiyze the metathesis of at least 30% conversion
25 of the maximum theoretical limit. A 40% or greater conversion of the maximum
theoretical limit with 1 ppm/db or less is aven more preferable. A 50% or more
conversion of the maximum theoretical limit with 1 ppm/db or less is even more
preferable. A 60% or greater conversion of the maximum theoretical iimit with 1 ppm/db
or less is even more preferable. |



ppmdb or less is nore preferable. An 85% or greater conversion of the -
maxi mum 25t heoretical limt with 10 ppnmidb or less is even nore preferable.
An 85% or nore conversion of the maxi mumtheoretical limt with 5 ppm db or
less is even nore preferable. An 85% or greater conversion of the maximum
theoretical |imt wth 3 ppmdb or less is even nore preferable. An 85% or
great er conve? S8 the maxi mum theoretical 1inmit w PRUVESIHSAI%NH or | ess
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It is 1oor endhdhardirentRalent Bewafdi tion of the sodi um borohydride conprise
2 % or less of the feedstock. It is even nore preferable that the

addi tion oP98He sodiMFRIBGHEMAY R eRFRHAF 38 agusausshitipesh isghen mixeleedst ock.
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bbout Ssc 167 e =5B WPl e hElrE ROt BReBilTan PR & ReCPERmetaL ur o
range fronefabbots Se@et duamut af80Gie d:ikzirrdcatirmtm;s provi ded to ensure conpl ete
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reactlonte rature and mxin
hi ghl i nt en®l*¢y ltri$ Rean more preferable that the temperature range from about 50°C to about

70°C. Sufficient hold time should be provided to allow the reaction to proceed to

20 completion. The necessary hold time will depend, for example, on mixing intensity and
on reaction temperature.
[0039] The sodium bisulfite is preferably added in an amount less than 5 wi% of
the feedstock. it is more preferable that the addition of the sodium bisulfite comprise 3
wit% or less of the feedstock. It is more preferable that the addition of the sodium

25 bisulfite comprise 2 wi% or less of the feedstock. It is even more preferable that the
addition of the sodium bisulfite comprise 1 wt% or less of the feedstock. Additionally, it
is preferable to add approximately 0.1 wi% or more sodium bisulfite to the feedstock.
[0040] - In some embodiments, a high-intensity mixer may be used in order to
accelerate the rate of reaction. Examples of such devices include high shear mixers,

30 centrifugal reactors, eic.



may be used in order to accelerate the rate of reacti-on. Exanples of such
devi ces 30i ncl ude high shear m xers, centrifugal reactors, etc. WO

2009/ 020667PCT/ US20081009635 -14- [0051] After sodi um bor ohydri de treatnment,
the feedstock may be washed with water to renove the excess borohydride and
byproducts fromthe reactions. [0052] As seen in the exanpl es bel ow, the
natural oil We&#i¥¥B®ks typically have a staffing perox?%&”ﬁ?%sﬂ‘é’G{sP\/) t hat
ranges from approximately 1 mllieguividkent per 10009 5feedstock (neg/kg)
to nmore than 10 meg/ kg. Chemical treatment with sodi um borohydride, it is
preferable to dimnish the peroxide value in the feedstock to less than 1
meg/ kg. It is nore preferable to reduce the peroxide value to less than 0.5
meg/ kg. I n circunmstances where the feedstock has a starting peroxide val ue

that is greeaqr thanfd egdign bishiftcSrddtRéR! BBl& ds® ol by HeSladhBE wWitgvel  of
peroxi des with a sodi E}m bor Of‘%sdl’l de 10treat rrefn roxi mately 80% or

t by ap
more. It i elblodenpt I asress s WTinand Ryprediis e fhesFaiana X CHEST (v &
sodi um borwhghhg dlepd menbdrasdd. MyuringRaeX Wwaetied ¥teB 0 vater BRASR: ardbnCdrf&iIBt ances
where the feedstogk ha.'f a Stt artin eroxi de val ue that is Brea%er t.han 10
meg/ kg, i tPTaSE AR, H R YECHPRASAITYRY haRerp P U5e0rgRRig elask eavi¥odi um
bor ghydr [ Cl?tﬁi?]@anltymeml‘rifdg?ti(&pbr by birat ﬁbynéﬁ%mﬂ-ngoiﬁ&epérbﬁdgs, dwmhear@r ef er abl eb
to dimnish t evel . of 15peroxides with a sodi um boro ri de treatnment by
appr oxi et M1 GRsERSE skl HonRaT A Erabhbnds 1 PP SBPRREEsREbok may. be
spar ged wi febdsiotk) ogetherrbeodrielrto renovenmesidua ipcexyigenet Hataavas: faddedeby wat er
washi ng. Preferabl C ically treated, feedstoc be . stored under
ni t rogen u‘?lrt?ﬂﬁer?sfj itiyﬁsie %nleég'(}jsyp]% g\rogbjg%élionacgo%ifsgtt e 8Ty E%?%Sﬁfat%rmh as
sel f - met at 9842]s, crbsssamt dchesimplesdrelow, it wgeni oigferdstatMsagpisally 2aJ0054] When

t he at hgsi,s. r ' ' it . [ . : i . nj d | evel
of cgﬁ tzCi)I ystgé'lpt)@fJ £ gﬁgﬁ%ggng %ggﬁgﬁ%é&%oi&éﬁ r%tj %’89@%%??32‘% ué\%’%légk{qr@g%ne nt '
wi || resul feefigtoeinnmeagficoipenordeas i @ mieaon GCoemiamhtreatmant wittesodim hisyifte

| 0adi ng. | freRAAy AR ick Ak GBRLL URIL  n IRERERESES: fiEAGthAD Y sCat al yze

the nmetathesis of at |east 50% of the maxi num theoretic nversion limt
with a cat RPiEsRrelemig Rgedicedve pprxige vaiut islespthan ot mep/kgalbeifuesianess doubl e

bonds in t\hﬁerfe%i@te@ﬁbck_(ﬁ'a@&rﬁt%h%peAxé@%mé tﬁ&?@é@éte?%ﬁ@ﬁé?ﬁg,(hfisthe
maxwrugwtheo etical limt with 1 erable. A 50%
t

] t pmdb or less is nore Fre
or gréat erPEBIRRY O BRIV thSVRERL PREAERSGR @rsogar PIFHIiIE WRRIREEBY ppnt db or
less is evagprosometeprsEiebambe. (s dife prefdTBble t€ OIMIAESINRNevdl of RRo)id@esi VAthM
t heoreti caali Icé}.m i”swk' eh e5 t'ﬁgn db _or | ess, | @O even nore pr ef erable. A 50% or
greater 30%23RVEPIISHIGYS] \ARRITETREBER PO i ETUSR S IRE®y or | ess
I S even noihe feedstock has a starting peroxide value that is greater than 10 mea/kg, it is
preferabie to diminish the level of peroxides with a sodium bisulfite treatment by
20 approximately 90% or more. lt is more preferable to diminish the level of peroxides with
a sodium bisulfite treatment by approximately 95% or more.
[0043] The chemically treated feedstock is preferably sparged with nitrogen in
order to remove any oxygen that was added by water washing. Preferably, the
chemically treated feedstock may be stored under nitrogen untii it is ready for use in a
25 metathesis reaction, such as self-metathesis, cross-metathesis, or ring-opening
metathesis.
[C044] When the metathesis reaction is conducted, it is desired that a diminished
level of catalyst poisons based upon the sodium bisulfite chemical treatment will result
in an improved feedstock conversion at a lower catalyst loading. in some preferred
30 examples, a metathesis reaction may catalyze the metathesis of at least 50% of the



WO 2009/ 020667PCT/ US2008/ 009635 -15- preferable. A 50% or greater
conversion of the maximumtheoretical |limt with 2 ppnmidb or less is even
nore preferable. [0055]1n sonme preferred enbodi ments, a nmetathesis reaction
may catal yze the nmetathesis of at |east 70% of the maxi numtheoretical
conversion |imt with a catalyst 5 |oading of 30 ppmor |ess per nol of
car bon- car bdH° #8BR®7bonds i n the feedstock ("ppni db")PCRUSOBHEASISGr eat er
conversion of the maxi mumtheoretical 4dmt with 15 ppm db or less is nore

preferable. A 70% or greater conversion of the maximumtheoretical limt
with 10 ppnidb or less is even nore preferable. A 70% or nore conversion of
the maxi mumtheoretical limt with 5 ppmdb or less is even nore
10preferable. A 70% or greater conversion of the maxi mumtheoretical |imt

wi th 3 ppnidBhnfim hesstidal c%%ltﬂpﬁrﬁtt QLEE%EQ%?%)aé\nJ 8‘?/35) bprd GERLEbe SRRV er sion
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pr ef er abl e ng% or greater conversion oof the maxi mumtheoretical limt
with 10 ppnP °rlteé§és PENSVAR PRIPELIST &F BP°A15F 8Te2Rn cemoyien @idhe conver si on

of the maxinaximutieesretidse ihit wntmstpm/woﬁe@@méibn ﬂ{oré S8fordisie X8R €
20preferabl e . An 85% or areater conversion maxi mum t heoretical limt

of
with 3 ppn?raﬁteﬁ?oqvggséenicg AXIYPLEPIsfies éiB‘I'té‘"th@er@E% Birlegy EaveR M@Bhver si on
of the rraxpm{emwdqeoretlcal I|mt with 2 ppmdb or less is even nore
at very | ow cataly

preferabl e &QOSY] msog’ge %)rr > (grr gienbf i ent

| oadi ngs o1t 0t o R ST R2SMDOPEICATS, 8 el e%%lfeéFWé“?%%a*ﬂ'ﬁ%'ea?’ﬁem s of
at | east 30etateaiser si ieastZBY oftthe mramiiummi thebhuiosiebheaion it WJthAcé@K@sQr
reater co [ I t b or less
?s even rmIrB Lé‘ﬁﬁ ef er%ﬁ? P%%@%‘Pﬂb\ rgf%r%r?% %%W\%’grdgf‘@%ln ?Jgt'ﬂg"ﬁwfﬁggm‘%

t heor et i cal PANVAPT. M70P ar prepatetdoryersicesy thesmaxismmmbe@etsaefieit athes A 60% or
greater COgpe m nm db or |ess
IS even nore S?Ep’eérsﬁfs hile p@éﬂfg%w%g%%éﬁ%éﬁﬁ%\&%%%%g%gha% mf 0058) I n
some érbodiRRte) *tmﬁwgadpﬁapm'ﬁwtasmeﬁemorq preferatent A 7% arayoral so be

desi rabl e ddaversRnRE HAImIRARSorb it W:tﬁlé p?)ﬂ?d &t ssgfgvgrg@éé?sl 'n” the

f eedst ock. A@ (? e{I%beant may be added to

di mi ni shi RYCERP'S- v éP%a¥ 9?@5%‘5%‘:’5‘&’8[‘%% mW”'ﬁdW@@ﬁt linpryitth e paréibd

bef ore, dusrilesg,is Wenaﬁbrérprﬁﬁbéb@c A hesncierd £a coRldr88h BBRE Ok i ons

previ ousl ymdescr I Peg hPaef er [y t he adsorbent is added during or
eoretical imit wit ppmf less is even more preferable.

20 [0046] 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 less is more preferable. An 85% or greater conversion of the maximum

25 theorefical 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 less is even more preferable. An 85% or greater conversion of the maximum

theoretical imit with 2 ppm/db or less is even more preferable.



after the chem-cal treatnment. Mrre preferably, the adsorbent is added after
the chem cal treatnment. Even nore preferably, the adsorbent is added after
the tenperature of the chem cal treatnent has been cool ed down bel ow
approximately 60C. Even nore preferably, the adsorbent is added after the
tenperature of the 10chem cal treatnent has been cool ed down bel ow

appr oxi mat eWP #W2046)059] The adsorbent treatment nmay fREFIER5at | east
two capacities. The adsorbent may assiigt the chem cal treatnent process by
further reducing catal yst poisons that would not have been successfully
removed by chem cal treatnent alone. Additionally, the adsorbent may be
used to renove any residual chem cal additives. 15The adsorbent nay al so
assi st in renoving various byproducts fromthe chem cal reactions.

Pref er abl yjpodhe amu@bn@fpraéﬁéa&ﬂﬂém@é@k@%ztv@rﬁ;B@cfat%%}i%g&ﬁgé ﬁf“ges from

about 0.1 wt%to about 5 % when used in conjunction wt chem cal
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ranges frm:&i}auimﬁnﬂ{hé&r%xéa@hzﬁbobmo% MdteatbvEmvERIR dPiiRf REaRLY, the anount
of adsor bg @né t he %\?{; stock ranges fromabout 0.2 wt% to about 2
s B ith g

W% [006 51X 1S5S AYSA e el de a0tedt Mafe adsor bent .
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i nt ity. Highsi it b I d, Typicall t he ad t
treatment FERUS AN B OMEtn REPE MRV ar dsPl cone e BerR. |
treat ment dardessésevdnhacregnefaable. Even nore pr eferably, 25the time sufficient
f th t t t tt i tes. 061 1pl f
adsor bont S0ich ) “BaTHedebo i EuB A S (ReEHOS BRERT E1St PUR: ment

i ncl ude, bativar Bornmtdride m ¢rder tbaiminish eridthesis cmukyst podEoh v 8bgidmcar bon,

220t L 18S, RHHEAOR e ook L EhuchoZRER oK EAGHA LNG p BRI b um n2

Cel i cti vat num su Kaol i n,
magnesi umadahigese, It piithadsi gheme@mmmea@omm@w O0@aRbohylinde

chloride, RpQfassium wmaﬁéa éﬁ&éyg&gm tﬂﬂ%tfﬁééétb'éﬁ gbﬁhhé%tci%iq(r%ggl?ag%% ~ sodi um

carbonate, sodium sul fate, rumsilicate,
pref erred @ftRRTERE §ee Qhéertﬁdséﬂeb%ﬁ@d'i'@laéfeélmlﬁ"@dﬁ@ aise be henafigighesi um

silicate (@p@ve MINNERDin 6&3&&5&@0}(%“@&09 oup of America, Inc.) may be
used gﬁ Sadsor hent for adsorbi ng cat al oi sons, chem cal additives,
3Sr odf¥d f?f%

and b espBEi AUy %&{9%16?% k‘f@fﬁf ddpApBMEEL lessriBRRP ARy, t he
el s 1t scnbon g S 20
L% when 55t S00 JEL PR e BN sl LIS R Prel el
Even nor e spdiefresabhydride hembeased with omeganesthelteedstock. It is even more preferable
that the addition of the sodium borchydride comprise 1 wt% or less of the feedstock.
20 Additionally, it is preferable to add approximately 0.1 wi% or more sodium borohydride
io the feedstock,
[6050] According to the method, sodium borohydride may be added directly to
the feedstock and mixed under a nitrogen environment or under vacuum. The
temperature may then be increased to accelerate the reaction. Preferred temperatures
25 preferably range from about 25°C to about 80°C. It is even more preferable that the
temperature range from about 50°C to about 80°C. Hold time is provided to ensure
complete reaction. The amount of hold time needed wili typically depend on the
reaction temperature and mixing intensity. In some embodiments, a high-intensity mixer
may be used in order to accelerate the rate of reaction. Examples of such devices
30 include high shear mixers, centrifugal reactors, etc.



10silicate ranges fromabout 0.2 w%to about 2 wt% Additional hold tine
and m xi ng may be provided for the nmagnesiumsilicate. Again, the necessary
hold tinme will depend on the tenperature and mxing intensity. Hi gh
intensity mxing may be enployed. Typically, the sufficient time for the
adsorption treatnent step with magnesiumsilicate is a matter of hours.

Mor e pref er 3 P0928087 adsor ption treatment wth 15magne¥UviePi%ite is | ess
than an hour. Even nore preferably, thé-time sufficient for the adsorption
treatment with nmagnesiumsilicate is a matter of mnutes. The magnesi um
silicate may be added before, during, or after any of the chem cal

treatnment conditions previously described. Preferably, the nagnesium
silicate is added during or after the chem cal treatnent. Mre preferably,

t ge rrgg ntesgoum}a |1 caxter sb&u@%e@hl tyafugeerreéth@nﬁmﬁfeaw?dk h&Eed WBSHed iff063] The
adsor ben ration, . cen ation, pouring or any

ot her net h‘g% tf”%’@?‘f'*:’da4 eagf%/sa gﬁqu R 6%# Q%B?éeg‘giof‘? ed in the art
Opt i onal | yjoose)f i | t exs sded,in mmamte@eiadm,the:mu@h spf@@staa@eﬂn@myhbaeél me of
adsor bent ition to a] uent filtrati.on The reat %toock is
Breary S8tnendPte B UTRE st ShRbr SR S

I n sorrg ;axfaaq!ﬁtm miaqtkfb)emrgci&le tharetl msgmkg pbuﬁmaﬂsmémagt vtrmﬂfddmant t he )
treate refera a m ni s er.oxi ess than 1
kel | cEaRhAEe A RIS 1O Biifo T SR AR RIS Eelfihee Hasd 0, o de
val ue of I'ésseqﬁkgah t@mﬁrmmgi’ekagate lmedmaedhapbamciesrameeoEshhnfte@dsahﬂgk has a

starting PRIt e VALURIIRL Lo RIERLEL SO Bu AL s Iy Sy PRETREADT @ C0

di m ni sh the 'eve er oxi es Wi €oF t'P2%4t ment
by appr oxi paeelky. ;8@%’@5eram§rte dinpinish W@ t@%@i@a@&eap@m @SQ@O&/W@@W@ 18- is

nore pipef t I f; i A . and
Rdsor by “TERnEnt o RN 608 s iete, s PEIERERIN A SIREISALOANE,
t he feedstRERM RISV asetigh hgrojedrise ta@fmamt@ex apheaximately 98% @rmarhal 10 meq/ kg,

it is pref@fiabk@nta \Q’léﬂz ﬂiéf@e&i?@ckl e st%xn@ﬁé%ld@%iu\é‘tﬁﬁ ifgehemizalioand
adsor bent treatnent proxi mately 90% or 5nore. IS nore preferable to

di mi ni sh tRHeYVk®\Vids p@ﬁerﬁ%’?&pﬁé@swhﬁﬁe‘@‘ ehraipeggs \alﬁua a%w@@m“Y?fﬂ@at nent by

appr oxi nat @éaym&ﬁ‘)@@rppfmrr@ze;&@@%hﬁoréh@ué fhoRepreadrasle td\@niGHthk vagdorchem cal
treat nent and adsorbent tr:%at rrecrilr%qega%( be nore effective in dimnishing

catal ySt pd¥’ Wil Softies Rt BY | BRI RY G & OF THE combi ned

t rhea: r’ren: mfzja{/\zo Fld @anz@%i% &etai@ﬁ@éed&ﬂ?ut;lniayﬂi{&cﬁﬁa?bﬁﬂmbﬁﬁﬁmge@ nbel_"dté_S&;d i P

the treatnen en_an or be use its i gher gquantities o

the hcor nmve B0 BBmn Bk §ar 60ked SbRCLnaibg ° Prskerp O e CodpiRal

di m ni shedtrgpérdoieedockaharcise stbhal weler wfrodrrglrait it Gueaty for ese bfa mdwstresant adds

an UndeS| rf%g E}QS&JCEX%S SEE n%t%ﬁgaé Cféqqhé{%%gglgl gf r!q%%?%%mg%etgtﬁgginent al one
ot her ySt poi SONS.

may fail to non-"per oxi de cat 5[ 0065] Aft er
chemni &4l oﬁ%&fﬁem ca\thm the ragtstedle neadipr ist qvprusted lids degmddbiatfacdiistel i s

then pref e&&@bvcﬁs%ﬁ%@@un’gs&%@ bR irh bofchRdhd HemliSPrrbdimBn{iiat hesi s
reaction, such as sel net at nes;'s, cross-netat rng-openi ng
met at heSI gfesult in an improved feedstock conversion at a lower cataiyst ioadmg in some

preferred embodiments, a metathesis reaction may catalyze the metathesis of at least
50% of the maximum theoretical conversion limit with a catalyst loading of 30 ppm or
25 less per mol of carbon-carbon double bonds in the feedstock (“ppmidb™). A 50% or
greater conversion of the maximum theoretical limit with 15 ppm/db or fess is more
preferable. A 50% or greater conversion of the maximum theoretical limit with 10
ppm/db or less is even more preferable. A 50% or more conversion of the maximum
theoretical limit with 5 ppm/db or less is even more preferabie. A 50% or greater

30 conversion of the maximum theoretical Himit with 3 ppm/db or less is even more



[ 0066] After the chem cal or chem cal plus adsorbent treatnent, the

feedst ock may be subjected to a netathesis reaction in the presence of a
net at hesi s catal yst. 20[0067] The term "netathesis catal yst" includes any
catal yst or catalyst systemthat catal yzes a netathesis reaction. Any known

or future-dgvel oped metathesis catal yst may be used, 3| i

conbi nat i on%\ﬂzf]??%g%@ or nore additional catalysts Exe%ﬁ]q@ﬁ%&%{%@%fhesi S
catal ysts include netal carbene catalyéts based upon transition netals, for
exanpl e, ruthenium nolybdenum osm um chrom um rhenium and 25 tungsten.
The olefin netathesis catalyst for carrying out the cross-netathesis
reactions of the disclosure is preferably a G oup 8 transition netal

conpl ex having the structure of forrmula (I11) WO

2009/ 0206 GuieterbbldSZ0 887 @0 g623fer-chBverSivm ofihe elaxtrinen Vegoraias! ismibgith 2 penidd are as
follows: Mis a & ftion netal; LI, L2 and L3 are neutral

el ectron aoérj%c'ls 5 ?\beg'n %r;é pﬁ]&igs& ‘or 1, such that L3 nay or may not be
present; rN9&510, 1,ineomg;prdidXed emhokinBniar ®metetiorsicrebotipandsy, caayize the

RI and R2 i tlhy : ‘
subet t ut dIF Ry ST SRRISRT 7R Sttt RENNE] SO Rro Y RRFA Dptist o
het er oat orfeasined H0mprhodest pergdt of eartod-carbon dmdile eadsgs thedhedstoahk any two or

more of X (Wﬁ%%%’ A'?é%hér% ﬁb UG sRA of AR &&i%%ﬁﬂeﬁ%&gﬁ?‘g@&ﬂ? form a

cyclic gro further ’ erein any one or nore o . L2, L3,
R, and RXPmigb peless isaediedraferalles fpfir or greeE8Femversien eidhe ABAIMES s contai n
Ru or 5 afedibfa irQﬂt'Rritﬁ1brp39§dﬂérqgssr@%?énmWet&%@élb@é?rAvg%l&W@fepref erred.

[ 0069] Nuner ous enbodi nents of the catal ysts useful In the reactions of the
20 di scl osigneeraipe ofibecPRBET thedaice! et with SiPRFYER OFHBYS It RECSERE of

conveﬁbengeefem%. CRY@d6YH igPe Mo @S ibh BEMe infhxih GH RSeordieh! iinkit WIROY bEmRD
enphasi zed t hat these r%rou s are not neant to be |imting in any way. That

is, any ofOrt9s8 'TRYSR PIEPTHEENR- 4 AOPIRE StRAE ICOBYRT ORI AdM descri pt i on
of nore t hasoremsl phit Wite 200eues odessis ieh@tmbey srieferai®070] A first group of
catal ysts, to as ion 25 s-type

cat al yst s,[oélﬁsgnha\?«gg?ﬁg’gﬁgﬁ\é{}%g%‘%{'}ﬁgis‘gﬁsnﬁ W‘%tééﬁ%%%&t'f‘ﬂ%cq ?W% tllr!'glr)oup of
cat al yst s, mdatmeds ¥ arieasi8s8esiche badimaipotheoretical convelbion Xait kRh alcdtaids8, Rl
and R%sar qoaduesz%ccrafj S%epgprf? 3 Ifegé. E)gr\’\r%‘c! of carbon-carbon double bonds in the feedstock
(‘ppm/db"). An B5% or greater conversion of the maximum theoretical limit with 15
ppm/dh or less is more preferable, An 85% or grealer conversidn of the maximum
theoretical limit with 10 ppm/db or less is even more preferable. An 85% or more
conversicn of the maximum theoretical limit with 5 ppm/db or less is even more
20 preferable. An 85% or greater conversion of the maximum theorsatical limit with 3
ppmidb or less is even more preferable. An 85% or greater conversion of the maximum
theoretical limit with 2 ppm/db or less is even more preferable.
[0O57] In some preferred erﬁbodimen’{s, at very low catalyst loadings of 1
ppmidb, a metathesis reaction may catalyze the metathesis of at jeast 30% conversion
25 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 imit with 1 ppm/db or less is even more
preferable. A 80% or greater conversion of the maximum theoretical limit with 1 ppm/db

or less is even more preferabie.



[0071] For the first group of catalysts, nis O, and LI and L2 are

i ndependent |y sel ected from phosphi ne, sul fonated phosphi ne,

phosphi te, phosphinite, phosphonite, 30arsine, stibine, ether, an ne,

am de, imne, sulfoxide, carboxyl, nitrosyl, pyridine, WO

2009/ 020667PCT/ US2008/ 009635 -20- substituted pyridine, imdazole

subst it ut ed Yhi%OUZHE, pyrazine, and thioet her. Exerrpl%‘1”5/’“5121"’6’3‘?’?833q are
trisubstituted phosphines. [0072] X1 ail§ X2 are anionic |igands, and may be
the sane or different, or are |inked together to forma cyclic group,
typically although not necessarily a five- to eight- 5nenbered ring. In
preferred enbodi nents, X and X2 are each i ndependently hydrogen, halide,
or one of the follow ng groups: Cl1-020 al kyl, 05-024 aryl, 01-020 al koxY,
C5- C24 ar \ibess), 02- lﬁ)ﬁ&nalemwmmnmomydadditﬁﬁ-tﬁzbhahﬁdaowﬁtﬂfebpnyﬂxay 24 acyl,

02-C24 | sul f t - Y| SULf tOQ  Cl-C20
al kyl su?? ?ﬁgf%'%g ‘ﬁ%‘gﬁl Lﬁsaﬁgrtl@ﬁ%"@it‘ %d%?ﬁ ﬁr’cﬁ?ﬂ'\si‘% e?fe%qs“é?'- %4
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hal i de, benzoa xycar , phenoxy,
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CFH2CQ2, osyl at e,
nesyl at e, E%’:"rCt Eren r@eﬁeoqf@fterﬁmei@w@m's ided plienthe terppasplere ofdhenbodi nent s,

X andgX2 o@.@ﬁnc@ﬂ@éﬁhnﬁ@;htqrals%enE:Q&zéhabn@eﬁw%%p%ﬁn dently sel ected
from hydrg{g hydrocar byl (e. - C20. al ky -C20 al kenﬁb, 02- 020
8t

al kynyl ar yihe aggoresnt tﬁaﬁ’ﬁ??‘l matf@”@@ﬁ' ‘%F’hileﬁ?tl moé’é“@a‘)‘“ess ituted
hydr ocar b)ddsé@eg maysaﬁm"dt tHeldhe fhidl tr@2theal Bry)l:ess%fggﬂer&b catdhdst C20

al kynyl %, d05 024 al kar Pﬁ g][y(?ﬁ?

et o1 oat oOEGE HEhFAC ROUFBEARS] RUResgy Rotet oy ShPiciR *é‘? i A9neC20

al kyl, 02-AaR@icagiiyetyladsOPei2Bapbk ymad to rébovdady asiual dBenlRdaadifeyl , 06- 024

aral k t tut d het er oat am cont ai ni. n h rocarb | (e.q.,
substl)“taute %a?d %rr%%ga{trﬁ Ton %ﬁ'snlmnre"ﬂ"f?zv@ng‘l‘ﬁ( ¥Pr°%*%§ﬂ“ih‘{%}wr 032/ 0(20 ’
al kynyl , (55301]2215 aﬁ’lgaferaiﬂﬁ-tmamatiktaumhwre@qt4e¢atcallhkyée;ds&1ct ,rz)qgearfrdmf uncti onal
groups. Rlyapd %wa@atﬁgm WK ESLA R AL BSHEIhE L RUR LGN MY be

al i phatic or aromatic contain substituents an het eroatoms
Gener al | y,M@Q@Fﬁf@'aB‘ycmﬁ @”@UO‘L@ afispibenioaiidgl to thetfeedsockgaedasriedot gbdit 08, 7, or

8 ring at %, o 2¥Qu2009( O2QAGHABETrdLRdRP HMONAEER of adsorbent added to the

20 feedstock ranges from about 0.2 wi% o about 2 wit%.
[0060] Additional hold time and mixing is provided for the adsorbent. The
necessary hold time will depend on the temperature and mixing intensity. High-intensity
mixing may be employed. Typically, the adsorption treatment step is a matter of hours.
More preferably, the adsorption treatment is less than an hour. Even more preferably,

25 the time sufficient for the adsorption treatment is a matter of minutes.
[o061) Examples of adsorbents which may be used in combination with a
chemical treatment include, but are not limited to, molecular sieves, activated carbon,
zeolites, silica gel, Fuller's earth, neutral alumina, basic Alumina, Celite, acid-activated

clay, aluminum suifate, calcium carbonate, Kaolin, magnesium suifate, potassium



-21- [0074]1n preferred catalysts, RL s hydrogen and R2 is selected from
CrC20 al kyl, 02-02D al kenyl, and C5-C24 aryl, nore preferably Cl-G6 al kyl,
&-C6 al kenyl, and C5-Cl14 aryl. Still nore preferably, R2 is phenyl, vinyl,
met hyl, isopropyl, or t-butyl, optionally substituted with one or nore

noi eties selected from Cl - Geal kyl, C, -C6al koxy, phenyl, 5and a functional
group Fn as “d&APHeSkariier herein. Mst preferably, BETSXHHERGF or vinyl
substituted with one or nore noieties1%el ected fromnethyl, ethyl, chloro,
bronmo, iodo, fluor, nitro, dinethylamno, nethyl, nethoxy, and phenyl.
Optimally, R2 is phenyl or -C=C(CF13)2. [0075] Any two or nore (typically
two, three, or four) of,x2,2, L 3 L-, R, and 10R2 can be taken together to
forma cyclic group, as disclosed, for exanple, in U S. Patent No.

5, 312, 940 chiprife, Wohssian abgnodhensaiiye @btaxsiumQitate] sodaZshl&divn ( and R2 are
i nked to f rmtcycld'.c ng%ggs t hose c%%?i o OL@S may contain 4 to 12,

pr ef er abl \PAFPONBIE; godium SPlfE, agnesiupy si 'EB%B'\Ei & two or three of such

ri ngs, whifeds2)ay ben eicfdrend drotseiiments | the kesbrbdh & £ yitiddie sgehaaspsagragivbe

al i phatic gr_aronatj e er.pat o 15 _contai ni,ng and/ qQr

aubst t ut e BE TaES0, TBN A OFkE Rl Bty IR R34 | gane
or a t§i dedtarbenifogmisdibirigxeatiglye posbndicdemnicat additivgarnas bypaidude, but are not
limted t L. Lne | | ' .
aryl di ket ge’r?g‘?e!%g'@?\g%?H*A&?teagrgﬁ%&gﬁ%%%%%f a(l:eg%{%%?g é?&%éﬁfﬁ%?ﬁ’%g'r“ €terred to as
2nd Gener afiicate adsorbentGeogsissrany peowt 8t lavifls tosabdub & et tohvdhestusad irueajwictidror nul a

111), whergi . ' i - : |
(1) 1 ( oy il bisnhiel oS BGIRT ot BRAGAD 1R o BBy bbbl fcfle ! @
conpl ex mdfprhabat Brievisy lolrbour 2wtk Fyemiore grejerabfypthe level of magnesium
200910806 6RGE MRARARHOANRBD. 285 to(2blul £ R B3 AdkitiBitkt hold time and mixing

may be provided for the magnesium silicate. Again, the necessary hold time will
depend on the temperature and mixing intensity. High intensity mixing may be
employed. Typically, the sufficient time for the adsorption treatment step with
magnesium silicate is a matter of hours. More preferably, the adsorption treatment with
15 magnesium silicate is less than an hour. Even more preferably, the time sufficient for
the adsorption treatment with magnesium silicate is a matier of minutes. The
magnesiurm silicate may be added before, during, or after any of the chemical treatment
conditions previousty described. Preferably, the magnesium silicate is added during or
after the chemica!l treatment. More preferably, the magnesium silicate is added after the
20  chemical treaiment.
[0063] The adsorbent may be removed by filtration, centrifugation, pouring or any
other method of solid-liquid separation known to those skilled in the art. Optionally, a
filter aid, such as Celite, can élso be added at the time of adsorbent addition o aid
subsequent filtration. The treated feedstock is typically cooled 1o less than about 40°C
25 before aliowing exposure io air. tn some examples of chemical treatment pius
adsorbent treatment, the treated feedsiock preferably has a diminished peroxide value
of less than 1 meg/kg. i is more preferabie that the feedstock has a diminished
peroxide vaiue of less than 0.5 meg/kg. in circumstances where the feedstock has a
starting peroxide value that is greater than 5 meqg/kg, it is preferable to diminish the leve!
30 of peroxides with a chemical and adsorbent treatment by approximately 80% or more. it



R3-(QL)x -XY-(02)y-R4 2 10wherein M m n, X, X2, L2, L3, R, and R2 are
as defined for the first group of catalysts, and the renai ning substituents
are as follows. [0077] X and Y are heteroatons typically selected fromN, O,
S. and P. Since O and S are divalent, p is necessarily zero when X is O
or S, and q is necessarily zero when Y is O or S. However, when X is N or
P. then p i sSYa2004RE6hkhen Y is N or P, then g 15is 1. I?ﬂ”ﬁﬁﬁjﬁ@ﬂ)@éﬁed

enbodi ment, both X and Y are N. [0078]%@, @@, B, and Q4 are linkers, e.g.,
hydrocarbylene (i ncludi ng substituted hydrocarbyl ene, heteroat om cont ai ni ng
hydr ocar byl ene, and substituted heteroatoncontaining hydrocarbyl ene, such
as substituted and/ or heteroatom containing alkylene) or -(CO- and w, X,

y, and z are independently zero or 1, meaning that each linker is

200pt i onalis nwr@ﬁ@f@bd;iy to dninish Me IMBHoiZpefdxicd! ithZEEHemifd fahl@%sogibm or nore

subst i tuent s.on acent ato e linked to
forman adfff EF“BW&MWW‘"@%Y gﬁﬁ °fm?gﬁ%fwmgﬁncmwh%[ﬁ%mmﬁp@ has a

i ndependenstthtylng; aézee:'ﬁedalhé mm h}gﬂéaﬁgeman 10 meqlkghWiH SeRidNe to dmisdd hat ed
hydr ocar by, tera al ni and 25substituted

rb
het er oat on‘?‘é%r?f%?rﬁfﬁ 'Bﬁ)la%d[% 8?*%’ BentioY AP Imately 98Y Sfor e of
X', X25 L'mods2,it ik&oré:arﬁfdﬂﬁ:;le GimR3eh, thRevepsTheRdhicg anthRecH=aked ah@get her to

Lo & oYLl BoPh BB At Al oBBLS L 02 UL L2 Lo R R R
2009/ 0206 696&H]/ USZOOWO(D@Q&&ﬁ)tecQ&at fo0BdhereémicabitestimBdAnandsiééntar e |1 nked
to forma q?m r bene || ndls anht yclic

car bene angéépr erﬁ gr% e}(ﬁ%gg@?gﬁ%ﬁg ata e‘?‘?ésong f%r?gg

N- het er ocwr&m@@m&e meng mm@mbm@ttremmeof méypaigukiow Ydra IO\EQ AeURd where
R3 andgR4 cﬁrags&@%ﬁt@@g ﬁ%é?i‘“ﬁftl’;iér’]\f dé%x@ﬁtgfﬁﬁérpgry aé‘gorl{ue%??étusgg% !Bi‘: %‘\de 10R4,

and nore preferabl eing alrcyclic or are one to
about fi veuantities of he adsorbent may be needed to ach:eve sirnitar resuits in terms of

diminished peroxide vaiues. The use of higher quantities of adsorbent adds an
undesired cost to the process. Additionally, adsorbent treatment alone may fail to
diminish the other non-peroxide catalyst poisons.

15 [0065] After chemical or chemical plus adsorbent treatment, the treated feedstock
is then preferably stored under nitrogen until ready for use in a metathesis reaction,
such as self-metathesis, cross-metathesis, or ring-opening metathesis.

[0066)] After the chemical or chemical plus adsorbent treatment, the feedstock

may be subjected to a metathesis reaction in the presence of a metathesis catalyst.

20  [0067] The term “metathesis catalyst” includes any catalyst or catalyst system
that catalyzes a metathesis reaction. Any known or future-developed metathesis
catalyst may be used, alone or in combination with one or more additional catalysts.
Exemplary metathesis catalysts include metal carbene catalysts based upon transition
metals, for example, ruthenium, molybdenum, osmium, chromium, rhenium, and

25 tungsten. The olefin metathesis catalyst for carrying out the cross-metathesis reactions
of the disclosure is preferably a Group 8 transition metat complex having the structure of
formula (11} |

om \/\Jré“c%?<



r-i ngs, and optionally containing one or nore heteroatons and/or
substituents. Qis a linker, typically a hydrocarbyl ene |inker, including
substituted hydrocarbyl ene, heteroatom containing hydrocarbyl ene, and
substituted heteroatom containing hydrocarbyl ene |inkers, wherein two or

nore substi tuer(lit9smon adj acent atons within 15may al so be |inked to form an
addi ti onal APAVE? 8t ucture, which may be similarly sUBIfYSUFER* 0 provide

a fused polycyclic structure of two t-d%about five cyclic groups. Qis

of ten, although again not necessarily, a two-atomlinkage or -a three-atom
| i nkage. [0082] Exanpl es of N-heterocyclic carbene |ligands suitable as L1
thus include, but are not limted to, the follow ng: WO

2009/ 020667PCT/ US2008/ 009635 -25- [0083]When Mis ruthenium then, the
preferred conpl exes have the structure of formula (VII). R3 -NN-R4 5(VII)
(0). R1 Ru=C \R2 10[0084]In a nore preferred enbodinent, Qis a twod-atom
| i nkage having the structure -CRL1R12-0R13R14- or -CR11=CR13-, preferably
CRRl 2CRl aR14, wherein Rl11l, R12, R13, and Rl14 are independently sel ected
from hydrogen, hydrocarbyl, substituted hydrocarbyl, heteroatom containing
hydr ocar byl , substituted heteroatontontaining hydrocarbyt and functi onal
groups® Exanpl es ofin whieb thcovemioug s dspsiehisrage a5fatiolvsrde car boxyl, 01-020

al koxy, 05-024 aryl - - rbonyl, 05-024 al koxycarbonyl ,
02-C24 acYl oxY, G -C20 gﬁ%ﬁ%ﬁ%@k.ﬁ@@é&% aryl thio, ClC2o al kylsul fonyl, and

C1- 020 al kyl sul fi n', apdilomer neptreliestionosdr idankis;one or nore noi eti es

sel ected from 01-012;aldcyl el 2 el kexVen 155 yl, hydroxyl,
sul f hydryl, fornyl, gnﬁhé Licge. le?aly RlZ?nR13E,'%%ﬁgﬁtRl4 are preferably

i ndependent | y sel ec® &f fir 8d:hydr ogen, 01-012 al kyl, 20substituted 01-012

al kyl 4p01- 012 het engaink W arsSithstid ighned: £pb- C12 heteroal kyl, phenyl, and
substituted phenyl. Alternatively, an 0 R13, and R164 may

be 1inked together t GGt rﬂ‘%i“gﬁib%rtd??ﬂ%ﬁtﬁv%d {E%Réééfpgé%ifﬁﬁfocé@b’br ated or
unsat ur at edbstitiitgd Gydro€drbyi Shet@ogiom-contnifd Bydtbi @] 4 BsBLREMeRro@o> Or C5
aryl group, whic i,itself be substituted, e.g., with linked or fused
alicyclic C8Pt35’f’}92§gﬁ{°a{fry§55§ TUHSPOWP?W”B?’her substituents.
wherein any two or more of X', X* L%, L2 L, R', and R? can be taken
15 together fo form a cyclic group, and further wherein any one or more of X', X2, U, L% L%,
R', and R* may be attached to a support.
[00868] Preferred catalysts contain Ru or Os as the Group 8 transition metal, with
Ru particularly preferred.
[6089] Numerous embodiments of the cataiysts useful in the reactions of the
20  disclosure are described in more detail infra. For the sake of convenience, the catalysts
are described in groups, but it should be emphasized that these groups are not meant
to be limiting in any way. That is, any of the catalysts useful in the disclosure may fit the
description of more than one of the groups described herein.
[0070] A first group of catalysts, then, are commonly referfed to as 1% Generation
25 Grubbs-type catalysts, and have the structure of formuia (H). For the first group of
catalysts, M and m are as described above, and n, X', X, L7, L? L® R' and R? are
described as follows. _
[0071} For the first group of catalysts, nis 0, and L." and L? are independently
selected from phosphine, sulfonated phosphine, phosphite, phesphinite, phosphonite,

30 arsine, stibing, ether, amine, amide, imine, sulfoxide, carboxyl, nitrosyl, pyriding,



25 [0085] When R3 and R4 are aromatic, they are typically although not

necessarily conposed of one or two aromatic rings, which nay or may not be

substituted, e.g., R3 and R4 may be phenyl, substituted phenyl, biphenyl,

substituted bi phenyl, or the like. In one preferred errbodi msnt R3 and

1: 241 are th samne and are each unsubstituted phenyl Tphen substituted

with up to BEEUB5t i tuent s sel ected from C1-C20 al k*iﬁ TUSBEEPM86Yi t ut ed

01- 020 al kyI 01- C20 heteroal kyl, subgbttuted Cl-C20 heteroal kyl, 05-024

aryl, WO 2009/ 020667PCT/ US2008/ 009635 - 26- substituted 05- 024 aryl, C5-C24

het eroaryl, 06-024 aral kyl, 06-C24 al karyl, or halide. Preferably, any

substituents present are hydrogen, C -Cl2 al kyl, 01-012 al koxy, C5-Cl4

aryl, substituted C5-Ci 4 aryl, or halide. As an exanple, R3 and R4 are
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group of Ca){e)ér]p)l/eM{hé’gnﬁg’are Sm} F%?%saga?% nati ng neutral electron donor

fi gand sudBO®y any kfanﬁhﬁﬁedmemtﬂhMSfmd mbﬁbétﬂeﬁanﬁnﬂdﬁmwcbrwr@ups of

catal ysts, Iy y rdinating .neutral. electron donor
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is zerd ormambsradring. hialtprtfgrrnQymbodimy\tsnhi aﬂ&ex’paremnm indGeareieafy y, in the
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nmonocycl i c qrou ps teroc i"'c group 20 #t shoul d not
Y

be substi tAifedaH. ar-esdisityng GeCorasasohny afdticnajly. dﬁemdyélmacy reDi et y
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than 3 substituents. 0887 For the thiTd r%rﬁu@%%g@g g és Eh%txg ‘?rpf"es of L2

and L3 i ndYd¥'e Rl ayiveh mﬁi’ tiR i yvithHie @1“%?@9@]‘ @fshaé‘@ﬁhtbélfwﬂrﬁg supstitween,
sul fur, oxyifeme @knose gmbyé@ie&t@@r;eﬁfhals&QQﬁ?dsFéi@mm Qioxpléﬁm&ﬂyﬁqmt ai ni ng

heterocycles a and .l a i nclude pyridine, y i ne,
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12, 4-tr |
1H i soi ndzalﬂléf'%mfgﬂgfo}ﬁgtﬁ! ;?rﬁo)? §'i9fed‘eﬁ mtfolq%é%?ﬁ §<1|388 gis ‘F?&hlhgi"geqﬁl nol i ne,
i soqui nol |%C0la| Csiﬁ:é‘éhuﬁﬁﬂb@@e (Coi)sl| (CRe)( aquparaz(o:rs:b)n:ei-;g)mmﬂwmnm ne,
pi peri di n%zo%Qﬁétézr'z@%iat@yérﬁ%doﬂdnﬁ'&har%i’&%%t azoﬁé m%%t: pg’ilél 8&' ne,

i m dazol i di ne, picolytimnpe urine enzi'm zol e,
25phenazi REPOFEYEN: %eaﬂfé\ﬁda@aﬁr@aziblﬂede [ 0089] Exanpl es of sul fur-contai ni ng

het er Ocycl[@@r;@ppr OFPf'a%B@tzfa% %n'dgp&%nﬁfséi%%d‘g&n?wg r%ﬁ drogargy ﬂgt hiol e,

1,3-di.ithiagle g enzo hi ophe enzo ene éhaphthene,
di benZbt mfo&?@ﬁ'évf oAy -mHkam aﬁryta%opmik@armaf@m@ralkwxo

2009/ 0206@?&%&&5@%@9&@&%{ te2d.; substituted C;-Cap alkyl, Co-Cap alkenyl, Cp-Cog

alkynyl, Cs-Coq aryl, Cg-Coq4 alkaryl, Cg-Coq aralkyl, etc.), heteroatom-containing
hydrocarbyl (e.g., hetercatom-containing C+-Cag alkyl, C2-Cap atkenyl, Cp-Cap alkynyl, Cs-
Caq aryl, Cs-Coq alkaryl, Cg-Cay aralkyl, ete.), and substituted heterocatom-containing

25  hydrocarbyi (e.g., substituted heteroatom-containing C1-Cag alkyl, C2-Cop atkenyl, C2-Cyp
alkynyl, C5-Cypq aryl, Cg-Caq alkaryl, Cg-Cos aralkyl, etc.), and functional groups. R’ and
R?may also be linked to form a cyclic group, which may be aliphatic or aromatic, and
may contain substituents and/or heteroatoms. Generally, such a cyclic group will
contain 4 to 12, preferably §, 6, 7, or 8 ring atoms.



[ 0090] Exanpl es of oxygen-contai ni ng heterocycl es appropriate for L2 and L3

i ncl ude 2H pyran, 4H pyran, 2-pyrone, 4-pyrone, 1,2-dioxin, 1,3-dioxin,

oxepin, furan, 2H 1-benzopyran, coumarin, counarone, chromnene,

chroman- 4-one, isochronen-1- one, isochronen-3-one, xanthene,

tetrahydrofuran, 1,4-dioxan, and di benzofuran. 5[0091] Exanpl es of m xed

het erocycl eVAHBYEMTat e for L2 and L3 incl ude i soxazoP@T/USsaasehs,

t hi azol e, isothiazole, 1,2, 3-oxadi azol®; 1,2, 4-oxadi azole, 1, 3, 4-

oxadi azol e, 1,2,3,4-oxatriazole, 1,2,3,5-oxatriazole, 3H 1, 2, 3-di oxazol e,

3H1,2- oxathiole, 1,3-oxathiole, 4H 1, 2-oxazi ne, 2H 1, 3-oxazi ne,

1, 4-oxazine, 1,2,5- oxathiazine, o-isooxazine, phenoxazine, phenothiazine,
pyrano[ 3, 4- b] pyrrol e, 10i ndoxazi ne, benzoxazol e, anthranil, and norpholi ne.

[0092] Pref porgd L2 mr;gleflgae(h L&BREs, RT e nddegat h,("d ;Qr {Srsg%%{édcf% EIM |0n%vﬁnd

oxygen- copt ain F roc cles, and particularl referre 2 8n 3
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3, 5- dlnethglc4c !anpyrldlne 3, 5-di net hyl pyri di ne, 4-nethyl pyridi ne,

203, 5- dllsopropy p@%ldlne 2,4,6-trinmethyl pyridine,

2,4,6-triil®8pFlopyl p%ﬂtdtortemme (ty;e‘cetlty i\baztttiympyasrifddzrmefx‘ &= p_ﬁeLrFyLbyeﬁia:Hdne,

3, 5- diqphenyd pyr Y and the [0093)In
phenyd pyridibpe, toﬁetﬁerdtloqgilnp ycﬁc E%ﬁg %90 iséielj_s? NS eg%rp%&@a} #f

general, any substitue resen rom hal o,
Cl-C20 al kf'g’/@femétﬂa§ﬁt€@ﬁ8cﬂo @1ut@2@%a When Qly-CX0, Xfet &rLodl’kR, ans ®atd t ut ed
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C6- C24 ar ailnkyd., Trseueg@tnt gr@tjsﬁd b@%ﬂp%abkyﬂoma@é a%‘tnwwﬁét%a

subst|§uted -C24cﬂ g ¥ functional groups, L SU|tabIe
f unct i'Snal “°gPURS 2% F%t‘f’d P%BM‘CETW%W chSO”@lC@?@ famaﬂﬂen@gz C24

ati' oxy, bG@aﬁiﬂﬁr atrwhmg@@ny: Ex@gm@ﬁéf MMé@%r%@n?&QMdﬁa%Q not limited

al kyi car bany, aryl car al koxycarbonyl ,
2009/0206%§5%%?%§@g%§F%85€§ esi§9 é*a??t@%@@ﬁFﬁﬁﬁ?l hal ocar bonyl ,
C2- C20 al KH§PTdr bonak sgcolB gCan cﬁmyﬂa@aﬁsbmﬁ@nsy EE DEKY, a sc;&? bexyrkadro,
S?L?? Y L TPRCh b AR ol the SHRR R Y KSR B R (i ¢ DT ligang
aryl) Qubéﬁwmeﬁ@ﬂﬂ&§ﬂﬁ%ﬁb@hﬂwﬁdﬁd (C5-C24 aryl)- substltuted car banoyl ,

-(C6.-C24 aryl)-substituted carbanDyI 5t hi ocar banoyl , nono- ( Cl- C20
aIkyI)-substituted t hi ocar banoyl , di (Cl C20 al kyl) - substituted

t hi ocar banoyl, di-N (Cl-C23 Ebky%@lhﬁ& 4 aryl)-substituted
t hi ocar banmyl , nono- ( C6- C24 f?% «d thiocarbannyl, di - (C6-C24
aryl)-substituted RI—(@",

\/"“‘“Q"v"‘""‘“

25

such that the compiex may have the structure of formula (V)
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t hi ocar banoyl , carbam do, fornyl, thiofornyl, am no, nono-(01-C20

al kyl)-substituted am no, di-(01-C20 al kyl)-substituted am no, nono-(C5-C24
aryl)-substituted am no, di-(C5- 10C24 aryl)-substituted am no,

di - N-(Cl-C20 al kyl),N-(C5-C24 aryl)-substituted am no, C2-C20 al kyl am do,
C6-C24 arylamdo, imno, Cl1-C20 al kylimno, C5-024 anjlimno, nitro, and
nitroso. |n 4HHM¥28%7 two adjacent substituents may bePTAKHIIBESt her to
forma ring, generally a five- or six-28enbered alicyclic or aryl ring,
optionally containing 1 to 3 heteroatons and 1 to 3 substituents as above.
15[ 0094] Preferred substituents on L2 and L3 include, without limtation,
hal o, Cl1-Cl12 al kyl, substituted Cl-Cl2 al kyl, Cl-Cl2 heteroal kyl,
substituted Cl1-Cl2 heteroal kyl, C5-Cl4 aryl, substituted C5-Cl4 aryl,

C5- C14 het@noaryl, substituted C5-€l4 heteroaryly C6-C 6 al karyl,
substituted C6-C16 al karyl, ©6-Cl6}! %»t-%ﬂ) 1 “ar%?‘r]q substituted C6-Cl6
het er oal karyl, C6-Cl6 aral kyl, substituted/C6-Cl6 aral kyl, C6.-Cl6

het eroaral kyl, substituted 2006-€16 Het er c&rat®Ry—R'Ci - C12 al koxy, C5--Cl4
aryl oxy, 02-Cl12 al kyl carbonyl, C6-Cl4 aryl carbonyl, C2-Cl2

al kyl car bonyl oxy, C6-C14 aryl carbonyl oxy, ,£2-C12 al koxycar bonyl, C6-Cl4

aryl oxgcar bonyl , hal ocar bonyl, for Wl\r no, no- ( Cl- C12

al kyl)-substituted am no, di-(01- 012} ;&f); stituted am no, nono-(05-Cl4
aryl)-substituted am no, di-(C5- Cl4 aryl)-substituted am no, and nitro.

25[ 0095] Of the foregoing, the nost preférred suBstituents are halo, Cl-C6
al kyl, 0OI- C6 hal oal kyl, Cl-06 al koxy, phenyl, substituted phenyl, fornyl,
N, N-di C1-C6 al kyl)ami no, nitro, and nitrogen heterocycles as described
above (including, for exanple, pyrrolidine, piperidine, piperazine,
pyraziige, pyrim di hi Cli ne s pyer j dazi €,k y al so
be talzgn t oget her p??%ﬁ%?’g?éé%é%éﬁdrw% ﬁd%r%taggdgﬁ%% %Dé%]%gg‘%éﬁ ugflni ng
two or mor¥ ca@uer ard YeremainpesrbstiteanisryeRefeliowat ons such as N, 0, S,

2009/ 0206 G8E7T/ US2008/ 09 363ReteRBtont tyFlcallisklrcRugTA ked, §ush 4 | gapds, bei ng

diimne |i ds of the Brookhart type. One representative bidentate |igand
has the st BESGEE B ROESESEHNY BRrogvhen A W19 pY S, angiits deresResly 2P, RL17,
05 024 ar vl « 06- 028 Sl karol oot O C2 o aLRIT . Subarlt it ey oodr by

5- ary. - al kar or - C24 a , Substitute ydr ocar by
(e. g.,%sub‘%i‘i ?“u?@' Afl&‘éﬁ‘?-"ci’i@"&’f’ﬂ?ﬂt;‘%'égzéé‘é%fﬁéﬂ\;yl, C2- C20 al kynyl, 05-024
aryl, 06-(a78jl kar y&', QorQCanC2Y ags iikkyd, ».g.. hotiecadyien: aaatahdsngtifyedr ocar byl
(e.g.. Ol {20 - royiene, heteroatom-containing hydrocarbylene, and substituted heteroatom-

containing hydrocarbylene, such as substituted andfor heteroatom-containing alkyiene)
or -(CO}-, and w, x, y, and z are independently zero or 1, meaning that each linker is
20 optional. Preferably, w, x, y, and z are all zero. Further, two or more subsfituents on
adjacent atoms within Q', QQ, QS, and Q* may be linked to form an additional cyclic
group.
[0079] R% R*, R*, and R* are independently selected from hydrogen,
hydrocarbyl, substituted hydrocarbyl, heteroatom-containing hyd rocarbyl, and
25 substituted heteroatem-containing hydrocarbyl.
[0080] In addition, any two or more of X', X2 L', L2, 1® 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', 12,
L%, R', R% R%, R¥ R* and R* may be attached to a support.



15het er oal kyl, C5-C24 héteroaryl, heteroatom containing 06-024 aral kyl, or
het eroat om contai ning 05-024 al karyl), or substituted

het er oat om cont ai ni ng hydrocarbyl (e.g., substituted G -C20 heteroal kyl,
05- 024 heteroaryl, heteroatom containing C6-C24 aral kyl, or

het er oat om cont ai ni ng 06-024 al karyl), or (1) R15 and R18 (2) R17 and R18,
(3) R16 and AP 4) both R15 and R16, and R17 and FEBUSHEYIBE t aken
together to forma ring, i.e., 20an N-3geterocycle. Preferred cyclic groups
in such a case are five-and six-nmenbered rings, typically aromatic rings.
[0097]In a fourth group of catal ysts that have the structure of formula
(rr1r), tw of the substituents are taken together to forma bidentate
ligand or a tridentate |ligand. Exanples of bidentate |igands include, but

are not |ipoged to, Phisphpsphianes* zr'édinﬁédq@fbﬂﬁé cﬁ%ﬁ)ﬁﬁz%ﬁgﬁﬁgé es, and

aryl di ket onat es cific exa | es.incl ude -

ha( Ph) 201 PRGBS 21 Tout P D BPDORBE it B NA5He Fofels 637t ons,

pi nacol at esiudihamsitions; ha@é@*ﬁh%&ﬁb&ﬁﬁ@ﬁ@b&uctu@w formiaXal )2( CH3) 2C0- .

Preferred bidentate Uganda are -P( Ph)2 CH2CH2P( Ph) 2- an

P(CH3) 2( OH2) 2P( OH3) 2-. Trldentate nds include, but are not limted to,

(CH3)2530NCHZCI—|2P( Ph) CH2 CH2 N( O—l3)2 aﬁ preferred tridentate |ligands are

those in V\(h ch WD 2009/ 020667PCT/ ] 1JS 8/ 099635 -30- any three of X, X2,
é) R1, and R2 (e.qg. ', L2) are taken together to be

cycl opent ad| enyl, indenyl, or fl uor enyl each optionally substituted with

02- 020 ai kel lyl, 02-020 aI kynyl, 01-020 al kyl, C5-C20 aryl, 0-1-C20 al koxy,

02- 020 al kenyl oxy, 02- 020 al kynyl oxy, Cb-C20 aryI oxy, &- &0

al koxycar bonyl , 01-'0%8e &’ lepti fiiage defineca00v, kwth steférably lat leBsiorneGE RG24

al kyl sjgl fimyl en%ggn Af al kyl ,

nal Lael o el *”%Eefé“%’d’ Bﬁthw "gﬁf/r Hég‘&%%’yg%%?’%ﬁtﬁ%é%é& el 1

hal i de, 0175 %flr%gntm%iw Q@ptainigg %rwwyorem@te@qscm endipl substitgectorPounds of

this type, ||~3€ @aMda hvdrd enyl or
i ndenyl , : Br @p' c;mgaal égﬁ%g?‘:%m%ggﬁ{wgvﬁsﬁﬁegxg#@eg%ﬁﬁé 05020 aryl,

Cl-Go car CD”@”’ OYHPRBRY 2% @8?19!’“"3#@ 'Eﬁf%!PR@ﬁyCOFé?'”UQ 020 aryl oxy,
10each optmrmiakmfmutaskm wmemwoomo@@uabthuéms b@bﬁ;dsentgton@w@i Kexy or

with phe bstjtuted with halide, C 1-Cs alkyl or CC
al koxy > N & %‘?%5%?%%590 okl e ey B AR GHLRHBIEEY be
cycl opent asmbehtyﬂe;! t proivioa al fbyecﬁmmmybiiaﬂmzdtuw cbfhwtdltmyﬂmut hyleyegesoupet iyl , or

phenyl . T ut ar e not |i d

020( Cr) 2 28 B Sp AT 8 5 3509 i G Tl = T 0 e,

15[ 0098] xes whgareples bN-hatbrdiRyclar @rpdnekigandarsitedampl éusfinddie, f ourt h
group of aafalysdhfminédd, E_,%Mrm%nl y called "G ubbs-Hoveyda" catalysts.

Exanpl es of G ubbs-Hoveyda-type Catal ysts include the following: WO
2009/ 020667PCT/ US2008/ 009635 - 31-



15 whierein C, X, X2, and Mare as described for any of the other groups of
catalysts. [0099]In addition to the catalysts that have the structure of
formula (111), as 20descri bed above, other transition netal carbene
conpl exes include, but are not limted to: neutral ruthenium or
osm um net al__car bene conpl exes containing netal centers that are formally
in the 4-2 S WAYI%H st ate, have an el ectron count of AG/USFPE009635
pent a- coordi nated, and are of the genedal fornula (IX); 25neutral ruthenium
or osm um netal carbene conpl exes containing netal centers that are
formally in the +2 oxidation state, have an el ectron count of 18, are
hexa- coordi nated, and are of the general formula (X); cationic
rut heni um or osm um netal carbene conpl exes containing netal centers that
are formally in the +2 oxidation state, have an electron count of 14, are
30tetra-coordi nated, and are of the general formula (Xl); and WO
2009/ 020667PCT/ US2008/ 002635 - 32- cationic rutheniumor osmum
netal carbene co &% coNt ai ni ng enters that are formally in the
+2 oxi dation stat e anj el ectron of 14, arectetna-coordi nated,
and are of the gene rrula(XII) Rk -RL f -\R2

5

' RE——N N—R?
R~ N—~R* \/
\_/ F\’S——'N\\/N"”""”"""""R’4
10 :} 3 :j :\f
RE——N N——R? R*—n N4
~ ~o RPN N—R*
15
. GHs CF HaC cH Ph Ph
ch CH:‘, 3 3
Rew—w\/w——«ﬁ“ RI— \\/N——-—R“ R3— \//N—R4
20 .

R ¥ e N

R4 R¥I—n N R4

25



fz11,--Rl [Z21s-R2 1Zl)r -R1l R21,-R2 20 WD 2009/ 020667PCT/ US2008/ 009635
,-33- )(2, [1 wherein: X ,L2, n, L-3, Rl, 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; Yis
any non-coordinating anion (e.g., a halide ion, BF4-, etc.); Z1 and Z2 5are
i ndependent P @@V&@%&d from-0-, -S, -NR2-, P(0)R2, PRiEE408009650) (OR2) -
-C(=0)-, -C(=0)0-, -0C(=0)-, -Oq 0)0-45-8( 0) and -S(=0)2-; Z3 is any
cationic noi ety such as -P(R2)3. or -N(R2)3*; and z any two or nore of X1,
X2, L[2, [3, n, z1, 2, i,Kand R2 may be taken together to forma cyclic
group, e.g., a nultidentate |igand, and 10Owherein any one or nore of X1,
X2, L1, L2, n, [3, Z1, Z2, Z3, Rl, and R2 may be attached to a support.
[ 00100] Ot HeesAui t abNeere tinipr@xesun NGkl dRe Srefitediedniphies hhgnBRakukadbenes
bearingaaféﬁmgg}g substituent, such as are disclosed in U S. Pat. No.
7, 365, 140 § ) tal.) having the general structure (XIl1):

RY e N—R*
5 (Vi)
0 (L% R
\Ru/"“‘“-—“'-‘:c/
e ,
L e
10 [0084] In a more preferred embodiment, Q is a two-atom linkage having the

structure -CRR'*-CRR"- or -CR"'=CR™., preferably -CR"'R'-CR™R ™. wherein
R™, R R™ and R™ are independently selected from hydrogen, hydrocarbyl,
substituted hydrocarby!, heteroatom-containing hydrocarbyl, substituted heteroatomn-
containing hydrocarby!l, and functional groups. Examples of functional groups here

15 include carboxyl, C4-Cyp alkoxy, Cs-Cos aryloxy, C»-Cyp alkoxycarbonyi, Cs-Coy
alkoxycarbonyl, C»-Cos acyloxy, C4-Cop alkylthio, C-Cay arylthio, C4-Cog alkylsulfonyl,
and C4-Cyp alkyisulfinyl, optionally substituted with one or more moieties selected from
C1-Ciz alkyl, C4-Cy; alkoxy, Cs-Ci4 aryl, hydroxyl, sulfhydry!, formyl, and halide. R
R'? R"™, and R™ are preferably independently selected from hydrogen, C1-G12 alkyi,

20 substituted C4-Cyy alkyl, C1+-Cy; heteroatkyl, substituted Ci-Cqa heteroalkyl, phenyl, and
substituted phenyl. Alternatively, any two of R", R*2, R™ and R* may be linked
together to form a substituied or unsubstituted, saturated or unsaturated ring structure,
e.g., a C4-Cyp alicyclic 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  [0085] 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, eg., R®
and R* may be phenyl, substituted phenyl, bipheny!, substituted biphenyi, or the like. in
one preferred embodiment, R® and R* are the same and are each unsubstituted phenyi
or phenyl substituted with up to three substituents selected from C1-Cyg alkyl,

30 substituted C1-Cyp alkyl, C4-Cy heteroalkyl, substituted C1-Caq heteroalkyl, Cs-Caq aryt,



15 1.1R X1 I/ C\ 20wherein: Mis a Goup 8 transition netal; LI -and [2
are neutral electron donor ligands; X and X2 are anionic |igands;

Rl is hydrogen, C1-012 hydrocarbyl, or substituted Ol -Cl2 hydrocarbyt; 25W
is an optionally substituted and/or heteroatom containing Cl-020

hydr ocar byl ene | i nkage; Y is a positively charged Goup 15 or

G oup 16 el eYRHIYEHs3tituted with hydrogen, Cl1-012 hydprowesbglogsssubst it ut ed
01-C12 hydrocarbyl; heteroatom contai meng Cl-012 hydrocarbyl, or
substituted heteroatom containing hydrocarbyl; 30Z- is a negatively charged
counterion; WD 2009/ 020667PCT/ US2008/ 009635 -34- mis zero or 1; and n is
zero or 1; wherein any two or nore of LI, L2, X, X2, R, W
and Y can be taken together to forma cyclic group. 5Each of M L1, L2, X,

and X2 in SIEMOIeUICS. dXah )050@4 h@%r@a'?yipée& Oialky, et Pﬁﬁiacr{ileéﬁi flae [ 00101] Wi s

an option stituted and/or eteroatom contalnin

hydr ocar b r&%éathl?’ AR GHDSTHRSICRIPRSNt AP W‘Pﬂﬁﬁ‘a%3¢15@ib¥§t8t@t2@&0@n {12 al kyl ene
| i nkage, eary, subs(zﬂ‘d%)(l;s—cwweorl halife. afls b bRARpIel R° SRERT HBGRA 1 to 12

inclusive @H&]any 0!1:1 attp!rd g%up ogcatalysts having the structure of formuta {Iil), M, m, n,
5 X', X% R’, and R are as defined for the first group of catalysts, L' is a strongly

coordinating neutral electron donor ligand such as any of those described for the first
and second groups of catalysts, and L? and L® are weakly coordinating neutral electron
donor ligands in the form of optionally substituted heterocyclic groups. Again, n is zero
or 1, such that L> may or 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
110 4, preferably 1 to 3, most preferably 1 to 2 hetercatoms, or are optionally
substituted bicyclic or polycyclic structures composed of 2 to 5 such five- or six-
membered monocyclic groups. If the heterocyclic group is substituted, it should not be
substituted on a coordinating hetercatom, and any one cyclic moiety within a

15 heterocyclic group will generally not be substituted with more than 3 substituenis.
[0087] For the third group of catalysts, examples of L? and L® include, without
limitation, heterocyctes containing nitrogen, sulfur, oxygen, or a mixiure thereof.
[0088] Exampies of nitrogen-containing heterocycles appropriate for L% and L®
include pyridine, bipyridine, pyridazine, pyrimidine, 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-tsoindole,
cyciopenta(b)pyridine, indazole, guincline, bisquinoline, isoquinoline, bisisoguinoline,
cinnoline, quinazoline, naphthyridine, piperidine, piperazine, pyrrolidine, pyrazolidine,
quinugclidine, imidazolidine, picolylimine, purine, benzimidazole, bisimidazole,

25 phenazine, acridine, and carbazole.
[0089) Exampiles of sulfur-containing heterocycles appropriate for L% and L®
include thiophene, 1,2-dithiole, 1,3-dithiole, thiepin, benzo(bithiophene,
benzo(c)thiophene, thionaphthene, dibenzothiophene, 2H-thicpyran, 4H-thiopyran, and
thioanthrene.



10atons may be replaced with a non-hydrogen substituent as descri bed
earlier herein with regard to the definition of the term"substituted." The
subscript nis zero or 1, nmeaning that Wmay or may not be present. In a
preferred enbodinent, nis zero. [00102]Y is a positively charged G oup 15
or Goup 16 el enent substl tuted with hydrogen, Cl1-Cl2 hydrocarbyl,

subst i t ut ed WAHHBONR dr ocar byl , het er oat om cont ai ni ng BEEIS2@¥M%3Fdr ocar by |
or substituted heteroatom containing {ydrocarbyl. Preferably, Y is a Cl-Cl2
hydr ocar byl - substituted, positively charged G oup 15 or G oup 16 el enent.
Representative Y groups include P(R2)3, P(R2)3, As(R2)3, S(R2)2, 0O(R2)2,
where the R2 are independently selected from Cl-Cl2 hydrocarbyl; w thin
these, preferred Y groups are phosphines of the structure P(R2)3 wherein

Itggl L«’gear Eoﬂmependﬁd&fﬂp}és&ﬁ'oﬁﬁéa&%ofnfaﬂﬂmg?ﬂ&%m@i@y e@éﬂfﬁ#bpﬁ'@foﬁ[y%m gﬁrd t hus

i sobutyl , ﬁc%%tx%ngyrég}cﬁﬁéyﬁf‘y? ‘85&%%& %H’B’“ﬁhg °X”{1’0<‘S%‘1” 4188, be a

hlet ero;:yc::Zi-m@eoquymnbcalhnmmgﬁbmﬁarp@slchrdnedmé efraraad:- &ﬂ@%ciﬂén@h»ﬁ{ oup 16 y
el emen r e en the u 0 ment i s nitrogen,
may be an g\ptilsgﬁwtrﬁ?rﬁgn BE 13 %ﬁ%ﬁ?ﬁ@%ﬂa“ %r‘ﬁ%aﬁyf' F’enzrﬁf%%‘kol yl group.
25[0?163] 290913 a n@ampmwln@kwtgﬂdocmtmprmsa&sfﬁﬂﬁ e indhide t he catl O_mt ﬁ
conpl ex r Y. i e ani on inert w

r espect tgg%ﬁga%’o&%a{h%nwé% 1P %R%E&Q fgx”‘%na'af“ﬂ% fgﬁc‘?‘éﬂ?%"%nmé geagent s
used in t Hxadazce. He%B $-axerezolent é@t%b)gazmmepﬁéﬁez Belbxdzolamiret j2es are weakly
coordi nati S 0 F5 ]-

[ B( C5H6) 41d-949 h%fqrgso Hfl&Q ﬁﬁe% ‘%‘Z{”% %g%eo’fzgfﬁ% 2 3TE§BSF§%

30[ CB111- P@@b@%me ¢-CProsazHBBPbEagxazing, F[F@@Biﬁuastﬂémyranmaftepyreme ani ons

sul L ahbe afuditife denkdizoHORRAR IRAGRIBIEALS2008/ 009635 - 35- formul a
B(R15) 4- where R ﬁ) upro, ary perfluorinated aryl, typically
fluoro or [P uor |Pr'i%f?é'§d INEI Lfk@!rdw@r@méﬁp mifiPgrTscatditinphed axyggn- ar e

BF4- and %Q@E@ghe@a&yd@l bid bmc&fawg?réfenw@i%& L¢ h%iﬂ%'%ﬂe Sn agi zed

that any two can en t oget her

to forma h@%‘?ﬁ"&ﬂg?wha*ﬁed’%@}aﬂ%éﬁb“’“ﬂ@?d ‘é%‘hﬂrﬁ? % prefgrabhs! 0IF%t ent No.

I5 3]k.2q940 s?bsiﬁathﬂ)ss;ﬁcﬁﬂc ex%@l@as@lﬂwarﬂéméﬁ“y pré&&rrel, L2 hRd Lg-gg]a’ndy\éreaé]ﬁidlxear e
I nked.-to
5

oups t hose gr oups be five- "or
si x- mehber® p}"s‘%‘gea of i%m Wécﬁ“‘? ﬁrtEQmPPWé"“E‘OP %i x- nenber ed
rings, whidghomayyrideee? ﬁm:bfm&gﬂnmne |2, Grivebmdiyeidiow Ch-cRio@pOitRse, Ry be
al i phatic gat om cont gi g 10and/ or
substi tut eﬁ’bm}gﬁ §ai|r’ %%ﬁﬂrdﬁ}’dﬂ% %IE%G{ rﬁ?’é"dg‘&?l O‘H%‘fr%&iftﬁ%]ea%e group of
exenpl ary JQ,C@PWI!W § %fﬁmnpsa‘smﬁd 31Sydibomost-metityipyediok, 3 6wimnloao-6XI 11) are

]E (r;(r)rsnejl ‘Qh((a;r(lfé\t/)l@iépn@ﬂlg/ %5 Hifehbil L broﬁﬂﬁ)pné n@tii . B%e?%rﬁ?ﬁehg me%hy?py%?j{ng cture of

3,5~ dnsopropylpyndme 2,4, 6-trimethylpyridine, 2,4,6-triisopropylpyridine, 4-(tert-
butyi)pyridine, 4-phenylpyridine, 3,5-diphenylpyridine, 3,5-dichloro-4-phenylpyridine,
and the like,
[0083] in general, any substituents present on L? and/or L* are selected from
halo, C-Cy alkyl, substituted C-Cyp alkyl, C4-Cyg heteroalkyl, substituied C4-Cyy
25 heteroalkyl, Cs-Cas aryl, substituted Cs-Cop. aryl, Cs-Copa hetercaryl, substituted Cs-Cas
heteroaryl, Ce-Co4 alkaryl, substituted Cg-Caq alkaryl, Cs-Cy4 heteroalkaryi, substituted
Ce-Ca4 heteroalkaryl, Ce-Cyy aralkyl, substituted Cg-Cay aralkyl, Cs-Cas hetercaralkyl,
substituted Ce-Cas heteroaralkyl, and functional groups, with suitable functional groups
including, without limitation, C1-Cy alkoxy, Cs-Cps aryloxy, C,-Cqp alkylcarbonyi, Cs-Cos
30 arylcarbonyl, C,-Cae alkyicarbonyloxy, Ce-Cos arylcarbonyloxy, C»-Cye alkoxycarbonyi,



, Ru=C X2-\ Y+Z- Possible and preferred X, X2, and C ligands are as
described earlier with respect to 20conpl exes of fornmula (1), as are

possi ble and preferred r and Z noieties. Mis Ru or Gs, preferably Ru, and
R1 is hydrogen or 01-012 al kyl, preferably hydrogen. [00106]In fornula
(XI'V)-type catalysts, Cis preferably a heteroatom containing carbene

| i gand havi Y0 21§&028¢57 uct ure of formula (XV) f(QB)w RIAPCOpasofREAL \ | /
R3-(Ql)x -Z1Z2-(02)y-R4 such that conplgex (XIV) has the structure of
formula (XVl) WD 2009/ 020667PCT/ US2008/ 009635 -36- [ P3lw P3A 174),-1t4A Ic
R3-(QL)x -Z1 R1 XI RuC X2 Y#Z- 10wherein X1, X2, Rl, R2, Y, and Z are as
defined previously, and the remai ni ng substituents are as foll ows:
[00107] 71 and Z2 are heteroatons typically selected fromN, 0, S, and P.

Si nce Cs-C24 aryloxycarbonyl, halocarbonyl, C,-Cyp alkylicarbonato, Cs-Ca, aryicarbonato,
carboxy, carboxylato, carbamoyl, mono-(C,-Cq alkyl)-substituted carbamoyl, di-(C4-Cyp
alkyl)-substituted carbamoyl, di-N-(C+-Cyq alkyl), N-(Cs-Cas aryl)-substituted carbamoyl,
mono-(Cs-Cos aryl)-substituted carbamoyl, di-(Cs-Cay4 aryl)-substituted carbamoyi,

5 thiocarbamoy!, mono~(C1-Cyp atkyl}-substituted thiocarbamoyt, di-(C1-Capo alkyl)-
substituted thiocarbamoyl, di-N-{C1-Czp alkyl)-N-(Cg-Cys aryl)-substituted thiocarbamoyl,
mono-~(Ce-Cae aryl}-substituted thiocarbamoyl, di-{(Cy-Cos aryl)-substituted
thiocarbamoyl, carbamido, formyl, thioformyl, amino, mono-(C+-Cag alkyl)-substituted
amino, di~(C+-Cyo alkyl)-substituted amino, mono-(Cs-Cas aryl)-substituted amino, di-(Cs-

10 Ca4 aryl)-substituted amino, di-N-(C+-Cap alkyl),N-(Cs-Caq aryl}-substituted amino, Co-Cap
alkylamido, Cg-Co4 arytamido, imino, C4-Cxg atkyliming, Cs-Cas arylimino, nitro, 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 io 3
hetercatoms and 1 o 3 substituents as above.

15 10094] Preferred substituents on L ang L® inciude, without limitation, halo, Cy-Cys
alkyl, substituted C4-C1 alkyl, C4-Cy2 heteroalkyl, substituted C+-C1z heteroalkyl, Cs-Cia
aryl, substituted Cs-Cy4 aryl, C5-Cy4 heteroaryl, substituted Ce-Cqg heteroaryl, Cs-Chg
alkaryl, substituied C¢-Cqs alkaryt, Ce-Cys heteroalkaryl, substituted Cg-Cag
heteroalkaryt, Ce-C1g aralkyl, substituied Cs-Cyg aralkyl, Ce-Cis heteroaralkyl, substituted

20 Ce-C1s heteroaralkyl, C4~C1p alkaxy, Cs-Caa aryloxy, C2-Cqp alkylcarbonyl, Cg-Ciy
arylcarbonyl, C»-Cy; atkylcarbonyioxy, Cs-C1a arylcarbonyloxy, Co-Ciz alkoxycarbonyi,
Cs-Cu4 aryloxycarbonyl, halocarbonyl, formyl, amino, morno-{C,-C1p altkyl)-substituted
amino, di-(C+-Cyz alkyl)-substituted amino, mono-(Cs-C14 aryl}-substituted amino, di-{Cs-
C14 aryl)-substituted amino, and nitro.

25 [6095] Of the foregoing, the most preferred substituents are hale, C1-Cs alkyl, Cq-
Ce haloalkyl, C4-Cs alkoxy, phenyl, substituted phenyl, formyl, N,N-diC,-Cs atkyyamino,
nitro, and nitrogen heterocycles as described above {including, for example, pyrrolidine,
piperidine, piperazine, pyrazine, pyrimidine, pyridine, pyridazine, etc.).

[00396] L* and L® may also be taken fogether to form a bidehtate or multidentate

30 ligand containing two or more, generally two, coordinating heteroatoms such as N, O, S,



0 and S are divalent, j is necessarily zero when 71 is O or S, and k is
necessarily zero when 72 is 0 or S. However, when Z1 is Nor P, thenj is
1, and when Z2 is Nor P, then 15k is 1. In a preferred enbodi nent, both Z1
and Z2 are N. [00108] Q, @, @, and as are

| i nkers, C -012 hydrocarbyl ene, substituted Ck012 hydrocar byl ene,

het er oat om gﬁ%??&?’?ﬁ“‘ﬁ’@ 01- 012 hydrocarbyl ene, substi t ut BEI/US2008/009635

het er oat om cont ai ni ng Cl1-Cl2 hydrocar g ene, or -(00)-, and w, X, y, and z
are independently zero or 1, neaning that each linker is optional.
Preferably, w, x, y, and z 20are all zero. [00109]Ra, Rat', R4, and R4A are
i ndependently sel ected from hydrogen, hydrogen, 01-020 hydrocarbyl,
substituted Cl-C20 hydrocarbyl, heteroatom containing G -C2o0 hydrocarbyl,

and subst i grr @ﬁhhﬁf@ﬁ&ﬁé&ﬁﬁn@%@déﬁigj@m@ﬂe ﬁb%@»db%ﬂfh@%&@éﬁ'art t)ﬁ)e ne o and
an

[ 00110] Pref er abl %r a}{%/i Qﬂ@é are zero are

R44' are 28PISRE Vted”cfeé‘ Igand hag tpe ?‘ﬁ'ﬁ?”r?ﬂéfoé‘ﬁwﬁl ¥W has the structure of
formula (XVI1) N124 Ru=-7C\ _ X2Y*Z WD 2009/ 020667PCT/ US20081009635 - 37-
wherein R3 and R4 are defined above, \Zilg,sth preferably at |east one of R3 and
R4, and nmore preferably both R3 and R4 being alicyclic or aromatic of one
to abo&it five rings, 5and opti onasl |y clontaining one or nore heteroatons
and/ or sub, )t uents. Qis a li nke pically a hydrocarbyl ene |inker,

i ncl udi ng Cl2 hydrocarbyl ene, sybstituted Cl-Cl2 hydrocarbyl ene,

het er oat om cont ai ni ng Cl1- C12 hydrogar byl ene, or substituted

het er oat om cont ai ni ng 01-012 hydraq rbyI ene |inker, wherein two or nore
substituents on adjacent atons W't hi may be Ilnked to forman additional
cyclic structure, which 10 may be sm{nlarly substituted to provide a fused
pol ycyigl i c structure of two to about five cyclic groups. 0 is often,

al though not necessarily, a two- at om I | nkage or a three-atomli nkage e.g.
_CH2- CH2-, - CH( Ph) YOa@h R RieRe’. pRd iR’ bsrmrbyim R=Coghlgying.-Ehse to an

bstit ¥ h Y
;Pzﬂp? 'Ortlafti%yl(w;@% eﬂgq 1Hbz@fzqe fxgbﬁe:cﬁgy%@y( Br & CB h{r%lk&i)%{;kﬁtyﬁeﬁ'lg[zgoi L

1)In a nmorWIpramEesd suhbdpdenCz @}“Y'sCaCtﬂvﬁ'&%b@QOR*ﬁwl HavEagnthe

st ruct ur e G/ARG BkaGRbOB: -, 0fratk WRE=ER Som-enediGh d@ﬁ{;%ﬁggé}ﬁﬁ@g;& 6?1[1012
£l

R10, a ndependent|y sel ecte
hydr ﬁ%r e"e'%%égst@fﬁﬁe r@1“2* ?f%ﬂf’\éb%”mg reter Brafkdinﬂ& afifrg 01- 012
hydr ocar bymnmmm@g Of: @tkaht or @ ek IR AdB4tB6)-&IntdHiag hy&iﬁ@é}@mgb and

functi onal t this 20sect | es of
Funct | onal* B e8 chE LR BR L el P Ehetdstart eanp N co bt oxy

02-020 al mia?t@mmbntamg@maamawcar{b@ﬁy‘ﬁ anm’ﬁquaércaﬁmv,, (3CRYCHR

al kyl t hi 0,710 I ey 0 t sul al k I,sulfinyl,
opti onal I yR ng g‘?&?ﬁ‘t%ét&%% %d% aﬁ%% E'%Dja?yetf :}égéérbﬁﬁgtgtee@%%ﬁ]“&

al kyl 20 c1 Agishaelesysfe- 6@@@0 cazrsm grotmlmnyh a casd areyfreydng sfmambereand

hal i de. Alrng8 ilitanebdomaaBYingo of R8, R9, R10, and R11 may be
{0097] In & fourth group of catalysts that have the structure of formula (I}, two of
the substituents are taken together to form a bidentate ligand or a tridentate ligand.
Examples of bidentate ligands inciude, but are not limited fo, hisphosphines,

wher ei n

25 dialkoxides, alkyldiketonates, and aryldiketonates. Specific exampies include -
P(PR)j2CH:CHoP(Ph)-, -As{Ph):CH2CH2AS(Phy)-, -P(Ph)aCHoCHC(CF3),0-,
binaphtholate dianions, pinacolate dianions, -P(CH3)2(CHz)2P(CHs),-, and -
OC(CHa)2(CH,),CO-. Preferred bidentate figands are -P(Ph); CHzCH:P{Ph),- and -
P{CHa)2{CHz)2P(CHa).-. Tridentate ligands include, but are not limited to, (CHa)z

30 NCHCHzP(Ph)CH,CHaN(CH;3)2. Other preferred tridentate ligands are those in which



25l i nked together to forma substituted or unsubstituted, saturated or
unsaturated ring structure, e.g., a 04-012 alicyclic group or a 05 or C6
aryl group, which may itself be substituted, e.g., with |inked or fused
alicyclic or aromatic groups, or with other substituents. WD
2009/020667@%?!13%%0 8/ 00963.5 -38- (00112] Further details concerning such
formul a (XI MY?*EopPexes, as wel | as associated preparZtYGRUAEPRSds, may be
obtai ned fromU.S. Pat. No. 7,365, 140:3%herein incorporated by reference.
[00113] As is understood in the field of catalysis, suitable solid supports
for any of 5the catal ysts described herein may be of synthetic,

sem -synthetic, or naturally occurring materials, which nmay be organic or

i norganic, e.g., polynmeric, ceramc, or netallic. Attachnent to the support
wi | | generaaltiyree af XhoGgH. tot®, e cassh (elgy, X 'be', aou aP)ent jakantoddrereopal ent

funct T onai Vg Pae A ah ilen ) Al choh OBl H.sRERIE R O ol e of
cat al yst's e atyy!fer-Usatkyl, Bsthearygfatlo0akoxy, Coill, dkspfioguceCiicl ude t he
i scl osur & B ek &7 AL T erp e ERrordl SRk e B8 s poy
ph Cl, 51, CAC+{Uzhakperifiny, |eigoh dewitvh Mm@y be fPides Belyditted wille §,-CPGYkyB halide,
ly--1,--- C+-Cs alkoxy or with a phenyl group optionally substituted with halide, C4-Ce alkyl, or C4-
- Cg alkoxy. More preferably, in compounds of this type, X, L', and L2 are taken together
to be cyclopentadienyl or indenyl, each optionally substituted with vinyl, C1-Cyo alkyl, Cs-
Czp aryt, C4-Cy carboxylate, Co-Cyp alkoxycarbonyl, C1-C1g alkoxy, or Cs-Cog aryloxy,
10 each optionally substituted with C+-Cg alkyl, halide, C4-Cs alkoxy or with a phenyl group
opfionally substituted with halide, C§-05 alkyl or C.-Cg atkoxy. Most preferably, X, L' and
L% may be iaken together io be cyclopentadienyl, optionally substituted with vinyl,
hydrogen, methyl, or phenyl. Tetradentate ligands include, but are not limited to
G2C(CH2)P(Ph){CH2),P(Ph){CH2)2CO,, phthalocyanines, and porphyrins.
15 [0098] Complexes wherein L? and R? are linkad are examples of the fourth group
of catalysts, and are commonly called “Grubbs-Hoveyda” catalysts. Examples of

Grubbs-Hoveyda-type catalysts include the following:



a. 'fiur--AC CAViebs-Mes ', N CY , PC4.31 CV ? PCy3 182022 ri Mos--N- Mes
Cl Ph Rm cr PY 24 so where It PCyl, tits, Met. Phobahe X = I1. ND2,
502N( 01212 )(2 =M WIC2H2) 2091 X3 it Phenyt Pt H al kyl. aryl, CO7/4e

WO 2009/020667 PCT/US2008/009635
-31-

10

15

wherein L', X', X, and M are as described for any of the other groups of
catalysts.
[0099] in addition to the catalysts that have the structure of formula (ilt), as

20 described above, other transition metal carbene complexes include, but are not limited
to:

neutral ruthenium or osmium metal carbene compiexes containing metat
centers that are formally in the +2 oxidation state, have an electron count of 16, are
penta-coordinated, and are of the general formula (1X);

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

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

30  tetra-coordinated, and are of the general formuta (X!} and



52 where POyi . SIFAes, Met, Pflobdne L" = PCy3.-Ptobane Phobane

WD 2009/ 020667PCT/ US2008/ 009635 -40- PhPh Mes-NN-Mes , Al Ph -Ru CIO'-

40*NI \ Mes-N-N Mes ctino.Ru.\Ph air |

WG 2009/020667 PCT/US2008/069635
32~

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 {XIt)
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PhPh ) Mes-N N-Mes N.." CI Mi,.<APh O- | Ph\ Mes-N/ N-Mes Cl Tho\\Ph Br
are- | Mes-N NMes N, diii,"Ru dO. I -12 --( Ny \ Mes-N/ N Mes
"5\ Ph lu
WO 2009/020667 PCT/US2008/009635
-33-

wherein: X', X2 L', L% n, L R", and R? are as defined for any of the
previously defined four groups of catalysts; r and s are independently zero or 1; tis an
integer in the range of zero to 5,

Y is any non-coordinating anion {e.g., a halide ion, BF,, etc.); Z* and 22

5  are independently selected from -O-, -S-, -NR?-, -PR% -P(=0)R%-, -P(ORY)-, -
P(=0)OR%)-, -C(=0}-, -C(=0)0-, -OC(=0)-, -OC(=0)0-, -3(=0)-, and -S(=0}-; 2% is
any cationic moiety such as -P(R%):” or -N{R?)+"; and

any two or more of X', X, L%, L2 L%, n, Z", 72 7° R’, and R? may be taken
together to form a cyclic group, e.g., a multidentate ligand, and

10 wherein any one or more of X, X*, L', L% n, 1% 2} 7% Z° R’ and R? may
be attached to a support.
[00100] Other suitable complexes include Group 8 transition metal carbenes
bearing a cationic substituent, such as are disclosed in U.S. Pat. No. 7,365,140 {Piers
et al.) having the general structure {(XII1):
15
U i
(X Xi\NL:C i
X2
! (W72~
%
20 wherein:

M is a Group 8 transition metal;

L' and L? are neutral electren donor iigands;

X' and X* are anionic ligands;

R'is hydrogen, C:-Cs; hydrocarbyl, or substituted Cy-C1s hydrocarbyt;

25 Wis an optionaliy substituted and/or heteroatom-containing C+-Cas
hydrocarbylene linkage;

Y is & positively charged Group 15 or Group 16 element substituted with
hydrogen, C1-C1; hydrocarbyl, substituted C4-Cq hydrocarbyt; heteroatom-containing
C+-Cs2 hydrocarbyl, or substituted heteroatom-containing hydrocarﬁy!;

30 < Is a negatively charged counterion;



[ Mes-NN-nes ( % Cl/4APh N-Rer-------- "1 Mes-N./ NMes N" %au", APh -/1
NPCl Il %--rN-E3r'Br WO 2009/ 020667PCT/ US2008/ 009635 - 44-
[00115]In the foregoing nol ecul ar structures and formul ae, Ph represents
phenyl,

WO 2009/620667 PCT/US2008/009635

mis zero or 1; and

nis zero or 1;

wherein any two or more of L', L% X', X2 R", W, and Y can be taken
together to form a cyclic group.

5 Each of M, L%, L% X', and X? in structure (XIl) may be as previously

defined herein.
[00101] W is an optionally substituted andfor heteroatom-containing Cy-Cop
hydrocarbylene linkage, fypically an optionally substituted C4-Cs2 alkylene linkage, e.g.,
<{CHg)- where i is an integer in the range of 1 to 12 inclusive and any of the hydrogen

10 aloms may be replaced with a non-hydrogen substituent as described earlier herein with
regard o the definition of the term "substituted.” The subscript n is zero or 1, meaning
that W may or may not be present. In a preferred embodiment, 1 is zero.

[00102] Y is a positively charged Group 15 or Group 16 element substituted with
hydrogen, C4-Cs2 hydrocarbyl, substituted C4-Cy; hydrocarbyl, hetercatom-containing

15 C4-Caz hydrocarbyl, or substituted heteroatom-containing hydrocarbyl. Preferably, Y is
a C+-Cqz ﬁydrocafbyiwsubstituted, positively charged Group 15 or Group 16 element.
Representative Y groups include P(R%), P(R%)s, As(R?)3, S(R%)z, O(R?),, where the R?
are independently selected from C1-Cqy hydrocarbyl; within these, preferred Y groups
are phosphines of the structure P(R*); wherein the R? are independently selected from

20 C4-Cyp alkyl and aryi, and thus include, for example, methyl, ethyl, n-propy!, isopropyl, n-
butyl, isobutyl, t-butyl, cyclopentyl, cyclohexyl, and phenyl. Y can also be a heterocyclic
group containing the positively charged Group 15 or Group 16 element. For instance,
when the Group 15 or Group 16 element is nitrogen, Y may be an optionally substituted
pyridinyl, pyrazinyl, or imidazolyi group.

25  [00103] Z" is a negatively charged counterion associated with the cationic
complex, and may be virtually any anion, so long as the anion is inert with respect to the
components of the complex and the reactants and reagents used in the metathesis
reaction catalyzed. Preferred Z” moieties are weakly coordinating anions, such as, for
instance, [B(CsFs)a]”, [BFal", [B(CeHs)al, [CF3S{O)a]", [PFel”, [SbFel™, {AICL], [FSGa]",

30 [CBysHeClg]", [CB+sHeBrel, and [SOsF:SbFs”. Preferred anions suitable as Z are of the



5Cy represents cycl ohexane, Me represents nmethyl, nBu represents n-butyl,
represents isopropyl, py represents pyridine (coordinated through the N
aton), and Mes represents nesityl (La, 2,4,6-trinmethyl phenyl).

[ 00116] Furt her exanpl es of catalysts useful in the reactions of the present
di scl osure include the follow ng: ruthenium (11) dichloro

( 3- met hyl - 1 VR BBYBHYT i dene) 10 bis(tricycl opentyl phosHHiHB)ISEETIEG) ;
ruthenium (11) dichloro (3-nethyl-1, 2-35but enyl i dene)

bi s(tricycl ohexyl phosphine) (C801); ruthenium (I1) dichloro
(phenyl met hyl ene) bis(tricycl ohexyl phosphine) (C823); ruthenium (I1)
[1,3-bis-(2,4,6- WO 2009/ 020667PCT/ US2008/ 009635 - 45-

trimet hyl phenyl)-2-i m dazol i di nylidene) dichloro (phenyl nethyl ene)

(tri phenylf@h&a@mm@mwr@a@)‘ fseﬂlﬂdrd u!eyh%ﬂ é!rmlc(rHa)ecﬁé iyl iRy br

phenyl et h % bi s % {1 - ruthenium (I1)
di chi oro ( F“SH& | éﬁﬁ eﬁ@§/ F’Bﬂ? LB‘&PGM&H% {8 ARCIHRf fbeie) (cs01), and
r ut heni umc(dtlh’)ailffh,e 1ci S- (2 4, 6,-trimethyl phenyl)-2-imdazolidinylidene)

¢t heni um BILH e L%%aﬁc(‘%%é?@%%ﬁ?heﬁ B it st e ekt o By and + o

st ruct &r esy t&n ()e:mkam)tdg\jstrienmﬁmras c@iilrtbﬁ&pﬁ a€ aisalbye&d, )for ekdmpRdinlf.s. ﬁ&téh!Ct ures

18, 20, 2 8.k ent ddlt
r ut heni umz%%s%gg zzrggtoetl E;é%tf%g etgfa\{vﬁ &t any ‘&ﬁa’?g gté‘z ared‘@M"C?lZ and

0827 r epr dsemtycliOgtaups, theke ctypbmrbugnamhyem ma»h»asmdn@a&abyshgs ofmiaer al

structures. resent I | rutheniu ed rretath I,S

catal ysts o %QQTO‘S@”F]%E f??t% !MQ@%@%B%&PS g’%ﬁ’ g@?ﬁﬁ%‘”r{%ﬁﬁ& I‘—"ﬁﬁtduary 12,
2007! at pﬁtyeyctmmws mnay b%élirﬁlﬂtimitamestic @hdlnsaypjae‘rqtérpaﬂvbscamzmgl tyl, py
IS pynpdi ngyq/ R bﬁhﬁé(d:l QRENLKE rpﬁgl ¢l hexyl . [00118] Techni ques for
usi ng the netat fﬁes'l S caata ?/stsdzla @/\M@?% th g art (see, 15for exanple,

U S. PaterfPONER. 7 Qupyroun of exergidprg gaialysis 6oeomossed bmme :slgmur@peoe 988;
5,922, 863; fowéga L5 tRRE WwIREAS hesis, sataly shé Wa“ﬂ baRRs,

Publ i cation 2@07/ 0004917 Al'), all incorporated g; E@% rg%\@e herein in

t heir entlsrt‘é‘ﬁ“ées"ff%“?ﬂﬁf%ﬂy of the netathesis catal ysts as shown are

manuf actured by Materia, Inc. (Pasadena, CA). [00119] Additional exenplary
met at q55| s catalysts include, withgut Iimtation, nmetal 20carbene conpl exes
sel ecteéd fromthe group consi stlxmggof p‘bl ybdenum osm um chrom um

rheni um gltVjtungsten. The term mplcex” refers to a netal atom such as a
transition nmetal atom wth at East o e ligand or conplexing agent

coordi nated or bound thereto. Such a Ilg‘%nd typically is a Lewis base in
met al carbene conpl exes useful for al kyne- or al kene-netathesis. Typical
exanpl es of < SHk ngjleu li.de stabilized

car benes. 0osrr!e %ér‘ldégﬁeg?%kcaqt a?'% g%ﬁg%%bggsd%@%ed elaﬁ'e 35938? “ti2t al

co- caf8l yseapjexeyof foanda(lalagse Q@ﬂﬁﬂﬁ@ gichgreterted g stnd i Inadistide, MistRetaraal kyl
tin corrpompr@mb@@auomarz" %awfjmg@%} @QWQ%M)prefgwmménmbl lized

cat al yst can be used fo he mnetathesis proces
[p01086] in formu ia (XIV) iype cataiysts L'is preferabiy a hetercatom-containing

carbene ligand having the structure of formula {(XV)

25 [(QS)W-RSA] [(QA}Z_RQA]
i / k

(Xv)
R3~—(Q’)X—Zl\/ 72— (Y, —R4

such that complex (XIV) has the stfucture of formuta (XVI)



i mmobi li zed catalyst is a systemconprising a catalyst and a support, the -
cat al yst 30associated with the support. Exenplary associ ations between the
catal yst and the WD 2009/ 020667PCT/ US2008/ 009635 46- support may occur by
way of chem cal bonds or weak interactions (e.g. hydrogen bonds, donor
accept or |nteract|ons) bet ween the catal yst, or any portions thereof, and

t he support Y6H20%M2%98br t i ons thereof. Support is intend&F/¥BBH¥Fde any
material suitable to support the catal3gst. Typically, inmobilized catalysts
are solid phase catalysts that 5act on liquid or gas phase reactants and
products. Exenplary supports are polyners, silica or alum na. Such an

i mobi li zed catal yst may be used in a flow process. An i mobilized catal yst
can sinplify purification of products and recovery of the catal yst so that
recycling the catalyst may be nore convenient. [00121] The netat hesis
process can be conducted under any conditions adequate 10 to produce the
desired netat hesi s products For nple stoi chi onetry, atnosphere,

sol vent, tenperature and pr er b@“j | ected to produce a desired

pr oduct an o m ni m ze undesi rabl yproducts. The netat hesis process may
be conduct®d’under an Firetxat psphefe—C&mRfarly, if a reagent is supplied
as a gas, an inert gaseous dilue can be used. The inert atnosphere or
inert gaseous diluent typically ijs an fi'nert gas, 15 neaning that the gas
does not interact with the netdthSL catal yst to substantially inpede
catal ysis. For exanple, partigedar |ﬁert gases are selected fromthe group
consi sting of helium neon, argon, nit¥&gen and conbi nations thereof.
[00122] Simi larly, if a sol vent is used, the solvent chosen may be sel ected
to be substantially inert with respect to the netathesis catal yst. For
exanphg,  SHRFLAN el RY, O] 7 SRl ¥Ohlihel gféu%%‘éw :md RO maihfiL t at! on,
aromati ¢ hydrocarbons,” such as benzene, uene o halogenated
aromatic HVHﬂB@ﬁF%éWéBfQMUW as chlorobenzene and dlchlorobenzene al i phatic

sol vent s, di Ng7'RRATAREs hdlE8XRMns BRbR R I=ckUGHANRXEN - sifad .
chlorlnated afEanes such as dlchlor%ﬁgthgneemch | or of orn? dﬁihlé?@%thane

etc. [00153FNHScEe AP Nt HE SEPPREATIY 2280 WIYRADS Gy DEndHdeteacssatipzaret at hesi s

reaction Mnﬁzlﬁ e.orlsn Weerm@dlmws;r@smég j & 1, hg@0sen PR N beANded S
selecégd Fﬁe a_nol ecu t s blkézes the catal yst, and may thus
arf

provi PEA BT £héscMt al yst. In sonme cases the
| i gand car{omaser r e:acmzomf el Eétarylnﬁbger:aréch m,oadgcm/dzdb@bptéh@tshamu@@qml es of

I d | ud h

[ SRToE T o i RS bel et ol Bilide BARE RO snE S Rafltennt ne_and

E:I _r| bult y: kﬁmgpmbms:on&@timg %r—ﬁh;ﬁh&d&pﬂwme su-q:méoasartciw phenyi 00323? née17
iaryl a
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2, 4,62 trﬁﬁ%@%?@ﬁyrldlne as mell as other Lewis basic |ligands, such as

phosphl nep @9(10@?5 ang ﬂmﬁprﬁrﬁﬂ Fﬁ‘e%fe AAEbLAdbREy &ieQdFom lﬂ?dr%@r?%%roggﬁ' ng
netathe5|s t hat increase catady
C4-Cop hydrocarbyl, substituted C4-Cyo hydrocarbyl, heteroatom-containing C1-Cap
hydrocarbyl, and substituted hetercatom-containing C,-Cy hydrocarbyl.
{00110] Preferably, w, X, y, and z are zero, Z' and Z' are N, and R* and R* are

25 linked to form -Q-, such that the complex has the structure of formula (XVI)

(XVII)
30 R



lifetime. 5[00124] The netathesis reaction tenperature nmay be a
rate-controlling variable where the tenperature is selected to provide a
desired product at an acceptable rate. The netathesis tenperature may be
greater than -40C, may be greater than about - 20C, and is typically
greater than about OC or greater than about 20C. Typically, the netathesis
reaction t eNSEP&YBP%” i s | ess than about 150C, typi cal |RCHESIWSPNEH about
10120C. An exenplary tenperature rangg7for the netathesis reaction ranges
from about 20C to about 120C. [00125] The netat hesis 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-netathesis reagent in
solution. Therefore, as the nol ecul ar wei ght of the cross- 15netathesis
reagent increases, the |lower pressure range typically decreases since the
boi li ng point of the cross-netathesis reagent increases. The total pressure
may be selected to be greater than about 10 kPa, in sone enbodi nents
great er th&l@r&iﬂ@@ﬁhpaﬁ“b%ﬁemédﬁbm gﬁthbfb;%kggtg%gtea&%elﬂ?w aﬁﬁg&*ﬁ@f{dly, t he
reaction pressure n re n. about . , 1 nh sone enbodi ments no
nore t han%%%ﬁ?ef%‘r@b@ bl?&hgp?ﬂf’ %xgﬁ'ﬂpéﬁﬁycﬁﬁﬂ?@%ﬁf}%‘ﬁr%ﬂ%@ apeyt fvg ENgfet at hesi s
r (rargc'é i Hn iasd foptimnaabonttt?]iw@ deBar mr@b@tutoaﬁﬁ:@é)?dﬂ?@- subOMdeRd. | DisSOMRer,
enbodi ment s, at hesi s.reaction | atalyze a system contai ning
both a trté‘ajs'?att?gr?rg'g}no&argwrs%ﬁi'?‘?eéﬁg?l??'%aﬁ@ﬂ?aﬁw %%E%Vﬁ%}% ?"%ﬂ%’t%%*t“&écti ve and
| ar gest niptreraibflepatiatersstosyshamenate Coehidved e & ipptiedA transition
metals, f | : tan | ybdenum 25[0Q127] | n some, enbodi nent s,
t he unsat ﬁrEte?t? ?e%g%oﬁ%%almﬁébr 5 @H %&%%”F;?) mﬁ?dW%ﬂ%W&W&# H@f%?@%“t“%%
subj ect ed cn@diagentraieas Wékind) menbtilioked Pdorm ah atjidragenidt strhoé, wiieh
unsat y at ; - nds_that .are

110 %y%l éfﬂ![l%rﬁrsstu% tltﬁt@glt'c??r%vitdg%fﬂwﬁwcg/ghcdﬁ%!a&f quwo a%%g&e? ment s,

available for in € subsequent netathesi's ctron.” Tn so
t he unsat Grec&PYRS| bis alisk aithpugheat aehrsserikgda tvep-alormiirkagretrat thesi-aten

unsat ur at gekARR! ¥9!, -€8t-EH,-, andehhe HMR- 2P0 ﬂ?%%éﬁ’wéé&%ﬁ%{v%%@% - 48-
met at hesi zed unsat ur at ed pol yol "ester is then hydrogenated (e g., partially
or fully ﬁ?&PB@‘&Q%%§W*@B%6¥WhSWHMﬁj‘eﬁaT @'@l‘efré‘ﬁa dzeboraws at ot ed
pol yol estsiR,-CHOQWRSEHY drioganatikery M@y be conducted according to any known

met hogl. f or, ogenat i ng doybl e bond- cont ai ni ng conmpounds such as veget abl e
N o oo O e S

oils. embddP reterird IRimRnt Bde oy aiontlitape Bavingihst hesi zed

unsat ur at egupaleyGR°BSCEIR'S dnytikegmidt pafdrably heRiRaseiRE. ofheteimRe kel
cat al yst 1 chem cal ly reduced with y?}ro en tg an active state.
Commer ci a??hgégér}rpﬁ eé’r%ﬁ#‘dag Sﬁ%%“ r%?’ 33%8595%@{” W&?Qﬁj‘eﬁa’ |1%)'%’d6‘§ia§?@§f’§9ti“r’1‘&‘i’ ude
t hose avafhdht bydinckeby!t ederpatadecaidsnign &t i0on bydrDREBGFACB HituteNYSERRISm- and " NI
5248 D' (L&99%, ehand,,GaLRar At : ' . Addi tiopal 10supported
ni ckel hydr o_g‘eﬁgt%?on’zé‘ t%ﬁﬁ&%dﬂ@ﬂﬁi{zﬁgﬁ&fggg %%Q’n?%*regi‘"aﬁ‘@ma?}‘é?'f’ abl e under
t he t#Qdesediongfaemeles of PREGNE G9U0S here RIEATCAS2Y!, C,-CoPRkGATCH0AS" |
" PRI CAT 993f5xy (&0 2lR0saBoVRIdEY afkk Yy, )Y A&y c N %9 29] The
hydr ogenat ’%S)nycat afgyst ga cr‘(\){ﬁprzi s%,aﬁ?ofé exa Ic\é\,@’z%?éyﬁdégp ; Cblv§ paeiiry?%%‘

Cs-Cop arylthio,” C4-Cyp alkylsulfonyl, and C4-Caq alkyisuifinyl, optionally substituted with

one or more moieties selected from C4-Cyp alkyl, C1-Cqg alkoxy, Cs-Cop aryl, hydroxyl,

sulfhydryl, formyi, and halide. Alternatively, any two of R®, R®, R', and R may be

25 linked together to form a substituted or unsubstituted, saturated or unsaturated ring
structure, e.g., a C4-Cy2 alicyclic group or a Cg or Cg aryi group, which may itself be
substituted, e.g., with linked or fused alicyclic or aromatic groups, or with other

substituents.



pal I adium plati num nolybdenum iron, ruthenium osmum rhodium or
iridium 15 Conbi nations of netals also nay be used. Useful catalyst may be
het er ogeneous or honpbgeneous. I n sone enbodi nents, The catal ysts are
supported ni ckel or sponge nickel type catalysts. [00130]1n sone

enbodi nents, the hgdrogenation catal yst conprises nickel that has been
chenmical | y PEHI®ER%E t h hydrogen to an active state (iB@/USHOEHE6Bd ni ckel )
20provi ded on a support. The support #3&y conprise porous silica (e.qg.,

ki esel guhr, infusorial, diatomaceous, or siliceous earth) or alumna. The
catal ysts are characterized by a high nickel surface area per gram of

ni ckel . [00131] The particles of supported nickel catalyst may be di spersed
in a protective medi um conpri sing hardened triacyl gl yceride, edible oil,

or tallowfodmzpn eXxempbedataiRoRAbatingRoth ohfBlaSUMPesheExdy, kbl gat al yst is
di sper sed iqﬁ%%e Brote?tivetnediun1at a Ievgl of agout 22 meight@bnickel.
[ 00132] ThESSUHAIRT PERIRIRR BIENOLe AP AL P opfaipef &rogt U Bat J9e / dEedfd direm U, S.
Pat ent ildorpoBatdd by tE6refidayl or et al.), and incorporated by reference

herein. T atalysts_conprise.salid_ nickel-siljca having a_stabi]ized
hi gh nic kZﬁﬁﬁff hoLeh Bn6gns Fins gﬁ*dé’& .Catééﬁ'ét %%"Eb’ﬁéf’p‘g?‘?ﬁg%@féw 8{ al
surfacg arteacdldly2Sesaib80Besin mEpbe bbsYDETEtQ) Smi-sTitaetid\Or naturally occurring

2009/ 0206 T U -49- . catalysts are prepared b recipitating
Che ni ckel TR Rare, Poaap Gl 515" Dbl RHERE ydeli [l cat e
ont o por oudtaglirhéntdo eersupobrwili gensteadiy, aithoyir dotorsedshaly, tchevalehi, wat eéd

cat al yst i I Y - Wei-ght. % ni | total silica
content of S L el e B mH T bR i MIPudh  RhBliorhorf

cal ci ni ng oNE KiPPOABUBBB. F t 0 9000 5F, then reducing wth hydrogen.

[ 00133} Us lya€ at alystisnikavi i j n ' in EP O
168 081 (oot Bor at oyt helee bia s ot P Mo e Rl S e by
preci pi t atissiese iecivgeciva foliovifiso seTae opwhieh (fslcenvdninpcaarn idemiiednd i s added to
the slurrynefigidaetiy asheidabebiibikel (cAPReIAGaMIELR: t he precipitate is
maturing. After reduction of the 10resultant catal yst precursor, the
reduced catal yst typically-has a nickel surface area of the order of 90 to
150 sq. m per _gram of mkRtdl_ Rigkel . The catal ysts have a nickel/al um num
atom c ralimmf 3t e range, 20 10 apgd Aeave_a total nickel content of
more than akelit—66 wei ghtfefvE00134] Use Liruligh activity

ni ckel / al um n&#¥silica catal®sts are descriched in EP 15 167, 201. The reduced
catal ysts hav&2a hi gh nickel4 surface areasgper gramof total nickel in the
catal yst. Useful nickel/silica hydrogenation catalysts are described in
U S. Patent No, 6,846,772. The catalysts are produced by heating a slurry
of particulate silica (e.g. kieselguhr) in an aqueous nickel am ne

car bonat e sqhgﬁho~,4or‘§§t@tal period of at |east 200 m nutes at a pH above
7.5, follome;dfﬁ% fi trad;ilﬂ} washi=ng,_#yi ng, and optionally

Gh, Fn
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20cal ci nation. The nickel/silica hydrogenation catalysts are reported to
have i nproved filtration properties. U S. Patent No. 4,490,480 reports high
surface area nickel/alum na hydrogenation catal ysts having a total nicke
content of 5%to 40% wei ght. [00135] Cormerci al exanpl es of supported nickel
hydr ogenati on catal ysts include those avail abl e under the trade

desi gnati on GW@T", "NYSOSEL", and "N 5248 25D' XGWERERYFBhar d
Corporation, Iselin, NH). Additional s%pported nickel hydrogenation

catal ysts include those comercially avail abl e under the trade designations
"PRI CAT 9910", "PRI CAT 9920", "PRICAT 9908", "PR I CAT 9936" (from Johnson
Matt hey Catal ysts, Ward Hill, MA). [00136] Hydrogenati on may be carried out
in a batch or in a continuous process 30and nmay be partial hydrogenation or
conpl ete hydrogenation. In a representative batch WO

2009/ 020667PCT 0081009635 -50- process, a vacuumis pulled on the
headspace of %73 { red reaction vessel and the reaction vessel is charged
with the mterial/Tp be hydrogenated (e.g., RBD soybean oil or netathesized
RBD soybean oil), The material is then heated to a desired tenperature.
Typical ly, tide tenperature ranges from about 50C to 350C, for exanple,
5about 100C QOfaeﬂ{P®ﬁmabout 150C t SQC The desired tenperature my
vary, for exaﬁp(%m*QA h hydrogen ga e. Typically, a higher gas
pressure mnIVﬂFeﬂulre a | owner tenperatﬁﬁé In a separate container, the
hydr ogenati on CAt &8 &t is wei ghed int ing vessel and is slurried in a
smal | anmobunt of the material to be—ﬁzéﬁwgg}‘ ed (e.g., RBD soybean oil or
nmet at hesi zed RB bean oil). Wen terlal to be 10 hydr ogenat ed
reaches the dest¥ tenperature, the sIurry of hydrogenation catalyst is
added to the reaction vessel. FWdrogen 938 is then punped into the reaction
vessel to achieye "a desired pressure ofs H2 gas. Typically, the H2 gas
pressure ranges from about 15 to 3000~@S|g, for exanple, about 15 psig to
90 psig. As the, gassprassure increases, nore specialized high-pressure
processi ng edai‘pfemt may be required. PhUﬁbler t hese 15conditions the

hydr ogenation reaction begins and the tenperature is allowed to increase to
t he desired hydrogenation tenperature (e.g., about 120C to 200C) where it

i S mai ntained by cooilmg the reactf on_pmss, for exanple, with cooling
coils. Wen the dgém d degree of ﬁydbogenatlon is reached, the reaction
mass is cooled to the eesired f||$¢ on tenperature. 20[00137]The anount
of hydrogenation catalyst is typicaly Selected in view of a nunber of
factors including, for exanple, the®type of hydrogenation catal yst used,

t he amount of hydrogenation catal yst used, the degree of unsaturation in
the material to be hydrogenated, the desired rate of hydrogenation, the
desired degree of hydrogenation (e.g., as asure by iodine value (1V)),
the purity ofp=t PeageﬁbJéFdethe H2 « gaé%ggpressure. In sonme enbodi nents,
t he hydrogeanﬁ%% catalysbh S d in am. Anpuat™of about 10 wei ght % or

| ess, for eanpgﬁ;%about B Ie t % or I€§5 about 1 wei ght% or | ess.
[00138]ﬁ¢ter enation,’ ydrogenaticn gat al yst nmay be renoved from

t he

3
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~ hydrogenat ed product using known techni ques, for exanple, by filtration. In
sone 30enbodi nents, the hydrogenation catalyst is renoved using a plate and
frame filter such WO 2009/ 020667PCT/ US2008/ 009635 -51- as those
commercially available from Sparkler Filters, Inc., Conroe TX. In sone
enbodi ments, the filtration is perfornmed with the assistance of pressure or
a vacuum | WOPHER6D i nprove filtering performance, a9HiRWHUFE nay be
used. Afilter aid may be added to tha0ret at hesi zed product directly or it
may be applied to the filter. 5Representative exanples of filtering aids
i ncl ude di at omaceous earth, silica, alumna, and carbon. Typically, the
filtering aid is used in an anount of about 10 weight % or |ess, for
exanpl e, about 5 weight % or |ess or about 1 weight %or less. Oher
filtering techniques and filtering aids also nay be enployed to renove the
used hydrogenation catalyst. In other enbodi ments the hydrogenation
catal yst is renoved using 10centri gygatign fol | owed bcant ation of the

0

product. [00139]"he irvention will w _Be descri bed ef erence to the
foll owi ng non- |in++(ng exanples E LES 15 EXAMPLE }{00140]1n this
exanpl g, the patugal oil.feedst AR Was Ehel cal |y, Wit h sodium

bi sul fate to dimni t he peroxi deg,and adgintional non\]—p’er oxl de cat al yst

poi sons. The trdtr ent. 88gan by fill+RgTa 3-neck 500mnai round bottom flask
with 300 g feedst®ck of Fatty Acid Metihyl Ester (FAME)’.I 0.83 wt %
sodi um bi sul fate (J¥_Baker Lot 20 # 7) was dissolved in 30\g of water
and added to the f@tock. The feedgtotk was then std in the flask
with an agitator. trogen sparge bggan as the feedstock was heated to
60C. The feedstock was held at 60C fornat | east 45 m nutes to degas. The

f eedstock remai ned at 60C for an additional 90 mnutes. Next, the feedstock
was renoved fromt heati ng mant el cool ed down to/40C at which point
the nitrogen 25spdrgeywas St oppeg.. e treated feds et hen poured
into a separation nnel . Approxi nat e 300, nL of warm vater gvas added to
the feedstock. Ehenl _t hePhi xture wWd¥~ghaket vi gor oustip-to=uaSh out and

separate the tr “Feedstock frouPTHe ot her conporfént §. Wen the

materi al s separateduwwi thin the funnel n.the water |ayer drained fromthe
bottom The washi 1fg gtep was repeated sg¢veral tinmes (3 S
30recomrended). A ovap was then u g dry the top yer. A vacuum was

pull ed on WD 2009/ 020667PCT1US2008/ 009635 -52- the rotovap with nitrogen,
and then the material was heated to 80&—The vacuum was gzLd}qat 80C for 1-2
k

hours. Then, the nfatgrial was coolgd {0 3Q-4QC before breaki g_gvgepe vacuum
W t h ni trogennesthe t rreatved feedst ock then stored In tmﬁz m. anber
bottles and | egr|J ar, pphere_the Né_&_ stockhas ni yf ogef~sipar get,
bl anket ed, . ppad—ru=—="" e | ¥, o N R‘”\e
- , \CI N cl
N = N
5 [ i
o | N %
Ph
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5and seal ed. [00141] The treated feedstock was then purged with argon for 1
hr to renove oxygen. The ruthenium netathesis catal yst 827 in the anount
specified in Table 1 was then added to the feedstock, wherein the feedstock
underwent a self-netathesis reaction. The resulting mxture was stirred at
70C for 2 hr _and cooled to room 10t enperature. The percent conversion from
f eedst ock t &FAPEeWET erified products was deternined RFTHRO%¥PSHHal ysis of
transesterified products, as describedibel ow. [00142] A 2 nL gl ass
scintillation vial containing a magnetic stirrer was charged with

met hat hesi zed SBO (-50 ng) and 2 nL of 1% w w sodi um net hozi de i n net hanol .
The light yell ow heterogeneous m xture was stirred at 60C for 1 hr. Towards
the end of 15the hour, the m xture turned a honbgeneous orange color. To
the esterified

odycTis added 2.0 DI -H20 and 2.0 nL ethyl acetate,
m xed and p'\g%éd—The 0 GePhase was AiMuted with ethyl
GC anal yslis. 100143] The Gh,\f{nal ysi s comdrtions—#ere: [col um:

acetate for

HP-51m (30m x 0. 25 45, 0. 25 urn fiilmthickness)]; {3®0C for 1 mn,
10C/ mi B to 250C, het “tx_%é >6 20mFNn (I\/bt,lw’ﬁ“:Ffa"Fmtat e); R
14.2 - 14.5 mn (Met Ienate Ip+l;;3nol eate, ard. MetByl d eate),

Rt 14.7 mn (Methyl Bar at e). [00144]3}3@ degree to whicedi-t he feedstock has
been net at hesi zed i sC&iown i n percent conversion. Percent conversion was
cal cul ated fromthe GC chronatogram as 100% ninus the sum of nethyl

pal mi tlBte, methyl i nglenate (cis and tragS 1 seqers), 25methyl I|inoleate

(cis and t?_l_@ 0 _s);":‘_;gethy a eate/ \s rans iso s) and net hyl
stearate. AddiMA 0 ligr” sanpl eS,=an

pEr OXi e -LY) were run
using the American| Qul Chemi st ¢ LY (AQCS) Met hod Cd 8 \CQO The
starting and finaRiperoxi de val ues;=af o Wi th the per eentrieqnver si on for
each danple is shzm Pn Tabl e 1. v\ocmcig'/“ 20667PCT/ U52008} 009635 - 53-

TABLE 1 type of F
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Lot # metathesis catal yst 827 (ppmidb) starting material treatnent Start PV
value (nmeg/kg) 1 Final PV .value (nmeg/kg) GC% conversion Soy M- S6F6D22 20

none 10.5 - 70 Soy M--SBF6022 10 .

WO 2009/620667
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10.5 - 67 Soy Mr-S6F6022 3 none 10.5 13 Soy Mr- SBF6022 10 Sodium Bisulfite
10.5 0.9 69 Soy M- SBF6022 10 Sodium Bisulfite 10.5 0.9 70

WO 2009/820667 PCE/US2608/009635
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Soy MF-SBF6D22 3 Sodium Bisulfite 10.5 0.9 58 Soy M- SBF6D22 3 Sodi um
Bisulfite 10.5 0.9 67 Soy M- SBF6022 2 SodiumBisulfite | 10.510.9
55 Soy Mr-SBF6D22 1
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[D0115] In the foregoing molecular struciures and formulae, Ph represents phenyl,
5 Cy represents cyclohexane, Me represents methyl, nBu represents n-butyl, /-Pr

represents isopropyl, py represents pyridine (coordinated through the N atom), and Mes
represents mesityl {i.e., 2 4,6-trimethylphenyl).
{00118] Further examples of catalysts useful in the reactions of the present
disclosure include the following: ruthenium (i1} dichloro (3-methyl-1 2-butenylidene)

10 bis{tricyclopentyiphosphine) (C716); ruthenium (i) dichioro {3-methy!-1,2-
butenylidene) bis{tricyclohexylphosphine) (C801); ruthenium (11} dichioro
{(phenylmethyiene) bis(tricyclohexylphosphine) (C823); ruthenium (i) [1.3-bis~(2,4,6-



Sodirum Bi sul fite 10.50.9 241 Soy M- S8F6D22 10 Sodium Bisulfite 11.210.38
69 Soy Mr-S6F6022 10 SodiumBisulfite 11.2 0.38 70 Soy M- S8F6D22 3 Sodi um
Bisulfite 11.2 0.38 59 Soy

WO 2009/020667 PCT/US2008/009635
' 45.

trimethyiphenyl)-2-imidazolidinylidene) dichioro (phenylmethylene) (triphenylphosphine)
{C830}, and ruthenium (if) dichioro (vinyl phenylmethylene) bis(tricyclohexylphosphine)
{C835), ruthenium (11} dichloro (fricyclohexylphosphine) (o-isopropoxyphenyimethylene)
(C801), and ruthenium (11} (1, 3-bis-(2, 4, 8.-frimethylphenyl)-2-imidazolidinylidene)
5  dichloro {(phenyimethylene) (bis 3-bromopyridine (C884)).

[00117] Exemptary ruthenium-based metathesis catalysts inciude those
represented by structures 12 (commonly known as Grubbs's catalyst), 14 and 16.
Structures 18, 20, 22, 24, 26, 28, 60, 62, 64, 66, and 88 represent additional ruthenium-
based metathesis catalysts. Catalysts C627, C682, C697, C712, and C827 represent

16 still additional ruthenium-based catalysts. General structures 50 and 52 represent
additional ruthenium-based metathesis catalysts of the type reported in Chemicai &
Engineering News; February 12, 2007, at pages 37-47. In the structures, Ph is phenyl,
Mes is mesiiyl, py is pyridine, Cp is cyclopentyl, and Cy is cyclohexyl.
[00118] Technigques for using the metathesis catalysts are known in the art (see,

15 for example, U.S. Patent Nos. 7,102,047 6,794,534, 6,686,587, 6,414,097; 6,306,988;
5,922,863; 5,750,815; and metathesis catalysts with ligands in U.S. Publication No.
2007/0004817 A1), all incorporated by reference herein in their entireties. A number of
the metathesis catalysts as shown are manufactured by Materia, Inc. {(Pasadena, CA).
[60119] Additional exemplary metathesis catalysts include, without limitation, metal

20 carbene complexes selected from the group consisting of molybdenum, osmium,
chromium, rhenium, and tungsten. The term “complex” refers to a metal atom, such as
a transition meta! atom, with at ieast 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 examples 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 halide, a
tetraalkyl tin compound, and an organoaluminum compound).
[00120] An immobifized 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
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support may occur by way of chemical bonds or weak interactigns (e.g. hydrogen
bonds, donor acceptor interactions) between the catalyst, or any portions thereof, and
the support or any portions thereof. Support is intended to include any material suitable
to support the catalyst. Typically, immobilized catalysts are solid phase catalysts that

5  acton liquid or gas phase reactants and products. Exemplary supports are polymers,
silica or alumina. Such an immobiiized 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.
[60121] The metathesis process can be conducted under any conditions adequate

10 to produce the desired metathesis products. For example, stoichiometry, atmosphere,
soivent, 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 catéiysis_ Far example, particular inert gases are selected from the group
cansisting of helium, neon, argon, nitrogen and combinations thereof.

[00122] Similarly, if a solvent is used, the solvent chosen may be selected to be-
substantially inert with respect to the metathesis catalyst. For example, substantially

20 inert solvents include, without limitation, aromatic nydrocarbong, such as benzene,
toluene, xylenes, eic.; halogenated aromatic hydrocarbons, such as chiorobenzene and
dichlorobenzene; aliphatic solvents, inciuding pentane, hexane, heptane, cyciohexane,
etc.; and chiorinated alkanes, such as dichioromethane, chioroform, dichloroethane, stc.
[00123] In certain embodiments, a ligand may be added to the metathesis reaction

25  mixture. In many embodiments using a ligand, the ligand 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 tricyclohexylphosphine and tributyl phosphine;

30 triarylphosphines, such as triphenyiphosphine; diarylaikyiphosphines, such as,
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containing 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 [00127] in some embodiments, the unsaturated polyo! 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 subsequent metathesis reaction. in some embodiments, the unsaturated polyol
ester is metathesized to form a metathesized unsaturated poiyol 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.
[00128] Hydrogenation may be conducted according to any known method for
hydrogenating double bond-containing compounds such as vegetable ocils. [n some

5 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

10 supported nickel hydrogenation catalysts include those commercially available under
the trade designations “PRICAT 9910", “PRICAT 9820", “PRICAT 9908", "PRICAT
9936” (from Johnson Matthey Catalysts, Ward Hill, MA).

[00129} The hydrogenation catalyst may comprise, for example, nickel, copper,
palladium, platinrum, molybdenum, iron, ruthenium, osmium, rhodium, or iridium.

15 Combinations of metals also may be used. Useful catalyst may be heterogeneous or
homogeneous. In some embodiments, the catalysts are supported nickel or sponge
nickel type catalysts.

[60130} In some embodiments, the hydrogenation catalyst comprises nickel that
has been chemically reduced with hydrogen to an active state (i.e., reduced nickel)

20 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 nickel surface area per gram of nickel.

[00131] The particles of supported nickel catalyst may be dispersed in a protective
medium comprising hardened triacylgiyceride, edible oil, or taliow. in an exemplary

25  embodiment, the supported nickel catalyst is dispersed in the protective medium at 3
level of about 22 weight% nickel.

[00132]} The supported nickel catalysts may be of the type descibed in U.S. Patent
No. 3,351,586 (Taylor et al.), and incorporated by reference herein. These catalysts
comprise solid nickel-sifica having a stabilized high nickel surface area of 45 to 60 8q.

30 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
nickel hydrosilicate onto porous silica particles in such proportions that the activated
catalyst contains 25 weight% to 50 weight% nickel and a total silica content of 30
weight% to 90 weight%. The particies are activated by calcining in air at 600° F to 900°
F, then reducing with hydrogen.

001333 Useful catalysts having a high nicke! content are described in EP 0 168
091 (incorporated by reference herein), wherein the catalyst is made by precipitation of
a nickel compound. A soluble aluminum compound is added to the slurry of the
precipitated nickel compound while the precipitate is maturing. After reduction of the
resultant catalyst precursor, the reduced catalyst typically has a nickel surface area of
the order of 80 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%.

[60134] Useful high activity nickel/zalumina/silica catalysts are described in EP
167,201. The reduced catalysts have a high nickel surface area per gram of total nickel
in the catalyst. Useful nickel/silica hydrogenation catalysts are described in U.S. Patent
No. 6,846,772, The catalysts are produced by heating a siurry of particulate silica (e.g.
kieselguhr) 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, drying, and optionally
calcination, The nickel/sifica 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 nickei content of 5% to 40% weight.

[60135] Commercial examples of supported nickel hydrogenation catalysts include
those available under the trade designations "NYSOFACT", "NYSQSEL", and "N} 5248
D" (from Englehard Corporation, Iselin, NH). Additional supported nicke! hydrogenation
catalysts inciude those commercially available under the trade designations “PRICAT
9910", “PRICAT 8920, "PRICAT 9908”, "PRICAT 9938 (from Johnson Matthey
Catalysts, Ward Hill, MA).

[00136] Hydrogenation may be carried out in a batch or in a continuous process
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 vessel is charged with the material io be hydrogenated {(e.g., RBD soybean il
or metathesized RBD soybean oil}. The material is then heated to a desired
temperature. Typically, the temperature ranges from about 50°C to 3505(). 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 reguiie a
lower temperature. in a separate container, the hydrogenation catalyst is weighed into
a mixing vessel and is slurried in @ smali amount of the material to be hydrogenated
{e.g., RBD soybean oil or metathesized RBD soybean oil}. When the material to be
hydrogenated reaches the desired temperature, the slurry of hydrogenation catalyst is
added to the reaction vessel. Hydrogen gas is then pumped into the reaction vessel to
achieve a desired pressure of H, gas. Typically, the Hp gas pressure ranges from about
15 to 3000 psig, for example, about 15 psig to 80 psig. As the gas pressure increasas,
more specialized high-pressure processing equipment may be required. Under these
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 exampié, with cooling coils. When the
desired degree of hydrogenation is reached, the reaction mass is cooled to the desired
filtration temperature.

f00137] The amount of hydrogenation catalyst is typically selected in view of a
number of factors including, for example, the type of hydrogenation catalyst used, the
amount of hydrogenation catalyst used, the degree of unsaturation in the material to ba
hydrogenated, the desired rate of hydrogenation, the desired degree of hydrogenation
(e.g., as measure by iodine value (IV)), the purity of the reagent, and the H; gas
pressure. in some embodiments, the hydrogenation cataiyst is used in an amount of
about 10 weight% or less, for exampie, about 5 weight% or less or about 1 weight% or
less,

[00128] After hydrogenation, the hydrogenation catalyst may be removed from the
hydrogenated product using known techniques, 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 Sparkier 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, siiica, alumina,
and carbon. Typically, the filtering aid is used in an amount of about 10 weight % or
less, for example, about 5 weight % or less or about 1 weight % or less. Other filtering
technigues and filtering aids also may be employed to remove the used hydrogenation
catalyst. In other embodiments the hydrogenation catalyst is removed using

10 centrifugation followed by decantation of the product.
[00139] The invention will now be described with reference to the following non-

fimiting examples.

EXAMPLES

15  EXAMPLE 1
[60140] In this example, the natural oil feedstock was chemica!fy treated with
sodium bisulfate to diminish the peroxides and additional non-peroxide catalyst poisons.
The treatment began by filling a 3-neck 500 mL round bottom fiask with 300 g feedstock
of Fatty Acid Methyl Ester (FAME). Next, 0.83 wt% sodium bisulfate (JT Baker Lot

20 #X37H17) was dissoived in 30 g of water and added to the feedstock. The feedstock
was then stirred in the flask with an agitator. A nitrogen sparge began as the feedstock
was heated to 60°C. The feedstock was held at 80°C for at least 45 minutes to degas,
The feedstock remained at 60°C for an additional 80 minutes. Next, the faedstock was
removed from the heating mantel and cooled down to 40°C at which point the nitrogen

25  sparge was stopped. The treated feedstock was then poured into a separation funnel,
Approximately 300 ml. of warm water was addéd to the feedstock. Then, the mixture
was shaken vigorously to wash out and separate the treated feedstock from the other
components. When the materials separated within the funnel, the water layer was
drained from the bottom. The washing step was repeated several times (3 times

30 recommended). A rotovap was then used to dry the top layer. A vacuum was pulted on
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the rotovap with nitrogen, and then the material was heated to 80°C. The vacuum was
held at 80°C for 1-2 hours. Then, the material was cooled to 30-40°C before breaking
the vacuum with nitrogen. The treated feedstock was then stored in two 125 mL amber
boltles and 1 clear jar, where the feedsiock was nitrogen sparged, blanketed, capped,
and sealed.

[08141) The treated feedstock was then purged with argon for 1 hr to remove
oxygen. The ruthenium metathesis catalyst 827 in the amount specified in Table 1 was
then added to the feedstock, wherein the feedstock underwent a self-metathesis
reaction. The resulting mixture was stirred at 70°C for 2 hr and cooled to room
temperature. The percent conversion from feedsiock to transesterified products was
determined by the GC-analysis of transesterified products, as described below.

{00142} A 2 ml glass scintillation vial containing a magnetic stirrer was charged
with methathesized SBO (~50 mg) and 2 mL of 1% wiw sodium methozide in methanol,
The light yellow heterogeneous mixture was stirred at 80°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 analysis.

[0G143] The GC analysis conditions were: [column: HP-5™ (B30m x 0.25 mm ID,
0.25 um film thickness)]; 100°C for 1 min, 10°C/min to 250°C, hoid for 12 min.; Rt 12.6

. min (Methy! Palmitate), Rt 14.2 ~ 14.5 min (Methyl Linolenate, Methy! Linoleate, and

Methyl Oleate}, Rt 14.7 min (Methyl Stearate).

[00144] The degree to which the feedstock has been metathesized is shown in
percent conversion. Percent conversion was calculated from the GC chromatogram as
100% minus the sum of methyl palmitate, methyl linolenate (cis and trans isomers),
methyl linoleate (cis and trans isomers), methyl oleate {(cis and trans isomers) and
methyl stearate. Addifionally, samples and tests for peroxide value (PV) were run using
the American Qii Chemists Society (AOCS) Method Cd 8b-90. The starting and final
peroxide values, along with the percent conversion for each sample is shown in Table 1.
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TABLE 1
metathesis Start PV | Final PV
type of catalyst 827 starting material vaiuve | wvalue GC%
FAME Lot # (ppmidb} treatment (meqg/kg} | (meg/kg) | conversion
Soy MF-SBFBD22 20 none 10.5 — 70
Soy ME-SBF6D22 10 . none 10.5 — 87
Soy MF-SBF8D22 3 none 10.5 — 13
Soy MF-SBF6D22 i0 Sodium Bisuifite 10.5 0.9 63
Soy MF-SBF&D22 16 Sodium Bisulfite 10.5 0.9 70
Soy Mr-SBF8D22 3 Scdium Bisulfite 10.5 0.9 58
Soy MF-SBFBD22 3 Sodium Bisuliiie 10.5 0.9 87
Soy MF-SBF8D22 2 Sodium Bisulite 10.5 0.8 g5
Soy MF-SBFsD22 1 Scdium Bisulfite 10.5 0.8 24
Soy MF-SBFSD22 10 Sodiumn Bisulite 11.2 0.38 69
Soy MFE-SBFsD22 10 Sedium Bisulfite 11.2 0.38 70
Soy MF-SBF8D22 3 Sodium Bisulfite 11.2 0.38 59
Soy MF-SBFeD22 3 Sodium Bisulfite 11.2 0.38 86
Soy MF-SBFeD22 2 Sodium Bisulfite 11.2 0.38 54
Soy MF-SBF6D22 1 Sodium Bisulfite 11.2 0.38 33
[00145} Table 1 shows the type of improvement that sodium bisulfite treatment can

have on a natural oil feedstock in terms of removing catalyst poisons and improving

conversion. The experimental data shows that an excessive amount of metathesis
catalyst (10 to 20 ppm 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 ievel. In this example, self-metathesis of fatty acid methyl esters of

soybean oil has an apparent maximum theoretical conversion limit of approximately

70%. As the ievel of metathesis catalyst is iowered below 10 ppm/db, the untreated

feedstock has a lower conversion (i.e. 13% conversion with 3 pphm/db metathesis
catalyst) (or 18% conversion of the maximum theoretical conversion limit). On the other
hand, the feedstock treated with sodium bisulfite has a much lower peroxide value (< 1
meqg/kg) and a much improved conversion (59-67% conversion with 3 pprmydb
metathesis catalyst). This equates to approximately 84-96% of the maximum
theoretical limit. This example demonstraies that catalyst poisons, such as peroxides,
affect the metathesis catalyst, and removing as much of the catalyst poisons as

possibie helps conversion at lower catalyst ivadings..
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EXAMPLE 2
[00148] In this example, the natural oil feedstock was chemically treated with

sodium borohydride to diminish the peroxides and additional non-peroxide catalyst
poisons. The treatment began by filling a 3-neck 500 mL round bottom flask with 300 g
5 feedsiock of Fatty Acid Methyl Ester (FAME). Next, 0.291 g or 0.379 g sodium bisulfate
{Aldrich Lot) was added to the flask, fér examples MF-SBFBCO06 and MF-SBF6D22,
respeclively. The feedstock was then stirred in the flask with an agitator. A nifrogen
sparge was started as the feedstock was heated to 80°C. The feedstock was held at
80°C for at least 45 minutes to degas. The feedstock remained at 80°C for an
10 additional 2 hours, Next, 1.5 wi% magnesium silicate (Magnesol) and 1 wi% Celite
were added o the flask. The feedstock was then removed from the heating maniel and
cooled down 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 the adsorbent
from the feedstock. Twice more, the feedsiock was filtered through a Buchner funne!
15 with #2 filter paper. The treated and filtered feedstock were then stored in two 125 mL
amber bottles and 1 clear jar, where the feedstock was nitrogen sparged, blanketed,
and sealed.
[0147] The treated feedstock is then purged with argon for 1 hr to remove
oxygen. The ruthenium metathesis catalyst 827 in the amount specified in Table 7 was
20  then added to the feedstock, wherein the feedstock underwent a self-metathesis
reaction. The resulting mixture was stirred at 70°C for 2 hr and cooled to room
temperature. The percent conversion was determined by the GC-analysis as previously
described in Example 1. Samples and tests for PV were run using the American Oil
Chemists Society (AOCS) Method Cd 8b-90. The starting and final peroxide values,
25 along with the percent conversion for each sample are shown in Table 2,
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TABLE 2
metathesis Start PV | Final PV
type of catalyst 827 staring material vaiue value GC%
FAME Lot # (ppm/din) treatment {mea/kg) | (meglkg) | conversion
Soy MF-SBFBCOE 20 none 55 - 71
Soy MF-SBFBCO8 13 none 55 - 69
Sov MF-SBF6L0O6 10 none 5.5 - 65
Spy MF-SBFSCOS 3 none 5.5 - 8
Soy | MF-SBFBCOS 3 ' none 5.5 - 10
Soy MF-SBF6D22 20 none 11 - 70
Soy MF-SBFBD22 10 nong 11 - 67
Soy MF-SBFBD22 3 none 11 — 13
Na Borohydride +
Sovy MF-SBF8C08 20 1.5 wi% Mg silicate 55 0.42 71
Na Borohydride +
Soy MF-SBFSCO8 10 1.5 wi% Mg silicate 58 0.42 42
Na Borohydride +
Soy MF-SBFBCOB 10 1.5 wi% Mg silicate 55 0.42 80
Na Borohydiide +
Soy MF-SBF6COS 10 1.5 wit%h Mg siticate 5.5 0.42 70
Na Borohydrids +
Soy MF-SBF6C0S 16 1.5 wi% Mg silicate 55 0.42 &9
Nz Barohydride +
Soy MF-SBFBCO8 3 1.5 wt% Mg silicate 5.5 0.42 61
Na Borohydride +
Soy MF-SBFECOE 3 1.5 wit% Mg silicate 5.5 0.42 67
Na Borohydride +
Sov MF-8BF8C08 1 1.5 wi% Mg siiicate 5.5 Gc.42 42
Na Borohydride +
Soy MF-SBFeD22 10 1.5 wt% Mg silicate 11 .41 70
. Na Borohydride +
Soy MF-SBFED22 3 1.5 wi% Mg silicate 11 0.414 85
Na Borohydride +
Soy MFE-SBFeD2z 3 1.5 witth Mg silicate 11 0.41 65
Na Borohydride +
Soy MF-SBFsD22 3 1.5 wt% Mg silicate 11 0.41 48
Na Borohydride +
Soy MFE-SBFBD22 3 1.5 wi% Mg silicate 11 0.41 85
Nz Borohydride +
Soy MF-SBFeD22 1 1.5 wi% Mg silicate 11 G.41 23
Na Borohydride +
Soy MF-SBF8D22 1 1.5 wi% Mg silicate 11 0.41 16
fon148] Table 2 shows the improvements that sodium borohydride and adsorbent

treatment may have on a natural oil feedstock in terms of removing catalyst poisons and
5 improving conversion. The experimental data shows that an excessive amount of

metathesis catalyst (10 to 20 ppm catalyst per mol of carbon-carbon double bonds in



11 0.41 16 [00148] Table 2 shows the inprovenents that sodi um borohydride
and adsor bent treatnent may have on a natural oil feedstock in terns of
renovi ng catal yst poi sons and 5i nprovi ng conversion. The experinental data
shows that an excessive anount of netathesis catalyst (10 to 20 ppm

catal yst per nol of carbon-carbon double bonds in WO

2009/ 020667 PPOTr04/E826808/ 009635 -56- the feedstock, or "ppmismisposmy reach
the maxi mum theoretical conversion |inmgg regardless of the catal yst poison
level. In this exanple, a self-nmetathesis reaction of fatty acid nethyl
esters of soybean oil reaches an apparent maxi mum theoretical conversion
limt of approximately 70% As the level of netathesis catalyst is Iovvered
5bel ow 10 ppnidb, the untreated feedstock has a | ower conversi on (i.

8-13% conv t t %conver SI on
of the rrax?‘%ﬁ%n%ghdeaér%t %:rgle %gﬂ%\gg%ci%c}ﬁgﬂ&"ﬁ% %&%l%%al(c ‘O'Fli t he

f eedst ock fagawiasq ohihersatbigt Eﬂﬁ%ﬂ!ﬂﬁyﬂﬂh&@mmﬁﬂa&emmamnmﬂ i cate
has a much [ conver si on
(33- 7% copyor ey SRARAKLER o Stiteh Dl edthth A0 hoRl i In QKL ZPee o
appr oxi mat BYeEPNdEYh ‘SﬁpPﬂ‘?é‘rﬂ?ﬁ%&Y M Aados l@wicﬂélmqtafmstl% catalystés idemmst r at es

that ca al ysibwROIpBRND, t:ﬁ%ﬂe@\éd rp@erd%uéﬁésaweﬁ%n\?é?ﬁoﬁfg%aéhge?' s catalyst,
and that renoving as .ruc he cat al ol sons as ssi blle may help

i nprove cofRAFSIOBERS H’RW(BP "@a%f%#%%at@whi%éé 19Y6ccr_nxmv|nmfﬂwe[r0@mgmhu s

exanpl e dem@mt;mb@&ermmﬂomﬂﬁe biReNBSnd, HeRIRSR RIS willWbuiher 0xi de
poi sons in_the f edség?@k ,S0ybean oi | with a | ow peroxi de val ue but no

cheni cal t PU3Y r?ié' £ ap SHhSiiRI B HMCWQ’{‘@F Perxidgvalyedalll y treat ed
w th sodi umm&yk§)lﬂrfdlataﬁuctﬂ"hﬁnrdf»%ﬁ@bhﬁer@b@(@ Sk aYAkrdidh LB 8ndyd20 TABLE 3

type O‘IfO F%aﬂ%ts%tcg%?ysa cfﬁ!s earteS to approximately 69-98% of the maximum

theoretical limity. This demonstrates that catalyst poisons, such as peroxides, affect the

metathesis catalyst, and that removing as much of the catalyst poisons as possibie may

help improve conversion at lower catalyst loadings.

15  EXAMPLE 3
{00148] This example demonstrates, among other things, the presence of non-
peroxide poisons in the feedstock. Soybéaﬂ oil with a low peroxide value but no
chemical treatment is compared with soybean oil that was chemically treated with
sodium bisulfite. The results are displayed in Tabie 3.

20
TABLE 3
metathesis
catalyst Start PV | Final PV
az7 Value value GC%
type of FAME | ({ppnvdb} | starting material treatment (meg/kg) | (meg/kg) | conversion
Soy {Cargill} 3 Nong 0.86 - 12
Soy {Cargill} 3 None 0.86 - 31
Soy (Cognis) 3 Sodium Bisuifite 10.5 0.9 58
Soy (Cognis) 3 Sodium Bisulfile 10.5 0.9 &7
[00150} As shown in Table 3, a soybean ol feedstock with a low starting peroxide

value (<1 meg/kg) and no chemical treatment led o a 12-31% conversion of the

25  feedstock (or 17-44% conversion of the maximum theoretical limit, assuming a similar



827 (ppmdb) 3 starting material treatnment None Start PV Val ue (nmeg/kg)

0. 86 Fi nal

PV val ue (nmeg(kg) GC% conversion 12 Soy (Cargill) Soy

(Cargill) 3 None

10
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70% conversion limit to the data in Example 1) at a catalyst ioading of 3 ppm/db. In
comparison, a different soybean oil feedstock treated with sodium bisulfite led to a
similarly diminished peroxide vaiue, but much higher 58-67% conversion of the
feedstock (or 83-96% of the maximum theoretical limit, assuming 70% conversion is the
limity with the same 3 ppm/db catalysi loading. This exampie shows that additional
non-peroxide poisons may be present in natural oi feedstocks, and that the non-
peroxides poisons may have an impact on the overall conversion. While PV is a heipfui
indicator, there may be other non-peroxide poisons that have not baen fully guantified.
This example demonstrates that chemical freatment may help diminish both peroxide
and non-peroxide catalyst poisons that affect conversion. ,

[00151] While the present invention has been described in terms of preferred
examples, it will be understood, of course, that the invention is not limited thereto since
modifications may be made to those skilled in the art, particularly in light of the

' foregoing teachings.



0.86 31 Soy (Cognis) 3 SodiumBisulfite 10.5 0.9 58 i Soy (Cognis) 3

I Sodium Bisulfite 10.5 0.9 67 [00150]As shown in Table 3, a soybean oil
feedstock with a |ow starting peroxide val ue (<1 neq/ kg) and no
chemical treatnent led to a 12-31% conversion of the 25feedstock (or 17-44%
conversion of the maxi mumtheoretical -48mt, assumng a simlar WO

2009/ 020667PCT/ US2008/ 009635 -57- 70% conversion |imt to the data in

Exanpl 961Al a catalyst loading of 3 ppmidb. In conparison, a different
soybean Lo IM?éeedstock treated with sodiumbisulfite led to a simlarly

di m ni siyket ipetamidés:val ue, but nuch hi gher 58-67% conversion of the
feedstock (or 83-96% of the maxi mumtheoretical limt, assum ng 70%

conversion |1S. t h‘}a\ method of metathesizing a feedstock comprising:
providing a feedstock comprising a natural oil;

chemically treating the feedstock under conditions sufficient to diminish
catalyst poisons in the feedstock through a chemical reaction of the catalyst poisons;

and

following chemically treating, combining a metathesis catalyst with the

feedstock under conditions sufficient to metathesize the feedstock.

2. The method of claim 1, wherein the chemically treating comprises treating

the feedstock with a reducing agent or a cation-inorganic base composition.

3. The method of claim 2, wherein the reducing agent is selected from the

group consisting of bisulfite, borohydride, phosphine, thiosulfate, and phosphate.

4. The method of claim 3, wherein the reducing agent is added at a level of
hetween about 0.1 wi% and about 0.9 wt% of the feedstock.

5. The method of claim 2, wherein the cation-inorganic base composition is

calcium hydroxide.

6. The method of claim 1, wherein the chemically treating is conducted at a

temperature between approximately 25°C and 90°C.

7. The method of claim 1 further comprising combining an adsorbent material
with the feedstock.

8. The method of claim 7 comprising combining the adsorbent material in an

amount between approximately 0.1 and 3.0 wt%.

9. The method of claim 8, comprising combining the adsorbent material in an

amount between approximately 0.2 and 2.0 wt%.



5/imt) with the sanme 3 ppm db catal yst | oading. This exanple shows that
addi ti onal non-peroxi de poi sons nmay be present in natural oil feedstocks,
and that the non-peroxi des poisons may have an inpact on the overall
conversion. Wile PV is a helpful indicator, there may be ot her
non- per oxi de poi sons that have not beefgfully quantified. This exanple
denonstrates that chem cal treatnent may hel p di m ni sh both peroxi de 10and

non- per oxi dejgcat %&Sﬁetaeu%@Bﬁamhﬁw@fré:ﬁ%e frxeesisaeaciA0dShplidsd e the
present invention has been described in terms of preferred exanples, it

will beﬂand“emﬂwmttcaf cop@rsien imaand naereip dhe Pﬁ%aﬁf@sﬁo@afﬁib/ﬁﬁqaéﬂy%%é%t 0
is'n”fie gﬁ'ﬁg ﬁﬁg Eaf%j%%sg%ob}eg%%emEQn%dﬁ?ﬁ%g?é‘t&é)@ﬁ&v%b*ﬁ%ﬁﬁt particularly

i'ng teachi ngs Is clained is: 1. A

gg;gff’;fn g”ghg;[‘ﬁﬁq'gfﬁn L Jr QRIS RF 0 gRhe tﬂg?metg@gﬁé@& Quppdsteck

under CcoBgithéNN6T SUEAITONLT the rﬂaﬁmmmmmwsbnmsmrﬂsnﬁn t he feedstock
through a chemical reaction of the catalyst poisons; and

foll owi ng chem catreymbfRatdf RtaimCPNBaRingda eataBisaldaeFiGolaimbyisiately 6h t he
f eedst ock under conditions sufficient to metathesize the feedstock.

2. The pwnfedrdessl aim 1, wherein the chenmically treating conprises
treating the feedstock with a reducing agent or a cation-inorganic base
conposi tion.13.  The BetimHefmiaimot!  otharpiaithe sataird ieading HeaREaxB1aR)Y dgent i s
sel ected f t.he group consisting of bisulfite, borohydride, phosphine,

t hi osul FP%H‘e“% 8ssphosphat e. : 4. The net hod of claim3, wherein the

reduci ng age adde t a.lev t bout 0.9
Wt % of the fgiedstsgﬁmeﬂ’()% of Cl%.ﬁq %eﬁ%? ﬁotﬁgg'?etgﬁ‘ M gaté\Xﬁ%e(thﬂg?ﬁe

cati on- iaesigadls f BRs8sICRBYR @Bhlé@ibn 6f thahehirmubyitheordtibel conversion GmitThe

nmet hod of claim 1, wherein the chemcally treating is conducted at a

tenperature petwep(y AREJROHMBAIR ¥, WhEreathe986dstock comprised Agtdrédgiod of
claim1 further conprising conbining an adsorbent material with the

f eedst opkroxide value gf greater fpambdnet/ke par ey chemipaiy diealng oppiearedythene

adsor benf .k Lal, i n t d 3.0 Wt %

9. The F@{%S%’"P%QF;# %Oﬁ%%qﬁﬁé%ﬁﬁw&%tﬁeﬁgﬁj g%e%rf% mat eri al 0| n an
amount bet Vers. @ r(30:2(n'e3’c ooeoyclgn%@r\ﬁhgreﬂ\ %@hemtéﬁfy treating decreases the

starting peroxide value of the feedstock to approximately 0.5 med/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 limit
and the metathesis catalyst catalyzes the metathesis of at least 50 wi%, at least 70%,

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

the chemically treating comprises treating the feedstock with a reducing
agent selected from the group consisting of sodium bisulfite, sodium borohydride,

phosphine, thiosulfate, and phosphate;

the chemically treating comprises treating the feedstock with a cation-

inorganic base composition;



10. The method of claim1l, wherein the nmetathesis reaction conprises a
maxi mum t heoretical conversion limt, and wherein the netathesis catal yst
catal yzes the netathesis of at |east 50% of the maxi mumtheoretical

conversion limt. 11. The method of claim 10, wherein the netathesis
catal yst catal yzes the netathesis of &0-1east 70% of the maxi mum
t heoretical conversion limt. 12. The method of claim 11, having a

catal yst | oadi ngifcrapResii tradtglgcomizes dizating lties eedstock unde8 cofidigoneet hod
of claim 11, wherein the catalyst | oadi n%\Afjés a‘f)p&'oxi mately 2 ppm db or

| ess. sufficient joydinypigh sentrsaowee ePISORs 10INSIREFERKt he et at hesi s cat al yst
catal yzes netathesis of at |east 85% conversion of the maxi mumtheoretical
conversi on | i nit the chemicaliysreating issph@iectad ak pdemperatiicdh@lVeetine f eedst ock

conpri S%I%{,&irfné%g)f b0g, DA Qédcyeor\ﬁﬁlh}é@erp%ﬁ"&%ﬂel §PE Md'BEkg and the

cheni c&l g decr easés the starting peroxide val ue of the feedstock

to approxi mat el %{k}%eaf{erggétl%%g{)m:@%se a starting p%ﬁ)exi Sr{‘@aiﬁgtotf‘%geé%ér ﬁgﬂiﬂn 15,

wherein the che crease artrng~peroxi de val ue of

t he fe_qﬁ(g(%/ggjkortgqeg@pmﬁ T@ireykd). 5 meg/ kg or | ess. 17. The met hod
of claim1 conprising any two or nore of the follow ng: t he

conbi ni ng conpri gescrersiRbAY) ¥ehtidOdstiragsaxf thappading peretige Saluprafdie or | ess,
or approximately 3 ppnmidb or less, or aopprom mat e@l% gﬁﬁ%g‘fdb gr | ess, or
appr oxi feadeibgk 1D appipXimaisly 1egga’kg or less or approxif@ie O KD 91dE3%i on
conprises a maxi mum theoretical conversion limt and the netathesis

catal yst cat al yzesmbiréngran adhediest gratenial mathdhedeeditogk o dindnigh theooy or at

| east 85% of, the [ el calk i b from thd he
cheni ca?q{?y?ﬁ%oéﬁqrﬁg%é%@?iggogkt \?"g%%mng t%(gsraf Eé%ﬁsrb%ﬂgbgs/\’/istsﬁgeg?deéargi ng agent
sel ect egholip @BhéibEnssicacg shishtiing ofays adivated tatohi tlegrosaldimatedsdarohydri de,
phosphine, thiosulfate, and phosPhaai e;. i alurni tge .tcheln‘i cal |y gét%ati ng
conpr i s¥8ves: &aelitag ﬁ'-ﬂl’@rﬁééﬂgt%%% ali W’Qacl&ﬁ'ﬁﬁ‘_ﬂnﬁ'{}?g fil & BEEEUBMEOLT i on:

- 60- calgium carborji£§ RESH, eRldnesiuheatitats, saaBsilseshibiatdonsssifte feedstock
under condi'tions sufficient to di m nish non-peroxide poisons in the

f eedst oclagnesium sulfate, magnestive silicatiel polassiat plgfate, sasliRrdt sadigf a

t enper at ur e _bet ween roxi mately 25C and 90C, or between approxi mately 50C
and goccarbonate, anc?soc%ﬁ%es )H@%stock conprises a starting peroxi de val ue of

greater than 5 neg/kqg,. or greater .than 10 [ ka. -

chem cal Iy treat ic%)@nlig@gg@g Ofli‘lFé’téq gPtai%F%mggFg%e ea?/%%'éna(}?lytqiggpggd%t ock
to appr@d,MitRlwech amabkitnnelyleanen. epphoandmat ely 0.5 nmeg/ kg or |ess;
conbi ning an adsorbent material with the feedstock to dimnish the catalyst

poi sons in the fegdstekociitthgiigsidie adaerdentersd ssletledifors¢hegioad from
the group consisting of silica gel, bleaching clay, activated car p(ﬂi’é(e

char coatonsistingoeflalgaesoibwesolaboranaseed mijl ceqonit @i GAHN OfetRlonsest @

basic alym na, .Celjite, .a ] sul 'y i Al ; j ;
ragnes; i il BeBiolS st ThPERbE e sif 3ol GR RN oliApeed ol
magnesi Bams kbinehbie tupbiagatrophasoil, aster of catal sty al od dienivatiersharenyeyneanid

sodi um sul f at e; conbi ni ng an adsorbent in an anobunt between
appr oxi MARYEse and 3.0 wt % or between approximately 0.2 and 2.0 wt % and
t he feedstock conprises one or nore materials selected fromthe group

consi sting ofl8al ghdngihpd of HigkrthesiFINg argfﬁgg@é% COMP"S¢¥conut oil, corn oil,

cottonseed oil, olive oil, palmoil, peanut oil. safflower oil, sesame oil,
soybean oi |, sunfpiowsing feedstorkeeampising parREPRel oil, tung oil,
jatropha oil, castor oil, and natural oil derivatives of any one or nore of

these. 18. A net hochashicaly teating therfgedstpeedrdeycgondiippeissifirient se 8imiaisAg a
f eedst ock i,si L , i.cal tieSL
t oedst ockniramrag el BRtEBrafibt i tvorsh gichemio PERER doled RERIERGATE,

the feegoiek:; 4y ough a chem cal reaction of the non-peroxide poisons; and



-61- followng chemcally treating, conbining a netathesis
catalyst with the feedstock under conditions sufficient to netathesize the

f eedst ock. 19. A nmethod of netathesizing a feedstock conprising:
providing a feedstock conprising a natural oil having peroxide poisons with
a starting peroxide val ue; -61-chemically treating the feedstock

for a tinme sufficient to reduce the starting peroxide val ue of the

feedstock by apprgwiyia) &hemidalp GEatRy, eotibimgh retahrriCedtalysaeith ¢ of t he
per oxi de poi sons; ~follow ng chemcally treating, conbining a
net at héatdsteek edastconiitinng heffitieatin veletieres theoRaretrehs sufficient to
nmet at hesi ze the feedstock. 20. The method of claim 19, wherein the
chemi cal | y tiBeat ifngethedrd asgsthehizing afeddstpokerasxirgendial ue of the feedstock
by approxi mately 90% or nore.

providing a feedstock comprising a natural oil having peroxide poisons

with a starting peroxide value,

chemically treating the feedstock for a time sufficient to reduce the starting
peroxide value of the feedstock by approximately 80% or more through a chemical

reaction of the peroxide poisons;

following chemically treating, combining a metathesis catalyst with the

feedstock under conditions sufficient to métathesize the feedstock.

20. The method of claim 19, wherein the chemically treating decreases the

starting peroxide value of the feedstock by approximately 90% or more.



