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al kyl esters, predom nantly 016-018 al kyl esters, which are essentially
spect glesvedi fromhe mﬂetaatheeswterwedc@uoe(an mquesattmatedhemgr wtadeqwethﬂ& 15

P aoit el S Bk Ysbs ey cr BT db el Torhing ot GAESsiNT 87 Te I ot e

dizgst @O ﬂé\h?reétaeark@&waeé seifbnatesC s aribates ickast Wstdts AT 2aphigbaming he
al kyl ester” m xture includes a Cl o unsaturated al kyl ester and one or nore
Ci to 017 unsaturated al kyl ester coproducts. The termnally unsaturated
C o product is acconpanied by different coproducts 20 dependi ng upon which
a-olefin(s) is used as the cross-netathesis reactant. Thus, 1- butene gives
a 012 unsaturated al kyl ester, 1-heerF gi ves a 014 unsaturated al kyl

ester, and so on. As is denonstrated in the exanples below, the Co
unsaturated al kyl ester is readily separated fromthe Ci to 017
unsaturated al kyl ester and each is easily purified by fractional
distillation. These al kyl esters are excellent starting materials for

25mak| ng surfact ants for the |nvent|ve Iaundry detergents. Nat ur al
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ol efins can be used. Preferably, the olefin is a nonounsaturated 02-010
a-olefin, nore WD 2012/061108PCT/ US2011/ 057622 preferably a
nonounsatwo20ede0®808 a-ol efin. Preferred ol efi ns al so iPaElusde 1087608
internal olefins. Thus, suitable olefins for use include, for exanple,

et hyl ene, propyl ene, 1-butene, cis- and trans-2-butene, 1-pentene,

i sohexyl ene, 1-hexene, 3-hexene, 1- heptene, 1l-octene, 1l-nonene, 1-decene,
and the |ike, and m xtures thereof. 5 Cross-netathesis is acconplished by
r eact ifla fer bexyigies, and arydpamiseciwiobstaines ﬁéacfﬁ tepheelf-pretathesiAsgerriBus or
het er %Q%B??élé n BRt athesis catalyst. The olefin is omtted when the natural
oil is se netat hesi zed, but the sane catal yst types are generally used.
Sui t abl e hd’rmglememlbuﬂa cmhaohaemscalataﬂg/miaaylfonm&declodmﬂglInqamd osvddr, paste,

transitio hal eoro I d e. ., WOCl 4 or |6 ith an
al kyr‘[&ré‘?‘l@ec&@ b {/’%‘Ifl ql I %F%ﬁfterqreéf’ag‘?fn%léﬁéo\g?d&%tt al Y& s
arg V‘%'u‘r ﬁiﬁrﬁg%%@#&y Ha‘ie'ﬂﬁ’e(Bfartfb%TePe'}ﬂ’ésé‘e%”Fﬁfe@ﬁfa%far{trgﬁﬁﬂddsﬁlbn@etaﬂos

particularl , These include first and second-generation G ubbs
cat al mﬁorm@no@bmolsltﬁfeydantﬁmdaam\te; alladerivétk frionk eenesvablebiesoatdes) rivaleore

o e R BE SBnpBtds Fheh Resttl X e 2L Cotb Rl Tap ant kK Shitler ©

| i gandsiifoRateSfoP cHlaiugstel Héiergént%&)f d304 bBEsteF fsreNbargdin éeteF@T:érﬂ' f&mdia. or 2, X1
and X2 are anionic ligands, and Rl and R2 are independently sel ected from

H, hydrocarbyl, substituted hydrocarbyl, heteroatom containing hydrocarbyl,

Syt uced het o oat gEvagrk sk eSS ESEX W GRfITRIY, onl ot oups. Ay
any one of Ddteggenyr esmpositondeusdftiaddredoldowatstupleaning comprise an anionic

First-generati on G ubbs catalysts fall into this category where men=0 and
part | SUraetags| @ctﬂ%ﬂ@'%rwm%ntf of f@ttyxﬁfiWJ(Z@tErlf-ﬁH_f?QaLe%aP& angurtectast

deSCfchﬁﬂ)dsf‘tioH el ngs Oﬁ%ltm%t 'SrC?ﬁQR"%O (@1673 (méiftsnsdifated ac

publication"), e teac ated 16 &'l netathesis cata Idst
ar e i notageweateld18aliacn abid, r ef etrmwceestérsadammiwge.ner aheoméatiasss- dam\adq/st S

al so hav ener al. fornu scrlb bove, t L1 s a carbene |jgand
o3y o HEclalt R iastiosh s elet ST it oo onpo@iNes. Ot B & igam BB BSOS by

t wo Ne@ﬁ%am“%’aéﬂniﬁest h@&aéﬁﬁtﬁ@arﬁin%a%lfoﬁafé%r tyg, g?f d%nﬂd&érh%@@i%ﬁdes
Exarrpl es of suitable sécond-generation G ubbs cat sts al so appear in the

' 086 pwistéromedot s demideainechbetalrness sulforsaied aCEnlséomE@Ifatiyere@teraalhom&es, L1

e H et a% BT et L Blnidee e B o G SutoBelaifed aeAh from
2012/ Wﬁ%@hb@%%#aﬂﬁb@%@yb@ar@bﬁi weakly coordinating neutral electron

donor ligands in the formof optionally substituted het erocgcl i C groups.

TROs, L2 arldneLdetgrgergyaonepasitiomgan feks ABY oy pemeer @hiferds. nEor ﬁﬁa@@lﬂanb or
the | 'c%ﬁ b% Bnylgétr@rﬂgtllgﬁ gfél?ﬁac%ntséﬂdcqg ol I@cLJf%f aé g?z%}%lgﬁgs%lrgﬁbﬂed %r%%r of

substituents is rma bi- or tri as a

bi phosydnderl polivaeik exiabiat, erp&ltek,yé didiesdssli@. o@WbMMME dergkyisfammare a
subset of this type of cataly in which L2 and are lin . Typically,
a neut QW”osa/é@?ﬁeoﬁk'H?@ r'Bgt@ﬁ %réor Walar seluble sHeetsePhISaghetse SalpgoaSbéth@

car boy o o E T 8ES, Fatba, FuoL o 208 0fe7ded WAERRE Hed Boleted TREAF R cyca

carbon to provi bi'dentate |1 gan suita
casal ysfeserqm eae aiso dltdée.' 086 pubI i cation. The structures bel ow

Dy & SIS S A BT S 1 Ry SR M MG
CIV 1 deh¥rdily AERPDRoREYRr widight below 10,000 and comprise one or more functional
groups that exhibit a net anionic charge when in aqueous solution at the normal wash
pH, which typically ranges from 6 to 11. Suitable anionic surfactants include C4-Cs
30 carboxylates, fatty alkyl sulfates (alcohol sulfates, “AS”), fatty alkyl ether sulfates
(alcohol ether sulfates, “AES”), paraffin sulfonates, olefin sulfonates, alkyl aryl



Ph ;N\ Mes- NV ThVl esPh-"NI\IPhMes Mes Ru_s din", . RuCd/B,",Rus CIV 1
0OClvV10aV1O0S PCy3PCy3POy3 Het er ogeneous catal ysts suitable for
use in t hwoxeldo61®8 cross- et at hesis reaction include cecraiSaoriosrs2zm and
nol ybdenum conpounds as described, e.g., by J.C. Ml in Geen Chem 4
(2002) 5 at pp. 11-12. Particul ar exanples are catal yst systens that 20

i ncl ude Re207 on alum na pronoted by an alkylating cocatal yst such as a

tetraal kyl tin |ead, germanium or silicon conpound. O hers include M)Cl3
or MDEUHOBRES; |(B dlﬂeiaﬁaﬁe‘tit’“lﬁﬂzf?@?r SHIfRYatEsns. LASjp fatty ester sulfonates,

2012/ r al

cat al %gffé&?cgﬁ%gﬁ%q goss phos tggl gﬁ&'gf&ée "%es. P%@@{%ﬁl@g%ﬁffé@%h% he
t eac3umtﬁsd@falk/}tlb@tzeaeesulfﬁmtqtmgamag %eneamesGé edlleyl gmoep, and%rpeefeawly@s
cited there t at hesi s-derjve nmono turat ed aci

oot addogHb Cr-Grs (RIBTICO e rnalg, [aliep bSUBAeRoRY day 4R S Eor A ¢ o
Pasti Cléhiged SHRlG50%5 aRbNBS d5se, DSABHRPESuIGHBIEOMdIES.C AT0IEAT Wbnates.

sui fonates, fatty ester al koxyl a am doam ne oxi des, ‘am doam ne

sul foﬂémcalémxyt&lmi plndm)hat@rreldﬁtet end suitonade ealjseiawlallwhaver aamopavdlaot ant
conposi for cold- V\ﬁé gqtfndrnx det er gent sLéagr as pei Qr mance boosters
f or ba?Pb‘Q%ﬁ OfetElgefl' s E2nTF PREMUM OF R LRIBMELY £ JITORER 199 « neBgar
CoNposH|kyserzehe §u|¢’orﬁt@§|aiédp§h¢|b9tétrl9G§fe¢é@éd Pr pegrivhas eszaiﬁ)p@m@f aélﬁtable
summari Zed for each particul ar conposition prepared in Table

i nst adéQnip sugiaAENt @ra dessrieemhvre i SntHa). Mege W%§7We5ﬁ8§@2@ '5‘039%55% by

react yl no m t th

Nqﬁt Q&%eﬂﬁﬁg %M%ﬁﬁ %e%l%égedu’ ?Q#ng aﬂﬁe LgrﬁTg ﬁ‘ amPnueblvm R
lithi Lzm@yoome”l@m (Bedr edpecibity Ipprett-bg), qtivat esadhzajs o \mtuclh t@reamoeepctret@l
betaine with sodium 15 nonochl oroacetate. This conposition is valuable for

use i MEEAINNBSIYREAWed el BE FEROUALRT 2YPRICRHEACANteEH AY99 OEhdttRefO é%a/ﬁp
012-3 0 f for | &

det erggnt B@Q@d\}em&@ ?(tt{/et sﬁFaﬁﬁdﬂ§g§§?§gact ﬁgdr%né)ﬁ%?aﬁ‘#tg?ed att
aci d vomhulatiol cohol et hoxyl ate to give an ethoxylated fatty acid nethyl

t foll | fitat f th | ef ODet f
3 a- wat or SIGRIF RGRAENA, SLEBBEIE AR 8158 e RB b Ao Cus R ARG, are
noni OWe%traPrér?&té&hpn%‘d f%kebbpﬂo'b}’d Goupr apd! fa?tnadr%n@ WHF&%M%“ royp

conposition derived froma metathesis-derived 010-0 unsat ura ed aci d,
oct adéaanvenigntlg; theohydraphilic gnoup beinprises enedermote: facaisingrinits delrmeﬂsfrorrbn is

am Ao YRR U Ao TvareR U bR B bBRRRnohine Ziorfo R BBt i
quat ergtfted (S AebHeaTEVS bet@imesingsid pasation1s bawiE foxidey uesber

al koxyl at es, 018 am doam ne car boxyl at es, am doam ne oxi des and

sdPf o@étlt@btﬂesnﬂ@pn%cﬁltrfaﬁﬁ@rﬁﬁost%dﬁﬁ@ b | §|C©h0||§al fatbr alepbelaralkexylates,

Pr ef t :
or s ARl SUSTRAEL 0 L R el SRR Ry o e
2012/ GAKoMYBRET/ 1620 1 lddpoReaersCe rgkyapolpodcchiaeigas di atkoxhleted alfatty r urhidess:

As the skilled person will recognize, products made in accordance with the

| nventIOBRVAFEOt JIE ATTiger fathi @inie ex1des.aasior 95 2lkaxlies. PEBE sSias.
th | t [
chow o P& Fhodf g bstls BRI R R BRI R PRI

casvemréfenedsanes €eb-Coy alkghethuxglates, oeﬂp;emaalyc()tzlﬁfats primart aiceholf ethioxylatesd
trans h i sorrﬁ_rs .S gder too I ess cont ext di.ct a#‘ﬁé ot herw seI (T]he
"018-" R RAES éer&é’ eege%’é”%unﬂtér {tighal exaples’ o

nom n%'uttﬁbleoﬂ%lbh@“§urféét9ﬁ%r sraviieseased e UM Xpat. 9¢44. e§6§0‘92@0m 56 8y 280: 20
transl cis- isomer mxtures.) Structures shown often refer to a principal

pr oduéx92h822néP9Bel 700 aadcdripdratedpbl Rubleloe?0p0/O0dH1 DB fsed espeeally pp.
o 111201 2 e JRDGL B TR inccboidlPL 3°E BT RRREATS ARG POl et

suhf omahidiic 8urfattaht tah ir@Rg® MR SSBSTOMLER, Biore prefekabigFravh 19Ut BOI&R.%,
al kanesul fonates, and al kenesul fonates, in addition to isonerized products.

Thus, andemest preferably T iddedtQ whieabie PIMEYOB: predoni nant product s.
Charges may or may not 15 be shown but are understood, as in the case of
am ne oxi de structures. Counterions, as in quaterni zed conpositions, are
not usually included, but they are un%erstood by the skilled person from

t he context. As used herein, 'l ow EO" al koxyl ates have an aver age
of 0.5 to 5 EOunits, "m dEO' al koxyl ates have an average of 5 to 15 EO
units, and "high-EO' al koxyl ates have 20 an average of 15 to 50 EO units.
In one preferred aspect of the invention, the metathesis-derived

corrp05| ti on |s a 012 am doam ne rrade by reactl ng a 012 rmnounsatur at ed aC| d

. . ™R AR ™ A \ o,



In anot her preferred aspect, the conposition useful for col d-water cleaning
Is a 010 betaine made by reacting a 010 nonounsaturated acid or ester

deri vat i weowntdedioset hyl am ne, foll owed by reducti on of PChaSe@swst62Ng

am de, followed by quaternization to give the betaine. A particularly
preferred conposition of this type has the structure: WO

2012/ 061108PCT/ US2011/ 057622 | I n anot her preferred aspect, the

conposition useful for cold-water cleaning is a Q12 et hanol ani ne-based
am de made Tlﬂ? ¢@t§5geprﬁ§ far gold-wales HRning aregrally dngrdasvater-ddnpicallyv B t h

TONOE AT Poter fadd i 36!t B GEL I B6r& AFANGRN ﬁegﬁgoggi@ hbe dap

5t he ure: n anot her préferred aspe ositi’on
usef ulmdsirpretdreblyafren 50 éaBOngt.Vs & 0hé aspedhathiedetergdend istbestordyesbtabte

b of el RLABRS Frerahiv, Fich SPpR0%sBhI B0UER (RAILS rldsReiggtion below
"5 BC; T P‘refer%ﬂrly' t|1IQH|i?lEljid detér@eﬁﬂ%,@%ﬁs be%ﬁfglgﬂeéi%ﬁﬁ%g dnld® remains

conposition usef for cold-watercleaning is a di am doam ne di oxi de
made hymaegeneong uponquokbdged storagése di. doc maxiths et aitite.est er derivative with

di net hyl ani | ami pe, foll by. oxij dation .of th |t i amine. A
parti cul ar I SR R ot e diing A< bormBring o R BB0) e fufo e
I n angir&ffatily séfﬁﬂfoﬁateaémﬁietw@stm@&iétmauwdd, rhéYe mk&ab@tﬁcwbg(,?ni ng

i's an am doai ne oxi de or sul fobetai ne rived from cross-netat hesi s

pal m dretSylesiansyianate, anssmost Preserabiha i ineibylgstenswianaie iThe faiteatikee

N...--7,820,612. ahd. .U.S:, Pbit.- Agdl. .RPuiONog. -2008/08024 300NN 2010/0016198).

Processes for making fatty alkyl ester sulfonates are well known (see, e.g., U.S. Pat.

Nos. 5,587,500; 5,723,533; and 6,058,623, the teachings of which are incorporated

herein by reference). Methyl esters obtained from natural oils are usually sulfonated at

15 the carbon alpha to the carbonyl, followed by digestion to ensure optimal conversion to

the fatty alkyl ester sulfonate. Bleaching and neutralization steps generally follow.

Typically, the amount of fatty alkyl ester sulfonate in the detergent ranges from 3 to 25
wt.%, more preferably from 5 to 15 wt.%, and most preferably from 8 to 12 wt.%.

The detergents for cold-water cleaning further comprise a surfactant composition

20 derived from a metathesis-derived C10-C17 monounsaturated acid, octadecene-1,18-

dioic acid, or their ester derivatives. The composition is selected from Cy betaines, Ci»

or Ci¢ amidoamines, Ci2 ethanolamine amides, C4¢ amidoamine sulfonates, Cis

diamidoamine dioxides, quaternized C1g diamidoamine betaines, sulfonated C1s low-EO

fatty ester alkoxylates, Cig¢ amidoamine carboxylates, and amidoamine oxides and

25  sulfobetaines derived from cross-metathesis of palm or soybean oil. Further details of

these compositions will be described later. The composition is preferably used in an

amount within the range of 0.5 to 10 wt.%, more preferably from 1 to 8 wt.%, most

preferably from 2 to 6 wt.% based on the total amount of detergent.
In another aspect, the invention relates to a boosted bargain laundry detergent.
30 The boosted bargain detergent comprises an anionic surfactant, a nonionic surfactant,

and a performance booster. Suitable anionic and nonionic surfactants have already
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Boosted bargal n detergents of the I nvention conprise-in addition to the
ani oni ¢ swofacy@mnto8 and noni oni ¢ surfactant-a perfor man®eeThisestias76der i ved
froma netathesis- 5 derived 010-017 nonounsaturated acid, octadecene-1,1
8-dioic acid, or their ester derivatives. The booster is selected fromO012
| ow- EO fatty ester al koxylate sul fonates, 018 am doam ne oxi de esters, 018
am doam ne oxi de carboxyl ates, and am doam ne sul f obet ai nes made from

sel f - AGEAt ARSGrPed. pdhm Rosiey thaagaipi fetergens Hogs: BplenPERalls pttde the: [@bost er
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reactin monouns acrd or ester derivatrve w |'éne
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preferre 00st of th ype s the ructure H3 SO3 151 n,

anot héts€ ﬁaﬁfamicht%et%@ ?e gh ‘BE‘ZE%@-W% %'r@quVﬁrHe&@éiW?H@ed‘ﬁ%a'&eoréé‘tré(tn.g A
pakti GUb@r édst PoskiBhr ed booster of this type has the structure: In
anot her preferred aspect, the booster is an am doam ne sul f obet ai ne nmade
20f r om sel fFheet perfersianee dudasierr isoglesued oiffom The reetafhEsig-derneedr GauiCtz from

| f- th N t . _
5012 CREIBRET B At ardadetiney LEUBR 5EH. or Rsigstss gervafives. o esy:
+ Unsaooster is seldt®ed #oRd Oy, U8l EHQ Aty Eotamndiidymis sionbis! ¢lg amtdoémmtaal

conventi onal conponents. For instance, the fornul ati on can i nclude one or
nmor e &Xile esters, Luetpraigoaming Q&lldﬁrﬁ&rboé@@tﬁﬁs?n%@mld@@@'”%@ﬂ'f@eéaln%m&iales,

ol r dort e StARE e PR oS AT Thp ot PO Bitefl sl L

agent Sbargéiimc@ﬁerlggnagﬁ@'rrﬁourﬁNﬂmlﬁﬂ@ﬂ'aﬁf@%mf?d 1 wslwt%pﬁtdrerpireferably from 0.2
antl-redep05|t|on agents, antimcrobial agents, thickeners, fp g%rrents gl oss

enhand@Awt. é’nﬂiﬁtﬁé@ref&éﬁ@}‘ et 9.5 to g whea Eﬁ%%d 066@%@@'@@0‘1@ Qfftgigrgens,
Doy e AAGRREH e by KB mkGa e i Sl
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10 to 50 wt.%, and most preferably from 15 to 40 wt.% of the formulation. The boosted
bargain detergent preferably also includes water, typically an amount within the range of
40 to 90 wt.%, more preferably from 50 to 80 wt.%, and most preferably from 60 to 70

20 wt.%.

The boosted bargain detergent can also take on many different forms, as
described earlier. Thus, it can be a liquid, powder, paste, granule, tablet, molded solid,
water-soluble sheet, or water-soluble sachet. Usually, the boosted bargain detergent is
in the form of a liquid.

25 Both the performance booster for the bargain detergent and the surfactant
composition used in the detergent for cold-water cleaning derive from a metathesis-
derived C10-C47 monounsaturated acid, octadecene-1,18-dioic acid, or their ester
derivatives.  Traditionally, these materials, particularly the short-chain acids and
derivatives (e.g., 9-decylenic acid or 9-dodecylenic acid) have been difficult to obtain

30 except in lab-scale quantities at considerable expense. However, because of the recent
improvements in metathesis catalysts, these acids and their ester derivatives are now



claims. Feedstock Syntheses: Preparation of Methyl 9-Decenoate ("010-0")
and Met hyl 9-Dodecenoate ("012-0") 200veQOwe The procedures of U S
Pat . ApplwoRotdos1tde. 2011/ 0113679, the teachi ngs of whi ebTarseotswepor at ed
herein by reference, are used to generate feedstocks 010-0 and 012-0 as
follows: WD 2012/061108PCT/US2011/ 057622 Exanpl e 1A: Cross- Metat hesi s of
Soybean G| and 1-Butene. A cI ean, dry, stainless-steel jacketed 5-gallon
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typically methanol, to give glycerin and a mixture of alkyl esters. This mixture normally
includes saturated Cg-Cop alkyl esters, predominantly Cs-Cyg alkyl esters, which are
essentially spectators in the metathesis reaction. The rest of the product mixture
15 depends on whether cross- or self-metathesis is used. When the natural oil is self-
metathesized, the alkyl ester mixture will include a C1s unsaturated diester. When the
natural oil is cross-metathesized with an a-olefin, the alkyl ester mixture includes a Cyo
unsaturated alkyl ester and one or more Cy4 to C47 unsaturated alkyl ester coproducts.
The terminally unsaturated Cio product is accompanied by different coproducts
20  depending upon which a-olefin(s) is used as the cross-metathesis reactant. Thus, 1-
butene gives a C4p unsaturated alkyl ester, 1-hexene gives a Cy4 unsaturated alkyl
ester, and so on. As is demonstrated in the examples below, the C4o unsaturated alkyl
ester is readily separated from the C44 to C47 unsaturated alkyl ester and each is easily
purified by fractional distillation. These alkyl esters are excellent starting materials for
25 making surfactants for the inventive laundry detergents.

Natural oils suitable for use as a feedstock to generate the C1o-Ci7
monounsaturated acid, octadecene-1,18-dioic acid, or their ester derivatives from self-
metathesis or cross-metathesis with olefins are well known. Suitable natural oils include
vegetable oils, algal oils, animal fats, tall oils, derivatives of the oils, and combinations

30 thereof. Thus, suitable natural oils include, for example, soybean oil, palm oil, rapeseed

oil, coconut oil, palm kernel oil, sunflower oil, safflower oil, sesame oil, corn oil, olive oil,

10
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peanut oil, cottonseed oil, canola oil, castor oil, tallow, lard, poultry fat, fish oil, and the
like. Soybean oil, palm oil, rapeseed oil, and mixtures thereof are preferred natural oils.
Genetically modified oils, e.g., high-oleate soybean oil or genetically modified
algal oil, can also be used. Preferred natural oils have substantial unsaturation, as this
5 provides a reaction site for the metathesis process for generating olefins. Particularly
preferred are natural oils that have a high content of unsaturated fatty acid residues
derived from oleic acid. Thus, particularly preferred natural oils include soybean oil,
palm oil, algal oil, and rapeseed oil.
A modified natural oil, such as a partially hydrogenated vegetable oil, can be
10 used instead of or in combination with the natural oil. When a natural oil is partially
hydrogenated, the site of unsaturation can migrate to a variety of positions on the
hydrocarbon backbone of the fatty ester moiety. Because of this tendency, when the
modified natural oil is self-metathesized or is cross-metathesized with the olefin, the
reaction products will have a different and generally broader distribution compared with
15 the product mixture generated from an unmodified natural oil. However, the products
generated from the modified natural oil are similarly converted to anionic surfactant
compositions for the inventive laundry detergents.
An alternative to using a natural oil as a feedstock to generate the C1o-Cy7
monounsaturated acid, octadecene-1,18-dioic acid, or their ester derivatives from self-
20  metathesis or cross-metathesis with olefins is a monounsaturated fatty acid obtained by
the hydrolysis of a vegetable oil or animal fat, or an ester or salt of such an acid
obtained by esterification of a fatty acid or carboxylate salt, or by transesterification of a
natural oil with an alcohol. Also useful as starting compositions are polyunsaturated
fatty esters, acids, and carboxylate salts. The salts can include an alkali metal (e.g., Li,
25 Na, or K); an alkaline earth metal (e.g., Mg or Ca); a Group 13-15 metal (e.g., B, Al, Sn,
Pb, or Sb), or a transition, lanthanide, or actinide metal. Additional suitable starting
compositions are described at pp. 7-17 of PCT application WO 2008/048522, the
contents of which are incorporated by reference herein.
The other reactant in the cross-metathesis reaction is an olefin. Suitable olefins
30 are internal or a-olefins having one or more carbon-carbon double bonds. Mixtures of
olefins can be used. Preferably, the olefin is a monounsaturated C»-C1o a-olefin, more

11
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preferably a monounsaturated C,-Cg a-olefin. Preferred olefins also include C4-Cg
internal olefins. Thus, suitable olefins for use include, for example, ethylene, propylene,
1-butene, cis- and frans-2-butene, 1-pentene, isohexylene, 1-hexene, 3-hexene, 1-
heptene, 1-octene, 1-nonene, 1-decene, and the like, and mixtures thereof.

5 Cross-metathesis is accomplished by reacting the natural oil and the olefin in the
presence of a homogeneous or heterogeneous metathesis catalyst. The olefin is
omitted when the natural oil is self-metathesized, but the same catalyst types are
generally used. Suitable homogeneous metathesis catalysts include combinations of a
transition metal halide or oxo-halide (e.g., WOCI4 or WClg) with an alkylating cocatalyst

10 (e.g., MesSn). Preferred homogeneous catalysts are well-defined alkylidene (or
carbene) complexes of transition metals, particularly Ru, Mo, or W. These include first
and second-generation Grubbs catalysts, Grubbs-Hoveyda catalysts, and the like.
Suitable alkylidene catalysts have the general structure:

M[X'X?L'LA(L3),]=Cm=C(R")R?

15 where M is a Group 8 transition metal, L', L?, and L® are neutral electron donor ligands,
n is 0 (such that L*> may not be present) or 1, mis 0, 1, or 2, X" and X? are anionic
ligands, and R' and R? are independently selected from H, hydrocarbyl, substituted
hydrocarbyl, heteroatom-containing hydrocarbyl, substituted heteroatom-containing
hydrocarbyl, and functional groups. Any two or more of X', X?, L', L% L3 R" and R? can

20  form a cyclic group and any one of those groups can be attached to a support.

First-generation Grubbs catalysts fall into this category where m=n=0 and
particular selections are made for n, X', X3, L', L?, L® R' and R? as described in U.S.
Pat. Appl. Publ. No. 2010/0145086 (“the ‘086 publication”), the teachings of which
related to all metathesis catalysts are incorporated herein by reference.

25 Second-generation Grubbs catalysts also have the general formula described
above, but L' is a carbene ligand where the carbene carbon is flanked by N, O, S, or P
atoms, preferably by two N atoms. Usually, the carbene ligand is party of a cyclic
group. Examples of suitable second-generation Grubbs catalysts also appear in the
‘086 publication.

30 In another class of suitable alkylidene catalysts, L' is a strongly coordinating
neutral electron donor as in first- and second-generation Grubbs catalysts, and L? and

12
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I nstead of 1-butene. Conbined reaction products are then stripped as
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quinoline, thiophene, or the like.
In yet another class of suitable alkylidene catalysts, a pair of substituents is used
5 to form a bi- or tridentate ligand, such as a biphosphine, dialkoxide, or alkyldiketonate.
Grubbs-Hoveyda catalysts are a subset of this type of catalyst in which L? and R? are
linked . Typically, a neutral oxygen or nitrogen coordinates to the metal while also
being bonded to a carbon that is a-, B-, or y- with respect to the carbene carbon to
provide the bidentate ligand. Examples of suitable Grubbs-Hoveyda catalysts appear in
10 the ‘086 publication.

The structures below provide just a few illustrations of suitable catalysts that may

be used:
PCy3 N
| Mes™ N\Mes PCys
Clit, i | _—<
Ru=— My, oy ——
/ Clin, Ru— Ru
Cl | Ph /l \ cl |
PC Cl
ys PCys
PCy3
Ph
[ —\ =
N N
Mes™ Y “Mes Ph/NYN\Ph MeS/NYN\MeS
Clim
" Ru=— Clim,,, Clim,,
S Ru=— Ru=—
S S
N | ® o | o o |
15 PCys PCys PCys

Heterogeneous catalysts suitable for use in the self- or cross-metathesis reaction
include certain rhenium and molybdenum compounds as described, e.g., by J.C. Mol in
Green Chem. 4 (2002) 5 at pp. 11-12. Particular examples are catalyst systems that

20 include Re2O7 on alumina promoted by an alkylating cocatalyst such as a tetraalkyl tin
lead, germanium, or silicon compound. Others include MoCl; or MoCls on silica
activated by tetraalkyltins.
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product, nethyl 9-hexadecenoate from other nethyl esters. Quaternization:
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a-x \é\lganesulfonates, and alkenesulfonates, in addition to isomerized products. Thus, the

structures provided represent likely or predominant products. Charges may or may not
15 be shown but are understood, as in the case of amine oxide structures. Counterions, as
in quaternized compositions, are not usually included, but they are understood by the
skilled person from the context.
As used herein, “low-EQ” alkoxylates have an average of 0.5 to 5 EO units, “mid-
EO” alkoxylates have an average of 5 to 15 EO units, and “high-EOQ” alkoxylates have
20  an average of 15 to 50 EO units.
In one preferred aspect of the invention, the metathesis-derived composition is a
C12 amidoamine made by reacting a C12 monounsaturated acid or ester derivative with
dimethylaminopropylamine (DMAPA). A particularly preferred composition of this type

has the structure:
O

/\/\/\/\/\)]\N/\/\N/
H I
25 .
In another preferred aspect, the composition useful for cold-water cleaning is a
C1o betaine made by reacting a C4o monounsaturated acid or ester derivative with
dimethylamine, followed by reduction of the resulting amide, followed by quaternization

to give the betaine. A particularly preferred composition of this type has the structure:
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In another preferred aspect, the composition useful for cold-water cleaning is a
C+2 ethanolamine-based amide made by reacting a C12 monounsaturated acid or ester
derivative with monoethanolamine. A particularly preferred composition of this type has

the structure:
O

/\/\/\/\/\)J\N/\/OH

H

In another preferred aspect, the composition useful for cold-water cleaning is a
Ci amidoamine sulfonate, which is conveniently made by sulfitation of the
corresponding amidoamine. A preferred composition of this type has the structure:
50,Na 0
/\/\/\/I\/\/\/\)LN ey
H I
In another preferred aspect, the composition useful for cold-water cleaning is a
C+s diamidoamine dioxide made by reacting an octadecene-1,18-dioic acid or its ester
derivative with dimethylaminopropylamine, followed by oxidation of the resulting
diamine. A particularly preferred composition of this type has the structure:
| 0]

H @)
/(ND\/\/N\H/\/\/\/\/\/\/\/\)J\N/\/\I{I/
@) H | _
In another preferred aspect, the composition useful for cold-water cleaning is an
amidoamine oxide or sulfobetaine derived from cross-metathesis of palm or soybean oil.

lllustrative compositions of this type include the sulfobetaine product made by cross-
metathesis of soybean oil with 1-butene:
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R=C16, C18 Sat.

Boosted bargain detergents of the invention comprise—in addition to the anionic

surfactant, and nonionic surfactant—a performance booster derived from a metathesis-

5 derived C10-C17 monounsaturated acid, octadecene-1,18-dioic acid, or their ester

derivatives. The booster is selected from C, low-EO fatty ester alkoxylate sulfonates,

C+1s amidoamine oxide esters, Cig amidoamine oxide carboxylates, and amidoamine
sulfobetaines made from self-metathesized palm or soybean oil.

In one preferred aspect, the booster is a Ci2 low-EO fatty ester ethoxylate

10 sulfonate made, for example, by reacting a Cy» monounsaturated acid or ester

derivative with an ethylene glycol alkyl ether, followed by sulfitation of the olefin. A

particularly preferred booster of this type has the structure:
0
0™>%"cH

3
SO,Na

15 In another preferred aspect, the booster is a Cigs amidoamine oxide ester. A
particularly preferred booster of this type has the structure:
0O

O
H |

O
In another preferred aspect, the booster is an amidoamine sulfobetaine made

20 from self-metathesized palm or soybean oil. The sulfobetaine product from self-

metathesis of palm oil is illustrative:
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LULLI I'"] LU Conposition *L1-Z13 6T-ZTD OZ-Z713 Cl12-24 (C12-30* *EE-Z13

Cl2-34 8E-Z13 6-913 TT-9TD 9Z-x! W1 Met hods LU
WO 2012/061108 PCT/US2011/057622
SO.-

SO,-
+ RJJ\N/\/\ + 8 + HO/\(\OH

R =C16, C18 Sat. + Unsat.

The laundry detergent formulations can include additional conventional
components. For instance, the formulation can include one or more additives such as

5 alkalinity agents, builders, buffers, abrasives, electrolytes, bleaching agents,
brighteners, fragrances, dyes, foaming control agents, antistatic agents, wrinkle-
reduction agents, soil-release agents, chelating agents, suds suppressors, soil
repellants, anti-redeposition agents, antimicrobial agents, thickeners, pigments, gloss
enhancers, enzymes, detergents, surfactants, cosolvents, dispersants, hydrotropes,

10  speckles, and the like. For examples of additional conventional components, see U.S.
Pat. Nos. 7,078,373 and 7,820,612, and U.S. Pat. Appl. Publ. Nos. 2008/0009430 and

2010/0016198, the teachings of which are incorporated herein by reference.

The following examples merely illustrate the invention. Those skilled in the art
15 will recognize many variations that are within the spirit of the invention and scope of the

claims.

Feedstock Syntheses:

Preparation of Methyl 9-Decenoate (“C10-0") and Methyl 9-Dodecenoate (“C12-0")
o) o)

/\/\/\/\)J\OMG /\/\/\/\/\)J\OMG

The procedures of U.S. Pat. Appl. Publ. No. 2011/0113679, the teachings of

which are incorporated herein by reference, are used to generate feedstocks C10-0 and

20

C12-0 as follows:
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3] f'Dl Ad']1'a 1 3] LU D'9'3D'9'3f 'D'I-1 Conposi tion
LT-OID 8T-OID 6T-OID OZ-013 TZ-OID C10-22 C10-25 C10-32* 017-0TD

*T17- 0TD W@ Do2Vie1108\WWO 2012/ 061108PCT/ US2011/ 057622 PCTH=®CH 105762he
foll owi ng conpositions is tested either as a surfactant conponent of an
MVES- based col d-wat er cl eaning detergent or as a booster for a bargain

| aundry detergent. Unless otherw se indicated below, the conpositions are

prepared usi n% t he _general nethods sumrarized in Table 2: 5 C10-17: C10
DMVAPA Exaraglec &18cr@%mms@a? Fovbeam il @ang IﬂWRPﬂ?'@at Asgleedn A,

"~ staintess-steel ‘jacketed 5-gal||3|H Parr reactor equipped with a dip tube, overhead stirrer,
internal cooling/heating coils, temperature probe, sampling valve, and relief valve is
purged with argon to 15 psig. Soybean oil (SBO, 2.5 kg, 2.9 mol, Costco, M, = 864.4

5 g/mol, 85 weight % unsaturation, sparged with argon in a 5-gal container for 1 h) is
added to the Parr reactor. The reactor is sealed, and the SBO is purged with argon for
2 h while cooling to 10°C. After 2 h, the reactor is vented to 10 psig. The dip tube valve
is connected to a 1-butene cylinder (Airgas, CP grade, 33 psig headspace pressure,
>99 wt.%) and re-pressurized to 15 psig with 1-butene. The reactor is again vented to
10 10 psig to remove residual argon. The SBO is stirred at 350 rpom and 9-15°C under 18-
28 psig 1-butene until 3 mol 1-butene per SBO olefin bond are transferred into the
reactor (~ 2.2 kg 1-butene over 4-5 h).
A toluene solution of [1,3-bis-(2,4,6-trimethylphenyl)-2-imidazolidinylidene]-
dichlororuthenium(3-methyl-2-butenylidene)(tricyclohexylphosphine) (C827, Materia) is
15 prepared in a Fischer-Porter pressure vessel by dissolving 130 mg catalyst in 30 g of
toluene (10 mol ppm per mol olefin bond of SBO). The catalyst mixture is added to the
reactor via the reactor dip tube by pressurizing the headspace inside the Fischer-Porter
vessel with argon to 50-60 psig. The Fischer-Porter vessel and dip tube are rinsed with
additional toluene (30 g). The reaction mixture is stirred for 2.0 h at 60°C and is then
20 allowed to cool to ambient temperature while the gases in the headspace are vented.
After the pressure is released, the reaction mixture is transferred to a round-
bottom flask containing bleaching clay (Pure-FIo® B80 CG clay, product of Oil-Dri
Corporation of America, 2 % w/w SBO, 58 g) and a magnetic stir bar. The reaction
mixture is stirred at 85°C under argon. After 2 h, during which time any remaining 1-
25 butene is allowed to vent, the reaction mixture cools to 40°C and is filtered through a
glass frit. An aliquot of the product mixture is transesterified with 1 % w/w NaOMe in
methanol at 60°C. By gas chromatography (GC), it contains: methyl 9-decenoate (22
wt.%), methyl 9-dodecenoate (16 wt.%), dimethyl 9-octadecenedioate (3 wt.%), and
methyl 9-octadecenoate (3 wt.%).
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11\11- | NaS03 | N | Ol NN | C10-21: C10 DVAPA AO Sul fonate
Cl10-22: C10 DWVAPA Bet ai ne Cl10-25: C10 DVA Anmide o VWO
2012/ 061 WORCR/IIBED811/ 057622 PCT/US2011/057622

The results compare favorably with calculated yields for a hypothetical
equilibrium mixture: methyl 9-decenoate (23.4 wt.%), methyl 9-dodecenoate (17.9
wt/%), dimethyl 9-octadecenedioate (3.7 wt.%), and methyl 9-octadecenoate (1.8 wt.%).

5 Example 1B. The procedure of Example 1A is generally followed with 1.73 kg SBO
and 3 mol 1-butene/SBO double bond. An aliquot of the product mixture is
transesterified with sodium methoxide in methanol as described above. The products
(by GC) are: methyl 9-decenoate (24 wt.%), methyl 9-dodecenoate (18 wt.%), dimethyl
9-octadecenedioate (2 wt.%), and methyl 9-octadecenoate (2 wt.%).

10
Example 1C. The procedure of Example 1A is generally followed with 1.75 kg SBO
and 3 mol 1-butene/SBO double bond. An aliquot of the product mixture is
transesterified with sodium methoxide in methanol as described above. The products
(by GC) are: methyl 9-decenoate (24 wt.%), methyl 9-dodecenoate (17 wt.%), dimethyl

15 9-octadecenedioate (3 wt.%), and methyl 9-octadecenoate (2 wt.%).

Example 1D. The procedure of Example 1A is generally followed with 2.2 kg SBO and
3 mol 1-butene/SBO double bond. Additionally, the toluene used to transfer the catalyst
(60 g) is replaced with SBO. An aliquot of the product mixture is transesterified with

20  sodium methoxide in methanol as described above. The products (by GC) are: methyl
9-decenoate (25 wt.%), methyl 9-dodecenoate (18 wt.%), dimethyl 9-octadecenedioate
(3 wt.%), and methyl 9-octadecenoate (1 wt.%).

Example 1E. Separation of Olefins from Modified Triglyceride. A 12-L round-
25 bottom flask equipped with a magnetic stir bar, heating mantle, and temperature
controller is charged with the combined reaction products from Examples 1A-1D (8.42
kg). A cooling condenser with a vacuum inlet is attached to the middle neck of the flask
and a receiving flask is connected to the condenser. Volatile hydrocarbons (olefins) are
removed from the reaction product by vacuum distillation. Pot temperature: 22°C-
30 130°C; distillation head temperature: 19°C-70°C; pressure: 2000-160 utorr. After
removing the volatile hydrocarbons, 5.34 kg of non-volatile residue remains. An aliquot

20



o OH Met hyl ester Cl10-0 (390.2 g) is charged to a round-bottom
flask equi pped with an overhead stirrer, and the contents are warned to
70C. Pot awei2orvdsywsoxi de (16% 5 solution in glycerin, 5P28Tg)S2013/08meded. The
m xture is heated to 100C and additional KOH pellets (35.10 g) are added.
After stirring 17 h, gas chromatography indicates -94% conversion to the
fatty acid. Additional KOH (10 g) is added, and stirring continues at 100C
for 4 h. Conversion by GCis >97% The m xture stirs at 100C for another 4
h, an®fithe pRBrYOkSte @mdl&tm@urw H?‘W%@”?ﬁq WHRBOSHoR Juethexide indnathasrlt i on

¢ ﬂe??a%n%%%a'%@@% SHR BradieisTIoy) B9 b vt dedlndHhe (SSURILE ROFRE ' ©
80C) f9sdodecenoatel h(@3aqm%)45 dphal$19l |$gelgd'§8emmated (4 Tm:/iéggt z}gﬂgd V\meg1cylmgQ-
bt oductadecerPf Bt iblr TDECINAR: SR €a1e8 "HTIS0r o 0 EnARIR 5 ARAEt us e

vm EhowhaddifrbREpalRbbH fs‘é'eﬁlbdopum @Iﬂ 357 g. 15 Cl10-32: Cl0 UFA SLA SGBNa
In a su?fonatlon bat ch reactor nmai ntained at 20C under a nitrogen flow (2

20 L/'mn.), Cl0-36 (109.6 g, 0.64 m)l) is added to nethyl ene chloride (100

oX r at,ed,Qqv a
140C 1%“ 6'{?0':1 I:anM% ﬁab& cPfOM% Eﬂeglygégpgr %‘sﬁi%q‘ T %r?bgpﬁtgmeﬁéé”k
st r eafittedheitlnadinhigneétic sticbar, cSﬁHenseradjeaam@dnaMIdgeemptal'tz&un'eeardbeorand gas
tenperature at or gfgl ow 35C. At the end of the add ti onrﬁéhﬁ%n ction

r

mi xt urBdlaPLer; GRas9 e AV IMPOGHMA AR ERRIN SNGENANO aﬁ the AeR-
gggon%iﬁtférp?@ddﬂ’t‘%l&tdfé%% ced'fh Exathdié Gl?.’igél %é;;)hmf(‘gﬁﬁ@gh%ﬁtryéﬂoﬂ/ at

The acid 1s neutrall zed using water o aq. NaOH
(41.7 r@)terogmamzm@ma@smﬁfrew%m/cmmmz Hpdtiue yskwire durar noredgeneowss 85C

d pH t d th dt 509 ddi t )
oo g ulE e B bt BB e LEnaBRr 2R HifrClipfathss ik - hblogto

Anal ytdrgsibnt %ﬁérﬁtur@%nd&m@la@éﬁs fo‘ibn TRE Dhddrfc gﬁ?asé |§WNa°§1e§QMtHJHh§éBJ§“ e:
0.51 wt.% unsul fonated matter: 0.79 w.% 0: C10 Benzyl

C10- 4MetoanoB&i0% vév, 21 x Bk, rsepatrtadt a@dmreua@kzect by easiéep wmhrglaelahgcete@t er

(379 Bt bhol FERGERIN-OUERRII S Pl 5388, *s i "and ful |

vacuum i s applied. Dinethylamne (67 g) is slowy added via sub-surface dip

tube. After the addition, the mxture is heated to 60C and hel d overni ght.
The arﬁwpelezdSOIaélq%%M@iﬂéﬂ Ester Foedstoeksst Al 12t ireund-pottpaptask fﬁtﬁﬁm

(Do-cffH 8HGetE s, PabldflodRind SRR fpectllrb eSS, Rghstabtin e °
T et a"ﬁ?e“‘b'@“ﬁt‘?f’ﬁ.‘?’ the ferberat o gt 1T, 15¢
THE %UP% rmg% q'ger B9 P&HH@H& ré%nda@t ‘?‘?%t ﬂ%eﬁt? o SHaplgsE i s
o || afedins gk i HuaPoeLes) (6ng) A S o

by 15% ag. NaCH s he" m xture warnms to room tenperature and
| s st idistdldtiérorhdach to Thibichi at lille pre-waighext e‘taskatsdﬂtted for | eadlectrg dractionashed

t nbi t d Pht h I h d
(57, 5 E5tebog duesriormad fiokn Bt OB T Gehive : A e lEuamhuple 1 eaipaplo °°
I SO' at.wéiclaorr%@n yl ATTHEBeYGHtE & CZ@@ aﬁE r'ﬁ@trl( 9- déuhdéﬁo\é@é we121g8. 1§a91p1e?s/ 100
anpl e; 5%m)|sture 0. 02% 13), 6 (ppm: 5.8 (CH2=CH);

(@512 @lqll¢cteg duringcHheNdstilatmm) dlsvuatmwpodmpowcandudmmmmtm of the
fractions (by GC) are shown in Table 1. A reflux ratio of 1:3 refers to 1 drop collected

for every 3 drops sent back to the distillation column. Combining appropriate fractions
yields methyl 9-decenoate (1.46 kg, 99.7% pure) and methyl 9-dodecenoate (0.55 kg,
>98 % pure).

30
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A flask is charged with 010-38 (114 g),
nonochl or oacetate (74.6 Q).
mai nt ai nesloan126v10By addi ng 50% NaCH. After 6 h,
chloride (theoretical:
49. 58%
(- CH2- N+(CH3) 2) ;

NaCl

9.95% 1H
3.1 (-

109 .
NVR 5(DO),
CH2- N+( CH3) 2) .

Upon

cool i ng,

water (180 ni),
The m xture is heated to 100C and the pHis
titrat ipoOm/Ushaw®sB27 %
010-41 is anal yzed: noi sture:
6: 5.8 (CH2=CH); 4.9 (CH2=CH);
Cl2- 14 Cl2 DETA Quat Sul fonate SO3Na

and sodi um

3.7

10 C12-17: Cl2 DMAPA Anide - - NN_H A
round-bot t om f | askTeelgi’p Q'&Rﬁoﬂwfrﬂm-@@@ﬁl @] flatiafechani cal stidrer,
and DeRistilatiank t'rlveasite@pcr 2-0C(1&P0 ¢), C12-0
3-( d|_|:éﬂaﬁt‘wrl$r# no) nd&dv| ai MMHEL-MMC@—(J]. 29
of a|30% dolutilon 4&3hs | mixt$Pe ig healed to
100C |and—#et hatol 43¢ o1 aturdis inerehsed|in 5C
1 anont 13 unt 11l +4\7:-\4 on ma vt :991'\ L d hnlm At
I nCr TeTTU arTTo Tty C UII}. T AT A>3 3 LILAYAl o9y 130C
h nad + o {gfir.ln d P N | :ggrl £ Ay 2 (\E h
for & L gha— et a5(f =S PP gt T 9t —z—p— - The
t enperattige 1S etevated—t 4 lﬁ'd‘d‘l‘l‘l‘@'la‘gjr "ES) h.ggcui trect cb’j
di stifttate—nct uueb5dlbt trgnot— ggrd—soneYARPAT—They Tegctigyg mifturey s 20
cool et tTogITOC [ ties{1 tTUgemHpar T SigT STONt T7gued, ang; vacyum Was
appl ifed—ghe mMXTUgE7d S St TidePed O @85S DVARK (10T, 420 HJ2330 1in.).
The produgf, am doaj ne U1Zi3bAzihas amqgm ne vadaue of 19P. 39 [( €].75W
281. 3). ITH NWR[(CDCrs3) caonfiags for mat1ion of tb23zam|de, gased on 74
di sappearance of the net hyl13@sier [peakiiat 3] 61 ggom and appearancg9of tlhe
DVAPA CH2131 gnal s ar6 3. 30, f36lBg and 11062 ppm and 2% t hed N(CH3) 2 9at 2./120
ppm | WO 2012/ 061108PCT/ US2(8B113057/622 10C12- 19: 2852 DMAPA Quat| Sulsbonat|e
SBNa__ | N ... .|...76-77 .. .[.."146. . .|+ N0 | |C122%20: |C12 ©DVAPA AO90 1?1 |
5 Cl2-24:16C12 PA/&ul f abet 4#the /ISCQ3-100 426 0 100
Preparation of Methyl 9-Hexadecenoate (“C16-0") feedstock
0
/\\/\/\\y‘\/’\/’\/’\JJ\OME
5 The procedures of Example 1A is generally followed except that 1-octene is
cross-metathesized with soybean oil instead of 1-butene. Combined reaction products
are then stripped as described in Example 1E to remove the more volatile unsaturated
hydrocarbon fraction from the modified oil fraction. The procedure of Example 1F is
used to convert the modified oil fraction to a methyl ester mixture that includes methyl 9-
10 hexadecenoate. Fractional distillation at reduced pressure is used to isolate the desired
product, methyl 9-hexadecenoate from other methyl esters.
Quaternization: General procedure C
Tertiary amines are converted to methyl quats, betaines, or sulfobetaines by
15 reaction with a quaternizing agent. The quaternization is performed at temperature

within the range of 65°C to 100°C. The quaternizing agent used is dimethyl sulfate for

methyl quats, sodium monochloroacetate for betaines, or epichlorohydrin for

sulfobetaines. The amount of quaternizing agent used is from 0.8 to 1.0 molar

equivalents based on the amount of tertiary amine. The reaction is deemed complete
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roH N' | Cl2-30: Cl2 MEA Am de 10A round-bottom fl ask equi pped with
nitrogen sparge, thernocouple, heating nmantle, agitator, and Dean- Stark
trap i s onergedeniosh net hyl ester feedstock 012-0 (125. pgT/u32&965m02 ) and
nonoet hanol am ne (37.2 g, 0.608 nol). The m xture is heated to 60C. Sodi um
met hoxi de (2.14 nL of 30 wt. % solution in nethanol, 0.012 nol) is added to
the flask, and the reaction exotherns to -80C. The m xture is then heated
to 15 100C and held for 2.5 h. The reactor is cooled to 90C and the

Dean- $thgkthe éﬁ?el aMinanyolg. 'S\ﬁé?chh@nijﬁ%'r@pﬁ?”% agrgterraines lP)j/ Qeﬁcfﬁoﬂ%qu
over QuaBn Vacuumwas held at 20 nmHg for 0.5 h, then at 1.4 nmHg for
1.0 h'to renove residual nmethanol. 1H NWR spectroscopy i ndi cat es reasonably
conpl ete conversion to 012-30. Free MEA, determined by titration, is 0.71%

20 Clé33 Cl2 EE(A ng ul f onate q3l\la 3%’ V\Ba2012/ 061108PCT/ USZOll/ 057622
012- 3\NING gxidesfr mjngs: gepesalpyocedure By ged to a round-bottom fl ask
eqyi pped V"'AF *Per%ﬁrayp‘é?rm@@ dilted Hith Wakh-tel R AT 40 Rt m&RRECRHh is

t her nocoupl e mant| e, and tenperature controller. 2-Mthoxyethanol
(162. Gvayneshic 5Q?mer7@°cmr(ommntmgerar dydroded. peToxddeisptulioa (B5°/d1$®iuteoh tbtal24C

ool | o2 el ) i, R iouis vtk kSerdlig it hidhalle HEGH T2 TR |°

and cqﬁyﬁfrélus)new%ttth@ ré&AMn tebypetatuNYRr 4 fo 98% or( PitD AR Freb PerdXiGe nw @sgens

al pha to the carbonyl are used to determ ne degree of conversion.) T

sarrpl delaw §i2%msetpteanineddyesteriniedisleaitbasxcess 2- met hoxyet hanol . Re5| dual
toluene is removed by stirring at 150C under vacuum (1-5 mmHg) with a

IO\% nitrogen sparge to give ethoxylated fatty acid nethyl ester 012-8.

A 1 ourXinidg Symﬁéﬁsl@rmmm mwbbmsmes) b@enetdiprovedurd E, heating nmantl e,
tenperature controller, robe is charged with 012-8 (109.7 Q) and
i sopropyl Ansaiete o ety I®ste 0 (it P'épmlxl‘qn@e@terﬂﬁé:@&'ﬁ%ﬁﬁ)és P8

to 45 = I

codi o h%'%ﬁ%aﬁ“h’a%%&?xay RAREREIOF sekolddy arne #08 ?@988'3?’%“@*

di ssolDMAPA). d&ib}amiezeataMt ¢e.g(, IREOMe or oTItnérsalﬂxok'rdeD (s adseddfiddsideachpitee t 0
b1 o rSestihat BN 5 AN i Ry U0 BRI o rade ShB0IE J6 dab Gamik e ¢
over NisgdHinglest&Cis %M.du%&@h%dﬂome%wp@&a S pAfed ngti@nuaTBﬁ

m xture is transferred to “20 anot her vessel wth deioni zed

sodi urwalal fMasbingz .or ajher aaundiBBeans 0 Altgrnatively.t the prioguat s usedhéas mal angl 750

for 3 h, then cog‘| ed to roomtenperature and stirred for 2 days. 1H NWR
shows SBYEIEARPUES FEYRAWES: xt ure is reheated to 75C for 5 h, then cool ed

to roomtenperature and stirred overnight. No additional conversion occurs.

| sopropyl alcohol is stripped and chloroformis added to isolate unreacted
0vor Bserifgatondognake Fthouater(aRAMBSk GanprlreceduiE33 (ch or of of m
phase). Cl12-34: Cl12 UFA SLA ONa SG3Na 32 WD 2012/ 061108PCT/ US2011/ 057622
Cl12-38: Cl2A Buir#blardanieoxgli6-&cid G 6oDidkisal withde poly(adyehe @y6olDiidorsethf/bnat e

ether (0.8-2.5 eq.), an acid catalyst (e.g., sulfuric acid, methanesulfonic acid, p-
toluenesulfonic acid, or the like), and optionally a solvent (e.g., toluene, xylene, or other
hydrocarbons capable of forming a water azeotrope). The mixture is heated at 120°C to

25 180°C under vacuum, nitrogen sparge, or nitrogen blanket and the liberated water is
collected. The reaction continues until the desired acid value is achieved.

Amines by Amide Reduction: General procedure G
Lithium aluminum hydride (or a similar reducing agent) is dissolved in a solvent
30 (e.g., diethyl ether, THF, dioxane, diglyme) under a nitrogen blanket. A suitable fatty

amide is dissolved in the same solvent and is added dropwise, keeping the reaction
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NN Feedstock Synthesis: Preparation of D nmethyl 9-Cctadecene-1, 18-dioate
("M x-0" or "018-0") MeO 100 Ei ght sanpl es of nethyl 9-dodecenoate
(10. 6 g esohlp1sel08abl e 3) are warnmed to 50C and degassedTaistériasmen for 30

m n.

tri met hyl pheny1) - 2-i m dazol i di nyl i dene] di chl or or ut heni un( 3- net hyl

A netathesis catalyst ([1, 3-bis-(2,4,6-

i dene) (tricycl ohexyl phosphine), product of Materia) is added to the

nmet hy

9- dodecenoate 15 (anmount_indicated in Table 3) and vacuumis apde i ed

to pr 6©m@8r9éu'|@r wilbiny Gegrnge QREG 1OTHE G e AlEr g BRSNSt

sel f

I ndi c?ﬁ%@g %tzg)d(rﬁ’rt Irb%étocta e%tgﬁtég% %Gl }58 éed ?és/ ‘%%ﬁﬁﬁgégr@heﬁé yi el ds

repo_rtamaiueoosTsdaiuﬂnShydqudeols addexh 8I(he2@ohdsalase Ifittesed iofforamd thexsalvent is

obt ai ned fr he reactiqn m xture | i zation provides the all-trans-
e o SoNEd. THERDTe 00! 1 W Bed S GSIBEPEr USS015) 0bross Tanl o 5.

Se:sf-I\/Et at hesis of Methyl 9-Dodecanoate Sanpl e Catal yst Loading (ppm
nol /ol )* Reaction Tinme (h) C18-0 (GC Area %9 A 100 3 83.5 B 50 3 82.5 C 25
3 83. omidazolhe synthesis: General procedure H

10

15

20

25

30

Methyl 9-decenoate or methyl 9-dodecenoate is combined with
diethylenetriamine (DETA), with or without a catalyst, in the desired molar ratio of ester
groups to primary amino and/or hydroxyl groups. Usually, two moles of ester are used
for each mole of DETA. The mixture is heated with agitation to a temperature within the
range of 140°C and 200°C under a mild vacuum that prevents or minimizes evaporation
of DETA from the reaction mixture. The reaction proceeds until analysis (IR or '"H NMR
spectroscopy) indicates reasonably complete conversion. The contents are then heated
at a temperature within the range of 175°C to 300°C with a lower vacuum (5-100 mm
Hg) to effect ring closure to the imidazoline. Reaction end point is determined by
titration.

Sulfitation of olefins: General procedure J

A sulfitating agent (sodium sulfite, sodium bisulfite, sodium metabisulfite, or the
like) is dissolved in water and combined with at least a molar equivalent of an olefin.
Optionally, a catalyst (peroxides, iron, or other free-radical initiators) is included. The
mixture is heated to 50°C-100°C for 3-15 h until sulfitation is reasonably complete.

Estolide Preparation: General procedure K

The procedure used to convert methyl ester C10-0 to its respective fatty acid
C10-36 is generally followed as described below.

Sufonation is carried out in a batch reactor maintained at 20°C under a nitrogen
flow (2 L/min.). The unsaturated fatty acid or an unsaturated fatty acid and saturated
fatty acid mixture is added to methylene chloride. Sulfur trioxide is evaporated over 30
min. via a 140°C flash-pot and is bubbled through the reactor using the nitrogen stream

at a molar ratio of SOs3 to alkene functionality of about 1:1. The addition rate of SOs is

24
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66.2 E 15 4 90.0 F 13 4 89.9 G 10 4 81.1 H5 4 50.9 * ppm nol catal yst/ nol
nmet hy 9- dodecenoate The tested conpounds based on 018 feedstock have the
f ol | owi ngwet2n1eateures : C18-28: Cl18 DI M PA D Quat Sul f eoatus2dtios76b - N |

N ....... R "7NL +- 1 o

adjusted to keep the reaction temperature at or below 35°C. At the end of the addition,
the reaction mixture is maintained for an additional 5 min. and the mixture is then
concentrated under vacuum. The acid product is digested for 1-2 h at 50-85 °C.
Neutralization is performed using an appropriate base and hydrolysis occurs at 85°C
5  with the pH maintained with additional base. 'H NMR is used to determine complete

hydrolysis.
Ester Hydrolysis to Fatty Acid: General procedure L
The procedure used to make fatty acid C10-36 as outlined in detail below is

10 generally used.

Table 2 summarizes the general procedures used to prepare the following

compositions:
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A round-bottom fl ask equi pped with a nechani cal

diester 018-0 (545.6 g) and DVAPA (343.3 g).
and sodi uworeetdexiode (20 g of 30 wm % sol uti on in MeOH) ipsTASA@EA/05THRE
tenperature is raised to 15 110C over
tenperature is increased to 150C in increnents as the distillation slows.
6.5 hours and then cooled to room

The m xture is held at 150C for

1.5 h, and net hanol

stirrer is charged with
A Dean-Stark trap is attached,

is collected. The

tenperature. 1H[NMR anally$i $ [nfdifafes [a [mndr amount of unreacted net hyl
ester. The mxture is|beafjed to| 1BOC for [severals hours and additi onal DVAPA
and sodi um net hoxi de aBgoadded. | THe| mixfel-g ils ¢&ool ed and |neutralized with
WO 2012/ 061108PCT/ US20E1L0GTE2E Ldo'urjoenﬁruamed hy?{}r ochI oric |acid. Wen the
m xture has cooled to |80C| delohigzed water |i S ? resulting in
precipitation of the am|de to|affprd @ [sljurjry. 1§s are [i sol ated by
vacuum filtrati on and [Wwashed W th[ watler| [The solag; groduct, all-trans am de
018-26, is dried undenqgvacuum Viel d:|92.12% 1H2NF§’R«;(CDCI ) confirns
formation of the am deZ|&|Baged| DM FHEar gnc %a@f othe nethyl ester peak
at 3.65 ppm and|appear angezo e TP i I>Smat 3.31, 2.12, and 1.62
ppm and the N(CH3) 2 at 522 8 %)‘r’n aﬁ?r:bund Q‘,otwtamflask is charged with
am ne 018-26 (141.0 g)’|water|(R3[L.P2 B)| fand ?)EEg 80 (0.4 g). The
m xture is heated to 50C and dry [CE | S| adde HZ8. 8. en the pH
stabilizes, aqueous H202 (3%% H7 8 o) s ad edLLd copwi se wi thout 10
heati ng, keeping tbhe tlenperature pe| ow [75C. Aft%“‘t e peroxi de addition is
conpl ete, the m xt&re |B3-naraed|al B5SC [ola|l8§ hX Ehe nixture is cooled to
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D nethyl ester 018-0 (824.3 g), DVAPA (519.5 g), and sodi um net hoxi de
solution (2.4 wt.% NaOMe based on nethyl ester) are heated slowy to 140C
and hel d wonopeseroal hours. A subsurface nitrogen spar gecCirasedaiitiosmerl at t he
end to facilitate the 15 renoval of nethanol. The tenperature is reduced to
100C, and the contents are vacuum stripped. A solution nade from dei oni zed
water (1.0 L) and 50% H2SO4 (11 g) is added slowy to the nolten reaction

product . The m xture cools, and the pasty solids are isol ated by
filtration.EapReolsBrifalowing coaprsiions s eetesreithal g2 Surfagiagt pﬁ@mnem ate is
extracfe I T h a

conconT ey Pased GIEWER ety delErbpnt 08 " SRERTII PhbSipftinary

Ci s- emjetargedt. pUtmthsstotbpr\ﬂlble NhdRcatEldebgiew| the compositiorsliass preated rustidCti
filtered t rou%h silica, QIQ%E ed with the pasty solids. Additional

CHCI 3 9e0667! st Pgséddﬁﬂarﬂzﬁ iR fitents, and the nmixture is swirled on a
W0;2012/ 061108PCT/ US2011/ 057622 rotary evaporator at 70C until honogeneous.
Vacuum is applied, and the CHCI3 is renoved, followed by water. Evaporation
i s di £h17nG46 ﬂMAuﬁ’AAmMeoduct remains a solid at 98C. The cool ed
product, M x-26, is analyzed: amine valug: 229.1 ng KOH g sanple; free

DVAPA: 0. 08% m)isture 0.09% total alkalinity: 08 neq/g. 1HNWR 5

(cbcl3), 6 (ppm) = 5.3 (-Mmmz ): 2.2 (-N(CH3)2). 130

NVR (CDCI 3), 6 (ppn) = 130 (trans -CH=CH )" 129. 5 (cis, -CH=CH ). Product
%.tran 20. 7% ci s. Diamde Mx-26 (224.5 g) is charged to

ratio:
a flasqa%"ghc\lﬂtmﬁp‘?ﬁg and citric acid (1.5 g), and the contents are
heated to 80C. Sodi um nonochl oroacetate §57 g) in 10 water (200 mL) is

added slowy to avoid an We addjtj.on is conplete, the
m xture is heated to 90C &n e ddiN'i onal sodi um

nmonochl oroacetate (3.5 g) is added and tHé reaction continues at 90C for 2

h. Tit %fre | . The mixture is cool ed, and the product
|§Otr:§1ﬂ$ égrgagﬁﬂﬁﬁ‘%ﬁ) E%‘rﬁ lask with methanol . The nonobet ai ne
product, Mx-36, is drled to a solid by remgeatedly adding 15 MeOH and
evaporating on a rotaryssyvapaorat or. 1H d3-Me0D),- 6 (ppm = 5.35
(-CHECH); 3.8 (-C(0)- CH2-N¥ )25); 3.2 (-ﬁ(a(ﬁ-/aD-M(CHS)Z-). A
nitrogen-purged flask is charged with nonobetaine Mx-36 (113.9 g),

I sopr gPpd-26! €9 quM‘p@z and ethanol (30 g). The mxture is warned to 70C
and di rret G ésglfate ﬁ?% g) is added dropwi se. The m xture is cooled to

malntalntheterrperature-7OC. 20 The xture ig held at 70C for 3 h.
Addi tional dinethyl sulfat Nd heating continues at 70C
for 3 h, then at 85C for h. The mxtureHs allgwed to cool and is

concentrated. Water (195 g) is added to -40 w.% solids. Analysis of the
bet ai I&103241 CP0 BMAPA NOSaffonateows: pH 8.35 (1% in water); noisture: 47.7
w.% NaCl: 4.74 wt.% sodiumsulfate: 0.3 wt.% 1H NWR data support the
proposed structure. 25 MXWPA AO (80: 20 trans-lcis-) WO
2012/ 061108PCT/ US2011/ $)898 R-DBVKPA Ami de Sul fonate (100%
trans- ) IHN-NN1\1 SO8Na 5 M X-70: C18 DVARA Car bbxyl ate (80: 20
trans-lcis-) NaO O M X-73: C18 Carboxyl ate DVAPA AO (80: 20 trans-Ilcis-) NaO
0 MdiG1t22T€i1gIBMAPAIBerined on Soybean O ("MIG-0") o 10

C10-25: C10 DMA Amide

20
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The procedures of Exanples 1A and 1E are generally foll owed except that 1-
butene is omtted. Mdd. Triglyceride From Cross- Metat hesis of Soybean Q|
and 1- Butwoeo(2/d¢T@80") o 0 Unsaturated Triglyceri desPCoAB2@n05622
enriched, also containing 15016 and 018 Saturates) WO

2012/ 061108PCT/ US2011/ 057622 The procedures of Exanples 1A and |E are
generally followed to produce UTQD from soybean oil and 1-butene. Modified
Triglyceride Based on Palm Q| ("PMIG 0") The procedure used to nake

MIG- 0 G10-86) CaQF@attyeAciht that pal moil is used instead of soybean oil.
MIG 0 Feedstock Derivatives MIG 6: MIG DVAPA Betai ne M x HOOH OOH R =

Cl6, Cl18 Sat. + Unsat. PMIG 11: PMIG DVAPA Sul f dbet ai ne 0 RHOOH NOH+ OH
R = 016, 018 Sat. + Unsat. UTG 11: UTG DMAPA Sul flpbet ai ne SO3-
= OH

Methyl ester C10-0 (390.2 g) is charged to a round-bottom flask equipped with an
overhead stirrer, and the contents are warmed to 70°C. Potassium hydroxide (16%
5 solution in glycerin, 523 g) is added. The mixture is heated to 100°C and additional
KOH pellets (35.10 g) are added. After stirring 17 h, gas chromatography indicates
~94% conversion to the fatty acid. Additional KOH (10 g) is added, and stirring
continues at 100°C for 4 h. Conversion by GC is >97%. The mixture stirs at 100°C for
another 4 h, and is then cooled to 80°C. Water (400 mL) and 30% sulfuric acid solution
10 (500 mL) are added, and the mixture stirs for 1 h. The aqueous phase is then removed.
Water (500 mL) is added, and heating/stirring resumes (to 80°C) for 0.5 h. The
aqueous phase is again removed. The water washing process is repeated two more
times (2 x 500 mL). The crude fatty acid product is stripped under vacuum at 80°C for 2
h to remove water and is used without further purification. Yield: 357 g.
15
C10-32: C10 UFA SLA

SO3Na

In a sulfonation batch reactor maintained at 20°C under a nitrogen flow (2

20 L/min.), C10-36 (109.6 g, 0.64 mol) is added to methylene chloride (100 mL). Sulfur
trioxide (51.6 g, 0.64 mol) is evaporated over 30 min. via a 140°C flash-pot and is
bubbled through the reactor using the nitrogen stream. The addition rate of SOs is
adjusted to keep the reaction temperature at or below 35°C. At the end of the addition,

the reaction mixture is maintained for an additional 5 min. and the mixture is then

25  concentrated under vacuum. The acid product is then digested for 1 h at 50°C. The
acid is neutralized using water (151.0 g) followed by 50% aq. NaOH (41.7 Q).
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-s03- 0 OHN.-- RA5SR = Cl6, C18 Sat. HOOH OH UTG 12: UTG DVAPA AO 00
NNNN O 0 +A1 R NN+HOOH HI OH 10R = 016, 018 Sat. 15 WO

2012/ 0611W6RCI/IeB@8 11/ 057622 Table 4. Sumary of Modi fi edT/se@lipsse: de
Products Soybean G| PalmG1l Self-net. MIGO X-net. UTG 0 Sel f-net.

Hydrolysis is carried out at 85°C and pH is maintained with additional 50% aq. NaOH
additions. "H NMR analysis supports the proposed composition for sulfo-estolide C10-
32. Analytical results: pH: 5.25 (as is); moisture: 51.6 wt.%; sodium sulfate: 0.51 wt.%;
unsulfonated matter: 0.79 wt.%.

5
C10-40: C10 Benzyl Quat
/W\/\/\IIL e
C10-41: C10 Betaine
0O
o
Z 'Tf
10 A round-bottom flask is charged with methyl ester C10-0 (235 g) and the

feedstock is degassed with nitrogen. Sodium methoxide (5 g of 30% solution in
methanol) is added via syringe over 5 min. and full vacuum is applied. Dimethylamine
(67 g) is slowly added via sub-surface dip tube. After the addition, the mixture is heated
to 60°C and held overnight. The amide, C10-25, is recovered via vacuum distillation
15 (120°C, 20 mm Hg). lodine value: 128.9 g 1,/100 g sample. 'H NMR (CDCl3), & (ppm):
5.8 (CH2=CH-); 4.9 (CH,=CH-); 2.8-3.0 (-C(O)-N(CHs)2; 2.25 (-CH2>-C(O)-).
Amide C10-25 (475 g) is slowly added over 3 h to a stirring THF slurry of LiAlH4
(59.4 g) under nitrogen while maintaining the temperature at 11-15°C. The mixture
warms to room temperature and stirs overnight. The mixture is chilled in an ice bath,
20  and water (60 g) is added cautiously, followed by 15% ag. NaOH solution (60 g). The
mixture warms to room temperature and is stirred for 1 h. The mixture is filtered, and
the filter cake is washed with THF. The filtrates are combined and concentrated.
Phthalic anhydride (57.5 g) is added in portions, and the mixture is vacuum distilled to
isolate C10-38. Amine value: 298.0 mg KOH/g; iodine value: 143.15 g 1,/100 g sample;
25 % moisture: 0.02%. "H NMR (CDCls), § (ppm): 5.8 (CH2=CH-); 4.9 (CH,=CH-); 3.7
(-CH2-N(CHs3)z2).
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PMIG 0 X-net. PUTG O DVAPA Betaine Mx MIG6 -- -- -- DMAPA Sul fobetai ne --
UTG 11 PMIG 11 -- DVAPA AO -- UTG 12 -- -- Part A Solubility Evaluation
of Ci 6 MB8OQoremtosat es This met hod eval uates the abil i PgTafS2@IN/057622
experinmental sanple to prevent 5 precipitation of a Cl6-based nethyl ester
sul fonate ("C16 MES') in an ultra |laundry detergent fornula at 5C and 25C
storage tenperatures. Al though C16 MES provides good cl eaning over a broad
range of soils, it is difficult to incorﬁ)orate it into laundry detergents

because of A tiaskeliat phanggdpadih el Qisd) (14 8).watader 4180c sitonaRdir AiHENt .
A tai ny f 1 dis-fi t
o° pr ShSGHSHALeERE (7P8 ), (HHniEREte R pédiEd 45LEH0RE Hnd RIS ntaib Birled ©
exper iatefq0aby sadirige50% baQlést Affer Beh f titratiorc shoWwst M %x phloridentledoreticgll e i s
conpar

ith that of N ) 40- CO, ial id t of
St eparl Cphrp RGP G0 BB FEr bh 1 AHAE N IO AR, M’ BArT Dt het BrNbB0% of
th i t . icSyfd St i + {. t ith
o1 o- soptrhY S b R e PP EE ARG P (O R o
St epan). Sodi um hydroxi de (50% agq. solution) is added to pH 11 (about 24%
f th I 4 % ired). Ctri id (50% aq. | ution, 6.2
w59 G 35uca2 BT AShet SYrORF® hanol i ne (3. 45 wt. 59 B - Soft(r) EC-690
(laureth-7, 90% actives, 27.8 w.¥cproduct of Stepan) is slowy added. The

pHis adjusted to the 7.8 to 8.4 20\*ange, targeting 8.1 with the
remai ni ng aqueous sodi um hydroxi de bTSti,_pnOSodi um xyl ene sul fonate (40%

actives, 4.30 M.M&é{f\fm b Wd t he remai ni ng
dei oni zed water (q.ssojNa 100 wt.% . Pre—arath of UMra Laundr Deter
ent with C16 MES and the Bl end: Deionized water (g.s. to 100 wt.% is
charged at 55-60C. The concentrated 25 blend prepared above (58.0 wt.% is

added j Le maj injng tenperature between 50C and 60C. The Cl6 MES (87%

ad?i vélsl\ﬂlg gﬁbﬁlﬁ@g’ﬁ g“é'ﬁ&m y added and al l owed to dissolve. The mixture

is then allowed to cool to 35C. The experigrental sanple or WO

2012/ 061108PCT/ US2011/ 057622 cocam de ta/ngg}q (5.0 wt.% is then added

slowy and m xi ng continues unti |~ he“batchN s 1o eneous. Stability

Eval uation: Utra |aundry detergent sanples (about '100 g) are kept at 25C

or 5Cfor 4 5 weeks, The sanples ar nitored for physical .changes,

el udi ng. ehadicEadiempsk Sebined wih MBpaerysHesos e Pedia Sl BRT 20 ¢ ne

li ke, mah-Shekchapoas dharder onird mdtagiul dsteof Ciib® epgripuad) on ApRRREhYIN

Table 5. Sanples that provide at |east”equal perfornmance in this test” are

al so éningjrepylamine 6DMABAST3& @h@indgsgsiumonethoxise(dde2 gafia $)% solution

15 of in methanol). The reaction mixture is heated to 100°C and methanol is collected.
The reaction temperature is increased in 5°C increments until the temperature reaches
130°C. The mixture is held at 130°C for 1 h, and then a sub-surface nitrogen sparge is
applied for 2.5 h. The temperature is elevated to 140°C for an additional 3.5 h.
Collected distillate includes methanol and some DMAPA. The reaction mixture is
20 cooled to 110°C, the nitrogen sparge is discontinued, and vacuum was applied. The

mixture is stripped of excess DMAPA (150°C, 20 mm Hg, 30 min.). The product,
amidoamine C12-17, has an amine value of 196.39 (eq. wt.: 281.3). 'H NMR (CDCls)
confirms formation of the amide, based on disappearance of the methyl ester peak at
3.61 ppm and appearance of the DMAPA CH, signals at 3.30, 2.11, and 1.62 ppm and

25  the N(CHs)2 at 2.20 ppm.
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As the results show, it is not easy to predict which conpositions will have
10 solubility characteristics that are as good or better than cocam de DEA
For inst amoep120b2087 provi des a cl ear sol ution even at PCI/ushi1l1e5GID- 17,
anot her DVAPA ami de, provides a clear solution only at roomtenperature,

simlar to cocam de DEA. It is apparent that an ideal detergent for
w Il have storage stability such that it exhibits a phase transition bel ow
5C an mai n clear at 5C for a prolonged tine 15period. O the

dwll re
sanpl &s13-29; €42 DMAPA/ QuatSylfanatecri t eri on, but neither the control nor
the other sanples do so. WO 2@KNI1108PCT/ gS2011/ 057622 Table S: Storage

Stability (4 weeks) of Utra Lgurdry tergeiits 016 MES Fornul ati ons;
Cocam de DEA standard Sanpl e pegar ahcey 2 EMa\ , 5C Rating Control
clear cloudy -- Cl2-17 clear clear superior 10- 17 cl ear cl oudy equal

Clo'“cﬂ-%‘!c%%ﬁ)@&ﬁidk equal C10-32 cl ear opaque equal

o]
/\/\/\/\/\)J\N/\/\,{j/
H I
5 C12-24: C12 DMAPA Sulfobetaine
SO,-
0 H:OH
WM)LNMN+/
H |
C12-30: C12 MEA Amide
O
/\/\/\/\/\/U\N/\/OH
H
10 A round-bottom flask equipped with nitrogen sparge, thermocouple, heating

mantle, agitator, and Dean-Stark trap is charged with methyl ester feedstock C12-0
(125.1g, 0.596 mol) and monoethanolamine (37.2 g, 0.608 mol). The mixture is heated
to 60°C. Sodium methoxide (2.14 mL of 30 wt.% solution in methanol, 0.012 mol) is
added to the flask, and the reaction exotherms to ~80°C. The mixture is then heated to

15 100°C and held for 2.5 h. The reactor is cooled to 90°C and the Dean-Stark trap is
removed. Vacuum is applied incrementally to 20 mm Hg over 0.5 h. Vacuum was held
at 20 mm Hg for 0.5 h, then at 1.4 mm Hg for 1.0 h to remove residual methanol. 'H
NMR spectroscopy indicates reasonably complete conversion to C12-30. Free MEA,
determined by titration, is 0.71%.

20

C12-33: C12 eFAME Sulfonate
0

O.
/\(\/\/\/\)LO/\/ CH,

SO,Na
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C10-40 cl ear cloudy equal Cl12-30 clear cloudy equal Cl2-34 clear opaque,
i quid equal Cl12-38 clear cloudy equal Cl16-9 clear opaque paste equal
Cl6- 11 clwaenoppmgwe paste equal C18-28 clear cloudy equaCTAB301205REAr
cl oudy equal C18-30 clear cloudy equal

10

15

20

25

C12-39 fatty acid (208.0 g, 1.022 mol) is charged to a round-bottom flask
equipped with an overhead stirrer, Dean-Stark trap, reflux condenser, thermocouple,
heating mantle, and temperature controller. 2-Methoxyethanol (162.0 g) and toluene
(500 mL) are added. The mixture is heated to 124°C while p-toluenesulfonic acid (1.7
g) is added. Water of reaction begins to collect when the target temperature is reached.
Heating continues for 3 h, and conversion to the eFAME (by 'H NMR) is 98%. (Signals
for the hydrogens alpha to the carbonyl are used to determine degree of conversion.)
The sample is stripped to remove toluene and excess 2-methoxyethanol. Residual
toluene is removed by stirring at 150°C under vacuum (1-5 mm Hg) with a low nitrogen
sparge to give ethoxylated fatty acid methyl ester C12-8.

A round-bottom flask equipped with stir bar, thermocouple, heating mantle,
temperature controller, and pH probe is charged with C12-8 (109.7 g) and isopropy!
alcohol (110.0 g). The initial pH is 6. The contents are heated to 45°C, and t-
butylperoxybenzoate (2.0 mL) is added. Separately, sodium bisulfite (as NaS,0s, 41.5
g) and sodium sulfite (8.0 g) are dissolved in deionized water (137.5 g). This solution is
added dropwise to the olefin mixture. A precipitate forms initially, but later dissolves.
The pH is adjusted to 7 by adding sodium hydroxide and the mixture stirs overnight at
25°C. 'H NMR indicates no reaction after three nights. The mixture is transferred to
another vessel with deionized water (362.5 g, sodium sulfite (2.7 g), and TBB (2.0 mL),
and the mixture is heated to 75°C for 3 h, then cooled to room temperature and stirred
for 2 days. 'H NMR shows 80% conversion. The mixture is reheated to 75°C for 5 h,
then cooled to room temperature and stirred overnight. No additional conversion
occurs. Isopropyl alcohol is stripped and chloroform is added to isolate unreacted C12-
8 (aqueous phase) from the sulfonated product, C12-33 (chloroform phase).

C12-34: C12 UFA SLA
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C18- 32 cl ear opaque, gel equal C18-33 clear cloudy equal M x-37 clear
opaque, paste equal C18-38 clear opaque, gel equal M x-38 clear opaque,
past e equalD 2M206dB8cl ear opaque, paste equal M x-61 cl eacTasagquessaual
C18-68 clear cloudy equal M x-70 clear opaque, gel equal

C12-38: C12 MIPA Amide
e~ A~ OH
NTY

C16-9: C16 DMAPA Amide

o
/\/\/\f\/\/\/\)LNMN"’
H |
5 C16-11: C16 DMAPA Sulfonate
SDSNE 0

)

Feedstock Synthesis:

Preparation of Dimethyl 9-Octadecene-1,18-dioate (“Mix-0" or “C18-0")
0

MeOWW\/\/\/\/\)LOMe

10 o
Eight samples of methyl 9-dodecenoate (10.6 g each, see Table 3) are warmed

to 50°C and degassed with argon for 30 min. A metathesis catalyst ([1,3-bis-(2,4,6-
trimethylphenyl)-2-imidazolidinylidene]dichlororuthenium(3-methyl-2-butenylidene)-
(tricyclohexylphosphine), product of Materia) is added to the methyl 9-dodecenoate
15 (amount indicated in Table 3) and vacuum is applied to provide a pressure of <1 mm
Hg. The reaction mixture is allowed to self-metathesize for the time reported. Analysis
by gas chromatography indicates that dimethyl 9-octadecene-1,18-dioate is produced in
the yields reported in Table 3. “Mix-0" is an 80:20 frans-/cis- isomer mixture obtained
from the reaction mixture. Crystallization provides the all-trans- isomer feed, “C18-0.”
20
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UTG 11 cl ear opaque equal UTG 12 cl ear opaque equal C10-20 cl oudy not
tested inferior Cl0-22 cloudy, gel cloudy, gel inferior Cl2-14 clear
opaque, swbi2digmhio8nferi or Cl12-20 cl oudy, gel not teste@#CirniSeritos76248- 36
cloudy not tested inferior C18-37 cloudy, gel not tested inferior Part B.
Col d-Water Cl eani ng Performance of Conpaction Laundry Detergents 5 This
nmet hod eval uates the overall cold-water (55F) cleaning performance of a

| aundry detergent formula conprising a concentrated bl end of anionic and
nonionic surfactants, a builder, 016 MES, and an experinental sanple. The

formul ati ons_are Table 3. Self-Metathesis of Methyl 9-Dodecanoate
Sample | Catalyst Loading Reaction C18-0
(ppm mol/mol)* Time (h) (GC Area %)

A 100 3 83.5
B 50 3 82.5
C 25 3 83.0
D 10 3 66.2
E 15 4 90.0
F 13 4 89.9
G 10 4 81.1
H 5 4 50.9

* ppm mol catalyst/mol methyl 9-dodecenoate

The tested compounds based on C4g feedstock have the following structures:

Mix-26: C18 DiDMAPA Amide (80:20 trans-/cis-)

I H
O H l
C18-28: C18 DIMIPA DiQuat Sulfonate
. H SO,Na 0 I
—hll\/\/N NN
O H |
10  C18-29: C18 DIDMAPA DiAO (100% trans-)
I H 1 Q
/E\/\/Nj(\/\/\/\/\/\/\/\)k”/\/\,il/

0]

A round-bottom flask equipped with a mechanical stirrer is charged with diester

C18-0 (545.6 g) and DMAPA (343.3 g). A Dean-Stark trap is attached, and sodium
methoxide (20 g of 30 wt% solution in MeOH) is added. The temperature is raised to

15  110°C over 1.5 h, and methanol is collected. The temperature is increased to 150°C in
increments as the distillation slows. The mixture is held at 150°C for 6.5 hours and then
cooled to room temperature. 'H NMR analysis indicates a minor amount of unreacted
methyl ester. The mixture is heated to 180°C for several hours and additional DMAPA

and sodium methoxide are added. The mixture is cooled and neutralized with
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WD 2012/ 061108PCT/ US2011/ 057622 prepared as described in Part A above. The
experinental sanple is tested for its ability to inprove the overall

cl eani ng wenbhorowsarwge rel ati ve to cocam de DEA. Lawraarus2adetsrsgent (30
g, see Part A is charged to the laundry machi ne, followed by

soi |l ed/ stained fabric swatches that are attached to pillowases. Wash
tenperature: 5 55F. Rinse: 55F. The swatches are detached from

pill owcases, dried, and ironed. Swatches are scanned to neasure the L* a*
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C18-34: C18 DiDMAPA MonoQuat (100% trans-)

C18-36: C18 DiDMAPA Monobetaine (100% trans-)
MiX-36: C18 DiDMAPA Monobetaine (80:20 frans-/cis-)

C18-37: C18 DiDMAPA Betaine AO (100% trans-)
MIX-37: C18 DiDMAPA Betaine AO (80:20 trans-/cis-)

I H 0 HL o}
/N\/\/N\[(\/\/\/\/\/\/\/\)J\N/\/\N*_
0O H |
C18-38: C18 DiDMAPA Betaine Quat (100% trans-)
10 MIX-38: C18 DIiDMAPA Betaine Quat (80:20 trans-/cis-)

0O
| H 0 (U\o
_T\/\/Nj(\/\/\/\/\/\/\/\)LN/\/\N*—
0O H |

Dimethyl ester C18-0 (824.3 g), DMAPA (519.5 g), and sodium methoxide
solution (2.4 wt.% NaOMe based on methyl ester) are heated slowly to 140°C and held
for several hours. A subsurface nitrogen sparge is utilized at the end to facilitate the
15 removal of methanol. The temperature is reduced to 100°C, and the contents are
vacuum stripped. A solution made from deionized water (1.0 L) and 50% H>SO4 (11 g)
is added slowly to the molten reaction product. The mixture cools, and the pasty solids
are isolated by filtration. The solids are washed with deionized water, and the filtrate is
extracted with chloroform (2 X 250 mL). The chloroform extracts are concentrated, and
20  the resulting yellow oil is identified as the cis-enriched product by 'H NMR. The yellow
oil is redissolved in CHCIs, filtered through silica, and combined with the pasty solids.
Additional CHCIs (100 mL) is added to the contents, and the mixture is swirled on a
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rotary evaporator at 70°C until homogeneous. Vacuum is applied, and the CHCI; is
removed, followed by water. Evaporation is discontinues when the product remains a
solid at 98°C. The cooled product, Mix-26, is analyzed: amine value: 229.1 mg KOH/g
sample; free DMAPA: 0.08%; moisture: 0.09%; total alkalinity: 4.08 meg/g. 'H NMR
(CDCl3), 8 (ppm) = 5.3 (-CH=CH-); 3.25 (-C(O)-NH-CH.-); 2.2 (-N(CHs)2). "C NMR
(CDCls), & (ppm) = 130 (trans -CH=CH-); 129.5 (cis, -CH=CH-). Product ratio: 79.3%
trans, 20.7% cis.

Diamide Mix-26 (224.5 g) is charged to a flask with water (322 g) and citric acid
(1.5 g), and the contents are heated to 80°C. Sodium monochloroacetate (57 g) in
water (200 mL) is added slowly to avoid an exotherm. When the addition is complete,
the mixture is heated to 90°C and held for 6.5 h. Additional sodium monochloroacetate
(3.5 g) is added, and the reaction continues at 90°C for 2 h. Titration shows 3.82% free
NaCl. The mixture is cooled, and the product is transferred to a round-bottom flask with
methanol. The monobetaine product, Mix-36, is dried to a solid by repeatedly adding
MeOH and evaporating on a rotary evaporator. 'H NMR (ds-MeOD), & (ppm) = 5.35
(-CH=CH-); 3.8 (-C(O)-CH-N*(CHj3)2-); 3.2 (-C(O)-CH2-N*(CHs)2-).

A nitrogen-purged flask is charged with monobetaine Mix-36 (113.9 g), isopropyl
alcohol (66 g), and ethanol (30 g). The mixture is warmed to 70°C and dimethyl sulfate
(15.65 g) is added dropwise. The mixture is cooled to maintain the temperature ~70°C.
The mixture is held at 70°C for 3 h. Additional dimethyl sulfate (0.96 g) is added, and
heating continues at 70°C for 3 h, then at 85°C for 2 h. The mixture is allowed to cool
and is concentrated. Water (195 g) is added to ~40 wt.% solids. Analysis of the betaine
quat product, Mix-38, shows: pH: 8.35 (1% in water); moisture: 47.7 wt.%; NaCl: 4.74
wt.%; sodium sulfate: 0.3 wt.%. "H NMR data support the proposed structure.

MIX-46: C18 Ester DMAPA AO (80:20 trans-/cis-)
O

@)
MGOY\/\/\/\/\/\/\/\)‘\N/\/\IL/
H |

O
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MiX-61: C18 eFAME Sulfonate (80:20 frans-/cis-)
S0,Na 0
an“x,_xD Y\/V\A)V\ANLLD%D“
o
C18-68: C18 DiDMAPA Amide Sulfonate (100% trans-)
I H 0
N _~N N N
O SO,Na H |
5 MIX-70: C18 DMAPA Carboxylate (80:20 frans-/cis-)
O
NaOY\A/\/WVV\)LN/\/\N/
H |
0]
MIX-73: C18 Carboxylate DMAPA AO (80:20 trans-/cis-)
0] 0
Nao\”/\/\/\/\/\/\/\/\)LN/\/\IL/
H I
0]
Modified Triglyceride Based on Soybean Qil (“MTG-0")

0)

{OW*
*wo Z>_ R™

The procedures of Examples 1A and 1E are generally followed except that 1-

10

butene is omitted.

Mod. Triglyceride From Cross-Metathesis of Soybean Oil and 1-Butene (“UTG-0")

e\
o{
R—{ 0
5 >/_/_\_/_\:F
0]
Unsaturated Triglycerides

(C10 and C12 enriched, also containing
15 C16 and C18 Saturates)
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tegperature: 90F. Rinse: 70F. The swatches are detached from pill owases,
dried, and ironed. The bargain | aundry detergent with booster is

prepared from sodi um hydr oxi de-neutral i Zéd dodecyl benzene sul fonic acid
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o )R
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The procedure used to make MTG-0 is followed, except that palm oil is used

instead of soybean oil.

10
MTG-0 Feedstock Derivatives
MTG-6: MTG DMAPA Betaine Mix
(@] (0]
_ H |,
. N N -
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o | H O
+ e VaTNid 4 HO OH
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10 Bio-Soft(r) N25-7 (fatty al cohol ethoxylate, product of Stepan, 5.00
wt.%, booster (either the experinental sanple or Anmmonyx LO which is 30%
actives, 80281vu6188 citric acid (50% aq. sol ution, 1.00Par/U%p011/057622

nonoet hanol am ne (1.00 wt.%, triethanolamne (1.00 w.%, and dei onized
wat er plus preservative (balance to 100 wt.% . The formulation is made by
charging 90% of the total anmount of water at 50C, 15 then adding in order,
with mxing, citric acid solution, nonoethanol am ne, triethanol am ne,

neut r AMI6d1 5 PMIG PMAPA Sulfebedaine No5- 7, and booster. The pH is adj usted
to 9.5 wth 25% aq. NaOH solution, and then preservative and tdy_bal ance of
the water ar®Sadded. The follow ng standard soil ed/stained f&brit swatches
are used: dustjgﬁbun1on 40 cotton (DSC); dust sebumon cott | yest er
(DSCP) ; beef ybalhow (BT)j clay on cot{on (CO; clay dn cottpn/pol yester
(COP); grass on §ott:om et Wire Bh TotTon ~bideberry on cotton
(BC); coffee on ottoanCCFCD; cocoa on cotton (EMRA 112); bl ood/ink/mlk
on cotton (EMPA 116); and make-up on cotton (EMPA 143). At |east three of
each kind of smagﬁh are used b wash. Swatches are stapled to pill owases
25f or launderin and_ext 1/ i Fowcases bacl uded to conplete a

si x- pound Igéd.% Had\fﬁgﬂsaﬁﬁ prgﬁedur;éig\used to launder all of the

pil |l owcases/ swat ches, with care taken to ensure that water tenperature,
wash tine, manret CHF CHRF tHUsTRE etc. are held constant for the col d-water
wash process. When the cycle is conplete, swatches are renoved fromthe
pill owcases, dried at | ow heat on a rack, and pressed briefly with a 30dry
i ron. UMB1A0 10T CoD MAFE Sulksditaings7622 A Hunter LabScan(r) XE

spectrophotoneter is used to detggmne the L* a* b* values to calculate the

SRI for every type of swatch, afid the stain renoval index (SRI) 18
CalCU|atedg;ng:;§L%£Eﬁ\in Part~By As shown in Table 70 three ofgthe test
sanpl es pe *cont rol , i r~ang” sevent een
sanpl es are inferior wheh evalluated as boosters for barfain | hundry
detergents. The results gpnstrate that it is not easy to predict which

cl asses of conmpqunds wil | provide performance that is at |east equal to the
control. Taple 7. Perfof méfce aﬁoazﬁggﬁger for a Bargain Detergent

For mul ati on: IRSFﬂT\VQHUes vVer sus nyx LO (Lauram ne Oxide) DSC DSCP BT
CC CCP GC RWC BC COFC 112 116 143 Performance Superior to Control Sanple:
MRX-46 0.9 1.4 R0 0%%%0.4 1.0

UTG-12: UTG DMAPA AO
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Table 4. Summary of Modified Triglyceride Products
Soybean Ol Palm Oil
Self-met. X-met. Self-met. X-met.
MTG-0 UTG-0 PMTG-0 PUTG-0
DMAPA Betaine Mix MTG-6 -- -- --
DMAPA Sulfobetaine -- UTG-11 PMTG-11 --
DMAPA AO -- UTG-12 -- --

Part A. Solubility Evaluation of C1s MES Concentrates
This method evaluates the ability of an experimental sample to prevent

precipitation of a Cis-based methyl ester sulfonate (“Cis MES”) in an ultra laundry
detergent formula at 5°C and 25°C storage temperatures. Although C4¢ MES provides
good cleaning over a broad range of soils, it is difficult to incorporate it into laundry
detergents because of its relatively poor solubility in water and common surfactants.

A concentrated blend containing most of the detergent components is first
prepared. The blend is then combined with Ci¢ MES, water, and the experimental
sample to be tested. Performance of the experimental sample is compared with that of
Ninol® 40-CO, a commercial cocamide DEA (product of Stepan Company).

Preparation of Concentrated Blend:

Deionized water (90% of the required total amount) is first combined and mixed
at 50°C with Bio-Soft® S-101 (dodecylbenzene sulfonic acid, 3.27 wt.%, product of
Stepan). Sodium hydroxide (50% aq. solution) is added to pH 11 (about 24% of the
total amount of 4 wt.% required). Citric acid (50% ag. solution, 6.2 wt.%) is added,
followed by triethanolamine (3.45 wt.%). Bio-Soft® EC-690 (laureth-7, 90% actives,
27.8 wt.%, product of Stepan) is slowly added. The pH is adjusted to the 7.8 to 8.4
range, targeting 8.1 with the remaining aqueous sodium hydroxide solution. Sodium
xylene sulfonate (40% actives, 4.30 wt.%) is added, followed by a preservative and the
remaining deionized water (g.s. to 100 wt.%).

Preparation of an Ultra Laundry Detergent with C4¢ MES and the Blend:

Deionized water (g.s. to 100 wt.%) is charged at 55-60°C. The concentrated
blend prepared above (58.0 wt.%) is added while maintaining temperature between
50°C and 60°C. The Cis MES (87% actives, 10.34 wt.%) is slowly added and allowed
to dissolve. The mixture is then allowed to cool to 35°C. The experimental sample or
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cocamide DEA standard (5.0 wt.%) is then added slowly and mixing continues until the
batch is homogeneous.

Stability Evaluation:

Ultra laundry detergent samples (about 100 g) are kept at 25°C or 5°C for 4
weeks. The samples are monitored for physical changes, including phase separation,
gelation, opacification, precipitation, or the like, and the changes are recorded. Results
of the evaluation appear in Table 5. Samples that provide at least equal performance in
this test are also evaluated for cold-water cleaning performance (see Part B).

As the results show, it is not easy to predict which compositions will have
solubility characteristics that are as good or better than cocamide DEA. For instance,
C12-17 provides a clear solution even at 5°C, while C10-17, another DMAPA amide,
provides a clear solution only at room temperature, similar to cocamide DEA.

It is apparent that an ideal detergent for will have storage stability such that it
exhibits a phase transition below 5°C and will remain clear at 5°C for a prolonged time
period. Of the samples tested, C12-17 meets this criterion, but neither the control nor
the other samples do so.
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Table 5: Storage Stability (4 weeks) of Ultra Laundry Detergents
C1s MES Formulations; Cocamide DEA standard

Sample | Appearance, 25°C | Appearance, 5°C | Rating
Control | clear | cloudy | -
C12-17 | clear | clear | superior
C10-17 clear cloudy equal
C10-41 clear cloudy, thick equal
C10-32 clear opaque equal
C10-40 clear cloudy equal
C12-30 clear cloudy equal
C12-34 clear opaque, liquid equal
C12-38 clear cloudy equal
C16-9 clear opaque paste equal
C16-11 clear opaque paste equal
C18-28 clear cloudy equal
C18-29 clear cloudy equal
C18-30 clear cloudy equal
C18-32 clear opaque, gel equal
C18-33 clear cloudy equal
Mix-37 clear opaque, paste equal
C18-38 clear opaque, gel equal
Mix-38 clear opaque, paste equal
Mix-46 clear opaque, paste equal
Mix-61 clear opaque equal
C18-68 clear cloudy equal
Mix-70 clear opaque, gel equal
UTG-11 clear opaque equal
UTG-12 clear opaque equal
C10-20 cloudy not tested inferior
C10-22 cloudy, gel cloudy, gel inferior
C12-14 clear opague, solid gel inferior
C12-20 cloudy, gel not tested inferior
C18-36 cloudy not tested inferior
C18-37 cloudy, gel not tested inferior

Part B. Cold-Water Cleaning Performance of Compaction Laundry Detergents

5 This method evaluates the overall cold-water (55°F) cleaning performance of a
laundry detergent formula comprising a concentrated blend of anionic and nonionic

surfactants, a builder, Ci¢ MES, and an experimental sample. The formulations are
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prepared as described in Part A, above. The experimental sample is tested for its ability
to improve the overall cleaning performance relative to cocamide DEA.

Laundry detergent (30 g, see Part A) is charged to the laundry machine, followed
by soiled/stained fabric swatches that are attached to pillowcases. Wash temperature:
55°F. Rinse: 55°F. The swatches are detached from pillowcases, dried, and ironed.
Swatches are scanned to measure the L* a* b* values, which are used to calculate a
soil removal index (SRI) for each type of swatch. Finally, the ASRI is calculated, which
equals the experimental sample SRI minus the SRI of a pre-determined standard
laundry detergent formula (or control). When | ASRI| = 1, differences are perceivable
to the naked eye. If the value of ASRI is greater than or equal to 1, the sample is
superior. If ASRI is less than or equal to -1, the sample is inferior. If ASRI is greater
than -1 and less than 1, the sample is considered equal to the standard.

The following standard soiled/stained fabric swatches are used: dust sebum on
cotton (DSC); beef tallow (BT); kaolin clay and wool fat on polyester (WFK 30C), grass
on cotton (GC); blueberry on cotton (BC); cocoa on cotton (EMPA 112); and
blood/ink/milk on cotton (EMPA 116). At least three of each kind of swatch are used per
wash. Swatches are stapled to pillowcases for laundering, and extra pillowcases are
included to complete a six-pound load.

The same procedure is used to launder all of the pillowcases/swatches, with care
taken to ensure that water temperature, wash time, manner of addition, etc. are held
constant for the cold-water wash process. When the cycle is complete, swatches are
removed from the pillowcases, dried at low heat on a rack, and pressed briefly with a
dry iron.

A Hunter LabScan® XE spectrophotometer is used to determine the L* a* b*
values to calculate the SRI for every type of swatch, and the stain removal index (SRI)
is calculated as follows:

SRI =100 — ‘\/(L * clean — L ¥ washed)2 + (a * clean — a * washed)2 + (b * clean — b * washed)2

ASR[ = SR[ sample — SR[ s tan dard
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As shown in Table 6, five of the test samples perform better than cocamide DEA,
six samples perform equal to the control, and six samples are inferior when evaluated
for cold-water cleaning performance.

The results demonstrate that it is not easy to predict which classes of compounds
will provide performance that is at least equal to the control. For instance, even though
C12-17 and C10-17 are both DMAPA amides, C12-17 provides superior performance,
while C10-17 is rated inferior. In another example, although both C12-30 and C12-38
are both amides from alkanolamines, ethanolamine-based amide C12-30 provides
superior performance while the isopropanolamine-based amide C12-38 is rated inferior.

Table 6. Performance in Cold-Water Cleaning:
|ASRI| Values v. Cocamide DEA in a
C16 Methyl Ester Sulfonate (MES) Formulation
*Liquid Formulation*
| bsc | BT | wWeK | 6¢c | BC | 112 | 116
Superior Performers:
C10-41 -0.6 2.5 -0.3 -0.6 1.6 1.2 0.3
C12-17 -0.8 5.4 -0.3 0.8 1.4 1.2 0.8
C12-30 -0.6 1.9 0.0 -0.5 25 0.3 -0.5
C16-11 0.4 1.1 0.5 -0.6 0.3 2.0 1.6
C18-29 -0.6 1.9 -0.5 0.1 2.3 1.3 -0.4
Performance Equal to Control Sample:
C16-9 -0.1 1.7 0.7 -1.2 -0.4 1.0 0.7
Mix-38 - -0.2 -0.7 -1.2 -0.2 1.5 0.9
Mix-61 0.7 0.5 0.3 0.1 0.7 0.4 -0.4
Mix-70 0.3 0.5 -0.5 -0.7 0.3 0.0 0.4
UTG-11 -0.9 3.6 -1.7 -1.3 0.6 -0.3 -0.4
UTG-12 -0.6 -0.3 0.2 -0.5 -0.2 0.0 -0.7
Inferior Performers:
C10-17 -0.7 -1.8 -0.5 -0.1 1.5 1.6 -0.5
C12-34 -0.4 -3.3 0.1 0.2 0.4 -0.2 -0.7
C12-38 -0.5 -1.8 0.4 1.1 0.8 -0.5 0.0
C18-30 -0.7 0.0 -0.9 -1.2 1.6 0.7 -0.2
C18-32 -0.3 -0.1 -1.1 0.2 2.1 1.1 -1.3
C18-38 -0.8 2.0 -2.0 -2.0 1.6 0.1 -1.1

Part C. Booster for Bargain Laundry Detergent

This method evaluates the cleaning boosting ability of an experimental sample
when used as an additive in a bargain laundry detergent formulation that contains

neutralized dodecylbenzene sulfonic acid, a non-ionic surfactant such as an ethoxylated
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synthetic C1,-C15 alcohol (7 EO), citric acid, monoethanolamine, triethanolamine, and a
preservative. The experimental sample is tested for its ability to improve the overall
cleaning performance at 1% solids level relative to Ammonyx® LO (lauramine oxide,
standard booster, product of Stepan). Laundry detergent formula (46 g) is charged to
the laundry machine, followed by soiled/stained fabric swatches that are attached to
pillowcases. Wash temperature: 90°F. Rinse: 70°F. The swatches are detached from
pillowcases, dried, and ironed.

The bargain laundry detergent with booster is prepared from sodium hydroxide-
neutralized dodecylbenzene sulfonic acid (Bio-Soft® S-101, 33.9% actives, 41.3 wt.%),
Bio-Soft® N25-7 (fatty alcohol ethoxylate, product of Stepan, 5.00 wt.%), booster (either
the experimental sample or Ammonyx LO, which is 30% actives, 3.33 wt.%, citric acid
(50% aq. solution, 1.00 wt.%), monoethanolamine (1.00 wt.%), triethanolamine (1.00
wt.%), and deionized water plus preservative (balance to 100 wt.%).

The formulation is made by charging 90% of the total amount of water at 50°C,
then adding in order, with mixing, citric acid solution, monoethanolamine,
triethanolamine, neutralized sulfonic acid, Bio-Soft N25-7, and booster. The pH is
adjusted to 9.5 with 25% aq. NaOH solution, and then preservative and the balance of
the water are added.

The following standard soiled/stained fabric swatches are used: dust sebum on
cotton (DSC); dust sebum on cotton/polyester (DSCP); beef tallow (BT); clay on cotton
(CC); clay on cotton/polyester (CCP); grass on cotton (GC); red wine on cotton (RWC);
blueberry on cotton (BC); coffee on cotton (COFC); cocoa on cotton (EMPA 112);
blood/ink/milk on cotton (EMPA 116); and make-up on cotton (EMPA 143). At least
three of each kind of swatch are used per wash. Swatches are stapled to pillowcases
for laundering, and extra pillowcases are included to complete a six-pound load.

The same procedure is used to launder all of the pillowcases/swatches, with care
taken to ensure that water temperature, wash time, manner of addition, etc. are held
constant for the cold-water wash process. When the cycle is complete, swatches are
removed from the pillowcases, dried at low heat on a rack, and pressed briefly with a
dry iron.
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A Hunter LabScan® XE spectrophotometer is used to determine the L* a* b*
values to calculate the SRI for every type of swatch, and the stain removal index (SRI)
is calculated as described in Part B.
As shown in Table 7, three of the test samples perform as well as the control,
5 one is superior, and seventeen samples are inferior when evaluated as boosters for
bargain laundry detergents. The results demonstrate that it is not easy to predict which

classes of compounds will provide performance that is at least equal to the control.

Table 7. Performance as a Booster for a Bargain Detergent Formulation:
|ASRI| Values versus Ammonyx LO (Lauramine Oxide)

| psc | pscp| BT | cc [ ccp | ¢ [ Rwc | Bc [corc| 112 | 116 | 143

Performance Superior to Control Sample:

Mix46 | 09 | 14 | -03 ] 07 | 04 | 10 | 16 | 01 | -04 | -05 [ 07 | -02

Performance Equal to Control Sample:

C12-33 0.7 0.9 -0.7 0.8 -0.3 -1.6 -0.3 -0.9 -0.5 0.5 0.3 0.2

Mix-73 1.0 0.3 -2.9 0.0 1.0 1.0 1.0 0.2 -0.2 0.1 1.2 1.2

PMTG-11 | 0.5 0.9 -0.7 -0.2 -0.4 -0.6 -0.1 -0.9 -0.6 0.5 0.1 0.0

Inferior Performers:
C10-18 -1.1 0.7 -- -1.1 -0.8 -- 0.8 -- -- 1.6 -- --
C10-19 -2.2 1.1 -- -1.7 0.9 -- 0.7 -- -- 0.2 -- --
C10-20 -1.0 -1.1 -- 0.4 -0.2 -- 0.5 -- -- 0.4 -- --
C10-21 -1.1 -1.0 -- -1.0 -0.3 -- 1.0 -- -- 0.1 -- --
C10-22 -3.0 0.8 -- -1.0 0.8 -- -0.2 -- -- 0.5 -- --
C12-24 -0.2 -0.8 -- -1.0 -0.3 -- 1.1 -- -- -1.5 -- --
C10-25 -1.7 1.4 -- 0.5 1.1 -- 0.6 -- -- -0.1 -- --

C12-14 0.6 0.7 -1.6 -0.2 -0.3 -0.7 0.1 -1.2 -0.8 0.5 0.2 -0.1

C12-19 1.0 15 -9.9 0.1 0.1 0.4 0.0 0.0 0.3 1.6 0.0 0.2

C12-20 -0.6 -1.1 -- -2.3 -0.7 - 0.7 -- -- -1.5 -- --

C18-28 0.6 14 -11 -0.3 -0.8 1.8 -0.5 -0.7 -1.2 0.8 -0.3 -0.5

C18-33 -0.5 0.1 -19 -0.7 -1.6 0.3 -3.4 -5.4 -1.9 -1.8 0.2 -0.4

C18-34 0.6 1.6 -8.5 -0.2 -0.4 1.3 -0.8 0.5 -0.8 0.3 0.9 -0.1

C18-36 -0.2 2.1 -12 -0.3 -0.3 -0.3 0.4 -0.2 -0.5 1.3 -0.1 0.0

C18-37 0.5 2.1 -11 0.0 -0.2 0.3 0.0 -0.2 -0.6 0.1 1.4 -0.1

C18-68 0.2 0.9 -11 -0.2 -0.4 1.0 -0.5 -1.5 -1.2 0.0 -0.3 0.0

MTG-6 | -21 | 03 - [ 14 ] 04 - | 08| -- - | 04| -- -

Part D. Cold-Water Cleaning Performance of a Powder Detergent Formulation

10 Amidoamine C12-17 is tested as an additive in a Cyg MES-based powder-like
laundry detergent formulation to evaluate cold-water cleaning performance relative to

cocamide DEA, an industry standard.
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Col d-Water O eani ng Performance of a Powder Detergent Formul ation

10Am doarwoeo1@13 is tested as an additive in a Cl6 MeEThms@d/opwarier -1 i ke

| aundry detergent formulation to eval uate col d-water cl eaning perfornmance

relative to cocam de DEA, an industry standard. WO

2012/ 061108PCT/ US2011/ 057622 For nul ati on: Solid phase conponents: Cl16

I\/ES (10. 34 87% actives); sodiumchloride (38.6 g), sodiumsilicate (19.3
(f@_mﬂﬁ%&ﬂbonate (9.60 g). Liquid phase conponents: I|inear alkyl benzene

I f t
Z‘r% doam ne 13- PpspcPpfonefs i JAES: {054 o 8P Rilet): ifRi chivfe @Bbis
cogorg&)gscm?nﬁes{nhmatemlggrggts%caum ctddTbobnhatQL(igédiSQ)gl)tasle conponents are then
i ned wi solids and, mi xe and unt i eous
Dot er gont " GRS OTPSSSERGHENLS hpar RoRe ST DB P Se? S5 3% 8%
Wi h td&ﬁvé@”B%ﬁSbﬂﬂ N25ai(47. Bﬁ?ngﬁﬁddﬁﬁlﬁé@m 1‘?‘(5@0‘% 1dff% abﬂ@eé I quid

det er gent, 30 g of 9% 10 act es MES was used to gi In the wash
| i quor. Thathef soliEl phage doswonkenfsoarke Mixed rﬁrcﬂtaanéettledlqusj phasex coopaBents = 31

det d h ndard st d/ soi | ed
Jnat crige U eBBTED WL B s, dhet Sad S aRT vk RbGRiE s d wat er
cl eani ng sevdtbryent dasagdls d&@ﬁrﬂln‘éﬂ @ypﬁhéae'mb@nt'rcﬁtm% I\ﬁES"bﬁfe\Plb@SI%giébHSNlﬂhOW

Cl12- 17 provides superior perfornance relative 15 to cocam de when used

as i n the sowmnactiosiguid RupKley detepaeniclonmmize Far o tiavigt dete@eanind@g of B%R |
Vahues Yives REEWIR T8 {dgRe 2P MY whsH RusY! TR0BtS e  MERo LB ORGP

formula needed is 2.7 x 100/8.71 = 31 g.

The powder detergent is used to wash standard stained/soiled swatches at 550F
as has been previously described in the cold water cleaning section (Part B). Results
appear in Table 8. As the results show, C12-17 provides superior performance relative

15 to cocamide DEA when used as in a powder form.

Table 8. Performance in Cold-Water Cleaning:
|ASRI| Values v. Cocamide DEA in a
C16 Methyl Ester Sulfonate (MES) Formulation
*Powder Formulation*

| bsc | BT | weK | 6¢c | BC | 112 | 116
Superior Performers:
C12-17 | 100 | 212 | o056 | 155 | 041 | -032 | -0.36

The preceding examples are meant only as illustrations. The following claims
define the invention.
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*Powder For mul ati on* DSCBTWFKGCBC112 116 Superior Performers: Cl2-17

1.002. 120. 561. 550.41-0.32 -0. 36 The precedi ng exanpl es are neant
only as iwbustwmiiosns. The followi ng clainms define the POTAIs2I10M57623N0
2012/ 061108PCT/ US2011/ 057622 W claim 1. A laundry detergent

useful for cold-water cleaning, conprising an anionic surfactant, a

noni oni c surfactant, a fatty al kyl ester sulfonate, and a surfactant
conposition derived froma netathesis-derived 010-017 nonounsat urated acid,
oct adeceneWWe PRIl oi ¢ acid, or their ester derivatives and sel ected from

the group cpnshs etal ocqm.'
et hanol am ng a}r)ﬁ Igbé‘?ryog%t%;% rﬁo%%éfglgﬁjsru% ep%%(@@% am @#‘%n? PI(()))?IICdeS
quat ersorfaetand1& diomirdo asarfectaet aa sty aUdyl oesieledsubfbaate)waEd) éatstusfaetahter

al koxyl ates, . 018 am do ne carb | at e oan ne oxi and
Ul T o OTRUOT RS (T ¢ o SeTAPaETRE EdorCints 1 AROSR STl acid

2. Th%c@'é‘da’ﬁe%”ﬂ@“dl&baédg&ét opNBER! QstbPedé?R/%HQéé td skfectéd §RdrRdihk! Fql}ad:r1 e

group consi sting of al nes, 012 or 016 am doam nes, 012 etha
am desonaisting 1@ @n tetaimness Sw bor&1t6eam|doam|nes 8.2 ﬁhreaammarean'gaerarmdés cCadm1

L

di net metaﬁwommkéwmglow EO fatty 8steFRkdiGIRESE0T; Ahiddamhifie TarbexyRats! he
012 or 016 am doami ne has the structure: - --. NN H

or  NNd-amidagmine oxides amd w&obﬁéaleegeiﬁrlvgﬂ fsomi @rossvneledasis I9é palm or
corrposs &bi% ﬁ a 010 betaine nade by reacting a 010 nonounsaturated acid or
ester >4 %P've with dinet hyl am ne, followed by reduction of the resulting

am de, fol | pwathebyetattrgofickami PwHepeigitie doRtpdstion |rsase|écteér hendeteyary of
claim5 wherein the 010 bet ai ne has the structure;

2012/ Ges5ERTDf Gspbelaineseoe or Cis amidpamypes, o@tzeeta@mlamm%lamlqﬁ itkPed n

t he C%rmaééﬁflr@sulﬁ)r%t@slz et hanol am ne anmi de made by reacting a 012
nonounsaturated aci d or ester derivative w th nonoet hanol am ne.

3. The detergent of claim 1 wherein the composition is a C42 or C1s amidoamine
made by reacting a Ci2 or Cis monounsaturated acid or ester derivative with
dimethylaminopropylamine.

4. The detergent of claim 3 wherein the Cq, or C4g amidoamine has the

structure:

/\/\/\MN ey
H I

5. The detergent of claim 1 wherein the composition is a Co betaine made by
reacting a C1o monounsaturated acid or ester derivative with dimethylamine, followed by
reduction of the resulting amide, followed by quaternization to give the betaine.

6. The detergent of claim 5 wherein the C4o betaine has the structure:

@)
o
lil'i'

=
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8. The detergent of claim1 wherein the 012 et hanol am ne am de has the
structure: 9. The detergent of claim1 wherein the 018

am doam nEOowiden@8e has the structure: NN ---- H PCT/US2Q1/0F 1622
detergent of claiml wherein the conposition is a 018 di am doam ne di oxi de
made by reacting an octadecene-1,18-dioic acid or its ester derivative with
di met hyl am nopr opyl ami ne, followed by oxidation of the resulting diam ne.

11. The detergent of claim 10 vvherel n the 018 di ani. doam ne di oxi de has the
structure: -(-I—IO-“_S}e datgigepkof wlaim 1 wherein the %ﬂ%@%@?ﬂ Ipfa Sraisthanalpding n
the c [ o e o] ai [ m
cross%mg gt Etﬁeésqbs @‘ ?m% gggg e@éhg:ﬁnﬁtuﬁéﬂeé Q@g OJrIJ'he gt g?g‘égnt["% WIE: aim
1 V\hermd)mnetthanaiiamnmu c surfactant is a fatty al cohol ethoxyl ate. 14.

The deterge claim 1l wherein he aci. d ste derivative reactant has
2l eas 3 Bl dhe gdsTaant; ShRGIR 1 (RadEiN 4ff i Shandianie’ Aide dias. e
po""derstruE&ﬁF granul e, tablet, nolded solid, water-soluble sheet or
wat er - sol ubl e sachet conprising the detergent of claim 1. 16. The
detergent of claim1 further conprising wat 17. A storage-stable
i quid detergent of clai % 2042/.0661 WOII/ 057622 18.
The detergent of claiml that is a |iquid at ROC and exhi bits a phase
transition bel ow 5C. 19. A boosted bargain | aundry detergent,

conpri si ng &n ahé aetergent fedadiaint 1 avheosin othecCsdafraddamnine antbreateeardsotieance
booster derived froma netathesis-derived 010017 nonounsat urated aci d,

oct adééré‘ﬁ@'rjet 18-dioic acid, or their ester derivatives and sel ected from
the group consisting of 012 | ow Eogcat\]tay ester @l koxyl ate sul fonates, 018

am doam ne oxi de esters, WW at,es and ani doani ne
sul f obet ai nes nade from sel T-netathesi zed palm oﬁ soyb an oil. 20.

The detergent of claim 19 wherein the booster is a 012 lowEO fatty ester

et hoxyl at e 1ul fragad&efmsf dtydéie@qt WRgrein AhE dﬂhﬁlﬁéﬂtﬁ@ﬁ Wy ated aenﬁtdeém%t er
derivative wth an ethylene glycol alkyl ether, followed by sulfitation of

t he oldidXige made by teacting aet@crtgemerm‘-mSadlmczecnﬂhet dsnestee devivatiee Witls t he
struct The dete cl aim.19 wherein the booster
L o b EhyaroPronvamisEa ol WRsS SR Bt BT bg B 1 o covbean

oi l. 1243. Theedétetgarg ftclgim abawAeikdh \tﬁ@mlgrdléﬂﬁﬁﬁdéhﬁiﬁeedloklae%éblﬁwe

am doam ne oxi de ester having the structure: 24. The detergent of
cl ai mstryciiier ein the booster is a 018 ami doam ne oxi de carboxyl ate having
the structure: 25. The detergent of claimgd9 wherein the acid or
ester derlvatl e reacHant has at Ieast 1 nole (:)/0 f trans- CA9

unsaturati on. /. ”

12. The detergent of claim 1 wherein the composition is an amidoamine oxide or
sulfobetaine derived from cross-metathesis of palm or soybean oil.

13. The detergent of claim 1 wherein the nonionic surfactant is a fatty alcohol
ethoxylate.

14. The detergent of claim 1 wherein the acid or ester derivative reactant has at
least 1 mole % of trans-A° unsaturation.

15. Aliquid, powder, paste, granule, tablet, molded solid, water-soluble sheet, or
water-soluble sachet comprising the detergent of claim 1.

16. The detergent of claim 1 further comprising water.

17. A storage-stable liquid detergent of claim 16.

50



26. The detergent of claim19 further conprising water. 27. A
i quid, powder, paste, granule, tablet, nolded solid, water-soluble sheet,
or wat er -wol2otlws1®achet conprising the detergent of claPeTA$2011/057622

18. The detergent of claim 1 that is a liquid at 20°C and exhibits a phase
transition below 5°C.

19. A boosted bargain laundry detergent, comprising an anionic surfactant, a
nonionic surfactant, and a performance booster derived from a metathesis-derived C1o-
C+7 monounsaturated acid, octadecene-1,18-dioic acid, or their ester derivatives and
selected from the group consisting of C12 low-EO fatty ester alkoxylate sulfonates, Cs
amidoamine oxide esters, Cis amidoamine oxide carboxylates, and amidoamine
sulfobetaines made from self-metathesized palm or soybean oil.

20. The detergent of claim 19 wherein the booster is a C4, low-EO fatty ester
ethoxylate sulfonate made by reacting a Cyo monounsaturated acid or ester derivative
with an ethylene glycol alkyl ether, followed by sulfitation of the olefin.

21. The detergent of claim 20 wherein the booster has the structure:
o]

O.

SO,Na

22. The detergent of claim 19 wherein the booster is an amidoamine
sulfobetaine made from self-metathesized palm or soybean oil.
23. The detergent of claim 19 wherein the booster is a C1g amidoamine oxide

ester having the structure:
0 o)
Meow/\/\/\/\/\/\/\/\)‘\,\,/\/\,l,/
0 H |
24. The detergent of claim 19 wherein the booster is a C1g amidoamine oxide
carboxylate having the structure:
o) O
NaOYWV\/\/\/V\)LN/\/\,lj/
O : | _
25. The detergent of claim 19 wherein the acid or ester derivative reactant has at
least 1 mole % of trans-A° unsaturation.
26. The detergent of claim 19 further comprising water.
27. Aliquid, powder, paste, granule, tablet, molded solid, water-soluble sheet, or
water-soluble sachet comprising the detergent of claim 19.
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