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WO 26MeENDS AND THEI R USE CROSS- REFERENCE TO RERAERMG/045191

APPLI CATIONS 5 This application clains the benefit of
United States Provisional Patent Application No. US
60/ 738,987, entitled "A yceryl ether conpounds and
their use," filed on Novenber 22, 2005, which is

i ncorporated by reference in its entirety herein. 10
TECHNI CAL FI ELD The present disclosure relates to the
prepar at i GLYCERYDETNHER COVFOUNDY ANIhTHEE USE
epoxi des. BACKGROUND 15 Many surfactant conpounds and
soaps with various properties are known in the art.

O par ttROSH-REFERENCE TO RELATEDCARPILICATIONS
surfactant conpounds that performwell in hard water
containing elevated |levels of alkali-earth neta

sal tfhis ahlOVRYBH clatis I ShHeAE bAUhRe @B futdyMo¢RIdn4L Patent
manuf actured entirel in_major gert, fronw%g”tous

Ampliserien . KioQT BHRS et HaRseon sthep epmipe s Al teir use.”
ﬁlé%?? YLD 29 fd?)%n}v@x?éh TR0 ated BT 8FRER S in ifs entirety

-pertormng suffactants that utilize abundant,
her@newabl e, and i nexpensive raw materials and sinpler
chem cal synthesis nmethods are highly desired.
SUVWARY 25 Provided herein are a series of glyceryl
et her conpounds t hat TESHENDEAL FIEKIUBRd t o be surfactant

conmpQunds hav,.n ood.sol ubjlizing.and emul sify]
pro pﬁg]i’? prggent idﬁ???‘tfg‘f%'bel%‘ésr tf’gb?rﬁﬁec? T4t CEPPE 3ﬁc¥sa$%?lr%ycer°1
anldi Qi€ opaids; at i ons of cal ci um and nagnesi um i ons.

A yceryl ether conmpounds can be prepared through the
reacti on of 30 epoxidized nornmal al pha-olefin (NAO

conmpounds of fornul a (BACRG®GUNDR3 can be a C6-C30
linear alkyl, or preferably, a 1 \WO 2007/062112 .
PCT/ Many geifactsaiocompennds pnoaps Avifh yasigus reRATiesAg known in

the h#C %Fﬂmi&ﬂaﬁnﬁfr%t%ﬁ% £5h-BnYE & Plontf surcfiat dohigdunds that
perform well in har.d v.va_ter containing elevated level_s of alkaiifearjth metal salts.
Hov;rever, sﬁch surfactants are typically manufactured entifely, or in major part,
from various expensive and often highly hazardous petrochernicals via complex
chemical methods. Therefore, well-performing surfactants that utilize abundant,
renewable, and inexpensive raw materials and simpler chemical synthesis methods
are highly desired.

SUMMARY
Provided herein are a series of glyceryl ether compounds that have been
found to be surfactant compounds haviﬁg good solubilizing and emulsifying
proﬁerties, ipcluding perfqrmance in water containing high concentrations of
calcium and magnesium ions.
Glyceryl ether compounds can be prepared through the reaction of
epoxidized normal alpha-olefin (NAQO) compounds of formula (2), wherein R’ can

be a Cg-Csq linear alkyl, or preferably, a



R& R$ O HO (3), wherein R4 and R5 are
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hydrogen; linear, branched, or cyclic alkyl; linear,
branched, or cyclic al kenyl; aryl; and arylalkyl. The
reaction can be perfornmed in the presence of an acid
or base catalyst. In certain enbodi nents, the
reaction can be foll owed by deprotection of the ketal
or acetal protecting group on the glyceryl noiety.

Exanpl es of conpounds pr?§’<gd fromglycerol, or a
pr ot ected gl ycerol, and n(b)pom di zed NAO can

f erein
Cyle H‘?"%h%@rf&%ﬂf%epﬁy 408 Bwr%&te‘ﬁé it 925 S0
linear alkyl; and X is selqgted fron1the group
consi sti ng of. CH and 15 4)%6 Rs wherein R4 and R5
are as defined above. anpt her enbodi nent, gl yceryl
et her conpounds can béH§ ared fBpmthe reaction of

| vcer ol rote e fornul a nd
wilirbfiER 2t BF B E R SIS oo ofiB iefslsihe of
hydrsgdn liakf&d bfached, @€ coclksdlRyl; linke! BiaAchdie of aydlic Akdr1; aryl;
fra H s from8 t 24 carbpon atons, and.the
YR A58 reaetion can be-perianned walip Presprgs of assid or base

campghyﬁl cefaialeBtitimens, thE e¥Rtioh B&n b &IIdviddll WAdepBtection of
performed in the, K presence of an acid or base

the setal gs pcetalpretepting grogppadhaghicsrylmie®eact i on can be
foll EMRM o@‘%@ﬁ@hﬁﬁ&s‘ ﬁ@pzﬁéd g El?&éljol & aﬂfr@tte@ied glycerol, and

protectihg group on ? Ycer
an epox1dxzed NAO can mclude the ollowing formula:

R?
0]
HO/k( X
R2

wherein one of R! and R? is hydrogen and the other is a Cs-Cs linear alkyl; and X is
selected from the group consisting of: ‘
OH

\;‘:\)\/OH and

wherein R? and R® are as defined above.
In another embodiment, glyceryl ether compounds can be prepared from the
reaction of glycerol, or a protected glycerol of formula (3), and an epoxidized
triglyceride, or an epox1dxzed unsaturated fatty acid ester, wherein the fatty acid
fragment has from 8 to 24 carbon atoms, and the alcohol fragment is a C,-C,; linear
or branched monohydric alcohol. As above, the reaction can be performed in the
presence of an acid or base catalyst. In certain embodiments, the reaction can be

followed by deprotection of the ketal or acetal protecting group on the glyceryl



WD 2007/ 062112 PCT/ US2006/ 045191 nmoiety. In addition,
wo 200h@6Aast er noi ety can be converted to a freepcaubmoyb4s191

group, a carboxylic salt, or an am de. Exanples of

such compounds can include the fornula: OH Yand -Rs

R4 O 5 "z wherein one of A or Bis hydrogen and the

other is selected fromthe group consisting of

carboxyl, carboxylate salt, and ester; mand n are

i ndependently integers fromO to 20, and the val ue of

mdietys dmadditionithe esiennoiesy cam e comried to e fBe; carlzmxyl ¥roup, a

ently selected fromthe group
°§’2’%§‘ %aﬁtg g‘??%ﬁg SmB HO (CHz)n-A 10 HO (CH2)n A O

( CH2)ExBnqﬂeis ¢fGutc@mponds@an(itdiidde thd fodrbulthe reacti on

product can al so include t formula: O O R60 yWand

R60 V wherein R6 is se|ect f(gom hydrogen or a d -C10

| i near or branched al ealfgct ed fromthe

group consisting of 3 WO 2007/ 0621 PCT/ US2006/ 045191
.RS

R4
o\)\/o\ 7
wherein one of A or B is hydrogen and the other is selected from the group
consisting of carboxyl, carboxylate salt, and ester; m and n are independently
integers from O to 20, and the value of the sum of m+n is in the range from 8 to 21;

and Y gnd Z are independently selected from the group consisting of®

\;‘ji(CHz)m.B .

10 HO (CHo)-A ,

HO,  (CHp) A

O

2L (CHy) B . and

HO (CH2)B

(@]
T (CHA
15

The reaction product can also include the formula:
O . o

RSO /U\/\/\/\/W and RSO/U\/\/\;/\/ v

wherein R is selected from hydrogen or a C;-C)p linear or branchéd alkyl; W is

selected from the group consisting of:



off pN 0 VAO HOONHo O OH 5 Ho. KO O 4 Ho pH
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HOOO OH and Vis selected fromthe group

consisting of: A 0 O~~,, CH

ori

j“[\u

no
HO

W

%

T
O
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wo 20id0bmi1sone enbodi nents, the compounds aboveprcamshme/045191
converted into their corresponding salt. In addition,
the ester noiety in the above conpounds can be
converted to a free carboxyl group, a carboxylic salt,
or an am de. 10 The details of one or nore enbodi ments
of the invention are set forth in the acconpanying
draw ngs and the description below. O her features,
obj ects, and advantages qﬂ the invention wll be
apparent fromthe descriptﬁ% and’ drawi ngs, and from
the clains. 15 DETAI LED | PTI Provi ded herein
are a series of glyceryl ethey cgnpounds that have
been

HO



found to be surfactant conmpounds w th good

sol ubilizing and emul sifying 6 WO 2007/ 062112
wWOeCH7Ws2006/ 045191 properties, including perfacmasem®e/045191

in water containing a high concentration of calcium

and magnesiumions. G yceryl ether conpounds are

produced from glycerol, which is an abundant and

i nexpensi ve renewabl e naterial available as a

by- product of the production of biodiesel fuels from

triglycerides, and fronwgatplatively I nexpensi ve

epoxi des of unsaturated c unds such nornmal al pha-

olefins (NAO, or frome i zed unsaturated fatty

acid esters. The first objegctive of the present

di scl osure is the provisi®n of hydroxy

al kyl oxy-glyceryl ether f formula (1): R1 OH HOOCOH

R2 (1), 10 wherein one or Rz is hydrogen and the

other is a C6-C30 |inearPa |, or preferably, a C6-C

14 linear al kyl. The conp%% ds formula (1) can be

prepared fromthe 1, 2-epoki“des of O having formul a

(2): 0 R3-"J (2), 15 wherein R3 is a C6-C30 |linear

al kyl, and "preferably, a C6-Cl4 linear alkyl. The

conmpounds of fornula (2) are Qggﬁ%$d with either

gl ycerol or, preferably, wth a ot ected form of

gl ycerol, in the presence of itable catalyst. The

protected form of glycerol gaH be a ketal or acetal of

the glycerol of the foroula; (3): R4 1 R5 20 HOB O
(3), wherein R4 and Wpendent ly selected
from hydrogen; |inear anched, or cyclic alkyl;

linear, branched, of'®yclic al kenyl:-#&#%1: or aralkyl.
Preferably, R4 and R5 are not both hydrogen.

In some embodiments, the compounds above can be converted into their
corresponding salt. In addition, the ester moiety in the above compounds can be

converted to a free carboxyl group, a carboxylic salt, or an amide.

The details of one or more embodiments of the invention are set forth in the
accompanying drawings and the description below. Other features, objects, and
advantages of the invention will be apparent from the description and drawings, and

from the claims.

DETAILED DESCRIPTION
Provided herein are a series of glyceryl ether compounds that have been

found to be surfactant compounds with good solubilizing and emulsifying
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Many ketal s and acetals of fornmula (3), and nethods
for their preparation 25 fromglycerol, are known in

woOher7aw2112 Typi cal | y, di oxol anes of formul a (3)Parais2006/045191

prepared by reacting glycerol with a suitable |inear,
branched, or cyclic ketone or aldehyde in the
presence of an acid catalyst, and under conditions
allowing for 7 WO 2007/ 062112 PCT/ US2006/ 045191
renmoval of the water formed in the reaction. The
propemiea) includisey werformahgrpincadtey comaiaigd highedndshtation of
I.Sti [ [ 0| nt of the ketaqne and

i.stillation if the ilin
"’g ASESR{G]Ss gﬁé’? PV"&E‘ERRP@“? AE HEfpgedgrom

glp@d:rBI vﬂflcfd\@steﬁfablﬁﬂaﬂ)bndﬁnﬁéﬁﬁhb@ Brewhbid mbicaibl HhilaWietdd a
swtabl&ls é;; vent. D oxol anes of formula (3) can
Pa?

ssp%iusb% tigy of bigdiess] fuslsfromdrighygerdes, and from
re%zftf%l%' ae%aisweaéﬂosafaeg bf hﬁéaahﬁtea rcoﬁ‘{;%hﬂ!i%&ﬁm xfo%ﬁyélgha-

gl ycer ol erein

OIRﬁn%@‘éAQ)d@‘p@%eﬁwpﬁdl@él @é%@tﬁt‘#d Eﬁﬁﬁyaic@tlemsl i near or

br an I

ar o ehe i ohfociye SeUkRopLEREHC if Bidlud A GRS
alkylopy«lwedyl ethp ofi forvailk€)ones and al dehydes that are

readily 10 available at industrial scale. Non-limiting

exanpl es of such ketones Tand al ydes include

acetone, 2-butanone, ngh P PHket one, al kyl

i sopropyl ketones, cycl ohgxanone, cycgﬁpentanone,

i sophor one, cycloheptanone cycl ododecanbne
wﬂeﬂayﬁmm cmp or RN, hydesgencind the atiiph 3ra Cal, lihdde alkyhror

% ag ed (% ﬂatlc aldehydes preferably,. having 6
PISIT Ry Y e? CAT HO 15 Acetal s of glycerol and

| i neane abmbba;mmatfoﬁhulama} tah B plepyde Froie EHB)I]E-)épo:EPﬂb§bf
N_i) |I|q ing mxture of 1,2-acetals

%’ ?ﬂ? ﬁgﬁ :1, 3-di oxol anes) and 1, 3-acetals

(4- hydroxynethyl-l 3- di oxanes). oEven in such mi xtures,

they are suitable for reacRTﬁﬁJ h epOX|des but it

i S undgrst od tPat 1, 3-acetal s of % ¥£eryl ether

W Rs s oo hararalkyland mpssahive ¢ Craligasglkyl.

quantrht cempsinds ¥ B&RERI(S) &errea?&edlw%hke%&l él%:cér@l bhe

starting nmaterials does result in the fornafion of
prgErghlygwithamrpiccted fogn of ghrral dinghe prepenpieyafdy spitablersatalyst.
TR Qx‘w&ttéd fortH S STl Jgnrﬂesi‘két%%r%&fa bP@SSIerd N the ¥omula

resulting mxtures of COTTpOUﬂ S In t e preparation o

(33ur f ace-acti ve subst ances. is preferred,
therefore, that epoxides be reagted with 1, 2- ketal s of
gl ycerol. In addition, acetalsiE gsnore prone to the
m _have

formati on of perOX|des and of

ro._A_° @),

wherein R* and R’ are each independently selected from hydro gen; linear, branched,
or cyclic alkyl; linear, branched, or cyclic alkenyl; aryl; or aralkyl. Preferably, R*
and R’ are not both hydrogen.

Many ketals and acetals of formula (3), and t;nethods for their preparation
from glycerol, are known in the art. Typically, dioxolanes of formula (3) are
prepared by reacting glycerol with a suitable linear, branched, or cyclic ketone or

aldehyde in the presence of an acid catalyst, and under conditions allowiﬁg for



25 undesirabl e or annoying odors of trace free
wo 2&7@ehygles. 8 WO 2007/ 062112 PCT/ US2006/ 04518 T/u8¥e6r045191
gl yceryl ketals and acetals of fornula (3) are reacted
with an epoxide of formula (2), the resulting product
Is a mxture of stereoisoners having formula (5): R4
R OHOAR OO R2 (5. 5 wherein one of R or R is
hydrogen and the other is a C6-C30 Iinear alkyl, or
preferabl a C6-Cl4 |linear alkyl; and R4 and R5 are
reBeyal of &@p%#aéfﬁwdge thecreasfion:  Hhia 1§yvalyehvater etypically
a&"o%mﬁed b9 dafﬂialn%n aHﬁxlbmxk i1 om@r&&laﬁg and Eld%’f»{ﬂlé &re

; ar al npound fornu
be@l) sué ﬁewéy emﬁ:éh@ bqﬂtn@ nom,t of sAteredr by ) azemtrop@p distillation
r r f
W ol sitvor; BHbERRheas mitth (e P Mol by trans
5 ketaliration gufdniseicetatizationoaistalhyoadtals b foomula (4) with glycerol:
trans-ketalization but not _elinination reactions. The
deprotection step requires @g{? mld conditions and
may be expedited by heatingp bperg}acti on m xture to
t he refI ux tenperature of the wat er”” or al kanol . Wen
whetein R and Rddye trhlepémteotiy selectat] (ﬂ@lﬂ}'d@lfﬁs lirgramot ranched alkyl.

R4~ ( %_?abﬁ %l}l]cer%ﬁcetaﬁs ?cétalggge S o%%d%? Cct:a;i\%'etgnneg from

re-use rocessS o
gg}cymé modl sofiple andnidexpedgive H&tememdedl&ﬂyd ks ihat areadadityhe

t.al af rmula.(4) igrele d, whic
10 afflte Hindihd safle, ofPeiHrRie Sramled o HER SythpRE LA gehydes
1ﬁd1llﬁ:1e eemePbuthohe mth§l ischutyllitaond, Ié.ﬁ@@ ﬁsoﬁﬁcﬁﬁd kBtohbd,s
re tions is preferably a_linear ranc pri.mary
cH10 g 5 RP RAAB SP PG oo IO B Aot Sl SR ErEone,
da@dfdl@op}@a@rtd SHEnHRINGLEINYE) AROKAAL 0Pbrahelididlibhade aRRHydes,

gl ycer ol a glycerol derivative of formula (3), is
PEsfab b P?Vléﬁﬁrqréﬁoﬁlﬂaﬂ?‘ﬁ”tt%spresence of a. suitable

15 cat alAYc%Ttals S@ @kéﬁ%ﬁ gnd Hﬁea[r%@%%ﬁﬁe&@l%a%%l&gh ﬁ@gm&ﬁonly
(2) with g/cero or wth a conpound of forrru (3)

ewéhas HeeQIbrating sustuae pPHb.2-agake! regmasthgt-§.3 dloxolanes)
and 1,3-acetals (4-hydroxymethyl-1,3-dioxanes). Even in such mixtures, they are

suitable for reaction with epoxides, but it is understood that 1,3-acetals of 2-glyceryl
ether adducts may be formed. 'The presence of varying quantities of 1,3-acetals (or
20 1,3-ketals) in the starting materials does result in the formation of varying quantities
of 1,3-ketals of 2-glyceryl ether products. This may diminish the usefulness of the
resultmg mixtures of compounds in the preparatlon of surface—actwe substances. It
is preferred, therefore, that epoxides be reacted with 1,2-ketals of glycerol. In
addition, acetals are more prone to the formation of peroxides and often have

25  undesirable or annoying odors of trace free aldehydes.
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known in the art. Such conditions are al so generally

WO 208ips21%abl e to the reactions of 25 gl ycer ol P@YU2p/045191

compound of formula (3), with an epoxidi zed

unsaturated fatty acid ester. Non-limting exanples

of such catal ysts include strong m neral acids, such

as sulfuric, hydrochloric, hydrofl uoroboric,

hydr obrom ¢ aci ds, p-toluenesul fonic acid,

canmphor osul foni ¢ aC|d met hanesul f oni c aC|d and the

| | keWhemelyseryl ketsisand asgtalcoifornnladBd awrreeciad sithfagranexide

or Y LI A5 PR A Bl o

(Sxonpl etion of the reaction. Exanples of suitable acids
further include Lew s acids, for jsexanpl e, boron
trifluoride and vari ous corrpl exel oﬁs BF3, exenplified
by BF3 di et hyl etherate.OMX her ﬁd%‘?l imting exanpl es
of useful Lewis acid lzhgl(wd\/ﬁalfpdes of tin,
titani um al um num ﬁ%n silica, acidic alumna,
titania, 5 zirconia, vari &is acidic CK% , and m xed

rgér&ww@f% Wr}@?gw%% bﬁ@ﬁxe d%ﬁéel gt@ﬁdcgq,qmeapalkyl or

erivatives conpr m nera ont c or Lew s
prefeiablyler CarEd Nmsar allah 2ad SR abpd RJ%@ eacm@dcmvdpntéw@@med

L s

argdsedazaﬂcyiat alysts in the reaction 10 between conmpound

S R L R R N o S S S DI
foﬁ@@llal(tt)a&ﬁyﬁfbahlﬁen%ﬁlﬂéﬂﬁﬁf&? gtfnbir}mgﬂbmbax; ?reafjkk;auﬁ vk thegiresence
of iyt S g Podlai et R o Byt e RGPy but ot

eligfthati oiPfeablio) ’ﬂl’&l&é@iot@étlorﬁﬂé;ﬁi‘e)q%ires e nild Gbﬂhlﬁallisyand may
skill in the art can E;ractl ce many variations on

bexpedited by Beating the reaclier ML @F 6@%@“&’?@3‘%& %Water
ortfifhol. BBl GHet BREL, Ahé/k&SndBY alehwiast fbﬁnm@qe*L@m)eRS is

the reaction with | ess reactive catal ysts, howev
relepged; anp epmbe pepasted prbre-ewdiin dp RiogeS3af raking he protected

glg{ér%fe&taf]lo L (?5‘09\2%8; A%k dhoTRKIRE, @e Wbl h¥etfloftB8nula (4)

as even with l'ess active
is cdemesi,swbwhraésor @adzq @pa@tqdl dndpeaised isthetsgnipiesis of thee

cogl‘faepS un S on HQ%}S T}-lg']zﬁké{ggﬂ %d ﬁxntﬂls rlégcﬁlo%g i§ e‘?érx %a lhnear or

ecl em cal nmposition o
bremhexidmmmw oglsymdaty dkangl ieemgl frama i tv@t Gayeorpdtoms.

et ab s srstion foiben NP BREI AN D i 4580 o

glyﬂeﬁ‘er &drbadiive lod fortihea (Beisappidatly eztreueﬁ ouatmﬂhygrsen@amﬁ'a
s bl Satort 8 s hecrox QR pERAmRES (2 i g or

with tah:ompound of formula (3) can include various acids, and other catalysts

known in the art. Such conditions are also generally applicablé to the reactions of
glycerol, or the compound of formula (3), with an epoxidized unsatﬁrated fatty acid
ester. Non—hmltmg examples of such catalysts 1nclude strong mineral amds such as
sulfuric, hydrochlorlc, hydroﬂuorobonc hydrobromic acuds p-toluenesulfomc ac1d
camphorosulfonic acid, methanesulfonic acid, and the like. Various resins that

contain protonated sulfonic acid groups are also useful as they can be easily

9



varyi ng stereoconpositon, because nucl eophilic opening
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presence of bases proceeds with different
regi oselectivity and stereoselectivity. The reaction
can be carried out in the presence of an optiona
co-solvent that 1is substantially inert under the
reaction conditions and is often renoved at the end of
the reaction by distillation. Typically,. is desired
regqyeeskafter sompletionnf thesgaciion, Bramplgpof 811%116;/%31@8 fugther
in{ludd TLAR RIRSTor dAlo) beﬁ%nrx 'Jgﬁl PRAE L8 Yad iR QUIBE;,
exemphﬁbd! bmtBFaldﬂthU@hsataJ r(étlhednfhydm%@g pxamaples ofusabnl Lewis
Qr 2 S t.her I r
acﬂgynélggeéésndsegl Fiida g?agxﬁfargn?%%%a urfSfE Sl AL RELUELAE! frania,
zifcefial vatowsaridie clagsmnddnixygd GIMmbmzml magr&smmomiles or
reduced sure. It has .been fo t hat oun%P
ASHBIRH SEron Serpatiyer SoTRRYRE BIUAR SHRRC JRfeivaives
camR&oAGkion bet ween an epOXI de and the gl ycerol
derivative of 5 forpul a al. so be convenien

per f BREEACHON ¢ s be geré?meqﬁiemﬂa@tbéﬁe AR BYE Hidt Babes such

astaRICAE Y atk ok Ried Or hi dBRIdER LA bEYERASH- ca\egﬁﬁéﬂs in the reaction
i nsufficient excess of the conpound (

bepwornermpindddhand slysengd ex @mPOWrﬁébuh%e@éyolﬂw%ws gFe
d&Bﬁ@eﬂhXﬁ@%JﬁxﬁEH Stated PAGHE Nﬁgﬁlc%ﬁgn e %@4/@57’?% (‘mlg%awa

produc ese COﬁpOUﬂ re al so useful
Asusifipertadntdgril amwf), andwﬁeram@s wﬁﬁréﬂ@xqmnsu ve to A
manu [
i NVo ﬁe éx% %ﬁ ésgléé g%og g?r% eg otallggmgig 8?{&%% gxﬁﬂbamount of
catipsti mm qfforcﬂmarwﬂall @m)he arhmraﬂmanam varigtions on the part of

SRR Kb SFE e S R PSRy e vt

tolecdleid ihkategionywivh bes frastied ¢atalymg, lmwie\kmy, thel tinparmure of
of one or, nore hase transfer atal 'S i ncl g Ph
(g geReHEP SRS o ARheRiieal {1 ucsrediin & Iplite @ Quantity Ofihe

gl p&th r%a@&uhaswdnamh 156 h@veCraIpu i refidtonasti®l proceeds
al kyl ated ol i gonmers _of ethylene oxide are also useful

togdeld sbe desiea compoyngh aEe apaprired tyRegiitaystslepepison the
spleBRtldnRibical BS%BklﬂBn%ff tWoQi&Céﬁ%l%&S%r%ly&erMwe of

epoxi des of formula glcally results in the

forppla®B.onedin areedpn qa@ aen be eapddy cotablidhed byyanecdiliqdsin the
artlUR 1§ A &RABbE Phat Yhd %%W&ﬁ'ﬁ%h%tﬁ?&s deh ke dﬁ?é?éﬁtda%lds or

openi ng reactions t i nvol ve no han one

batsysircauyhd doeanesult in the formatiayl ofthe prOdmtsezfdbenuWKé) or (5) with
v QIRUAESeBhpds RO S alsn R pRicUHoRiAE BBLiddS Gflilelbrésence

of acids or in the presence of bases proceeds with different regioselectivity and

stereoselectivity. _ .

The reactlon can be carried out in the presence of an optional co—solvent that
is substantlally inert under the reaction conditions and is often removed at the end of
the reaction by distillation. Typically, it is desired to use a sufficient quaﬂtity ofa
co-solvent to minimize cro'ss-linking of the epoxides via ether bond formation.

Non-limiting examples of suitable co-solvents include saturated hydrocarbons,
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wat er - sol vent m xtures. Neat conpositions of fornula
(1) are nost conveniently obtained by 25 deprotecting
a compound of forrmula (5) in the presence of excess
al kanol as described above, followed by renoval of
t he al kanol and conpound (4) by distillation. It is
al so advant ageous to renove any other volatile

etheltsy mép@lusther#rp%my exasss sdtivent gepainingriiss enmpletiond the

g@r ocar@éo ?k naftg Pag?ré’g %gﬁﬁgﬁ%ﬁogs?& %ﬁ%‘ﬁ%éu'%f
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NG ot TPREFRE b RoRy B pl BEREF o s ety et Gifiive of
f&l\&%‘id mz_ilﬂalnga’E/ &Sﬂ&?gﬁ%ﬁé@&m&hhlaﬁ e&@éﬁé@iﬁl@kﬁlaftéﬂéﬁmpound
AO_epoxli des havin or r on atons are wax
DRGSR RO BB A SXFaRs PR roghcnd 3
istied ShFRdide, rbli%%%c%ﬁﬁcts YEEYMPOREH &9laH@itkb bY nidRe glycol ether
wat er vvat er cohol ,  and wat er-propyl ene gl ycol

fragmpenis @ge forgiedias dhe matos preducts | Thesp spapewnis rpelspiuseful as
SRHBREA! S HoSv v er, 5)%?‘3 16 YL eRPehsivENS martPARAUNES th E}Qﬁ&w the

epoxi dés havi ng carbon atons or nore, on the other.
eprande ilyobvedorrewhat | ess sol ubl e and may precipitate in

col d WalLEee E%‘,Qm? & Btk W 1@%@9%094 $3 ot f@mzlil (2), these

advant ageous using conpounds
reagiantsae gkugrally animasedblafie the &bamfcac:tfarﬂult@ble@mﬂoe\rdhyl hygsuch

oRERBBLASE, AEFelfih bRfon FRtugRATRNBE R by con
obomaekr ﬂ:ﬁrerpimge trraﬁsfpf-batﬁibrstesln(ziudmg sutfantaptd o formpld (18¢r othcr

foropula (1) ar on- ni ¢ fact ant.s
S RRPEHE B 5L B B BRLye fShed BHLBRA WS unytone
oxideatd slsd Qsdtungs (U-SNeEts & pldse tRakfes At tfoethisreaction.
affected by the presence of al kali-earth netgg)lons in

RepgiionQf unproffctegghisstn et ALy prasiides ofyforaplage) typiallyn
rBultRi @k fSHRSIANdf ahhet q%hmlﬂl@roﬂvenoaébyﬁieauaé cmehs "eFomde

non-i oni ¢ surfactants known in the art. ngpun S O
ol gemeization)and e tp Rhexide operng masHenythat invelyeiraers than one

hymyﬁghh?%ﬂw ddhofibeLoPMbiRalant s, sol vents, glycols
fragrances, colors, blologlcally-actlve

and Trh@wpnwanti?r vfe@rmubaﬂy pasbe phf@wgdmnd used tsa BeAth as
(s%Ne?ﬁl%gjsg f@l%g oills ﬁcéﬁ!‘attéd &Jlut%d}(%] %%sssoliréfm rlhglPﬁlng

|ngaents antlsetlcs |ng agents
pwnmtammi walergskveni mlxtures

Neat compositions of formula (1) are most conveniently obtained by
deprotecting a compound of formula (5) in the presence of excess alkanoi as
described abpve, followed by removal of the alkanol and compound (4) by
distillation. It is also advantageous to remove any other volatile odoriferous
impurities that may be present in the industrial grade NAO epoxides (such as traces
of hydrocarbons, alkanals and alkanones) ‘ ,

The compounds of formula (1) in neat form, when obtalned from NAO

epoxides having from 8 to 16 carbon atoms, are paste-like solids or viscous liquids,
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the like. Effective concentrations for use of
compounds of forrmula (1) depend on the intended use
of the fornmulation and can be easily established
enpirically by one of ordinary skills in the art. The
effective concentrations for conpounds of formula (1)
can typicall ra e from0,00 1% to 25 100% of the
Whide penpeHls O epaxisksd PAYPE d #196 1976 FRIDOS RGBT pigrivaxy
soHATP FUBdSm g@ﬂn&eﬁ&ﬁ%@ﬂbeé;)o&fcﬂsg haPRBH RS 18718 carbon atoms have
unsaturated fatty acid esters. TheSe conpounds are
veyy gpad eolubility mwatmm@qer-glcnhola and wategrepdone gaselnideres,

oS Y R SR il T o

cdfgudSR dKd6a D@Kl@ﬂ:oxmbsehé\ohg ddicarpon @tomss apypbye, on the other
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p@pértﬂ@lafﬁ aﬁivbﬁfh@eoﬁ@'ﬁﬁa dﬂ_u@ |ceni@6’ﬁﬁi@s (ﬁ&bnhﬁlal (0) Aanyarious

OS tJjons at e W t C ot her or
RGOS HSTTIr TR A Hink P RS FeARSEREnTES and
c&ﬂ;yo‘ﬁi‘dstoheo&aubl(ﬁ) 40 8B 1cGaRoREar TKIR REHSKARISOYitionS o%r 2 broad

trans. _ Preferably, fatty aC| ds have one gr two élg
arenon-

rapgs 96 PHarRlNSsd} & fﬁ?refpéi Al pH G Fogroundy abfaampéh

10?1?& Strdactintd, %& YhACh R B IR Qn@ %ﬁfsﬁ'yﬁ'fg Jrf}ﬁlcelle-fonmnﬁ propertles
above-descri bed fatty acids with ~nonohydric alco .

argquok/sulestandially aéﬂe@@ﬁ&ysthapeesmweeﬁanmh-m@h 1qnsmﬂrey
sdihtiggcondary al kanols having from1 to 12 carbon
atons. Preferred exanpl es of al kanols are net hanol, -
et hafompopndpahfsirmuladp capbaobed i maeher sgbsi@tmhélyysumlar to

e3P0 AR APPlral SRR n B SP) oo ot prmyia (1) can

thos de tused alond er m aried cbafbﬁtyatﬁms evithcothemguofictantsn solaems,

sed, not.all the fatt d. ester ent ..the
oGS Ponis PrintEs, ol ASegirhly Shtub L Bt i,
erSmbspiregdndd §altsaatldl agélﬂdﬁ&e gad sl extPsARITtalkdli thbals, fabric
ester mxtures. In fact, it is cost-advantageous to

wetmeRsentsy aiissptich gad Bk&%@&g A8eNts.s A PamBaUds Ry vsed it
cR&tiBE Sd1§l¥ﬁjébh§§g twurmky Cc%%ﬂn@ﬁé? a@é péréonal %breV;ﬁG&‘&cﬁ?'cﬁ:F%akﬁlg |

(e.qg., bean’ oi | i nseed , . canol a oi |
pmparat@uﬁfamé\xb? like.| Effeerive Qﬂnpenteaé% forgyse of compounds of

formula (1) depend on the intended use of the formulation and can be easily

O

established empirically by one of ordinary skills in the art. The effective
con‘centrations for compounds of formula (1) can typically range from 0.001% to
100% of the formulated product.

In another embodiment, surfactant compounds can be prepared from
epoxides of unsaturated fatty acid esters. These compounds are prepared in the
manner similar to the above-described methods for making compounds of formuta
(1) from the NAO epoxides of formula (2).
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predom nantly unsaturated fatty acid esters. It is

al so preferred that a fatty acid ester with a high
content of nono-unsaturated fatty acid ester is used,

such as the conpositions found in high ol eic canol a

oil. Esters of 10-undecylenic acid are also

preferred Anot her preferred starting material is a

mi xt dhe 6?°W§¥ﬁﬁﬂn%ﬁﬁ@Ws of 25 fatty acids derived by

tr angriRetuedibd EAAL 4R lﬂgaﬁ’ gﬂeﬁﬁ AR cAbbRyiCadlds H;Ivmg from 10 to

soybéan ol I, canola oil ot her unsat ur at ed
24 pa@bp@éqmm@ aidaasd ohg dowldd bond.t Bhe dodble bondg can be in any
f d i
PRUOE SRl WOPLER T U B, MR P
axpralgernzﬂdty ahg enyp g€ it deaibledyornls lven bie selopsndantly zédort wans.

<RGOS Ry P S TR A . oy ove

dossls®bhae natural nono-unsaturated fatty acid esters

with_the ose, of shiftin e, position WO, i
2007%@%%%@%3@82’6%1/ HEBY 8&‘3’3@0{’% T8eeotba %at%?ﬁﬂd% Bith
nﬁﬁ%h&dmalwhcngoxr mty of the carboxyl group, e.g., the
position to_yie al k- 2-enoi c_esters. Slmla”@il{
agols

i t . Moncdprie é&FOPH%ftafﬁ !arfl%ﬂraﬂr bganched RFLIIEEY BFSICARYaFy
hBAhE Honb ¢ th $0WRFfIoASLhS. Bldfdrds éka%;ﬁ&%icarﬁm é‘e mthdhol,

i soneri zation prOdUCtS are favored urlng cat al ytIC
erhee%promt% rropronssele bytanal, sepondsryphusanal cisotangl, esmyl

aﬁBh % anBf 1N the presence of a netal
ca yst catalysts ordinarily used in the

hy d r de nmtlmtoodfthatl ik éndystniz rpraqnmbudherp aulnlxadi ifatty acid

ut heni u I o er..c salt and _ .
e S b e L SRRy SR oy Ry ine e
carcbe undaha’atedtankleaﬁte follg sﬂhratkmfaﬂgmicegmhpmdm lod piiehent in the

nsat yrate

PERi e 18l e el st i ok R o D eStirgtbd and
sﬁﬁﬁt&ﬁfﬁtt@&cfcﬁ@ﬂéﬂs Yudr&amplyceriaes ot typital Vﬁgéﬁdbﬂé éills (e.g.,

sCHEBR et iicatiolh, R ol g e SHERTSECI, B o per il

titeal K1BNdY did WBLRey. It id pleferRIIChOWERS, thAPWR\ETed AR acid esters
epoxi dation of at |east one of the doubl e bonds

C‘E}i\té%’elﬂﬁd?fﬁ“’taﬁﬂy GRSk Bty paid e;st%r H ipals@proferred that a fatty
a8 CRIEP l\?\}lﬁlh@ﬁil ghldonteds Hf‘ﬂ%ﬁ&uﬁ&ggu}a@&f fa'trg 2RI PE&kdrGS nsed, such as

epOX|d|ze fatt acCl esters may ntai n varlous
ﬂmmmsltem&fpumﬂiuﬂme@ olaie c@nqlaspﬂg Eswmﬂrwﬁmmﬂemwm are

afsg Z)rr%f@ﬂgg nﬁ?ﬁ)gleg’ %r&&%(d grctmg}ﬂatfeﬁ %rrﬂ o@ lfﬁé?lgyl%gters of

atty aci ai ns epo i ze
faé@t ands @theellhn trapssasterificgtiom of végesabdé oép(;xg d:dtsoybrean oil,

cgyolg 8%8 othe? QQSﬁﬁpaﬁddt% glycerides commonly used in the 1ndustrlal

production of biodiesel fuel).

Various unsaturated fatty acid esters can be optionally blended, mixed,
partially hydrogenated, or otherwise isomerized to change the position or
stereochemistry of the double bonds. It is particularly advantageous to isomerize

natural mono-unsaturated fatty acid esters with the purpose of shifting the position
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epoxi des of nono-unsaturated fatty acid esters 20 can
have the formula (6): OH HO,,,,IO0(CH2),,,-B HO (CH
2)nA (6) wherein one of A or.B is hydrogen and the
other is selected fromthe group consisting of
carboxyl, carboxylate salt, and ester; and n.and mare

i ntegers_each having. values fromO to 20, and t he
of\;B? e}@ulz}F boad ey ﬁpafmmmpﬁ%lmﬁy phthercakpxl gerdpge-2a8he 33-

po%iluon\%%rﬂelalaﬁc-gxa%wﬂ&%er@r Simhil 31 RAX bgsrad tH4Pa éai ed

fatty acid esters having epoXy groups positione

ur@ms%mb fast avild gstens herisorasrireride aliac2.dsbenoiapstenst Sach
I,

sl A prERRE £%, PR A DAL A8 6o G B 86815 1n the
pregamne of amgciti adaﬂvbe rcidt anm thé prdsencearfta mamu sathlyst yMetal
ca? qs V\D12007 iﬁdPCT/ 820 /194%191 inc uc{3 1ladium,

F45H AT g5rd i (F Oy digesnatqn of alkengs Gig includepalla
ruﬂmmmm ieidiwh, c&)ppéﬁé}traimytér witkislaalt, naa;l elig lilrd

o FYFRES Diet Sbpeait gy g dpuble

bk %fﬂleﬁ\h@aﬁﬁitﬁ@%ttf&ﬁd eﬁé@%&ﬁhzéde@ra@sswkgtgw@ Such
i.somers of the such surfactant products froma -

oiflafions axs well knpwain shejart and ean bareadily aeqopnpitshgd pban ingustrial
scﬁl@oe %0%9"1% RO o 5486 aRY a%ax‘ﬂ%q_lgﬁé ﬁa@ﬁogf %%Hl)a

have fof nul ae (7a and (7b}

acefate), or pcihe)heplgh UP@E‘}‘ﬁ A tw’fq@rr@lﬂhmevw &)at @mldatwn of
at £ gltxjé‘n%éhe %o%ﬂafrént{lo?lﬁg ngagﬂtgﬁgﬁ \grgahg?tgdt é’t%y §c1fi ester is

aofcgmpb@h@ls Imisungesstoadhthint in practice, epoxidized fatty acid esters may
contain various quantities of by-products arising from hydrolysis or rearrangement

of epoxides and from cross-linking of the fatty acid chains. Use of epoxidized fatty
acid esters containing small quantiﬁes of epoxidation by-products and epoxide
decomﬁosition by-products is fully within the scope of the present disclosure.

Glyceryl ethers derived from epoxides of mono-unsaturated fatty acid esters
can have the formula (6):

OH
HO._ A _ O (CH)mB
(CH2eA (6)

wherein one of A or B is hydrogen and the other is selected from the group
consisting of carboxyl, carboxylate salt, and ester; and n and m are integers each
having values from 0 to 20, and the value of the sum of m+n is in the range from 8
to 21.

‘When bié-epoxides or tris-epoxides of unsaturated fatty acid esters having
epoxy groups positioned in close proximity to one another are used, an intra-
molecular epoxide opening reaction can take place, resulting in the formation of one

or more ether bonds connecting two carbon atoms of the continuous fatty acid
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10 can al so include other adducts, such as
di (gl yceryl) ether adducts resulting fromthe opening

wohowashiiof t he epoxy groups with a different gCyaseab/045191

fragnent, thereby resulting in oxygenated fatty acid
derivatives conprising two hydroxyl groups and two
pendant gl yceryl ether groups. Preferably, the

gl yceryl ether adducts of epoxidized fatty acid esters
are 15 forned by the reaction of a protected glycero
edrbbweimaiha Tygically,aducheidr Bynds@sulf BB FhrnedticAf .£XCess

R IRRE ST Gitbboryran faiacbiins Cunalex mixtures of
Meaisbmeﬁ b lehMel Neriv iR ed by Eﬁfy%lm@&ﬁ&% a?éjﬂsh‘ﬁlteﬁ ®or

epOX|d|zed fatty acid esters can pr epar ed

EXERIp g Eseplyisemers of the @rthﬁelsfamanhmoﬁucté &m abis-gfoxide
Oy

LRy @8 A0SR EOE S AR by o eyt
g@@hCanhéWbSUnndﬁﬂCkﬂaniﬂ?hter|de pol yol conpounds are

fornmed. These npo have fre ec ry. hydr oxyl
groups and gl yg l@f’ﬁfef'\ pendant ib@ ggggf‘%éached to
the fatty acid ha ns. Optionally, her bonds may

al so be present i ghch adduct s and t e et her bonds
can connect two carbon atons of one y a id chain
(thereby 15 WO 2p07/6B2#B PCT/ US2 6/6 form ng
a tetrahydrof uramefth terahydrggyran rlng) or two

different fatty aclid chains. Such\adducts of glycero

‘or of a ketat/aceta I-protected gliygerol with an

epoxi di zed tri-glycerides are typically prepared from
epoxi di zed soybean 9il, linseed 5 oil ,and the |ike.
These adducts have ®en found to be ﬁséful in the

%&@HPAI Bnnffan&mﬁawér&ﬁafbgwul a (6), (7a), and

as their corresponding ketals/acetals
of f oflm}ip@en@&&)f fofiamla (Fapar(d(Tp) atdQypickRY formkd dRsni@turés that

%@%J%oq%%ﬁ%r%dgxé%)}h ra? dl? gf%fc'e_ll'gl)( eg;elzr) dd'dﬁ‘jctg %\):gult% ngrom the
opening of each of the epoxy groups with a different glycerol fragment, thereby
resulting in oxygenated fatty acid derivatives comprising two hydrdxyl groups and
two pendant glyceryl ether groups.

Preferably, the glyceryl ether adducts of epoxidized fatty acid esters are
formed by the reaction of a protected glycerol of formula (3), followed by the
removal of any excess compound of formula (3) by distillation, and by deprotection
of the glyceryl ether ketal/acetal moiety.

Altematively, the glyceryl ether adducts of epoxidized fatty acid esters can
be prepgred by treating epoxidized triglycerides with the compound of formula (3)
in the presence of catalyst substantially similar to the cétalysts described. In such an
embodiment, triglyceﬁde polyol compounds are formed. These (':ompounds have
free secondary hydroxyl groups and glyceryl ether pendant groups attaché& to the
fatty acid chains. Optionally, ether bonds may also be present in sucH adducts and

the ether bonds can connect two carbon atoms of one fatty acid chain (thereby
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O(CH),, A O--R4 ~R5"'0 (9b). 10 The conversion of
wo 200n@6i12 gl yceri de adducts to the conpounds (ByT/uE2d/045191

and (9b) is nost readily acconplished by a

trans-esterification reaction with a nonohyd-ric

al kanol in the presence of catalytic anmount of base.

Non-limting exanples of suitable bases are

hydr oxi des of alkali or alkali-earth netals or

al koxi des of al kali metals and al kanol s. Deprotection
fogmings tatyahydiofirag oo e ferabydropwran 5ingd ap bun differeyt, fatg agid

A (9b) is readily acconplished by using an al kano
In the presence of an acid catalyst, thereby
r es uBtehngddugtst drfglpcnmleari oz lefaltdeetal prjpaetediglyc€r6) with an

ectively. The deprotection of t
foblire s ARG Brobpret SR SR B PR b R i nsced
oi¢ smn%theﬂgmd Sl;j heisé hd@d@]ﬁmmlﬁéh c’ct)]tﬂidotai&l usefil 1@{}&Q)frbdnctlon of
cLombi ne n ar i out t he resence of a
qERpans of orpila (Shof ot (Bnor vshirod cinEPRIesPPpPingal | v,
kaﬂsﬁ&@tﬁﬁsof%rrﬂﬂﬁ@md{g addl (@y)o!l is used, and when the
reaction is substantially conplete, excess al kanol

and ketal (4) are renoved by distit%at {SfeAany
glycerol formed in this 16 WD 2007/ Q62112

PCT/ USZO,Q,@/R§45191 reaction can al so e separat ed and
re-used |WLtdne synt hesis of glycerof compounds

as descri®Bed\uesmi peHhesresul ting &t her %ﬂgucts of
gl ycerol and the hydroxyl at ed fattyeag? Sters: (as
exenplified by »—Emﬂ,& Q%) formul a RFa) g, 70))

are useful non-ionic 5 surfdctants that can (e sed in

various formulations in a GhsBantially simlar
to the non-ionic surfactants off fornmula (1) disclosed
above. The carboxyl group in et her adducts of

gl ycerol and the hydroxyl at ed tty acid esters can

optionally be saponifie Pur n{Ghled salt (typically,
al kal i, alkall-earth~7§E§g;|un1 or an amne salt).
The carboxyl group ca be 10 protonat ed.

Furt hernore, the carboiyl group can be @h-dated with a

2| T i i SO BT O o 05008 o
(Obh st readi B zrqceamh@hgi Bt a trs- esmﬁwiongpwmnaw@ a
muﬁgl{ﬁnc' aqgén%l ?ﬁjfﬁe%%s%%é of catalytic amount of base. Non-limiting
examples of suitable bases are hydroxides of alkali or alkali-earth metals or
alkoxides of alkali metals and alkanols. Deprotection of ketal/acetal groups of the
compounds (8), (9a), and (9b) is readily accomplished by using an alkanol in the
presence of an acid catalyst, thereby resulting in the formation of the compounds
(6), (7a), and (7b), respectively.

The deprotection of the ketal groups and trans-esterification of triglyceride
ester bonds with a monohydric alcohol can also be combined and carried out in the
presence of a catalytic amount of an alkanol and an acid. Typically, an excess of

monohydric alkanol is used, and when the reaction is substantially complete, excess

alkanol and ketal (4) are removed by distillation. Any glycerol formed in this

16



that work.well in hard water. Simlarly to conmpounds

of formula (1), (6), (7a),and (7b), these conpounds
woam7me2used to fornmul ate various surfactant ardT/US2006/045191

enul sifier 15 preparations according to nmethods known

in the art. 17 WD 2007/062112 PCT/ US2006/ 045191

EXAMPLES Exanple 1 5 g of decene-1, 2-oxide of 94%

purity was dissolved in 15 m of solketal and 5

stirred by nmeans of magnetic stirring at room

repgfiprepnt Wpe be saErate@and re-pyddrin by xdhest efiglycergh ¢therat e
c&gg%d?a)sdé@rﬁub%ﬁq]%geﬂ?y means of a syringe, and the

ction mxture was stirred for 20 mn. During this
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(10a) and (10b) elute: 18 WO 2007/062112

WO 2603063452006/ 045191 r10: MPSO00fI . O 6000000 AEDREEYD6/045191

4000000 3300000 :20.0r< 3000000 2300000 2000000
Y600000 YO00000 300000 30.00 20.00 30.TO 20.30 20.40
21.00 31.Y0 2'1.30 Representative mass-spectra of the
peaks of the above chromatogram scan 3342 (20.00.1
rr,lr,): MS 00077.E 9 1 2 7 320000 , 300000 200000
200000 240000 220000 200000 arJ 180000 '100000 n"3
:3 140000 120000 ,.;1la r<s '100000

EXAMPLES

Example 1

5 g of decene-1,2-oxide of 94% purity was dissolved in 15 ml of solketal and
stirred by means of magnetic stirring at room temperature (25°C). Boron trifluoride
diethyl etherate (0.05 ml) was added by means of a syringe, and the reaction mixture
was stirred for 20 min. During this time, an exothermic reaction was observed and
the temperature was allowed to rise to about 55°C. 0.5 g of ammonium fluoride was
added and the suspension was stirred for another 2 hrs. The resulting mixture was
filtered, and unreacted solketal was removed under reduced pressure. The resulting
colorless liquid (7.8 g) was analyzed by gas chromatography-mass spectrometry
(GC-MS) and was found to contain approximately 85% of a mixture of

stereoisomers of ketal compounds of formulae (10a) and (10b):

WO (10a)

/\/\/\/\[O\/EOK (10b) |

OH
These compounds were detected as a mixture that manifested as three
partially resolved peaks on the GC chromatogram.

Small amounts of the stereoisomers of the compound of formula (10c) were

also present in the isolated reaction mixture:

NN
2
/\/\/\//( 7§
\OH

The isomers of compound (10a) and (10b) had representative mass-spectra

shown below.

Partial TIC chromatogram of the elution area where isomeric compounds
(10a) and (10b) elute:
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Example 2

The reaction was carried out according to Example 1, éxcept 5 g of
octadecene-1,2-oxide of 85% purity was used, and the reaction was carried out at
60°C to facilitate dissolution of the starting material in solketal. The resulting waxy
and oily mixture of compounds (5.7 g) was analyzed by GC-MS and was found to
contain approximately 75% of mixed isomeric compounds having formula (112) and
(11b): = :

/\/\/\/\/\/\/\/7;\0/\0(7\8 11a)

OH

/\/\/\W (11b)

Partial TIC chromatogram of the elution area where isomeric compounds
(112) and (11b) elute: .
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Representative mass-spectra of peaks of the above chromatogram: -
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Example 3

1 g of reaction product obtained in Example 1, 5 g of water, and 0.01 g of
sulfuric acid were combined by means of continuous magnetic stirring and heated
for 2 hours at 90-95°C. The reaction mixture was then cooled to room temperature,
neutralized by means of addition of calcium carbonate (0.1g), and filtered. The
reaction mixture was a characteristic opalescent smectic solution. Upon evaporation
of water under reduced pressure, 0.6 g of viscous oily-waxy opalescent residue with
a pearl-like appearance was obtained. The resulting compound contained

predominantly stereoisomers of compounds 12a and 12b:
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The aqueous solutions of the mixture of isomers of compounds (12a) and
(12b) were able to form stable emulsions of hexane in water at (1:1 vol) when the
concentrations of compounds (12a) and (12b) were in excess of 0.2%. The
emulsifying properties of compounds (12a) and (12b) were not diémpfed by the
addition of 0.2% calcium chloride or magnesium chloride.

Examples 4-5

1 g of'the reaction product obtained in Example 1, 5 g of methanol (Example
4) or n-butanol (Example 5) and 0.05 g of p-toluene sulfonic acid were dissolved
and stirred by means of magnetic stirring for 48 hours at room temperature. The
resultmg solution was neutralized by the addition of 0.1 g of calcium carbonate,
stirred for 1 hour and filtered. The excess alcohol and small quantities of 2 2-
d1methoxypropane (Example 4) or 2,2-dibutoxypropane (Example 5) were removed
under reduced pressure, affording 0.55 and 0.58 g, respectively, of a material
containing compounds of formula (12a) and (12b); identical in all respects to the

compounds prepared in Example 3.

Example 6
The reaction was carried out according to Example 3, except that the starting
material prepared in Example 2 was used. The resulting waxy solid (3.9 g, m.p. 42-

46°C) contained predominantly compounds of formula (13a) and (13b):
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Exanple 3 1 g of reaction product obtained in Exanple
1, 5 g of water, and 0.01 g of sulfuric acid were
conbi ned by neans of continuous magnetic stirring and
heated for 2 hours at 90-95C. The reaction m xture
was then cool ed to room tenperature, 10 neutralized by
means of “adoi’t | cCatCi f Doria oq\_[mhsa)
filtered. The reactl on m xture was ao;qharacber

opal escent smectic solution. Upon evaporation
wat er under reduced pressure, 0.6 g of viscous

oi | y-waxy opal escent residue with a pearl-Ii
appear ance [ % (13b)
cont ai ned predom nant| y st er eoi somers conmpo Hds 12a
and 12b 21 WD 2007/ 062112 PCT/ US2006/ Dépil91 OOH

12a) O ON (12b) OH The aqueous sol utions

c()f t l‘f’éq“r?PR? ﬁﬁ(?éltlﬂ?s PitBpEEtuET OEE%‘SWSCOPM}* afida) and (13b)
wel2Blc s E@fﬁ)@i ﬁaﬁlﬁt)f @fémtsf&kak Bf Gt $h A8SaR ﬁ@éﬁﬁﬁs&ﬁng

wat er at concentrations
PERPHS scozrmyld% az &tzcbﬁlf!\héweerq rotesubatgntially @smemthe
adiBH los i), R RAT gl2a) and (12b)
aWelre r?gt d/:asrlﬁg{rg ﬁo‘i’ﬂd@%rﬂ{agggﬁl [ onﬂﬁ? 0. 2% cal ci um
chloride or magnesi um chloride. Exanples 4-S 1 g of

ion product obtained in Exanple 1, 5 g of .
E&H&ﬁgegc?lcg(Exanple 10 4) or n-butanol (Exarrple 5) and
0. 05 T@le@wnﬁresmlmnmd dwraccordinighoiampless4-6| erapt thedtarting

n net Stirr far .48 hou s a
e N e e T R
compbnmdsl (284 ind (18b) adsl irt albrespéctdidenfcAfio Gadt ©btahed in Example

5?6“ bonat e,

&OH

Example 9 ,

10 g of decene-1,2-oxide and 25 ml of glycerol were vigorously stirred at
room temperature. Boron trifluoride diethyl etherate was added by means of a
syringe in10 minute intervals (3 portions of 0.2 ml each), and the reaction mixture
was stirred for an additional hour. The resulting mixture was then left standing and
excess glycerol was separated by means of a separatory funnel. The upper phase
liquid contained a mixture of adducts comprising compounds of formula (11a), |
(11b), (11c), and the isomers of a bis-hydroxydecyl glyceryl ether. The resulting
mixﬁne had a similar surfactant and emulsifying capability to the material prepared

in Example 2.

Example 10 . .
The reactlon was camed out according to the conditions of Example 1
except the stamng matenal was a fully epoxidized mixture of fatty acid methyl

esters obtained by methanolic trans-esterification of epoxidized soybean oil
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liquid contained a m xture of adducts conprising

conpounds of formula (1 la), 20 (11b), (1 Ic), and the
woammesiiof a bi s- hydroxydecyl gl yceryl ether. pTinais2006/045191

resulting mxture had a simlar surfactant and

emul sifying capability to the material prepared in

Exanpl e 2. Exanple 10 25 The reaction was carried out

according to the conditions of Exanple 1, except the

starting material was a fully epoxidized m xture of
fatty acid nethyl estersCPelft ai ned by nethanolic
trans-esterification of i di zed soybean oil 23 WD
re907/ 062112 P /U%OOG;A 5191 (Vicoflex(r) brand,

Ar REnaY’, heyr ion with sol ketal was carried
out® at 60C. ' m xture of products (6.4 Q)

was anal yzed b}§/ GC- M5 and figgnd to contain
several stereoisoners of sol ketal ether adducts anong
péhi ch were conpounds ofo%rnul ae (14a), (14b), (15a),
(1 (15c), and (15d), erein R6 = 5 nmethyl: A- O
R60 O OH (14b) OH OO

(15d)

Methyl esters of hexadecanoic acid and octadecanoic acid were also present. Small
quantities of other unidentified modified fatty acid ester products, as well as
products arising from the rearrangement of the epoxides on the carbonyls, were also

observed.

Example 11

3 g of the material obtained in Example 10 was heated to 100°C at 0.5 mm
vacuum for 24 hours with stirring to reduce the content of methyl ester of
hexadecanoic acid to a value less than approximately 1% by weight of the starting
material (approximately 10% weight loss). The resulting oil was dissolved in 20 ml
of methanol gnd refluxed with 0.2 g of tosic acid for 24 hours. The reaction mixture
was tl}én neutralized with 0.5 g of calcium carbonate, ﬁltered, and fhé methanol and
2,2:diﬁethoxwropane were removed under reduced pressure to give 1.9 g of a
waxy léw—melting solid comprising a mixture of glyceryl ether addﬁcts of methyl
esters of modified fatty acids represented by formulae (16a), (16b), (17a), (17b),
(17c), (174d):

OH
OH
O ' ' (@)
F.RGO/U\/\/\'/'\/K'/\/\/\/\
“OH (16a) "
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0O O R60 O O HO (15b) 10 24 WO 2007/ 062112

WO 2603062152006/ 045191 O O R60 O O HO (15c) OpcR©82006046D1
HO 0 (15d) Methyl esters of hexadecanoic acid and
oct adecanoic acid were also present. Small 5
quantities of other unidentified nodified fatty acid
ester products, as well as products arising fromthe
rearrangenent of the epoxides on the carbonyls, were
al so observed. Exanple 11 10 3 g of the materia
obtai ned in Exanple 10 was QE§I§d to 100C at 0.5 mm
vacuum for 24 hours with stirryfhg to reduce the
content of nethyl ester of adecanoic acid to a
val ue | esskban_approxi mat el y 1% by wei ght of the
starting nma [ Pr-0X ¢ght | 0ss).
The resulting®@il was dissawed in 20 M qfieppt hanol
and refluxed with 0.2 g of tosic acid for 24 hours.
The reaction m xture) 15 was then neutralized with 0.5
g of calciumcarbonate, filtered, and the nethanol and
2, 2-di met hoxypr opane /were renoved under reduced
pressure to give 1.9 PHa waxy lownmelting solid
conprising a m xturedof \gl yceryl ether adducts of
met hyl esters of nodified fatty acpPds represented by

fornmul ae (16a), .
S
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(17c), (17d): 20 OHOH O O R60 OH (16a) 25 WO
WO 2800641962112  PCT/ US2006/ 045191 HO HO O R6BCHUSH06/045191
(16b) OHO / O HO-1 ~0 OR6 HO (17a) OH O O HO--T/
-'0 OR6 HO (17b) OH R60 ~OH p O O5 Ho (17c) R60
HO OH 0-~1

wherein R® is methyl.

The waxy product was then saponified in 20 ml of water at 60°C, by stirring
and titrating dropwise with 1 N aqueous sodium hydroxide to maintain pH 8-10.
The resulting s[:apy solution contained sodium salts of carboxylic acid compounds

5  of formulae (18a), (18b), (19a), (19b), (19c), and (19d):

OH
%OH
(o] (&)
HO/U\/\/\/\)\,/\/\/\/\
OH (18a)
HO
LS
Q
HO
o OH (18b)

10

HO

° HO (19b)
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wherein R6 is nethyl. The waxy product was then
woeapmctited in 20 M of water at 60C, by stirrPog/US206/045191
titrating dropwise with 1 N aqueous sodi um hydr oxi de
to maintain pH 8-10. The resulting soapy sol ution
contai ned sodium salts of carboxylic acid conpounds 5
of formulae (18a), (18b), (19a), (19b), (19c), and
(19d): OH HOO HO(O4,(18a) HOHO O HO O CH
(18b) 10 OH OHo ,/-1 OH HO (19a) HO HO O O HO
o HO (19b) 27 WO 2007/ 0Qe2HL2 PCT/ US2006/ 045191
HO o P
o]

HO
(19¢)

HO, HO (W

o

HO ©

(19d).
The mixture of sodium salts had good surfactant and emulsifying properties that

were not adversely affected in the presence of 0.1% calcium chloride.

Example 12

5 g of epoxidized soybean oil (Vicoflex® 7170 brand, Arkema) was
dissolved in 20 ml of solketal. The reaction mixture was heated and stirred at 60°C,
and 0.2 g of BF; diethyl etherate was added over 15 min (4 portions of 0.05 ml
each). The reaction mixture was stirred for 1 hour and then cooled to the room
temperature. The catalyst was neutralized by stirring with 0.5 g of ammonium
fluoride for 1 hour and the whole was filtered. Excess solketal was removed by
distillation under reduced pressure to give 5.7 g of a transparent, free flowing,
practicalh./ colorless, very viscous liquid that comprised a mixéd ether polyol adduct
of epoxidized fatty acid triglyceride and 1,2-isopropylidene glycerol.

1 g of the resulting material was dissolved in 10 g of methanol and refluxed
for 24 hours in the presence of 0.05 g of p-toluenesulfonic acid. The solution was
then neutralized by the addition of 0.2 g of calcium carbonate, stirred for 2 hrs and
filtered. Methanol was removed under reduced pressure and about 0.8 g of a waxy
solid was obtained. The waxy solid was dissolved in 10 ml of water and saponified
in a manner described in Example 11. The resulting soapy solution contained
sodium salts of a mixture of compounds that had a very similar composition and

surfactant properties to the material obtained in Example 11.
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about 0.8 g of a waxy 20 solid was obtained. The
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WFUQI ed in a manner described in Exanple 11. The
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m xt GThesythednpes pasicd out anadwowde § 3sexfepttbat 1,2-glyceryl
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PCT/ US2006/ 045191 Exanpl e 13

Examples 1 5 -17

The synthesis was carried out according to Example 1, except that in place
of decene-1,2-oxide, 5 g of one of the following epoxides was used {(each was 90-
94% pure):
| (Example 15) dodecene-1,2-oxide,

(Exlample 16) tetradecene-1,2-oxide,

(Example 17) hexadecane-1,2-oxide.

The resulting product mixtures were deprotected on the part of removal of
the acetonide groups according to the conditions of .Example 3. The resulting .
hydroxyalkyl glyceryl ether adduct mixtures were similar in their surfactant and
emulgion properties to those obtained in Example 3.

A number of embodiments of the disclosure have been described.
Nevertheless, it will be understood that various modifications may be made without
departing from the spirit and scope of the disclosure. Accordingly, other

embodiments are within the scope of the following claims.
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The synthesis was carried out as in Exanple 1, except
that 25 g of 1,2- glyceryl ketal of nenthone was used

wonoqloazEa2 of sol ketal, and the reacti on was CaCTIUS2006/045191

out at 60C. After renoval of any excess 1, 2-glyceryl
ketal of nenthone, the 5 resulting oil was treated by
stirring with nethanol (40 m) in the presence of 0.2
g of p-toluene sulfonic acid at roomtenperature for
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2 g oWHALISALAMEREs for 24 hours and then '
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2. A cornpound having the formula:

CH

Ho _A_o.,,

wherein:

Y is selected from the group consisting of:

\’f[(CHz)m'B

HO™ N (CHy)n-A

HO.  (CHp)-A

O

P4 (CHImB  and
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1. A conpound having the formula: R HO 01" R2 5
wherein: one of R and R2 is hydrogen and the other is
wea 206/063021 i near al kyl; and X is sel ected froRCThS2006/045191
group consisting of: OHOHand R4 $ RO--- 0 10
wherein: R4 and R5 are independently selected fromthe
group consisting of hydrogen; |inear, branched, or
cyclic alkyl; linear, branched, or cyclic al kenyl;
aryl; and arylalkyl. 15 2. A conpound having the
formula: OH HO L O Y wherein: Y is selected from
the group consisting of o ChdHy Bs HO (CH2)n-A 20 HO
(CH2)"A O (CH2)m B and 30 WD 2007/062112
PCT/ US2006/ 045191 o

v (CHoA

wherein;

one of A or B is hydrogen and the other is selected from the group consisting
5 of carboxyl, carboxylate salt, and ester; and

m and n are independently integers from O to 20, wherein the sum of m+n is

in the range from 8 to 21.

3. A compound having the formula:

R4 R®
@)

o\)\/o\z

10
wherein:

Z is selected from the group consisting of:

}I(CHz)m'B

HO™ N (CHy),-A

HO,  (CHa)yA

O

15 A CHIB | and

HO.__(CH)mB

(0]

P CHarA
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WO%U%&E&” and the other is selected fromthe WOOG/MSHI

consisting 5 of carboxyl, carboxylate salt

ester; and mand n are mdependently integers fromO

to 20, wherein the sumof mtn is in the range from38

to 21. 3. A conpound having the formula: R4 R5 O 10

z wherein: Zis selected fromthe group consisting of

C( CHR).r r|1BI—IO(CH2)" A HO (CH2)"A ~'o0 15 (CH2)m B ,

and TeH2),,rB LC, CH2),-A A 31 WD 2007/ 062112

PCT/ 08206@( &5 198ydropar fiditheoteer ¢ soheddéd BohrSthd \bes Q0 hsisting

and. t her. i s_sel cte fromthe group consisting

of OLHr h%%?{]/’lcaﬂﬁqé‘ry%ﬁﬁ?&taé‘gféﬁef andny ester: and mand n

ar e inddedandeideyeridehiy eftsedrs B0 1026 thea«sﬁrtﬁe Buh m+n is
sumgf mn is 5 in the range from 8to21. 4.

grnsedrom §ite 2Alher eof, having the formul a. @)

4, A compound, or salt thereof, having the formula:
@]
RGOJ\/\/\/\/W

wherein:

R® is selected from hydrogen or a C;-Cio linear or branched alkyl; and

W is selected from the group consisting of:

| h OH

OH

0]

Esz)\‘/\/\/\/\

OH

HO

* " Non

OH
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WR60 wherein: 10 R6 is selected from hydrogen or a
wo 260b70634@2 | | near or branched al kyl; and Wis pel@sioncioss191

fromthe group consisting of. OH 50H OOH HO HOO

1s OH 15 HOO OCH OH 32 WD 2007/062112

PCT/ US2006/ 045191 HOHO O OHOOH OH 0 O HO and

H
HO

o
f(i’\,k
O
HO

s
Feo P
HOL).’QI\——\

: , and

2

O,
0]
5 -3, OH
5. A compound having the formula:
Q
RSO)J\/\/\/\/ v
wherein:
10 RS is selected from hydrogen or a C;-Cj linear or branched alkyl; and

V is selected from the group consisting of:
oL
O

%

O

S

OH
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HOHOOY 5 HH 5. A conpound having the fornula: O

R60 v wherein: 10 R6 is selected from hydrogen or a
wGaRe@Cloeeiiz near or branched al kyl; and V is sebPetsenos/045191

fromthe group consisting of 04 0 0 CH 33 WO

2007/ 062112 PCT/ US2006/ 045191 Qa HQO OO OO HQQ

S ) Qyf I,, 34 WO 2007/062112 PCT/ US2006/ 045191
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15

20

QJ--j HO 6. The conpound of any one of clainms 1 or 3,
wherein R4 and R5 are not both hydrogen. 5 7. A

wortdtod21fior preparing a conmpound of claim 1, tReTmstdwed45191

conprising: a) providing a conmpound of the fornula:
R3--<I0 'j wherein: 10 R3 is a C6-C30 |linear alkyl;
b) providing glycerol or a conpound of the fornula:
R&A OR5 HOj O wherein: ~/ '~/ R4 and R5 are

i ndependent|y selected fromthe grqup consisting of
hydrogen; 15 linear, branched, Ccyclic alkyl;

i near, branched, or cyclic alk yI? aryl; and
aryl al kyl; and c) effecting the feaction between the

conmpounds of a) and b) in thg"presence of an acid or
base catal yst. 20 8. T'T/ﬁg;ﬁgg/&i/ﬁTain17, wher ei n
the nmethod further co I ses. ~d) deprotecting the

ketal or acetal groupH®. The nethod of claim?7,
wherein R3 is a C6-Cl4 linear alkyl. 35 WO
2007/ 062112 PCT/ US2006/ 045191 10. A nethod for

6Pr epahiREMPoARADO Koy o BANMnNEoPS, WhaEiER 2and R Wienek Both

the _ method conprises: a) providing a glycerol or a
cORIRERR-of the formula: R4 Rs

A method for preparing a compound of claim 1, the méthod comprising:
a) providing a compound of the formula:
O

R3]
wherein: .
R? is a Cs-Cao linear alkyl;
b) providing glycerol or a compound of the formula:
R* RS
o-X
Ho._A_°
wherein:
R* and R® are independently selected from the group consisting of hydrogen;
linear, branched, or cyclic alkyl; linear, branched, or cyclic alkenyl; aryl; and
 arylalkyl; and
c) effecting the reaction between the compounds of a) and b) in the presence

of an acid or base catalyst.

8. The method of claim 7, wherein the method further comprises:

d) deprotecting the ketal or acetal group.

9. The method of claim 7, wherein R3 is a Cg-C14 linear alkyl.
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OA- 5 HO1 O wherein: R4 and R5 are independently

wo 28@Reti8d fromthe group consisting of hydrogemius2006/045191

10

15

20

25

i near, branched, or cyclic alkyl; linear, branched,

or cycllc aIkenyI aryl; and arylalkyl 10 b)

provi ding a conpound selected fromthe group
consisting of: an epoxidized triglyceride, and an
epoxi di zed unsaturated fatty acid ester, wherein the
fatty acid fragnent has from8 to 24 carbon atons, and
the al cohol fragnent is a fragnent of a Cl1-Cl2|inear

187 brapehed FPRRARLS BhpRERY of Sy glflé 8@51&1&% a4 wherem the

reacti on between the compounds of a) and b) in th
pr@e@nd@onmgmef an acid or base catal yst; and d)

depr g g%%gp}é%?h Qeoagﬁaﬂd?@&lemmh; The net hod

of cI N th urther conprises: e)
convertl ng the carboxyl ester oglp to a free carboxyl
group, a carboxylic 20 salt fgf an am de. 12. A
.method for preparing a,gonpguned of claim5, the

nmet hod conprising: a) prowdirg. a glycerol or a
conpeingeiaf the formula: R4 A- RS OHO~" /O 25
wherein: R4 and RS are independently selected fromthe

gr oulR BRI SAE m@dwnmlmg legted frqm dhg groyp gRBHEWNS o hydrogen;

cy a | ;
ar%éﬁ&’z}%}ah ar S/})a : P&Jﬁg,go& &gg%%zéﬁhe il farys; and

PCIyldig06/ 045191 b) prOV|d|ng a conmpound sel ect ed
tri ooy e a RaRkald el B CRER s Bihgiopne b an
esémrxidinbi triglpceridecanidaan spaxidided vgirated Hatsy eidesi8r, twherein
244 aflegy acﬁtf?ar[g];’r‘xen‘%l ﬁgs I‘r ?t CQ‘D carbgrrl a9 nn%n tand the alcohol fragment
is a fragment of a C;-C;; linear or branched monohydric alcohol;
c) effecting a reaction between the compounds of a) and b) in the presence
of an acid or base catalyst; and

d) deprotecting the ketal or acetal group.

11. The method of claim 10, wherein the method further comprises:
e) converting the carboxyl ester group to a free carboxyl group, a carboxylic

salt, or an amide.

12. A method for preparing a compound of claim 5, the method compnsmg

a) providing a glycerol or a compound of the formula:

o R
Ho._A_°
wherein:
R* and R® are independently selected from the group consisting of hydrogen;
linear, branched, or cyclic alkyl; linear, branched, or cyclic alkenyl; aryl; and

arylalkyl;
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is a fragnent of a Cl-Cl2 |inear or branched

wo 20nehytlri ¢ al cohol; and 5 ¢) effecting a repctiemoc/045191

10

bet ween the conpounds of a) and b) in the presence of
an acid or base catalyst. 13. The nethod of claim 12,
wherein the nethod further conprises: d) converting
the carboxyl ester group to a free carboxyl group, a
carboxylic 10 salt, or an am de. 37

b) providing a compound selected from the group consisting of: an
epoxidized triglyceride, and an epoxidized unsaturated fatty acid ester, wherein
the fatty acid fragment has from 8 to 24 carbon atoms, and the alcohol fragment
is a fragment of a C,-C); linear or branched monohydric alcohol; and

c) effecting a reaction between the compounds of a) and b) in the presence

of an acid or base catalyst.

13. The method of claim 12, wherein the method further comprises:
d) converting the carboxyl ester group to a free carboxyl group, a carboxylic

salt, or an amide.
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