Office de la Propriete Canadian
Intellectuelle Intellectual Property
du Canada Office

Un organisme An agency of
d'Industrie Canada Industry Canada

CA 2871109 A1 2013/10/31

(21) 2871 109

(12 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
(13) A1

(86) Date de depot PCT/PCT Filing Date: 2013/03/13

(87) Date publication PCT/PCT Publication Date: 2013/10/31
(85) Entree phase nationale/National Entry: 2014/10/21

(86) N° demande PCT/PCT Application No.: US 2013/031060
(87) N° publication PCT/PCT Publication No.: 2013/162737
(30) Prioritée/Priority: 2012/04/24 (US61/637,607)

(51) Cl.Int./Int.Cl. CO7C 43/11 (2006.01),
AO1TN 25/30 (2006.01), A62D 1/04 (2006.01),
BO1F 17/42 (2006.01), C04B 38/10 (2006.01),
CO7C 41/01 (2006.01), CO7C 43/13 (2006.01),
C08G 65/28 (2006.01), C09D 7/12 (2006.01),
CO9K 8/584 (2006.01), C11D 1/72 (2006.01)

(71) Demandeur/Applicant:
STEPAN COMPANY, US

(72) Inventeurs/Inventors:
ALLEN, DAVID R., US;
ALONSO, MARCOS, US;
BEDDAOUI MARY, US;

).
)
)
)

(54) Titre : ALCOXYLATES D'ALCOOLS GRAS INSATURES OBTENUS PAR METATHESE D'HUILES NATURELLES
(54) Title: UNSATURATED FATTY ALCOHOL ALKOXYLATES FROM NATURAL OIL METATHESIS

(57) Abrege/Abstract:

Unsaturated fatty alcohol alkoxylates, processes for making them, and methods of using them are disclosed. In one aspect, a
monounsaturated fatty alcohol alkoxylate is made by reducing a metathesis-derived monounsaturated alkyl ester, followed by
alkoxylation of the resulting monounsaturated alcohol. Microscopy reveals that the monounsaturated alkoxylates have isotropic and
lamellar phases over a wider range of actives levels compared with thelr saturated analogs. This attribute expands formulating
latitude for many end-use applications. The unsaturated fatty alcohol alkoxylates are valuable In, for example, agricultural solvents,
nonionic emulsifiers for agricultural compositions, hard surface cleaners, laundry detergents, specialty foams, additives or
surfactants for paints or coatings, and surfactant compositions for enhanced oll recovery.

C an adg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca

OPIC - C]

PO 191

B

.

'

e
ok [ [ f
RO . e s
. M "c'-'-.n:‘-:{\: .«me . m s
.
.

A7 /7]
o~

OPIC




CA 2871109 A1 2013/10/31

en 2871109
(13) A1

(72) Inventeurs(suite)/Inventors(continued): BERNHARDT, RANDAL J., US; BROWN, AARON, US; DONG, XUE MIN, US;

GORMAN, WILMA, US; HUTCHISON, JOHN C.,
MALEC, ANDREWD US MASTERS RONAL

SOOK, BRIAN, US; SPAULDING, CHRIS, US; WIEST

(74) Agent: SIM & MCBURNEY

US; LUEBKE

:)A us; MU

=5 GARY US; LUKA RENEE, US LUXEM FRANZ US

RPHY, DENNISS UsS; SKELTON PATTI US;

ER, MICHAEL, US; WOLFE PATRICK SHANE, US




w0 2013/162737 A1 [T ARV A0 00O R0 A

CA 02871109 2014-10-21

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property

Organization poo
International Bureau
(43) International Publication Date :::j

31 October 2013 (31.10.2013) WIPO I PCT

(10) International Publication Number

WO 2013/162737 Al

(51) International Patent Classification:
COSF 18/20 (2006.01)

(21) International Application Number:
PCT/US2013/031060

(22) International Filing Date:

13 March 2013 (13.03.2013) 7

(25) Filing Language: English

(26) Publication Language: English

81
(30) Priority Data: (81)

61/637,607 24 April 2012 (24.04.2012) US

(71) Applicant: STEPAN COMPANY [US/US]; 22 W. Front-
age Road, Northfield, IL 60093 (US).

(72) Inventors: ALLEN, David, R.; 849 N. Franklin #1212,
Chicago, IL 60610 (US). ALONSO, Marcos;, 6826 N.
Ridge Blvd. #206, Chicago, IL 60645 (US). BEDDAOUI,
Mary; 2507 Debra Lane, Glenview, IL 60026 (US).
BERNHARDT, Randal, J.; 39771 N. Wittenburg Drive,
Antioch, IL 60002 (US). BROWN, Aaron; 2022 W. Estes,
Chicago, IL 60645 (US). DONG, Xue, Min; 34 Fox Trail,
Lincolnshire, IL 60069 (US). GORMAN, Wilma; 512 5. (84
Home, Park Ridge, IL 60068 (US). HUTCHISON, John,
C.; 6525 N. Bosworth Avenue #l, Chicago, IL 60626
(US). LUEBKE, Gary; 5701 N. Sheridan Road, Unit 24
M, Chicago, IL 60660 (US). LUKA, Renee; 1419 W.
Touhy Ave #3, Park Ridge, IL 60068 (US). LUXEM,
Franz; 1234 E. Pratt Drive, Palatine, IL 60074 (US). MA-
LEC, Andrew, D.; 532 W. Belmont Ave. #n2, Chicago, IL
60657 (US). MASTERS, Ronald, A.; 2516 Waukegan

Winder, GA 30680 (US). SOOK, Brian; 3875 Orchard
Way, Valdosta, GA 31605 (US). SPAULDING, Chris;
2740 Hampton Pkwy, Unit G2, Evanston, IL 60201 (US).
WIESTER, Michael; 2107 W Berwyn Ave Apt le, Chica-
go, IL 60625 (US). WOLFE, Patrick, Shane; 145 N.
Clark Drive, Palatine, IL 60074 (US).

Agent: SCHUCHARDT, Jonathan, L.; DILWORTH IP
LLC, 2 Corporate Drive, Suite 206, Trumbull, CT 06611

(US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
RW, SC, SD, SE, 8G, SK, SL, SM, ST, SV, SY, TH, TJ,
T™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
/M, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
FE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Road, #348, Glenview, IL 60025 (US). MURPHY, Den- Published:

nis, S.; 1239 Deer Trail Lane, Libertyville, IL 60048 (US).
SKELTON, Patti; 866 Moon Bridge Road, P.O.Box 405,

with international search report (Art. 21(3))

(534) Title: UNSATURATED FATTY ALCOHOL ALKOXYLATES FROM NATURAL OIL METATHESIS

(57) Abstract: Unsaturated fatty alcohol alkoxylates, processes for making them, and methods of using them are disclosed. In one
aspect, a monounsaturated fatty alcohol alkoxylate 1s made by reducing a metathesis-derived monounsaturated alkyl ester, tollowed
by alkoxylation of the resulting monounsaturated alcohol. Microscopy reveals that the monounsaturated alkoxylates have i1sotropic
and lamellar phases over a wider range of actives levels compared with their saturated analogs. This attribute expands formulating
latitude for many end-use applications. The unsaturated fatty alcohol alkoxylates are valuable m, for example, agricultural solvents,
nonionic emulsifiers for agricultural compositions, hard surface cleaners, laundry detergents, specialty foams, additives or surfact-
ants for paints or coatings, and surfactant compositions for enhanced oil recovery.




S

10

15

20

25

30

CA 02871109 2014-10-21

WO 2013/162737 PCT/US2013/031060

UNSATURATED FATTY ALCOHOL ALKOXYLATES
FROM NATURAL OIL METATHESIS

FIELD OF THE INVENTION
The invention generally relates to unsaturated fatty alcohol alkoxylates wherein

the unsaturated fatty alcohol precursors are made from a metathesis-derived feedstock.

BACKGROUND OF THE INVENTION

Fatty alcohol alkoxylates are versatile surfactants. They are used across a broad
array of industries and end uses, Including personal care, laundry and cleaning,
emulsion polymerization, agricultural uses, ollfield applications, industrial compositions,
and specialty foamers.

Fatty alcohols are usually made by reducing the corresponding fatty acids or
esters, typically by catalytic hydrogenation. Often, the catalyst includes zinc or copper
and chromium. U.S. Pat. No. 5,672,781, for instance, uses a CuCrO4 catalyst to
hydrogenate methyl esters from palm kernel oil, which has substantial unsaturation, to
produce a mixture of fatty alcohols comprising about 52 wt.% of oleyl alcohol, a
monounsaturated fatty alcohol. For additional examples, see U.S. Pat. Nos. 2,865,908,
3,193,586; 4,804,790; 6,683,224; and 7,169,959.

The fatty acids or esters used to make fatty alcohols and their derivatives are
usually made by hydrolysis or transesterification of triglycerides, which are typically
animal or vegetable fats. Consequently, the fatty portion of the acid or ester will
typically have 6-22 carbons with a mixture of saturated and internally unsaturated
chains. Depending on source, the fatty acid or ester often has a preponderance of Cis
to Co, component. For instance, methanolysis of soybean oll provides the saturated
methyl esters of palmitic (C1s) and stearic (C1g) acids and the unsaturated methyl esters
of oleic (C1s mono-unsaturated), linoleic (Cqs di-unsaturated), and a-linolenic (Cg tri-
unsaturated) acids. The unsaturation in these acids has either exclusively or
predominantly cis- configuration.

Recent improvements in metathesis catalysts (see J.C. Mol, Green Chem. 4

(2002) 5) provide an opportunity to generate reduced chain length, monounsaturated
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feedstocks, which are valuable for making detergents and surfactants, from Cig to Coo-
rich natural olls such as soybean oll or palm oil. Soybean oil and palm oil can be more
economical than, for example, coconut oil, which is a traditional starting material for
making detergents. Metathesis relies on conversion of olefins into new products by
rupture and reformation of carbon-carbon double bonds mediated by transition metal
carbene complexes. Self-metathesis of an unsaturated fatty ester can provide an
equilibrium mixture of starting material, an internally unsaturated hydrocarbon, and an
unsaturated diester. For instance, methyl oleate (methyl cis-9-octadecenoate) is
partially converted to 9-octadecene and dimethyl 9-octadecene-1,18-dioate, with both
products consisting predominantly of the frans- isomer. Metathesis effectively
iIsomerizes the cis- double bond of methyl oleate to give an equilibrium mixture of cis-
and trans- isomers in both the “unconverted” starting material and the metathesis
products, with the frans- isomers predominating.

Cross-metathesis of unsaturated fatty esters with olefins generates new olefins
and new unsaturated esters that can have reduced chain length and that may be
difficult to make otherwise. For instance, cross-metathesis of methyl oleate and 3-
hexene provides 3-dodecene and methyl 9-dodecenoate (see also U.S. Pat. No.
4.545,941). Terminal olefins are particularly desirable synthetic targets, and Elevance
Renewable Sciences, Inc. recently described an improved way to prepare them by
cross-metathesis of an internal olefin and an a-olefin In the presence of a ruthenium
alkylidene catalyst (see U.S. Pat. Appl. Publ. No. 2010/0145086). A variety of cross-
metathesis reactions involving an a-olefin and an unsaturated fatty ester (as the internal
olefin source) are described. Thus, for example, reaction of soybean oil with propylene
followed by hydrolysis gives, among other things, 1-decene, 2-undecenes, 9-decenoic
acid, and 9-undecenoic acid. Despite the availability (from cross-metathesis of natural
oills and olefins) of unsaturated fatty esters having reduced chain length and/or
predominantly trans- configuration of the unsaturation, unsaturated fatty alcohol
alkoxylates made from these feedstocks appear to be unknown.

In sum, traditional sources of fatty acids and esters used for making unsaturated
fatty alcohols generally have predominantly (or exclusively) cis- isomers and lack

relatively short-chain (e.g., C1o or C42) unsaturated fatty portions. Metathesis chemistry
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provides an opportunity to generate precursors having shorter chains and mostly frans-
iIsomers, which could impart improved performance when the precursors are converted

to downstream compositions (e.g., in surfactants).

SUMMARY OF THE INVENTION

The invention relates to fatty alcohol alkoxylates. The alkoxylates are made by
reacting alkylene oxides with monounsaturated fatty alcohol compositions, which are In
turn made by reducing a metathesis-derived monounsaturated alkyl ester. Microscopy
reveals that the monounsaturated alkoxylates have isotropic and lamellar phases over a
wider range of actives levels compared with their saturated analogs. This attribute can
expand formulating latitude for many end-use applications. The unsaturated fatty
alcohol alkoxylates are valuable iIn, for example, agricultural solvents, nonionic
emulsifiers for agricultural compositions, hard surface cleaners, laundry detergents,
specialty foams, additives or surfactants for paints or coatings, and surfactant

compositions useful for enhanced oil recovery.

DETAILED DESCRIPTION OF THE INVENTION

In one aspect, the Invention relates to derivatives made Dby alkoxylating
monounsaturated fatty alcohol compositions. The fatty alcohol compositions are made
by reducing a metathesis-derived monounsaturated alkyl ester.

The monounsaturated alkyl ester, preferably a Cs-C3s alkyl ester, and more
preferably a C10-C17 monounsaturated lower alkyl ester, used as a reactant is derived
from metathesis of a natural oil. Traditionally, these materials, particularly the short-
chain alkyl esters (e.g., methyl 9-decenoate or methyl 9-dodecenoate), have been
difficult to obtain except In lab-scale quantities at considerable expense. However,
because of the recent improvements in metathesis catalysts, these esters are now
available In bulk at reasonable cost. Thus, the monounsaturated esters are
conveniently generated by self-metathesis of natural oils or cross-metathesis of natural
oils with olefins, preferably a-olefins, and particularly ethylene, propylene, 1-butene, 1-

hexene, 1-octene, and the like.
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As used herein, "monounsaturated” refers to compositions that comprise
principally species having a single carbon-carbon double bond but may also include a
minor proportion of one or more species that have two or more carbon-carbon double
bonds. The skilled person will appreciate that it is not necessary and often impractical
o produce a purely "monounsaturated” species, and that mixtures comprising
principally (but not exclusively) monounsaturated esters, alcohols, and derivatives are
contemplated as within the scope of the invention.

Non-limiting examples of procedures for making monounsaturated lower alkyl
esters by metathesis are disclosed iIn WO 2008/048522, the contents of which are
Incorporated herein by reference. In particular, Examples 8 and 9 of WO 2008/048522
may be employed to produce methyl 9-decenoate and methyl 9-dodecenoate. Suitable
procedures also appear in U.S. Pat. Appl. Publ. No. 2011/0113679 and PCT Int. Appl.
Nos. WO 2012/061093 and WO 2012/061095, the teachings of which are incorporated
herein by reference.

Preferably, at least a portion of the monounsaturated alkyl ester has “A”
unsaturation, 1.e., the carbon-carbon double bond in the lower alkyl ester is at the 9-
position with respect to the ester carbonyl. In other words, there are preferably seven
carbons between the ester carbonyl group and the olefin group at C9 and C10. For the
C11 to Cy7 esters, an alkyl chain of 1 to 7 carbons, respectively is attached to C10.
Preferably, the unsaturation is at least 1 mole % trans-A”, more preferably at least 25
mole % trans-A”, more preferably at least 50 mole % trans-A”, and even more
oreferably at least 80% trans-A°. The unsaturation may be greater than 90 mole %,
greater than 95 mole %, or even 100% trans-A°. In contrast, naturally sourced fatty
esters that have A” unsaturation, e.g., methyl oleate, usually have ~100% cis- isomers.

Although a high proportion of trans- geometry (particularly trans-A° geometry)
may be desirable In the metathesis-derived unsaturated fatty alcohol alkoxylates of the
invention, the skilled person will recognize that the configuration and the exact location
of the carbon-carbon double bond will depend on reaction conditions, catalyst selection,
and other factors. Metathesis reactions are commonly accompanied by isomerization,
which may or may not be desirable. See, for example, G. Djigoué and M. Meier, Appl.
Catal., A 346 (2009) 158, especially Fig. 3. Thus, the skilled person might modify the
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reaction conditions to control the degree of isomerization or alter the proportion of cis-
and frans- isomers generated. For instance, heating a metathesis product in the
presence of an inactivated metathesis catalyst might allow the skilled person to induce
double bond migration to give a lower proportion of product having trans-A® geometry.

An elevated proportion of trans- isomer content (relative to the usual all-cis
configuration of the natural monounsaturated ester) imparts different physical properties
to unsaturated fatty alcohol alkoxylates, including, for example, modified physical form,
melting range, compactability, and other important properties. These differences should
allow formulators that use unsaturated fatty alcohol alkoxylates greater latitude or
expanded choice as they use them in cleaners, detergents, personal care, agricultural
uses, specialty foams, and other end uses.

Monounsaturation can also impart advantages to formulated products (including
consumer products) that are often not available with the corresponding saturated fatty
alcohol alkoxylates. Because crystallinity is disrupted by the presence of a carbon-
carbon double bond, monounsaturated alkoxylates usually have lower viscosities than
their saturated analogs. Moreover, the alkoxylates can be concentrated and formulated
at higher actives levels—sometimes much higher—than their saturated counterparts.
For instance, a saturated alcohol ethoxylate might allow a maximum 30 wt.% actives
level to give a flowable liquid, whereas an otherwise similar monounsaturated alcohol
ethoxylate could allow the actives level to be as high as 70 or 80 wt.%. Thus, the
seemingly minor structural change to a monounsaturated product can enable shipment
of more concentrated products, reduce or eliminate the need for special handling
equipment, and/or ultimately provide substantial cost savings. The monounsaturated
alkoxylates are also more effective as compatibilizers for surfactants or other
components in the fully formulated products. For evidence of the advantages of using a
monounsaturated fatty alcohol alkoxylate, see the microscopy study results discussed
below and summarized in Table 4.

Microscopy reveals that the monounsaturated alkoxylates have isotropic and
lamellar phases over a wider range of actives levels compared with their saturated
analogs. This attribute can expand formulating latitude for many end-use applications.

Thus, In one aspect, the invention is a monounsaturated fatty alcohol ethoxylate having
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at least one isotropic clear phase over an increased actives level range when compared
with that of a saturated analog of the monounsaturated fatty alcohol ethoxylate.
Preferably, the fatty alcohol ethoxylate comprises isotropic and/or lamellar phases at
any actives level from 0 to 100%. More preferably, the fatty alcohol ethoxylate
comprises an isotropic clear phase at any actives level from 0 to 100%.

Suitable metathesis-derived monounsaturated esters derive from carboxylic
acids. Preferably, the esters derive from Cs-C3ss carboxylic acids, more preferably from
C10-Cq7 carboxylic acids. Example include esters derived from 9-decylenic acid (9-
decenoic acid), 9-undecenoic acid, 9-dodecylenic acid (9-dodecenoic acid), 9-
tridecenoic acid, 9-tetradecenoic acid, 9-pentadecenoic acid, 9-hexadecenoic acid, 9-
heptadecenoic acid, and the like.

Usually, cross-metathesis or self-metathesis of the natural oil is followed by
separation of an olefin stream from a modified oil stream, typically by stripping or
distilling out the more volatile olefins. The modified oil stream Is then reacted with a
lower alcohol, typically methanol, to give glycerin and a mixture of alkyl esters. This
mixture normally Iincludes saturated Cg-Coo alkyl esters, predominantly Cqg-C1s alkyl
esters, which are essentially spectators in the metathesis reaction. The rest of the
product mixture depends on whether cross- or self-metathesis I1s used. When the
natural oill Is cross-metathesized with an a-olefin and the product mixture Is
transesterified, the resulting alkyl ester mixture includes a Cqo unsaturated alkyl ester
and one or more C141 to C47 unsaturated alkyl ester coproducts in addition to the glycerin
by-product. The terminally unsaturated Cio product Is accompanied by different
coproducts depending upon which a-olefin(s) is used as the cross-metathesis reactant.
Thus, 1-butene gives a C4» unsaturated alkyl ester, 1-hexene gives a Cq4 unsaturated
alkyl ester, and so on. The unsaturated alkyl esters are readily separated from each
other and easily purified by fractional distillation. These lower alkyl esters are excellent
starting materials for making the inventive unsaturated alcohol alkoxylate compositions.

Natural oils suitable for use as a feedstock to generate the monounsaturated
alkyl esters from self-metathesis or cross-metathesis with olefins are well known.
Suitable natural olls include vegetable oils, algal oils, animal fats, tall oils, derivatives of

the oils, and combinations thereof. Thus, suitable natural oils include, for example,
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soybean oll, palm oil, rapeseed olil, coconut oil, palm kernel oll, sunflower oll, safflower
oil, sesame oll, corn oil, olive oil, peanut oll, cottonseed oll, canola oll, castor oll, linseed
oil, tung oll, jatropha oll, mustard oll, pennycress oil, camellina oll, tallow, lard, poultry
fat, fish oll, and the like. Soybean oil, palm oll, rapeseed oll, and mixtures thereof are
preferred natural olls.

Oils produced using bioengineered microorgranisms can be used as feedstocks.
Genetically modified olls, e.g., high-oleate soybean oil or genetically modified algal oill,
can also be used. Preferred natural oils have substantial unsaturation, as this provides
a reaction site for the metathesis process for generating olefins. Particularly preferred
are natural olls that have a high content of unsaturated fatty groups derived from oleic
acid. Thus, particularly preferred natural olls include soybean oll, palm oll, algal oll, and
rapeseed oll.

A modified natural oil, such as a partially hydrogenated vegetable oil or an oll
modified by a fermentation process, can be used instead of or in combination with the
natural oil. When a natural oll is partially hydrogenated or modified by fermentation, 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 oll is self-
metathesized or is cross-metathesized with the olefin, the reaction products will have a
different and generally broader distribution compared with the product mixture
generated from an unmodified natural oil. However, the products generated from the
modified natural oll are similarly converted to inventive unsaturated alcohol derivative
compositions. In certain embodiments, the naturally occurring oil may be refined,
bleached, and/or deodorized.

The other reactant in the cross-metathesis reaction is an olefin. Suitable olefins
are internal or a-olefins having one or more carbon-carbon double bonds. Mixtures of
olefins can be used. Preferably, the olefin iIs a monounsaturated C.-C1o a-olefin, more
preferably a monounsaturated C»,-Cs 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.
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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 oll 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
(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.
Sultable alkylidene catalysts have the general structure:

M[X'X?L'L4(L°)n]=Cm=C(R")R"
where M is a Group 8 transition metal, L', L%, and L° are neutral electron donor ligands,
n i1s 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%, L°, R' and R® can
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', X4, 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.

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.

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
L° are weakly coordinating neutral electron donor ligands in the form of optionally
substituted heterocyclic groups. Thus, L° and L° are pyridine, pyrimidine, pyrrole,

quinoline, thiophene, or the like.
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In yet another class of suitable alkylidene catalysts, a pair of substituents Is used
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
the "086 publication.

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

be used:

N PCy3

N
‘ MeS/ Mes
Cllln,,,R Clun, j-_—_:<
U=\ Cli, "Ru—

o” | Yy CI)R|U=\Ph o |

PCy3 pr pr3
3
N
Mes™ YN\MeS
CI’HH.,RU_ S
o |, 1O
PCy3

Heterogeneous catalysts suitable for use in the self- or cross-metathesis reaction

iInclude 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

iInclude Re>O7 on alumina promoted by an alkylating cocatalyst such as a tetraalkyl tin
lead, germanium, or silicon compound. Others include MoCls or MoCls on silica
activated by tetraalkyltins.

For additional examples of suitable catalysts for self- or cross-metathesis, see
U.S. Pat. No. 4,545,941, the teachings of which are incorporated herein by reference,
and references cited therein. See also J. Org. Chem. 46 (1981) 1821; J. Catal. 30
(1973) 118; Appl. Catal. 70 (1991) 295; Organometallics 13 (1994) 635; Olefin
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Metathesis and Metathesis Polymerization by lvin and Mol (1997), and Chem. & Eng.
News 80(51), Dec. 23, 2002, p. 29, which also disclose useful metathesis catalysts.

lllustrative examples of suitable catalysts include ruthenium and osmium carbene
catalysts as disclosed in U.S. Pat. Nos. 5,312,940, 5,342,909, 5,710,298, 5,728,785,
5728917, 5,750,815, 5,831,108, 5,922,863, 6,306,988, 6,414,097, 6,696,597,
6,794,534, 7,102,047, 7,378,528, and U.S. Pat. Appl. Publ. No. 2009/0264672 A1, and
PCT/US2008/009639, pp. 18-47, all of which are incorporated herein by reference. A
number of metathesis catalysts that may be advantageously employed in metathesis
reactions are manufactured and sold by Materia, Inc. (Pasadena, Calif.) and Evonik
Degussa GmbH (Hanau, Germany).

The unsaturated fatty alcohols (also referred to hereinbelow as simply
‘unsaturated alcohols™) are made by reacting a metathesis-derived monounsaturated
alkyl ester, preferably a Cs-Css monounsaturated alkyl ester, and more preferably a Cqo-
C17 monounsaturated lower alkyl ester, with a reducing agent. By “lower alkyl ester,” we
mean an ester derived from a Cq1 to Cqo alcohol, preferably a C4-Cg alcohol, more
preferably a C4-C4 alcohol, and most preferably methanol or ethanol. Thus, the lower
alkyl ester iIs most preferably a methyl or ethyl ester. Suitable lower alkyl esters can be
generated by transesterifying a metathesis-derived triglyceride. For example, cross-
metathesis of a natural oil with an olefin, followed by removal of unsaturated
hydrocarbon metathesis products by stripping, and then ftransesterification of the
modified oil component with a lower alkanol under basic conditions provides a mixture
of unsaturated lower alkyl esters. The unsaturated lower alkyl ester mixture can be
purified to isolate particular alkyl esters prior to making the unsaturated alcohols and
iInventive alkoxylates.

Reduction of metathesis-derived monounsaturated alkyl esters to produce the
unsaturated alcohols Is performed using well-known catalysts and procedures. The
reducing agent is typically either a hydride reducing agent (sodium borohydride, lithium
aluminum hydride, or the like) or molecular hydrogen in combination with a metal
catalyst, frequently copper and/or zinc in combination with chromium (see, e.g., U.S.
Pat. Nos. 2,865,968, 3,193,586; 4,804,790, 5,124,491, 5,672,781, 6,683,224, 7,169,959

and 7,208,043, the teachings of which are incorporated herein by reference).
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The skilled person will appreciate that the reduction process, particularly when
transition metal catalysts are used to convert the lower alkyl esters to alcohols, can
induce some degree of isomerization or migration of the carbon-carbon double bond
from Its original position. Moreover, because ester hydrogenation catalysts are not
always completely selective, a proportion of the carbon-carbon double bonds might be
hydrogenated during the ester reduction, resulting in a mixed product that may have
saturated fatty alcohols in addition to the desired unsaturated fatty alcohols. The skilled

person can control the degree of unsaturation to any desired amount.

General note regarding chemical structures:
As the skilled person will recognize, products made Iin accordance with the

invention are typically mixtures of cis- and frans- isomers. Except as otherwise
iIndicated, all of the structural representations provided herein show only a frans-
isomer. The skilled person will understand that this convention is used for convenience
only, and that a mixture of cis- and frans- iIsomers Is understood unless the context
dictates otherwise. Structures shown often refer to a principal product that may be
accompanied by a lesser proportion of other components or positional isomers. Thus,

the structures provided represent likely or predominant products.

Some monounsaturated fatty alcohol compositions used to make the inventive

alkoxylates have the general structure:
R-CgH1s-CH2OH
wherein R is H or Cy-C7 alkyl. Preferably, the fatty alcohol compositions have the
general structure:
R-CH=CH-(CH;);-CH>0OH

wherein R is H or C2-C7 alkyl.

Some specific examples of Cqg, Ci2, C14, and Cqg-based unsaturated alcohols

used to make inventive alkoxylates appear below:

11



CA 02871109 2014-10-21

WO 2013/162737 PCT/US2013/031060

The inventive alkoxylates are made by alkoxylating the monounsaturated fatty
alcohol compositions.
The unsaturated fatty alcohols can be alkoxylated using well-known techniques.
10 For instance, the unsaturated fatty alcohol can be alkoxylated by reacting it with
ethylene oxide, propylene oxide, or a combination thereof to produce an alkoxylate.
Alkoxylations are usually catalyzed by a base (e.g., KOH), but other catalysts such as
double metal cyanide complexes (see, e.g., U.S. Pat. No. 5,482,908) can also be used.
The oxyalkylene units can be incorporated randomly or in blocks. Preferably, the fatty
15  alcohol is ethoxylated with ethylene oxide.
some specific examples of ethoxylates based on Cig, Cqi2, Ci4, and Cie
unsaturated alcohols appear below:

/\/\/\/\/\@O/\A:OH

n=1, 3,5, 7or 15

/\/\/\/\/V\GOMZOH

20 n=1, 3,5, 7or 15
OH
/\/\/\/\/\/\/\eo/\*
n n=1, 3,5, 7or 15
OH
/\/\/\/\/\/MO
M: n=1, 3,5, 7or 15

25 In one aspect, a monounsaturated alkoxylate IS made Dby reacting a

monounsaturated alcohol (or alkoxide) with one or more alkylene oxides. As shown In

the examples below, a series of products with different degrees of alkoxylation can be

12
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easlly produced using a single reactor. This is illustrated by the sequential ethoxylation
of 9-decen-1-ol or 9-dodecen-1-ol to produce ethoxylates having, on average, 1, 3, 5, 7,
or 15 moles of oxyethylene units per mole of unsaturated fatty alcohol starter. (See,
e.g., the preparation of ethoxylates from 9-decen-1-ol: A10-4, A10-7, A10-10, A10-13,
and A10-16).

Thus, In one aspect, the alkoxylate of the monounsaturated alcohol composition
has the general structure:

R-CgH1-CH>0-(AQO),-H
wherein R I1s H or C2-C7 alkyl; AO Is an oxyalkylene group, preferably oxyethylene; and
n, which Is the average number of oxyalkylene groups, has a value within the range of
0.1 to 200, preferably 0.5 to 100. Preferably, n has a value within the range of 1 to 50,
more preferably 1 to 20. Preferably, the derivative has the general structure:
R-CH=CH-(CH;);-CH2-0-(AO),-H

wherein R i1s H or C»-C7 alkyl; AO Is an oxyalkylene group, preferably oxyethylene; and
n, which Is the average number of oxyalkylene groups, has a value within the range of
0.1 to 200, preferably 0.5 to 100. Preferably, n has a value within the range of 1 to 50,
more preferably 1 to 20.

In either of the above-mentioned general structures, AO can indicate a single
kind of oxyalkylene group, blocks of different oxyalkylene groups, a random distribution
of oxyalkylene groups (as in a random EO/PO copolymer), or any other distribution of
oxyalkylene groups. Preferably, AO is oxyethylene.

The invention includes a process for making alkoxylates. The process comprises
first reducing a metathesis-derived monounsaturated alkyl ester, preferably a Cs5-Cass
monounsaturated alkyl ester, and more preferably a C10-C17 monounsaturated lower
alkyl ester, to produce a monounsaturated fatty alconol composition. The fatty alcohol
composition Is then converted to an alkoxylate. Suitable reagents and processes for
effecting the reduction have already been described. The process comprises
alkoxylating the fatty alcohol composition with one or more alkylene oxides to give a
monounsaturated alkoxylate.

The invention provides compositions comprising at least one unsaturated fatty

alcohol alkoxylate. The composition may be an agueous system or provided In other

13



10

15

20

25

30

CA 02871109 2014-10-21

WO 2013/162737 PCT/US2013/031060

forms. The unsaturated fatty alcohol alkoxylates may be incorporated into various
formulations and used as surfactants, emulsifiers, skin feel agents, film formers,
rheological modifiers, solvents, release agents, Dbiocides, biocide potentiators,
conditioners, dispersants, hydrotropes, or the like. Such formulations may be used In
end-use applications including, among others: personal care; household, industrial, and
institutional cleaning products; oil field applications; enhanced oil recovery;, gypsum
foamers; coatings, adhesives and sealants; and agricultural formulations.

Thus, the unsaturated fatty alcohol alkoxylates may be used in such personal
care applications as bar soaps, bubble baths, liquid cleansing products, conditioning
pbars, oral care products, shampoos, body washes, facial cleansers, hand
soaps/washes, shower gels, wipes, baby cleansing products, creams/lotions, hair
treatment products, antiperspirants, and deodorants.

Cleaning applications Iinclude, among others, household cleaners, degreasers,
sanitizers and disinfectants, liquid and powdered laundry detergents, heavy duty liquid
detergents, light-duty liquid detergents, hard and soft surface cleaners for household,
autodish detergents, rinse aids, laundry additives, carpet cleaners, spot treatments,
softergents, liquid and sheet fabric softeners, industrial and institutional cleaners and
degreasers, oven cleaners, car washes, transportation cleaners, drain cleaners,
industrial cleaners, foamers, defoamers, institutional cleaners, janitorial cleaners, glass
cleaners, graffiti removers, concrete cleaners, metal/machine parts cleaners, and food
service cleaners.

In specialty foam applications (firefighting, gypsum, concrete, cement wallboard),
the alkoxylates and derivatives function as foamers, wetting agents, and foam control
agents.

In paints and coatings, the alkoxylates are used as solvents, coalescing agents,
surfactants, or additives for emulsion polymerization.

In oll field applications, the alkoxylates can be used for oill and gas transport,
production, stimulation, enhanced oll recovery, and as components of drilling fluids.

In agricultural applications, the alkoxylates are used as solvents, dispersants,

surfactants, emulsifiers, wetting agents, formulation Inerts, or adjuvants. AS
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demonstrated in the examples below, the inventive alkoxylates are exceptionally useful

as solvents and as nonionic emulsifiers for agricultural compositions.

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

claims.

Reduction of Methyl 9-Decenoate to 9-Decen-1-ol (A10-1)

7 N N N
=z OH
The procedure of Micovic and Mihailovic (J. Org. Chem. 18 (1953) 1190) is

generally followed. Thus, a 5-L flask equipped with a mechanical stirrer, thermocouple,
addition funnel, and nitrogen inlet is charged with tetrahydrofuran ("THF,” 3 L). The
flask Is Immersed Iin an isopropanol/CO, bath. Lithium aluminum anhydride (LAH)
pellets (133.8 g) are charged to the flask with stirring. Methyl 9-decenoate (250 g) Is
charged to the addition funnel and diluted with THF to the maximum capacity of the
funnel (500 mL). The ester solution Is added dropwise to the LAH suspension at a rate
that maintains the reaction temperature below 20°C. The funnel is refilled with pure
ester (750 g; total of 1000 g) due to the large volume of the reaction mixture, and the
addition continues. Total addition time of the ester: 5 h. Once the addition is complete,
the reaction temperature is ~15°C and stirring continues for 30 min. 'H NMR analysis
shows complete conversion of the ester to the desired alcohol.

Deionized water (135 g) is added slowly via the addition funnel while keeping the
temperature below 20°C. Hydrogen evolution appears to cease after approximately half
of the water Is added. The viscosity of the mixture increases, but it remains stirrable.
The flask is removed from the cooling bath, and aqueous sodium hydroxide (15% agq.
NaOH, 135 g) is added. During this addition, the reaction mixture thickens and quickly
becomes an unstirrable slurry that has to be broken up with a spatula. Addition of the
remaining NaOH solution proceeds without incident. Following the 15% NaOH addition,
deionized water (3 X 135 g) i1s added. The slurry stirs for 20 min. and then stands

overnight at room temperature. The mixture is filtered through a Buchner funnel, and
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the filter cake is washed with additional THF (2 X 500 mL) and then acetone (2 X 500
mL). The filtrates are combined and concentrated. 'H NMR analysis of the remaining
oll reveals a clean alcohol product. The crude alcohol is transferred to a round-bottom
flask and heated to 50°C. Full vacuum is slowly applied to remove low-boiling volatiles.
The remaining crude product is then vacuum distilled, collecting the product that boils at
95-98°C (97.5-100°C pot temperature). Yield of A10-1: 834.7 g (98.3%). Purity (by GC
analysis): 99.7%. Hydroxyl value: 355.5 mg KOH/g sample; iodine value: 162.2 g 1o/100
g sample. '"H NMR (3, CDCls): 5.8 (CH,=CH-); 4.95 (CH»,=CH-); 3.6 (-CH,-OH). The

procedure Is repeated four times using 1 kg of ester in each reduction.

Reduction of Methyl 9-Dodecenoate to 9-Dodecen-1-ol (A12-1)

/\/\/\/\/\/\OH

The procedure used to prepare A10-1 is generally followed using THF (3 L),
lithium aluminum hydride pellets (116 g), and methyl 9-dodecenoate (1000 g total).

The usual work-up follows, first with deionized water (120 g), then aqueous
sodium hydroxide (15% aqg. NaOH, 120 g). Following the 15% NaOH addition,
deionized water (360 g) is added. The slurry stirs for 20 min. and then stands overnight
at room temperature. The mixture Is filtered through a Buchner funnel, and the filter
cake is washed with additional THF (4 X 1 L). The filtrates are combined and
concentrated.

The procedure Is repeated five times using 1 kg of methyl 9-dodecenoate for
each run, and the crude alcohol products are combined and distilled as described above
for the preparation of A10-1. Yield of A12-1. 4262.8 g (98.2%). Purity (by GC
analysis): 99.4%. Hydroxyl value: 302.8 mg KOH/g sample; iodine value: 133.2 g 1,/100
g sample. 'H NMR (3, CDCls): 5.4 (-CH=CH-); 3.6 (-CH»-OH); 0.9 (CH3-).

Additional samples of 9-dodecen-1-ol are produced by reducing methyl 9-
dodecenoate using a Zn-Cr catalyst in fixed-bed process. The product gives

satisfactory analytical data.
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Ethoxylation of 9-Decen-1-ol to Produce 1, 3, 5, 7, and 15 mole Alcohol Ethoxylates

(A10-4, A10-7, A10-10, A10-13, and A10-16, respectively)

VS e e SV

n n=1, 3,35, 7or 15

Ethoxylations are performed sequentially using one reactor to prepare
unsaturated alcohol ethoxylates from 9-decen-1-ol that have, on average, 1, 3, 5, 7, or
15 oxyethylene units.

9-Decen-1-ol (3417.8 g) Is charged to a 2.5-L pressure reactor. Liquid KOH
(45%, 45.0 g) is added. The reactor is sealed and heated to 75°C under nitrogen with
agitation. At ~75°C, vacuum Is applied to remove water. The contents are further
heated to 105-115°C under full vacuum and held for 4 h with a nitrogen sparge.
Vacuum is released, and a removed sample has a water content of 0.04%.

The remaining dried catalyzed alcohol feed (3332.0 g) is heated to 145°C. The
reactor Is pressurized with nitrogen and vented three times. Ethylene oxide (925 g, 1
mole per mole of starter) Is introduced to the reactor at 145-160°C. After the EO
addition, the mixture digests for 1 h at 150-160°C until the reactor pressure equilibrates.
The mixture is cooled to 60°C and partially drained (1175.0 g removed) to provide the 1
mole ethoxylated unsaturated alcohol, A10-4. Hydroxyl value: 281.3 mg KOH/g ;
iodine value: 125.4 g 1,/100 g sample; polyethylene glycol: 0.13%. 'H NMR (3, ds-
MeOH): 5.8 (CH,=CH-); 4.9 (CH>=CH-); 3.65-3.45 (-CH,-CH,-OH).

The reactor contents (3082.0 g) are re-heated to 150°C, and the reactor is
vented with nitrogen as described earlier. Ethylene oxide (1340.0 g, 2 additional moles
per mole of starter; 3 moles of EO per mole of 9-decen-1-o0l charged) is added to the
feed at 145-160°C. After digesting 1 h at 150-160°C, the mixture is cooled to 60°C and
partially drained (1233.3 g removed) to recover the 3 mole ethoxylated unsaturated
alcohol, A10-7. Hydroxyl value: 194.2 mg KOH/g; iodine value: 86.5 g lI2/100 g sample;
polyethylene glycol: 0.24%. 'H NMR (3, ds-MeOH): 5.8 (CH,=CH-); 4.9 (CH»,=CH-);
3.65-3.45 (-CH,-CH,-0O-).

The reactor contents (3188.7 g) are re-heated to 150°C as described above.

Ethylene oxide (970 g, 2 additional moles per mole of starter; 5 moles of EO per mole of
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9-decen-1-ol charged) Is added to the feed at 145-160°C. After digesting 1 h at 150-
160°C, the mixture is cooled to 60°C and partially drained (1277.8 g removed) to
recover the 5 mole ethoxylated unsaturated alcohol, A10-10. Hydroxyl value: 146.5 mg
KOH/g; iodine value: 65.8 g 15/100 g sample; polyethylene glycol: 0.29%. 'H NMR (3,
ds-MeOH): 5.8 (CH2,=CH-); 4.9 (CH,=CH-); 3.65-3.45 (-CH,-CH>-0O-).

The reactor contents (2880.8 g) are re-heated to 150°C as described above.
Ethylene oxide (670 g, 2 additional moles per mole of starter; 7 moles of EO per mole of
9-decen-1-ol charged) Is added to the feed at 145-160°C. After digesting 1 h at 150-
160°C, the mixture is cooled to 60°C and partially drained (1301.1 g removed) to
recover the 7 mole ethoxylated unsaturated alcohol, A10-13. Hydroxyl value: 118.5 mg
KOH/g; iodine value: 53.0 g 1,/100 g sample; polyethylene glycol: 0.27%. 'H NMR (3,
ds-MeOH): 5.8 (CH,=CH-); 4.9 (CH,=CH-); 3.65-3.45 (-CH,-CH,-0O-).

The reactor contents (2249.7 g) are re-heated to 150°C. Ethylene oxide (1695 g,
8 additional moles per mole of starter; 15 moles of EO per mole of 9-decen-1-ol
charged) is added at 145-160°C. After digesting 1 h at 150-160°C, the mixture Is cooled
to 60°C and drained to provide the 15 mole ethoxylated unsaturated alcohol, A10-16
(3944.8 g). Hydroxyl value: 67.8 mg KOH/g; iodine value: 30.1 g 12/100 g sample,;
polyethylene glycol: 1.18%. 'H NMR (3, ds-MeOH): 5.8 (CH,=CH-); 4.9 (CH»,=CH-);
3.65-3.45 (-CH,-CH,-0O-).

Ethoxvlation of 9-Dodecen-1-0l to Produce 1, 3, 5, 7, and 15 mole Alcohol Ethoxvylates

(A12-4, A12-7, A12-10, A12-13, and A12-16, respectively)

PV 2 Ve e Ve e S e

n n=1, 3,35, 7or 15
Ethoxylations are performed sequentially using one reactor to prepare
unsaturated alcohol ethoxylates from 9-dodecen-1-ol that have, on average, 1, 3, 5, 7,
or 15 oxyethylene units.
The procedure used to make the corresponding products from 9-decen-1-ol Is
generally followed. Thus, 9-dodecen-1-ol (3682.6 g) IS charged to a 2.5-L pressure
reactor. Liquid KOH (45%, 34.0 g) is added. The reactor is sealed and heated to
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100°C under nitrogen with agitation. At ~100°C, vacuum is applied to remove water.
The contents are further heated to 115°C under full vacuum and held for 3 h with a
nitrogen sparge. Vacuum is released, and a removed sample has a water content of
0.03%.

The remaining dried catalyzed alcohol feed (3584.5 g) is heated to 145°C. The
reactor Is pressurized with nitrogen and vented three times. Ethylene oxide (850 g, 1
mole per mole of starter) Is introduced to the reactor at 145-160°C. After the EO
addition, the mixture digests for 1 h at 150-160°C until the reactor pressure equilibrates.
The mixture is cooled to 60°C and partially drained (1167.0 g removed) to provide the 1
mole ethoxylated unsaturated alcohol, A12-4. Hydroxyl value: 246.4 mg KOH/g; iodine
value: 106.8 g 1,/100 g sample; polyethylene glycol: 0.26%. 'H NMR (5, CDCls): 5.3 (-
CH=CH-); 3.7-3.4 (-CH»,-CH,-O-); 0.9 (CHs-).

The reactor contents (3267.8 g) are re-heated to 150°C, and the reactor is
vented with nitrogen as described earlier. Ethylene oxide (1250 g, 2 additional moles
per mole of starter; 3 moles of EO per mole of 9-dodecen-1-ol charged) is added to the
feed at 145-160°C. After digesting 1 h at 150-160°C, the mixture is cooled to 60°C and
partially drained (1219.8 g removed) to recover the 3 mole ethoxylated unsaturated
alcohol, A12-7. Hydroxyl value: 177.4 mg KOH/g; iodine value: 76.8 g 12/100 g sample,;
polyethylene glycol: 0.57%. 'H NMR (3, CDCls): 5.3
(-CH=CH-); 3.7-3.4 (-CH>-CH>-O-); 0.9 (CHSs-).

The reactor contents (3298.0 g) are re-heated to 150°C as described above.
Ethylene oxide (915 g, 2 additional moles per mole of starter; 5 moles of EO per mole of
9-dodecen-1-ol charged) is added to the feed at 145-160°C. After digesting 1 h at 150-
160°C, the mixture is cooled to 60°C and partially drained (1170.9 g removed) to
recover the 5 mole ethoxylated unsaturated alcohol, A12-10. Hydroxyl value: 137.4 mg
KOH/g; iodine value: 59.7 g 1,/100 g sample; polyethylene glycol: 0.42%. 'H NMR (3,
ds-MeOH): 5.4 (-CH=CH-); 3.7-3.4 (-CH>-CH»-O-); 0.95 (CHj3-).

The reactor contents (3042.1 g) are re-heated to 150°C as described above.
Ethylene oxide (660 g, 2 additional moles per mole of starter; 7 moles of EO per mole of
9-dodecen-1-ol charged) is added to the feed at 145-160°C. After digesting 1 h at 150-
160°C, the mixture is cooled to 60°C and partially drained (1547.0 g removed) to

19



10

15

20

25

CA 02871109 2014-10-21

WO 2013/162737 PCT/US2013/031060

recover the 7 mole ethoxylated unsaturated alcohol, A12-13. Hydroxyl value: 112.5 mg
KOH/g; iodine value: 48.5 g 1,/100 g sample; polyethylene glycol: 0.44%. 'H NMR (3,
ds-MeOH): 5.4 (-CH=CH-); 3.7-3.4 (-CH,-CH»-O-); 0.95 (CHjs-).

The reactor contents (2155.1 g) are re-heated to 150°C. Ethylene oxide (1535 g,
8 additional moles per mole of starter; 15 moles of EO per mole of 9-dodecen-1-ol
charged) is added at 145-160°C. After digesting 1 h at 150-160°C, the mixture is cooled
to 60°C and drained to provide the 15 mole ethoxylated unsaturated alcohol, A12-16
(3680.5 g). Hydroxyl value: 63.3 mg KOH/g; iodine value: 27.7 g 1,/100 g sample,;
polyethylene glycol: 1.2%. 'H NMR (3, ds-MeOH): 5.4 (-CH=CH-); 3.7-3.4 (-CH2-CHo-
O-); 0.95 (CHs-).

The ethoxylation procedure used to make A12-13 is generally followed using 9-

tetradecen-1-ol to produce A14-8, a C14 alcohol (7 EO) ethoxylate:

n=7
A similar ethoxyation strategy is used to prepare A12-21, a C12 alcohol (9 EO)
ethoxyate, and A12-22, a C12 alcohol (30 EO) ethoxylate, from 9-dodecen-1-ol.

Agricultural Products: Nonionic Emulsifiers

Nonionic samples contain a low amount of water (<1%) and are prepared as
emulsifiable concentrates with three pesticides using two different solvent systems. In
the aromatic solvent series, the nonionic sample replaces Toximul® 8240 (castor oll

ethoxylate, 36 POE, Stepan), and in the Hallcomid"™

(N,N-dimethylcaprylamide/ N,N-
dimethylcapramide, Stepan) solvent series, the nonionic sample replaces Ninex® MT-
630F. The amounts prepared are enough to test two water hardnesses (34 ppm and
1000 ppm) for each of the three samples.

Aromatic solvent series.

Sample preparation: Ninate® 60E (calcium alkylbenzenesulfonate, Stepan) and
the test sample are stirred until homogeneous. If needed, the nonionic surfactant Is
melted in an oven at 50-60°C prior to its combination with Ninate 60E. Controls 1-3 are

made by using Toximul 8240 in the amounts indicated instead of the nonionic sample.
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Formulations:

1. Bifenthrin, 240 g/L (2.99 g), Aromatic 100 (ExxonMobil, 8.05 g), Ninate 60E
(0.38 g), and nonionic sample or Toximul 8240 (0.5<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>