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*166166* A Process For Producing Estoli npounds

toa process for producing estolrde cio%EULmewn\m\\IMH\\\\l\\

products manufactured therefrom Background o L66
Invention 10 An estolide is a unique oligoneric fatty

acid that contains secondary ester |inkages on the

al kyl backbone of the nolecule. These |inkages are -
nore resistant to hydrolysis than those of
tr|glycer|desﬁIW%%SSEgtBrmﬂ&nqﬁanbﬁdaeeﬂpbﬂnds

| ubricants, cosnetics and coating. As a lipophilic
erivatives fromestolides are known. 15

ﬁ@?éﬁfgﬁgiﬂﬁ 9 , 785 978 di scl oses surface active

conmpounds prepared by esterification between
| ycondensed hydr oxycar boxylic acid having at | east 8
@ B BrErsentainyg Rt cantelaies e enderrse dop prodoyielp i @ toalds A pdunds and

rbons atons. Another US Patent
ﬁ%Hu&Qn%@&‘&@%@ g?&ﬁ?ﬁ%es power steering process and
Iubrlcat|ng conposi tions containing estolides of

dro earic acid having a neutralization 20
% g 'H?X %k ¢ Iyeatioman 30. Estolide has been found in

nature and has been synthesized in the | aboratory.
Typically, it can be prepared by honopol yneri zation of
Adbetididegh b Uﬁmwhgmmdrn( Mogtaeid it @htainkAksnd4R; es/t‘egquaoes on

t aci Raynor et “al . .
tl&%%@l)r %&}%g(%)%lbe 01h é’g %%16%5 jm)&z}ﬁgé ,arqy WeFaEesistant to hvdroly51s
thani WosAbA f@esdriit Qas; $hee

461 01993)&3@?%;{)0” ed & th &2 l%érzgﬁugjte' %Sﬁdgk héértlc ggsr?eftgﬁqand
c%g]gt df éth@gp 1f1§§gry€aca@tsj dgsvaﬁgeafrbmg&htcﬂﬂﬁﬂ)ﬂé &hbl‘ﬁ/ﬁ and

pressure condensation over clay catalyst. ' Yamaguchi
et al., (Japanese patent 213. 387 (1990)) described a

USr Beest Nar 2, e1R5y 9a8 | GisPloQAUSItRR BfiiveStOhbAGRIsT pRBhred by

hydr o xy fatt aci ds present in castor oi USIn
esterification between polycondensed hydroxycarboxylic acid having at least 8 carbon

atoms and polycondensed polyhydric alcohols having at least 3 carbons atoms.
Another US Patent No. 3, 429, 820 discloses power steering process and lubricating
compositions containing estolides of 12-hydroxystearic acid having a neutralization

number of not more than 30.

Estolide has been found in nature and has been synthesized in the laboratory.
Typically, it can be prepared by homopolymerization of castor oil fatty acid (Modak
et al, JAOCS 42: 428 (1965)) or 12-hydroxystearic acid (Raynor er al., J.
Chromatogr. 505:179 (1990)) under thermal or acid-catalyzed conditions. Frhan e
al. (JAOCS, 70: 461 (1993)), reported the production of estolides from unsaturated
fatty acid using a high temperature and pressure condensation over clay catalyst.
Ya;hééuchi et al., (Japanese patent 213, 387 (1990)) described a process for

enzymatic production of estolides from hydroxy fatty acids present in castor oil using
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| i pase. However, there is no disclosure on the

" production of estolide from dihydroxystearic acid.

Summary of The Invention 5 It is therefore an object

of the present invention to provide a process for

producing estolide fromfatty2acid preferably

di hydroxystearic acid (DHSA). It is a further object
invention to provide a process for

of the present _
pPB%chiPﬁgvevm &s10lis deo bliscdanete nsattho preducBi$AoOrestolide from
'%,&r§§ gf.DH%A and non-hydroxy fatty acids. Another
ggjgcf 6¥E¥ﬁéwbresent invention is to produce estolide
having utility as thickening agent, emulsifier, and

additive in cutting fluid as well as starting material
fovmmagy 0k The Ieyentiget ant . 15 The process for producing
estol i de conpounds according to the present invention
conpri ses condensing a di hydroxystearic acid or
Fi ig thereforeosn abidthyfithexysdepamivenil € prafide 3 Ig}ggéspyfgrr S%Mucing
fatty acid in the presence or absence of a catalyst
ﬁsn%‘%eq\é aii” i Heractd gakranly ditydrgpestaariorasid EGBAPT 120C to
170C for 2 to 10 hours. 20 In the preferred embodi ment
of the present invention, the dihydroxystearic acid is

13 @- Birthgdl obleys pBahd preagitdnodbitian Nedprbt a8 & pERE&DESE Bbllucing

Iy

: I ' Vor e .pr ef er abl t he .
G R IR R Bt 6 P e mop-strony faty acias.
Si ngapore patent 86353. 25 A catal yst may be added to

he reaction m xture. The suitable catal yst including
/%)qother object of the present invention is to produce estolide having utility as

thickening agent, emulsifier, and additive in cutting fluid as well as starting material

for producing surfactant.

The process for producing estolide compounds according to the present invention
comprises condensing a dihydroxystearic acid or mixtures of a dihydroxystearic acid
and a non-hydroxy fatty acid in the presence or absence of a catalyst under an inert

gas at a temperature range of 120°C to 170°C for 2 to 10 hours.

In the preferred embodiment of the present invention, the dihydroxystearic acid is
9,10-dihydroxystearic acid obtained from vegetable oil preferably palm oil. More

preferably, the dihydroxystearic acid is prepared according to Singapore patent 86353.

A catalyst may be added to the reaction mixture. The suitable catalyst including p-

toluene sulfonic acid, perchloric acid as well as hydrochloric acid.

A composition comprising estolide obtained according to the process of the present

invention may be produced.
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t ol uene sul fonic acid, perchloric acid as well as
hydrochl oric acid. A conposition conprising estolide

" obtained according to the process of the present

i nvention may be produced. 30 3 The estolide having

| ower acid value of about 30 to 40 ngKOHg-' are

suitable for use as an enulsidier in cosnetic

formul ation. 5 The estolide having acid val ue above

45mgKOHg-' and not nore than 75 ngKOHg-' are suitable

for use in shanpoo fornulation. Detailed Description
10 The present invention

e.Preferred Embodi nen I ) _
Fhs SRR B FyPecEaTFobe i e g B8 poItae bre sulable for use
podryentisifieely doseltic fatfyaiagi d by condensation.
Preferably, the fatty acid is di hydroxystearic acid,

nore preferably pal mbased dihydroxysgeaLic acid t

RHSA el Ha v e red enbodi nt t he presen )
?nventllldg n},ﬂ“ %&P{/\g@ﬁ% ?gopv §r‘§glgj{:@%f’ d F%‘E“?tdngiﬂfﬁé%}b & &1gKOHg™
pas@rabl 86358 in shampowideilagighodi ment of the present

invention the DHSA may be derived fromany 15 other
ol eic acid. The DHSA used in the present invention is

wécaN &l Bedc¥iptiohOor THWATGX Y ERfldagm@sd 0, Which is
represent ed by For o yiigr %Elﬁﬁ{&‘—“\g‘”?"w ~-CH i HOH2
-COOH OH Fornmula 1 20 The fatty acid conpositions

B e R S a5 = oS e eate e idaor apbstbade from
fagedcidoby eeiehiaioRPHPAIR My  fie fatty acid is dihydroxystearic acid, more
preferably palm-based dihydroxystearic acid (DHSA). In the preferred embodiment
of the present invention, DHSA was prepared according to Singapore patent 86353.
In another embodiment of the present invention the DHSA may be derived from any
other oleic acid. The DHSA used in the present invention is preferably 9,10-

dihydroxystearic acid, which is represented by Formula 1.

OH
CH3—(—CH237—CH—C,3H—(‘CH2?7—COOH

OH
Formula 1

The fatty acid compositions (FAC) of DHSA and product obtained can be determined
by gas chromatography. Other chemical characteristics used to identifv DHSA and the
products are acid value (AOCS Method), hydroxyl value (AOCS Method) and
saponification value (AOCS Method). Below are the characteristics of palm-based
DHSA used in this invention. However, it may be varied depending on the sources of
oleic acid used for the production of DHSA. The process is applicable to crude and
purified DHSA.
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products are acid val ue (AOCCS Met hod); hydroxyl val ue

(ACCS Met hod) and 25 saponification val ue (ACCS

Met hod) . Below are the characteristics of pal mbased
DHSA used in this invention. However, it may be varied
dependi ng on the sources of oleic acid used for the
production of DHSA. The process is applicable to crude
and purified DHSA. 4 Table la: Characteristic of
Purified PalmBased DHSA Paraneter 5 Hydroxyl Val ue,
MgkleHk (1804 Sistidol BuvddBalmPBAEHIgI80. 3 | odi ne
Value, g12/1008 1.1 Saponification Value, IrrgKC]—V g

i } I0 Fatty acid
ggﬁpiza{:@ﬁangﬁ Emlgto (2: go ?:18: 0-1.8 yr‘ 18:20H 93 2
UnknowWyden@] Vile Tabk®HIgb: Characteristic of,¢xude
Pal m E@ﬁfda@bﬁﬁ\gK@ /ffar anet er Hydroxyl Val urgo grgKC]—V g

196. Orodfifd dar¥al i810oggKO+H g 179.3 1 odine Va .llle',_

912/ 1899 ni-afion Value, mgKOH/g 178.5
Melting Point, °C 90.6
Fatty acid composition, % C16:0 2.8
C18:0 .
C18:20H 93.2
Unknown 2.2

Table 1 b: Characteristic of Crude Palm-Based DHSA

Parameter
Hydroxyl Value, mgK OH/g 196.0
Acid Value, mgKOH/g 179.3
Iodine Value, gl,/100g 10.2
Saponification Value, mgKOH/g 178.0
Melting Point, °C 61.9
Fatty acid composition, % C18:20H 67.2
C12-C18 14.2

Unknown 18.6

The estolide of this invention is obtained by intermolecular esterification reaction
between hydroxyl group and carboxyl group present in DHSA. As the condensation
reaction proceeds, the molecular weight of the product increases, and the property
changes from solid to paste and then to wax. The upper limit of # value in the
formula 2 is not restricted, but it is less than 10. If the reaction is carried out at
longer time or under more severe conditions, the 7 value can be higher than 10. The
reaction product is an estolide containing hydroxyl group in a molecule. The reaction

is monitored by measuring the acid value. The intermolecular esterification reaction _




25 Saponification Value, ngKOH g 178.0 Melting Point,
'"C61.9 Fatty acid conposition, % C 18:20H 67. 2

' Cl2-C18 14.2 30 Unknown 18.6 The estolide of this
invention is obtained by internolecular esterification
reacti on between hydroxyl group and carboxyl group
present in DHSA. As the conden$ation reaction
proceeds, the nolecul ar weight of the product
i ncreases, and the property 35 changes fromsolid to
péfsqaérleéln@lttvﬁéha tatalyakor Whkow mpeiyst umldr aﬂfatﬂo%eHg ok @ reduced
%%ssugé’ﬁsrﬂéhﬁ %h% reantot restricted, but it is less
1 the reac ﬁl?r%lsc?g??r?%é ugti thg desired pgeduct lsrrétanmed
under nore severe conditions, the n value can be
hi gher than 10. The reaction product is an estolide
contai ni ng hydrqxyl group in a @vlecule. The reaction
i's nonitored by rreasurl ng the EI d val ue. The

i nter Igc@H a action 55 is carried
out v?’?ﬁ g?ﬁl st ?H%@HBH—Q:M al yst under an
at rmspherl c or ared d pressjure as usual. The
reaction is continue nt| I th@ deS| r ed (Soduct is

obtained. OH Il 0 CH3CH2-CH - ji - OHOO I 11
[CH3f CH2ti H CH-CH2}7 C In OH]I O

[CH3+CH2—)7—CH CH%CH2)7’C ]n
OH o

CH3+CH2a7’CH—CH+C"H2 )=COOH
OH

Formula 2

The present invention may be carried out into practice in various ways, but certain

specific processes of the present invention will be described by the way of illustrated

in the following example.

Example 1

63.3g of DHSA was placed in a three-necked round bottom flask .equipped with a
magnetic stirrer, a thermometer, a nitrogen gas inlet and a condenser. The reaction
mixture was stirred continuously under dry nitrogen atmosphere for a predetermined
reaction period and the temperature maintained.at 170°C. The water, which produced
during the reaction was distilled off. The following Table shows the reduction of acid

value and increased in estolide number (EN) after prolonged heating of DHSA.

LReactlon Time, | Acid Value, mgK OH/g | Estolide Number (EN) |
h | Crude DHSA | Purified DHSA | Crude DHSA | Purified DHSA |
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| ' 5 Formula 2
CH2-)-CHCHf-CH2 }-COON 3 71 7 OH ! _
(T:Ir;'efpreseLt invention may be carried out into practice

"in various ways, but certain specific processes of

. , . ;
resent invention will be described by the way o
frﬁugtrated 10 in the foll ow ng exanple. Exanpge 1
63.3g of DHSA was placed in a éhree-necked roun
bottom fl ask equi pped with a 15 nmagnetic stirrer, ?he
thernoneter, a nitrogen gas inlet and a condenser.
 eactiBn mi st ur d Ses stfi rred7eéonti npous! y. under dry

cTtrtot—t

itrogén at npsphdpé.lf or |a pregief erm ned 7 ng}j;:n T30
rioddand the teoperatyre maighi ai nedat e —he—

ter,4whichprodyced curingﬁkpf ucabt;Txﬁmasp T

O\AL

di stild ed off. Thg ot ased B estol | deliinher | ( EN) 3.95

e dar ncC Set—{+ : |
g;tgflﬁrurihgcd heatiné gf DESA_ 20 [FReadt’on Ti ne, 6.47

[ [ N h Crude DHSA
Acid Val ue. maKOH Estoli de _I\Iu_nber E
Purified DHSA Crude DHSA Purified DHSA 6 0 1 182.8

o0 ag oS Sy g e geptmed ty XK spectoscopy. The
proton NMR spectra show some key features of a typical estolide. The ester methine
(-CH-O(C=0)-) signal at 4.86-4.83 ppm is indicative of an estolide linkage. Another
distinctive feature is the o-methylene proton shift (CHx(C=0)-0-CH-), (2.25 ppm)
adjacent to the ester and the o-methylene proton shift (-CHy(C=0)-0OH), (2.32 ppm)
adjacent to the acid. The carbon NMR spectrum contains the expected estolide

signals. There are two different carbonyl signals present at 1792 ppm (acid) and
173.7 ppm (ester).

Example 2

Example 1 was repeated. Instead of variable reaction time, the reactions were carried

out at different temperature for about 6h.

Reaction Temperature, °C Acid Value, mgKOH/g
‘ 120 151.04
140 121.99
160 71.66
180 ' 29.05
Example 3

The same procedure was followed as in Example 1, except that 0.3% of five different

“acids were used as catalyst. The reaction mixture was carried out at 150°C for 4h.
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3.95 8 63.3 23.7 1.70 6.47 The formation of
estol i des conpound was confirnmed by NVR spectroscopy.
proton NMR spectra show sone key features of a
estolide. The ester nmethine 25 (-CH Q(C=0 -)
signal at 4.86-4.83 ppmis indicative of an estolide
i nkage. Another distinctive Teature is the
a-met hyl ene proton shift (CH2(C=0-0OCH), (2.25 ppm
adj acent to the ester and the a-nethyl ene proton shift
(- CH2(C=0) - Oalys( 2. 32 ppn)  adj acenicid ¥ahlemadRidfly,, The
carbomNWR—spectrum—coenrtal-ns the expected esfoli 5

si gnal s. Thg?§ are two different carbonyl22signal s
present at IH®0? ppm (acid) and 30 173.F‘ (ester).
Exanpl e 2 Exanple 1 was repeated. |nstead vari abl e
reaction tiﬁgﬁchhe reactions were carrieads435 out at
different te rature for about 6h. Reaction
Tenmperature, C Acid Value, ngKOH g 120 1389704 140
121.99 40 1parSM. 66 180 29.05 Exanpl e 3443 The sane
procedure was fof fowedas t1Exanrpre—+t—except—that
ﬁgﬁswbof five different

aci ds were used as catal yst.
IRe4ction mixture was carried out at 150C for 4h. 7

USBoRDIRIA A6bHdVA 6 ckIBK P g

typi cal

Viscocity / cP

Dimer Trimer Tetramer Hexamer
Castor oil 549.0 577.8 579.9 583.4 591.6
POME 5.35 7.75 7.87 7.98 8.34
IPM 1.27 2.49 4.39 4.45 4.61]
Example 5

Use of DHSA-estolide as an additive in water-based cutting fluid composition

Sampel Rust inhibitor + test duration Surface tension, mN/m
24k 72h |
DHSA 9 6 36.50
DIMER 10 8 34.11
TRIMER 10 8 34.87
TETRAMER 10 6 32.96
HEX AMER 8 6 30.81

Aqueous solutions of adduct (1

the test solution.

g), triethanolamine (2g) and water (97g) were used as




H2SO4 122.45 H, PO4 138.39 HCI O4 135.47 5 HCl 136.57
p- TSA 136.74 Exanple 4 Use of DHSA-estolide as a

" thickening agent 10 Viscocity / cP Diner Tglgegss .
Tetramer Hexanmer Castor oil 549.0 577.8 579. 2852,
591.6 POVE 5.35 7.75 7.87 7.98 8.34 15 IPMll._OI 4
4.39 4.45 4,61 Exanple 5 20 Ube of DHSA-esto I'f'

an additive in water-based cutting fluid conposition..

i nhi bi [ Sur f ace tension,
anpe ust inhibitor + test duration
ﬁwrﬁﬁ*)ie 411 72h DHSA 9 6 36.50 25 DIMER 10 8 34.11

TRIMER 10 8 34.8 7 TETRAMER 10 6 32.96 HEX AMER 8 6
30.81 30 Aqueous sol utions of adduct (1 g),

Yyei SiHaBdteanide af 2gymaniionst WO Mo §iEoiised as  the

Erfidibion O es%t ofo the samples synthesized were carried out as follows. 70parts of
castor oil and 10 parts of samples were placed in a beaker. Under enough agitation, 20
parts of distilled water was added. The mixture was mixed for additional 5 minutes.

After this time, the mixture was poured into a test tube. Emulsion was observed after

10

15

20

25

30

24hours, 1 week and 2 week storage.

Estimation of emulsion 100 x emulsion layer / total layer

SAMPLE 24hr 7 days 14 days

DIMER 100% 100% 50%

TRIMER 100% 100% 50%
TETRAMER 100% 100% 100%
HEXAMER 100% 100% 100%
Example 7

Use of DHSA-estolide as a compound in shampoo formulation

Ingredients % by weight

Deionised water To 100
Sodium laureth sulfate 8.0
Cocamidedopropyl betaine 2.0
Cocamide DEA 5.0
PEG-7 glyceryl cocoate 1.0
EDTA 0.05
Sodium lactate 2.0
DHSA-estolide 2.0

Perfume 0.1
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8 Exanple 6 Use of DHSA-estolide as an enulsifier in
W O enul si on system Enul sion test of the sanples

" synthesized were carried out as follows. 70parts of 5

castor oil and 10 parts of sanples were placed in a
beaker. Under enough agitation, 20 parts of distilled
wat er was added. The m xture was m xed for additiona

5 mnutes. After this tine, the m xture was poured
into a test tube. Emul sion was observed after

24hours, |Pmeekatwed 2 week storage. 10 Estgpation of
emul sion_ 100 x e Iiion | aver / total |ayer SAMPLE
24hr 7 dalfde i%ddgj@ DI MER 100% 100% 50% rFRé-RER 100%

100% 50% TETRAMER 100% 100% 100% 15 HEXAVER 100% 100%
100% Exanple 7 Use of DHSA-estolide as a conpound in
JhasspoochmwtatinehfullRGubaigned hentisndpoby wei ght

Dei oni sed water To 100 Sodium |l aureth sulfate 8.0
Cocam dedopr opyl betaine 2.0 25 Cocamide DEA 5.0

REG17 bglundersiod aRaaaE @reket BEMOA A2 be embodied in other specific
forms and is not limited to the sole embodiment described above. However
modification and equivalents of the disclosed concepts such as those which readily

occur to one skilled in the art are intended to be included within the scope of the

claims which are appended thereto.

A e ol
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Sodi um | actate 2.0 DHSA-estolide 2.0 30 Perfume 0.1 9
Preservative 0.1 Citric acid / NaOH To pH 5.5 The

" shanpoo thus obtained fully functioned as a shanpoo. 5

It is to be understood that the present invention may
be enbodied in other specific fornms and is not
limted to the sole embodi mentodescribed above.

However nodification and equival ents of the disclosed
concepts such as those which readily occur to one
€kiimsed in the art are intended to be included within
the scope of the 10 clains which are appended
thereto. 10 10 dainms 1. A process for producing

estiol Ad n M. SLE nsing a .. .
G Dyl ouy et ear o e ey CRb R RIRRERRL dofiprising condensing a
di hyoqfiﬁ‘!&@ﬂémie ad dbr amiktaren - a Fdiﬂy?d%@x&alg@tgc}ﬁ agd & non-
' ce .ot absence of catal yst under an

: ﬂetr trh‘aV 32‘%5'3?%’ %1“8 SPAEORE ¢ éﬁ@f‘élC%Pfj&Q@éwfdmﬂm@ ingrt gas at
A pr coesperancofpagf 1 eocl @iimpds, wherein the _

di hydroxystearic acid is 9,10- dihydroxystearic acid.

10 3. A process according to clains | or 2, wherein

- - | f oni id, perchloric
LTRSSl AL YA e BB o o0

and ddywdroxystearic acid.

3. A process according to claims 1 or 2, wherein the catalyst is p-toluene sulfonic
acid, perchloric acid, hydrochloric acid or a combination of any two and more

thereof.

4. A process according to claims 1 to 3, wherein the estolide compounds
produced is a polymer with dihydroxystearic acid and/or non-hydroxy fatty

acid molecules not more than 12.

5. A cosmetic formulation comprising estolide compounds obtained by
condensing a dihydroxystearic acid or mixtures of a dihydroxystearic acid and
a non-hydroxy fatty acid in the presence or absence of a catalyst under an
inert gas at a temperature range of 120°C to 170°C, wherein the estolide
compounds having an acid value in the range of 30mgKOHg" to 40 mg

KOHg™"

6. A shampoo formulation comprising estolide compounds obtained by
condensing a dihydroxystearic acid or mixtures of a dihydroxystearic acid and
a non-hydroxy fatty acid in the presence or absence of a catalyst under an

inert gas at a temperature range of 120°C to 170°C, wherein the estolide




—

thereof. 15 4. A process according to clains | to 3,
wherein the estolide conpounds produced is a pol yner

*with di hydroxystearic acid and/ or non-hydroxy fatty

acid nol ecul es not nore than 12. 5. A cosnetic

formul ati on conprising estolide conmpounds obtai ned by

20 condensi ng a di hydroxystearjijc acid or m xtures of a

di hydroxystearic acid and a non-hydroxy fatty acid in . -
the presence or absence of a catal yst under an inert

gas atompireidpeiaind &n :a3130€.108 1 wh i n .

t he eﬁ%ﬁﬁlde coé%%unds haV|né&§ﬁgg% éggggg ﬁtﬁk% to 75mg
range 80nmgKOHg-' to 40 ng KOHg'. 25 6. A shanpoo
formul ati on conprising estolide conpounds obt ai ned by
condensi ng a di hydroxystearic acid or m xtures of a

di hydroxystearic acid and a non-hydroxy fatty acid in

the presence or absence of a catal yst under an inert

gas at a tenperature range of 120C to 170C, wherein

the estolide 11 conpounds having an aC|d value in the

range of 45ng KOHg"' to 75ng KOHg-'



