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(57) Abstract: There is provided a process for the prepara-
tion of a compound having the formula (I) wherein R;, R,
and R; are independently selected from hydrogen and acyl
groups, wherein at least one of Ry, R, and Rj is a branched
chain long acyl group of the formula (II) wherein n is from
9 to 21 and m is 2n, and wherein p is from O to 4 wherein
the other of R;, R and R; are selected from short acyl
groups of the formula (III) wherein q is from O to 4 the
process comprising the steps of: (1 ) providing an unsatu-
rated compound having the formula (I) wherein R;, R, and
R; are independently selected from (a) hydrogen, (b) unsat-
urated long acyl group of the formula (IV) wherein x is
from O to 3, and wherein n is from 9 to 21 and m is 2n-1-x,
2n-3-x or 2n-5-x;and (c) short acyl groups of the formula
(IIT) wherein q is from O to 4 wherein at least one of Ry, R,
and R; is an unsaturated long acyl group; and (2) if at least
one of Ry, R; and Rs is hydrogen, optionally acylating the
compound; and (3a) (i) hydroxylating the unsaturated long
acyl group, to provide a hydroxy long acyl group of the
formula (V) wherein y is from 1 to 4, n is from 9 to 21 and
m is 2n+1-y, 2n-1-y or 2n-3-y, and (ii) acylating the hy-
droxy long acyl group to provide a branched long acyl
group of the formula (VI) wherein z is from 1 to 4, n is
from 9 to 21 and m is 2n+1-z, 2n-1-z or 2n-3-z, and where-
in p is from O to 4; or (3b) reacting the unsaturated long
acyl group with a carboxylic acid of the formula (VII) to
provide a branched long acyl group of the formula (VI)
wherein z is from 1 to 4, n is from 9 to 21 and m is 2n+1-z,
2n-1-z or 2n-3-z, and wherein p is from 0 to 4.
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PROCESS

The present invention relates to a process. In particular, the present invention relates
to a process for preparing a compound that may be used in polymers, for example as a
plasticiser or impact modifier, a compound made by that process, and a composition

comprising a polymer and the compound.

The manufacturing properties of thermoplastic polymers, for example the extruding
properties of such polymers, is often modified/enhanced by the addition of plasticisers
thereto. As acknowledged in the prior art, such as in US-A-4426477, there is a
tendency toward avoiding the commonly used plasticisers such as dioctyl adipate
(DOA) and phthalate plasticisers such as dioctyl phthalate (DOPF). The safety of these

plasticisers has been called into question, particularly in certain applications.

The problems of phthalate plasticisers are addressed in, for example WO01/14466.
WOO01/14466 relates to materials such as compounds of the formula.

i
o 0—C—CH,
HZC-—O——(C)——CWHZ—O-—ﬁ——CGHn

HC—O0~—C—CH,
0

C—O0—C—CH,
2

This compound is sold by Danisco A/S as SOFT N SAFE and has met with commercial
success. WO01/14466 teaches a number of routes for preparing the disclosed

compounds. Two of these routes are summarized in the schemes below

Glycerol Monoester ’:e;l“m’e dG'V"B'P't.I i
Castor Oil Glycerol Diester ollowed by Distillation Glycerol Monoester

+Glycerol Glycerol Triester (Purity is typical >90%)
Glycerol

Acetylation with
Acetic Anhydride  Acetylated Monoglyceride

" based on Castor Oil

Castor Qil —> Acetylated Castor Oil

+Acetic Acid Anhydride

Acetylated Castor Oil __, Reaction Mixture: Distiliation _ Acetylated Monoglyceride
+Triacetin Acetylated Glycerolesters based on Castor Oil

Although these routes adequately provide a product with the desired functionality, they
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are limited as to the position of the acyl branch group on the long fatty acid chain. For
example, in the case of castor oil, the hydroxy group at position 12 determines that
acylation will occur here. The requirement that a hydroxy group be present on the long
fatty acid chain also limits the starting oils that be used in the process of WO01/14466.

In a first aspect the present invention provides a process for the preparation of a

compound having the formula

H,C—O—R;
HC—O—R,
H,C—O—R;

wherein R4, R, and R; are independently selected from hydrogen and acy! groups,
wherein at least one of Ry, R, and R; is a branched chain long acyl group of the

formula
i
O Q—C—(CHP—CH,
~—C—(CnHm)

wherein n is from 9 to 21 and m is 2n, and wherein p is from 0 to 4

wherein the other of Ry, R; and R; are selected from short acyl groups of the formula

i
~—C~—(CH,)q~CH,

wherein q is from 0 to 4

the process comprising the steps of:

(1) providing an unsaturated compound having the formula

HzC“O'—_R1
HC—O—R;
H,C—O—R;
wherein Ry, R; and R; are independently selected from
(a) hydrogen,

(b) unsaturated long acyl group of the formula

g™

——C—(CnHm)

wherein x is from 0 to 3, and wherein n is from 9 to 21 and m is 2n-1-x, 2n-3-x
or 2n-5-x;and

(c) short acyl groups of the formula
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—-'C'—(CHz)q-CH3
wherein q is from 0 to 4
wherein at least one of Ry, R; and R; is an unsaturated long acyl group; and
(2) if at least one of Ry, R, and R; is hydrogen, optionally acylating the compound; and

(3a) (i) hydroxylating the unsaturated long acyl group, to provide a hydroxy long acyl

group of the formula
(|3 (QH)y
—C—(CnHm)
wherein y is from 1 to 4, n is from 9 to 21 and m is 2n+1-y, 2n-1-y or 2n-3-y, and
(i) acylating the hydroxy long acyl group to provide a branched long acyl group
of the formula
i
?') CI)—“C—(CHz)p—CHa, 7
—C—(CnHm)

wherein z is from 1 to 4, nis from 9 to 21 and m is 2n+1-z, 2n-1-z or 2n-3-z, and
wherein p is from 0 to 4;
or

(3b) reacting the unsaturated long acyl group with a carboxylic acid of the formula

HO—C—(CHz2)p—CHs

to provide a branched long acy! group of the formula

ﬁ (l)‘—C'"(CHz)p—CHa, 7
——C—(CnHm)

wherein z is from 1 to 4, n is from 9 to 21 and m is 2n+1-z, 2n-1-z or 2n-3-z, and
wherein p is from 0 to 4.

In a second aspect the present invention provides a compound obtained or obtainable
by a process as defined herein.
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In a third aspect the present invention provides a compound selected from compounds

of the formulae
i
O—C—CH;s
l | H
H,C—0—C—(C H2)7”S“C—(C H2)7CH3
HC—0—C—CH; O
o o)
HzC—O_ﬁ_CHa
I
O—C—CHj

I
HyC—0—~—C——(CH3)7;-C—(CH3)eCH3
H
HC—O—-ﬁ—CH;;
(o]
H,C—O—C——CHs
|
o and

I
ﬁ O—C—=CHj
HyC—0—C—(CHz)s~C—(CH2)7CHg
H

HC——O——ﬁ—CH;;

(o]
HgC—O—ﬁ—'CH3

I i

HZT—O—C——_CH:B OFC_CH:;
| H

H —O—ﬁ—(CH2)7_ﬁ—C—(CHz)7CH3

0 O—C—CH;
H,C-—0—C~CHa I

I o}

I i
HC—0—C—CHs & ¢y

|
HT—O_ﬁ‘_(CH2)7'g"_(CH2)aCH3
o)

HzC—O”‘?‘—CHa

0]

i
HzC—’O_C'—CHS O_(\:_CH:;
H —O—C—(CHz)a'E{_(CHZhCHa

|
(0]
HzC_'O—ﬁ"—CHa

In a fourth aspect the present invention provides a composition comprising i) a

polymer; and ii) a compound as defined herein.

For ease of reference these and further aspects of the present invention are now

discussed under appropriate section headings.

However, the teachings under each

section are not necessarily limited to each particular section.

DETAILED DESCRIPTION

As discussed herein, the present process requires steps (1) and (2), and (3a) or (3b).

In one aspect steps (1), (2) and (3a) are performed. In this aspect, the present

invention provides process for the preparation of a compound having the formula
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5
ch—O—R1
HC—O—R;
H2C"‘_O'—‘R3

wherein Ry, R, and R; are independently selected from hydrogen and acy! groups,
wherein at least one of Ry, R, and R; is a branched chain long acyl group of the

formula
(lnl Cl)—(|3|—(CH2)p—CH3
—C—(CnHm)
wherein n is from 9 to 21 and m is 2n, and wherein p is from 0 to 4

wherein the other of Ry, R, and R; are selected from short acyl groups of the formula

—(l.l.—-(CHz)q—CHa
wherein q is from 0 to 4

the process comprising the steps of:

(1) providing an unsaturated compound having the formula

H,C—O—R;
HC—O0—R,
H,C—O—Rs

wherein R;, R, and R are independently selected from
(a) hydrogen,
(b) unsaturated long acyl group of the formula
0 (OH)x

—C—(CnHm)
wherein x is from 0 to 3, and wherein n is from 9 to 21 and m is 2n-1-x, 2n-3-x
or 2n-5-x;and
(c) short acy! groups of the formula
0

-—('3'—(CH2)q—CH3
wherein q is from O to 4
wherein at least one of Ry, Rz and Rj is an unsaturated long acyl group; and
(2) if at least one of R, R2 and Rs is hydrogen, optionally acylating the compound; and
(3a) (i) hydroxylating the unsaturated long acyl group, to provide a hydroxy long acyl
group of the formula
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6
ﬁ (OH)y
—C—(CnHm)

wherein y is from 1 to 4, n is from 9 to 21 and m is 2n+1-y, 2n-1-y or 2n-3-y, and
(ii) acylating the hydroxy long acyl group to provide a branched long acyl group

of the formula
(ﬁ Cl)—‘C—(CHz)p“CHs 7
—C—(CnHm)

wherein z is from 1 to 4, n is from 9 to 21 and m is 2n+1-z, 2n-1-z or 2n-3-z, and
wherein p is from O to 4.

In one aspect steps (1), (2) and (3b) are performed. In this aspect, the present

invention provides process for the preparation of a compound having the formula

H2C —O0 —‘R1
HC—O—R;
H,C—O—R3

wherein Ry, R, and R; are independently selected from hydrogen and acyl groups,
wherein at least one of Ry, R, and Rs is a branched chain long acy! group of the

formula
0
<|3‘ ?—C—(CHz)p—CHa
—C—(CnHm)

wherein n is from 9 to 21 and m is 2n, and wherein p is from 0 to 4
wherein the other of R, R, and R; are selected from short acy! groups of the formula

I
—C—(CH,)q-CH,

wherein q is from O to 4
the process comprising the steps of:

(1) providing an unsaturated compound having the formula

H,C—O—R;
HC—O—R;
H,C—0O—R3

wherein Ry, R, and R; are independently selected from
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(a) hydrogen,
(b) unsaturated long acyl group of the formula
|O (OH)x
'——C——(CILHm)
wherein x is from 0 to 3, and wherein n is from 9 to 21 and m is 2n-1-x, 2n-3-x
or 2n-5-x;and
(c) short acyl groups of the formula

——-|CI——(CH2)q—CH3
wherein g is from 0 to 4
wherein at least one of Ry, R; and Rs is an unsaturated long acyl group; and
(2) if at least one of Ry, R; and R; is hydrogen, optionally acylating the compound; and
(3b) reacting the unsaturated long acyl group with a carboxylic acid of the formula

HO—C—(CH2)p—CHs
to provide a branched long acyl group of the formula

i
—C—(CnHm)

wherein z is from 1 to 4, n is from 9 to 21 and m is 2n+1-z, 2n-1-z or 2n-3-z, and

wherein p is from 0 to 4.

In one aspect, step (2) of the process, namely optionally acylating the compound if at
least one of Ry, Ry and Rj is hydrogen, is performed. In this aspect, step (2) requires
acylating the compound if at least one of Ry, R; and Rj3 is hydrogen.

In one aspect, step (2) of the process, namely optionally acylating the compound if at
least one of Ry, R, and Rj is hydrogen, is not performed. In this aspect, step (2) is

omitted.

As discussed herein, the present invention provides among other things a compound

having the formula
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8
H,C—O0—Ry
HC—O—R;
H,C—O—R;

wherein R,, R, and R; are independently selected from hydrogen and acyl groups,
wherein at least one of Ry, R; and R; is a branched chain long acyl group of the
formula

i
<|3| OI_C‘—(CHz)P'CHs 7

—C—(CnHm)
wherein z is from 1 to 4, n is from 9 to 21, m is 2n+1-z or 2n-1-z, and wherein p
is from 0 to 4.

The compound is derived from an unsaturated compound having the formula

H2C‘"“O_R1
HC—O0—R;
H,C—O0—R3

wherein R,, R; and R; are independently selected from hydrogen, unsaturated long acyl
group of the formula

(ﬁ ((l)H)x
—C—(CnHm)

wherein x is from 0 to 3, and wherein n is from 9 to 21 and m is 2n-1-x, 2n-3-x or 2n-5-
X; and

and short acyl groups of the formula

i
—C—(CH,)a-CH,

wherein q is from 0 to 4
wherein at least one of Ry, R, and R; is an unsaturated long acyl group. The
unsaturated long acyl group is hydroxylated to provide a hydroxy long acy! group of the
formula
O (OH)y
—C—(CnHm)
wherein y is from 1 to 4, nis from 9 to 21 and m is 2n+1-y, 2n-1-y or 2n-3-y
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In one preferred aspect in respect of the unsaturated long acyl group n is from 9 to 21
and m is 2n-1-x. In this aspect, for the hydroxy long acyl group n is from 9to21and m
is 2n+1-y.

In a preferred aspect a compound having the formula is prepared

H,C—O—R,
HC—O—R,
H,C—O—Rs

wherein two of Ry, R, and R; are the short acyl groups and one of Ry, R, and R; is a
branched long acyl group. In this aspect, Ry and R, may be a short acyl groups and Ra
is a branched long acyl group. In this aspect, Ry and R; may be a short acyl groups and
R, is a branched long acyl group. In this aspect, R; and Rs may be a short acyl groups

and R, is a branched long acyl group.

The value of n, which denotes the length of long acyl chain may be chosen as required.
In a preferred aspect n is from 13 to 19. Preferably n is from 15 to 19. In a highly
preferred aspect n is 17. When n is 17, the long acyl chain is derived from a C18 fatty
acid. A particularly preferred long acyl chain is derived from oleic acid.

The value of p, which denotes the length of branch on the long acyl chain may be
chosen as required. In a preferred aspect pis 0to 3. Ina highly preferred aspect p is O
or 1. In a further highly preferred aspect p is 0. When p is 0, the branch on the long acy!
chain is an acetyl group.

In the aspect that step (3b) is performed, namely the unsaturated long acyl group is
reacted with a carboxylic acid of the formula

)
HO—C—(CHz2)p—CHz
to provide a branched long acyl group of the formula

0 C{)—C—(CHz)p—CHg ,

—C—(CnHm)
the carboxylic acid wili be selected to provide the desired branched long acyi group. As
p is from 0 to 4, suitable carboxylic acids for use in the present invention are ethanoic
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acid (p=0), propanoic acid (p=1), butanoic acid (p=2), pentanoic acid (p=3) and
hexanoic acid (p=4).

The value of g, which denotes the length of short acyl chain may be chosen as
required. In a preferred aspectqis0to 3. Ina highly preferred aspect gis O or 1. Ina
further highly preferred aspect q is 0. When q is 0, the short acyl group is an acetyl

group.

The value of x, which denctes the number of -OH groups on the unsaturated long acy!

group may be chosen as required. In a preferred aspect x is 0 or 1. Preferably x is 0.

The value of y, which denotes the number of -OH groups on the hydroxy long acyl
group may be chosen as required. Ina preferred aspect y is 1 or 2. Preferably y is 1.

The value of z, which denotes the number of branch groups on the branched long acyl

group may be chosen as required. In a preferred aspect z is 1 or 2. Preferably zis 1.

It will be understood by one skilled in the art that the x allows for OH groups to be
present or not present on the unsaturated long acyl group. As required by step (3a) of
the process the unsaturated long acyl group is hydroxylated to provide the hydroxy long
acyl group. By the nature of hydroxylation, at least one OH group must be added to the
unsaturated long acyl group to provide the hydroxy long acyl group. Thus when the
hydroxy long acyl group has one OH group (i.e. y is 1), this must have been added
during the hydroxylation step. When the hydroxy long acyl group has more than one
OH groups (e.g. y is 2), one or more of the OH groups may have been present on the
unsaturated long acyl group (e.g. x is 1) and the remaining OH groups were added
during the hydroxylation step; however, it will be appreciated that alternatively no OH
groups may have been was present on the unsaturated long acy! group (i.e. x is 0) and
all OH groups were added during the hydroxylation step.

The unsaturated compound of the formula

H,C—O—R
HC—O—R;
H,C—O—R3

may be obtained or derived from any suitable source. Typically it will be obtained from



WO 2011/021107 PCT/1IB2010/002992
11

plant oils. The plant oil may be chosen by one skilled in the art to provide the require
unsaturated compound. For example, certain oils will be high in particular unsaturated
fatty acids and certain oils will be high in particular -OH containing unsaturated fatty
acids. Almost all vegetable oils containing a significant content of unsaturated fatty
acids could serve as starting material. For example the unsaturated compound may be
derived from sunflower oil, soybean oil, rapeseed (canola) oil, sunflower oil, cottonseed
oil, safflower oil, corn oil, peanut oil, mustard seed oil, olive oil, palm oil, rice bran oil,
palm kernel oil, moringa oil or mixtures thereof. In one preferred aspect the unsaturated
compound is derived from sunflower oil. Preferably the sunflower oil contains oleic acid
in an amount of at least 80% by weight based on the total fatty acid content. It will be
understood that vegetable oils containing primarily monoenoic fatty acids (oleic, erucic)
will derive the monohydroxylated compound (subsequently acetylated), having the —~OH
(subsequently acyl) group positioned either side of the double bond. The use of oils rich
in polyunsaturated fatty acids (linoleic, linolenic) will derive the di- or trihydroxylated
compound (subsequently acetylated), having the —OH (subsequently acyl) groups
positioned either side of the double bonds. Partially hydrogenated vegetable oils can
also be used in this process.

o] o] 0
7 7 7 4 7
OR OR OR
OR OR OR R=H, acyl
1. Containing oleic acid 2. Containing linoleic acid 3. Containing linotenic acid

Glycerides based on common unsaturated fatty acids

0 OR O OR OR O OR OR OR

oY A A AR IAIA
a b o a b (o4 a b ¢ d
OR R _ OR af7 or8
a=7or8 ° t?:Z ggr.‘s b:1,20r3
b=7 or 8 c=4or5 gzl'gr gr ’
OR a+b=15 OR  a+b+c=14 OR asprord=13  R=H. acyl

1. Based on oleic acid 2. Based on linoleic acid 3. Based on linolenic acid

Hydroxylated (acylated) glycerides based on unsaturated fatty acids
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As will be understood by one skilled in the art, the branch of the branched long acyl
group may be placed at any point along the length of the chain of the long acyl group.
Indeed it is an advantage of the invention that by selection of the unsaturated
compound, and in particular by selection of the point of unsaturation on the unsaturated
long acyl group, the position of the branch may be controlled. In a preferred aspect the
branched long acyl group is a group of the formula

|
0 O—C——(CH2),CH3 0 O—C—(CH2),CH3

——C~—(CHz);-C—(CH2)sCH3 ——C——(CH2)g-C—(CHp);CHs
H. or H
0
o—y:——(CHz)pcm
_‘C—(CHz)flﬁ*?_(CHz)?CHa
O—C—(CH2);CHs
or §

wherein p is from O to 4. More preferably the long acyl group is a group of the formula

i
0 O—C—(CHy),CHs i O—C—(CH3),CH3
“C“(CH2)7‘5—(CH2)BCH3 ‘—‘C—(CHz)s‘ﬁ""(CHz)7CH3
: or

wherein p is from O to 4.

In the above aspect p is preferably 0 and thus the branched long acyl group is a group
of the formula

i
0] (I)—*C—CH;; O C|)~—C——CH3
——C—(CHz)7-C——(CH)sCH3 ——C—(CHz)g-C—(CH2)7CH3
H or H
O
I
O—C—CHs
| | H
_C—(CHz)fﬁ_Cl:“’(CthCHs

O_’ﬁ——CH:;

or o]

Preferably the branched long acyl group is a group of the formula
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13
O O
| |
ﬁ 0—C—CHs ﬁ O—C—CHj
—C—‘(CHz)rﬁ—‘(CHz)eCHs —C—(CHz)a‘ﬁ—(CthCHs
or

In highly preferred embodiments, the compound is selected from compounds of the

formulae
0 0 o
_II_ _O_II_ I
H (IJ g CHa H.C C—CHs ?_C_CHs
—0—(C— -C—e— H
H2C—0—C(CHa"C (l: (CHz)7CHs3 HC—O0—C—(CHz)7—C—C—(CHz)7CHs
O—C—CHa | Ho
HC—O—C—CHs I 0 O—C—CHjs
H o H,C—O0—C~—CHgj “
o) I o}
HzC_O—Cl_"CHa (0}
o)
O0—C—CH — -—“_ (I)I

I |
H,C—0O—C——(CHy)7-C—(CH,)sCH |
z (CHa)7C—(CH)sChs H —O_ﬁ’_(CHz)fﬁ‘—(CHz)aCHa

HC—O-—C—CH )
' HiC—O—C—CHs

0O
HzC—O—ﬁ——CH;a,

and ﬁ

0 O—C—CHj HyC—O—C—CHg

l
T | O—C—CHs
HaG—0—C——(CHals-C—(CHa)7CHs

H —‘O—ICI—(CHz)B'ﬁ‘—(CHz)ﬁHa

HC—O—C—CHj o
H2C~O—ﬁ—CH3

0]
H2C—O—ﬁ—'CH3
o]

Preferably the compound is selected from compounds of the formulae

and ﬁ o
_ R — e I
|| o) ﬁ CHa H,C—O—C—CHs lO—C—CHs
—O0—E— C—pf— H
HC—0C~—(CHg)r" (¢ (CHz1rCHs HC—O—C—(CHz)7—C~—C—(CHz)7CHs
O—C—CH | Ho
HC—O—C—CHas I 3 o] O—C—CH3
I 0 H,C—O—C—CHs “
o) II o)
HZC—O—(l'T‘—CHg o)

In one aspect the compound is of the formula
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l
Q—C—CH3
I | H
HZT—O—C_(CH2)7-E—(]:—(CH2)7CH3
H —O—-?—CH:, O—ﬁ—“CHa
| 0

(0]
HzC_‘O_ﬁ_CH;;

Preferably the compound is selected from compounds of the formulae
ﬁ and i
0O—C—CHjs; HaC—0O—C—CHjs

“ O—C—CHjs
Hzc—‘o_C_(CH2)7’3-‘(CH2)BCH3

H “O—ﬁ—(CHz)fg—(CHz)aCHa
HC—O—C—CHj o
I H,C—O0—C—CH3

Q |
HzC——O_ﬁ_CHa Q
In one aspect the compound is of the formula

l
n o
HQC——O——C——(Cth-ﬁ—-(CHz)sCHa

HC——O——ﬁ——CH3

: 0
H2C——O——ﬁ——CH3

Preferably the compound is selected from compounds of the formulae

and i
0 O—C—=CHs H,C—0O—C—CH3

I
HzC—‘O—‘C".—‘(CHz)s‘g——(CHz)7CH3

H ’—O“ﬁ—‘(CHz)s‘g“(CHZhCHs

o)
I HZC—“O-'—(l.‘l,—CHg
HzC—O—ﬁ—CH;; o

Hc—O——ﬁ—CH;;

In one aspect the compound is of the formula
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I
(I? 0—C—CH,
HzC"‘O—C——(CHz)a‘ﬁ—(CHZhCHs

HC——O—ﬁ-—CHg

o)
HzC—O——ﬁ-CHs

Further Process Steps

It will be understood by one skilled in the art that the process steps described herein
are not exhaustive and that the invention may be practices by addition of one or more
steps either before the steps recited herein, after the steps recited herein, intermediate
to the steps recited herein and combinations thereof. For example the process may
comprises a step of protecting any of the hydroxyl groups on the unsaturated
compound prior to hydroxylating the unsaturated long acyl group, the process may
comprise a step of deprotecting the protected groups after acylation of the hydroxy long
acyl group, step (3a)(ii) of the process may comprise acylating the hydroxy long acyl
group and acylating other hydroxy groups such that all hydroxy groups on the
compound are acylated.

The process may comprise a further step of purifying the reaction product of the
present process. This may be for example by fractionation. A typical fractionation step
in the process may be performed over a range of 150 to 300°C, more preferably 180 to
250°C, and a pressure of 0.15 to 100Pa (1mBar), more preferably 0.15 to 10Pa. A
person skilled in the art will then use routine experiments to select a flow rate that is
considered to give an optimal balance between recovery and purity for a particular
production run at a particular plant. Suitable processes and process parameter are
taught in WO2006/108754.

Polymer Composition

As discussed herein the present invention provides a composition comprising
i) a polymer; and
ii) a compound having the formula
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H,C—O—R4
HC—O—R;
H,C—O—R3

wherein Ry, R, and R; are independently selected from hydrogen and acyi groups,
wherein at least one of Ry, R, and R is a branched chain long acyl group of the
formula

ﬁ (l)—(|3|—(CH2)p—CH3
—C—(CnHm)
wherein n is from 9 to 21 and m is 2n, and wherein p is from Oto 4

wherein the other of R;, R, and R; are selected from short acyl groups of the formula
o]

——|C|—-(CH2)q—CH3
wherein q is from 0 to 4
wherein the compound is obtained or obtainable by a process comprising the steps of:

(1) providing an unsaturated compound having the formula

H,C—O—Rq
HC—O—R;
H,C—O—R3
wherein R;, R, and R; are independently selected from
(a) hydrogen,
(b) unsaturated long acyl group of the formula
0 (OH)x
—C—(CnHm)

wherein x is from 0 to 3, and wherein n is from 9 to 21 and m is 2n-1-x, 2n-3-x
or 2n-5-x;and
(c) short acyl groups of the formula

—g—(CHZ)q—CHa
wherein q is from 0 to 4
wherein at least one of Ry, R; and R; is an unsaturated long acyl group; and
(2) if at least one of Ry, Rz and R is hydrogen, optionally acylating the compound; and
(3a) (i) hydroxylating the unsaturated long acyl group, to provide a hydroxy long acyl
group of the formula
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O (OH)y
—C—(CnHm)

wherein y is from 1 to 4, n is from 9 to 21 and m is 2n+1-y, 2n-1-y or 2n-3-y, and
(ii) acylating the hydroxy long acyl group to provide a branched long acy! group
of the formula

0

I
0 \ O—C—(CH2)p—CHs /,

wherein z is from 1 to 4, n is from 9 to 21 and m is 2n+1-z, 2n-1-z or 2n-3-z, and
wherein p is from 0 to 4,

reacting the unsaturated long acyl group with a carboxylic acid of the formula

|
HO—C—(CHz)p~CHs

to provide a branched long acyl group of the formula

i
(ﬁ ?‘—'C—(CHz)p"CHg 7
—C—(CnHm)

wherein z is from 1 to 4, n is from 9 to 21 and m is 2n+1-z, 2n-1-z or 2n-3-z, and
wherein p is from 0 to 4.

As discussed herein the present invention further provides a composition comprising

i) a polymer; and

ii) a compound selected from compounds of the formulae

i i
: o—C—chy HC—0—C—CHs o d—op
—0—C—(CHa G—C— H
HoC— 0= C(CHzy G G (ChziCHs HE—0 =G —(CHar—G—C—(CHanCHs
—y— (" — O—C—CHs | I___ .
HC—O—C—CHa I 0 O—C—CHjs
I 1 HiC—O—C—CHs I
0
HiC—0—C—CHs 0

0]
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o]
O~g—CH H,C— L I
” 3 2C—0—C~—CHj3 0—C—CHs
HoC—0O~—C—(CHj5)7-C—(CH2)sCH
2 (CH2)7 c (CH2)gCH3 H ‘—O—ﬁ—'(CHz)fﬁ—‘(CHz)sCHg
HC—O—C—CHs 0
y) HzC‘—O—-(l.‘;—CHa
HzC——O'—'ﬁ——CH;; 0
and i
(e} 0—C——CH —0—0—
” | 3 H2C (0] Cc CHS O—C—CHS
HoC—O—C—(CH3)g-C—(CH2)7CH
2 (CH2z)s ¢ (CH2)7CH3 “ —O*ﬁ_(CHz)a’ﬁ“‘(CHz)ﬁHa
HC—O—C—CHs 0
g Hzc—o~ﬁ——CH3
Hzc—O——ﬁ-—CHa 0

and

(iii) optionally, a compound of the formula

l
” O—C—CHj;
HZC“‘O_‘C"“(CHz)wﬁ_’(CHﬂSCHS

HC—O_ﬁ‘—CHs

0
HZC_O—_ICi—CHa

In a preferred aspect the polymer is a thermoplastic polymer. Preferably the
thermoplastic polymer is or comprises a vinyl chloride polymer or a vinyl chloride
copolymer selected from vinyl chloride/viny! acetate copolymer, vinyl chloride/vinylidene
chloride copolymer, vinyl chloride/ethylene copolymer and a copolymer prepared by
grafting vinyl chloride onto ethylene/vinyl acetate copolymer, and mixtures thereof.

In a preferred aspect the thermoplastic polymer is or comprises a polymer blend of a
thermoplastic polymer, preferably a thermoplastic polymer as defined above, and a
second polymer. Preferably, the second polymer is a methacryl polymer or an

acrylonitrile-butadiene-styrene polymer.

The compositions of the present invention may be formulated in any manner to provide
the required properties of the composition. In a particular aspect the composition of the
present invention comprises the compound in an amount of 0.01 to 200 parts by weight
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per 100 parts by weight of the polymer, such in an amount of 0.01 to 150 parts by
weight per 100 parts by weight of the polymer, such as in an amount of 1 to 100 parts
by weight per 100 parts by weight of the polymer, such as in an amount of 10 to 100
parts by weight per 100 parts by weight of the polymer, such as in an amount of 20 to
80 parts by weight per 100 parts by weight of the polymer, such as in an amount of 30
to 80 parts by weight per 100 parts by weight of the polymer, such as in an amount of
40 to 80 parts by weight per 100 parts by weight of the polymer, such as in an amount
of 50 to 80 parts by weight per 100 parts by weight of the polymer, such as in an
amount of 60 to 70 parts by weight per 100 parts by weight of the polymer.

In one aspect the present invention provides a composition comprising a compound as
defined above and an aliphatic polyester. Preferably the aliphatic polyester is
biodegradable.

By biodegradable it is meant that a material may be decomposed by indigenous or
exogenous organisms, or their enzymes, often in combination with natural weathering
and oxidation or reduction processes.

In one aspect the composition may comprise any biodegradable polymer in particle or
complete replacement of the aliphatic polyester. Thus in one aspect the present
invention provides :
a composition comprising
i) a biodegradable polymer
i) (a) a compound obtained by the process of the present invention; or
(b) a compound obtainable by the process of the present invention; or
(c) a compound as defined herein, such as a compound selected from
compounds of the formulae

| i 0
” O_g—‘CHa H,C—O0—C—CHs ?—C—CHa
—0—C—{(CH,)y-C—C— H
HoC 0 C(CH ™ (CHah Gl HE—O0——(CHalr—(—C—(GHarCHs
HC—0—C—CHs O'_ﬁ_c”3 o) 0—C—CHs
| H,C—0—C—CHs I
0 I 0

0O
HzC‘_O‘—(l‘T—‘CHa o

0]
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i
O—C—CHj;
HC—O—C—(CH3)7-C—(CH3)sCH

ﬁ ( 2)7H (CHz)sCH3

|
ﬁ (|D—C—CH3 H,C—0—C—CHs
H,C—0—C——(CHj)7-C——(CH3)gCH3
H

HC—O—C—CHs o
I H,C—0—C—CHg

o)
HzC—O-—(ﬁ—CHg o

and T
9] 0—C~—CHgs H,C—O—C—CHs;

H,C—O—C——(CHa)g-C——(CH,);CH3
H

HC—O—C—(CHy)g~C——(CH3);CH
ﬁ ( 2)9H {CHz)7CH3

HC—O0—C—CHj o
| HZC—"O"—ﬁ""CHa

0
HzC——O'—“ﬁ—CH;; o)

Details of suitable biodegradable polymers can be found in the publication
"Biodegradable Plastics - Developments and Environmental Impacts”, October 2002, by
Australian Government Department of the Environment and Heritage (a copy of which
can be found at

http://www.deh.gov.au/settiements/publications/waste/degradables/biodegradable/chapter3. html)

The present composition may be subject to bioremediation. Bioremediation is the
deliberate use of these processes of biodegradation in order to return an environment
altered by contaminants to its original condition. This is less expensive or problematic
than searching for and possibly excavating the contaminant, followed either by disposal

elsewhere, or incineration.

Preferably the polymer is a plastic polymer. By plastic it is typically meant a material

that is capable of flowing under heat and/or pressure and then subsequently setting.

As discussed in EP1029890 suitable aliphatic polyesters for use used in the present
invention include an aliphatic polyester comprising a lactic acid unit in the molecule.
Specific examples thereof include (1) polylactic acid, and lactic acid-other aliphatic
hydroxycarboxylic acid copolymers, (2) aliphatic polyesters comprising polyfunctional
polysaccharides and a lactic acid unit, (3) aliphatic polyesters comprising an aliphatic
polyvalent carboxylic acid unit, an aliphatic polyvalent alcohol unit and a lactic acid unit,
and (4) mixtures thereof. Namely, examples thereof include the lactic acid-based
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polymers (1) to (4). Among them, polylactic acid, and lactic acid-other aliphatic
hydroxycarboxylic acid copolymers may be used. Preferable still is polylactic acid.

Lactic acid includes a L-lactic acid and a D-lactic acid. When referred to simply as lactic
acid in the present invention, both the L-lactic acid and D- lactic acid are indicated
unless otherwise stated. The molecular weight of a polymer indicates the weight-
average molecular weight unless otherwise stated. As the polylactic acid used in the
present invention, there are listed poly(L-lactic acid) solely composed of L-lactic acid,
poly(D-lactic acid) solely composed of D-lactic acid, poly(DL-lactic acid) comprising a L-
lactic acid unit and a D-lactic acid unit in various proportions, and the like. As the
hydroxycarboxylic acid of a lactic acid-other aliphatic hydroxycarboxylic acid copolymer,
there are listed glycolic acid, 3-hydroxybutyric acid, 4-hydroxybutyric acid, 4-
hydroxyvaleric acid, 5-hydroxyvaleric acid, 6-hydroxycaproic acid and the like.

Use of the polymers such as lactic acid based polymers allows for the provision of
polymers systems in which the constituent materials are not obtained from (or are
obtained to a lesser extent from) fossil fuels e.g. crude oil. Thus these polymer systems

are bio-sustainable.

As the method for producing polylactic acid used in the present invention, a method in
which L-lactic acid, D-lactic acid or DL-lactic acid is directly dehydrated and poly-
condensed, a method in which a lactide, cyclic dimer of such lactic acid is ring opening-
polymerized, and the like are listed. The ring opening polymerization may also be
conducted in the presence of a compound having a hydroxyl group such as higher
alcohol, hydroxycarboxylic acid and the like. The compound may be produced by any
method. As the method for producing a lactic acid-other aliphatic hydroxycarboxylic
acid copolymer, a method in which the above-described lactic acid and the above-
described aliphatic hydroxycarboxylic acid are dehydrated and polycondensed, a
method in which a lactide, cyclic dimer of the above-described lactic acid, and a cyclic
body of the above-described hydroxycarboxylic acid are ring opening-copolymerized,
and the like are listed. The copolymer may be produced by any method. The amount of
a lactic acid unit contained in a lactic acid-other aliphatic hydroxycarboxylic acid
copolymer is preferably at least 40 mol%.

Examples of polyfunctional polysaccharides used for producing an aliphatic polyester
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comprising polyfunctional polysaccharides and a lactic acid unit include cellulose,
cellulose acetate, cellulose nitrate, methyl cellulose, ethyl cellulose, celluloid, viscose
rayon, regenerated cellulose, cellophane, cupra, cupro-ammonium rayon, cuprofan,
bemberg, hemicellulose, starch, acropectin, dextrin, dextran, glycogen, pectin, chitin,
chitosan, gum arabic, cyamoposis gum, locust bean gum, acacia gum and the like, and
mixtures, and derivatives. Among them, cellulose acetate and ethyl cellulose are
preferable.

As the method for producing an aliphatic polyester comprising polyfunctional
polysaccharides and a lactic acid unit, a method in which the above-described
polysaccharides are reacted with the above-described polylactic acid, lactic acid-other
aliphatic hydroxycarboxylic acid copolymer and the like, a method in which the above-
described polysaccharides are reacted with the above-described lactic acid, cyclic
esters and the like, as well as other methods are listed. The aliphatic polyester may be
produced by any method. It is preferable that the amount of a lactic acid unit contained
in the aliphatic polyester is at least 50 mol%.

Examples of the aliphatic polyvalent carboxylic acid used for producing an aliphatic
polyvalent carboxylic acid unit, an aliphatic polyvalent alcohol unit and a lactic acid unit
include oxalic acid, succinic acid, malonic acid, glutaric acid, adipic acid, pimelic acid,
suberic acid, azelaic acid, undecanedioic acid, dodecanedioic acid and the like, and
anhydrides thereof. These may be mixed with an acid anhydride. Examples of the
aliphatic polyvalent alcohol include ethylene glycol, diethylene glycol, triethylene glycol,
propylene glycol, dipropylene glycol, 1,3-butanediol, 1,4-butanediol, 3-methyl-1,5-
pentanediol, 1,6-hexanediol, 1,9-nonanediol, neopentyl glycol, tetramethylene glycol,
1,4-cyclohexanedimethanol and the like. '

As the method for producing an aliphatic polyester comprising an aliphatic polyvalent
carboxylic acid unit, an aliphatic polyvalent alcohol unit and a lactic acid unit, a method
in which the above-described aliphatic polyvalent carboxylic acid and the above-
described aliphatic polyvalent alcohol are reacted with the above-described polylactic
acid, lactic acid-other aliphatic hydroxycarboxylic acid copolymer and the like, a method
in which the above-described aliphatic polyvalent carboxylic acid and the above-
described aliphatic polyvalent alcohol are reacted with the above-described polylactic
acid, cyclic esters and the like, as well as other methods are listed. The aliphatic
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polyester may be produced by any method. It is preferable that the amount of a lactic
acid unit contained in the aliphatic polyester is at least 50 mol%.

If it is desired that a film be prepared from the present composition, the molecular
weight of the aliphatic polyester exerts an influence on processability into a film, and
strength and degradability of the obtained film. When the molecular weight is low,
strength of the obtained film decreases and the fiim may be broken in use. Further,
degradation speed increases. On the other hand, when the molecular weight is high,
processability lowers and film moulding becomes difficult. From such a standpoint, the
molecular weight of the aliphatic polyester is in a range from about 10,000 to about
1,000,000. A further preferable range is from 100,000 to 300,000.

The compound described herein may be used in polymers as a plasticiser. In an
alternative application, the compound described herein may be used in polymers as an
impact modifier. Thus in one aspect, the present invention provides a plasticiser
comprising (a) a compound obtained by the process of the present invention; or (b) a
compound obtainable by the process of the present invention; or (c) a compound as
defined herein, such as a compound selected from compounds of the formulae

| I ?
0—C—cHs HC—0—C—CHs Lo
H
MG 0= C (CH)y G G (CHe)Chs HG— 0 C—(CHalr— G CHanCH,
(I) C—CHs T | H |
H ‘—O——?“CHs I 0 O—C—CHa
1 1 H2C—0—C—CHs I
0 |
HiC—0—C—CHy 0
o]
i 0
O—C—CHs H2C—0O0—C—CHs 0—C—CHj

I
HoC—0O—C—(CH3)7-C—(CH)sCH
2 (CHz)7 H (CH2)gCH3 H “‘O"“ﬁ—‘(CHz)fﬁ"“(CHz)sCHs

0
HoC—O0—C—CH3

I
o)

HC—O0—C—CHjs

(o]
HzC""'O'—ﬁ_CHg
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T and
ﬁ ?""‘C_"CH3
H,C—0—C ——(CHz)a‘ﬁ‘_(CHZHCHa

HC—O-—ﬁ——CH:;

0
HZC_O'—'ﬁ_CHS
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o]
HzC_’O—ﬁ’—CHa

In a further aspect, the present invention provides an impact modifier comprising (a) a

compound obtained by the process of the present invention; or (b) a compound

obtainable by the process of the present invention; or (c) a compound as defined

herein, such as a compound selected from compounds of the formulae

i
i O—C—CHj3
H
HZC'—O~C—(CH2)7‘ﬁ“C_(CH2)7CH3

HT—O—‘(“T—‘CHs °~ﬁ“CH3
o 0
HaG—0—C—CHy
o
I
O—C—CHs

| |
H,C—0—C—(CH2)7-C—(CHg)sCH3
H
HC-O—-ﬁ—CHg
0
H,C—O—C—CHs
|
and

Il
ﬁ (I)—C-—CH3
HyC~—0—C—(CHg)g-C——(CHz)7CH3
H

HC~—0O—C—CHs

o)
H2C-—O——ﬁ-—CH3

[ i

HC—O0—C—CHjs O0—C—CHa
| H
H ‘_‘O“‘(ﬁ—‘(CHz)f_ﬁ—Cl)_(CH2)7CH3

H,C—O—C—CH3 I

I o)

(0]

I
H,C—O—C—CHj3; 0—C—CH;

HC—O—C—(CH;)7-C—(CH2)sCH
ﬁ ( 2)7H (CHz)sCH3

0
HzC_O‘—(l'T““CH3

o]

I
H,C—0O—C—CH3 O‘—(I.l._CHa

HC—O—C——(CHz)g~C—(CHa);CH
ﬁ ( z)sH (CHz)7CH3
(o]

HzC"‘O‘—Cl—CH;;
(o]

The invention will now be described in further detail with in the following Examples.

EXAMPLES

Synthesis of monoglyceride
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All reactions are performed under N, atmosphere. 2000 g triglyceride is added into a
reactor together with 700 g glycerol and 0.1% basic catalyst. The reaction mixture is
heated to 250°C under stirring until it appears homogeneous. After an additional 30
minutes, the reaction mixture is cooled to ca. 100°C and the excess glycerol removed
under vacuum. The monoglyceride is removed from the reaction mixture by short path
distillation. The purity of the monoglyceride is determined by the standard measures of
gas chromatography (GC), OH-value and acid-value.

Synthesis of acetylated monoglyceride

All reactions are performed under N, atmosphere. 500 g monoglyceride is charged into
the reactor and heated to 100°C. 350 g acetic anhydride is added under stirring. As this
reaction is exothermic, the addition of acetic anhydride is performed carefully. The
reaction mixture is heated to reflux and after 60 minutes the acetic acid and excess
acetic anhydride is removed by distillation and vacuum distillation. The crude reaction
mixture is cooled to 100°C, desodorized and purified by short path distillation. The
purity of the acetylated monoglyceride is determined by the standard measures GC,
OH-value and acid-value.

Preparation of Mono-Hydroxy and Mono Acetylated Product

440 g (1 mol) fully acetylated monooleate is dissolved in 750 ml dry THF. 500 ml of 2 1
M solution of borane in THF is added in 60 minutes with good stirring in an inert
atmosphere. The reaction mixture is held below 20°C by cooling with a water bath.

The mixture is stirred at room temperature another 3 hours and the reaction quenched
with drop wise addition of methanol. After the H, evolution stopped, 160 ml 3M NaOH-
solution is added, followed by 108 ml 50% H,O. solution, thereby keeping the
temperature under 35°C. The mixture is stirred for another hour and 500 ml water is
added. The aqueous phase is removed and the organic phase washed several times
with a saturated NaCl! solution. The organic phase is dried with NaSO,4 and the solvent
removed in vacuo. The product is analyzed and identified by GC, mass spectrometry
(MS), acid number and OH-value.

The hydroxyl compound is acetylated with an excess (1.5 eq.) acetic anhydride at 90—~
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130°C. After the reaction is complete (ca. 1-2 hours), acetic acid and excess acetic
anhydride is removed in vacuo. The liquid product is analyzed and characterized by
GC/MS, acid number and OH-number.

Identification of the reaction product, SOSAR SEL 3568:
The combined yield of this two-step synthesis is >90%. The product is denoted herein

as SOSAR SEL 3568. SOSAR SEL 3568 was found to comprise a mixture of 9- and
10-acetoxy-octadecanoic acid 2,3-diacetoxypropy! ester (M=500,67), namely

o]
O-—yl—CHa o O—C—CHa
HZC——O——(Il——(CH2)7-|(E——(CH2)BCH3 HZC“O—Q‘(CHz)a“é‘—(CHz)ﬁHa
HC—O‘|C—CH3 HC-—'O—?‘:—-CH;;
HZC—-O-—'CC)—CH;; HzC""O_g-‘CH;;
g and !

The verification is based on the comparison with 12-acetoxy-octadecanoic acid 2,3-
diacetoxypropyl ester (Soft-N-Safe). The main peak in SOSAR SEL 3568 consists of 2
coeluting component pairs (containing also the 1,3-diacetoxypropyi esters).

The MS shows the same main fragments compared to Soft-N-Safe:

m/z=43 (acetoxy-group), m/z=440 (loss of acetic acid), m/z=380 (loss of 2 x acetic acid)
and m/z=159 (2,3-diacetoxypropyl ester moiety). Additionally the Soft-N-Safe molecule
shows m/z=355 (loss of aliphatic chain next to 12-acetoxy group + loss of acetic acid).
Similarly, one component pair in SOSAR SEL 3568 shows m/z=313 (loss of aliphatic
chain next to 9-acetoxy group + acetic acid), the other m/z=327 (loss of aliphatic chain
next to 10-acetoxy group + loss of acetic acid). This fragmentation pattern comes from
the 9- and 10-acetoxy-compounds, where m/z=327.

The GC/MS analysis of transesterified SOSAR SEL 3568 (as both ethy! and methyl
esters) confirmed the findings and conclusions made from the above experiments.

The reaction product may be further purified. As discussed above, In the present work
further purification was performed by short path distillation.
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A KD-L5 short path distillation unit was used with the heat transfer fluid adjusted to
215°C and the condenser to 70°C. The distillation is performed at 4x10” mbar. The
amount of distillate corresponds to a cut of 80% at a flow of 750 g/h.

The distillate is analysed by GC and LC, showing the acylated C-18-OH monoglyceride
to be the major component wit ca. 84%, the rest being mainly the acylated C-16 and C-
18 monoglycerides. A GC-chromatogram of the distilled reaction product can be seen
in Figure 1, together with Figure 2 which is a chromatogram of a 12-acetoxy-
octadecanoic acid 2,3-diacetoxypropy! ester (Soft-N-Safe; SNS ) reference sample for

comparison.

Svnthesis of dihydroxylated monoglyceride

150 g monoglyceride (monooleate) is charged into a reactor and heated to 50°C. 10g
formic acid and 70 g 50% hydrogen peroxide solution is added under stirring. The
reaction mixture is stirred for another 4 hours. 100 ml cyclohexane is added and the
reaction mixture transferred to a separation funnel. The organic layer is washed with
aqueous sodium sulfite and demineralized water. The organic layer is separated and
the solvent removed in vacuo. The purity of the product is analyzed by GC, |-, OH- and

acid value.

The dihydroxyl compound is acetylated as described above. The product is analyzed
and characterized by GC/MS, acid number and OH-number. The product is denoted
herein as SOSAR MKH 3972. SOSAR MKH 3972 was found to comprise a compound
of the formula - '

o)

I
O—C—CHs;
I | H
HzC‘_O"‘C_(CHz)fﬁ-Cl:‘_(CH2)7CH3
() — O—C—CH3;
H 0 ﬁ CH3 I

0
HzC““O—‘(I‘T_CH3

Plasticiser Testing

GRINDSTED SOFT-N-SAFE, SOSAR SEL 3568 and SOSAR MKH 3972 were
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evaluated in respect of Tensile strength, Modulus and elongation in accordance with

DIN 53457 and evaluated in respect of shore A hardness in accordance with DIN

53505.
Tensile 100%
Strength Modulus Elongationat | Shore Aat 15
Product [MPa] [MPa] break [%] sec.
GRINDSTED SOFT-N-SAFE 18.0 4.4 794 777
SOSAR SEL 3568 18.7 4.5 828 78.2
SOSAR MKH 3972 21.6 5.6 815 80.7

GRINDSTED SOFT-N-SAFE is a compound of the formula shown below,. and is available
from Danisco A/S, Denmark

Il
0 O—C—CHs
HzC'—‘O‘_C—_(CHz)wﬁ_(CHZ)SCHS

HC—O—C—CHa

I

0
Hzc—o—lcl—-CHa

0]

It was found that SOSAR SEL 3568 is an efficient plasticiser and has mechanical
properties tested to be very comparable to GRINDSTED SOFT-N-SAFE.

SOSAR MKH 3972 also performed as a plasticiser.

All publications mentioned in the above specification are herein incorporated by
reference. Various modifications and variations of the described methods and system
of the invention will be apparent to those skilled in the art without departing from the
scope and spirit of the invention. Although the invention has been described in
connection with specific preferred embodiments, it should be understood that the
invention as claimed should not be unduly limited to such specific embodiments.
Indeed, various modifications of the described modes for carrying out the invention
which are obvious to those skilled in chemistry or related fields are intended to be within

the scope of the following claims.
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CLAIMS:

1. A process for the preparation of a compound having the formula

H,C—O0—R;
HC—O0—R;
H,C—O—R3

wherein Ry, R, and R; are independently selected from hydrogen and acyl groups,
wherein at least one of Ry, R, and Rs is a branched chain long acyl group of the

formula

(l)l C])—PJ—-(CHZ)p—CHa
—C—(CnHm)

wherein n is from 9 to 21 and m is 2n, and wherein p is from 0 to 4

wherein the other of Ry, R, and R; are selected from short acyl groups of the formula
i
——C—(CH,)q—CH,

wherein g is from O to 4
the process comprising the steps of:
(1) providing an unsaturated compound having the formula

H,C—O—R;
HC—O—R;
H,C—O0—Rj

wherein R4, R; and R; are independently selected from
(a) hydrogen,
(b) unsaturated long acyl group of the formula
O  (OHx

|

—C—(CnHm)
wherein x is from 0 to 3, and wherein n is from 9 to 21 and m is 2n-1-x, 2n-3-x
or 2n-5-x;and

(c) short acy! groups of the formula
o]

——g—(CHz)q—CH3
wherein q is from 0 to 4
wherein at least one of Ry, R, and R is an unsaturated long acyl group; and
(2) if at least one of Ry, R, and R; is hydrogen, optionally acylating the compound; and
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(3a)

or
(3b)

30

(i) hydroxylating the unsaturated long acyl group, to provide a hydroxy long acyl
group of the formula

(|'l> (QH)y

—C—(CnHm)
wherein y is from 1 to 4, n is from 9 to 21 and m is 2n+1-y, 2n-1-y or 2n-3-y, and
(i) acylating the hydroxy long acyl group to provide a branched long acyl group

of the formula
0
|

0 \ O—C—(CHz)p—CHs /,

>

—C—(CnHm)

wherein z is from 1 to 4, n is from 9 to 21 and m is 2n+1-z, 2n-1-z or 2n-3-z, and

wherein p is from 0 to 4;

reacting the unsaturated long acy! group with a carboxylic acid of the formula

HO—C—(CH2)p—CH3
to provide a branched long acyl group of the formula

|
? c|)~c-—(CHz)p—CH3 ;

—C—(CnHm)

wherein z is from 1 to 4, n is from 9 to 21 and m is 2n+1-z, 2n-1-z or 2n-3-z, and

wherein p is from 0 to 4.

2. A process according to claim 1 wherein step (3a) is performed.

3. A process according to claim 1 or 2 wherein the unsaturated long acyl group of the

formula

ﬁ (OH)x
—C—(CnHm)

wherein x is from O to 3, nis from 9 t0 21 and m is 2n-1.
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4. A process according to any one of the preceding claims wherein the hydroxy long
acyl group of the formula

O (OH)y

—C—(CnHm)
wherein y is from 1 to 4, nis from 9 to 21 and m is 2n.

5. A process according to any one of the preceding claims for the preparation of a
compound having the formula

H,C—O—R,
HC—O0—R,
H,C—0—Rs

wherein two of Ry, R, and R; are the short acyl groups and one of Ry, R; and R3 is a
branched long acyl group.

6. A process according to any one of the preceding claims wherein n is from 13 to 19.
7. A process according to claim 6 wherein n is from 15to 19.

8. A process ac,;cording to claim 6 wherein n is 17.

9. A process according to any one of the preceding claims wherein p is 0 to 3.

10. A process according to claim 9 wherein p is 0.

11. A process according to any one of the preceding claims wherein g is 0 to 3.

12. A process according to claim 9 wherein q is 0.

13. A process according to any one of the preceding claims wherein x is 0.

14. A process according to any one of the preceding claims wherein y is 1.

15. A process according to any one of the preceding claims wherein z is 1.
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16. A process according to any one of the preceding claims wherein the unsaturated
compound is derived from sunflower oil, soybean oil, rapeseed (canola) oil, sunflower
oil, cottonseed oil, safflower oil, corn cil, peanut oil, mustard seed oil, olive oil, palm oil,

rice bran oil, palm kernel oil, moringa oil or mixtures thereof.

17. A process according to claim 16 wherein the sunflower oil contains oleic acid in an
amount of at least 80% by weight based on the total fatty acid content..

18. A process according to any one of the preceding claims wherein the branched long

acyl group is a group of the formula

I i
] O—C—(CHz)pCH3 ﬁ) O—C—(CHy)pCH3
‘—C—‘(CH2)7‘S“—(CH2)BCH3 "“C‘—‘(CHz)s‘ﬁ—(CHz)ﬁHa
or

O O-—(I‘l—(CHz)pCH3

_g"(CHz)fﬁ"‘?—(CthCHa
O—C—(CH2)pCH3

or (!

wherein pisfromQ0to 4

19. A process according to any one of the preceding claims wherein the branched long
acyl group is a group of the formula

i ||
ﬁ 0—C—(CHyp)oCHs ? O—C—(CH2)oCHs
"—C—(CHz)rg—‘(CHz)aCHs ——C—‘(CHz)a‘a“—(CH257CH3
or

wherein p is from 0 to 4

20. A process according to any one of the preceding claims wherein the branched long

acyl group is a group of the formula

i i
: c|>—c——c:H3 o| ?—-C—CH3
‘_C_(CHz)rg—"(CHz)sCHa ““C_“(CHz)e‘S_’(CHz)ﬁHa
or
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i
O—C—CHj;
I | H
—C_(CHz)fﬁ_C';—(CHz)?CHa
O_[Cl_—CH3
or 0

wherein p is from 0 to 4

21. A process according to any one of the preceding claims wherein the branched long
acyl group is a group of the formula

i i
ﬁ cl3——c——CH3 (IT O—C—CHs
—‘—C_(CHz)?‘g——(CHz)éCHa —C’_(CHz)s'ﬁ—(CHz)ﬂHs
or

22. A process according to claim 1 for the preparation of a compound having the

formula
(0] or (0]
o—g—CH H C‘—O—(|3“—CH I
I I H 3 2 3 O—C—CHs
O Cm—(CH)C—a— H
M0 C(CHa)r G (™ (CHaICHs HG—0—G—(CHalr— GG (CHaiCH
HC—O—C~—CHs °_||—CH3 o) 0—C—CHa
| 1 H2C—0—C—CHs I
o} I} o}
HzC—O“‘ﬁ_CHa 0

23. A process according to claim 1 for the preparation of a compound having the

formula
or i
0—C—CH —A—C— l|

” l 3 HQC (0] C CH3 O—C'—‘CH:’
Ho,C—0—C—(CHa)7-C—(CHa)sCH
2 (ChalC™(CH3)eCHs HG—0—G—(CHalmG—(CHaCHs
HC—0—C—CHjs o)

(l)l Hzc—O—ﬁ—CHg
HZC——O—(ﬁ—CH;; 0

24. A process according to claim 1 for the preparation of a compound having the
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formula
ﬁ or i
0—C—CH —0—C— I
” | 3 HZC 0 C CH3 o_c__CH3
H,G—0—C~—(CHa)g-C—(CH2)7CH
2 {(CHz)g v (CH2)7CH3 H —O—ﬁ—(CHz)a'ﬁ"—(CthCHs
HC—0—C—CHjs o
g ch—o——ﬁ—CH3
HzC"‘O——ﬁ'—'CH3 o)

25. A process according to any one of the preceding claims wherein the process
comprises a step of protecting any hydroxyl groups on the unsaturated compound prior
to hydroxylating the unsaturated long acyl group.

26. A process according to claim 25 wherein the process comprises a step of
deprotecting the protected groups after acylation of the hydroxy long acyl group.

27. A process according to any one of the preceding claims wherein step (3a)(ii)
comprises acylating the hydroxy long acyl group and acylating other hydroxy groups
such that all hydroxy groups on the compound are acylated

28. A compound obtained by the process of any one of claims 1 to 27.

29. A compound of the formula
0 or 0 0
i O—C—CHs HzC*—O—‘(I'IJ—CHg O—'g‘-CHa
Hzc—o_C"—(CHZ”"ﬁ_E—(CHz”CH:‘ H _0“?—(CH2)7—(|3—8~—(CH2)7CH3
0—C—CHs | Ho

0
H2C—O—C—CHa

H —o—c[~—CH3 I
I
° I

O_ﬁ_—CHa

o

o)
HzC_O—'ﬁ—CHg
o)

30. A compound of the formula
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0
I
(|)| ?——C'_CH:;
HzC-_O—'C—(CHZ)7"E"—(CH2)BCH3
HC—O—ﬁ——CHs

o)
Hzc—‘O—'ﬁ—CHa

31. A compound of the formula
I
ﬁ 0—C—CHjs
HZC-—O—C-—-(CHz)s‘ﬁ—“(CHZhCHs
HC—O—GC—CHjs

]
Hzc—‘O—(III:—CH;;

32. A composition comprising
i) a compound of the formula

o—L—chy
HZC—O_Q—”(CHz)wﬁ“"(CHz)scHs
H —O_ﬁ_‘CHS
HzC“O~8—CH3
g
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or H
HZC'—O_C_’-CH3 O__..C——CH3
HC—O—C—(CHz);"C—(CH2)sCH
ﬁ ( 2)7H (CHz)sCH3
0
Hzc—o—clzl——CHa
or ﬁ
A I
Hzc‘: (0] C CHa O.._C_CH3
HC—O—C—(CHz)s"C—(CHz)7CH
ﬁ ( 2)BH (CH2)7CHs
(0]
HzC’_‘O"’(l'.l;'—'CHa
(0]
and

ii) a compound according to claim 28, 29, 30 or 31.

9

33. A composition comprising
i) a polymer

ii) a compound according to claim 28, 29, 30 or 31, or a composition according to claim

32.

34. A composition according to claim 33 wherein the polymer is a thermoplastic

polymer.
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H,C—O0—R;
HC—O0—R;
HQC—O—“Rg

0 0—C—(CHp-CHy
—C—(CrHm)

[l
~—C—(CH,)q—CH,

O (OH)x
[N

—C—(CnHm)

O (OH)y
—C——(CnHm)

|
(ﬁ < (l)—*C-(CHz)p—CH3> 7
—C—(CnHm)

O
HO—C—(CHz)p—CHs

PCT/1B2010/002992
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35. A composition according to claim 34 wherein the thermoplastic polymer is or
comprises a vinyl chloride polymer or a vinyl chioride copolymer selected from vinyl
chloride/vinyl acetate copolymer, vinyl chloride/vinylidene chioride copolymer, vinyl
chioride/ethylene copolymer and a copolymer prepared by grafting vinyl chloride onto
ethylene/vinyl acetate copolymer, and mixtures thereof.

36. A composition according to claim 33 or 34 wherein the polymer is a biodegradable

polymer.

37. A process according to claim 1 as substantially hereinbefore described.

38. A compound according to claim 28, 29, 30 or 31 as substantially hereinbefore
described.

39. A composition according to claim 32 or 33 as substantially hereinbefore
described.
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Figure 1 GC chromatogram of distilled reaction product
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