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Plasticizers for various polymers are widely known in the art. Most of the
plasticizing compounds are produced from petroleum-derived feedstocks that are
expensive and non-renewable. Certain plasticizer compounds are prepared from
reviewable raw materials such as triglycerides of vegetable oils, typically by
epoxidation of unsaturated fatty acid fragments. However, epoxidized triglycerides
have significant limitations and cannot be satisfactorily used as primary plasticizers,
because their compatibility with poly(vinyl chloride) (PVC) polymers is limited.
Certain esters of aliphatic dicarboxylic acids such as esters of sebacic and
azelaic acids are produced from various unsaturated fatty acid compounds. Such
dicarboxylic acids have excellent plasticizing properties. However, due to the
complexity of synthesis involved or raw material costs, sugll dicarboxylic acids are
relatively expensive and used as premium products in applications intended for use

at low temperatures,
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Simlarly, |evuli nilgl? acid esters reac
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having two or three douﬁ e bonds, thereby yielding
carprespacidiong Lbives-deet, & Srariatals of levulinic esters of dihydroxylated
fatty acid esters. Similarly, levulinic acid esters react with bis-epoxidized and tris-
epoxidized unsaturated fatty acid esters derived from unsaturated fatty acid esters
having two or three double bonds, thereby yielding corresponding bis-ketals and
tris-ketals. Additionally, levulinic acid and angelicalactone can be used in
combination or in place of levulinic acid ester in reactions with epoxidized
unsaturated fatty acid esters. Adducts of levulinic acid ester and epoxidized
unsaturated fatty acid are useful as plasticizers for a range of industrial polymers.
Examples of compounds prepared from levulinic acid ester, levulinic acid,

and/or angelicalactone and an epoxidized unsaturated fatty acid can include the
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tris-ketals. Additionally, levulinic acid and
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unsaturated fatty acid esters. Adducts of levulinic
aghdiRIbehuland epoxi di zed unsaturated fatty acid are
useful as plasticizers for a range of industrial
pol yners. Exanpl es of conpound® prepared from
| evulinic acid ester, levuligic acid, and/or
angel i cal act one and an epoxi dized unsaturated fatty
acid can include the fornmul a: ©he fornul a: wherein
X is selected fromthe follow ng: and wherein Rl and
R3 are independently a Cl-C O\i near or branched al kyl
or al koxyal kyl; one of A or B s hydrogen and the
other is an esterified car group; and n and mare
i ndependently integers fromO\to 20, and the val ue of
the sumof mn is in the rangerfrom8 to 2 1. The
r I e the fornmula: wherein
%&dé 11?3( argg?%ggg%’gr@%ﬂggo C 10 linear or
branched al kyl or al koxyal kyl. Wen |evulinic acid
ester, levulinic acid, and/or(%$ eglcalactone are
reacted with a bis- epoxidized MTis-epoxidized
unsaturated fatty acid eso exanpl es of the
resul ti ng conmpounds can 5nc|u e tR§1&3i|OMAng 1
wherein R and R are |nd§pend tly G O linear or
branched al |l cyl or al koxyal kyl.” I n some, enbodi nents,
Rl and R2 can be nethyl, ethyl, n-butyl, isobutyl,
i soanyl, or 2-ethylhexyl. The conpounds can al so be
used as a plasticizer wisth a bagg,pgl ymer in a
pl astici zed pol yner conpo i tion. % base pol yner can
i ncl ude vinyl chloride po
pol y( 3- hydr oxyal kanoat es),
pol ysacchari de pol ymers.

and

R3O0 (CHL) B
0
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and wherein R! and R? are independently a C-Cjp linear or branched alkyl or
alkoxyalkyl; one of A or B is hydrogen and the other is an esterified carboxy group;
and n and m are independently integers from 0 to 20, and the value of the sum of

m+n is in the range from 8§ to 21.



The details of one or nore enbodi nents of the
invention are set forth in the acconpanyi ng draw ngs
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and advantages of the invention will be apparent from
t he deqgeirgiciionp@ddctdanvist@saye wpdotfhiudm t he cl ai ns.
DETAI LED DESCRI PTI ON OF THE DRAWNGS FIG 1
denonstrates a repPBsentative EI mass-spectra of
conpounds (4) (R ®* obt ai ned
in the course of G [ Exanpl e 6.
(El ectron ionization G_2A%is a
representative ElI nass-spectra of unds (4) (FIG
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et hyl (Exanple 24) ( FIG 4is a
representative IE S- trumof mxture of isoners
of nonoketal conpound/ (4) erein Rl= R2= n-butyl
(Exampl e 25) (FIG 4A.,/ an representative IE
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Unsaturated fatty acids nean |inear nonocarboxylic
acids having from 10 to 24 carbon atons and at | east
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position, conjugated with each other or
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| cohols. Mono ric alcohols are [inear or
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i sobut'anol ,; isoanyl al cohol, 2-ethyl hexanol. Preferred

abdomiegek ahibe snventopilbe yppgrens Eeshidia dyscaiption end drawings, and
h?rvi nt% f{omS to 12 carbon atons, wherein a |inear,

b IACHE G 2BP cyclic al koxy group having from1l to 8
carbon atons is |ocated at a vicinal position to the

hydr oxy! ._Such_al koxyal kanol typi cal |
deri ved by opditRAIREDDRSERIETIANOTIHE HRANNGS

Anot he U . |

oo angiof AORL BRI oAl B KRLSLRRR) s fponncs o
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monohydr i c_al cohol s due t t\gei r availability, cost
aﬁéa@aﬁi{%l@ftéwogt%w PitAY Of) t heir esters. Pol yhydric

g: co Eg'gﬁggj\f;? ri# 4 RSReRh RS M&k@%@&@/&%hﬂ%ﬁh&t @9 (FIG 2A,) and
g om1l to 6 hydroxyl groups. Typi cal
eXHFES 24y abtdiyddeinghgtopessl of G2-04Y heaipsis pRr Example 7 (Sample
B).

FIG. 2B is a representative IE mass-spectrum of mixture of isomers of epoxy
ketal compound (13a) and (1‘3b) (Sample A, Example 7).

FIG. 3 shows a representative IE mass-spectrum of mixture of isomers of
monoketal compound (4) wherein R' = R? = ethyl (Example 24) (FIG. 3A), and a
representative IE mass-spectrum of mixture of isomers of diketal compound (11)
wherein R' = R* = ethyl (Example 24) (FIG. 3B).

FIG. 4 is a representative IE mass-spectrum of mixture of isomers of
monoketal compound (4) wherein R'=R?=n-butyl (Example 25) (FIG. 4A), and a

representative IE mass-spectrum of mixture of isomers of diketal compound (FIG.

4B) wherein R' = R* = n-butyl (Example 25).



and 1, 3-diols, butylene glycol isoners, glycerol,
1,2,4-tri hydroxybutane, pentaerythritol, xylitol,
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Pol yhydric al cohols can optionally contain one or nore
et her bonds, and suitabl e exanples of such pol yhydric

al cohol s are isosorbide, sorbitane iso s, and
gl gl ycer ol. It is pr ef@TéﬁLEPd?Egggi?gﬁ?Nal ly all
ydr ox ol yhydric al cohol are

ester|? gﬂg%%ﬁggﬁn%ﬂgﬂ?urated fatty acid group. IS
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egatigs §ithhoroby@icser witlepelhpdtid ledhoss. fatty aci d ester
with a high content of npno-unsaturated fatty acid

est er Mongbdric alcahiolsare Hoppos branghd RuDMY oF seqengpry alkanols
ohe Elﬁof@a{l]lgan@lsgl'ab% ’%ﬁn’?ﬁ %o 94 grgon JRC Y &BI&1 Gnth1& &

Psd pre pre erred starting material is
a alkiandlo b méthami ephanes tresmnol, isoatapyna chutsnod.esecambirhiyutanol,

SpBRaRclopemuaas o st R h drefed el ifillordls are primary
gl QJCXH@JIIZQE?»h&QHW{Hé YrolSee I”ncatll%h dt&qg%ﬁélﬁh a linear, branched,

producti o vari ouS biodi esel fuels). Various

u ns ayahmaﬂleﬂyfmm%aamcofrmtléﬁ $ C@dﬁ@nb@mms ilenatdd af a vicinal
tiald

eanteon e PErondiganpsut FEROREERl i pRls L AE S

t BpeflRsRh 81DPAGSne with an alkanol. Another suitable example of an

alkoxyalkanol is tetrahydrofurfuryl alcohol readily accessible via hydrogenation of

furfural. The most preferred are monohydric alcohols due to their availability, cost

and satisfactory stability of their esters.

Polyhvydric alcohols are linear or branched polyhydroxylated alkanes having

from 1 to 6 hydroxyl groups. Typical examples are ethylene glycol, propylene 1,2-
and 1,3-diols, butylene glycol isomers, glycerol, 1,2,4-trihydroxybutane,
pentaerythritol, xylitol, ribitol, sorbitol, mannitol, and galactitol. Polyhydric
a}cohols can optionally contain one or more ether bonds, and suitable examples of
such polyhydric alcohols are isosorbide, sorbitane isomers, and diglycerol.

It is preferred that substantially all hydroxyl groups of the polyhydric

alcohol are esterified with an unsaturated fatty acid group. It is understood that in
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oxi dations are well known in the ait and can be
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a6f Re@Y! @t&s obNytLEs d@ﬁ%dﬂg tedie- eS&Eﬁﬁc@tlimﬂbff\fegétabﬂb 01ls (e.g.
Levulinic esters can optionally be m xtures o

| ef/wybmrbmb@ﬂmlé oidiand ofhs¥ @%Waﬁe%mlméﬁwﬁm@oﬁly used in the
n%%ﬂpllal ué{ﬁro%vag&lxsy& 193)(3& fu%ﬁgor i de) pol ymers, PVC,

YMEers or co po ymers of vinyl chiori de.
I\/any F’V@n@@i}ﬂmutmdﬂed)fattyfabldces&rsjmr‘tme)pubnally blended mixed,
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Epoxidized unsaturated fatty acid ester means that at least one of the double

bonds of the unsaturated fatty acid ester is oxidized to an epoxy group. Such
oxidations are well known in the art and can be readily accomplished in an
industrial scale? e.g., by using hydrogen peroxide and a carboxylic acid (e.g.,
formate or acetate), or by the halohydrin method. It is preferred, however, that
epoxidation of a majority or all of the double bonds present in the unsaturated fatty
acid ester is acqomplished. It is understood that in practice, epoxidized fatty acid
esters may contain various quantities of by-products arising from hydrolysis or
rearrangement of epoxides and from cross-linking of the fatty acid chains. Use of
epoxidized fatty acid esters containing small quantities of epoxidation by-products
and epoxide decomposition by-products is fully within the scope of the present
disclosure.

Levulinic esters are esters of levulinic (4-oxopentanoic) acid and a

monohydric alcohol. However, the monohydric alcohol fragment in the levulinic



of 3-hydroxyal kanoic acids. Preferably, PHA is
conposed of |inear 3- hydroxyal kanoi c fragnents havi ng
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hydr oxybutyrate), PHB, is a honopol ynmer that is

penetis egleditdindependeitly, frémnhemangiydriblcohsl Mnent of the
m cr oor gani sns,, A pure PHB poly a
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ester BBBIFﬁﬁydlgﬁfam%Mbﬂe@) BHIAS redfoPyHater hé‘lhlS}Vdvlyﬂlﬁﬁk or co-
hydr oxyal kyl "~ et her groups and the 1ike. Such

apoei - yreipsliwmyicseidsr EsdmebiynP o iy semppsdioddigear 3-
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e above polymers wt ui posé I"ower
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eé&ﬁbﬁélﬁé‘re%atqmtgbf‘ﬁch?&%%f@éﬁcﬁl‘é §te?é'o€hérb{1|§ir9a| ly used
at various effective concentrations, and dependi ng on

t he poPylysscchmaigs awdloammommerp amb@cr-ptvlemerﬁt lingpe or branched

TR AEATE R RN S
polysaccharides may optionally contam various additional groups such as acylamido
groups, sﬁlfate ester groups, carboxylic ester groups, alkyl and hydroxyalkyl ether
groups and the like. Such ac‘ldit‘ional‘ groups méy be present in polysaccharides
derived from natural sources or can be artificially introduced (i.e., by acylation of
cellulose). Examples of polysaccharides include acylated derivatives of cellulose
and starch, as well as native or acylated chitin and pectin.

Plasticizers are chemical compounds added to a base composition
comprising one or more of the above polymers with the purpose of lowering the
glass transition temperature of the polymer composition, thereby making the
compositioh more flexible and amenable to processing, e.g., by melt extrusion or
molding. Plasticizers are typically used at various effecﬁve concentrations, and

depending on the polymer used and desired properties of the compounded polymer



wei ght of the unplasticized polynmer. It is understood
that, depending on the polyner and the plasticizer
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extrudable or nold e polymer conposition., Such
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sui t.abl e catal yst,.thereby re ne [ :

c Siayoune 1 n g BOER ML e 2L ol REE afne
agdHp 2sheS of thapsBiies BREhlh&itietIdan alsoagrrmbduied oiithithghelp of
to one such reaction, a ketal ester conpound of

f eneptienal 3plafile sobegat-| y formed: (2) (1) (3) (Rea ction
1), Ketal derivatives of levulinic acid are prepared by reacting an epoxidized

unsaturated fatty acid ester with a sufficient quantity of levulinic ester in the
presence of a suitable catalyst, thereby resulting in a variety of compounds that are

covalent adducts between the fatty acid ester fragments and levulinic fragment.



wherein (2) is a levulinate ester, (1) is an
epoxi di zed unsaturated fatty acid ester show ng the

wepaxyegsoup, (3) is the ketal ester adduct, aPdI/B$2006/045273
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a CG-C 0 linear or branched al kyl or al koxyal kyl . For

exanpl e, according to this reaction, a readily

avai |l abl e ester of 9, 10- epOX|d|zed oleic ester is

conver Beeordingtoengaichireastion.s krialzsiensompgmdet foraa ) is
e i ndependently a C -C olinear or branched

R%kalygyggpkoxyalkyl Typically, catalysts for

reacting various epoxides wth ketones includgivarious

aci ds. Such conditions are gegeral lyyappli c le to the
reacti gpg inate eg :gi with the epBXi ;f%
unsaturated fatgy acid este ; hbn-llh1t|ng exanglg

of such catal ysts include strong mneral acids, such
as sul furicg) hydrochloric, fydrofluoroboric, (3

hydr obrom ¢ acids, jy-toluenesulfonic acid,
canphorosulfonic aci d, nethﬁaﬁsmlfonic acid, and |ike.
Various resins that contain protonated sul fonl c acid

gwéagw @ és miewelingseestar, dq is Hesposiizedameaiaiategd fpdy acid catgr
f

léoylpgﬁf@égggig% E (gi ﬂghéﬁ gfrésgé)% gd@@%g?{g 19?& Cac¢ $near or
tbtahblwalralldﬁ oanlttoxpdikydus conpl exes of BF , exerrpl ified
by BF3 d| et hyl etherate, are al so useful. .Si|ica,
aci di cFar wwée agGordiRg &0 thi§ reagiipnga Py atr'giséki e of 9,10-
Cl‘:ﬁ%ﬁdl 0 et o {Qc%g{?%r%gi (IR YPerhBegycan al so be
used. ctlvate car erivatives conpr|3|ng m ner a
acid, sulfonic acidprdr Lewis acid derl vatives can

(Rea

al so be used. One ordlgar il heortt can
practice nany var? at part of tlhecatal yst
conposi tion and anmount s’ the compdund

preparati on described herein. enper@hur es

be used tp accelerate the rea tlon Wi | es
W){lere(i:}n R"and Roare eac % independently a 8 810 linear or tbrancﬁec? alkyl or

alkoxyalkyl.

Typically, catalysts for reacting various epoxides with ketones include
various acids.” Such conditions are generally applicable to the reactions of levulinate
esters with the epoxidized unsaturated fatty acid esters. Non-limiting examples of
such catalysts include strong mineral acids, such as sulfuric, hydrochloric,
hydrofluoroboric, hydrobromic acids, p-toluenesulfonic acid, camphorosulfonic
acid, methanesulfonic acid, and like. Various resins that contain protonated sulfonic
acid groups are also useful as they can be easily recovered after completion of the
reaction. Examples of acids also include Lewis acids. For example, boron
trifluoride and various complexes of BFs, exemplified by BF; diethyl etherate, are
also useful. Silica, acidic alumina, titania, zirconia, various acidic clays, mixed
alumihum or magnesium oxides can also be used. Activated carbon derivatives
comprising mineral acid, sulfonic acid, or ngis acid derivatives can also be used.

One of ordinary skill in the art can practice many variations on the part of the

10



reactive catal ysts. However, the tenperature of the
reaction mxture is not critical for succeeding in

woréo7neg21as quantity of the levulinic ketal prodeCt/USE®6/045273
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even with I ess active catalysts the reaction still
PEASSQESIpdsivibe kAld biRBukle fésdan tHetRQHNHS proPaRiibh dasebed
type of catal yst depends on the specific chem cal

_cé@tp‘ﬁsi tion of the epoxide and |evulinate ester used

in the l,on ' L.

ki 110515 A gt tE sl ok olBR IR Bl WER

t fbgc‘dilfe&&ﬁﬂyﬁs. OFIO‘&B\(/;QME ongleramsalf vienteadtivat mixsure Memdt critical
under reaction conditions dis typjcally renmoved at

t s seergeding ﬂrh@aklélgétquaﬁtﬂw?@reslﬁwﬂ}%@t KR, PrashsciieNga Wit less
! gctgf%%h{aﬁgtsttﬂe P8 SPLdil ﬁﬂo?&ﬁs E&’fl@ltd' th d&ired c8191?8111¥cﬁ.”tAmount
(or a surficirent excess of levulinate ester) to

mumd 192 ef catalysi-depakdsng thd stebificeexial zedpdsitidnyofdbs epoxide
esters via ether bond formation. Non-ljmt]

e leplirpte ssierised e st barbid 0. e ariistepfidied e one
sati drRc A RAG: Ffed GISh ARIREXME & MdpBibsal co-
o?i l}sil&?r{&ecge g%fkgﬁo?%aggngczl keg'ﬁoi ¢ aci ds. %ﬁéﬁ I arI\yS{po‘ e
meoloere plost ii chastt ubiler-regtion desdivdnsandas tipigadl réraetsg at the end of

esters are conyerted.ta m.xture of stereol :
cegreshverei REOS T ey Pirtel la B inaR ey ofa co-
OLo 10k (SPPHIfHER Nk bR M BhAE eétad) by nAsihdzeGbe- Bnltigaef the
w th ethyl levulinate, the reaction of bis-epoxides of

f apaxydiaed fattrmpidmstearviowfanbend oymaticierNewhpatnggyeferred
reacti Th i, '
e e R ot

p @ﬁl%bﬁ}ﬂlcaésteéé//\@ﬁim letledmbistand afkahoieacalskanol is
present, and/or en protic acidic catalysts favorin
t r ans- SENEILY I0TRPNGAPIXiES L NHRROAMGS Qi dmspt ‘“@Eﬁjnéw ngerégre

ago@\lell(tgﬁf yah m@te SekdvatdNg Qélnﬁlri‘ HOBRLLEAL Sl @idiYester.
acTy Bt &1 1's Tavored over ketal Fof mation.  Upon use
of condViidnonsnaldrdid-epgxfdes of emsatnadtedfattyl dediheterafepetrwith ethyl

te Eegf)élgggtp,gﬁg ?e%agg@ql ‘éﬂbeis-leg(\)/xylldelsno(%%t%} a?gd may be accompanied by other
oqmpeting reaotions. These competing reactions have been found to be
advantageous for hmking useful compounds. In particular, when a qx}alxtity of free
alkanol is present, and/or when protic acidic catalysts favoring trans-esterification
reactions are used, formation of an alkoxyalkanol derivative of an unsaturated fatty
acid ester is favored over ketal formation. Upon use of conditions allowing for
removal of alkanol after epoxide opening, the levulinoylated transesterification
product of formula (5) is formed:

(CHneB

0
R (CHz)n-A
Q
0

(),
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product of fornmula (5) is fornmed:wherein R3 can be a
C -io linear or branched al kyl or al koxyal kyl; one of

wadar/0R158 hydrogen and the other is an esteriPCEUS2006/045273
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carboxyl group; and n and mare integers each having

V@‘h?l%ﬁlt}& O 4©,-3Finedet btrﬁlﬁzhé’@hlll{?l &falltdxgalkynoat ofmarnor B is

e range from8 to 21. In a variation, known
ahjdrmyad dribé othetrus\aatestvleﬁercalb%‘é’égwlat ang 1 ard 1 axe irdegers

R N

WF n gl kanol . The hydroxyl groups of the
koxyal kanol derivatives are then esterified w.t
| evul i @vwm@n, lvovint alkoxpyielangledpniv pthyce Oéekufé‘ied\ﬁﬁl%amd

SRTERRE b HBLTSY BRFv QFF BRtoBreLLopEtes Lo
aﬁhﬁl‘uﬁﬁﬁe@ ity {cRBdstematieimaldioli Thahydpopli gdolmeabfthe
unsaturated fatty acid ester

daiovHHIES] derBaji sSATa oA Skyied U OIS ST U4 e
R%(Vclﬂﬂlc & @ ot Rith ghr #191%\3&{11#9@:&1?{0 gﬁé}elﬂl ﬁY»bld‘iH%qvu,mal alkoxy-

oxyal one-o rogen and the other
| $evatineyt edsmhueeﬁi; afambammtedg"amawd astedrsn and m are
I ntegers each having values fromO to 20, and the
value of the sumof mn is in the range from8 to 2 (CH?')'“
When bi s- epoxi des or tris-epoxides of unsaturate ‘S'( CHa)-A
n

fatty acid t h | [
close prétimEy to ofthiother areoiRad “an 1Blra

ot her
nol ecul qum de opem—ﬁg‘-rqﬁcat Fé]‘@ég; Aa k'G'S‘*p‘I”clce
r

t her ebyPTestfblifly in the fo tigh of one or nore
et her bonds each connecting two carbon atons of the
cont i nUOU@gf atty acid carbon chain._Typically, such
et her bon result in the formatiodof a
tetrahydrofuran (nmejor) and tetrahydropyran (mnor) (5a)
' val?hge%éin %T[s) lar? époxidized unsaturated fatty acid ester; (7) is an alkoxyalkanol
derivative; (5a) is an alkoxy- levulinoyl- derivative; R* can be a C;-1p linear or
branched alkyl or alkoxyalkyl; one of A or B is hydrogen and the other is an
esterified carboxyl group; and n and m are integers each having values from 0 to 20,
and the value of the sum of m+n is in the range from 8 to 21.

When bis-epoxides or tris-epoxides of unsaturated fatty acid esters having
epoxy groupé positioned in a close proximity to each other are used, an intra-
molecular epoxide opening reaction also takes place, thereby resulting in the
formation of one or more ether bonds each connecting two carbon atoms of the
continuous fatty acid carbon chain. Typically, such ether bonds result in the
formation of a tetrahydrofuran (major) and tetrahydropyran (minor) rings. Complex
mixtures of stereoisomers of oxygenated derivatives of unsaturated fatty acid esters
are then formed. For example, representative isomers of the such products from a
bis-epoxide derived from a di-unsaturated fatty acid haviﬁg two double bonds

separated by a methylene group can have formulae (8a) and (8b):

12



m xtures of stereoi somers of oxygenated derivatives of
unsaturated fatty acid esters are then forned. For

wezaTpbass representative i somers of the such pPOTUS1086/045273
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froma bis-epoxide derived froma di-unsaturated fatty
acid having two @p@blqch nds separ ated bery et hyl ene
group can have for ? 8a) and (8b):{8a) (8b)
wherein R3, A B, n q@d mare as def]j above.
Typically, after remgval or neutralization of

catal yst, and typic by distillat] reduced
pressure, renoval &Vﬁ xtess | ev |na#B eéter

sol vent, and wher gplicable, any s at ed fatty

acid esters, Epich may be present as\inpurities in the
epoxi di zed fa acid ester start] materials, is
acconplished, resulting in the formati on of, a neat,
transparent and practically odorless stable |iquid.
Dependi ng OE the spedafic conditions U8R¥d, the Iiquid
conprises the levulinic ketals of vicinal dihydrox
dwhpighY Rvés Bom, akmeane é‘%@@nﬁ(éﬁ‘?%’eam d esters Zmd/ o¥

m xt ur | e
att or T RS AR el bk BU A REUF o P B ca ey

t di@unz&rdmamdat mﬂacadfpreslsmeunmfak@‘taeld ekaetss yevaitinate ektai, nolvent,
(t her eby forn1ﬂg atetra

L HRGABB P Fi SEREheR Blere whih sy bypgesent as
gédﬂtle@ﬁ angegbkﬁiz%g Tatm&@%tafr@ﬁg R y@naléoﬂs)ééé’omphshed

oxyal tes pol'y(l actate), and vari ous
prdsyl$1ag¢1h1ﬂ16| fdanqamnwfeer Beat, THespazens and nmtwadlyeodmltew stable

r's agross . br oad .
Byaag: P af Psetal SR IgRE L GRREERp Ay R Rvutinic
r ﬁ&ﬁfs I Reinkd @ﬂlyd[bﬂy*&n%{tmeb Gﬁhﬁsaﬁﬁ atb ERE RETlesedrs and/br
is al so possible to fine-tune the properties of the.

phxiufesiof gre &H@YIOK)YTI lgvukinpHl- eergpetndst dhpgedatter compounds can
gF(g%BWCI %ﬁt I’t)o?l %01 1%&{1)'%%8% %09%%1&81’?9?5 1&'&'{1?{6}{ ’fat%md

rrer proper
I eisdih {th&@bp @duymg a t@nﬁﬂdraﬁlrmﬁmmhalhych ypyohn ring).

The levulinic adducts are useful as plasticizer compounds for PVC, poly(3-

hydroxyalkanoates), poly(lactate), and varibﬁs polysaccharide polymers. They are
compatible with these polymers across a broad range of concentrations. By
selecting various alkanol fragments present in the reactants used in the synthesis of
"[hese’adducts, it is also possible to fine-tune the properties of the plasticizer not only
with respect to best plasticization properties and best compatibility, but also with
respect to the barrier properties of the resulting polymer, such as permeability of
moisture, gases, solvent, water leaching, and odor and stain retention. |

Also provided herein are a set of similar plasticizer compounds that are
substantially devoid of free carbonyl groups, and thus can be blended with the
levulinoyl derivatives described herein to afford desirable plasticized polymer
gompositions. Useful plasticizer compounds are produced by using an ester of a

lower alkanoic acid instead of levulinic ester. In this embodiment, the free hydroxyl

13



noi sture, gases, solvent, water |eaching, and odor and
stain retention. Also provided herein are a set of

wa2on7loeaispl ast i ci zer conmpounds that are subst artT/abiop6/045273
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devoi d of free carbonyl groups, and thus can be

bbengesf Mkétyatidagoll RyiuhiiveayT) deatyatd with ld\asmlkdaﬁﬁh acids or
herein to afford desirable pl agq& ci zed g H
cthepashydrisies by E@éﬁf-effterpﬁca@éIPPde UEHAPEENYS capels and lower

pglg?eacg Q%EQ/ Nut Igaﬁll%gb fécz seL[seﬁln {ﬁ#l ééﬁ‘ﬂﬁgord Iﬁslgﬁ%'fl@ 11963?81 Branched
f ipBokw gy hgdohpang froal kg edrkanatbmdePrefat: ¢d/e§a1r(p‘1’€)s of such

are acylated with |ower a ic acids,or_thei
aﬁ%%@lﬁéé@l%ylot?% St GBI fadpr B elst st o

? §t1ﬁ{‘1%a£tﬁ¥1‘ﬁr ﬁilé‘@lﬂ%cﬁm%ﬁt' eﬁié estdd @ F Al K0k ﬁlkanom
aC| [ use this enmbodi nrent are |inear or branched
mds:atcblmeyf mdnramhdé ravamygr fecomi@y tatkagols hebiog frono o 4

Preferred exanp| e such Cld ar eLic ‘ :

pFY Plbﬁtiogls éﬁﬂq{zf)ﬁol éa_gél%qﬁ]y}s ‘laegg d’%lth é'rcHglderahon ofa

p E@sfil%rtnglgvee@fo%fe? bbiBhg hbRRSf ﬁl%taﬁfohf)ﬂ 18Rbécdn tRAG4 s rifidation
this enmbodi nent are ésters of the above al kanoi c aci ds
amcucommt cm berearavbd iy dptlilnmwwrﬂa ease @B Hdafymer larpg he
havi t 0. 4. .carbon. 0

: geaf:{}%} c ap§/ eggﬂf'écgflgla 1%}1{)1'5{21@ C’PH’@H e% u%(agf Jnd l’{élgg%{(]ﬁthnS

t Qellavewa ih et Haiihdlgesn@e BE al@ﬁm& bea ahﬁcﬂaaﬂysﬂ eﬂ“Haﬁaedltmg
in the trans-esterification reaction so it

can
r alyload apylody ém\faltla@s Beminene-awyideg ef mpnwnﬁfféwﬁ@& fatty acid

dyrln a{,@ﬁongﬁ g Trans-esterification is typically
accomnp iy ordlnary conditions well known in

t he art and invol ves use of aHagiRl or a base

catal yst. The resulting al xy acyl oxy derivatives
from nono- epoxi des of noRS- ungat@Hat-éd fatty acid
esters have formula (9): wheGein R3 can be a G-io

| i near or branched al kyl or al yal kyl ; and R4 can be
a G -C7 linear or branched aRkyl; one ©f, A or B is
hydrogen,and the other is an esterified carb

grdhgpein Bhgambemi-m lineer pirapdied akyk pr Hh%}ﬁé%aﬁﬂ&é% can be a
f rC?-rPhqme% ozradranched alkyl; one of A or B is hydrogen and the other is an
esterified carboxyl group; and n and m are integers each having values from 0 to 20,
and the value of the sum of m+n is in the range from 8 to 21.
Similarly to the levulinic derivatives of formulae (8a) and (8b), the resulting
alkyloxy acyloxy derivatives of fatty acid esters from bis-epoxides of dienoic fatty
acid esters having double bonds separated with a methylene group have

representative structures (10a) and (10b):

14



and the value of the sumof mn is in the range from38
to 21. Simlarly to the levulinic derivatives of

wé esomobaes (Sa) and (Sb), the resulting al kyl oxpCBOUg$2008945273
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derivatives of fatty acid esters from bi s-epoxi des of
di enoi cRabattyC@;l,g est ergphaycrg,dubl e bonds

separ at ed nmet hyl ene §roup have representative
structureg ( Oa) and (10b): a) (10b) wherein R3, R4,
A B, n, a m are as defi Red above. The resulting

al kyl oxy agy| oxy derivatives ot faAty acid esters and
| ower al k@noi®€Hestfer s havé ex et pl asti ci zi ng
proper imlar to the D‘E\QJHHIC ester adducts
descri d above. Theref or & they can be used in a
substantially simlar fashion for polynmer fornulations
as pri rrary @b@stl Ci zers or g$0un xtures with the

| evul i nokl derivatives disclosed herein to control
pdsencR’ &', \hB, fiy e moarcrordgfingt ahops. i n t he

glngg:j: 51:%% Eedsu ol y er Co“’grgﬁtd'sgg%{wﬁﬁ ngﬁ%é’iafléjresmrs and lower

ﬁgf?&b iR a0k ek’c%?lelhtrblééﬁr:ﬂzﬁiéﬁnEﬁ@n@ﬁ'ﬁlﬂhﬁﬂoﬁﬁe R LIIGE @Ster

esired, synthesis of adducts of levulinic esters
aadthe:pmdescm’rmichbans aTharefoesd teatcry bagbedl ingtsabsfaniiphlysanilar

egffsg 1 38 %ll?t 01>§(Ita%j I*}rzue guy dprl S §%s n%(ﬂ%esa\&tlgthe

Cl er con

c %\Qﬁﬁoﬁf&hﬂatﬁfes IfcRRédRiciati® odntrobyeddeirsd oafdldeﬁée @ahibnyl
i ncl ude conpounds that contain predom nantly ketals of

f grovpk an (e)plastipiged pplamer ePMRasitPoxi des and

or caent AR OtR A R e Bt o PR REE EmBe on foruse

presen ng na can a ‘
CanVeidie PO cheuiminignrticlesis elemeett ayntlaﬂ[kuxftaﬂdmtenbllewlimd esters
by bis-ketals of fornula ( tris-ketals of

f @ﬁ@!ﬂp%‘@d%i@)‘ns\ﬁﬁéi‘t@# ﬁatt@fc%te@c% PEied eyt hgnggn epoxidized
gaqlrlra% é*?ﬁ)ﬁgcﬁ@ %ge@l\%w 1c§i Ry Yidddkdder ciftiduBus carbon chain
erst (0]0) i n such enbodi nents ot her reaction

pro(ﬁdﬂlcnmomgonm Such an adduct can mclude compounds that contain

predominantly ketals of formula (4), and, wherein bis-epoxides and tris-epoxides of
unsaturated fatty acid esters are present in the starting materlals they can also be
converted to levulinic ester ketal adducts exemplified by bis-ketals of formula (11)

and tris-ketals of formulae (12):

gy

0”0 O O 0

/\/\)_—U_—k/\/\/\/U\ORZ (1 1),

ginis!

o0 00 O 0O 0 O

\)—Q—U—{/\/\/\AORZ (12)
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formed and nmay be present in various anounts. Such
ot her reaction products may conprise, for exanple,

wat@reeiisoner s of epoxy-ketals of formul ae (13pQT/@8N06/045273
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(13b): Reaction products may al so i ncl ude conbi nati ons
Ofvllél@[ﬁJlQUﬁdlﬂ’\?tﬁanfbéfar@l| an ikhr drieaighed AiRY) or alkoxyalkyl.
Addi ti ona various anmounts of craqss-linked nodified
unsat ufas @&Yer% qd thaicngues erapodiments gthey eractighpiodhss may be
0 f

Eorf S Bl P A B o S b hfeducts may
ab@ﬁmlm, for esanple, erkeisomenpd apaks/-tdias ofrﬁmnluhlemit@and (13b):
i nclude various quantities of saturated fatty acid
esters that do not react substantially with Ievulinic
esters and therefore renmggn unchanged in the resulting
product m xtures. In f her enbodi nents, the product
m xture conprising any cgnbi nati on of ketal adducts

produced from | evulinic er and an epoxi di zed
unsaturated fatty acig ter (typicaldy exenplified by
ketal adducts (4 1 %L:) %nd one or

nore saturated fatty acid esters (typicall
exenplified by estergs of hexadecanoi c or octadecanoic

acids and of a rmrg)ry%:ri c al cohol R3-OH), is subjected

to a further treatnenpt allowing for partial or
substantially conpl e renoval of the saturated fatty
acid esters fromthe npxtyre of the k taI adduct s.
Such renoval | @ )tllllng
out the esters of saturated fatty acids under’ reduced
pressure and el evat ed terrperature sufficient to

conmmence di stlllatlon ﬁl t he saturated este qq tgu ‘ﬂ
t Reagtonrodigisaedsalsaiciide spmbialiaes efsemipeunds effpimac ()
"?r?{)uéﬁ‘g%g d %ﬁﬁ@n@?y 3}'3.1’15&5’@1%1%#51901 843 _g %&H@lﬁ’&ﬁﬂlsa@%‘ted

n type o stillation hardware known in the
alfattty dctd ¢vtes dblemtlvbs;wvimbrtlh &vo loemale craitigeous, caghanrboads of the

* BADOHARE P deidesteate {ibeeaf T ishies SORE ity lke Ripritst.

t ml?]e?lc@fnpbﬁﬁls GRdt &%ﬂ%’}ﬂb%ﬂt Solude ahgslisfpbhiti®dfeh@rat@ngtty
suc ar ge
acid ester sqchat do not react substantially with levulinic esters and therefore remain

unchanged in the resulting product mixtures.

In further embodiments, the product mixture comprising any combination of
ketal adducts produced from levulinic ester and an epoxidized unsaturated fatty acid
ester (typically exemplified by ketal adducts (4), (11), (12), and (13)), and one or
more saturated fatty acid esters (typically exemplified by esters of hexadecanoic or
octadecan‘oic acids and of a monohydric alcohol R-OH), is subjected to a further
treatmeht allowing for partial or substantially complete removal of the saturated
fatty acid esters from the mixture of the ketal adducts. Such removal is typically
accomplished by distilling out the esters of saturated fatty acids under reduced
pressure and elévated temperature sufficient to commence distillation of the

saturated esters but not the ketal adducts. Such conditions for distillation may vary,
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difference in the boiling point allows for efficient
renoval of saturated fatty esters using sinple

walkewiobiliag i on equi pment such as falling fil m cpd¢DURB0ED45273
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30

other distillation colums with a relatively | ow
nd¢peadingfontibaperaturcald lalmsised, tas tvaH aber Itlyp‘emf ricktif latadn
partial or substantial renoval the s ura fatt
e

hardareflngningin dhgdrict I hasbesp fotendl fegisketal o ’cas Sontpounds
e o
i, 04D ol 0 s
Whilgher thput Omeﬁlobﬂhasbfrrmpzndlgg patoppeadt faeg gstemmxd\sedh large
CRIRILEL AR L 205, e LAELe S ahy cor
t Hﬁﬁ% gﬁ@%‘&ﬁﬁﬂmﬁﬂ@d{ﬁfg&eﬁf sucB\Y 'félﬁh@ fifi t8ushndot Bther distillation
ed unsatura

epox fatty acid esters (typically,
exanmi fithc tolatitbly lk‘&matr@emfth@n‘rﬁmﬂaéPME)S) Iids bipen found that

B Qisaprtad iam e ok suele Tt bl iy fes of

exaiels JilgdiRie dsekabvith @porfigizeal@ant: Qtéd Yat€y acf) dsterSteshilts in the
distillations are typically perforned under vacuum or

ufiomatipediie Erumpreecsfd@taé addugts vismimprovediplagtisizing piogerties,
t
pur Irloégcgo c?rgpa?ﬁbalﬁﬁ Iap??n l!gn’rkzetdrh rI)lr %ﬁ&l‘pfé%lxllﬁat%%a?\{d 1%8§ceﬁnw‘ij

f abkRgt dddbrb & 18X aBblbeat o Cital ashbkdtalexdduas HDRW@lbhe esters with
their PVC plasticizing properties to the esters P
s eprddigechwepaprepd fadty A6 idpsteknidyirically, exranpiified bVHEe cotals of

OQ‘fhtu a @%)eéanqﬁ%rggﬁgg%n%ggﬁ%gﬁ o SF thetb 20n MixtuleV@nt Pt bis-

ure I NC pl asticl zers nOVVn I n
t bed arstketdudbuas(tgsitdlys exﬁm}ﬂlfmdr‘dydoeydls of faunuﬂs@ (bll){(ilB)() Such

Cld and the ester f t di box
éwg oot P EALE PEr g O sgr e ChrReyedied eSS and

tﬁo@ﬁlemﬁﬂgﬁ tpﬂﬂt)ph@ﬁﬁlde%ﬂl 6&5@%%%&%&&%&& and

epoxi di ze ridglycerides wth a high degree of
epéoctﬂed;atf@mn Furrﬁqdl legds off foimga PUCYersienddp bricupelisdt PVC

eBlﬁ’g' (éi(z:egrré Iagr%];s)ar% e in ﬁ‘leu)ip\/ ok &asy m%fﬁegr{)?l ﬂefrtlleesqo l?ﬁ’e esters of sebacic
and azelaic acids known in the art.

The plasticizer compounds can be used alone or in various mixtures,
including many other plasticizers known in the art, such as esters of dicarboxylic
acids, citric acid, and the esters of aromatic dicarboxylic acids (e.g., phthalic acid
esters). Particularly useful are mixtures comprising plasﬁcizer compounds prepared
with epoxidized triglycerides with a high degree of epoxidation for plasticizing
PVC. Such epoxidized triglycerides can be typically exemplified by epoxidized
soybean oil and epoxidized linseed oil, while other epoxidized vegetable oils are
also useful. In such formulations, the epoxidized fatty acid fragments provide a
desired stabilizing effect by acing as scavengers of acidic polymer decomposition
products. The plasticizer compounds are useful to make various industrial and

consumer articles, including flooring materials, siding elements for exteriors and
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soybean oil and epoxidized |inseed oil, while other
epoxi di zed vegetable oils are also useful. In such

wé esomobass ons, the epoxidized fatty acid fragnear/gs2006/045273
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provi de a desired stabilizing effect by acing as

SRRMANYSS $uildingd Ol Hidewiedryeefledble R @igid pipes, itk Gtigforced
The plasticizer conmpounds are useful tao nmake various

| h@ﬂ@gtmlﬁqlaldwh@o AEINS 8f eTsHSt ANRlER.UBICHET M‘b@i’fi’liﬂj
CREEOR? st S el SRS Bles SR ERS Shelc Rl BTh RS

Ie a

tﬂhh@@nnﬂGﬂﬁkamgﬁ&shﬁﬁﬁﬁehawt|f|C|aI | eat her,
packagi ng of consuner articles, interior and exterior
autonotive parts, electronic equi pnent cases, various

singl e, E\fﬁq&ﬂgy bE émia?%ﬁlreﬁg off'tﬂerﬂiséflé@uw/l av@fbteéﬁges%ﬂ%ﬂ i es,

and t he enbodi nents of
diNe G reIRitss, 1h@ﬂEbdomﬁr¢xsﬂmnhab&douMménﬁch@¢rsssay be madld without

be understood that f t b d
ORENBOE BEPARS TG FGRPE S Bp st oS R ERBTREDY St

Eﬁ‘xﬁbéﬁﬁ{éﬁ% @&fﬁtﬁﬁ]th‘géo:ﬁe o@t}féefﬁllm@@'ldﬁ‘ﬁﬁt s are wthin
t he scope oF ng clai ms. EXAMPLES EXAMPLE | A

?3@ 2 grans of a fully epoxidi zed soybean oi

i cofl ex 7170 brand, Ar mxed wwth 1 L of an
anhydr ous net hanolic sol Eﬁ%ﬁﬁﬁ?ai ning 2.1 g of
sediuppey poxi de, and the resulting m xture was

magnetically stirred at roomtenperature é éa for 6
hours 5a6 gmrmgcvfeas:@dlmp@fldtzﬁéﬁ@sébé@t eif (Yicodgx 7 bif oed:

t {Agnﬁ%‘m 2\1{%3}1% t1 hglnL g%}; 1§H ﬁ%%oungc s&(l%@ﬁ c&ﬁﬁmng 21¢g

S b 5 cith inddthok i) BRd ﬁie&esdlﬂil% heant ivee nmgqemuadalywas ed at room
neutralized Qé addition of 12.8 gra of fin : .
DGR <A B oSt SHIeuiio SENRT Sgis ﬁﬁ%ggﬁ%lﬂoél over time

f Q&Las? %ve@'hy)sga's fnioﬁlxgat@?f{ﬁft eg@ﬁter(tﬂezuﬁﬁ%sﬁlﬁcﬂ‘&l reaction was

resul red and
found to be substantially complete, the reaction mixture was neutralized by addition

of 12.8 grams of finely powdered anhydrous potassium dihydrogen phosphate,
followed by stirring overnight (12 hours). The resulting mixture was filtered and
the methanol was evaporated under reduced pressure using a rotary evaporator with
the water bath set at 40 °C. The resulting oil was dissolved in 1 L of hexanes,
filtered, and the hexanes were distilled out under reduced pressure using a rotary
evaporator. A clear transparent product with weak oily odor (485 g) was thereby
obtained and was analyzed by GC-MS (gas-chromatography — mass-spectrometry).
When using a TIC integration method, the oil was found to contain approximately
9% of methyl hexadecanoate, 5% of methyl octadecanoate, 42% of methyl-9,10-
epoxy-9-octadecenoate, 40% of the isomers of methyl 9,10,-12,13-bisepoxy-9,12-
octadecenoate, and small quantities of esters of other saturated and epoxidized

unsaturated fatty acids.
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the nethanol was evaporated under reduced pressure
using a rotary evaporator with the water bath set at

wd000006213he resulting oil was dissolved in 1 Lpof/US2006/045273
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hexanes, filtered, and the hexanes were distilled out

unger/prgduged pressure using a rotary evaporator. A

cl ear transg)arent product with _weak oily odor (485 Q)
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quant itires of esters of her saturated and epoxi di zed

umﬁ@/démlaq)ethshamt@h}amm plExsRter fdlBwakitbyrstitng/iel §0 hours at
epoxi di zed  so tt d d f
aritie @%y%&i%oﬁ wes dilodii af e el BReSeai ey

0;)1 e&ﬁret Js‘ﬁ ? bf/d&?&tb%dﬂﬁg @i e 861u8BN was mixed
reactl the soybean oil was stirred

wivith 10L. 8 hewﬁemﬂfaéhwbd tosierd lmu ?rﬂgp@ atpryp fungglffoy fhhours. The

meiet e iedbacedy ko San B dal TRomRer g Goup R R ne-

PEIMGHEIE Beht@HHIY) 6 &5 11 BB Bl filtarell, Ay d iHegrRRas opb diselled out
followed by stirring for 10 hours at room.tenperat ur

Mendes prstucoipressuse RIPRTGYY cypParer.r Eagnesiliys ﬁ%tsytaﬂdemethyl
%sgel rm{x%ﬂg %@fil g &%Fe%}éﬁgwysﬁ'tﬁgs&r%xq Vt?ﬁﬂtrv%tl%\(r%&oc?ﬂl Sor PR

1'on was m X hexanes

ﬁﬁlﬁhlﬁeﬂf?ﬁﬂﬁtlims Sh(iawds found tsBar ai‘hmrdynémmnleh tfpieal Roybean oil
ours. e |l ower |ayer crude erol di scar

THELY 5 jseqonmpasision é"é‘ﬁtoélu‘\‘ﬁsh@'d}?é& W ab o hetner P%effg*)wﬁh 100

Wg%{ ﬁﬂeloggti@ﬁo @ gmfl'fé)ﬁ E %ﬂ cgfé‘tggéﬁgﬁed@ﬁg@%g?g‘é’r@% t§% ?1;/1 factant,

ewmapwnasefor ifteese eiting bygehet afia megngtioetimgd While the mixture
was continuously stirred, 50% aqueous hydrogen peroxide (a total of 380 ml) was
carefully introduced in small (20-40 ml) portions over an 8 hour period in order to
maintain an exothermic reaction mixture at a temperature below the boiling pqint of
hexaneé. The pl'ogi'ession of epoxidatio’n was monitored by GC-MS. After
epoxidation was found to be complete, the reaction mixture was separated in a
Separatory funnel, and the aqueous lower layer was discarded. The hexane layer
was dried dver anhydfous sodium sulfate, filtered and the hexa}ne was distillled out

under reduced pressure. The resulting oil (1.06 kg) was analyzed by GC-MS and

was found to be practically identical to that obtained in the Example 1A.
EXAMPLES 2-5

Synthesis of epoxidized fatty acid esters was carried out according to

Example 1B using olive oil, canola oil, or corn oil samples obtained from a local
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ester mxture (922 g, pale yellow sh transparent oi
with weak oily odor) was anal yzed by GC-Ms and was
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fatty acid conposition. The oil was re-dissolved in

0 g%oder §tomff§ra@e omag@eaﬂ%ﬂ bor l@&r&ngto Eﬂéiﬁﬂ@slAlrQsﬁ% an

sol uti'on form c aci contai nin Tween

s gpoxidizahlinsegd dllw&sccélex oy bnang e‘hrgemgl inrnlmgaﬂa}a epexidized

of ma rer

contiom oty adhiridsders g0 isd bl e Bt b S homeosaiops
t degdribed i3BRaniily 1\asl al%tﬁéﬂdhétyndil@t’vfeﬂihwléd dofnSa¥Bbikingly.
(20-40 nml) portlons over an 8 hour period in order to
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out
atfoundse gpetatyf stersoisernerns & ﬂ}?ﬂ%@é@&ﬁ]@éalﬂ ekformylag (Fhand (11) as

other materials were scal ed down
Eéborﬁgh%ﬁnﬁg%y%hbsﬁ 6 0.2 g of epoxidized soybean oi

fattMRaC|d met hyl ester prepared from

pecetess
0
° @

Ea

OR! OR!

o o O 0 0

/\/\)—U_WKOR%H),

wherein R! is methyl and R* is ethyl.

Representative mass-spectra of the isomers are shown in Fig. 1.

The reaction mixture was also found to contain excess of unreacted ethyl
levulinate and unchanged saturated fatty acid ester that was present in the starting

material originating from the soybean oil.
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soybean oil according to Exanple 1, and 1 g of
anhydrous ethyl levulinate were dissolved in 5 m of

wo Lod7losdigs et hyl ether. Wiile the reaction m RCTIUS2006645273
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stirred at roomtenperature by nmeans of a magnetic
stirrer, 0.01 m of boron trifluoride etherate was

added to the reaction solution, and a mldly

eklat teeectmdrcmitiugotas\aes fosktoventaindmal quatitiesoigompound (12):
stirring, the tenperature of the reaction m xture had
returned to roomtenperature (18 0C), an additiona

0.01 m of borgg tripkhuopirle etherate was added, and

the reaction xture was/ stirred for an additional 30
mn, and t@ edetion0 ducts were anal yzed by GC- Ms.
The reaction i xturg was /found to contain

St er eoi soners
and ( 11) as grraocopalo r@achi on productsp wherein Rl
is nmethyl and [ [
of the iso ig.
m xture was al so foynd to contain excess of unreacted
ethgiein Byvigpeibyland K is¢iBHanged saturated fatty acid
ester that was present in the starting materia
originating fromthe soybean oil.The reaction m xture
was4dMMAE found to contain small quantities of conpound
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of dry nethyl levulinate; and the reaction mxture
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reacti on was f owed by GC-Ms, After 30 o
min, a sample was taken for GC-MS analysis (sample A), and an additional 0.02 mL

of boron trifluoride etherate was added. After further stirring for 30 min, another
sample was taken for GC-MS analysis (sample B).
The GC-MS analysis of sample A showed that the principal reaction

products were compound (4):
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mn, a sanple was taken for GC-M5 anal ysis (sanple A,
and an additional 0.02 nL of boron trifluoride

wetbdeneties was added. After further stirring foPCBOSING)45273
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Bind stéi€oi&&en b ofl B kyiiSe-Rétalsimpoandh shHagedmunat(18 Hyemd (13b):
princi pal reaction products were conpound (4):and

st ereoi somers of an epoxi de-ketal conpound havi ng
formul ae (13,g) and (13b): wherein Rl= R2= methyl. The
GC- M5 anal ysis of sanple B showed that the principa
reacti on products were conpound (4) and ( 1 1), and

only traces conmpounds of (13a) and (13b), were
observed,, t hgf®by indicatpng that conpounds (13a) and
(13b) .areNin i ates i _the formation of conpound

(4) resulting froma stepw e (¥ tion of levulinic
ester tqgthe bis-epoxide present in the starting

mat eri gl/. Representative mass-spectra of conpounds
(4), (Ol 1), (13) formed in this exanple are shown in
the Figs\ 2A and 2B. EXAMPLES 8-12 The reactions were
carri edodub ag, described ign Exanple 7, with the

eEQQpLLgh—tgaL\kgngage\gﬂLQQJgﬂ)trifIuoride, one of
the follow ng catal ysts was ud )’anhydrous Snd 2 (50
myg), Sncd 4 (50 ng), Tid4 (50 ng), or p-toluene

sul fonic acid (20 ng). The reactions were earned out
awhe@iBR G RoF nethdurlhe GhrdISmatysiy efcemplesB ishewedidat the

M5-spectra. .of the products observed in thes xanpl es
WBHEATA S piedBeRerEerie SR PR o D S SR EETT R
Exafiphdd of @Mi\/ﬁidb_ﬁli@), Thee §iRa6kH QRerdBs irkiddating thad YémasSunds
descri bed in Exanp e.7,,except that instead_ ‘
(13a) and (13b) are intermediates in the tormation of compound (4) resulting from a
stepwise addition of levulinic ester to the bis-epoxide present in the starting
material.

Representative mass-spectra of compounds (4), (11), (13) formed in this

example are shown in the Figs. 2A and 2B.

EXAMPLES §8-12

The reactions were carried out as described in Example 7, with the exception
that in place of boron trifluoride, one of the following catalysts was used: anhydrous
SnCl, (50 mg), SnCly (50 mg), TiCly (50 mg), or p-toluene sulfonic acid (20 mg).
The reactions were carried out at 60-80°C for 3 hours. The GC characteristics and
the MS-spectra of the products observed in these examples were in all respects

identical to those observed in Example 7.

EXAMPLE 13 |
The reaction was carried out as described in Example 7, except that instead

of the epoxidized fatty acids of Example 1, 1.2 g of epoxidized soybean oil



of the epoxidized fatty acids of Exanple 1, 1.2 g of
epoxi di zed soybean oil (Vicoflex 7170, Arkema) was
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c@ma@piiﬁil/aryl ng quantities of conpound (4) and ( 11),
wherein Rl= R2= nmethyl, in proportions reflective of
abundance of epoxidi zed net hyl - 9- oct adecenoat e and

e PEES 24-17

The synthesis was carried out acw1d1ng to Example 7, except that instead of
epoxidized esters of Example 1, epox1d1zed esters prepar ed according to the
Examples 2-5 were used. All products were found to contain varying quantities of
cpmpound (4) and (11), wherein R'=R?=methyl, in proportions reflective of
abundance of epoxidized fnethyl-9-octadecenoate and methyl 9,12-
octadecanedienoate in the stafting materials. In addition, the product thained from
the methyl esters of epoxidized linseed oil fatty acids was found to contain copious

amounts (approximately 35-45%) of the triketal compound (12), wherein R'=R?
methyl.

EXAMPLE 18
252 grams of epoxidized esters of soybean oil fatty acids were dissolved in

745 g of dry methy! levulinate, and the whole was magnetically stirred under
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EXAMPLES 19-22

75 g of the product obtained in Example 18 was placed in a 500-ml round
bottom flask attached to a rotating Kugelrohr-type apparatus, and a vacuum was
applied using a pump capable of providing an eventual vacuum of 0.1 millibar. The
rotating flask containing starting material Waé gently heated by means of a heat gun
set to provide a stream of heated air at 250 °C, to allov&) for commencement of a
steady distillation of methyl hexadecanoate and methyl octadecanoate. The
distillation was stopped after approximately 5-10 g of methyl hexadecanoate and
methyl octadecanoate were collected in the receiving flask, and the content of the
undistilled material was evaluated for the presence of residual methyl
hexadecanoate and methyl octadecanoate. The procedure of removal of methyl
hexadecanoate and methyl octadecanoate was repeated several times, each time with

a fresh batch of starting material. The resulting materials were found to contain
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seuanabr it bpes, each time with a fresh batch of

starting material. The resulting materials were found

to conPaigramns efshpaittyrest sompp gpapdd acherdingriokBraiple 19,

{ ot et B D Ruer R ke el v

n]om:eu BiSa $60 ®PrRad Begoeask at®Bed mmld»tattmgqmgteﬁbm %al I
anount s of et hyl hexadecanoate and net hy

0 BPRAIRIES 158 e APHINY Wy RRRJicH mé@@ramumpscapﬂHé Olf proyiding an eventual

oc?@gg{oaﬁi%\ e,l%en taEﬂ1 g?@gﬁe Mgm%g lﬁ?‘l‘o material yas gently

| asged bamednslopaleangmpl set Yrovidp prsoxamref béatedlaibd350°C. A
approxi mately 2. 9%, e 21),.and
PR G b TR RO RGP PO P TherenEkBtaas e
2?@2{(:8%3&8%{ th %eﬂrf@t%'é@el oafnd(ff?é 'B%‘l‘ﬂéi’%n%a% R&YpBEd by turning the
heat off, and the materlals were allowed to 0001 to room temperature under vacuum.

The distillate (Example 23A) was a practically colorless and odorless oil. It was
analyzed by GC-MS and was found to be 96% pure monoketal compound (4),
wherein R'=R?= methyl. Traces of compound (11), (13a) and (13b) were also
found (Example 23A).

The residual oily material remaining in the distillation flask (Example 23B)
was analyzed by GC-MS and was found to contain api)roximately 80% of the
stereoisomers of diketal compound (11), 12% of the monoketal (4), and small
quantities of the‘triketal (12), wherein R'=R?=methyl.

EXAMPLES 24-28

16 grams of the mixture containing ketal (4) and diketal (11), Rl=R?=
methyl, as principal congeners, prepared according Example 19, was dissolved in 40
ml of one of the following:

(24) absolute ethanol with approximately 0.2% w/w of sodium ethoxide,



contai ning predom nantly ketals (4) and ( 1 1),
wherein Rl1= R2 = nethyl, were placed in a 500 m round

whoetromits ask attached to a rotating Kugel r ohr P€y/p82006/045273

10

30

apparatus, and a vacuum was applied using a punp
capabl @59 tniprdestisti-bgtard] vatkeappuadimu@bud Vol /v oflsodium n-
mllibar. The rotating flask containing starting
nBYtexidel was gently heated by means of a heat gun set

to pro a? ﬁlgﬁlﬁédsqgéﬂu?eanPQQB%g%gkfm:ﬁélg%ségp Gr F&hglglqub%toxlde

distil was comrence X1 mat e
of di s(Qi7D battyelrovess seant ¥l @bbel witlt . 3f/ch<m“ sodei 9+meghylbsts&idﬁ

dt h t t t t he heat
ot atrs) eriytadiot Aot OB iy BB et 8 igom
te ”p er @Bé‘ §cﬁut'1’61ﬁ‘3{/el ¥ @t‘fHéHTFm Theodlis %‘y'nhéaﬁﬁ 8f FF?&R' s%n%?ﬂt

was a practically colorless and odorless o
armminy eegheyure2 MBS hRfogressidrookitie trandest@8ikation svas momtmed by

PR R, o3t ) PUEe i SN

( EApRIngs B3Ahd (T newh@@hmbd»r 1o dlé’emtrﬁéth?i arfd8dr&ihRee PR ' or
thg distill'ation flas was anal yzed b

Y
R~ ivBnethyl and $he etherdis teth}’é@nbtﬁylnlsablﬁis’zaﬂdoﬁ’@?wéply}s@%lwyl were
f‘rge[ Yit reoi soners of diketal compound (11), 12% of the
AEKEL al (4), and small quantities of the triketal

(12), %@%ﬁnﬁh’tﬁkmﬁ&spém’fafwhqonER%MF(lélE&lchﬂxaﬁl 16) grephmd and

of the m xture caontaining keta and di ket al 11)
Rebsered ipnERaRples 24 apd P Fﬁ&epﬁpweélhé@r’fég% 3 apddpEgspertively.

?ﬁ g o; g'{xl@%w Ex)égﬁﬂ% g%)%g ?’i{gﬁé{? #}Véﬁ gtrﬂ s&nﬁgllﬂorﬂfde&n & Rfiged

apyp Gﬁ)éMﬂaztrﬁllgmsOtlﬁ%Wthonﬁlxmomwme atutcatizdd by #fe)addition of 0.4-

i oﬁtﬁg&%u@gy&@%rotgﬁﬁﬁ@ IR rEee lREHGE. HIFHe by o
apRHLRs B ﬂgyat CodhtahpSadicunt ?@B’Q%.O’Fhéj&lutlons were then filtered,
and excéss alcohol from each sample was distilled out under reduced pressure on a

rotary evaporator until a constant weight fdr each sample was reached. The
resulting oily products were analyzed by GC-MS and were found fo contain
predominantly COl’l‘lpOlyl‘lYl‘dS (4) and (11), wherein R' = R and R' and R* are selected

from ethyl, n-butyl, isobutyl, isoamyl, 2-ethylhexyl.

EXAMPLES 29-40

T;ans-esteriﬁcation reactjons were carried out according to Examples 24 and
25, except that the starting materials comprising levulinic ketal adducts (4) and (11)
were prepared according to the Examples 18, 20, 21, 22, 23A and 23B, the resulting
product mixtures had R'= R? selected from ethyl or n-butyl and contained various
small amounts of ethyl or n-butyl esters of hexadecanoic or octadecanoic acids in
quantities consistent with their abundance in the starting materials prior to the trans-

esterification.
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(27) anhydrous isoanyl al cohol with 0.3% of sodium
3- net hyl but oxi de, (28) 2-ethyl hexyl alcohol with 0.3%

wobosoaiiegn 2- et hyl hexoxi de. The sol uti ons wer ePST/UB2086/045273
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for 12 hours by means of magnetic stirring at room

t experaspre (26 0C). Progression of the
trans-esterification was nonitored by anal y2| ng. snal

al i quoPlaseizad eV ¢ saipPBHOHi SRt i BISISP BN, (Mt (l},lég/ele

BRI KA Rlck Sl flabick i cobBSh it bori dh e AR61
Oiu’ﬁ@tﬁnts 6f ledthly (4) and LK)y preparsdbedoyding ItcSEmm}bleSJIS 40, were
2- et hyl hexyl were detected. Rep r

e nt
@%Bb’clflﬁambﬁd Hoatomd glaps Yials Vi ﬁ a@W@el {3yerage M, ca.
p
XS A YRR 1 A0, 29
t S'@h&-ABﬁ&hiG@mﬂhy,@mrNadﬂ @Iy- Q/Vam mupstiant praviding for a final

t
npke s ool ol 4P s Bl PREMSGuTG-SHTBERES phFGlase, bis-
éthﬁl‘l’l\é@ﬁf ?éﬂ)a@:ﬂ@éﬁgf éﬁé%ld?ﬁdas%%éémo@l' ('W&l’ﬂég ®Pand, Arkema) were

osp ate,” fol l owed a vigorous Stirling at room.
t wyedes atfarcacd mastzmzem LEa@h of He reviliing mhgurse mere indryidually fed
filtered ss, al cohol
ot F PRt S mOagE pRIEY, BHS I FRte APy g A
eNBRRE@hPsurdet (Dacd IRANRTARY uld ahfogtRl wiRER SRy ans:
reached.” The resulting oily products were'anal yzed by

Goavg rd0wes and bampteispeeshicarhl (et m ieantxtyre Was then'mixed
CRIMBHNGS sl & sg%fltfng nmg\';vg hefStgintSen A6 BE AR faR2
are S rome uty , | soalny

2clednkber bﬁXﬂbXIb@%ﬂ/mJEﬁeQQ 3 ﬁﬁn?[m&ﬁlcﬂr ‘&si iemrhédiatalyi copled to room
reactions were carried out according to Exanples 24
alfEPSIAtUIg ip @WPICHhal. t he starting materials conprising

levuli gigs Iﬁ%ﬁﬁdmr‘?@mﬁ% adurk AP dferelentihl scanning calorimetry), and

plasticizer exudation data were collected using plasticized PVC specimens cut from
the extruded rods.

All compound mixtures comprising compounds (4) and/or (1‘ 1) were found
to have satisfactory plasticizing properties, as judged by observation of lowered
glass transition temperétures in éoinparison with the non-pla}sticized polymer. The
compounds were also fdund to have excellent polymer compatibility properties,
with a minimal or negligible exudation upon a stress exudation test. The
plasticizing efficacy of the compound mixtures prepared according to Examples 18-
40 were found to be superior to, or comparable with that of bis-(2-ethylhexyl)
phthalate. PVC compatibility and exudation properties were also found to be
superior to that of epoxidized Isoybean oil and bis-(2-ethylhexyl) phthalate at the
plasticizer concentrations testéd. |

An optimal combination of the plasticizing efficacy and compatibility was

observed under the conditions tested when mixtures of the plasticizer compound
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were prepared according to the Exanples 18, 20, 21,
22, 23A and 23B, the resulting product m xtures had

w®ie07B21s€l ect ed from ethyl or n-butyl and conpei/memo6/045273
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o
N

various small anounts of ethyl or n-butyl esters of
heosast %@@pﬁd@n@ﬁanﬂgﬁﬂd@kaﬁm@ af@bediketal QURRAViAE RS= R = ethyl
consistent wwth their abundance in the starting o
neitiebtsl Fusthegnoteothe tiamplea At makiurescftnlasti cEXS PR giDS
Aol A T A ATREE b QI BRI a0 GOTRA ARt foac
cartipdi deridxdanbas verpabont AY ordeésgibiyovagitiottise sibstioetenl s
(4), .and ( 11), prepared according to aml es 18- 40,
m@ﬁ’@lfeﬁ&eﬁﬁfnglgpaﬁg l-twg@a p %%tl%é@'ﬁwﬂﬁ?swi SEPwecinvwaﬂy no
d . ; gt .
o R e ARl 1og Py ien Ao BURIASE oy
2h&3decangpt mst alBiylgomadéb arohehvaSanpacegs ofCatont 5.

34,677-2), in proportions providing for a final

pl asticizer content of 20% 40 or 60% by wei ght.

Brsafret ! hexyl) phthal ate, bis- (2-ethylhexyl)
sebacate and epoxi di zed soybean oil (Vicoflex: brand, ,
Ar kena§anngeeoisledicired PR (poly @ -daestyibelyzetesnat@akborign, Tm

t resul ti 1.Xt ur . e, i.ndiyi ly fed into a .,
o & Gt R AT R MPeag e 2 Wias s fcfuding to
charhse 40f with BRCa cAtnABATROURPEFatrPAE thel MRiNAURADS) was set
under nitrogen, with the m xing chanber heated to 160

0&, 18417€, mivdnggimsrwasssbet smin, ard moguiep ai therastivieeyganpounds

was. i he ' QL. ' w <t i tz 0
Fre R T T e N L
f bﬁ’wie%'he Nidetufed od pRb iz compountlivaiersiask i aRed inadtley]yor ethyl
cooled to roomtenperature in a?%i,ent air. Gla%ﬁ ]

t MarePIchie haxppatsicinry pﬁ@fl@m@sy igcyaBA cpapadalfyndgr the

c ) r H %,
o B B L UL O Sy 2
ey watkht andddien the content of the corresponding alkyl hexadecanoate and alkyl

octadecanoate was at or below about 1.5% by weight of the plasticizer.

EXAMPLE 43

Plasticized polymer compositions were prepared according to Exampie 42,
except that a cellulose acetate polymer with 39.8% acetyl content and M, ca. 30,000
(Sigma-Aldrich Cat. No. 18,095-5) was used. The results obtained were similar to

those obtained with the PHB polyester used in Example 42.
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Al'l conpound m xtures conprising conpounds (4) and/or
(1 1) were found to have satisfactory plasticizing

w@r@pesiises, as judged by observation of | owerpdr/gba®&045273
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transition tenperatures in conparison with the

non- pl asti ci zed pol ynmer. The conmpounds were al so found
to have excellent polynmer conpatibility properties,
wHRAT 1§ GLAMESD Iéi’egl i gi bl e exudation upon a stress
exudation test. The plasticizing efficacy of the
conmpound m xtures prepared according to Exanpl es 18-
40 wer A doaipodnd havixes thefemida: t o, or conparable with
that of bis-(2-ethyl hexyl) phthalate. PVC
conpatibility and exudati on properties were al so found
to be superior to thatp of epoxidized soybean oil and
bi s- (2-et hyl hexyl) phtjhal ate at - he plGbid@i zer
concentrations tRste An [ nmbi nati on of the
pl asticizing efficd&y and conpqti billity was observed
under the conditions tested e rxtures of the

pl astici zer conpoundconpri sed predom (f&httA nonol cet al
(4) and/or. diketal (11) having Rl= R2 = ethyl or

n- but yWheiel¥ t her more, the sanpl es of the mixtures of
pl asti ol z&f 8,-CQMRichSdMaBRBQbIkST & alkdkyaBRyd di ketal (
11), wherein the concentration of al kyl hexadecanoate
and al kyd ofos paBde hndbragen anslshepthabiswen esisifed paberpgroup; and

wei ght _of the plasticizer. exhibijt el Ler.: -
cormat Pt 5 BipmsEhf S is B PP B Ehbisingte sy g rren i
Vi 1 tingld Mngofrexsdatiion as conpared to those sanples in
whi ch the concentration of al kyl hexadecanoate and
al kyl octadecanoate was i n excess of about 5% EXAMPLE
42 Sanpl | G B,
(%‘ol y( -%@&%&Q@b%ﬁ%g}eg&qﬁ@?w al origin, Tm 172 0C,
supplied by Sigma-Al drich Cat.XNo. 36,350-2) were
prepared according to Exanpl g 41, wth the exception
that the tenperature of the mxing chanber was set

0

wherein:
X'is
(CH2)mB

/O ‘
R® . (CH)-A
/ -



at 180 0C, mxing time was set at 3 min, and m xtures
of the plasticizer conpounds of Exanples 18-40

wa@oopnsassng ketals (4) and ( 11) were tested apCBHUSH06/045273
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20 and 30% by wei ght. M xtures of plasticizer

conpderyts, wherein Rl= R2= nmethyl or ethyl were found

to have, satisfactory plasticizing efficjency and

conpat Rbis1g ¢ yCurlaept erganchadiplybpielieasekylbnhen t he
concen i f: i.cl . at u %
R A s T R S e
al kyl exdderaisiapendanty altdpgls fomh e Qanwhereinihs swh obm-+n is
bel ow about 1.5% by) wei ght of the plasticizer. EXAMPLE
43 B BerPRsARMSdPer conpositions were prepared
according to Exanple 42, except that a cellul ose

acetate polyner with 39.8% acetyl content and Wh ca.

38, 000A (cSivgomad\haring the@atmulNo. 18, 095-5) was used. The
results obtained were simlar fo those obtained with

the PHB pol yester used in Exajfple 42. WHAT | S CLAI MED

I'S: 1. A conpound having theofornula: wherein: RLis a
C-Cio linear or branched al kyxl or al koxyal kyl; one of

A or Bis hydrogen and the otpier s an esterified
carboxy group; and mand n arKe independently integers
fromO to 20, wherein the sumof mtn is in the range
from8 to 21. 2. A conpound hgving the fornmul a:

wherein: X iswherein: R3 ¢ C-C0 linear or

branched al kyl or al koxyal kyl

wherein X is selected from the following:

R3O (CHa) A
o}
Aok, B and
R30 (CHY) B
0
P (CHa)A

wherein:

R is a C;-Cyg linear or branched alkyl or alkoxyalkyl;

one of A or B is hydrogen and the other is an esterified carboxy group; and
m and n are independently integers from 0 to 20, wherein the sum of m+n is

in the range from 8 to 21.
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one of A or Bis hydrogen and the other is an esterif
ed carboxy group; and mand n are independently
wontegerissfrom 0 to 20, wherein the sum of MFNPCHUSIV06/045273
the range fromS to 21. 3. A conpound having the
formula: wherein X is selected fromthe foll ow ng: .
wherein: R3is a C-C o linear or branched al kyl or
adt koxyAl doyripoundbavidig the dernBile:'s hydr ogen and the ot her
is an esterified car1boxy group; and mand n are
i ndependent |y int rs fromO to 20 wherei,n the sum
of mtn is in the ooy 4 C%:%rrpound
having the fornmul a mhe ei g independently
a CG-CG 0 linear or bfarched-s al koxyal kyl . 5.
A conpound havi ng the fornmul a: vvherel n. Rland R2 are
i ndepefigleril:y a G -ClO linear or branched al kyl or
al koxyal kyl ., 6. A conpound having the forml
S wher ei R ariBhee fcapnsentiva saricle Ay o8 benckeiTky I8 ar or
brarhﬁp&q,a&%yl or al koxyal kyl . 7. A conpound havi ng the

5. A compound having the formula:
é(o 55 b
0R2
10 wherein:

R' and R? are independently a Ci-Cio linear or branched alkyl or

alkoxyalkyl.

6. A compound having the formula:

OR! OR' OR!

0”0 O O o © 0O
15 OR?
wherein:
R'!and R? are independently a C-Cy linear or branched alkyl or

alkoxyalkyl.
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wherei n: Rland R2 are independently a G -C O |linear
or branched al kyl or al koxyal kyl. 8. A conpound havi ng

wo b@7herisell a: wherein: Rland R2 are i ndependenP¢y/us2006/045273

10

Cl1-C10 linear or branched al kyl or al koxyal kyl. 9 .
The conpound of any one of clainms 3-8, wherein R1L and

are independent]y selected fromthe group
E%nsisfﬁﬂﬁn ‘mﬂg@ﬁvgfh%%ﬁwp@’n-butyl, i sobutyl,
i soanmyl, and 2-ethyl hexyl. -1@. The conmpound of claim
9, wherein R1L and R2 are ijdependently selected from
the group consisting of yl, ethyl, and n-butyl.
11. A nmethod for preparing j/a conpound of any one of
clainms 1-8, or mxtures thergof, the nethod
conprising: a) providigg ap” epoxidized fatgy acid
ester derivatiyve and 0 re of levulifate ester,
| evulinic aci d gel ™cal acrone;b)>ef rectORY t he
reacti on between the conpounds of a) in the presence
of an 3CIF"atal yst, wherein the reaction results in

the foRighi RA aRf indefe@BRINNAC 08 (AlnRhiMarlrSached alykéur es

thereof. 12. A plasticizéd polyner conposition
conprlkeivatikyla) a base pol ymer; and b) a conpound of
any one of clainms 1-8. 13. The plasticized pol yner
conposition of claim 12, wherein the base pol yner

8. A compound having the formula:

OR!

wherein:
R' and R? are independently a C,-Cyo linear or branched alkyl or

alkoxyalkyl.

9. The compound of any one of claims 3-8, wherein R' and R? are
independently selected from the group consisting of methyl, ethyl, n-butyl,

isobutyl, isoamyl, and 2-ethylhexyl.

10.  The compound of claim 9, wherein R' and R* are independently selected

from the group consisting of methyl, ethyl, and n-butyl.

11. A method for preparing a compound of any one of claims 1-8, or mixtures
thereof, the method comprising;
a) providing an epoxidized fatty acid ester derivative and one or more of

levulinate ester, levulinic acid and angelicalactone;
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is selected fromthe group consisting of a vinyl
chl oride polyner, a poly(3- hydroxyl al kanoat e)
w@oebyner158 and a pol ysacchari de pol ymer. 14. ThBCT/US2006/045273
pl astici zed pol yner conposition of claim 13, wherein
the basg gifdctingtheirsactibnpbtwelh del cdeppohdsnadra) in the presence of an

acid catalyst, wherein the reaction results in the formation of a compound of

claim 1-8, or mixtures thereof.

5 12.  Anplasticized polymer composition comprising:
a) abase polymer; and

b) acompound of any one of claims 1-8.
13.  The plasticized polymer composition of claim 12, wherein the base polymer
10 is selected from the group consisting of a vinyl chloride polymer, a poly(3-

hydroxylalkanoate) polymer, and a polysaccharide polymer.

14.  The plasticized polymer composition of claim 13, wherein the base polymer

is vinyl chloride polymer.
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