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ADDUCTS OF LEVULI NI C DERI VATI VES W TH EPDXI DI ZED
FATTY ACI D ESTERS AND USES THERECF 5CROSS- REFERENCE
OTQE]%&-EED APPLI| CATI ONS: Thi s appl i cat IPQﬁ:‘/USZOOﬁfO45273
clainms the benefit of United States Provisional
Pat ent Application No. US 60/739,022, entitled
"Adducts of Levulinic Derivatives with Epoxidized
Fatty AADDUESTSOF REVUSENIODERIVATIVES W[’I&m EPOXIDIZED
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present disclosure relates to nethods of preparation
of conpounds fromlevulinic esters and epoxidi zed
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&qﬂ é’&cc’f-ﬁ’%ﬁf\e‘igef%% ‘?D@WZ%%? &M al s such as
triglycerides of vegetable oils, typically by
epoxi dati on of unsaturated fattégacr d fragments.
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%ﬂuﬁinﬁ@sb&fs\/arﬂ)époﬁlﬁiz@ﬂ uenraRIGHPadiy BRES. The lcbipb@sts are
Certain esters of aliphatic dicarboxylic acids such
agefukasaprevepblodeiprasschasediplasténizare fos @ vasielyrel pelvaereed
fromvarious unsaturated fatty aci d conmpounds. Such

di carboxylic acids have excellent plasticizing
properties. However, dlm&CKGRﬁUNDrpI exity of

synt hesi § .i nval ved or raw nmat er i, cost s,
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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, such dicarboxylic acids are
relatively éxpensiVe and used as prerniuni products in applications intended for use

at low temperatures.



It is therefore desi rabl e to provi de plasticizing
conpounds that are inexpensive, non-toxic, nade from
renewabl e abundant raw materials, and have
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al R cgllaralkoxyalkyl one of A.or B is hydrogen and
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SUMMARY

In one aspect, there is provided a compound having the formula:

/‘W :E(GHz)m

(CHwA

) wherein:
R'is a C;-Cy, linear or branched alkyl or alkoxyalkyl; one of A or B is hﬁ!dfogen and the other is an.

. esterified carboxy group derived from an époxidized unsaturated fatty acid ester; and m and 1 are
independently integers from O to 20, wherein the sum of mn is in the range from 810 21.

In another aspect, there is provided a compound having the formula:
)k/>< I{GH“E)N-B | - |
(CHeA | -

wherein Rl isa CI—Cm Imear or branched allcyl or alkoxyalkyl one of A of Bis hydrogen and the
other is carboxy group esterified with a C;-Cy, linear or branched alkyl or alkoxyalkyl;

and m and n are mdependenﬂy integers from 0 to 20, wherein the sum of m+n is in the range from 8
to 21.



0 wherein: R and R2 are independently a
- C1-CG 0 linear or branched al kyl or al koxyal kyl. In
anot her aspect, there is provided a conpound havi ng
In zhdiBer 2052k iRre is\MRAKV @I compound tRivirnble f32malae
i ndependently a C1-C13 |inear or branched al kyl or
al kOxyal | eyl . whergi n: R and R2 are

i ndependently a " C10 Iinear or br anch%kzal kyl or .
al koxyal kyl . anqt rar1’s provided a
conmpound havi ng the o Il a: OR wherzei n.

whcreiﬁ'

S R! and R® are mdependently a C-Cy; linear or branched alkyl
_or alkoxyalkyl ' k

In another aspect there is provided a compound having the formula:

A

)

/\/\)—_L).—k/\/\/\/lL OR2.

) wherein‘ )

R1 and R? are mdependently a C-Cip lmear or branched alkyi or
_ alkoxya]kyl - A

In anotﬁer aspect, there is prdvided a compound having the formula:

. wherein:

3 and R? are independently 2 CI-Cm linear or branched a]kyl or
_ aﬂcoxya]kyl ‘ :
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R and R2 are independently a Cl-C10 |inear or
branched al kyl or al koxyal kyl. I n another aspect,
- there.is provided a conpound having the fornmula:
wherein: R2 and. R2 are independently a Cl1-Cl10 |i near
In afsth&rBpeh elbrais lpydvided aadokpwsyal kaving thafoaalzher aspect,
there Is provided a nethod for preparing a conpound
as defined above, or n1xtures t hereof, the nethod
conpri si ng: a) provﬂ&ﬁng an’ epOX|d|zed fatty
“acid ester derivative ang®=8ne or nore of |evulinate
ester, levulinic acid and anhgeli cal act one; b)
effecting the reaction bet t he conpounds of a) in
the presence of an acid capabyst, wherepn the
eaet Lo sl e L0 s peionmtlon of 2 fompound as
defi ned above, Ur th . aret her
aspect, there is provided a plasticized polyner
osition conprising: a) a base polyner, and b) a.
coﬁg Uhd as defi-ned above. Ester conpounds are

- disclosed that are versatjle p|as (4 W t ood
I ety Yoy e R R e P o e
- are produced from abundant and |nexpenS|ve renewabl e
In apetherrasprcs thrueh paayidedgaompatethavingtye emglaest er s and
l evulinic acid esters. Epoxide.groups of
nmonoepoxi di zed ‘unsat ur at ed okatty acid esters are
reacted with levulinic estérs in the presence of a
sui tabl e catal yst, typlcQ a protic acid or a Lewi s
acid, to forn1ketals of tevulinic esters of
~dihydroxyl ated fatty acid esters. Simlarly,
‘levulinic acid esters rgac th bis- e xidized and .
t dsepoxi di zed unsatuy t ' § derived
- fromunsaturated fatty acid esters haV| g two or
t hree doubl'e bonds, thereby yielding corresponding -
bivshetlett:al s and tris-Icenls.” Additionally, levulinic .
~acid and angel i cal actone can be used in conbination
OR'iafld R A6 Rdbndefitydl €T liakdr Or Wr&icBed ally] bellehd0B8. W t h
epoxi di zed unsaturated fatty acid esters. Adducts of
In ardoBYed b l:tc H3R 1951%%¥ oqf%%(ﬁ%?(bﬁ h#RE al Rt Bisardfihal dbpve,

I zers for a range of
Ormﬂ&%r eeOJFI rﬁh&?c ﬁﬁdg‘: Exanpl es of conpounds

;%[391 Ej? ﬁiﬂ:ﬁ fa8 Geid6dtél destative antl eweibr mire oflevudfnate ester,
levu § 4 arfdAHEELEA R

gtone and an epoxi di zed unsaturat ed
aC| can I nclude the formula: (CH2)mB
_ b) eﬁmﬁng the reaction between the compounds of ) in the presence of an acid catalyst,
wherein the reaction results in the formation of a compound as defined above, or mixtures thereof.

e

In another aspect, there is provided a plasticized polymer composition comprising:

aja base polymer; and

b) a compound as defined above..

Ester compounds are disclosed that are versatile 'plastiqizer's with good .

' c_ompatiﬁility with many polﬁlers. The ester compounds are produced from
abundant and inexpensive renewable materials such as unsaturated fatty acid esters |
and levulinic acid esters. Epoxide groups of monoepoxidized unsaturated fatty acid
esters are reacted with levulinic esters in the preseﬁce of 3 suitable 6aﬁa1yst, typically
a profic acid or a Lewis acid, to form ketals of levulinic esters of dihydroxylated

_ fat_ty acid esters. Similarly, levulinic acid esters react with bis-epoxidized and tris-

: cpoﬁcidized'unsa.turqtéd fatty acid esters derived from unsaturated fatty acid esters
2b



(CH2)-A and the fornul a: wherein X is sel ected
fromthe followwng: (CH2),",-B 0 R (01-12),A 5
R30(CH2)",-A . . , and R30(CH2).-B (CH2),-A
10 and wherein RI and R3 are independently a Cl-Cl10

| i near or branched al kyl or allcoxyal kyl; one of A or
B 'bs Jhydrogen and the other is an_esterified carhbox
ar

SR BIRICHERvcloNplaends b AR coRewgpling bidrias and
: g%rgsgcc{%;. ‘rjnAgnﬁt‘ﬁgﬁgk},’ fovfinit Qﬁd%ﬂ%&ﬁ&ﬂ&t&ﬁe & btelﬁged‘ in
‘combination or in place of levulinic acid ester in reactions with epoxidized
unsaturated faity acid esters. Adducts of levulinic acid ester and epoxidized
unsaturated fatty acid are useful as plasﬁciiers for a range of industrial polymers.
Examples of compounds prepared from levulinic acid ester, levulinic acid,
and/or angelicalactone and an epoxidized unsaturated fatty a‘cid'can include the

formula:

(C Hﬂm‘é ’ |

(CH)A
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O wherein RI and R2 are independently a CI-C o |linear
or branched al kyl or al koxyal | cyl. 5Wen | evulinic
w@%%&% r, levulinic acid, and/or angelical AL PSr006/045273
are reacted with a bis-epoxidized or his-epOX|d|ze3
ug@ﬁ%urate_.fatty acid ester, exanples of the
r ' npounds can include the follow ng. ORLORL
0 00 OR2 WD 2007/ 062158PCT/ 1352006/ 045273 wherein Rl
and R2 are. i ndependently a Cl£Cl10 |inear or branched
al kyl or alkoxyallcyl. In so enbodi nents, and R2
can be nethyl, ethyl, n-butyl \iLsebutyl, isoanyl, or
2- et hyl hexyl. The conpounds can al so be used as a
pl asticizer with a base polyhner in a plasticized
pol ymer conposition. A base pglynmer can include vinyl
chl oride polymers, poly(3-hydfoxyal kanoat es),
pol y(l actates), and pol ysa [
The details of one or nore emhodi nents of the
invention are set forth in_ the acconpanying draw ngs
awblereineX ircsstacigst from thefob@wirgt her f eat ures, obj ect s,

and

(CH2)n-B
O
; {CH2)-A
R 20n-
5 T ,
R3O (CHnA

\

CHIB ang

. R% (CH) B

: % (CHZ) n;A H

10  and wherein R' and R? are independently a C1-Cyp linear or branched alkyl or
a_lkoiyalkyl; 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.



10 advantages of the invention will be apparent from

the description and drawi ngs, and fromthe cl ai ns.

~ wdmbAokREy DESCRI PTI ON OF THE DRAWNGS FIG 1 peymse06/045273
denonstrates a representative El mass-spectra of

conpou |G 1B),
obtaingﬂéﬁﬁéﬁIéﬁggﬁﬁgéng@%g%&%ééﬁﬁgﬂggls per

Exanpl e 6. (El ectrom' i onization at 70 eV). FI G

2A is a represeﬁ i oforONpounds

(4) (FIG 2A1) ard : [
co-urse of GC-Ms anal ySh Exanpl e @ (Sanple B).
20FIG 2B is a. representatl ect r um.of

(bR o U B 1 Plin G FRB gl 2

r §RE atlve | E mass-spectrum of m xture of isoners
of nonoKet al conpound (4) wherein R = R2= ethy
5 ( ExanpWherdgvuliic@eidosyer, malinic a@@r@é@m@amlm@lamne are reacted -
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(Febsiing Bdmpounds caincludd thefollotwvaRd esentative |E

mass- spectrum of m xture of |soners of nonoket al
- conpound (4) wherei loRl = ®®= n-butyl (Exanple 25)

(FIG 4A),: and a resgatative | F mass-spectrum of
m xture of isoner cofpound (FI G 4B)
~wherein R = R2= n-b{t y} npl e 25). 30 DETAILED
DESCRI PTI ON The fol | g# appl y: - Unsat ur at ed
fatty acids nean |i ar®nbno ar boxyl i.c acigs havi ng
from10 to 5 2doubl e

bond. The doubl e bonds can be i'n any position,
conjugated wi th each other or non-conjugated, but not'
in allenic _
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arrangenents, and any of the doubl e bonds can be
i ndependently cis or trans. Preferably, unsaturated

W‘g%"f} gé ds have one to three doubl e bonds. Fﬁé’i‘[YISZ(}GGIMSZ?S
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s can al so be conposed of a m xture of variou

SR BRHAAS LEL JEbBy
f higbxy@illtys., hogaheahbodinksts, R' and FESdaabs nedthylDeBil haued,

fatty acids nmean esters_of the above- descrr bed fatty
aspaiyhisoamih ebAyedinilleexat wi t h pol yhydric al cohol s.

SecondhsCofeaRAF L A Shs hBIR a s hUBRSRRe BhaeRibfun

1313.&?&:&@ o¥ndéFrompbsitien. Ahaexpstpmescanfindloas kagdtigoade
‘nmet hanol", et hanol yaﬁro panol , 1 sopropanol, butanol,

spadpmetss olbiAlayispx pelesirealy(ackestinand nolysepehiaride polymers.
2- et hyl hexanol . Preferred al koxyal kanols are primary

or secondary al cohols having from3 to 12 carbon

at ons, Thhéxtailsvfank ionants ethbadislenid of dre inyaition and ke yrth in the

group havyin fromlto carbo I S | ocated,at a
VICEPIRALYARS frepvimesiaad thi t&fsr{}re n@‘ﬂl &agyyes, objects, and
o
ORI Bl a‘rﬂfaﬁérﬁeﬂ?ﬁﬁé?&re?%gﬁﬁ GEFM Adwiths, and
eﬁaﬁnh@clmﬁman al koxyal kanol is tetrahydrofinfuryl

al cohol readily accessible via hydrogenation of
furfural. The nost preferred are nonohydric al cohols

due to their BE?RA&*R]‘} rimscmmmms@nﬁbm&mms

stability of their esters. Polvhydric alcohols are
| i nearFl§r. lkﬁemmuMeqomtqpmdmt@m Bl massespketreest mqugde@)

oo LG LERES B BT A BTNl e

DEranh 806, @ietadh b SRS 7g|eV99r ol ,

1,2, 4-trihydroxybut ane, pentaerythrltol Xyl

- r| bi t JFIG. erxbratr@presqﬂmwpﬁémaserﬁwcgrapééfrmpmnds (4) (FIG 2A1) and
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LT 2R St B fR2RRL 5P S SRAR Pordifipfie 7 (Semple

pg).yhydric al cohols are isosorbide, sorbitane
i somers, and diglycerol. 30t is referred t hat -

. subst #HG: aBrlyaarnremerwW m3pERsSTER of MRiX P Phipames of cpoxy

6}%3%@8}“ ‘ﬁsﬁﬁéﬁﬁdf 1@@ d(\grmrngiqu E{%lé‘ﬁ?t ed fatty acid

_‘ 2007/ (%1 38RETS 4 IpraRAII4E I Mashspebmimstfmiaturp pAisbiners of

snorenbie] CompoHa (11 whetein R o fesie SBeiRz 4 (FIGH3A), anda
%é&lratﬁle TRk g&mg‘ﬁ’[‘@fxﬁixﬂ:é &¢ibetYofikdal co mpound (11)
sed, not all o

ositions are the tatty aci
gricugs &rR’aeevhyls(ﬁ}nanmﬂe’bﬂ)dEh}%e fully satur at ed

ng y zﬂg}ag g%r B E%er%tgp ﬂ%ﬁ‘:‘ %a%%%%tggu%?)f in&}}%tui'e o% 1somers of
monoketal compound (4) wherein R'=R?=n-butyl (Example 25) (FIG. 4A), and a

' represenfative IE mass-spectrum of mixture of isomers of diketal cornﬁound (FIG.

4B) wherein R' = R*= n-butyl (Example 25).
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5 unsaturated and saturated fatty acid esters such as
present in triglycerides of typical vegetable oils

wa So8ncaSybean oil, linseed oil, canola oil, spéﬁ[mgmsz%

oi |, sunfl ower 0|I corn oil, castor oil, thelr

bl ends and the Ilke). It is preferred, however, that

the m xed fatty acid esters contain predom nantly

unsaturated fatty aci ®EBAHIED DESCBIBTEONpr ef err ed
aci d este with a high content of

that a_f a% qi% : |
nono- ufB& ﬁ’tltgcfef‘%sttp}’ ¥cid 10ester is used, such as :
conpos 53R

of n? O_Uﬁé fe ? c'.tdé rgéeglpg@gfhl%n 2N ‘?}12 g&dsA ﬁ%&lﬁ%ﬁom 10 to
PReéaboreatoss and ht’igasuanedmﬁﬂe benda 'Ph@doulbb tobdsredriyd in any
esters of [fatt C r|vedb rans-ester.ification
rosficge pemngiiod X pahptioror PepbukRed bet ndripaliége) °"
a%%ﬂae “%. biSAts i gta@&:%diohmeqtoﬁe@émfeﬁn@éﬁméﬂtw S @ckrir,

ustrla roducti on of various bi odi esel
f Rrefesdbly, hbvatniatadsfatin saﬁmhatee:meﬁathrye dwibde eader & att:anclds can

[ XTI R

SEx@h RS Re T b il peridbeotinmdue vhguiite ol Bh gilgedd pahn oils.

unsaturated fat LY. aC|d est er - means that at | east one
aymefed ffttyracids rpenat agtess efthe abavp-desetibed fatty

est . ‘ to ‘ X: Such 20
f@at’tﬂt;ﬂ’g m I‘”%‘Pé)\}\ﬁ%%}#t 8%'!.2 t and can be :
readi | Mom laicoheld aldliar bPblaGENed PrineRbesectndary al‘k}anols

usi ng en peroxi-de and a carboxylic acid (e, g

fo3 raﬁmxarzwgncg&bt\awﬁ m e Rcarbpn ﬁam&hl,?tﬁftrtﬁdﬁ‘éﬁméﬁs of ¢

f
3B S ) ST o
fisdtuyard,iisba@sl elcohsl, 2etyiipkasdie tﬂ’reﬂeﬂred slkour}chﬂ{a&b tsanie pnmary

that in practice, epoxidized fatty aci d@gﬁ;ﬁ%ﬁﬁaatnﬁyanched

Ccro atty acid chal ns
groeitiodita d Hyetdxyl goup. %ﬂﬂmﬂsowalktaamln lanagypmdt)t de1 ived by

Hodbingselnd B it alarl. Pobfe SRt eRR e S

%tkctx%u@ﬁa%?%aﬁy&stu%yymco’ﬁatﬁwtw adc%ssﬁa& Q{aglﬂﬁ Suenation of

esters of levulinic (4-oxopentanoic) acid
rforfotay.dThe mabiqubisired Prewsorahydrip eloshels Byel i theialapaikbility, cost

I C t | ected
|3H§g?3téﬁ%%%?ﬁyls}ﬁ%el%§¥## ¢ Eeﬁsoﬁfzdﬂcl ZI ighglc ?ragment of
the urEaNikgt aRbohalk bt ittdaf ofBrafitlted p@[}%yﬂfbbt?la@@fhlb@les having

the same or different. Levulinic esters can
s éﬁaﬁﬂydtcewhgmum cBynieal esamplen pre cfutleneselvgolprapylene 1,2-

taptg q,ﬁ&f%lsnguty{] giycolaljsgt%ggl glycerol, 1,2,4-trihydroxybutane,
pentaerythritol, xylitol, ribitol, sorbitel, mannitol, and galactital. Polyhydric

- alcohols can optionally contain one or more ether bonds, and suitable examples of h

such polyhydric alcohols are isosorbide, sorbitane isxomers, 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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5Pol yners. Pol y(vi nyl chloride) polyners, PVC, are
honmopol ynmers or co- polyners of vinyl chloride. Many

unds of various- degree of pol yneri Zalf(éﬁﬁszoﬁﬁmszm'
cross-Tinking and co-pol yner conposition are 0 I'n :

the. art, .and are produced in iakly, e :
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hasRAkYHEIIShAY inGRe indQstisllpyABtics, Wherd niiy el Pty abidanfipdsitions
acids. Preferably, PHA is conposed of |inear 3-

reyel ﬁ@ﬂywt@r@t}ze fatfagﬁﬁifrgumm g unpaspaatediand seme dillospturated
N 3- . ' ,
?Ftﬁ mf)%itl %ﬁ}pg tcﬁ%%ég PESHo &8@%@ WB? é%%#ggﬁ#i&ou# _gorl?se mixtures of

e@iRiaedandVATir s fTlyCc RGN hiBs pfesPii i tﬁ’ki?cd?ﬁ!ey BEfypical

is a brittle polymer having a narrow range of . . . .
gd’lli @aneb?c@hﬁé&‘%qur edgiunfloyer oil,

#%F% ?lﬂ%%% %ﬁ%@ﬁﬁﬁﬂ r%iégnd? bl tg%'}#g)(z ﬁg%g’g‘%\fgﬁ?&\élﬁlv&etv&‘, that the
Raiyd Fast dcilbesterPldntainpraidainmnlynmsymsedted fangnoidadstere it is also

conprising repeat units of Jactic acid of variou
Hghp G

EEER wacid ester wiipp CERERt ¢ o%q-gnsaturateg fatty acid

NP RA|Y AR S B0 CorfifsRRInk Pl ip hidhEAEic Ymdl Nc Wefdrs of 10-
conpri sriig hexose-or pentose fragnents connected via _
gindemndatlic hiid kegaiso pEfarcd0Apothygaefehad isthesngmgterial is a mixture
optionally contaln variopusg,additiaonal, groups s a

£ yreali gefey FpLy adis ferpied é_gt'r@maﬁf@a}a%a?we&& 88&%‘5% Sils (c.g.

., P | . .

RO by O M Y g Do
pndustriad phaducties offearione Hiodieseh fuels)lir al  sources or can

ool T unvgeiogs SesahimaltY S8 phtenan b PoB SR HGReS mixea,
%g}*}aﬂﬁf%%ﬁ%hme@,i H@%hePhise BHohitries@to chABadFosiid @h, as

e[| -as native or acylated chitin and pectin.
Rleschemistryofdhedatdabedls. conpounds added to a base
ha L sit ! ;
pol y LEZRUESIS lurste falty aciy t%lalgsgth%lﬂgc lgagfgrgesofthedouble
tHoadSH ft the indLRRAThitY Sci®Estérie opRIACHRS af BpROSHbUMNSuch

t hereby maki hg the:conposition nore_ flexible and
relatiphseare quélr%@'@é‘ﬁlsmﬁb‘? arpangl canye rgpdity wwgflﬁﬂ Igpn
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Fomyateor mede)gaﬁbydé&immmﬁmmthoide §t isfprefheed; iopoverdthet
I 2007/ 062158PCT/ 11S2 45273, :
%go%cr{aﬁgon ofa maj%n/t)g gr ale ngP the éqtfb?e_ggfds%ressems m ‘th‘e unsaturated fatty

acid ester is accomplished. 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 époxidation by—producté
and epoxide decomposition by-products is fully within the scope of the present
disélosure,

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

monohydric alcohol. However, the monohydric alcoho_l fragment in the levulinic
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formul ations, plasticizers can be used at
concentrations between 1 and 80% by wei ght of the

wonRfAsinsgi zed polyner. It is understood that, peras2006/045273

dependi ng on the polyner and the plasticizer used,

- Pkasdik Q%léc‘?é@inﬁé‘&nﬁbﬁgfallﬁ&ﬁftﬁ‘é mBhdMRAiric ARBYSSHd Fnent of the

physi cal and nechani properties of the c ound
puhsateated fdtyweld eséss, @hdbigesab be thelsamker diffoper ficeslimt esters

the c nded, pol i.respect to it erneabi ity
£ 60 QRHOPE b eRbRtres QElexplinic £riER WithyBere thed GReyARQLydric
coppinds. "It is also understood that one or nore
different plasticizers can be used in various bl ends

wi t h aBeliviiesn &olysimybehlaisdd) polytrees, PVER areboropafmaeans or co-
t.rudabl_ e. l. ition. ,Such '
PGS ingb B s M P TS POt PR g

Qe SRS, drbds BiilkiddarsBRI Sy coMRRitiShe known in the art and
reinforcing fibers, dyes, pignents, stabilizers,

| arp praduaedsindasitialyri cr obi al additi ves, and the |ike.

The pl@sti.cl zers. are tvpigally m xe i th | yer _and
other SRR RTBatt D trdoltbe iRl sl
Npotimiers lofl 3MB/EHXYAIkeNETD asiasli PRF@EMY PRATS ¥ethbodel @¥finear 3-
iri the art at the tenperatures that are above or

~ beidevivetkaneie firgmentsdaymetieomdtad 8§ puben aloreatpaisy Reky(3-

T . . A\ c y : . ) . . - p
Rl B2 1 DN FhOR il B BRIk
cexaimphd byvesiond rliersbldanistsadl sura PEIRpEp@aee’ abtiitle polymer
reacting an epoxidi zed unsaturated fatty acid ester,

AV 2R Ao Kangs o prosessing eraperpluras) fK) i derommpospsropgily at

REERER esCthotthed By LR mb{%k}grﬁé SR Ehpefisel LT Nng TN

riety of conpoun ovatent adduct s

" et we ioly(eetdta)t oypagilattids), @iLAf isalevspapebtdrcromidpolyener

ment . ccordi g] to g{gfrseg %gt%clz‘lt;on, a

for m@‘olys&&?aﬁ;lgs e hbmopolymers and co-polymers, linear or branched,

comprising hexose or pentose fragments connected via glycosyl linkages. The

pplysaccharides may optionally contain various additional groups such as acylamido

grqups, sulfate ester groups, carboxylic ester groups, alkyl and hydroxyalkyl ether
groups and the like. Such acllcl_itjonal‘ groups may be preseﬁt in polysaccharidés
derived from natural sources or can be artificially introduced (i.e., by acylation of
cellulose). Examples of polysa__ccharides include acylated derivatives of cellulose
and starch, as ‘well as native or Acylated chitin and pectin.

- Plasticizers are chemical comp_ounds added to a base compositibn _

* comprising one or miore of the above polymers with the purpose of lowering the

glass transitjon temperature of the polymer composition, thereby making the
composition more flexible and amenable to processing, ¢.g., by melt exirusion or
molding. Plasticizers are typically used at various effective concentrations, and

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



(2)(1)(3)(Rea 5ction 1), wherein (2) is a levulinate
ester, (1) is an epoxiclized unsaturated fatty acid

Wi ng the epoxy group, (3) is the ket [
W(zg@%?ﬁ?'gnd RI is a C1-Cl0 |linear or branchedgéT@$ 0%6’045273
or al koxyal k %(I,. . For exan‘plg accor di.ng
t formulegiaRs, plwticiaers cambe Ysed vaPOEEREALIOSE Bptvsend, and 8 o By

nggpgg;}ﬁé afgpj?s%ic Bl PORE, Jois GAMEOOPthal, AchEbathe
ﬁnbf@ﬁﬂ:ﬁ@ﬁﬁ@ﬂidxﬂer&wéﬁ, $ladiclzersaan atso donfin okied chideyt in

al koxyal kyl . pically, catalysts for reactin
vhhﬂs@a%a@gm ﬁwrpnew b ComBdES PRI Asavell as changes

5 %m ﬂ%er??&déﬂ‘fég%? * é’dﬁgcﬂﬁﬁe@éﬁ?ﬁ'@ 11%6:%%@{ ﬂ}?QQ%e‘ﬁnE&lhty for

R Feadt tohs o nat ers w
eﬂ&idusi pasee, wateg twatertvagor at drgasc mhnpsmmiss It is also understood that
Non-limting exanpl es ofschctal

n
SORTIGROHE AEeAPnt ARG 2o feR DS Jse g Pyl 9%% %mqwal
, hé’&ﬁﬁuﬁﬂ@f& }ﬂ?g O{Sr@%axgﬁgﬁ 8PP GdA9E 8 moldable polymel composition.
uenesul fonic acid, canphorosulfonic acid
nﬁmdha;ddﬂmhﬁkmmmoandmarandum kayjouyandrgardc mectomnmlﬁaller

contai n prot t ed syl f.oni.c 20, aci d
10 ugcmﬂuné? U e B RE Py RSP Rt e ifer nicants,
ﬁm?érblﬂﬁl anfdltWé§ a{xﬁacﬁéh@@ Exanpl es of acids al so
|nc ude Lew s acids. For exanple, boron trifluoride

and v aThmplgstmm mé}gﬂgﬁllymed @x@mﬂlym@e@d@h@mtmnai
dclzoerrtzp ents orf]ﬁlr asé composmon by mixing in various compoundmo equipment -
well known in the art at the temperatures that are above or below of the melting
15 -temperature of the polymer. The plastlclzers can also be introduced with the help of
an optlonal volatile solvent.
Ketal derivatives of levulinic acid are prep ared by feactinc an epoxidized
unsaturated fatty acid ester with a sufficient quantity of levulinic eésterinthe
:  présence ofa su1table catalyst, thereby resulting in a vanety of compounds that are

20 covalent adducts between the fatty acid ester fragments and levulinic fragment.
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al so useful. Silica, acidic alumna, titania,

zirconia, various acidic clays, m xed al um num or ,
. | oxi des can al so be used. Activated garBhosns273

derivatives 25conprising mineral acid, sulfonic aci g

or Lewis acid derivatives can al so be used. One of

ordinary skill in the art can practice many .

vari at iAQBsdRB i b fiRhtrekioh EketiVBSter compound of formula (33 is

2007/ 062158PCT/ US2006/ 045273 cat al yst conposition an

aradily formedd i n the conpound preparation described

her ei n. El evated tenperatures may be used to

accel erate0the reaction with | ess reactive ¢ | ysts.

However, the rature of tle reddion nortyre ie. ¥

not criﬁ‘ Pcal™5 Yor slcceed i n mekbAg a quanti 0

the levulinic k@tal product, ééas even with | ess dctdove

catal ysts the reaction stil) proceeds to yield_the

desired confbunds. Amount. did type of catal yst® (Rea

depends. on the specific chep‘i Cﬂ; conposition of the

epoxi de and | evulinate est&P%séd in the reaction and

C@ferefh F Adi [EYulRatcalcr P RepBRRizSH hhda@Hated fAthPaci ster

The reaction can be carried out in the presence of an

ofitovongibespexylgrosm|(Ibistthe ketal dster adduct, ang Beds a €adhé bnear or

c%nditi o) slanq IS ilé{l)l cally renovéed at the end of the

r 3%?1}68 %’yo ]§?}f3’ia ion. Typically, it is desired to

use sufdrcxh@ple, ﬁé@f&iﬁ% 1 t8fs réaction SOIcYERE avadibbie ester of 9,10-

sufficient excess of Tevulinate ester) to mnimze

canexidizadlein gstertis eprvesiod ko thedetel phforpuladf esters via

ether bond fonnation,, Non-limting preferred exanples

of suitable co-sol ts include saturated

hydr ocar bons, et ng C -»%‘?'rs of
~ sinple al kanols and al oilc aci ds. o Simlarly
-t o nono- epoxi des, bis-epéXi t

- 15

at eiﬁﬁtty ,
esters are converted to a m xture of stereoi rs o

GRRREIR 'ndd RY srd a6k aldepideh@y Wi, [0, § ligsk 6f branched all¥Ien
nmono- or bi s-epoxi des of unsaturated fatty acid

adkapyelkybact with ethyl levulinate, the reaction of

bi s-'e s t " ‘he i N

ot ner S B of 28R T SRR R AR Bl W nctuce
negiohs aiids. TRE comBtodure gehedalbeapplivabié age vsctions of levulinate
maki ng. useful conp . partijcul ar,

_ |l conmpounds. In when  a
ket Vit thereppyidized mpsaienateds fathy @gidrstersa o Hmjjighexamples of

B0 Lt ST P A B R SR LA O
ddiofhioroberiof hydrobromixt atids, pdoluatdsylfanic deidsdaptphososulfonic
]:ggivdg %qe Og%ﬁforlii%tagid, ];r?é Hﬁél \ofgfiou%prggnsutigt c%];xta?r? S%téﬁa?endssulfopic
acid groups are also useful as they can be easily recovered after completion of thé
reaction. Examples of acids aléo include Lewis acids. For example, boron
trifluoride and vanous complexes of BF;, exémpliﬁed by BF; diethyl etherate, are
also useful. SiIica_. acidic alumiﬁa, ﬁtania, zirconia, various acidic clays; mixed
aiumiﬁﬁm or magnesium oxides can also be used. Acﬁvated‘c%:n'bon derivatives
con;prising raineral acid, sulfbn‘ic acid, or L’gawis acid derivatives can also be used.

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

10



25 renoval of al kanol after epoxide opening, the
| evul i noyl ated transesterification product of fornmula

wég@ﬁ%%égr med: 0 (GH2)mB R3 0 (5), WO gcgmszaﬂsm:tsps

58PCT/ US2006/ 045273 wherein-R3 can b

O |inear hed al k Ik
-Acafsélyg oy ik 36 ARAEIE HEPoh s Comdblid Sespstation dgsorived

meyl group; and n and mare integers each having

R va ues fromO to 20, and the value of the sum of mn
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is.in Etwaiedm;npdratums Sndydbe2bed Bl avceleade thatrpaption kitvess
al koxyal noI erivat of unsaturated fatty aci L
Keply PRI BN FO1 S PP bs A e hotcritical
g I it
fo? eQ(ﬁlflg ﬁlﬁﬁi’ﬁ#(hieq%ﬁlstlt? %i f/ﬁetlgf\.ggg% f(%&l Ii/ro@t‘fdt Oas@%E£ith less
adtdh&z yaﬂalgatsdhe nbacimmmlk/;usc@detq Yied the d@areﬂucempwmds a%mount
or W t ul i ni c_aci

l i t
DB AE R EH SR e rE B SR Fapmaryorogs (e dpnice
airlﬁqwahﬁla@é S sBOM the HRABHHANVRS b@faeaﬂﬁ@egsmbagm by one

fatty acid esters:
skilled in the art. The reaction can be carried out in the presence of an optmnal co-
solvent that is inert under reaction conditions and is typlcally removed at the end of
the reaction by distillation. Typically, it is desn‘ed 1o use sufficient quantity of a co-
solvent (or a sufficient excess of levulinate ester) to minimize cross-linking of the
_ epomdxzed fatty aczd esters via ether bond formation. Non-limiting preferred
examples of suitable co-solvents include saturated hydrocarbons, ethers, and
carboxylic esters of simple alkanols and alkanoic acids. '
Similarly to n;lono-.epoxides, bis-epoxides of unsaturated faity esters are
c@)ﬁ\(erted to a mixture of stereoisomers comprising bis-ketals of levulinic ester.
When moﬁo- or bis-epoxides of un_satura‘&ed fatty acid e'ster's‘i'eact with ethyl
levulinate, the reaction of bis-epoxides of fatty acid may be acé_ompanied by other
.céll-r‘lpe'ting reactions. These c@xnpéting reactions have been found to be
advantageous for ﬁ;akiﬁg useful compdunds. In particular, when a ql;antity 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: .

(CHmB

‘S——(CHZ);—A

©)

11



(6)(7) (5a) wherein (6) is an epoxiclized unsaturated
fatty acid ester; (7) is an al koxyal kanol derivative;

woé 3yobfis@n al koxy- levulinoyl- derivative; Ripeapshfssszrs
a C1-10 linear or branched al kyl or al koxyal kyl; one

A or B i hydr ogen ' ST
egfbarﬂnfli b Abns A R B CHor bRtk on of A or Bis.
;%Ei\ H%e%ﬁhét%aﬁ e fbdl carbdXy! giodp ] 4l n/aiduﬁ a@é mltdgers
sumof na+tn is in the range from8 to 21

béash dpuing selyesfiom i ts 28pwd the yalye of fsH %ﬁr@an fsamtﬂy/e range
a |d est rs having epoxy groups posi.tioned in a close
*to each other are used, an intranol ecul ar :
ep0><l dﬁ DRSO 1dle@ﬁtaumyakmmaﬂmva$ af ensatunsied fatty acid
resulting in the 20 forrratlon of _one or(afrmre ef her

bestats cavelstprepprerelet @wgmtgmf tharmwicagiotRs Qfranpexidized
CRRMHREE Bed A L R by ol R or

t ﬂkcb)é}mdﬂﬁ@ﬁ deriggtivienaieohin aqiei-xﬁeeltwﬂlny devatinicaastef oi with)free
rings. Conplex m xtures of stereis mer s .of vici
- olk‘%éﬁ%\ﬁ‘é@b QI &vith,gammasan. icalAeigps eieDy PF%YI&?E yasigel alkoxy-

r representative '
10 e%%‘r?rler ?d%n@%ﬁz@gég prodtggtﬁ%t@)%?gﬂrjnésgem% bi s- epoxi de :
derived froma di-unsaturated fatty acid having two {CHauB
doubl e bonds separated by a .nethyl ene group can ha

fornul ae (8a) and (8b): R30(CH2) AR30(C112% " -R —{CHz)n-A
(8a) (8b)(CHyY)wB R*OH o
Oé—(CHz)n‘A . RS H_C‘>_ (CHy)oA
| | o | .0
® o )
' - : (5a)

wherein (6) is an epoxidized unsatufated faffy acid ester; (7) is an aﬂcoxyalka'no'l
derivative; (52) is an alkoxy- levulmoyl- derivative; R can be a Ci-1 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 te 20,
and the value of the sum of m+n is in the range from 8 to 21.

When bis- epox1des or tns epoxides of unsaturated fatty acid esters having
epoxy groups p031t1oned in a close prommty to each other are used, an infra-
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 tetrahYdrofmén (major) and tetrghydropyran (minor) rin gs. Complex
mixtures of sterecisomers 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 faity acid haviﬁg two double bonds
separated by a methylene group can have formulae (82) and (8b):

12
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wherein R3, A, B, n, and mare as defined above.
Typically, after renoval or neutralization of

W&%O‘%Xﬁg and typically by distillation under%)&f)%fo‘ﬁgmszm |

essure, renoval of any excess |levulinate estér
solvent 5 and mh re applicabl e, any _sat yrat fatt
aci d esters %Pgén resent E%O' @#@%T s in Y
t he epoxidized fatt cid ester startifpg materi al s,
i s acconplished, resyling in the forfratd on of, a
neat, transparent and practically odo ss ‘stabl e
l'i qui d. Dependi ng ﬁehgpgcific candi t({Cags-Aused,
the liquid conprisds the l'evulinic k s of vicina
di hydroxy derivatfvé® of unsaturated fatty acid
esters and/orolQ./m xtures of the al kyl oxy-
| evul i noyl - conpounds. These | att@rconpounds can
conpri se ether bonds connecting two tarbon atons of
the unsaturated fatt aC|d chain (theggpy fornmng a
tetrahydrofuran or a trahydropyran rrng) The

'»@iYér‘Eth'R%AanHCrirﬁtﬁra?e absRFiMbd AsovR! asti ci zer conpounds
for PVC 'poly(3- hydroxyal kanoates), poly(lactate

and v aFyocallypafigrsamonaror seutredizgiian of catpesy, mdéy];usalzy by

RTHRNR 2 =B R A B e,
fana GRS SpplicebieNinyl dandrited fa@@fdcﬂiﬁsﬁersﬁﬂﬂch thay e presentas

synt hesi s of t hesé adducts, it is also possible to
fnmp@ntlgm the epcprlélged fatty cigfeston slaringgnaterialeris aerongished,

resnect
bre% m&‘%]rrp % &‘% %tms E‘,bﬁ{e%ts? Wgﬁh e@ra faﬁly oﬁﬁﬁéﬁ%table |
bRjfuld. eDeprdRer drl @16 spéctﬁd‘k&)nﬂttfwtls ket tt@diqtmécemmaeh tledevulinic
perneabiljty of 20nmoi sture, wgases spl:vent, water

nSPRHSLRILY AFKEsiTodREd

gbmwm emedbcbﬂﬂss:omuhg tod entienl ateintsrof tiewhsatunitiz Galy acid
rlv%é@s descrlbe ereinto ford desi r.ahl e

mﬁa@t deEBme et Tap 9 Ade aé]é/ SRV BRY)} i zer

CONPOUFES Rlifhif E&tﬂiéf‘sea% Qééﬁ&lsds %%sﬁﬁz&%ﬁipd%d@fdt ‘PW poly(3-

al kanoi'c acid instead of levulinic ester. In th
éxyﬂmohya&anqattsi@cﬂr(é@ta‘w)d arpkydrioug P@lyp@cbm‘lde polymers They are

Rl P e h A e et by GaRR b Raliakind WP

tsél%@ﬁnga%rﬁids faliaab] #Namdr®s PeQah Gethe $é£@fa$1ts)rﬁsea lik e GlyBthesis of
and 1 ower- al Kanoi ¢ acids.” The al kanoi ¢ acids used in

 tthess adeknseliitis alsogoesiblierie fine-smephapropedicron Beal sbirizey rot only

&g}ﬁeﬁ%e;%t/g}ngeg Bﬁs%c&za}trgvg%r? ?rtge%g{ﬁtbgmonf raﬁ{)ﬁ{tﬁ%git also with
Qéﬂp)éétl 16 theb&tBYy plop¥tiaobLiha @ésﬁiﬁmg'lﬂwymﬁﬁ §rﬁthr adm&ﬂ%ﬂﬁy of
mmsture gases, solvent, water leachmg, and odor and stain retention. 7
Also provided herein are a set of snmlar pIastmtzet 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
r:ontpositi01as. Useful plasticizer compounds are produc:ed by using an ester of a

lower alkanoic acid instead of levulinic ester. In this embodiment, the free hydroxyl
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trans-esterification reactions in this enbodi nent are
esters of the above al kanoic acids and |inear or

chfg@md)@gk, primary or secondary al kanol s havi ng-froSmcio4s273
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to 4 carbon atons. The al cohol fragnment is typically

! N 2ARIRCE O7) a8 ac] MG HE 1WrR@U oft acids or
I%bv\ggscg%l%&ggk%g?nkﬂﬁ thgnal C%ﬁol rel easeolf I n to eac
tthein anlesitided ¥y catsiesterif@atian de pmdu@?oesteus @%mkdmzoh @rrd)lwé@r

%Iég’blscf)&?usi&gg gll\gg{?@ﬁcﬁs &lgfqu 151,{ 11iS 5@9% WLhncalg or branched
tqﬁS G to ﬁlggalc&’d’sqfa Y §6:0837 % Rtk ARE MRfdrrddnRuipied of such

nvol ves use of an acid or a base
caidsl aysticetid, heopiesicl but[sagc A-ethyibryenaipyacisiey Theprefgred egers for

];tgq?énﬁérri:%ﬁggaé O?I)él? d 2 otngf;%) E%Eﬁlﬂqgls as l%r AL ?eaf_% %hg &%Bve alkanoic

V#&Ec{) s&h8 118§ar%§er£1%h@d GhrdePy bi ge@aﬁdcagr alRiranehadnakiow 1 ar4

xyal kyl'; and R4 Can be a l'i near or branched
adaklyd, ateme Bie asleaol Bagment/i el seloteth it pasideratign of a

e%é’l‘ie h)fal{%%% 8 %\rgg ﬂaéai n?grg r?%ﬁgofttg %!{ﬁhoéf n% e[%ﬁe‘ Erg thlerlfa%g %E@Hﬁcatwn

Sdéﬁ@ti%ﬁ st tah Be rdné MRl Byadig@ldtioaRvith dase ablit 1s2f056ned I:lﬁlriﬂlythe
to the levulinic derivatives of fornul ae (

Sa), and
(8tiont Ffeans@wnfmﬁgoxmswmw agegrRhishedupsier ar flipary qppditions

| ;‘%‘% ij A dsﬂe %é@ ﬂé’gwbti? lul?% A cggog' aa?gatsg g&gﬁjsﬁ T dedulting

Jhwk i@l@mﬂvﬁm ffozp mempexldmfanmlmumﬂamm(ed Oty acid
(10b): ( 10a) (10b)
esters have formula (9)

(-CHZ)m'Bl
0 ‘
~
R® (CHz)y-A

0] .
- ¥=0 N
- K -, |
wherein R can be a C-1o linear or branched alky! or alkoxyalkyl; and R'canbea
C,-C; linear or branched alkyl; one of AorBis 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-l-n is in the range frorh.S to 21. '
o Similarly to the levulinic derivatives of formulae (Sa) and (8b), the resulting
alkfloxy 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):
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wherein R3, R4, A B, n, and mare as defined above.
The resulting al kyl oxy acyl oxy derivatives of fatty
aci sters and | ower al kanoic esters have e
W(b?"gg/f'?e&?szl ng properties simlar to the |evul Wfﬁbﬁm“?m
ester adducts descri bed above J refore, they can be
used i R@ sulGbkamt i al | yROwA G2 Eshi on for pol-ymer
formul at i as primary plasticizers or as m xtures
w th the ul i noyl derivétiowves disclosed herein to
control prdsence of the fr carbonyl groups in the
pl asti ci §ﬂ$¥ ngr compogi ti @H),tn anot her
enbodi men ) prOVISI02=@f a plasticizer
COMPOSRY1 for use 10 ingvarious PVC containi ng
articles is desired, synt tsis of adducts of
l evulinic esters and epOX|d|zed unsaturated fatty
acid esteriﬂbﬁn be carried 6UP usi ng an epoxi di zed

unsat ur af d est h at cal fatt
g‘@ﬁ@elg‘ﬁ el ‘é%&é‘l @Stgﬁgﬁsﬁﬁgﬂv%f {gl car bon d
at onms. pRUGH; C}ﬁﬁ% Qﬁ’c?lb%& aﬁﬁﬁx* ASH OO i 21537 RElg ettbBitand lower

contain predontnantly ketals of formula (4), and,
V\'ﬂka}mmesbars he\proeachl@lt pldticizing peqyeitieg sBnibr to the levulinic ester

5 snee A aeaprdes TR CRET LB G BB e BahpGmitar
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bi s-ketals of fornula andtrls ket al s _of -

. flevatinogbd¢rivajives @RQoqegliu)erem torscoip] pasencepf the free carbonyl
2007/ 06 PCT/.US20 0 rel n R1L and R2 ¢an be
agr@ips(.g}él}?glﬂ% 'Z%r o&p‘g cﬁé‘é)%aiﬁgy or al koxyal kyl .

It s etk eabodiirhi, Wwhenbviivhadiampiatisizet dftemposition for use
reaction ﬁﬁoducts may. be formed an

b
10 \narwauggs BNEenénining gRichsiecHEaHIBIRS S o6 fpls ¢ V’“hmc esters
r| S zeg%(‘i§6ﬂ§% Gty ?éﬂgb%gfsmééaﬁled%ﬁpﬁné‘ﬁﬁ &dckidized

unsaturated fatty acid esters with a typical fatty acid ester cont1guous carbon chain

of 18 carbon atoms. Such an adduct can mclude compounds that contain

predominantly ketals of formula {4, and, wherein bis-epoxides and tris-epoxides of
15  unsaturated fatty acid esters are present in the star tlng materlals they can also be

convefted to levulinic ester ketal adducts exemplified by bis-ketals of formula_ (11)

and tris-ketalé of formulae (12):

Ty

" p O O o

/\/\')fu_kN_\/\)I\ORZ (11)’

Balsta’y

000 ¢ O 0 0 o]
OR? (12),
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5 oR2 (13a), OR;I Reacti on products nmay al so
i ncl ude conbi nati ons of conmpounds of fornulae (5) 10

‘wbhey@s2{s40) . Additionally, various amounts of porys20e6/045273

cross-linked nodified unsaturated fatty acid ester
defl.Mat KV nel Nedt [ :
pongiith R BRI i el B ol sy PUZIEREARR.
connec fitdsl urdeastasd ihiersubl asibodishealstha ecaeties praducts may be
her .conpounds that, may be presegé I ncl ude vari ous
q%%rmeritap gagbe PEFSERINSGTIPE AU PUCR OB TeaTHPD aEpduels may
. N Ll . o .
¢ FOrRSy B R e e PR R B bE TS (P9 mg 130y
m Xt ures. ~ In further enbodinments, the product ‘
m xture conprising any conpination of ketal adducts
produced fromlevulinic B8ter and an epoxi di zed
unsaturated fatty aci d°ester (typically exenplified
by ketal adducts (4), (1 (12), and (13)), and one

‘or nore saturated fatty id esters (5ypi cally

exenplified by estergyof}hexadecanoi cjor 20

oct adecanoi ¢ actds~and~6f a~noro cogaf ctlisa),
R3-0H), is subjected to a further treatnent allow ng
for partial or subsPBntially conplete renoval of the
saturated fatty affdyesters fromthe m xture of the
ket al adducts. Such {enoval is typically acconplished

by distilling out tpesgsters of saturgted fatty acids
under réducedW&gﬁ@W erature
sufficient to cormence i stTT1%ti6n 0of “Rhd13b).

25saturated esters but not the ketal adducts. Such
conditions for distillation may vary, dependi ng on

 t RegodbA brodacts Rthy\WARLInBds esmbmativvel df campotndsyfdonhulac (5)

10

15

25

~distillation hardware known in the art. [t has been

 aneh (1R Additigallyy yereus, anaeits ofsressripbachmodl unsaturated

Yoty A SERRE O R B ETREA g e

cospimsgieh ity geidasier ateanbnheadted/ viash ether bamtimay also lbepyesent.

5 difference in the_boiling point allows for .

ePFICEFURRO _mswaashe@aiss?&flglad? Qs Qupniities of sagrated fatty
SdciPberd sk b hAtreRN sEHMLRIIRY vidlisPulASc Es%ﬂrs] 'ag@ ttelrdfB}e remain -

col ums or ot her _di still ation colums wt
rigichenged iy tHegesultingyaodedt mikbweset i cal plates. It has

7 been Touldn& rgeir%latbo:)dil::;:uer.lts', 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
octadecanoic acids and of a2 monohydric alcohol RB-O_H), is subjected to a further

treatment allowing for partial or substantially complete removal of the saturated

 fatty acid esters from the mixture of the ketal adducts. Such removal is typically

acdompli_shegi by distilling out the esters of saturated faity acids under reduced
pressure and elevated temperature sufficient to commence distillation of the

saturated esters but not the ketal adducts. Such conditions for distillation may vary,
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partial or substantial renoval of the saturated fatty
esters fromthe m xtures of adducts of levulinic

i th epoxidized unsaturated fatty aci ' _
W(‘f%&é)‘f{ﬁ%ﬂ n the 10 formation of a mixture of S%(?f{ﬁlgo%sm%zn

i Sate LT LR L SRR bk R aion

%P&i@%rb RBowf E&gtﬂe%}l@ QE&SWeeﬁﬁﬁﬁHtthQ%fai adduchaguchl :8 @ompounds

been found t hat nonoketal adducts of |evulinic esters
v@4),m1 b)p@bﬁ)phnzle(dﬁ}hwahnghdioehhg‘ fanmyraamﬂtlr@mert}spwally 25-100° C

I Lified by, Lh f formul.a (4
i Sk st ot S B e e SR sl B ety
'Hlﬁ&‘éﬁ@f}ﬂﬁﬁ@%ﬂhﬁ% Pgmh hl?owslﬁl @ﬂﬁ:iérﬁ rSindell BF sAckdteatiBtty esters

(typica exe by ketals of fornmulae
(msfm sdmﬁbe)dlstﬂlwm dqlspmbmta;uph) as fadling filppeadutong or other distillation

d
et Gl e e e R D AR i e e
q:raa&an o€ akdsyantial &fﬂoeﬂ%fma@ﬁ@wehm ééﬁérﬁfﬁ'oﬁumbﬁmgdlres of

Ketals of formula (4) were found to be excellent PVC

piddeats of leankinie estprsrath @omdl:@qﬁlemwatpmteqofa&ytar:@ egfergrosults in the

_%p@aﬁrtl gs e trF Hgﬁgté Judb \Nﬁ&_?l? | &}li?sgl?%zﬁfgeﬂrﬁi)&‘tiés

ﬂ%nﬁ)aﬁblh%r aﬂﬁl&ﬂmﬁhﬁ@@ oﬂneglrglb&a ek @dssion] mﬁuea&sd or
|nclud|ng many, ot her_ pl asticizers known in the

shsmt gdotesit ba%als;i begn é@lrr@dhﬁm meneietad adducts ¢f lev%exlfdesters with
S L P SRR 4 giis o

rfbﬁfﬁna €4)) @g:m@es gﬁ‘adnge]pl distilied ioneof iho rgxation m1mlqua‘,nmpnmﬁg bis-
wi t'h éepoxijdjzed trjglycerid a, high d
@ﬁéﬁlﬁﬁ@%@ﬁi%ﬁs (wgg}ly,axsmﬁgﬁ% e 05%%%@?%@3) 3. such
t

LD 55000 AP HEL G Yo UATD b pr, s
whh bmwnehﬁar aéxpgh(plmtg Hd)rm‘leﬁge]tc@bilm)ucd lirs pmécmymloﬂess and

usef.ul ul he e zed f.att
&épﬂeasrfaaﬁ pigh ﬁ{ Eris of bl (Ao e %W? %8‘°$I1?I&
gﬂasﬁgiz@ﬁ c%ﬁlg%fa%!/eelﬁgﬁ&ﬁPVﬁ ﬁﬁétﬁhﬁn@ﬁﬁo}ﬁ@ﬁfes to the esters of sebacic
econposi ti 30 products.” The plasticizer conpounds

anéau@@tb@bldsrknmenﬂwaﬁous i ndustrial and consuner

er élmg lr'{lﬁg Hle&s? C%@%}? tléqxg% %ﬁadlr‘gv%%h%{on% of in §:':1r%uggmxtures, _
REN(diRS %ﬂaﬁ?%@i@r?ﬁ%ﬁ&@éﬁkﬁm i tHeau, Blich Mfestory dﬁﬂldﬁ@'ﬁoxyhc

wi ndow franes | exi bl'e:-and rigi'd pipes, tub|

aeidaf witiseagich aa dhe esiers ¢f 2EQIARtG 8@9@@?@ ligyagé |awg'-’hé#allc acid
cons

SRRl LA AR RS R8s
RM‘[H épdxﬁﬁ@écﬂﬁgfycbﬁ@cs thyhlghfd‘egfee of epiitation fanplastidzing

nunber_ of enbodi prepts o
&V@S@@h reeorﬁaxzed Mwe@ég%mdww léP’t‘H’él?léhéeQ by gpogsidized

Qs 1;&19%513,&.9%9 ilh%g YifhdeQ 145, %ﬁb%ﬂﬁ?%ﬁ&ﬂ&z@@%c@aﬂf@a&% are
Wit P romthe spirit and scope Of the
cissalsefitr b suéh tfmmllatgzlny,, ﬂaebﬁ@ndnndofmmymrﬁ Sagmentsprokide 2

th sco ftefoIIV\/ln
des(?lred sta ?h:?ﬁng eitect by acglg as avengers 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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10 EXAVPLES EXAMPLE | A 506. 2 grams of a fully
epoxi di zed soybean oil (Vicoflex 7170 brand, Arkenm)

me%ﬁfﬂd with 1 L of an anhydrous met hanoli CpCT/US2006/045273
~solutron con 'dT,-an'd

~ chrofat ogr aphy.

10

15

20

1= T
th

30

taining 2.1 g 15 of sodi um net hoxi de

the resylting m xture . was Lcal.]. L at .

AP RAHaRahe paY S peryls airl plbes; BB tofpreed

Hoskd, arttons 1eattet) kig%ﬁ%@ﬂ@hsﬁﬂléﬁlﬁﬂ&, fipblieoved derigas
fter the trans-esterification

ravdarnotore pagts, dlestmodict euipmant pases yefiews single and eudti-layeeed
reacti.o L.Xt ure.was_neut.kal i zed by addition of 12.8
gﬁ%“&i}l q%ﬁ%f@pamﬁg%lg%hydr ous potassi um

di hydr ogen phosphate, 20 followed by stirring
overnight (12 hours). The resulting m xture was

fi |t erddumber aftebedimentspf tha diselpsyghayebesirisseribed

SRR TR o ORo8 8 Vi AEEAIS e hA without

Cepa@ink Sebni the bpirit@hd bepangé the disdidsare diccandinpliyeother
hexanes were distilled out under reduced pressure -
ebpginaents prgrithany heoicapet thafolloxdpe ¢lalBR par ent

product- with weak oily odor (485 g) was thereby 95

obt ai ned and was anal yzed by GC- M5

(gas-chromat ogr aphy - mEXAMRIESnMetry). Wien using

a TlICintegration nethod, the oil was found to

o] dgr oxi mately 9% of nethyl hexadecanoa.te, 5% -
of metdn¢l, : 420 ;

epoxy-9- OZCQ %gggﬁéﬁg?’z%ﬁ’%b@%& %@%&%@7 lr?gtbﬁ??‘_i’ ‘
AkBme]l ¥ad BrisEdseitio « ¥ - & ah2nhpdrbasimetboanclicesoluting comggining 2.1 g

uantj ties of, esters of other. saturated an . N
e BB s FrUlR RN PR e g room
%&géﬂﬁ%&é (;1%' “§J) EPOXbEls Z €e th\gﬁ%@ien OF hraAédtarifeatiels over time
wer re

prep froman edi bl e soybean oil (supplier,
ArzelloRahbepas dirohatograbyp Aflpy thgyrans-esterificaion reaction was

Ltrﬁ%g(f Fotﬁfgsrug%é%a | ocgp}aprlla‘&ggg f%a?ﬁc%%a%g{t%%t%ﬁgsblggﬁﬁli%g%?%ddiﬁog
Bt 1naGhmS QP iAk1Nipas dered sahydod poradijeh aitiydrgah phGsphste,

C for about 6 hours. The reaction nmixture

_ _ was
rfellewed by eiétripg oxeraight 612 bgura)p Theaesultinganixts s fepred and
hydro t ' ' : _ , .
SO B SR o0 B lakf o v vi
ViBis waies bidhlsedht @0t f THevesulthsgibil ivag disbolved i Lhadhexanes,

reduced pressure using.a,.r taruy evagor tor and the’
ridlteaech ipng thediesenes wera 1sﬁ41§ggaut ngier reduced pressure using a rotary

evaf)orator. A clear transparent product with weak oily odor (485 g) was thereby
obtaiiled and wés analyied by GC-MS (gas-chromatography — mass—épectrmnetry).
‘When using a TIC integration method, the oil was found to contain approximately
9¢% of methyl hexadecanoate, 5% of methyl octadeéanoate, 42% of methyl-9,10-
e;Soxy—Q-OCtadeccuoate, 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 faity acids.
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10 with 1 L of hexanes and allowed to stand in a
separatory funnel for 2 hours. The | ower |ayer (crude

W(ﬁ&éﬁ%ﬁﬁgg was di scarded. The upper | ayer (Conf'éi‘ﬁ}bfbgﬁmsz’ls

exane-"sol uble materials) was collected and
f nd the hexanes were distilled out under
Wgz%d‘fgssure using a rotary evaporator. The
resul tAR&nEﬁetly, E?Sklﬁlzg@tsé'%'em?ﬁﬂ @ittﬁdﬁs%&e b&%&d& from an
pal e yel |l ow sh ansparent oil wt k oily odor) -

vmbla Soyheah wl émptpilemcm laamielwa@dfamd rﬁh»mpanb)eby fans-
nce

SRt st ieafiod yEDkedirnd bl Fps stimea

hexie08s. 1, Hfr?h%ﬂlaﬁ\bltd&nﬁhgﬁn 6 gfof@g&ia@lq@dil@%wu@twm for about 6
form c acid containing of Tween 80 surfactant,

drvrspaEhessactionmixire ﬁ@@n@tﬁahzﬁd]by pddifempb4Qg offinely powdered

SPATERNS o3t 06 iy 0k ab Bl sl ES cftl 4 P oo o
%Qm%;hp&mlra OMeRafbLhydiktiltddaniy 6 Etheiresusifyl thixt @ udBer
Wﬂﬁ)hmcortl ons over an 8 hour period in order to

dPresawrc aRipEaeiny: e yapamieramd isemraining sejution was mixed
LOARP S A A 08 AW h DG PR dhdrAGn ALk t‘3¥y @%ﬁé’@g K%\!ﬁ% The -

progr ession of "epoxi dation was nD ore

Abtver laﬁmxhﬂatgnmroamasf dibsaddddo Tie up@aﬂlagém(corttblmng hexane-
reacti on ni xture was separated in arato

s hioia matgralS) Hes SRR isden dsrech apbiehekies gess digiilled out
TiAeNRHAR drfSe RhctPidudy bOMOMEE B ANOHS A Ucid eyl

wetde tmxtm&@éﬂ gppals yell@wvisH renspesnt bl mgthoi¢al(dilyGslokigyas

R or BRI stn ety e mranttdadcd sifh PLAST el o
EartAMik Eompositid? ST i Pekas r@&s@cﬂ@éﬂ 1ﬁ'02§ﬂ, offﬁéiayleaﬁﬁ'iﬂd with 100

esters was carried out according to Exanple 1B usi n

(g afiaguedts, 1086 rahaomfdrmicncid comiaiving H8mg eETwberadhentiactant,
malo rocery.store i Iaceo oy Ll
SO R sro R pto e aiing Y Ri ol AR ARSiO kS JEAT &b huixoure

|We{§$:%ﬁﬂmiﬁdsl}(§ﬁr€eﬁf 5@% aad&ﬂs %Ff&lb@en ﬁérBﬂ'dB)(a tcmamifaee nfl§ was

an epoxi di zéd soybean oi | npl es were carried
@ameﬁally @trgdmeé IDfSIHBB B0 ﬂﬂbpwlééie@‘(?ﬁ@@ 8dwyE pemeyin; g5der to

TR i B e AR 8L b Aol 263 B AN poineof

HeyRRAN ThE rcfoaéstsibnameﬁoﬁutm wEShemited G@lMS oAfter
soybean oil' according to Exanple 1, and 1
@nwéamwa fopnd febaifomplets, tk)@rf'éﬂcé‘r)g %#W&W%Sﬁ?a%ﬁﬁd i

? Y 2 élggie %\fﬁ/{he%gnéadh 13(%1‘1 &Ris rd?s%ﬁltd'e@nTHlf‘ ﬁgﬁ%&lﬁ layer

enper ure by neans
rmgmleied ovsi arthyérous Godldmrsul fafe, ﬁhlenadl ahd thfel hemenedwas distilled out

etherat as added. to the re sol uti pon,
RPN S dRsed PRESERLS: heprulime O s analyeed g&g“?ﬁ‘ﬁ and
ﬁgaé $ohedd oM C}Dr!a&fr‘;aflf REfSH W ﬁiﬁ?&bt‘éfﬁ%d HEAGIE@mpM KAUre

returned to roomtenperature OS C), an additional
0.01 m of boron tri. fluoride etherate was added, and

mfﬁfg'y 0{1 m xt ure was stl rred for an additi onal 30

“Synthesis of epox1dlzed fatty acid esters was carned out according to

Example 1B using ohve oil, canola oil, or corm oil samples obtained from a local

19



15 and the reaction products were anal yzed by GC- V5.
The reaction m xture was found to contain

webRpReisomers of the levulinic ketals of for%ﬂﬁsfoﬂ&mszvs
and (11) as principal reaction products: Rl

wh RI d. t t
macteE it a7 bovp 8B e iba ¥ R 33” fhehe

r epstidion] MAsssdisie (VR $70f ] p&perﬁ@nh%u@e%ﬁﬁ %ﬁoﬂﬁlzed
unreacted et hyl |evulinate and unchanged saturated

f seybpamell.dA sramplen aterawemTiph etiahn seake @ms%pgma mgcedures

2Ot B Sob Al i T MRS R e av gt

5 also found to contain small quantities of compound
(12): ORIOR1 OR1 0 0 00 Coo0 oR2 (12), 5 wherein Rl
i & 6and R2 is ethyl. EXAMPLE 7

0.2 g of epoxidized soybean oil fatty acid methy! ester prepared from
soybean oil accordir;g to Example 1, and 1 g of anhydrous ethyl levulinate were
dissolved in 5 mli of tert-butyl methyl ether, While the reaction mixture was stirred

10 at room temperature by means of a magnetic stirrer, 0. 01 ml of boron triflucride
etherate was added to the reaction solution, and émild}y exothermic effect was
observed. AﬁerAZO min of étin‘ing the temperatﬁre of the réaction mixture had
retumed to room temperature (18 °C), an additional 0.01 ml of boron trifluoride

7 etherate was added, and the reaction mixture was stirred for an additional 30 min,

15 and the reaction products were analyzed by GC-MS. The reaction mixture was

found to contain stereoisomers of the levulinic ketals of formulae (4) and (11) as

principal reaction products

'Wm
gl

' O O
/\/\)“U‘_“k/\/\/\/u\cﬁz an,
20 | |
wherein R! is methyl and _R"l 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 un_changed saturated fatty acid ester that was present in the starting

25 material ori ginating from the soybean oil.
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1.mL of epoxidized soybean oil fatty acid ester
(prepared according to Exanple 1) was dissolved in 4

, _W%M%%ﬂgiy net hyl |evulinate, and the reaction &&%@%045273
wa

- 10

s magnetically stirred under nitrogen.
solution was stirred, the reaction was initiated by
adding 0.02 nL of boron trifluoride etherate (an

e et 0 U toghin 1 RigEES Aol 12

sanpl e was taken for GC-MsS anal ysis (sanple A), and
an addi tional 0. 02 m. of boron trifluoride etherate
was added. Af{R' fuPRher©Bliffing for 30 min, another
15 sanmpl e f GC- M5 anal ysi s (sanpl e B).
The GC- M5 anabhysis pf sanple A showed that the

princi pal rea roducts were conpound (4): OR1
WO 2007/-0621 : 45273 and stereoi soners of
an epoxi de-k (13a) and

wherein R! is methyl and R? is ethyl.

EXAMPLE 7

1.mL of epoxidized-soybean oil fatty acid ester (prepared according to

- Example 1) was dissolved in 4 m! of dry methy! levulinate, and the reaction mixture

was magnetically stirred under nitrogen. While the solution was stirred, the reaction
was initiated by adding 0.02 mL of boron trifluoride etherate (an exothermic effect
was observed). The progress of the reaction was followed by GC-MS. After 30

rin, a sample was taken for GC-MS analysis (sample A), and an additional 0.02 mL

"of boron trifluoride etlllerate' was addefi. After further stirring for 30 min, another

sample was taken for GC-MS analysis (sample B). -
The GC-MS analysis of sample A shiowed that the pnnczpal reacuon

‘ products were compound (4)

S ceeee s
0 ‘ @,



wherein Rl = R2= nethyl. The GC-MS anal ysi s .of sanple
B showed that the principal reaction products were

woosmmynes (4) and (11), .and only traces of conpegidseosn4s273

of (13a) and (13b), were observed, thereby indicating
t B s16RBRAHAL S f brt @gam@élﬁetﬁ o?cﬁ@Fé\Hﬁ i &t(%a)' dhd (13b):
the formati on of conpound resulting from

10st epwi se additi on of Ievullnlc ester to the

bi s-epoxi de present in the starting material. _
Represent at i mass- spectra of conpounds (4), (11),
(13) forne n this exanple are shown in the Figs. 2A
and 2B. 15 LES 8-12 The reactions were
carried oqut odescribed in Exanple 7, with the
excepti omt hat |n place off boron trlfluorlde one of

t he™f ot owiig - aty Rugesd), anhydr ous SnCl2 (50
ngy) , SnCI4 (50 ngy) , T|C14 (50 nmg), or p-toluene
sul f oni fRaci d (20 nig). The reactions were carried
out af“60-80C for 3 hours. The GC characteristics and
20 t he -spectra of the products observed in these

exanpl e rein all respects identical to those
observed_i/n nple 7. MPLE 13 The
réacti oh was carfied vut™~asomésid,i bed i n Exanple 7,

except that instead 25 of the epoxidized fatty acids
of Exanple 1, 1.2 g of epoxidized soybean oil WD
20Rek£10 G2 W%@hb&@ﬁ@@@‘lﬁ@?&a(yﬁs%% Tsm@lﬁbwéﬂs@m
was used,.and the amount of boron trilluorid

eprinsipal ma@mnapryémctmwew seerpoond GHend (1t amblerd g @rages ofat

RSB T B A D ShLY pt cppn

10

- r@84) dhll (IBY) iate WeSEHRERY 6@ fhitndn ™ ¢ é)b@mﬁ@ﬁ%s%[tﬁlg froma

was washed once with 10 m .of aqueous 1% 5 sodi um

fotepsvisccRaiditiona I eladinic s iqiherbioepordecmresat &r the pieting
%ggﬁ solution was dried over anhydrous sodi um

su e, filtered, and the sol vent was renoved under

r educ eRkppgsesiativemads-prtia yddngpwuadd (40,1(13%, (93) foased in this

obt ai ped that contajned ketal adducts of nethyl

- |B0mPle Tt BoAIndpOXIsi 28800FEP: Half of this oil (0.66

15

20

g) was ‘dissolved in 10 niL of nethanol containing
0. 2% w w of sodi um net hoxi-de, and the whol e was 10
HANAMBUES 8122 hours. The reaction m xture was then

t d by st With.0. 8 h |
T nel 3t St bttt e Aot ndR BRI 40 W e axoeption
HRAHNS plabd bit 568 mm&h&é@tH@Mwaoﬂéﬁ&b lvda@ QS&}" tanhydrous

under reduced pressure. The residue was di ssol ved
G (50 nghSei e 650ang), (TiCl €p @uhg), Thp-thhieas eul fanse ecid (”0 mg).

gg%a%gj)g%g%r gﬁ%?e@zoéxg gé& &%‘r 3%9d ! hleher(?é C 1}:11!agg:ﬁgtlic!s and
the MS-spectra of the products observed in these exa:mples were in all respects '

1dentmal to those observed in Exmnple 7.

EXAMPLE 13 o
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
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15conposition of this oil was found to be
substantially identical to that, obtained in Exanple

- MPLES 14-17 The synthesis was carried out
wla3ig

10

15

30

87 to Exanple 7, except that instead ofCHYS2006/045273

epoxi di zed esters of Exanple 1, epoxidized esters
p(éjeafled 7 Ho; drkivma) was used. aBs drepdrecun? ofbanen &iflumstile efherate

Dot S R R R ) A RO, B Yo %R Y reaction,
ﬁ{é%ﬁf}fl Elégv%ﬁﬁat@, g)‘a% agtillyEunier 260 ?x‘égsu% ] ‘BRehiiiggdlil was

-oct adecenoat e and net hy )
odizsaleehined) mhobliesanas anf avas twashéchencraddy jlambof agyeous 1%

addj.ti on, the product aobtaiped from 25 the ! .
e Bjoridp R oo R 2f R o VB ok BB lion was dvied
f QU %nh P60 i SOPAtE) URterdD YA the(sBRRAIONATTRINONYD under reduced
35-45% " of the triketal conpound (12), wherein R

Rﬁwsme-h?%l pﬂleEt)GNm@ 1S 2028% htained et wptpmad keird ‘ladc?ucts of
sﬁlg éﬁ be?vu&ﬁ%g ﬁﬁ??ﬁﬂ?{'ﬂ#_\é\fﬁ%ﬂ?ﬁ%ﬁgbg %ﬁ%ﬁ! ﬁ)égé m@g\?éesvtﬁ\gsgi@d in 10

NBANeth&Bhhal cShtainired), 2VdeRy oMBdium methoxide, and the whole was

2007/ 062158PCT/ US2006/ 045273 ni trogen, and wen N
hetirresifor 8 hpots. (e AeagHan BTxRFe WY thenpentraligedpy sturing with 0.8 g

tri - (1.2 . . . _ A
61 G 0kl B L OAUERE D o e,
r ﬁﬁb%lie@lﬁbthml wagdistillaboutyindern redettd pastsura) Tharesebicatas

65-70 C by neans of an oil bath he progress of . th

r dissalveshindfambefhexanes gn ;ilt@@,-%wé‘.h@ FaPS H{eFe ROV pb uader

c . - ' r

e otretiie, b HEAUERGs O (044 iy iRhalRR] bRERIMS I THe

t enmeositiatr & this oil wasNbtid/fo Hessubbtantieiky iderical totthdtjobtiined in
oéf'un]g%r reduced pressure by neans of a rotary '
er5peP with the heating bath set at 105-110 C,

and using a vacuum punp capabl e of providing an

eventual 6 nm vacuum The resulting oil was

EXAMPLES 14-17

The synthesis was carried out according to Example 7, except that instead of
elpo;;zid.izedl esters of Example 1, epoxidizéd _esfers prepared according to the
Examples 2-5 were used. All products wére found to confain varying quantities of
compomld (4)_;:1nd ( ‘1 ), wherein R'=R?=methyl, in prop_ofcions reflective of
aémnrc‘ianc_‘,erof epoxidizéd fneﬂiyl—Q—octadecenoate and methyl 9,12-

octadecanedienoate in the starting materials. In addition, the product obtained from

" the methyl esters of epoxidized linseed oil faity 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 methyl levulinate, and the whole was magnetically stirred under

23



10 di ssolved in 600 nL of hexanes and was washed with
100 nmL of 2% aqueous sodium fluoride, and then washed

' ith 150 mMl of water. The washed hexan
wéﬁo%m

10

15

was then dried over anhydrous sodi uﬁ?(g{{p‘?zgpgmszm
filt The .fi I I dh
aPieet, gt Bise horas. (QeG e are Soen o by Bor BHaeaAE
Wethiate (m aqnm% mt?&ﬁﬁsdim Tp&itibes@l 3 mm eaeﬂ%gm@l Rl éltervals

(336 g) was of pale yellow anber color a
f while ﬂl@lrba;ctlom m'-rasmqgnetaiaﬂgﬁ;tmed ind mhigkaoieb 66 10:°C Bhmeans of

oi | @W%gfﬁs ¥W?$ %g g rﬁ%@@%%J“?ﬁ% {3@‘ M%e After all of the

IOé by
Pl S o 0 ST o) NS o

mﬂmé&eatﬂmmtemmrer ound ' bottom fl ask attached

vas: ap B R R e S ARAR R pPGRwE Y ieitdbra

e\t BdpovaAcy WilhGhe ReatingTbhihi 204t 10518 orat, ahdl Q6ink b 3s&uum
containing starting material was gently heat ed b

iRk cappblg of peaviding as @ventuﬂl ﬁrl?ému vgeun s ihe sgpbingrabv e

Sl B R 0 BRI T BB e

nestifiyd flasideg mﬂmt\@sh&mnca wsith ﬂB@hﬂ off Wik, Themaskkd hexane
after apprOX| mat el y of nmeth hexadecanoat e

SREHLIOB (TR L %@Mé&&hé‘é’f}@f@k@ sediga Judt gequld, fijterge The filtraie was
SHEL A% bRt R0 HGRBE SR BEehS ML bbb o s
reti yddacllmlx a?me‘amaﬁipm?tdls melt(hydi %)c))wﬁsa@lﬁndﬁ@ patcﬁv-aﬂibeldcolor and

cedur e_of .Ttemoval " of et exagecanoate an
ﬁ@ﬁ ﬁmbe%a%%ratma@leofmhﬂéﬁééesw% el o1} Wab analyzsd hy GC-
eg%fawab o6 BB %EEZ{I e}p@oun [l it Rl to tﬁé‘ﬁoduct

ting et er i ar: to contarn

mbitamﬂdmbmmrgterﬁsmmm@rs of the nonoketal (4) and

the dilcetal (11), and small quantities of triketal
(12), wherein Rl = R2= nethyl. The resulting m xtures
of compouwgsrwepeal so-found to contain small anmounts
of nmet hyl hexadecanoate and nethyl octadecanoate in -
varyi i§ gmfdlp@)pmd@ﬁtsabtalth@i indixamplohi was placedrint EhWO—sll round

when, t

BB ERR icBef BT Cp B P gl B4 G s

hﬁﬁnemmwpmﬁ @hpable SPréFEARERNGvERhal ViRDLRGTTRL @l}bar. The

2.9% (Exanpl e 21), and approximately 5.1% ( Exanpl e

2oipting flogki cgmalmgg(pmpgg mpaerial was gently heated by means of a heat gun
set to provide a stream of heated air at 250 °C, to allow for commencemert of a

steady distillation of methyl hexadecanoate and methyl octadecanoate. The

- . distillation was stopped after approximatajly 5-10 g of methyl hexadecanoate and

30

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 se\?eral times, each time with

a fresh batch of starting material. The resulting materials were found to contain



1096 granms of the mixture of conmpounds prepared
according to Exanple 19, containing predom nantly

W%?‘%g gng ) and (11), wherein RI = R2= met hyl, /§§2£067045273
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- 3-net g%/l but oxi

a 5|OO hm round bott.om fl askdat t ache
K
L Bincina SR g a5 Hep e ahd B i Lo bt eRa
v Re0bs Qﬂétalfg 'd@@e'mn‘ﬁ*& Rl ﬁ}gthgg e@k%lﬁﬁghﬁme@ @f

arting materi was gently 15 means

' hetanpcg.mds siete 4lso fimod italeondais smel amofinty eﬁrrwdly& hexaglecanoate and

AP PR T B P EPERy TP IR EORP Hereiy!

| AQAdbRG 04 GRA McRE tsaa&&lemoa@@ Gt %a@h%&gétﬁe@twmo\aﬁ@ to be less
stopped by turning the heat off, he materials

wihar Oall% (hwedngile 18) epproximadeiynl t5é/nﬁfsqampdﬂ 20uapeeximately 2.9%

R et i uBe Rt BB ot 2 P bt 20

anal yzed by GC-Ms and was found to be 96% pure
monoket al conpound (4), wherein R 1= R2= net hyl .
TEM@&D@’%onpound (11), (13a) and (13b) were also

r ormi PR AL Bl OF B AR et B BBl raple 19,

acvaltalning pbedoﬁﬁqé&ﬁymww abd Y, wikreiom' ai mz = methyl, were

approx1 rrately 80% of the 25 stereoi soners_of diketal -

@ Y0Pyl round befforp Haskwiishas tala rpteying Kigelsphgrtype

?Téei)?ﬁfa:tﬁs' @&%i@%ﬁaz%%fﬁl% ubitg) T%@B%ﬁgéﬂie Eifapro'?i%*ng an eventual

max,tumebf Odntmiliban Theebiating ﬂ}skamdtmhlkg ttatting i dteriRiwas gently

RO
Qébﬁtl@ﬁxsﬁ:xﬂ%%%éé’&rﬂ\%n&&% 2&? fgxﬁlﬁeﬁftﬂzgﬁﬁllns Wr bifdtillate was

appr oxi nat e w of sodf um et hoxi
(@B pctad mytd rthmscmvﬂngtvaml and the chqjmatmm Was eﬂopp@l lﬁ%lwimg the

e eéﬁﬂiﬁ s gfored S b A RS 4RO A houum,
(B di DS (FOdagn glé PR as? Zﬁ@&iﬂall‘ﬁﬂcbf&ul@ss:’a%ﬁﬁdoﬁ@éildﬂ“It was
5(28) exyl al cohol h

anabyzed by 6ui-MB @cbwag/fon@j( m(l‘peo%ﬁ% pure monoketal compound (4),
wherein Rl=R?= methyl. Traces of compound (11), (13a) and (13b) were also
found (Example 23A). | o

The residual oily material remaining in the distillation flask (Example 23B)
was _analy'z'ed by GC—MS and was found to contain ap‘pféximat'ely 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), R] R’ =
methyl ag pnnmpa] congeners, prepared according Example 19, was dlssolved in 40
ml of one of the followmg.

(24) absolute ethanol with approximately 0.2% w/w of sodium ethoxide,
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The solutions were stirred for 12 hours by neans of
magnetic stirring at room tenperature (26 C).

(Eﬁ‘fb%gﬁayzon of the trans-esterification was npé‘i‘lbgioﬁ@;mszm

y analyzing small aliquots of the reaction m xture

by GC-

wher ei w&%ﬁ %%%@g%‘}ggﬁﬁnép gﬁéﬁl r{lgﬂr:i%/ @V\%}gr‘é%g gmé? o
Rbutexidd0 R2 is nmethyl and the other is ethyl,

n- butyl i sobutyl; isoany|l or 2-et h)il he/y wer e

det ect(@6) aregrais dsobatanobwiia deprapiastaly 0 4P nﬁmk@‘ﬂa#obutomde
4
EchrpiCL 54y R R S0y RBULEE s by ueonice,

respe (%Byﬂeﬂzyllf&xyhﬂcéﬁw Witha013% e s@diiuhi z;emymmma@t i on
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anal yshhe sofyiton a%eq TiBFed i 2iheis e meansef ma&n%atlmng at

ttlaﬁm Qﬂhéﬂagﬁ%f’z’gr% 4.0 éss nlf tﬁ@%ﬁﬁrﬁﬁr@%ﬁ&[ QHS monitored by

assi at e
vaug,lyzmgssrx&nﬂl almumg oéﬂaarmmnohmmmrmhy@ﬁ"ﬂs Mixﬂmmrcef

The sol e then ar ed, nd ce s ,al cohol _
fqoarﬁa%&i L35 ) eranat ar%ffﬁc &7 apd fioesg one of R or
x5S ﬁféf 1 9 ﬂlerdi’ﬁé iy/ etﬁ}‘laﬂ%%H Qo1 {sodn Pd}siétﬁylhexyl were

wei ght for each sanple’was reache The O resulting.
alekepiedr oduct s were anal yzed by GC- M6 and were found

wher oHepRgRebaRs HaRheta RETRAKEA] (gl prepared and
les 24 SR Me shdwRBIME Figk: $bhd UNRXpdctivERFA

I\/PLES-29-4O 5Trans-esterification reactions were

carr i chfiardbe tawsoestirifipation mtmqﬂ wes substandalbsconepletepas judged
t,h st.ar.ti erial rlsn | evulinisg...
BRGNS abuPES 9 reRbST iy Rl SRR bl Bfirian o5 0.4
1018 ¢ 6K pIPEGEd dshyd2Sus pblassidih diBidro fditplbiBhate,Tollowed by a '

resul ting product mixtures had Rl R2 sel ected from

 stigaPUSHTHAG A TpPIeDershire faield hoars. Skhe sofions aieribes filtered,

El%%géél‘. afehhdl” d‘hg%che rieswg{ dl?t%(e%dcﬁﬁ %ﬂ@éﬁeﬁce Wlpr%ssme ona

ecanol C. acCl uan I es consI stent
trhﬁr}f cvaporatn@e] b ofiseant ssteaglﬁ forgacinsmnplaias pedched.t The

thetrans-- terification, E 41 Pl astj C|zed
PeR %ﬁib’sﬁrf’ WS WersARAhERH §Y E‘éﬁ%‘twswm)fo {OCPR{pin

© Weddominantly compounds (4) and (1 1), wherein R' =R?, and R1 and R? are selected

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

EXAMPLES 29-40

Trans-esterification reactions were carried out according to Examples 24 and
25, except that the starting materials comprising levulinic ketal adducts (4) and (1 1)
were prepared ac:corciinU to the Examples 18, 20, 21, 22, 23A and 23B, the resulting
product mixtures had Rl R2 selected from ethyl or n-butyl and oontamed various -
smali 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.

26
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prepared. Sanples of neat plasticizer conpound
m xtures conprising varying anounts of ketals (4) and

pared according to Exanpl es 18-40,
wé kdo)mﬁﬁﬁf V‘ﬁé’ijyézoowmtsms

oroughly pre-mxed in 20-m glass vials wt

%%W{{ (average M ca. 55,000, average M,
‘ herent viscosity 0.92, relative vi SCOSI ty

2. 23, P}am&zeqrm&: Borapitibins ebmpasing BympOaids (upand (11) were
34, 677- 2% in proportions providing for a final
gt

prtaparedi Semplevel rsat plasticasygompowid IBIATBY CHRPIEHRES varying

AE%%%%&% S B e Y ARS St Bl SRR b0 e
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m ni we(ﬁlawtrm@:onqmpeeawmﬁ (widigfpsntial sgmmggcalonmetry) and
éog#%g 45 Qhrlflltdg‘?én da-w\%exzécoﬁ’l %ﬁ& 'ugihg ﬁgtlcﬁ%&i %g@%’rsg?&n{e?g cut from

U &8 BFepar ed-accord

- 4Re waalefioodyd to be superior to, or comparable with

t hat of_ _bis-(2-ethyl hexyl)  phthal ate.
conpat IBP‘PIPP ﬁﬁmmww ggc%p@ogﬁga were found

BeESPE ks o SRR GO

mlss 1tuans1nm tetpacaturts Al oomrmrmesm the3fdnplaptidizgl polymer. The
ono the pl ficac

) 38%'33&1%% Ve slaitnbo Bate SEhit bins 2wl ungproperdes,

Fhiielo m# RS RtaliEuRIrAs bkt 2RIdaGORRAL Mhe VO
20071062158PCT US2006/ 045273 conpri sed predom nantly

rpdmtlkle:n@i efﬁd@cy anf diemonmohad mlxmes)prmd@cardag:toéimymples 18-

3 Firssiagio b il & e RARRR G el tim gy D)

%ﬂlﬂ'balatm@ b&nﬁﬁ%ﬂﬁ? RAEE Bitﬁcﬁhbﬁ Moreperfibdibre also found to be
exadecanoat e and - oct adecanoate was at about 5%

Shpdrins do hat olspghidized sph@aploals&nddql%@ethslhé&m phibalgte at the

.y f the plasticizer with PVC and
?Eagvxgl A %rnnr?%glllap lgntt(%‘é’{eézudatl on as conpared to those
sanpl e bptinidl lccﬂlbtﬂaﬁoﬁ enteplasatizing aficalykyl compatibility was

hexadecanoat e and al kyl - oct ade, canoate was in excess
obseapest undsughe cond1t1ons ested when mixtures of the plasticizer compound

27



10

15

20

25

- iof Expmples

EXAMPLE 42 10Sanpl es of plasticized PHB,
(pol y(3-hydroxybutyrate, natural origin, Tm 172 C,

wo biphéxsk by Signa-Aldrich Cat. No. 36, 350-2) mMer/8s2006/045273

prepared according to Exanple 41, with the exception

Jbgﬁpgsgfn?lteﬁmraﬁ%g hﬁ)n‘af{etﬁlr@) Eﬁdzé Z{m s REER2Alethy]

es of
tdren-pityls tHucthznmommhp sampﬂss off thx mlxi.’ufes of plagticicempoimprisigg

oA tab (ol ek bt HowBrreiy S ripaitioaifaln fetadesanonte
wha e o&adecan{%evammﬂou%%%& ol bWe?gHt Quad fiatbaxe

sati sfactory sticlzin ficiency
oxxhrihéted betltartcpmpaﬁhﬂxty drfd;hc p}astncuzao mathtlﬁée @dd wheved Yigually no
ﬁ%‘%%m \rﬁgltcé]i%gar%gﬁg ltl}?a%tgl o 1%{1:163#)11%%@0%,011 OP éﬁcyl

%&a&%&%@ ey ﬂkﬁﬂcﬁaﬁ%@&@ %9@; &xcaido bt 5%. | |
oct adecanoate was at or bel ow about 1.5% by wei ght of

the plasticizer. 20 EXAMPLE 43- Pl astici zed

- éEcgrrposi tions were prepared according to
' Zf except that a cellnlose acetate pol ymer,

W th 33n %s&ﬁ%‘léé’ﬁci%@@l’ﬁm 3MydroxgbutyPat GRtural origin, Tm '
(Si gna- Ali%drl ch Cdt.. No. 095-5) was used The

: r1é7§3°!3t sippbied Py SmﬁédlsthﬁiataNOt I59-2)1verse perpeadrasgording to

g ,&FWL%F]] gﬁgltﬁg ;a%%n‘g%u 12t g%rﬁﬁgéﬁﬁcp&fthé %ifing\@ﬁgmbé was set

Vil @@, miRha 18m8 wlad s&ik) 3 lnbheard mixnbémfuihe glaslidiyér compounds
al koxyal kg "one of (A of B.is he/drogen and.the other .
B140i comprisinadiias G aub(dd Meveipsted koo 20 and 30%

z 1
PG S0 PRkl Bhbo Al faBRLER' AL ReAflptny
Stm efuntte hinge satishabiery plagiifingeffiiehoy 24d cé@mpatibility under the
n 1gggsdteshtgc\i/ Lvrﬂgn ttl?eecofngénrtrr%lugn og lrnllasumerr was at or below about 20%
by weight, and when 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 pl'ei)ared acbordiﬁg to Example 42,
except that a cellﬁlqse acetate p'oly_?mer 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 polyesier used in Example 42.
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wherein Rl is a Cl-Cl0 linear or - branched al kyl or
al l coxyallcyl; one of Aor Bis hydrogen and the -
other is carboxy group esterified with a Cl-Cl12

i near or branched al kyl or al koxyal kyl; and m and n

WHEAF R tgapessent |y -integers fromo0 to 20, wherein the

sumof "mtn 1s in the range from8 to 21. 3. A

conpoynd .hayi he fornula: wherein: R and
LA ggﬁng%?%quee@g%uhaﬂ y a C1-C10 linear or branched

al kyl or al koxyal kyl. 4. A conpound havi ng the
formul a: ORORI OR2 erein: RI and R2 are

i ndependently a C1-G @ |inear jor heméhed al kyl or
al koxyal | cyl . 5. & co#po vithg the fornul a:
wher ei n: © ‘
| o7 NoHgeh
wherein:

- R'is a C;-Cy linear or branched alkyl or alkoxyalkyl; one of A or B is hydrogen and the other is an
" esterified carboxy group derived from an epoxidized unsaturated fatty acid ester; and m ar_id n are
independently integers from 0 to 20, wherein the sum of m+*n is in the range from‘8 to21.

2.A compound having the formula: - -

) o oL CHouB
| o o (CHgA

* wherein Ri is a C;-Cyq linear or branched alkyl or alkoxyalkyl; one of A or B is hydrdgcn and the
other is carboxy group esterified with a C;-Cy, linear or branched alkyl or alkoxyalkyl;

and m and n are independently integers from 0 to 20, wherein the sum of m+n is in the range from 8
t0 21, ‘
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RI and R2 are independently a Cl1-C10 |inear or
branched al kyl or al koxyal kyl . 6. A conpound havi ng
the formula: OR2 wherein: R and R2 are

i ndependently a Cl-Cl10 |inear or branched al kyl or

3 A%@%X\Acﬁ%ﬁ+%@g&rﬁuﬁpnpound having the fornmula: ORI

and -R2 are independently a C1-C10
| i near or branched al kyl or al koxyal kyl. 8. The
compound of anyOBﬁe of claims 3-7, mher§'9 RI and R2

are independ ele consi sting
of methyl, ethyl, nxQutyl, isobutyl, ipsoanyl, and
2- et hyl hexyl . - O

wherein:

R! and R? are independently a C,-Cyo linear or branched alkyl
or alkoxyalkyl.

4. A compound having the forrmula:

wherein:

 R'and R® are independently a C;-Cy linear or branched alkyl or
alkoxyalkyl. .

5. A compound having the formula:

orR'  OR' OR!

o0 0 0 0 o B O

\)_U—_Udk/\/\/\)LORZ

wherein:

R'and R? are independently a C;-Chy linear or branched alkyl or
. alkoxyalkyl. ‘ . -
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9. The conpound of claim8, wherein Rl and R2 are

i ndependently selected fromthe group consisting of
nmet hyl , ethyl, and n-butyl. 10. A nethod for

" preparing a conmpound of any one of clainms 1-7, or

m Xt u es tgﬁreof ‘the method conpri sing: a)

6“A°%ﬁﬂ3ﬁl aigs dized fatty acid ester derivative

and one or nore of levulinate ester, levulinic acid
.and angel i cal act one; or' b) effecting the
reacti on between the co unds of a) in the presence
of an acid catalyst, wherenjn the reaction results in
the formati on of a conpoun f claim1-8, or mxtures
thereof. 11. A plasticized olyner conposi tion
conprising: a) a base pol ; and b) conmpound of
any one of cl ai L g pol yner
conposi tion of cIa|n111 wherein the base polyner is
sel ected fromthe group consisting of a vinyl
cﬁhﬁﬁﬁde pol ymer, a pol y(3- hydroxyl al kanoat e)
poly and a pol ysacchari de polyner. 13. The

PR et FRE afzerdiepzmldyrrt’hfra G éhplwiat prdmanglied@lial enalkpxyalipér ei n
t he base polyner is vinyl chloride polyner.

7. A compound having the formula:

wherein:
R' and R? are independently a C;-C o linear or branched alkyl or alkoxyalkyl.

8. The compound of any one of claims 3-7, wherein R' and R? are independently selected from the
group consisting of methyl, ethyl, n-butyl, isobutyl, iscamyl, and 2—eth_y1hexy1.

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

10. A method for preparing a compound of ::my one of claims 1-7, or mixtures thereof, the method
comprising:

a) prowdmo an epoxidized fatty acid ester derivative and one or more of Ievulmate ester,
levulinic acid and angelicalactone;
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, b) effecting the reaction between the compounds of a) in the presence of an acid ﬁ:atalyst,
wherein the reaction results in the formation of a compound of claim 1-8, or mixtures thereof.

11. A plasticized polymer composition comprising:

a) a base polymer; and
b) a compound of any one of claims 1-7.

12. The plasticized polymer composition of claim 11, wherein the base polymer is selected from the
group consisting of a vinyl chloride polymer, a poly(3- hydroxylalkanoate) polymer, and a
polysaccharide polymer.

13. The plasticized polymer composition of claim 12, wherein the base polymer is vinyl chloride
polymer. '
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