201100243 1 Ozonolysis of unsaturated fatty acids and derivatives thereof
The invention relates to a nethod for the ozonolysis of unsaturated fatty
acids and derivatives thereof, conprising the steps a) ozonolysis of an
unsaturated fatty acid or of a derivative thereof 5 in an organic phase
conpri giNgoMdy or gani ¢ sol vent, and b) contacting the organic phase with an
aqueous phase conprising catal ase and preferably a buffer, where the
unsaturated fatty acid or the derivatiye thereof has a |inear chain having
at | east eight carbon atons, and the use of catalase for renoving reactive
oxygen species froma reaction m xture conprising ozonolysis products of an
unsat Urated tatty acid or of a derivative thereof. 10 Gzonolysis i1s a

nmet hod established in synthetic organic chemstry for cleaving a C=C doubl e
bond of an unsat ur@¥EVRFA geeatyaIFcBMY BFift PO RAPHETHNeE8hpounds. The
latter may in particular be carboxylic acid, aldehydes and al cohols. In
mechanistic terns, ozonolysis involves a [’2+’)] -cycl oaddition ofthe-ozone
onto the double bond, which gives a primary ozonide, an 15 unstable

i nternedi ate, which deconposes to give an al dehyde and a carbonyl oxi de.
The latter can either polynerize and/or dinerize tocgive a. ,
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carboxylic acid or reductively to give an al dehyde. The al dehyde can be
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only t econdary ozonid whi ch can be worked-up to give the desired
pr oducthg, desiyetivel @gr@f rfi@ﬁt?e‘me@f CB@'BrWﬁ@t at leppiceighfi ??gb%éfqné% PREXBE aiFe of

di mer, - AR.8d M GEmolifh §EEGTe [RyGS ENEHaPRsX Bt nBaoR! Sien@RHgeicRbIyaed
al so hydrogen peroxi de produced therefrom Moreover, the formation and

25accuﬁ”9ﬂ%$éﬁafbﬂn%?é‘é’éf‘?€é?t§b’ Wb A& JValeCiEehbl e with regard to the
afety of the reaction inplementation since conpounds of this type are know
to be expl osive. The formation of the other by-products |owers the yield of

the reReenaisis Bspawthad gstablisbed imeyniiriicoyernip&hexisty B daRded 2 %‘“%|d§6b'ab| e

to oxi S'ér?oeop%ﬂd&%ga%r%dsw GAHRAL tos?&ﬁﬁ t\ﬁd‘@ardoﬂyﬁ@orﬁQMd@g,Thbotaft@rr May in
addi ti onal by-products desired carbonyl npounds that are forned can

lead tATedaTast SRIPPOAC BFICNTIHREES au%a@hia*éd'nd‘awé'ﬁ%? F%’Wspﬁ’%?@etyﬁ'é involves
2011003‘%@2 ]-cycloaddition of the ozone onto the double bond, which gives a primary ozonide, an

15  unstable intermediate, which decomposes to give an aldehyde and a carbony! oxide. The latter
can either polymerize and/or dimerize to give a 1,2,4,5-tetraoxolane or, in a further cycloaddition,
form a secondary ozonide. The secondary ozonide can then be worked-up oxidatively to give a
carboxylic acid or reductively to give an aidehyde. The aldehyde can be reduced further as far
as the aicohol (Vollhardt/Schoier, 1895).

20
A disadvantage of the method is that from the carbonyl oxide is formed not only the secondary
ozonide, which can be worked-up to give the desired products, but also a number of by-
products, including the tetraoxolane dimer, an adduct, referred to as hydroperoxide, of ozonide
and water and also hydrogen peroxide produced therefrom. Moreover, the formation and

25  accumulation of secondary ozonide is unacceptable with regard to the safety of the reaction

implementation since compounds of this type are know to be explosive.

The formation of the other by-products lowers the vield of the reaction, especially since the
hydrogen peroxide produced is also able to oxidize products of subsequent steps and, in so
30 doing, to form additional by-products. Undesired carbonyl compounds that are formed can lead

to the formation of numerous undesired condensation products.



2 Agai nst this background, the problem addressed by the invention consists
in providing an inproved nethod in which the appearance of harnful
secondary ozoni des and troubl esone byproducts is reduced and the yield of
the reaction is accordingly inproved. 5 Furthernore, the object of the
presendgqspyention is to devel op a nmethod in which the reactive oxygen
species in a reaction m xture conprising ozonolysis products of unsaturated
fatty acids and derivatives thereof are broken down w thout consum ng
reducti on equival ents. 10Furthernore, the object of the present invention
is to develop a nethod in which the degradation of the reactive oxygen
species in a reaction m xture conprising ozonolysis products of unsaturated
fatty acids and derivatives thereof is achieved by an alternative catalyst
whi ch Agginst (i RaskorsEBY ethe; ReleBRaEssaco DX 4ha | Ipeinton, SaRsIRE e PYding an
15Fur tihgrdiRA SnethSeinOhiSS theQippb AanBs 8SRdinfill REEMdaBNoidhided ahavRudRsemeBlhod
in which the treatnent of a reaction_nixture,conprisiqg ozonol ysi s products

of unsPEcht Ededusedpnd dheeldi thed PAGHRNI S 8L MBI SRPIPY?Y t he pur poses of
reduci ng the concentration of secondary ozoni des, takes place under neutral
conditions in order to avoid secondary reactions of a onol }zsi S

: . dehydj c
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degradation of reactive oxygen species w thout %§ yiri ng change of
sol vernd derivatiyes dhaspef 256 REIKED HPRE MENGYtEORRWTIEg & L&‘)O‘? RRUNRIBfBCt natter of
the present invention and in 25particular also by the subject natter of the
attached i ndependent clains, with enbodinents arising fromthe subcl ai ns.
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cat al agg ipRebvRl @f ettt sYeom v d Blcatalyd@ldda2iBedo.

16  Furthermore, the object of the present invention is to develop a method in which the treatment
of a reaction mixture comprising ozonolysis products of unsaturated fatty acids and derivatives
thereof for the purposes of reducing the concentration of secondary ozonides, takes place
under neutral conditions in order to avoid secondary reactions of aldehydic ozonolysis products
favoured by extreme pH values.

20
A further object of the invention is to improve the method such that it results in an accelerated

degradation of reactive oxygen species without requiring a change of solvent.

These and other objects are achieved by the subject matter of the present invention and in
25  particular also by the subject matter of the attached independent claims, with embodiments

arising from the subclaims.

According to the invention, the object is achieved in a first aspect by a method comprising the

steps:
30
a) ozonolysis of an unsaturated fatty acid or a derivative thereof in an organic phase

comprising an organic solvent, and
b) contacting the organic phase with an agueous phase comprising catalase and

preferably a buffer,



where the unsaturated fatty acid or the derivative thereof has a |inear
chain with at |east eight carbon atons. 5In a first enbodi nent of the first
aspect, the organic solvent is an organic solvent which, in the presence of
an aqueous phase at roomtenperature, forns an organi c phase separate from
the agypoys4ahase. In a second enbodi ment, which is one enbodi nent of
the first enbodi nent, step a) takes place 10in the presence of an agueous
phase. In a third enbodi nent, which i one enbodi ment of the second

enbodi ment, before step b), the agueous phase is renoved fromstep a). 15In
a fourth enbodi nent of the first aspect, which is al so one enbodi nent of
the first to third enbodi nent, the unsaturated fatty acid or the derivative
thereof is a conpound of the for mul a () RI- (CH2),, - CH = CH - (CH -

" 00R2 (Where dmaeseturgedifatts asid or dhe @@fﬁ/ﬁi'\t%@em(*ﬁs\mlif@ﬁr el Mith E?ﬂ%&?‘@één,
HO-, Féﬁboﬁ?ﬂgha R20C-, unsubstituted or substituted, preferably

hal ogenat ed, al kyl, cycloalkyl, het erocycl oal kyl, aryl and heteroaryl,
where R2 is selected fromthe group which conprises HO, substituted or

ungubshid gteshBddiREM of 4aakike a%ét 1Rd KMpaKYsoRRG Y& Qr@bkn@&)ﬁlv@ﬁt\/wmgh aRend O

seven carbon atons, -NR3R4, aryl oxy and benzyl oxy, where and I% each
case, m@pncméa@ﬁl@eﬁuswf@ﬁe ah@oahf@msfawrarf@ 8RB ERG Wﬂ?ﬁﬁ?@a@

conprléﬁé fgen, alkyl, preferably nethyl or ethyl, alkenyl, aIkynyI
aryl an benzyl 30 and mhere x and y, in each case and independently of
one another are 0 or a larger integer. 201100243

in a second embodiment, which is one embodiment of the first embodiment, step a) takes place

10  in the presence of an agqueous phase.

In a third embodiment, which is one embodiment of the second embodiment, before step b}, the

agueous phase is removed from step a).

15  in a fourth embodiment of the first aspect, which is also one embodiment of the first to third

embodiment, the unsaturated fatty acid or the derivative thereof is a compound of the formula (1)
— (CHy)y — CH = CH ~ (CHy), — COR” (1),

20 where R' is selected from the group which comprises hydrogen, HO-, HS-, CHO-, R*0C-,
unsubstituted or substituted, preferably halogenated, alkyl, cycloalkyl, heterocycloalkyl, aryl and

heteroaryl,

where R? is selected from the group which comprises HO-, substituted or unsubstituted alkoxy,
25  alkenoxy, alkynoxy and cycloalkoxy having one to seven carbon atoms, -NR*R?, aryloxy and

benzyloxy,

where R® and R* in each case, and independently of one another, are selected from the group
which comprises hydrogen, alkyl, preferably methyl or ethyl, alkenyl, alkynyl, aryl and benzyl,

30
and where x and v, in each case and independently of one another are 0 or a larger integer.

in a fifth embodiment which is one embodiment of the fourth embodiment, R' is hydrogen, R? is

HO-, methoxy or ethoxy and the sum of x and y is nine or more.



4 In a sixth enbodi nent of the first aspect, which is al so one enbodi nent
of the first to fifth enbodinent, the fatty acid or the derivative is
selected fromthe group which conprises oleic acid and erucic acid and
esters thereof, preferably nethyl or ethyl esters. 5 In a seventh
enbod|¥ﬁ b&%h the first aspect, which is al so one enbodi ment of the first
to siX odi nent, the organic solvent is selected fromthe group which
conpri ses R5R6R7C- O R8 or i ntranol ecular ethers thereof, where R5, R6 and
R7 in each case, and independently of one another, are selected fromthe
group whi ch conprises hydrogen, an al kyl or cycl oal kyl having 10 one to
seven carbon atons, and al so unsubstituted and substituted aryl where R8
is selected fromthe group which conprises hydrogen, an al kyl, cycloalkyl
hydr oxigad leixth amiodimieok pathieyfirshaspary \Whigh ioalseveie empbpaiReat ghie dshto fifth
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one of era ica I's met 151 n ah el ght h enbodi nent,

whi ch acid ankerpisGaidrasetestsrs th@ée@eﬁféﬁﬁfﬂ’%’ﬁﬁ%’m Predity! e616ES-or gani ¢ solvent is a
conpound of the fornmula RBRG6R7C-OH, and R8, R6 and R7 are, in each case and
i ndependent|y of one another, selected fromthe group which con‘Frl ses

met hy|In asewghth gmiasimentiittys fieh @sprohrwhich Balse anqiembRdesbal hertst ispdh i s
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but anol . I ment first aspect, which
aI SO dn@a@ﬁb@‘dﬁf’n@fﬁﬁfsometeﬁ’é WWF@thﬁ cR nist R éhsaeh sask., afldh’éd%ﬁ"\?ﬁ@mf PfaE‘E? on
of the,g a(m&ﬁj Hﬁﬁﬁh@%%@%h&g céﬁﬁrlﬁsmr%&héﬁ%lkyzéf @Jc@déiﬁffﬁhé\ﬂné he
voI urre of bot a

t ot al ses, 1S nore nor e “pr ef era 5 to 30,

evién reeelopssbe catbog AlETs GEAlpe HowbsitUIad a0 AR BRI BA e IS
first @&P?ﬁé gach’gj' fhich %oﬁ'!pﬁ@@é’ﬂ?df%ﬂ@?ddﬂiﬂgf @ cféefﬂl?yif hﬁcﬁb?@ﬂk‘%ﬁ 8 Bikoxyalkyl

enbodi nmen | ase is presen F In a thirteenth
ermbodi haying e tpisever easbomaipat anGHNLLPs @teawwuaﬁéuf@ﬁﬁ&ﬂ@ﬁ%ﬁﬁn%ﬂ PHYErS st

to tmeé)ré%efﬂa@"t@ﬁgéﬁ%ﬂé of hBSafbhioR e ROMEQUStRf1ase in step b), before

contacti ng he organic phase, is 3 to 11, preferably 5 to 8, yet nore
preferably 6.5 to 7.5.

15 In an eighth embodiment, which is one embodiment of the seventh embodiment, the organic
solvent is a compound of the formula R°R°R'C-OH, and R®, R®and R’ are, in each case and
independently of one another, selected from the group which comprises methyl, ethyl, propyi,

butyl and pentyl.

20 In a ninth embodiment, which is one embodiment of the eighth embodiment, the organic solvent

is 2-methyl-2-butanol.

In a tenth embodiment of the first aspect, which is also one embodiment of the first to ninth
embodiment, the volume fraction of the agueous phase upon contacting the organic phase,
25  relative to the total volume of both phases, is more than 0 to 50, more preferably 5 to 30, even

more preferably 15 to 25 percent.

in an eleventh embodiment of the first aspect, which is also one embodiment of the first to tenth
embodiment, catalase is present in step a).

30
In a twelfth embodiment of the first aspect, which is also one embodiment of the first to eleventh

embodiment, the catalase is beef liver catalase or a variant thereof.



SAccording to the invention, the object is achieved in a second aspect
through the use of catalase for renoving reactive oxygen species,

preferably organic reactive oxygen species, froma reaction mxture

conpri sing ozonolysis products of an unsaturated fatty acid or a derivative
t her eofyq438bas @ first enbodi nent of the second aspect the unsaturated fatty
acid or the ester thereof is a conpound of the formula R1- (CH2)x - CH = CH
- (CH2)y - OOR2 (1), 15where Rl is selgcted fromthe group which conprises
hydrogen, HO-, HS-, OHO, R200-, unsubstituted or substituted, preferably
hal ogenat ed, al kyl, cycloal kyl, heterocycl oal kyl, aryl and heteroaryl,

wher e |R2, 't;%néékﬁ%%dfnﬁé?ﬁnoff hige QFéP%fsé\éll GRicB BT B ERbodSHERStoF ik ekt a5

unsubstltuted al koxy, 20al kenoxy, kynoxy and_cycl oal koxy having one to
seven wgiftiormbadimgnt ﬂ*ﬁﬁ@ﬁ?ﬁf thegilesyp RiiRge HepED PoxBEiorqItepEC Wﬂtrﬁ@rg?ﬂ*%ach

case, gidel Baegand %éa/bn b 10868 BFefer@blg 638doecs ed from the group which
corrprlsesehi/ﬁqogen&@ ' prgerablgerr%rt hgl or ethyl, al kenyl, alkynyl,

aryl and benzyl, 25 and mhere x and y, in each case and |ndependently of

ong a”ﬁ?&&b@&m?ﬁ@ tRe Qﬁvaﬁh&@rtﬁ@roméﬁtqgeécmeb@d 3n SEeedshdesdedt mablgrothd Dee weCONd
aspect, which is also one enbodi nent of the first enbodi nent, the reaction

m xt ur eatalase el reBtIg] SastivenOBIg§RNTRECEs! DIEFRrably BEATE KEIFLISH @XVRTC APSISS: 30

the presenggebticdNmAIE Wbt pPBRG CoRinoly8RMLEIRNE AL aH @nsAtQfkEd adityOsgairCa
phase ésepatr att?1 fr?mthe aqueous phase, 201100243 6
grivative therep

10 In a first embodiment of the second aspect the unsaturated fatty acid or the ester thereof is a

compound of the formula
R! ~ (CHy)y — CH = CH = (CHy), — COR* (D),

15  where R' is selected from the group which comprises hydrogen, HO-, HS-, CHO-, R*0C-,
unsubstituted or substituted, preferably halogenated, alkyl, cycloalkyl, heterocycloalkyl, aryl and

hetaroaryl,

where R? is selected from the group which comprises HO-, substituted or unsubstituted alkoxy,
20  alkenoxy, alkynoxy and cycloalkoxy having one to seven carbon atoms, -NR*R?, aryloxy and

benzyloxy,

where R® and R? in each case, and independently of one another, are selected from the group
which comprises hydrogen, alkyl, preferably methy! or ethyl, alkenyl, atkynyl, aryl and benzyl,
25

and where x and y, in each case and independently of one another are 0 or a larger integer.

In a second embodiment of the second aspect, which is also one embodiment of the first
embodiment, the reaction mixture further comprises an organic solvent, preferably one which, in
30 the presence of an agueous phase at room temperature, forms an organic phase separate from

the agueous phase,

where the organic solvent is selected from the group which comprises R°R°R'C-O-R® or

intramolecular ethers thereof, where R®, R® and R in each case, and independently of one



anot her, are selected fromthe group which conprises hydrogen, an al kyl or
cycl oal kyl having one to seven carbon atons, and al so unsubstituted and
substituted aryl, where R8 is selected fromthe group which conprises
hydrogen, an al kyl, cycl oal kyl, hydroxyal kyl and al koxyal kyl having one to
seven Bgsyat oms, and unsubstituted or substituted aryl and benzyl, and
where bpreferably at | east one of the radicals R6, R6 and R7 is nethyl.
where preferably at |east one of the rgdicals IR5, R6 and R7 is nethyl, and
where the organic solvent is yet nore preferably 2-nethyl-2-butanol. 10 In
a third aspect, the object of the invention is achieved by a reaction
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products of "an unsaturate atty acid derjvative t hereof, and an

or gani @esisl Sﬂe/ﬁt‘ carenoriondeanst ﬁ@ URsHR$Lituige %’thé‘éﬂ%’t%%" Sl ﬁsﬂ%@e"%"é?%l ase
and prf?érﬁrt a| Y L% R;H.fcﬁ%mw{e@g ﬁy&regerﬁ aért }é!kQIC'c;chQéEkgﬁlhﬁydi@N w?t bM@ aldogymed  has

a |inear havi n | east el ght carbon at i rst enbodi ment

of t hefwavmgr@eat@@@wn cgrhen aﬁogz@na@d §6Wéﬁwfec# ) Sdiﬁé“%tﬁés”‘éﬂééd SEN%h 204 EBIR

ph%se preer AL IRRRALHfR radiBAIER AR MORNsnatpse separate from the agueous
phase.” 20l n a second enbodi nent of the third aspect, which is one

enbodi nent of the first enbodinent, step a) takes place in the presence of

an aquERLE p?%k@éﬁasy Mot bl 6ﬂh§%@é§ilé’fﬁmR%fnthims kaidyd aspect, which is one

enbodi nment second enbodi nent, before step b) the aqueous phase is
removed fromstep a). In a fourth enbodlnent of the third aspect, which is

al so oge \ﬁﬁ@r@%ﬁ@an@fsofv@ﬁt if UEtShoreQreReMNL-aiERGAD R0l t he unsat ur at ed

fatty acid or t derivative thereof is a compound of the fornula (1) RI-
(C®),,- CH=CH- (CH)y - 00R2 (1), where Rl is selected fromthe group

whi ch I‘ﬁ%‘frb%@ﬁeﬂ}’tﬂé%}%@t of#ed invEStion I€t3Ghievd®0Pa redbtisH BikiliteUdoRebridihg on the

substituted, preferably hal ogenated, al kyl, cycl oal kyl, heterocyc oal k%/n
aryl aont PriAckADAIIANC PRse coNPASNY oRnolsisFrofucts af & tBvplyRise lEReagt QLB Ahi ch

conpri ?&ﬁfa{‘@r shefR St $daiE selis gk dnthe dirt ke, ,anadql&@awmaasaldsmﬂmg and
cycl oal koxy having one to seven carbon atoms, - NR3R4, ry ay
benzy| eatgiase and preferably a buffer, where the fatty acid or the derivative thereof has a imear chain

15 having at least eight carbon atoms.

in a first embodiment of the third aspect, the organic solvent, in the presence of an aqueous

phase at room temperature, forms an organic phase separate from the aqueous phase.

20  In a second embodiment of the third aspect, which is one embodiment of the first embodiment,

step a) takes place in the presence of an agueous phase.

In a third embodiment of the third aspect, which is one embodiment of the second embodiment,

before step b) the agueous phase is removed from step a).

25
In a fourth embodiment of the third aspect, which is also one embadiment of the first to second
embodiment, the unsaturated fatty acid or the derivative thereof is a compound of the formula {1)
— {(CHy)y— CH = CH ~ (CHy), — COR? (I},
30

where R' is selected from the group which comprises hydrogen, HO-, HS-, CHO-, R*0OC-,
unsubstituted or substituted, preferably halogenated, alkyl, cycioalkyl, heterocycloalkyl, aryl and

heteroaryl,



5where R5 and R4 in each case, and independently of one another, are

sel ected fromthe group which conprises hydrogen, alkyl, preferably nmet hyl
or ethyl, alkenyl, alkynyl, aryl and benzyl, and where x and y, in each
case and independently of one another are O or a larger integer. 10ln a
fifth sohed ¥§nt of the third aspect, which is one enbodinent of the fourth
enbodlnent is hydrogen, R2 is hydrogen or nethyl or ethyl and the sum
of x and y is nine or nore. In a sixth enbodi nent of the third aspect,
which is al so one enbodi nent of the first to fifth enbodi nent, the fatty
acid or derivative is selected fromthe group which conprises oleic acid

15and \ﬁﬁéﬁ@il@ iéﬁél@ct@@qroﬁfh%rg?o&&@Hi%ﬁfcowﬁah%seﬂ@|éﬁ_b%hﬂéﬁ'or@hsx%sﬂﬂhecﬁﬁk@(ys In
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group Mghggpgonprlses RSR6R7C-O-R5 or intranol ecul ar ethers thereof, where
in each case, and i ndependently of one 20 another, are
selected fromthe group which conprises hydrogen, an al kyl or cycl oal kyl
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preferably at | east one of the radicals R5, R6 and R2 is neth 25 In an
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sevent h enbodi nent, the organic solvent is a conpound of the fornula
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aspect, which is al So one enbodi nent of the first to ninth enbodi nent, the
vol une fraction of the aqueous phase upon contacting the organic phase

rel atiye; it Bedo8indint 6Pk Bhiaf aspabD WHidSRSalsd %n@@nﬂ)oﬁhﬁé‘ht%f trie Hifbt toVERIe
preferably 5 to 30, even nore prefer ablcgedIS to 25 ger cent. In an el eyenth
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In a seventh embodiment of the third aspect, which is also one embodiment of the first to sixth
embodiment, the organic solvent is selected from the group which comprises R°R°R’C-0-R® or
intramolecular ethers thereof, where R®, R® and R’ in each case, and independently of one
20  another, are selected from the group which comprises hydrogen, an alkyl or cycloalkyl having
one to seven carbon atoms, and also unsubstituted and substituted aryl, where R® is selected
from the group which comprises hydrogen, an alkyl, cycloalkyl, hydroxyalkyl and alkoxyatkyl
having one to seven carbon atoms, and unsubstituted or substituted aryl and benzyl, and where

preferably at least one of the radicals R®, R® and R’ is methyl.

25
In an eighth embodiment of the third aspect, which is one embodiment of the seventh
embodiment, the organic solvent is a compound of the formula R*°R°*R’C-OH, and R®, R®and R’
in each case, and independently of one another, are selected from the group which comprises
methyl, ethyl, propyl, butyl and pentyl.

30

In a ninth embodiment of the third aspect, which is one embodiment of the eighth embodiment,

the organic solvent is 2-methyl-2-butanol.



In a twelfth enbodi nent of the third aspect, which is al so one enbodi nent
of the first to 10el eventh enbodi nent, the catal ase is beef |iver catalase
or a variant thereof. In a thirteenth enbodi nent of the third aspect, which
is al so one enbodi nent of the first to twelfth enbodi nent, the pH of the
aqueougqﬂaaé in step b), before contacting wth the organic phase, is 3 to
11, préeterably 5 to 8, nore preferably 6.5 to 7.5. 15 The inventors of the
present invention have surprisingly faund that the efficiency and yield of
t he ozonol ysis of unsaturated fatty acids and derivatives thereof, and al so
the purity of the reaction products can be increased by the presence of

cat al age, teﬁtﬁ QﬁtbF&%H 8P HE iy ragp?cf e LM MheObthbdiBeRZANAL ¥itdt So niHR®

i nventors have also surprising oun hat the activity of catalase is 20
conpat ¢bpedimpnth thateoiu@acftac@nn rﬁf itm BEUSSt Phasef WomeePERANA dhe REBYORBASES| S.

Fi nal '%mtb@u{ RLEBLAT SRS E b5 (a absd Mhbrd RHRD ey, nidie pRirEBReEId0, Gatal ase
in the ozonolysis reaction m xture reduces the concentration of reactive
oxygenmsisayfiesmbyiithtoatd reseeidary ozonide as wel |l as the formation of

furg her by-products, and increases the rate of formation of the carbonyl

products. 25In a preferred enmbodi nent, the term "ozonolysis" as used
her ei nin arealg¥erth mstesimem akiine khird @spec ydtstneisbripr 0Be emipgimesy ' om firshie e

pr ef ert@mhyen%bd%ﬁ'éﬁtégtéégéjnsfﬁéée\ﬁt Gh&h &r a derivative thereof, is

oxi datively cleaved as résult of the action of ozone on the nolecule to
form carbonyl products. The met hods, agents and instrunents suitable for
carryipg, %&mht@n&fa@rﬂettyét §h A kngLs. t\AFPucthh% REE SRR &kbbdifdni Bf trteefgﬁst to from
the prior art is ustally 30 carried out in alcohols as
s01Q/en@!gvertrhembecamenbﬁwerﬁat@iaaseefsfoeet lver cataape pee Mgriat these@t 0.5 percent by
wei ght of water, based on the total ampunt of solvent. Usually, the

unsat ur at ed fatty acid or its derivative is present in a concentration of

0.1 tolnia ghirigenth Eﬁ@odmmo;@h% thirs aspeet adichule Peerae smbpdent Gipes dstites
from Oy kfrdfbodi eeﬂt-?BﬁtlHle%qaéoneﬁﬂ&%% Yep &fﬂé?&’ejcgnttegtt@gs\ﬁth #Habrganic
particularly pre era at tenperatures from?2 30C. Usually, to produce
t he oz@ﬁ@elaﬁtOZGlmﬁﬁﬁﬂgy§f@§dﬁ@9g@ﬁﬁﬁﬂkﬁ5ﬁ%7ﬁ%ed whi ch uses

teghni cal -grade air or a mxture of carbon dioxide and oxygen as feed gas.
The ozone is produced fromthe oxygen by neans of non-|um nous electric

di schaFhgeinvemionsieé ther presey invertjeieiavedrriginglvarend Biehthe sWiFeY POF vick, eiiee
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smfl | erepasib eewﬁytt‘esrea@t@nnmxmﬁﬁtt;at i tred shring thegeaenslyeie t hinplinihe imantass e

speci f t’taﬁ/‘ets)ﬁr Sy%sna PO IRAE S Re W tétaegérmme%zeﬁésyeﬂe%cmtqmwemes
organic synt e5| on account of various effects, and their use is in nmany
cases Wei tancantstioncefurasictive foyydasc SPRAGS SHCWESKSERINEAYt PRONIEs PF obelk @ dPe on
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am no acid side chains forma hydrophobic core on the i nsi de, wher eas
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t he enzy Acco % for its sta |zat|on enzyne reqU|res a
hydr at €= §tﬂ%§bl¢ bm@eofoa vroearberp| raerg| reefesahly ﬁeynaa’tyetﬁfbt%ty ackharr @ glerivative

denat u @Féo‘?nzs%thély' JedvadC taar‘eEulWoﬁ‘ hn& a%ﬁ’éry SRl GR HAMRBIESieWol Brrh t
for a em/ava e water nolecules. In the case of biphasic systens
conpri Sﬁrh@ﬂyérpfaqlu@@uﬂ'hﬁhﬁ@&oéﬁd agfntsr gachi lestpheends suitplles B edMIF &t sheft en

resul t Qtst 3 p asgbd@e%rs%mt@& trpme%r&ﬂm@e% VB 1@f78)t hes aozye

nD|ECU? oundar presence organi ¢ sol vents can
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enzynmes, 1s di In 25the presence o rgani c sol vents (Wng,
In a peed patiedadnpieiraeine tetnmer@tefemﬁ'%?alteéie C.ddsugde do pepdsic thg §zone, an
under stood to nean an



enzyrrét i‘caI:I y active pol ypeptide which catal yzes the deconposition of
hydr ogen peroxide to give water and oxygen. In a preferred enbodi nent a
catalysis is present if the deconposition of 30 hydrogen peroxide proceeds
nor e rapl dly in the presence of detectable anmounts of the catalytically
effect% ??A?ypepfl de than its absence. In one preferred enbodi nent, the
enzymaticalTy active polypeptide is a nultifunctional enzyne which, besides
the catal ase activity has one or nore g han one further activity. Exanples
of pol ypeptides which can be used according to the invention include beef
| i ver catal ase (database code NP_001030463), 201100243 10 horseradi sh
per oxi -&AR0 1 foof aidMi@s 884
descri %%gg %engf] t&&?:{%&@éﬁ?&?éi&a téfﬂqg?ier 0, %33% %&B‘gdue? gf 8 O73 E ,&I tomar e
et al .oxyuen as feegigas. Bre azoneipgmpucahirers ing awépmr@@awofnon%mnm@a@'%mp&
'VBV 90| it O8es @ﬁ”ﬂﬁﬁ%ﬂu
&lﬁggégﬁ%ﬁe@tSégésﬁﬁbﬁg%dica}sgg%foﬁﬁ%cﬁgvgéh%md;eyar@ahnngé% ol
ChanceOXymgﬁmOfGGh@ﬁce et at, 1973; Chatterjee et at, 1989; Ch et aI , 1975;
Corgal' et at, 1974; Darr & Fri dovi ch, 1985; Davison et al., 1986;
Dei sseroth & Dounce 1969; Diesseroth at al., 1967; Eglinton et at, 1983;
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Tanaka , ki 8RzyniD62 TG, SnPRS isblech@ 24
Tudnope 087 GTET Bt At ar cPIaeR T Iie ST G o S HISh. St coeab Iy |
1988; wemiMoehia wsulhof rq\@vszbleznrdﬁﬁverabfﬁrc@%wratmm)fharﬁﬂlzwae|0arﬂSsa faRelt S6f |
If, fog, afnggw aft ééfécttM Br 9402 r%@ﬁi?bﬁﬁﬁuer%g"%lelreﬁétiolﬂyg{dﬂﬁﬁﬁmp%s‘éx'tl’ﬁéerei@oie
further s gtra te an /or one or han one co-factor is also
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201100243 11 The catal ase used can be added to the reaction mxture in
di T er enk JrfeffBg Ahddindli! WY R RefeldseCat! QashégnS s Dﬁ@é&t@ﬂd UBRF &L as ed
sol ution or a pel cel'l's having catal ase activity raEdg to a
conpl eesdyynaicallyf acive mehipaptide whigh reedizes diie slesompaetan of RKiregrMPeoEide 404
pol ype Mz %@%ﬁ%&?ﬁﬁd i tp'be@rré!W%Bodtﬁ'ehh&Eat‘ély@t@|1§p@%er|1%6tﬂg d%@éﬂ\poéltf?)rn of
exarrp one whi ch 5 expressed i/ prokaryotic whole-cell cataly
pr3d er hysirgoaraeewxicgl pmee@ﬁ trEe eRidiyhing t%@r@@m%mf deteepiple @r’ﬂowtfsl% th@ed
as a \A’e&%@f&%' effdhiol y&fgy;sﬂegﬁée nm%nh@é/eags@n%pwso%et RefeAtR @rﬁ@od?rﬂehtt Sthe
i nsi de ut a catal ase I'ized on the outer menbrane is al so possible
for exampymatigallyastionpyyeansids s ﬂwlféwcé%ﬁ&gémwwhe%%h%@a %taéti'\'ﬁy I'n
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in nature expresses the catalase in the insid he cel
accord:ng io the mventson include beef liver catalase (cfatabase code NP 001030463)



10 further enbodinment, it is a solution or a lyophilizate or a

| yophili zate, preferably at |east 60, 70, 80, 90 or 95, particularly
preferably 100% pure, polypeptide. Preparations of these types of cells or
polypeptides are commercially avail able or can be produced for the person
skill Rosfre art by reference to standard biochem cal methods. 15The
concen ratlon of the catalase in one preferred enbodinent is 0.001 to 1,
more preferably 0.1 to 0.5, nost prefgpably 0.025 to 0.1 percent by weight
of the aqueous phase in step b). The sequence and inpl enentation of steps
a) and b) can take place in all conceivable variations provided the

cat al aﬁcﬁsé&%@ﬁ B%H?J&ﬁagé) RASkarmd @at%&fseﬂfo@@ ushRoGdsat h%li%@é%%‘s@s 8bschibed 20

fatty aci e derivative thereof. Wiereas the presence of an a ueous
phase iodhe piieriaty(Abat deasiers.s S8ashl phtl. 1973 AtpmBle e al. (1874 Rard eii) {185 5t
a) Th@%as&b’?ﬁn&ﬁ é‘tqHﬁ%?pl'Baa'?ISWC@%%o%sﬁsa%g' Reslsef ﬁieraﬂ%@) Be@rtéi"ough

is also poOSsSI l'e to carr out step resence of one aqueous

phase FmﬂﬂVfCho198§nBO§leeﬁi~f§fa d 988 %r@éfea 8d$ﬁﬂmfeﬁ? Hgheeae PRAsENISE tep b).
Li kewl gfdde gh&l &t 5;0 @@l %t@ﬂé@%f Rbasecivet & Olo7¥ EhiauiterGat adrase to

t he orlganlcpase urin before step a) and to add the catalaseto

t he aque®fs Fitkued, \IR&H: ﬁ‘éSQﬁ@hé'i yH188; ﬂ@@?@aﬂ &) Dpuncep 18P %t ldiessaioty e &/.
parti C’r‘és”)’r lz irRS Eﬁéﬂ%ﬁs@@%@%é@?fa; de; E@érél@ﬁ@cmes lomdaefr a@ﬂst@ﬁé}avhegev

organic ter the ozonol ysis. mer ous net hods and protocol s

accor dﬁ"éﬁgs’i@la @tkﬁr’c MO atFatey & F&%Smﬁadﬁﬁ@e': lé’a&aaﬁfaéfeﬁ Y4h Ghadsmigi  iMRPSAYiom
wi | d- tMB@?r%ﬁl '1@9@?6;8& @& @%Eor&%w @Jﬂ@stéﬁﬂowmt eothe oBer SR, $4d1: eshdrp t he

art, see for exa Yunot o et . . 201100243 12 or uneven nunber of

ca%on&aFmﬁcﬁndi%ﬂar%ﬁféﬁnaﬁd %IMW%@HWQ@@QH oP%s | Cpidaggr &i Galsien
U”decytasiegféw@%és S $85Y; B fin oA, d?é’ddi’} qurﬁio%ncﬁcﬂgm Relififg & Lé@aacmz

ol ei ¢ aci l'aidi ¢ aci d, 'vacceni ¢ aci ngadm eic acid, icosenic acid

cet ol effalliwel, of 973 deifdchaciogs. Hiseshiral @l adP T dirimaer 19/2; Hokaes fidfiasters, 1972

pr ef er.‘%ﬂa}‘ns&ﬁeg I?cﬂ?t yds: eﬁh@é % MEWerheIVQWQI @@nést 1533; a.ﬁo?fés ROsFEddRist 0199 5
pol yunsat ur at e acids, for exanple linoleic acid, |inolenic acid,

cal endKickraa &, Gﬁﬁﬁﬂlcﬁ@s"ac*ﬁ'é@eéleél@ésﬂ i i ‘@eﬁ‘@f 1978 Kedll Bofi.c1988) Kyle et al.

ti odogh-c |ag)d s%héjs@n@mufaraﬁb@ 4065 CaleveNhe, fsH7d 1aHireaRd wabiw esoss;
t her eo preferably their methyl esters. In one preferred enbodi nent, the

fact tkeawen BeSeitalay19% d-andlayhd 98&r Maghlyvé @h@?@of*%ﬁs Mpimem gl alh 5999 wi t h
?Le' gg@% OQ;HH?JH &Wv??&o@é@”‘igsa %rk!ﬁﬁ@ 1@<?Eemaste%a@§86 mtphb&%nfsamﬂﬂ@ﬁaom of

rou referab y he end of 10a |linear chain
havi ngMa@hal eﬁaﬁmd@rsgm ?%&r %nafear@r% afhi! 8‘#3 nM@FtphMaﬁfeaf bri§REh¥adier of gt 1%t h
of ei gng gﬁ[)&gg[}s%ov@vm NIEHERE PRI 1568 DRNYSSTa: RRESIdRE. DERARGIer Ghaigy3: n

the car bone. 1'n one preferred embodi nent, the substituents referred

t 2Gas Paick kg, 19981 Remioygj al.of 9902 PRisn dR92; Paangrssy shét ol $74: Briehargfs HuesRint s
of the§gr 'ﬁbltﬁ"&aeﬂsen, WBEF S Bshan@NLabdey 11062l S8R otOk bk 11974 58amejima;

Kita, 1969; Samejima et al., 1962; Schroeder ef al., 1969; Scibior & Czeczot, 2006; Scott et /.,
1991; Seah & Kaplan, 1973; Seah ef al., 1973; Sharma ef al., 1989; Shimiza ef al., 1984, Spreti
et al., 1995: Sumner & Dounce, 1937; Sumner et al., 1940; Sund et al., 1967; Tanaka ef al.,
25 1991; Tanford & Lovrien, 1962; Tauber & Petit, 1952; Tudhope, 1987; Vuilaum et al., 1988;
Wheeler et al., 1990; Whiteside ef al., 1988; Yasukochi ef al., 1972; Zidoni & Kremer, 1974) and

variants thersof.

If, for the activity of the catalase, as well as hydrogen peroxide, a further substrate and/or one or
30 more than one co-factor is also required, the catalase comprises this. E.g. in the case of using
horseradish peroxidase, the presence of 2,2-azinobis(3-ethylbenzothiazoline-6-sulphonic acid)

is required.



A particul ar advantage of the nethod according to the invention is that
ozonol ysis and renoval of the reactive oxygen species can be carried out in
sol vents or solvent m xtures conpatible with both reactions, i.e. in a
one-pot reaction, meaning that a conpl ex change of solvent can be omtted.
In a psg f;g hed enbodlnent step b) is accordingly carried out in the sane
reaction vessel w thout changing the solvent or w thout separating off
constituents of the reaction mxture fqujomstep a). In one particular

enbodi ment, the volume fraction of the aqueous phase upon contacting the
organic phase, based on the total volune of both phases, is nore than 0.5,

2 5 : '&?2@5 c;éiasgousea%a%5g§ a'&Héc? td R (s ckiOn FVxtufP 5 dlrfdadht ]for%% Qr@d iMal@rdnpan

nore prefera to 30, even nore preferably 15 to 25 percent.
I'n pripsifisetéon atag%sr, g@nhaﬁbémr@esw SRR emn %eh@fe@ﬁ“ﬁd?evwaﬁf%lyse peivity

~exanpl Fangin'gp{zata' € @fé@ %énﬂﬁ%%ﬂ?yrﬁ’é £ Gl BREXARE enflolMdrt Ctheakkislab 6d 2

aromati c enz tol uene or xylene, 30 hal ogenated aliphatics or
ar onmat PAgreptigs 9§§0@$t@%|%%ﬁe\w*ﬁﬁhe@'&efc‘ﬁﬁ% Shdvirsnes!l, et gxaaple fe whishyis e

ace5t Ongxfﬁéss%}ﬁcdyoéq%m&% wﬁ’cli@ QQipl:éta!@Qd E)s%ﬁ‘éi‘%l bhBeFSah nated) 1dthiLcditeaitd

propanol or neth tert er, carboxylic acids and
est ersa pﬁ@r*%‘@fs usedcs ayhaless @aﬁ’@{sﬂ d@?s B‘PtHiﬂVeéEé’P‘ﬁFteéS the FHRiase ae s 4R9%: as

di met hyly $ukmReX ])éi:.%ilz@[nc% Bt &HOCHENBRarRUS RisdSpdsBldica Iy dseiHian 1iodlbexane.
Particul arl'y preferred solvents include secondary and tertiary 201100243

13 al cwifoRs enflegdangds Adter Mepranecrtain. Jo ﬁrf@fﬁéﬁﬁénfefafﬁ@ﬂ e@PpdiBRh N ysale s fe
SRg ! VeRnf:eN' ré?er%ﬁiyvtﬁ%l@fer@f mtmurfeowmhaex%%@& rlcathi8se trher fﬁil@e bAHeCRHISIFE,

can, 1n each case in pairs and i ndependently of one another,

f ot aiuktyereﬁ@bwmagfeg inp sphEon 6F miyephlizatemy 2 lyorfilEate, frefgra%laé&aéab‘w&n
t hat t?‘g S pﬁg g&g; ;Srlefégam%@% du&a§bzy§ept%eb%p%mt%n@bf theastypss of@ibers.

5 Furt hernor e, icals can also formintranol ecul ar ethers, which are
f or mal PyPalyRepiides e GIMraeisiad AvRIALIE ariRndre RAABUGRFPD HP- ressRasiiledgn thaiptal s.

For exgiiRli&entdfo s&é?ﬁa?@&@cﬁéﬁﬂ&ai%h(ﬁ@? methyl, R7 is hydroxypropyl and R8
i s hydrogen, a solvent according to the invention is the conpound with the

formula 100 (H3C)2C N (CH2) 3 Separating off the organic solvents,

pard i cyh@tbYcdntrafidiesant Q’é@ta%aﬁh%%@ p?@f@ﬁé@%ﬁﬂoﬁ%@r& h,eo b@@%‘@ohh%ré) Bl%&ﬁ‘abi
wi t hout assistance, is sinple for the gerson skilled in the art and takes
p| ace $.drioc 0.5 most preferabiy 0.025 to 0.1 percent by weight of the aqueous phase in step b).

The sequence and implementation of steps a) and b) can take place in all conceivable
variations provided the catalase comes into contact with the products of the ozonolysis of the
20  fatty acid or of the derivative thereof. Whereas the presence of an aqueous phase comprising
catalase is essential in step b), it is optional in step a). Thus, the same agueous phase can be
present in step a) and b), although it is aiso possible to carry out step a) in the presence of one
agueous phase, but fo remove this and to use a different aqueous phase for step b). Likewise it
is possible to add an aqueous phase with or without catalase to the organic phase during or
25  before step a) and to add the catalase to the aqueous phase when the ozonolysis in step a) is
complete. In one particularly preferred embodiment, the catalase is only added to the organic

phase after the czonolysis.

Numerous methods and protocols according to which catalytically active catalases can be
30 purified from wild-type cells or recombinant cells are known to the person skilled in the art, see

for example Yumoto ef al., 2000.

Suitable starting materials for the ozonolysis are all conceivable fatty acids and derivatives

thereof, both naturally occurring ones and also artificially synthesized ones, those with an even



exanpl e by nmeans of decanting, use of a separating funnel and the like. In
one preferred enbodi nent, the term"an organi c phase separate fromthe
aqueous phase”, as used herein, is understood as neaning a honpgeneous

| i qui d phase consisting, at room 20 tenperature, predom nantly preferably
to at JpaghPP volume percent, of organic solvents which, after contacting
W th an aqueous phase, settles fromthis wi thout further assistance, as can
preferably be established by purely viisi bl e neans, and resulting, after the
equi l i brium has been established, in the formation of two separate phases.
25Steps a) and b) are generally followed by a further processing of the
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15 Exafgdstnetein Ghend il feQbruBitdivh & iife dtbslgr goapoapar, (pi@thiply ks atd)of Wi t h
subsequent catal ase treat nment
10 'a linear chain having at least eight carbon atoms which must have branches if the length of

eight carbon atoms is given over the longest possible linear chain in the carbon backbone.

In one preferred embodiment, the substituents referred to as “alkoxy”, “alkenoxy” or “alkynoxy”
as used herein, are substituents of the formula R—O~, where R is an alkyl, alkenyl or alkynyl.
15
A particular advantage of the method according to the invention is that ozonolysis and removall
of the reactive oxygen species can be carried out in solvents or solvent mixtures compatible
with both reactions, i.e. in a one-pot reaction, meaning that a complex change of scivent can be
omitted. In a preferred embodiment, step b) is accordingly carried out in the same reaction
20 vessel without changing the solvent or without separating off constituents of the reaction mixture

from step a).

In one particular embodiment, the volume fraction of the aqueous phase upon contacting the
organic phase, based on the total volume of both phases, is more than 0.5, 1, §, 10, 15, 20, 25
25  or more than 0 to 50, more than 1 to 40, more than 2.5 to 25, more preferably 5 to 30, even

more preferably 15 to 25 percent.

in principle, a large number of solvents can be used for step a), for exampie aliphatics such as
hexane or cyclohexane, aromatics alkylated aromatics such as benzene, toluene or xylene,
30 halogenated aliphatics or aromatics such as dichioromethane or chlorobenzene, ketones, for
example acetone or cyclohexanone, alcohols and ethers thereof such as 2-butanol, 2-methyl-2-
propanol or methyl tert-butyl ether, carboxylic acids and esters thereof, such as acetic acid or
ethyl acetate, sulphoxides such as dimethyl sulphoxide, and heterocycles such as

tetrahydrofuran or dioxane. Particularly preferred solvents inciude secondary and tertiary



Al'l chem cals and solvents were acquired in the highest possible grade (at
| east p.a.) on the free 5 nmarket and used w thout further purification
and/or treatnent. Water only in denm neralized grade. Phosphate buffer

sol ution (pH = 7.0) was acquired fromBernd Kraft GrbH (Dui sburg, Gernmany),
freeze; djlrg peef liver catalase fromSigma-Adrich (St. Louis, USA). The
fatty acid esters nmethyl cis-9-octadecenoate (nmethyl ol eate) and methyl

ci s-13-docosenoate (nethyl erucate) weme acquired as 95 percent nmaterials
from Croda (Gouda, The Netherlands). 10 According to GC anal ysis
(uncorrected) the purity of the C18:1 or C22:1 nethyl ester was 95.2 or
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t wo- phase i xture of a solution of 80.0 g of methyl cis-13-docosenoate
(et hysorepaspdmeth thaforgglant of 2-nethyl - 2-butanol and 30 ni of water is
provided in a conical 250 mM three-neck receiver with bottom di scharge
(Tefl on stopcock). Via the latter, a hose punp is attached, via the mddle
(N829-) standard ground gl ass j oi rp/aotri ckl e bed glass colum (800 x 30
mm filled with Raschig rings,£0cx 6 x 0.65 m) with top and bottom gas
feed and top 25 gas di scharge I side (NS14-) standard ground gl ass
joint an internal thernoneter is atté(é}ﬁéﬁ t he other standard ground gl ass
joint is free (sanpling point). Using the punp, the two-phase mixture is
now circul ated at roomtenperature via the colum (flow rate: 120 m/ tgén)
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REVIE3PLE CROESS,

sol uti 8ﬁ° figa Hng 0% by weight (blank sanple), in the second
case being 0.05%by weight, and in the third case 20being 1.0% by wei ght.
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which reveal further features, embodiments, aspects and advantages of the present invention.



phase m xtures obtained in this way are stirred vigorously at room
tenperature, and after 1, 2, 4, 9 and 22 h, 40 nml sanples are taken in each
case and anal yzed as to the content of reactive oxygen. 25For this, the
sanple is boiled at reflux under protective gas (N2) in the presence of
excess,sqfhayy i odide. After cooling, the resulting iodide is titrated
potentionetrically with a thiosul phate solution: to the sanple of the
sanpl e weighed into the Erlennmeyer flagk is firstly added dry ice, then 80
m of 1-propanol, 4 m of acetic acid, and 20 ml of isopropanolic sodium

i odide solution. After a reflux condenser has been attached, nitrogen is

i ntroduced via the condenser. The 30reaction mxture is then left to stand
for half an hour at roomtenperature and then boiled for 10 minutes. After

cool i rRj9- dashaws e erdugieein A CPNERINGHOR 1 JHAFIVENRXYEBR PRSP ONRMANG e
M Xt urg ekt écrc@-lto‘ﬁ% ?W thé zrgregﬂomlé @olgfloﬁeﬂbzlﬂﬁb g@is%?b’di&lf@ﬁv@h §8lislls Modrds t he

equi val ence poi nt paral lel, a blank-value determnation is carried out

i n t heofdynpbiliges beefzftyﬂe@tzme 138 %rlém FeQFEMRIE g The i@t shatr e aeH ©f n
Taly,  Leghflefhfgenlspecies i @Bighdpert@icent ration of reactive oxygen species
follow ng the addition of glfferent amounts of 5catal ase to a reaction

m xture with ozonol ysis products and nethyl erucate Run tinme in h 0% by
wei ght |yophilized catal ase 0.05% by wei ght |yophilized catal ase 1.00% by
wei ght | yophilized catal ase
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Example 1: Ozonolysis of methyl cis-13-docosenoate {(methyl erucate} with subsequent

catalase freatment -

All chemicals and solvents were acquired in the highest possible grade (at least p.a.} on the free
5 market and used without further purification and/or treatment. Water only in demineralized
grade. Phosphate buffer solution (pH = 7.0) was acquired from Bernd Kraft GmbH (Duisburg,
Germany), freeze-dried beef liver catalase from Sigma-Aldrich (St. Louis, USA). The fatty acid
esters methyl cis-S-octadecenocate (methyl oleate) and methyl cis-13-docosencate (methyl
erucate) were acquired as > 95 percent materials from Croda (Gouda, The Netherlands).
10 According to GC analysis (uncorrected) the purity of the C18:1 or C22:1 methyl ester was 95.2
or 95.0%, respectively. In the case of the methyl oleate, the impurities present were 3.6% of
C18:2 methyl esters and also, in total, 1.2% of the saturated methyl esters methyl
hexadecanoate, octadecanoate and eicosanoate (methyl palmitate, stearate and arachidate), i.e.
98.8% unsaturated, i.e. cleavable methyl esters. in the case of the methyl erucate, the
15 impurities comprised 1.3% of C22:2 methyl esters, 0.7% of C20:1 methyl esters and 1.0% of
C24:1 methyl esters, and, in total, 2.0% of the saturated methyi esters methyl eicosanocate,
docosanoate and tetracosanoate (methyl arachidate, behenate and lignocerate), i.e. 98.0% of

the starting material were unsaturated, cleavable methyl esters.

20 A 0.912 molal two-phase mixture of a solution of 80.0 g of methyl cis-13-docosenoate (methyl
erucate) in 160 mi of 2-methyi-2-butanol and 30 ml of water is provided in a conical 250 ml
three-neck receiver with bottom discharge (Teflon stopcock). Via the latter, a hose pump is
attached, via the middle (NS29-) standard ground glass joint, a trickie bed glass column
(800 x 30 mm) filled with Raschig rings (6 x 8 x 0.65 mm) with top and bottom gas feed and top

25 gas discharge. Via one side (NS14-) standard ground glass joint an internal thermometer is
attached, the other standard ground glass joint is free (sampling point). Using the pump, the
two-phase mixture is now circulated at room temperature via the coiumn (flow rate: 120 mi/min).
Counter to the flow of solution, a reactive gas of an O./O; mixture is introduced from below the
column from an ozone generator (1500 mi/min (stp) O, stream, maximum generator throughput).

30 From above the column, CO; is mixed as carrier gas or flushing gas into the Os-depleted O,
discharge (likewise 1500 ml/min (stp)). The off-gas stream flows via an interconnected cold trap
with ice cooling through 100 ml of a 5 percent by weight aqueous potassium iodide solution as

ozone indicator. For sampling, a few drops of the reaction mixture are removed by pipette,



0.04 22 0.25 0.11 0.03 It is therefore clearly evident that, conpared with
the bl ank sanple, the use of a solution of just 10 0.05% by wei ght of beef

| iver catal ase reduces the fraction of potentially oxidizing constituents
in the organic product solution by a factor >2; when using a solution of 1%
by MBIQ? P i ver catal ase, even a factor of alnobst 10 results.

Parti arly the rapid decrease at the start of the treatnent clearly shows
that, with the help of 15such a treatngnt, it is possible to stabilize
product solutions against further oxidation of very |abile compounds such
as aliphatic aldehydes in this sense. 201100243 18 Literature sources
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According to GC analysis, the products present in the resulting reaction solution are nonanal
10 and methyl 13-oxodecanoate in equal parts in a relative purity of > 95%; the products of the
further oxidation of these two compounds, nonanoic acid (pelargonic acid) and 13-hydroxy-13-

oxomethyltridecanoate (methyl brassylate), are each found in < 5% in the solution.

The product solution is discharged from the apparatus, the emptied apparatus is rinsed with in
15  each case 1680 ml of 2-methyl-2-butanol and tetrahydrofuran and the resulting soiution is divided
into three equal parts each of 200 ml. To each of the three solutions is now added 100 ml of a
freshiy prepared agueous solution of beef liver catalase in phosphate buffer solution (pH = 7.0},
the end concentration of the beef liver catalase in the agueous solution in the first case being
0% by weight (blank sampile), in the second case being 0.05% by weight, and in the third case
20  being 1.0% by weight. All three solutions are rinsed again with 100 ml buffer solution. The two-
phase mixtures obtained in this way are stirred vigorously at room temperature, and after 1, 2, 4,
g and 22 h, 40 ml samples are taken in each case and analyzed as to the content of reactive

oxygen. .

25  For this, the sample is boiled at reflux under protective gas (N.) in the presence of excess
sodium iodide. After cooling, the resulting iodide is titrated potentiometrically with a thiosulphate
solution: to the sample of the sample weighed into the Erlenmeyer flask is firstly added dry ice,
then 80 mi of 1-propanol, 4 ml of acetic acid, and 20 m! of isopropanolic sodium iodide solution.
After a reflux condenser has been attached, nitrogen is infroduced via the condenser. The

30 reaction mixture is then left to stand for half an hour at room femperature and then boiled for
10 minutes. After cooling, ca. 20 ml of water are flushed through the condenser then the mixture
is titrated with 0.01 mol/l of sodium thiosuiphate solution to the equivalence point. In parallel, a

blank-value determination is carried out in the same way.
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it is therefore clearly evident that, compared with the blank sample, the use of a solution of just
10 0.05% by weight of beef liver catalase reduces the fraction of potentially oxidizing constituents
in the organic product solution by a factor > 2; when using a solution of 1% by weight beef liver

catalase, even a factor of almost 10 resuits.

Particularly the rapid decrease at the start of the treatment clearly shows that, with the help of
15  such a treatment, it is possible to stabilize product solutions against further oxidation of very

labile compounds such as aliphatic aldehydes in this sense.
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201100243 25 d ai s 1. Method for the ozonolysis of unsaturated fatty
acids and derivatives thereof, conprising the 5steps: a) ozonol ysis of an
unsaturated fatty acid or a derivative thereof in an organic phase
conprising an organi c solvent, and 10b) contacting the organic phase with
an aqqﬁﬂqggﬂggse conprising catal ase and preferably a buffer, where the
unsat urate atty acid or the derivative thereof has a linear chain with at
| east eight carbon atonms. 15 2. Methoggaccording to Claim 1, where the
organi c solvent is an organic solvent which, in the presence of an aqueous
phase at room tenperature forns an organi c phase separate fromthe aqueous
phase. 203. Method according to.Caim2, where step a) takes place in the
presence of an_aqueous phase. 4. Method according to Claim3.  where before
step b), the aqueous phase is renoved fromstep a). 25 5. Method according
to one of Clains 1 to 4, where the ynggturated fatty acid or the derivative
thereof is a conpound of the formula (1) R - (CH2)" - CH=CH - (CH)y -
COR2 (1), 201100243 -

1. Method for the ozonolysis of unsaturated fatty acids and derivatives thereof, comprising the

5 steps:

a) ozonolysis of an unsaturated fatty acid or a derivative thereof in an organic phase

comprising an organic solvent, and

10 b} contacting the organic phase with an aqueous phase comprising catalase and

preferably a buffer,

where the unsaturated fatty acid or the derivative thereof has a iinear chain with at least
eight carbon atoms.
15
2. Method according to Ciaim 1, where the organic solvent is an organic solvent which, in the
presence of an aqueous phase at room temperature forms an organic phase separate from

the aqueous phase.

20 3. Method according to Claim 2, where step a) takes place in the presence of an agueous

phase,

4. Method according to Claim 3, where, before step b), the aqueous phase is removed from
step a).
25
5. Method according to one of Claims 1 to 4, where the unsaturated fatty acid or the derivative
thereof is a compound of the formula (1)

R' — (CHy) ~ CH = CH — (CH,), — COR? (1),
30



26 where 1:21 is selected fromthe group which conprises hydrogen, HO,
HS-, CHO, R200-, unsubstituted or substituted, preferably hal ogenated,

al kyl , cycl oal kyl, heterocycl oal kyl, aryl and heteroaryl, 5 where R2 is
selected fromthe group which conprises HO, substituted or unsubstituted
alkoxymﬂqhgg xy, al kynoxy and cycl oal koxy having one to seven carbon

at ons N aryl oxy and benzyl oxy, 10where R3 and R4 in each case, and
|ndependently of one another, are seleggted fromthe group which conprises
hydr ogen, al kyl, preferably nmethyl or ethyl, alkenyl, alkynyl, aryl and
benzyl, and where x and y, in each case and independently of one another
are 0 or a larger integer. 15 6. Method according to CaimS5, mhere Rl is

hydrogen, R2 is HO or nethoxy or ethoxy and the sum of x and Xl Ni ne or
nor e. WhemRh@dsmw fiomgthe @rerewbiEh coaipies hydogen, dier &S heHPat %P%cu d

or the deRLKRNE LSeReleRkep A0LE0REIdiEnSEaURK I EshOMRE a5 cRRRY Cadei d

and erucic acl esters thereo préf erabl y nethyl éster

accor di ngn@bef@ﬁ@rsdf Clains 1 to 7, where the organic solvent is selected
frgmthe group which conprises RSR6R7C-O- R8 or intranol ecular ethers

t hereof, 25 V\/nere R5, R6 and R7 in each case, and_ independently of one
anot her . vaees Bélieseeaterriom tthe aewuphiphi GMREEADH e SURSIAVE] &, UnsHDSIfYSY or

cycl oal k3é‘ Q@Vél%o(k ealk%o?c?"eﬁ‘m@ &ﬁfo@ﬂ@x@ﬁwg%g oAb S Rn Wapbs bichidt edraxid

substi tute is selected fromthe group which conprises
hydr ogen,anénxyanﬁwenzﬁgm oaI kyl, hydroxyal kyl and al koxyal kyl having one to
seven 30car bon atons, and unsubstitut ed or substituted aryl and benzyl, and

wher e preferably at Ieast one of the radicals R5, R6 and R7 is methyl.
201010024 3he® R® and R® in each case, and independently of one another, are seiected from the

group which comprises hydrogen, alkyl, preferably methyl or ethyl, alkenyl, alkyny!, aryl and

benzyl,

and where x and y, in each case and independently of one another are 0 or a larger integer.
15
6. Method according to Claim 5, where R’ is hydrogen, R? is HO- or methoxy or ethoxy and

the sum of x and y is nine or more.

7. Method according to one of Claims 1 to 8, where the fatty acid or the derivative is seiected
20 from the group which comprises oleic acid and erucic acid and esters thereof, preferably

methyl ester.

8. Method according to one of Claims 1 to 7, where the organic solvent is selected from the
group which comprises R°R°R’C~0O-R® or intramolecular ethers thereof,
25
where R®. R® and R’ in each case, and independently of one another, are selected from the
group which comprises hydrogen, an alkyl or cycloalkyl having one to seven carbon atoms,
and also unsubstituted and substituted aryl, where R® is selected from the group which
comprises hydrogen, an alkyl, cycloalkyl, hydroxyalkyl and alkoxyalkyl having one to seven
30 carbon atoms, and unsubstituted or substituted aryl and benzyl, and where preferably at
least one of the radicals R®, R® and R’ is methyl.



9 Method according to Claim8, where the organic solvent is a conpound of
the formula RSR6R7C-OH, and R5, R6 and R7 in each case, and independently
of one another, are selected fromthe group which conprises hydrogen,

nmet hyl, ethyl, propyl, butyl and pentyl. 510. Method according to Caim?9,
wher e 4 (ﬂqogig@nlc solvent is 2-nethyl-2-butanol. 11. Method according to
one of Clarns 1 to 10, where the volune fraction of the aqueous phase upon
contacting the organic phase, relativeyto the total volune of both phases,
is nore than O to 50, nore preferably 5 to 30, even nore preferably 15 to
25 percent. 12. Method according to one of Claims 1 to 11, where the

cat al age petndf 5&%?&;;1@; %%}ﬁﬁ; @) whéd thi¥ebiasc asohending éd?n;SUﬂ]ﬂdef thé adarffmtal to
12, where t%&pcata ase 6b Liver catal ase or a variant thereo{ﬁ(
ol

‘Met hod a&EBRICHH: @nen% .oR @%Mn £CH opse. AR RFSPREIHHY Gt Ry

phase inggkeRqRbhm RELRID GABK B&hbites WybildgbMh anehgiasing!, [@fb@?lebutylsar@ ﬁeﬂtyll
preferably 5 to 8, yet nore preferably 6.5 to 7.5. . Use of catal ase

for removing reactive oxygen species, preferably organlc reactive oxygen

speci efy, MR fchbR tb Waifl & IHePe HRMMPGAARE BEvEaT QNRInaihS-2RLeshett s of an
unsaturated fatty acid or a derivative thereof. 16. Use according to

Cl aim 15, where the unsaturated fatty acid or the ester thereof is a

25conppunghindd éd&@rd?rg;’ R c{f@!asﬂk 1- to@@"@%ere‘th@bbtum@lﬂacﬂé@bﬂh& aqudddBphass
where Rl is sel ect fromthe rou V\/mc nErlses

e © Rooenn copanarst PRADE TSR JABLYS 1L /E dSEATYAUES 2 Poh RARTSe i T iy

cycl oal kylt shehereas¥elan) KYd 30, ak¥h nns plRedrasiasyb 25 pdRkba00243 28 where R2
is sel ected fromthe group which corrprl ses HO, substituted or

undubstituted al koxy, al kenoxy, al kynoxy and cycl oal koxy havi ng one to

seven CANBHhALRBRIng AR Ok aXy 1anthdre ey tQ%Mse RWtesent Rsténgd). R4 in each
case, and independently of one anot her, are selected fromthe

13. Method according to one of Claims 1 to 12, where the catalase is beef liver catalase or a
variant thereof.
15
14. Method according to one of Claims 1 to 13, where the pH of the agueous phase in step b),
before contacting with the organic phase, is 3 to 11, preferably 5 to 8, yet more preferably
8.5t07.5.

20  15. Use of catalase for removing reactive oxygen species, preferably organic reactive oxygen
species, from a reaction mixture comprising ozonolysis products of an unsaturated fatty acid

or a derivative thereof.

18. Use according to Claim 15, where the unsaturated fatty acid or the ester thereof is a

25 compound of the formula (1)
~ {CHy)x — CH = CH = (CH,), — COR? (1),

where R’ is selected from the group which comprises hydrogen, HO-, HS-, CHO-, R*OC-,
30 unsubstituted or substituted, preferably halogenated, alkyl, cycloalkyl, heterocycioalkyl, aryi

and heteroaryl,



group which conprises hydrogen, alkyl, preferably nethyl or ethyl, alkenyl,
al kynyl, aryl and benzyl, and where x and y, in each case and independently
of one another are 0 or a larger integer. 10 17. Use according to one of
Clains 15 to 16, where the reaction mxture further conprises an organic
solven§11B6§Lfrably one which, in the presence of an aqueous phase at room
tenperature, torns an organi c phase separate fromthe aqueous phase,
15where the organic solvent is selecteg fromthe group which conprises
R5RBR7C-O-R8 or intranol ecul ar ethers thereof, where R5, R8 and R7 in each
case, and independently of one another, are selected fromthe group which

conpr i seg, ayd fa@qgfgeze%da#r&wm@regdr&%@g\whkadmm\ég gggg;gﬁbg%@svcﬁmr%%amed

atonms, 20 and al so unsubsti tut substitute ere R8 is sel ected
f r om t he affosypalingriosh. alsyredy sast eypthed@En hading neyio, sevedl by piontsy dNBXY al ky|
-and a corp 55% diag ﬁg))hpxyal kyl having one to seven carbon atons, and
unsubstituted or su tuted aryl and benzyl, and where preferably at |east
one of the radicals R8, R6 and R7 is nethyl, 25and where the organic

solgvent i5o¥ER: MRERPheI£habls¥, 2rdaidRBEAdnBYIRRAL -another, are selected from the
group which comprises hydrogen, alkyl, preferably methyl or ethyl, alkenyl, aikynyl, aryl and

benzyl,

and where x and vy, in each case and independently of one another are 0 or a larger integer.

10
17. Use according to one of Claims 15 to 16, where the reaction mixture further comprises an
organic solvent, preferably one which, in the presence of an aqueous phase at room

temperature, forms an organic phase separate from the aqueous phase,

15 where the organic solvent is selected from the group which comprises R°R°R'C~O-R°® or

intramoiecular ethers thereof,

where R°, R® and R’ in each case, and independently of one another, are selected from the
group which comprises hydrogen, an alkyl or cycloalkyi having one to seven carbon atoms,
20 and also unsubstituted and substituted aryl, where R? is selected from the group which
comprises hydrogen, an alkyl, cycloalkyl, hydroxyalkyl and a corresponding alkoxyalkyl
having one to seven carbon atoms, and unsubstituted or substituted aryl and benzyl, and

where preferably at least one of the radicals R®, R® and R’ is methyl,

25 and where the organic solvent is yet more preferably 2-methyl-2-butanol.



