1 e ' ' . POLYMER The |nm5l3~

relates to a poI ymer presenting bi ndi ng sites for ‘at | east

or gahol epti c substance, and specifically, which binding sites af Faj%ﬁ epqqg

partly nolecularly inprinted with at | east one organol eptic subs

whi ch, for exanple, allows the slow rel ease of odoriferous co

In particular, 5 the invention relates to the production and use of these
new types of polyners to trap and retain fragrance conpositions,

especi ally nol ecul es of one specific fragrance or mal odor substances or

a speci fi c nal odoThednpentich rdlagseto apol?@heiflpﬂ‘e%emﬁhglblﬂm dites forapdedst to

appli oht i on wRSe SRaHolRne SUBRRNEE 4 eoesiRIEY YoSRp SRNRE AP e het, (&

targeted, e.gpartly el yomptostes] withoatdeastt sne erganolepticesulstaner; which,
products, |au %xaﬁﬁ and
in fibers for ﬁﬁl ric g}l %ﬁ%&%ﬁ?ﬁ ?&%Sé&&f‘? yner g%ﬁsa%mgn@éngp?? cﬁa%rﬁ

mal odor nolSec Hpenventionralgtes toithe pr @@I‘l@t@ﬂn agd vse of thesamew dppes @f polymers
nal odor i Bo ﬁqpﬂm@ Pétaif mhnse c@hPoéleibhs Séypedially maw&dles dF B §pecific

odour & Lo conEineernce or pAlGHR ahstdndeRiof W spestic fellqct o ”%a@‘éi”il)”g

]E ?ggf ; (r)]g gclt . Pobmegsowhich hmkreaﬂdeqnbé:eftytﬂm ‘mndrspea(ﬁcr&aSSES ofierganudéptié t he
fragrance nol érgoa%%@géaf ggtbgdl se%ﬂ%:ﬁl %éjéle&g%?&/ ‘&Bg’ta% %%P%gﬁlgb q%acltd t%‘%
fragrance 10s @rgandleptic bubstavee i targetedy .2 dn gosmetio mrodmthedmﬂmants t@adr be

perfuned, e.g r . t
[Fagrances ar o SR At oy M8y ebdare puh ge e s b e

i ncl usi on co akar ?ﬁ%mp& af a potymenhas %eemmpm ed ygl
stability. Howesedor hiwé@w@aﬂﬁ@@alﬁﬁéﬁﬂmormuaa rfofréiﬁmﬂbr e . inRdeddrs

or are too expensi For ex escCri S Pa ent 2 567 25 a
i o1 awbac kS GEONHATTCrosERA a0t taReatYaF GH0R ERdNPROduEh BPPLR P Hrat o
solubility as soon as they are used in aqueous applications. Most

material s sed soX gtenea'al strlategypd:menﬂysempiayne&m mmpatiing odeurts tenehsumer

purposes act | ta[‘”l]z#’n R
i nprinted pol Rr S 1:?sllglng ar or a#‘ra#n%?m I'S erogglgt%}bh trg‘few ahgadj M P)
30 have recei deawhaek of hlernrpcﬁdqrs 1prchphrneostexfé be dragrance is lost duringy of
plastic manufacturing, storage and use because the fragrance molecules are too
volatile and/or too unstable. Often the fragrance is also lost because of lack of

20 adhesion to the support to be perfumed, e.g. on skin, hair or fabric.

In some cases, the fragrances are microencapsulated or treated with
cyclodextrins to form inclusion complexes which decrease the volatility and
improve the stability. However, these methods gave often not satisfactory
results or are too expensive. For example, as described in US Patent 5,382,567

25 a major drawback of the heretofore used cyclodextrins is their high water
solubility as soon as they are used in aqueous applications.

Most materials used so far as solid phase adsorbants for above mentioned
purposes act in a relatively non specific manner. Recently molecularly
imprinted polymers (singular or plural form is hereafter abbreviated MIP)

30 have received much attention to prepare receptor mimics or a kind of plastic
antibodies able to recognize and bind various highly-functionalized or high
molecular weight molecules, see K. Mosbach et al., The Emerging Technique
of Molecular Imprinting and its Future Impact on Biotechnology,
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The advantages of molecularly imprinted polymers compared with
20 biological polymers like proteins or antibodies are their easy preparation and
their stability under harsh conditions, i.e. especially pH, high temperature,
chemical stability and presence of solvents. |

But there are several drawbacks with the MIP described up to now.
Firstly the MIP known presently are suitable only for highly functionalized
25 and non-volatile molecules and, hence, were thought not to be suitable for
flavors and/or fragrances because these are too volatile, non-polar and often
only poorly functionalized. According to the state of the art less than 2 mmol of
imprinting product / 100 mmol of cross-linking agent are used for the
preparation of the MIP.

30 But, secondly, the actual maximum capacity is less than 1 mg of bound
target product per 1 g MIP. This capacity is too low for the use as a specific
carrier for organoleptic applications, especially for applications in slow release
of odoriferous molecules.

It has now surprisingly been found that, in contrast to the usual thinking
35 of a person skilled in the art, also volatile molecules, especially flavor
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androstenone (see Eigen et al., J. of the Soc. of Cosmetic Chemists, 173-185,
1991), aliphatic acids, e.g. 3-methyl-2-hexenoic acid (see Preti et al., Journal of
Chemical Ecology, Vol. 17, (7), 1469-1492, 1991) and sulphur containing
products (see WO 91/11988).

20 For the formation of the MIP according to the invention the functional
monomers are polymerized with cross-linking agents in the presence of the
odoriferous product(s) to be imprinted and a radical generator as catalyst,
which odoriferous product(s) may be a fragrance composition, a specific
fragrance, a malodor product or a specific malodor compound.

25 Typical functional monomers are one of acrylic acids and methacrylic acid
(hereafter named as (meth)acrylic acid), vinylbenzoic acids, phenylvinyl
derivatives (e.g. styrene), phenylpropenyl derivatives (e.g. eugenol,
methyleugenol, eugenyl acetate) or any molecule presenting a methylene or a
vinyl group, i.e. any molecule

30 _ RR'C=CHgqg

where R is an aliphatic or aromatic group and R’ is an aliphatic group,
aromatic group or H.

Methacrylic acid and styrene are the preferred monomers.
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(met h) acryl at ¢6 the methylene or vinyl groups. Ethylene glycol dimethacrylate, divinyl
benzene or mixtures thereof being preferred. The molar ratio of cross-linking
15 agent/functional monomer is between 1 and 10, preferably between 2 and 5.

For the preparation of the MIP the functional monomer or a mixture of
some different functionalized monomers are covalently linked to or form
noncovalent interactions with the imprinting products. This can be performed
either in the presence of a solvent or without a solvent.

20 Preferred are the non-covalent interactions so that after polymerization
the imprinting product(s) is/are easily removed without hydrolytic treatment
in the following process step. |

For example, imprinting fragrance or flavor molecules are derived from

any substance or mixture of substances used in perfumery or flavor because of

25 their olfactive properties and which present some affinities with the functional
monomers, e.g. by hydrogen bonds, lipophylic or electrostatic interactions.
They belong to various functional classes like alcohols, phenols, carboxylic
acids, esters, carbonates, lactones, saturated and unsaturated ketones and

| aldehydes, aromatic coumpounds, nitrogen containing products, sulphur

30 containing products, etc., which are known to a person skilled in the art. Some
examples of fragrance or flavor products are citronellol, geraniol, phenylethyl
alcohol, fixolide, cis-3-hexenol, eugenol, vanillin, substituted pyrazines and
thiogeraniol.

It is quite claer, that it is not possible to give a complete list of the
35 odoriferous products or mixture of products which can be used for imprinting
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i nventi on.
15 Synthesis and Characterization of polymeric receptors for cholesterol, J. Am.

Chem. Soc., 117, 7105-7111, 1995. In a simple case the following standard
method of free radical polymerization in solution is used: a mixture of

‘functional monomer(s), fragrance(s), cross-linking agent(s) and solvent(s) are
treated at a temperature between -10° and 70°C, preferably between 0 and
20 5°C, with a radical generator; e.g. a0’ -azobisisobutyronitrile (AIBN), di-tert-
butyl peroxide or UV light or both. In the presence of AIBN alone a reaction
temperature of 50-70°C, preferably 65°C, is needed.

The imprinted polymer can also be prepared in the presence of the

molecules to be imprinted by other polymerization methods such as e.g.

25 polyaddition, ring opening polymerization or polycondensation. Typical
monomers for polycondensation are tetra-alkylsilanes and tetra-alkoxysilanes.

A preferred catalyst (initiator) as a radical generator is selected from the
group consisting of diazo compounds like AIBN, peroxides like hydrogen
peroxides, di-tert-butylperoxide and tert-butyl hydroperoxide. Reducing agents

30 can advantageously be used in combination with the above mentioned
peroxide. Preferred reducing agents are sodium metabisulfite and sodium
| formaldehyde sulfoxylate.

If required the pdlymer may be functionalized in order to improve its
affinity of the appropriate substrates. Typical functionalized monomers
35 comprise one of the following compounds: hydroxyalkyl (meth)acrylate,
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20 similar non-imprinted polymer.

Chem

A great advantage of the imprinted polymers according to the invention
is that they can be loaded with high amounts of "fragrance". By analysis and
olfactive evaluation, the "fragrance” was shown, to be released much slower
from imprinted polymers in a solid state as from a similar non-imprinted

25 polymer and that the odor is retained over a longer period of time. This aspect
is crucial for any application where a slow release is important, e.g. in air
freshners, cosmetics, perfuming of fabric fibers. The imprinted polymers
themselves may constitute the fibers. '

To a certain extent it has been found that the imprinted polymers show
30 specificity for the imprinting molecule, e.g. phenylethanol imprinted polymer
have no affinity for citronellol. :

It has further been found shown that the polymer can be imprinted with
a standard fragrance composition to have affinity for most of the components
of the fragrance or structurally related products. '
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frominprinted polynmers in a solid state as froma simlar non-inprinted 25
pol ymer and that the odor is retained ﬁ’@m&’l% er period of tine. This
aspect is crucial for any appl I cation where a sI ow reI ease S
i nportant, e.§tyrénaiethylené utg ledﬁnetha , ‘ gchly '
fibers. The |£ tnteq PO ginsrs thg&&el ves may constltute the fibers.
To a certain ' he inprinted polynmers show 30
specificity for the inprinting nolecule, e.g. phenylethanol inprinted

pol ymer 15 have no aPfepargtibarofthe mmelecularly imprinted polymer

A mixture of a,0¢,-azo-isobutyronitrile (AIBN, 164.0 mg, 1.0 mmol),
ethyleneglycol dimethacrylate (19.82 g, 100 mmol), styrene (4.17 g,40 mmol)
and diphenyloxide 1.2 g, 7.1 mmol) in toluene (40 ml) was magnetically stirred
under argon while cooling on an ice bath (4°C) until complete dissolution of

20 the AIBN. The resulting solution was transferred into a photochemical
reaction vessel as a thin layer of about 5 mm thickness, cooled on an ice both
and placed under an UV source (high pressure mercury lamp, 150 watts)
(iuring 17 hours. The resulting polymer was ground to small particles in a
mechanical mixer. The powder was thoroughly washed with a solution of

25 ethanol (480 ml) in deionized water (720 ml), ethanol (500 ml) and
methanol(500 ml). After drying overnight under vacuum at 45°C, 14.2 g of
purified, diphenyloxide free, imprinted polymer were recovered. As a control
polymer exactly the same procedure was applied without diphenyloxide.

Preparation of the softeners

30 The imprinted and the control polymers were both loaded with 5% w/w
of diphenyloxide in 25 ml of diethyl ether and after homogenisation the
solvent was completely evaporated.



1t has further been found shown that t he pol ynmer can be inprinted with
a standard fragrance conposition to have affinity for nost of the

conponent s of the fragrance or structurally related products.

-7- The invention al so provides polyners inprinted with nmal odor
products e.g. sweat conponents, snoke,-8obacco snoke, to bind
specifically the nmal odor and not the perfunes present in the

appl i c?t idon tIhnt erlﬁffésﬁﬂt:ggrzbaae’ﬂ pa&m&& (4 8 raahvaigi dwzgsrg bﬁ&i%:lﬂéﬁ?lbxxd)
i nprinted wi swea orL§ are in eodor a
air-freshnersV ‘ima‘g} Heg‘#ér s@ﬁﬁ 1“91 {2%5’ (el P Hﬁ% Arquad, o
i f a .polyner lei‘[[‘cﬁloﬂnaaktze@hemm; Gm@omrsusmwmrmaemsﬂ/mmén

| mport ant hur’@g onponent, cf. G Preti et al., Journal of Cheni cal
Ecol ogy, Vol 8%%@Z§ specifically adsorbs thrs sweat conponent out of

a °~ mxture containing a standard perfune. Theqr;resent

i nvention $s furtFerthe rafgxeme@etpmmqwr s\dlnbenzy&ameéa softgner hasglk
not intented %Qsh&f@cﬁ#%ﬁeﬁfﬁo%@s Pé}fb e invention. U

Exanples 1 Styrene/ et hyl ene gly acryl ate pol ymer inprint ed.'

wth di phenyl oxi de fog use in a sof ener Preparation of
the nol ecul arly i npri nt edtEeAiment of cotton tox\vq]},s)wmhea(spftene
a,a',-azo- |sobutyron|tr|Ie (AIBN, 164.0 ng, 1.0 mmol), et hyl enegl ycol

gr mrslt haf:r yl gt e (1Ph8abgve i:ﬁéparedlsbftenew woee (duted mﬂm hitext Of cold weater and .
ti
i o R A, AR 11
di ssol uti df oferaperaturetiBrngrhout Ssminuteg hyosimilatinga treaé;mrérmeﬁvwaﬁhm&
phot ochemi cal h.bﬁe?%é ﬁﬁ@ﬁfz tl‘i"étd%vé BiHAvk 34eh c@ﬁtﬁﬁ@éﬁ in {WakRigkness,

cool ed on an |ce aced er an UV-source “(high pressure
mercury | anp, E% @tZ?Orotatmsr’rngl hours The resultr ng pol.ynmer was
ground to small particles in a

The towels have been evaluated olfactively by a panel of 10 persons and by
head-space measurements in the humid state and aftera6handa24h

15 drying phase, respectively, at room temperature. The olfactive evaluation is
summerized in Table 1 '

Table 1

Reference | Control polymer | Imprinted pqumer

humid state : +H++ i +++ +++
dry state after 6 h + a ++ 4+

dry state after 24h + + -+

++++ very strong +++ strong ++ moderate + weak

Head-space measurements

20 The head-space (4-10 ml for the humid and 1000 ml for the dry towels)
were absorbed on an adsorbant (Tenax) , extracted with hexane and the
diphenyloxide content quantified by gas chromatography (GC) analysis (30 m
x 0.32 mm CP-wax 52-CB column, 60° C, 60-235° C, 10°/min.). The results are
listed in Table 2.



mechani cal m xer. The powder. was t._horc;ughl y washed with a solution of 25
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a cantrol

di phenyl oxi de.

m) in deionized water (720 m ), ethanol (500 m) and

m). After drying overnight under vacuum at 45[err]C, 14.2 g
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Preparation of the softeners

30 The inprinted and the control pphppers were both | oaded with 5%
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respectively, at roomtenperature. The ol factive eval uation.
ized in Table 1 o

Example 2

Styrene/ethylene glycol dimethacrylate polymer imprinted with a
standard fragrance composition for use in a softener

According the procedure described in Example 1 a polymer was imprinted
with 1.2 g of a standard perfume composition containing equivalent amounts
of 15 volatile components as described in Table 5. The resulting polymer and
corresponding controel polymer have been used for the treatment of cotton
towels with a softener base according to Example 1 containing a perfume
loaded control polymer, a perfume loaded imprinted polymer and just the
perfume as reference, respectively.

The towels have been evaluated olfactively by a panel of 10 persons and by
head-space measurements as described in Example 1. The results are
summerized in Tables 3 to 5.



Table 1 . - Ref er ence Control pol yner

| nprinted pol yner hum d state ++++ +++
+++ - " dry state after 6 h + ++ +++
dry state after 24 h + + ++ ++++ very
strang +++ strong ++ noderate + weak -10 -
Head- space neasurenents 20 The head-space (4-10 mM for the humd and
1000 mM for the dry towels) wer e abs@gidd on an adsor bant (Tenax)
extracted with hexane and the di phenyl oxi de content quantified by gas
chromat ography (GC) analysis (30 m wax 52-CB col um,
60[err] C, 60-235 C, 10[err]/mn.) Olfﬁgﬁv&sﬁy?@%fgn listed in Tabl e 2.
‘9 = Tab: W1IDCIILI QL;UII UI
di phenyl oxi dd i n the head-spa¢e ([refedemcél ai r)control polymer imprinted
ref érence control polynmer |inprinted
pol ymer hum d state 108 8 4. 64 polymer _
0. 193 driy=state—after—6 0" 1 0637 0845
dry state af t|chumidistate 0. 193 FHH+ 0. 456 +++ 0. 566 +++
dry state after 6 h + ++ +++
dry state after 24 h + + -+

++++ very strong +++ strong ++ moderate + weak
Table 4
5 Head-space measurements

Concentration of the perfume (total of the 15 components) in the
head-space (ng/1 air)

reference control polymer imprinted
polymer
| humid state 79693 47764 59483

dry state after 6 h 98.8 1819 2336




Exanpl e 2 Styrene/ et hyl ene gl ycol .di met hacryl ate polymer inprinted with

a 5 standard fragrance conposition for use in a softener Accor di ng
t he "procedure described in Exanple 1 a pol yner was inprinted with 1.2 g
of a standard perfunme conposition containing equival ent anmounts of 15

vol atil e conponents as described in Table-331 -The resulting pol yner and
correspondi ng control polyner have been used for the treatnent of cotton 10
towels with a softener base according toTgpiell € 1 containing a perfune
| oaded control polymer, a perfurre | oaded i nprinted polyrrer and just the

f f The t | s._h |_yat
orfacti vel y b, CaBgeRbraBpLY tHF pbrtomncnpponeiscin SIS bearkanire alfeton

descri bed i n [pxarpte—t—theresu-ts—are—b—surrgrzed i“ bt-es—3—+6—5-
- 10- ' perfume reference comttral 3 1mpr1nted excess 1mpr1nted
A factive evdl rlef er
pol yrrer i né&gbnt . polymfer. ‘f)oﬁ%.‘e':r ﬁgﬁ'ﬁ{)f’bolymer
pol yner Humid state | (ngllair) | (ng/lair) (ng/l-air) (%) +++
dry state aftler 6 h + _ ++ dry state gfter 24 h +
+ ++ +++4 very striong +++ strjong ++ nodgrate + weak
amyl acetate 47 853 840 -1.5
dimethyloctenon 2.2 356 604 +70
e
eucalyptol 0.1 163 229 +41
- cyclal 5.1 ' 169 251 +49
linalool o1 423 74.3 +76
ald. C12 MNA 15.2 30.8 43.8 +42
viridine _ 0.5 40.1 64.8 +62
terpineol 4.3 16.7 26.9 +61
benzyl acetate 3.1 ' 58.8 86.6 +47
irisone 4.5 10.1 111 +10
verdyl acetate 2.2 184 27.2 +48
phenylethanol 14 10.5 14.0 +33
diphenyloxide 41.5 39.8 52.2 +31
prunolide 2 6.7 7.0 +5
lilial 12 3.9 4.0 +3




Table 4 | Head- space measur enent s Concentration
of the perfune (tot aI of the 15 conponents) in the - head-space (ng /1

air)y ref erence control pol yner i mprinted
pol yrner hum d state 79693 47764 59483
dry state after 6 h  98.8 1849 - 2336

Table 5 Concentration of the perfune conponents |n t he head-space after 6
h perfunme ref erence controI:E hﬁg{ excess inprinted .
conponent pol ymer /control pol yrner

(ng/l air) '

853 .

604

+41 cycl al 5.1 169 251 +49

Preparation of the molecularly imprinted polymer

5 A mixture of o,0’-azo-isobutyronitrile (AIBN, 82.1 mg, 0.5 mmol),
ethyleneglycol dimethacrylate (9.91 g, 50 mmol), inethacrylic acid (1.72 g, 20
mmol) and the sweat component 3-methyl-2-hexenoic acid (256.3 mg, 2 mmol)
in toluene (20 ml) was magnetically stirred under argon while cooling in an ice
bath until complete dissolution of the AIBN. The resulting solution was

10 transfered into a photochemical reaction vessel as a thin layer of about 5 mm

~ thickness, cooled on ice (4° C) and placed under an UV source (high pressure

mercury lamp, 150 watts) during 17 hours. The resulting polymer was ground
to small particles in a mechanical mixer. The polymeric powder was
thoroughly washed resp. with a mixture of ethanol (240 ml), acetic acid (120

15 ml) and deionized water (240 ml), a mixture of ethanol (200 ml) and acetic
acid (50ml) and finaliy with pure methanol (250 ml). After drymg overnight
under vacuum at 45°C, 8.21 g of purified, with 3-methyl-2-hexenoic acid
imprinted polymer were recovered. As a control exactly the same procedure
was applied without the methyl hexenoic acid.

20 The imprinted and the control polymers (100 mg) were each loaded with
1 m! of a diethyl-ether solution of 3-methyl-2-hexenoic acid (1 g/1), 1 ml of a
diethylether solution of the standard perfume as described in Example 2, (1
g/1) and 50 pl of water. After homogenisation the ether is evaporated by gentle
heating at about 40 °C during 10 min. After 3 hours resting at room

25 temperature in air the samples were olfactively evaluated:

In a panel of 9 persons 8 persons found that the imprinted sample has a
much more pleasant, cleaner, less sweaty odour compared to the non-
imprinted control.



i nal ool 0.1 42.3 . 74.3 +76 ald. Cl2 MNA

15.2 30.8 43. 8 +42 viridine - 0.5 40.1
64.8 +62 terpineol 4.3 16.7 26.9 :
+61 benzyl acetate 3.1 58. 8 86. 6 +47 irisone
4.5, 10.1 11.1 +10 .veydyl acetate 2.2 18. 4
27. 2 +48 phenyl et hanol 1.4 10.5 14.0

+33 di phenyl oxi de 41.5 39. 8 ExampleX 2 +31 prunolide
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Exanpl e 3 AR iH-£ G RO L LG g O Y ke POREIIEL DL ted

i nprinted with lcigromélyl - fbrhasedia aivfiabhiteysaicosamsidogniaducts or fabric
deodor ant s bers Preparation of the nolecularly inprinted polyner
5 ° A nikggpg—of a,a -azo-isobutyronitrile (AIBN, 82.1 ng, 0.5 nmol),

et hyl enegl ycol dinethacrylate (9.91 g, 50 nmol ), nethacrylic acid (1.72 g,°
20 nmob) arRreparatientofthpmalecubariyt imprintedpalymezwithowssalvent 2
nmol ) in toluene (20 mM) was magnetically stirred under argon while
cooling in an iceA mixture of o,0’-azo-isobutyronitrile (AIBN, 65.7 mg, 0.4 mmol),
ethyleneglycol dimethacrylate (9.91 g, 50 mmol), methacrylic acid (861.0 mg,
- 10 mmol) and citronellol (12.9 g, 83mmol) was magnetically stirred under
argon while cooling in an ice bath until complete dissolution of the AIBN. The
10 resulting solution was transfered into a photochemiéﬂ reaction vessel as a
thin layer of about 5 mm thickness, cooled on ice (4° C) and placed under an
UV source (high pressure mercury lamp, 150 watts) during 16 hours. The
resulting polymer was ground to small particles in a mechanical mixer. The
polymeric powder was thoroughly washed with a mixture of ethanol (240 ml),
15 acetic acid (120 ml) and deionized water (240 ml), a mixture of ethanol (200
ml) and acetic acid (50ml) and finally with pure methanol (250 ml). After
drying overnight under vacuum at 45°C, 8.21 g of purified, with citronellol
imprinted polymer were recovered.

For a reference polymer imprinted with less citronellol the same
20 procedure was applied with additional 15 ml of toluene and only 195.9 mg
(1.25 mmol of citronellol).

As a control exactly the same procedure was applied withou_t citronellol
and with 15 ml of toluene.

50 mg of each of the three polymers were suspended during 18 h in 5 ml
25 of a 70% methanol solution containing 0.025 mg citronellol/ml. After
centrifugation the amount of adsorbed citronellol was evaluated by GC
analysis. The amounts of citronellol (%/polymer) adsorbed on the control
polymer and on the imprinted polymers prepared with an without solvent are
as presented in Table 6.



bath until conplete dissolution of, the AIBN. The resulting solution was 10
transfered into a photochem cal reaction vessel as a thin |ayer of about 5
nm - t hi ckness, cooled on ice (4[err] C and placed under an UV source
(hi gh pressure mercury | anp, 150 watts) during 17 hours. The resulting
pol ymer was ground to small particles.ijgaa nechanical m xer. The

pol yneri c powder was t horoughly washed resp. with a m xture of ethanol
(240 nl), acetic acid (120 15 nl) and dei ofpigpgd grater (240 nml), a mxture
of ethanol (200 m) and acetic acid (50m) and finally with pure
met hanol (250 m ). Aftef arylag overni gn nder _vacpum aLl 5[ err (,
8.21 g of purified, with 3- meVABHO2- hexepoic gnce i hprilkf e%

were recovered. As a cohtrol exactly the|same procedure clmalpphsed
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Exanpl e 4 Met hacrylic acid/ ethyl eEgaghpleos di nethacrylate pol yner
i mprinted with citronellol for use in air freshners. cosmetic products

or fabric ihers .5 Rh ajion of the.nol.ecul a L NRLinte

wi t hout soPve etitdrviie acfifR c P 1" H{L%?eurlﬂ 25 qeé‘—%ﬂ%gr‘:#_—
65.7 nyg, 04m1l'1h' argey in| aiiif tcosmetic Progucis

met hacryl iC aﬁlﬂar(s%l O ny,

Preparation of the molecularly imprinted polymer in the presence of
~ toluene

10 A mixture of o,0’-azo-isobutyronitrile (AIBN, 82.1 mg, 0.5 mmol),
ethyleneglycol dimethacrylate (9.91 g, 50 mmol), methacrylic acid (1.72 g, 20
mmol) and citronellol (2.476 g, 15.8 mmol) in toluene (10 ml) was magnetically
stirred under argon while cooling in an ice bath until complete dissolution of
the AIBN. The resulting solution was transferred into a photochemical

15 reaction vessel as a thin layer of about 5 mm thickness, cooled on ice (4° C)
and placed under an UV source (high pressure mercury lamp, 150 watts)
during 18 hours. The resulting polymer was ground to small particles in a
mechanical mixer. The polymeric powder was thoroughly washed with a
mixture of ethanol (240 ml), acetic acid (120 ml) and deionized water (240 ml),

20 a mixture of ethanol (200 ml) and acetic acid (50ml) and finally with pure
methanol (250 ml). After drying overnight under vacuum at 45°C, 8.3 g of
purified, with citronellol imprinted polymer were recovered. As a reference
exactly the same procedure was applied without the citronellol.

Evaluation by adsorption in the solid phase

25 The imprinted polymer and the reference polymer were loaded with citronellol
(50 mg/g as described in Example 1) and compared by GC analysis of methanol
extracts and olfactive evaluation over a period of 14 days. The results are
shown in Table 7.



10 mol) and citronellol (12.9 g, 83nn6|) was magnetically stirred under
argon while cooling in an ice bath until conplete dissolution of the AlBN
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Cont r ol AcppppkofcLl persons found ypanjpensly that the imprinted material
citronel |l ol agelative to olfactive propertiés¥agisigrifichhtly stronger taftereld @aysand
sol vent ' sol vent)

Example 6

5 Mixed styrene/methacrylic acid/ ethylene glycol dimethacrylate

olymer imprinted with 2-phenyvlethanol for use in air freshners or
fabric fibers

Preparation of the molecularly imprinted polymer

A mixture of o,0’-azo-isobutyronitrile (AIBN, 82.1 mg, 0.5 mmol),

10 ethyleneglycol dimethacrylate (9.91 g, 50 mmol), methacrylic acid (861.0 mg,
10 mmol), styrene (1.04 g, 10 mmol) and 2-phenylethanol (244.3 mg, 2 mmol)
in toluene (20 ml) was magnetically stirred under argon while cooling in an ice
bath until complete dissolution of the AIBN. The resulting solution was
transfered into a photochemical reaction vessel as a thin layer of about 5 mm

15 thickness, cooled on ice (4° C) and placed under an UV source (high pressure
mercury lamp, 150 watts) during 17 hours. The resulting polymer was ground
to small particles in a mechanical mixer. The polymeric powder was
thoroughly washed resp. with a mixture of ethanol (240 ml), acetic acid (120
ml) and deionized water (240 ml), a mixture of ethanol (200 ml) and acetic

20 acid (50ml) and finally with pure methanol (250 ml). After drying over- night
under vaccuum at 45°C, 6.45 g of purified, with phenylethanol imprinted
polymer were recovered. As a reference exactly the same procedure was
applied without phenylethanol. . -
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capacity for citronellol i ncreases’ vm th the anount of citronellol used

for frprinting. Exanple-5 5

Met hacrylic acid/ ethylene glycol dinethacrylate polyner inprinted W th
citronellol for use in airfresners. cosnetjfgproducts or fabric fibers

Preparation of the nolecularly inprinted polyner in the presence of

05 mmol), ethyl Z‘nééffy’ﬁof“%ﬁ B 7 aBsipR I phE S WY [0

acid (1.72 g, 20 l.) and C|troneIIoI (2.476 g, 15.8 mml ) .in tol uene
(10 M) was mag neiﬁin@amtyd polymer apd refergnee mlgmr\/mnleé mredgadrﬂd with 86

bat h ]yntl ! dcomy t;ﬂleﬁlmnhﬁbl 50 ﬁ%/ cltmh@nowmﬁlfwhé %ﬁhﬁ.hﬂg Sffutthd ON Was
about 5 mm t nOERRRSHIR. (i) a6 15 OPRUE e Exambla d) APdEY il et
sour f:e. (hi gihI daysaﬁmeonﬁemp&atlmq:by G@(Sﬂi‘dtlBhase M1GhmrEmaéﬁﬁhQSP9/|IE5[he
resulting po r S i.c a nmechani cal m xer.
The pol yneri c“g’ﬁ%é@ é?%’ﬂ_ﬂ %%%@h&ke%?gg 'f%)lg% m xture of ethanol
(240 nl), acetic acid (120 nml) and deionized water (240 m), 20 a mxture

of ethanol (200 m) and acetic acid (50mTBabledBfinally with pure

nmet hanol (250 m). After drying overnight under vacuum at 45[err]C, 8.3 ¢
of purifi GC/SPME HddR8ghte evalRatiohCef Md’éﬁbdl@ﬁﬁafseﬁﬁ?ﬂ&ﬂad AdtR
ref erence actf ht helsarre procedure was appliéed w thout tThe
citronellol. ano Eval uation by adsorption in the solid
phase 25 The |rrpr| nted pol yner and the reference pol yner were | oaded with

citronel |l ol (50 ng/ g &Sanmseri bed in Exanple 1) and coaes edubys GC
anal ysi s of nethanol extracts and ol factive evaluation over a period of
14 days. The results are impﬁﬂ?e‘ﬁﬁo'aﬁeg %R{:l-? pﬁénylethanol 96410

control loaded with phenylethanol 47577

imprinted loaded with citronellol 45262

control loaded with citronellol 47262

imprinted loaded with perfume* ' 11644

reference loaded with perfume * 9252

10 *perfume as described in Example 2

~ The results show that the phenylethanol imprinted polymer show high
specificity for phenylethanol, specificity for the perfume and no specificity for
citronellol.



- 15 - . " Table 7
(mg/ 100 ng pol yner) day O day 1 day 3

day -7 day 14 i mprinted 3.5 3.3 = ’?’Még
3.6 pol yrner reference 3.9 3.0
3.3. polyner A panel of 11 persops_found una ‘“‘“ \ﬁ!‘

I mprinted materi al relative to ol factive properties \A&\“‘m

stronger after 18 days.

M xed styrene/ nethacrylic acid/ ethyl ene%glﬁg?col di et hacryl at e
polymer inprinted with 2-phenyl ethanol for use in air freshners or
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5. The polymer of claim 3, whereby the flavor compounds are selected
15 from the group consisting of of alcohols, phenols, carboxylic acids, esters,
lactones, saturated or unsaturated ketones, aldehydes, aromatic compounds,
nitrogen containing compounds or any mixture of such compounds.

6. The polymer of claim 3, whereby the malodor compounds are selected
from compounds existing in human sweat, especially ster01ds aliphatic acids
20 and sulphur containing compounds.

7. The polymer according claim 6, wherein the malodor compound is 3-
methyl-2-hexenoic acid.

8. The polymer of any one of the claims 1 to 6, whereby the odorifereous
or flavor compound(s) is/are slowly released.

25 9. The polymer according to claim 8, wherein the slow release of the
odorifereous compound(s) is/are effected by evaporation from the solid state or
by release in an aqueous or an organic solvent suspension.

10. The polymer of any one of the claims 1 to 9 whereby the binding sites
are partly imprinted with at least one odorifereous compound and are partly
30 able to bind molodor compounds.
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13. The polymer according to claim 12, whereby the solvent is selected
from the group consisting of ethanol, methanol, acetic acid and mixtures
thereof, optionally with addition of water.

10 14. The polymer of claim 12, whereby the organoleptic substance(s) is/are
(a) malodor compound(s).

15. The polymer of claim 12 characterized in that two types of binding
sites are present, whereby one type is imprinted with odoriferous compound(s)
and the other type has been imprinted with at least one malodor compound

15 which malodor compound(s) thereafter has/have been dissolved by washing
with an appropriate solvent.

16. The polymer according to claims 11, wherein the functional monomer
exhibits a group with a double bond, preferably a methylene or a vinyl group.

17. The polymer according to claim 16, wherein the functional monomer
20 is at least one of the group consisting of acrylic acid, methacrylic acid, styrene
and phenylpropenyl derivatives. '

18. The polymer according to claim 11, wherein the cross-linking agent
exhibits at least two groups with double bonds, preferably two methylene or
vinyl groups.

25 19. The polymer according to claim 18, wherein the cross-linking agent is
ethylene glycol dimethyl acrylate, divinyl benzene or a mixture thereof.

20. The polymer according to any one of the claims 11 and 16 to 19,
wherein the molar ratio of cross-linking agent/functional monomer is between
1 and 10, preferably between 2 and 5.

30 21. The polymer according to any one of the claims 11 and 16 to 20,
wherein the molar ratio of cross-linking agent/imprinting odorifereous
substance is between 0.5 and 50, preferably between 10 and 25.



épeci ficity for phenylethanol, specifi ci ty for the pm
épgflnl;' city for 1. C'pf){gx'r' glresenu ng bi ndi ng si tesl "U’Hm”"m MH"F

or ganol eptic subst ance. 2. The polymer of élatmn
characterized in that the binding sites argjg.nolecularly inprinted W|th at
| east one organol epti c substance. 3. The polyner of claim1 or 2,

wher eby t he Organgbe'l’hbgas corrpoungdi“%f? anfsﬁgsfﬂéegaﬁﬁktﬁ%xgi 2Who 21,

consi sting of dor{) ﬁ conpoun

conpounds. ereby the gtien has beenefected indheinresercenfan ratalvstens a
conmpounds arera&calsgé@@taeglr aﬁmwlﬁmup consi sting of al cohols, phenols,
carboxylic acids, esters, car bonat es, Iactones saturated or

B o et o8, TR JSIYEE o T by o SPERY i LR 5200 1 09
clai m 3, wher stherehy the polymenhpobeels obtained by(poéxhdﬂitmh; rimgtdpenimgup

consi sting of xylic acids, esters, | act ones,
saturated or Bﬁwéﬁg%ﬁgﬁ @Gﬁréghaa?%#%es aromatic corrpounds -
nitrogen containin l,Imds or any m xture of such conpounds.

6. The pol yner of YIRAE Aeterdingtogny gne °§M@Gﬁ&§ Iehoe23 arsed:fon
from compoundgp eﬁfﬁxﬁiﬂ smetmlpﬁiau%wabod&msl arlrefrebRing u%ts F!Qaﬁdﬁy

acids 20 and suI contal o
accordi ng cl alpﬁ?‘g Ltﬁh%sfpécﬁal[}’h‘i ge@:g,or&%h:agggﬁepgrsgand fabrig S'2 hexenoi ¢
aci d.

10 25. The polymer according to any one of the claims 10 or 12 to 15,

whereby the imprinting of malodor compound(s) is/are used for reduction of
malodor in deodorant, cosmetic, air-refreshing or laundry applications.

26. The polymer according to any one of the claims 1 to 25, whereby the
imprinted substance(s) is present in about 1 to 10% by weight.

15 27. A process for the manufacture of the molecularly imprinted polymers
according to any one of the claims 2 to 26 comprising polymerization of a
mixture of functional monomer(s) and at least one cross-linking agent in the
presence of at least one organoleptic substance followed by removal of the
organoleptic substance(s).

20 28. A process for the manufacture of the molecularly imprinted polymers
according to claim 1 comprising polymerization of a mixture of functional
monomer(s) and at least one cross-linking agent in the presence of at least one
organoleptic substance followed by removal of the organoleptic substance(s).

29. The process according to claim 27 or 28 whereby the removal is
25 performed by washing with a solvent for the imprinted organoleptic
substance(s).
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16. The poLyrrer according to clains 11, wherein the functlonal nmonomner

exhihits a~group with a double bond, preferably a nethyle BF ﬁEW SHEET

group. 17. The pol yner accor di ng to claiml6,
functional nmonomer 20 is at |east one of the group consisfing of acrylic
acid, nethacrylic acid, styrene ang-phenyl propenyl dgri vA 6 WPR 1999
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to 21, ereb the&%g%{ 111]%s?tlon has ﬁﬁ/ ated In th nce of
a catalyst a Ce PR G QPO RIRSEaResHS %Yr?d??ﬁm malgger compoun %5? The
po: ymer ﬁccorpdimets)whmh hawe tHe pi@geiyaﬂmﬁnalsp%ﬂiﬁd@.ahéés% ,organblepeiy E he
pol ymer has p: i tikon ation
or pol yconde%gagcmg%ﬂeo% \E’Q'ed %z%“fﬁ%l c&ﬁ ?‘gﬁ%gﬁf’ﬁg ﬂ%st}rbg gﬁjﬁ&r&eﬁ&f t he
clains 1 b 2zganeleptit substancpds tangetes, eqs netcosmetichrotdscts) deddorants,, air
air-ref ggfsmggﬁgs Bodulef Iialdry proBbetiilch a3BRTEEAYate FIIE R tBertis,
f%]ers fa or fabncs For example, if a polymer has been imprinted with
| malodor molecules this polymer is used to reduce prior malodor, e.g. malodor
in deodorant, cosmetic, air refreshing or laundry product applications..

15 A general strategy currently employed in imparting odours to consumer
products is admixing of the fragrance directly to the product. The major
drawback of this procedure is that most of the fragrance is lost during
manufacturing, storage and use because the fragrance molecules are too
volatile and/or too unstable. Often the fragrance is also lost because of lack of

20 adhesion to the support to be perfumed, e.g. onskin, hair or fabric.

In some cases, the fragrances are microencapsulated or treated with
cyclodextrins to form inclusion complexes which decrease the volatility and
improve the stability. However, these methods gave often not satisfactory
results or are too expensive. For example, as described in US Patent 5,382,567

25 a major drawback of the heretofore used cyclodextrins is their high water
solubility as soon as they are used in aqueous applications.

Most materials used so far as solid phase adsorbants for above mentioned
purposes act in a relatively non specific manner. Recently molecularly
imprinted polymers (singular or plural form is hereafter abbreviated MIP)

30 have received much attention to prepare receptor mimics or a kind of plastic
antibodies able to recognize and bind various highly-functionalized or high .
molecular weight molecules, see K. Mosbach et al., The Emerging Technique
of Molecular Imprinting and its Future Impact on Biotechnology,

r
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26. The pol ynmer® according to any one of the clains 1 to 25, yh r%g hpﬁ

i mprinted substance(s) is present in about 1 to 10% by wei ghf. 1999
27. A process for the manufacture of the mpbecularly inprinted VRIS
according to any one of the clains 2 to 26 conprising polynefization of a
m xture of functional nononer(s) and at Jeast _one cross-|inkimy agent—-A

t he presence of at |east one orga substance fol |l owed by renoval
of the organol epti c substance(s). 20 28. A process for the

~manufacture of the nolecularly inprintedkg)(%l rs according to claim1l
conprising polynerization of a m xture ﬁ—ﬁ—ﬁ%ggti onal nononer (s) and at
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5 partly molecular printed with an organoleptic substance. The polymer
which has the property to bind specific classes of organoleptic molecules can be
used in any application where a long lasting effect of the organoleptic
substance is targeted, e.g. in cosmetic products, deodorants, air refreshing
products, laundry products and in fibers for fabrics. If the polymer prior has

10 been imprinted with malodor molecules this polymer is used to reduce

malodor.



