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Stricter health controls have increased the demand for methods allowing sensitive and
selective quantification of hazardous products and metabolites from certain everyday
substances in widespread use. Of particular concern are chemical compounds related to
use of tobacéo-based products, which compounds are either originally present in the raw
tobacco leaf itself or generated during the smoking process. Nitroso-containing
compounds, such as nitrosamines, are regarded as being of special significance in this

regard.

With the aim of reducing the occurrence of hazards related to smoking, certain
pharmaceutical products have been produced containing only the neuroactive substance,
nicotine, the chemical claimed to be responsible for the dependence aspects of smokable

material.
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Targeted compounds for quantification, reduction or removal from tobacco or smoke are
known and include the major components of tobacco-specific nitrosamines (TSNAs) and

their alkaloid precursors: NNK, 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone; NNA,

. 4-(methylnitrosamino)-4-(3-pyridyl)butanal; NNN, N-nitrosonornicotine; NAB, N-

nitrosoanabasine; NAT, N-nitrosoanatabine; NNAL, 4-(methylnitrosamino)-1-(3-
pyridyl)-1-butanol; iso-NNAL, 4-(methylnitrosamino)-4-(3-pyridyl)-1-butanol; iso-
NNAC, 4-(methylnitrosamino)-4-(3-pyridyl)butanoic acid.

To properly quantify how much of such targeted compounds are present in human
biological fluids, methods are being developed to analyse the alkaloids, especially the
nitrosylated decomposition products and metabolites in tobacco. Existing
chromatographic separation or extraction methods used for this analysis lack the

robustness, sensitivity and speed required in order to handle the large number of samples
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During recent years numerous reports of selective recognition of small molecules with materials
prepared by molecular imprinting (molecularly imprinted polymers or MIPs) have appeared. See,
for example, Wulff, G. Angew, Chemie. Int. Ed. Engl. 1995 (34) 1812. MIPs are polymers
having reactive sites adapted to bind selectively with targeted compounds. Non-covalently
prepared molecularly imprinted materials have been used for chiral recognition of a variety of
small molecules including therapeutic drugs, sugars, nucleotide bases, and pesticides as well as
steroid and peptide hormones. Examples of the same are described in, for example, Sellergren,
B. Trends Anal. Chem. 1997 ( 16) 310. The high affinity and selectivity for the target analyte
exhibited by some of the imprinted materials have justified a comparison with the corresponding
immuno-affinity (IA) phases. In contrast to the latter phases however, the MIP materials are

straightforward to prepare, stable in most media and reusable over long periods of time.
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the estimation of such hazardous chemical concentrations.

In addition to quantification it is also well known to attempt to reduce the harmful effects
of consuming material containing tobacco, tobacco substitutes or mixtures thereof by
reducing the levels of targeted compounds. Such reductions can be made in the material
itself or in a derivative thereof such as an extract of the material. Reduction can also be
effected in the thermal decomposition products of the material, i.e. mainstream and
sidestream smoke obtained by combustion, or the aerosols produced by heating the

material to a temperature below its combustion temperature.
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1645 (2003). The MIP described in the article was designed to bind nicotine and not the
more toxic nicotine metabolites such as nitrosamines. It is unclear if the MIP was in fact
selective for nicotine as the scientific method producing the data was lacking in key

control-checking elements.

Therefore, there remains a need in the art for novel MIPs and methods of employing the

same, particularly in the field of nicotine and nicotine metabolites.
Summary of the Invention

Broadly, the present invention provides a molecularly imprinted polymer (MIP) selective

for nitroso-containing compounds.
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Additionally, the invention includes a method of reducing the level of a targeted
component in a tobacco product, in which the tobacco product is treated with a MIP
which is selective for at least one nitroso-containing compound. Further, the invention
provides methods of manufacturing a smoking material which incorporates use of MIPs

to selectively remove nitroso-containing compounds.

The present invention includes the treatment of tobacco products with MIPs to reduce the

level of nitroso-containing compounds therein.

In this specification, “tobacco product” means a material containing tobacco (including
tobacco leaf or tobacco stem), ora tobacco substitute, or a blend of tobacco and tobacco
substitutes, and derivatives of such material, including extracts of the material, smoke
produced by thermal decompositibn of the material and aerosols produced by heating the

material to below its combustion temperature.
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medium, such as super-critical carbon dioxide liquid. The extraction may be carried out
under any conditions favoring the extraction of nitrogen-containing compounds from

tobacco.

The invention also includes a smoking article comprising tobacco or tobacco substitute,
and a molecularly imprinted polymer selective for the removal of at least one nitroso-

containing compound from the thermal decomposition product thereof,

The smoking article of the invention may take any conventional form, for example a
cigarette, cigar or cigarillo. In particular the smoking article may comprise a rod of
smoking material optionally in a wrapper, with or without a filter. The wrapper may be of
paper, tobacco leaf, reconstituted tobacco or a tobacco substitute. Alternatively, where,

for example, the smoking article is intended to produce low emissions of sidestream
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The inpéttion @BY labdebOapIRIMBItHYARDBRhatOk iRRREEd for oral or nasal
consumption by sucking, chewing, or nasal ingestion, rather than smoking. Such products

include snuff, snus and “hard” or chewing tobacco.

The molecularly imprinted material may be incorporated in the smokable material.
Accordingly, the invention includes smoking material containing a molecularly imprinted
polymer selective for the removal of at least one nitroso-containing compound from the -

thermal decomposition products of the smokable material.

Alternatively, where the smoking article comprises a rod of smokable material in a
wrapper, the molecularly imprinted material may be incorporated in the wrapper. The
invention therefore includes wrapper material for smoking articles comprising a

molecularly-imprinted polymer selective for the removal of a targeted component from



The snmoking material is preferably tobacco but may be

a tobacco substitute such as nontobacco snoking
woratoenizaba Exanpl es of non-tobacco snoki ng natBrT/siE®05/000773

are dried and cured vegetable material, including

fruit materials, and a synthetic snoking material such

D ML A ———
cellul G¥eTHes 6 nTEERA] sich Bapet 8Pa @%H%b Pase &'a%‘é}fiqh %gl?rgg I?ér‘?%ﬁstituted

and non-tobacco snoking materials.

tobacagat eri al conprises tobacco, the tobacco may of any
suitable type, or a blend thereof, including
air-cured, fire-cured, flue- cured, or sun-cured | am na

o B 0 5 g e o
tobacc@)UWraﬁfUreﬂﬁ?Q ﬁlﬁﬁ( E&?Jlﬁ&iﬂg%rmbfe%ﬁfﬁfy %I"ﬁﬂgg H& rﬁgioé@l&qhve for the

mat erial " may al so 1 nclude conventro suc
removakofatdeast oagtritrosmontaitisg compeahd fitin (isdtler@gl decomposition
erol and propylene glycol), inert fillers (such as
produ‘%hafﬁ)smockﬁhlermatﬁé@ﬂ. ngs (such as sugar, |iquorice and
cocoa). The invention may al so be applied to tobacco
that is intended for oral or nasal consunption by

The mS/Hﬁﬁd)l'i‘ AlsoChMdeS a %oﬁ@?ﬁielr cgﬂﬁﬁfsll a rﬁ@fe%ﬁfaréﬁﬁﬂ%rirated polymer

snoki ng. Such products include snu snus an

selective fohthwi regnd vt agfcat. lea”m)nmhm@sb@bhtam ifpr ddth SSuriP ol e thermal
be incorporated in the snokable materi a

may
decomngglgpgl pegiducts: o€ a rpmoking nmatecialiddhe ssmkkfngﬁllmt arayabe produced

scparafy Tyl (%, S aRings Suitic. Lt BlARPIR, oh thed i1 & cigarette or cigar
holderfﬁ{g@gm %f ‘?Hﬂn_gfbgcr:(?g on% t%ﬁ(?]lgi 0 1%1 ngﬁﬁés ithe form of a

cigarets¢rokthngfiktet tip) e conprises a rod of sm)kabl e materi al
in a wapper, the nolecularly inprinted material may
be incorporat ed in the vvrapper The I nvention
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filter riBlegial, aduchThe cellarBe ackRite, Ohea@molecularly imprinted polymer being in
particulate form and distributed throughout the section. Alternatively the filter may be in
the form of a “cavity” type filter, comprising multiple sections wherein the molecularly
imprinted polymer may lie between two adjacent sections of fibrous filter material. The
smoke filter may also comprise other adsorbent materials such as an ion-exchange resin,

a zeolite, silica, alumina or amberlite.

In use, the smoke passes through the filter, the molecularly imprinted polymer selectively
adsorbs and retains the targeted compounds from the smoke and the filtered smoke is

delivered to the smoker.

The smoke filters and smoking articles according to the invention may include means for -

protecting the molecularly imprinted polymer from, or reducing its exposure to, smoke
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cel l ul ose-based material such a paper or a tobacco

based material such as reconstituted tobacco. > The
weemberwed snoking articles of the invention aP@I/SE2005/000773

cigarettes, conprising a rodgof tobacco, w apper, and

a filter including a nolecularly inprinted pol yner

sel ectjve for th val of  at

when {Pyseo LS BRG0PI COh R RAMBELAL SREFTEROr R For example the
coital ; _ .
smokedﬁﬁgr'r@?g L?Bg(fi?ls@ .raoﬁ*fﬁtt délgﬁ‘ngn@fo? 'Eﬁgﬁi%}lrf%ﬁﬁiéﬁd@lk‘rgﬁ 5ﬁé§apour or

I NV SO inc snoke rconpr

particiilategshisalolf ¥mioke! Sutle fltepbi¢irntsag Comrise @ gdnegal adsorbent such
renoval of at |east one nitroso-cont ai niuré(}yl compound

as activatedh cablzort, Ivérinh imajebo ipaisy comwvenpend don ssush as thrasidsrparticles,
terial. The ke filter may b oduced .separ at el

granuleS ipitn T BRBRE: nP It FlEmepb A Pea SHICCHES RRTGTPBRC sych as an

. ' e r. ch:aar.:hal . O i ' .
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cataly§t @y fidledeMwe of nidrets@eh Filter cloRidtes b diffirént donipesifiGrsfor
of filter tips may be of any conventi onal

example adisufittenclement of eliyibse atetatayarda s¢uoniddilteroflement of activated
“dal matian" t nprisi.ng a section

ar %(pe fil tfer c& gf ) ) .
carbon.i Hieoprovision et multiple falfer elempntsdn smokg fiicss apd smoking articles is

the mplecul arly inprin . ' I D)
well kpfiier Bt 8% Spaysr i EDERe RRVERE AL (et fiobsinisd methods of
constrdBGh, Ahay Pt ugedatively the filter may be in the form
of a "cavity" type filter, conprising nmultiple
sections wherein the nolecularly inprinted polyner may
lie between two adj acent sections of fibrous filter
material. The snoke filter may al so conprise ot her

. ~Aadsor hent terial.s such as an ion-exchange resin, a
Brlefﬁgﬁﬁrmq?’n %ﬁ?‘le aWP&%i na or anberlite. In use, the

Figurd TRKSwE %g%%%l]iﬁé‘lipﬂﬁgtrr()@@dlfré :f&eggéltﬁ&‘?s SPAEEHpAR M Spo#wger;

I mprinted polyner selectively sorbs and retain
Figuré¢ 25betve thenitpaaamdise fureniohblegronp kadaxdmiphes 6f hicetirelrelated

~ snoke is delivered to the snoker.
nitrosamine targets;
Figure 3 shows isosteric analogues of nitrosamines;
Figure 4A shows examples of amide and sulfonamide based target analogs;
Figure 4B shows an enamine target analogue (MPAPB) used as a template to prepare a
MIP for extraction of NNAL;
Figure 4C shows pyridine carbinol used as a template to prepare a MIP for extraction of
NNAL;
Figure 5 shows recovery rates of NNAL using an NNAL-selective MIP;
Figure 6 shows chromatograms obtained after analysis of 1 mL human urine spiked with
0.25 ng NNAL (represented by solid line) and 1 mL blank human urine (representec by
bold line);
Figure 7 shows an overlay of chromatograms obtained after sample analysis in the
presence of nicotine where the solid line represents NNAL and nicotine-spiked sample,

dashed line represents eluent collected from loading 1 mL of the NNAL and nicotine-

spiked sample, and the long dashed line represents a wash of (NH4)H,PO,, pH4.5;
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The snmoke filters and snoking articles according to

the invention may include neans for protecting the
wordosawear |y i nprinted polyner from or reduci PQI/BE®05/000773

exposure to, snokewhen in ugg. This may be achieved in

a nunber of different ways. For exanple the snoke
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sucir as acti vated carbon, whic

Figur@®yisosiveitaeview o5 Migwech oéa soholeiagsartiede Wich aa alternative
granules, cloth, or paper. The filter elenent may al so
smokoéilteraecerdingdtodieanyantiosich as an i on- exchange

sty B A e

re il ke | ements of different conpositions,
descr#ﬂ%rd lélxan%fjéwagf ?rrlgt filter element of cellul ose

Figur@dqtsHotvs fHtdciRerd R Rerdcithiecin®beiThil pointaforiseRicedolatile
carbon. The provision of nultiple filter elenents in

nitrosanokes.fi |l ters and snoking articles is well known, and
any conventional configuration of filter, and
associ ated net hods of construction, may be used. Brief

1 pLi . | hgur itline
In thegfffio8), Sty 3Ry At BiTer 1R R CheRRE o .
pol ymer; Figure 2 shows the nitrosam ne functional
group and exanples of nicotine related nitrosam ne

Detailed Mpscaptibngur e 3 shows i sosteric anal ogues of
nitrosam nes; Figure 4A sh exanpl es of i de and
MolealarrigHyating WR yieangists %ﬁfggcf@ﬁwmggﬂ%:@n% ﬁ?m,gpaéq‘qcompound,
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r extraction of NNAL; Figure 5 shows recovery rates
template-iybdbdmes complex; KB)Ahesemediteneordnier complex is co-polymerized with

a cross-linking monomer resulting in a polymeric matrix incorporating the template
compound; (3) the template compound is extracted from the polymer matrix to form a
MIP that can be used for selective binding of the targeted molecule. Prior to step (3),
where the MIP is prepared as a solid polymer (or monolith) it is typically crushed and
sieved to obtain a desired size fraction of particulate material. When prepared by either
suspension or emulsion polymerization methods, such crushing and sieving is
unnecessary since the particle size can be controlled within the desired limits during the
polymerization process. Particulate material prepared by any of the aforementioned
methods can be packed into a chromatographic or solid phase extraction column and used
for chromatographic separation of the template from other components of a mixture,

including molecules with similar structures or functionalities.

The reactive sites on the molecularly imprinted polymer exposed by removal of the

template compound will be in a stereo-chemical configuration appropriate for reaction



Figure 6 shows chromat ograns obtai ned after anal ysis
of 1mL human urine spiked with 0.25 ng NNAL .
wd@ eepnesant ed by solid line) and 1nL bl ank hunect/sE20082000773

(representec by bold line); kigure 7 shows an overlay
© of chronatograns obt ai ned after sanple analysis in the

. t
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d fromloading 1nL of the
seleCtlmeﬁgﬁ%bﬁlﬂgéo% %gé[ggl dcalgaggn'pl e, and the | ong dashed

line represents a wash O (NH4) H2PO4, pHA.5;Figure 8 is
a side elevation, partly |ongitudinal cross-section
Currenglyqthg anest ay lﬁylm@Rﬂl@d taoknjique tvgeferatesnolecnlgriyr Itnprir&ed binding
stes isglip dn€ R Supleny; EGpeEo s gnalibsas ol Roarksrmlent apiasiambly of the
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templat PO b Bt BREB s i ForBE R Pt Fpbpingr gomplex.

followbd) blyifreg adical pbbmérag@niin Ake presch&S6T 4 l@ﬁﬁsuﬁlk'ﬁ%%mn%mer and
and Figure 11 shows the chem cal structure

ﬁnallyaémpiaﬁ@ cpwiprund extreelion tCaralettiimprintingpirawhivbsthe itemplite
mlar features are given |like reference

molecff; 381 3GitaBle yoPomier,os E1argnmssn aRb Aty bowpid ngegt prior to
polymtt:ﬁi’lﬂit{bﬁf léXr%: gg6?5§ é]?l‘lgé] ohﬂgcco%lbg% %ﬂo?xftgrerggglgglsr%ﬁ%hmdéng

properties af ﬁlt:rMﬂPsz&ineﬂl‘t@} Oithie df'iﬁé ghdve ﬂn%t}ﬁids‘?:‘éﬁq)et@(ammed by re-
interact with a selected functional nononer, or

bindingef thestemplate raoleguleon to form a tenpl at e- nononer

compl ex; (2) the tenplate-nmononer conplex is

?o- pal yperjzed with a cross-1|inking nmononer resulting
The po xmsrlﬁ%1%lérnee qued. ip the,prasparesef mgorchEorming salvent called a

porogcfip IPEHES 1o ebbilladin® BIRIGHGiE SRR Toas beiewthsdbactanal
mononﬁ?g gﬁ% gl’)l/d’ete%ﬂlgierkg)n%odd?ﬁhk Hod6d s B loSen Blon? hmboRg aprotic
solvents of low to moderate polarity. Ideally, template compounds exhibit moderate to
high solubility in the polymerization media and these, or their structural analogues, can

therefore be used directly using this standard procedure.

While it is possible to use the targeted molecule itself as the template, a structural analog
of the target molecule is commonly preferred because: (a) the targeted molecule may be
unstable under the polymerization conditions or may inhibit the polymerization; (b) the
targeted molecule may not be available in sufficient quantities due to complexity of its
synthesis or cost, or both; (c) the template may be insoluble or poorly soluble in the pre-
polymerization mixture; (d) the MIP may remain contaminated by low levels of the
targeted molecule retained in poorly accessible regions of the polymer matrix, which may
bleed from the MIP during use; and/or (e) the target analyte(s) may present a significant

health risk and should not be used as a template(s).



where the MP is prepared as a solid polynmer (or

monolith) it is typically crushed and sieved to obtain
wa2mesizead size fraction of particul ate nateriT/SRYEE000773

prepared by either suspensiqgg or enulsion

pol ymeri zati on met hods, such crushing and sieving is
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. he nost, w.dely applied technique to generate
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"non-coval ent' route. This nmakes use of non-coval ent
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porogen is often chosen from anong aprotic

4-(methylnitrosamino)-1-(3-pyridyl)- 1-butanone (“NNK?”):

N,
X

ZZ N C— (CH2) 3—N~—Me

o]

N’-nitrosonornicotine (“NNN”):

N’-nitrosoanabasine (“NAB”):



solvents of low to noderate polarity. ldeally,
tenpl ate conpounds exhi bit noderate to high solubility
wo mosmeepol ymeri zati on medi a and t hese, or thePCT/SE2005/000773
structural anal ogues, can thgrefore be used directly
using this standard procedure. Wile it is possible to
use the targeted nolecule itself as the tenplate, a
structural analog of the target | ecul e is commonly
preferred because: (a) the targetpgd nol ecul e may be
unst abl e under the poly | Zaty condi tions or may
i nhibit the polynerizg (b) the targeted nol ecul e
may not be available in>~sufficient quantities due to
, .complexity of its synthesis or cost, or both; (c) the
N’-nitgqs %.tg‘émﬁe(ng\i is)hsol ubl e or poorly soluble in the
prepol yneri zati on m xture; (d) the MP nmay renain
contani nated by |ow | eve|gs of targeted nol ecul e
retained in poorly acceSS|qu;iE§ans of the polyner
matri x, which may ble il P during use;
and/or (e) the target agal te(s) may present a
significant health riskTand shoul d not be used as a
tenpl ate(s).In the case of nitroso-conpounds,
articularly the -conpounds known as TSNAs descri bed
4-(metgélmupsamm -do€3-pyridyleutanoMENNeAT) t 0 use functi onal
anal ogues thereof as tenplate conpounds. For exanpl e,
gl ucose derivatives gf~TSNAs nay be particularly
useful "as tenpl ate gonppunds, see Figure 2. Were the
MP is derived using>#upciangl-apal og of the
targeted conpound, the fuhctional anal ogue should be
i sosteric and preferably "o isoelectronic with the
targeted conpound, or it Ngay contain a substructure of
the targeted conpound where strong interactions may be
i kely. N troso-containing conpounds, particularly
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harnful effect on cons artirc
nitroso conmpounds to which the present invention is

. applicable is
N’-nitrosodimethylamine ("NDMA ")

N
‘\T/ o
N’-nitrosodiethylamine ("NDEA”)
N
O,/z' ~ N/\
N’-nitrosoethylmethylamine ("NP”)
Me—MN—Et



the group of nitrosam nes that occur naturally in
t obacco, known as tobacco-specific nitrosam nes
w@ TBBIAR70 whi ch are derived fromthe al kal oi dsPaThisiE2005/000773
occur naturally in tobacco, ganely nicotine,
norni coti ne, anabasi ne and anat abi ne. TSNAs i ncl ude: -
4- (et hyl nitrosam no)- 1-(3-pyridyl)- 1-butanone
("NNK") : N -nitrosonornicotine ("NNN'):
asine ("NAB"): N -nitrosoanatabine
N- mtn?go@éltb r?(ﬁ&f?ﬂ?%t hyl ni t rosam no) - 4- (3- pyri dyl ) but anol
(" NNA") CHO In addition, a group_of conpounds known as
vol atile nitrosoa nes | f,eQHQCHgQH vapour phase of

t obacco snoke. Th %J'Hdw fol |l owi ng

conpounds :- N -nit rosodl rret FI TSTDVA")

N -nitrosodi et hyl am ne (" NDEA")

N - ni trosoet hyl net hyI anmine (" NP") NO

Me- N-Et N-nj trosodi e nol am her. ) . . .

Other gilire3ns6oR(aHIRG rﬁOﬁrgp%ﬁﬁ Jigsalna el idsntiid ingghemicabatudies of
tobaccorprdpbaricosmakes forexastpleobacco or tobacco snoke, for :

exanpl e N-nitrosopyrrolidine ("NYPR"): )

N -ni trosonet hyl butyl ni trosam ne ("BMNA"),
N-nitrpgopyrrolidine 6N %P ["¥mi ne ("NBA") and

N - nltrosoplperldlne ("N PL" ssible isosteric

anal ogs for the targetin rosam nes are seen in

Figure 3. The nol ecul es shown afe all derivatives of

the parent am ne and can b thesized in a

|
NO

N'-nitrosomethylbutylnitrosamine ("BMNA”),
N’-nitroso-n-butylamine ("NBA™)

and N'-nitrosopiperidine ("NIPI”)
Nm
7 : ;
0O

Possible isosteric analogs for the targeting of nitrosamines are seen in Figure 3. The
molecules shown are all derivatives of the parent amine and can be synthesized in a
single step from the secondary amine and corresponding aldehyde or acid chloride.
Molecular models of the enamine (Figure 4A) have shown a good steric complementarity

with one of the nitrosamines of interest, NNAL.

During the design of a suitable template compound for the target analyte NNAL, a
particularly interesting template was identified, corresponding to the pyridine carbinol
substructure but surprisingly lacking the nitrosamine moiety (Figure 4B). If sufficient

binding affinity and selectivity can be obtained for such sub-structural templates, this is
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al dehyde or acid chloride. Ml ecular nodels of the
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conpl ementarity with one of ;ghe nitrosani nes of

interest, NNAL. During the desi gn of a suitable
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comprisesyl sitnple tenhplate latkingmeethir kedfeappes at the target dut praviding for
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..M Ps obtained with the nore conpl ex enani ne tenpl ate.
MOt s the invention provides a surprisingly effective

M P which conprises a sinple tenplate |lacking certain

key features of the target but providing for 5
NNAEMBECPiepardtiondi ng wi th those target nitrosam nes which

contain the pyridine-nethanol noiety. NNAL MP

Preparation. 0 Using the functional nononer

Using&ﬁ%?&&&@n&f ﬁo%gmg%&y% glg;rsd @% ectflgrsg'iL W&&ro%slinkers,

ethyle%lﬁ gffév\% W{lﬁgﬁgﬁtg;@m%rtﬁhﬁtﬁyﬁg%ﬂ%e A ehethdrelateOfTRIM)

and eifhdrMEtthy bwo ORSAY) areilogio ¥-(Methy Itoperd lydmino)-drpyradin-3-yl-butan-1-
(AMPAPB, Fig 4A) and pyridine carbinol (Fig 4B) as

ol (AMBAPBafFég 4A)wnddiyridineparbpal (Fig 4B hastestnlates b o different

polyr s SR po BB O S 9 poRNeAL i organic
| | ' . t ti t hod f

and alyRKERD Rt BVEOERCAS. X L EC P Cot e anal og NNAL ¢ hat
entails the steps of preparation of an NNAL-sel ective

MP in a chromatographic naterial format, colum o
This ioventian meiudgs aappitiaction oxethéd Sonquansitatrepieeoveryradiibe aicotine

analogM&eth];‘giéﬁtgﬁﬁﬁfp(ngggsngf pr%Bgra];ilog%ltj ah I&ﬁ]AeIS-tsé:l\égti\?el: PR
chromatographic material format, column conditioning, application of a urine sample,

removal of interfering compounds and finally selective elution of the NNAL analyte.

By way of explanation and not of limitation, the invention will be further described in
more detail with reference to a number of examples. The invention refers to template
molecules, polymer materials designed to bind nitrosamines deriving from nicotine and
present in organic or aqueous systems, and finally use of said materials in, for example,
analytical or preparative separations, in chromatography, for analytical sample pre-

treatment, and in chemical sensors.

Unless otherwise described, materials are commercially available or can be prepared by
conventional techniques. See, for example, B. Sellergren (Ed.) Molecularly-imprinted

Polymers: Man made mimics of antibodies and their application in analytical chemistry,
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Synt hesis of M P using pyridine carbinol as tenplate
To pyridine nethanol (97m) 3.74 m of purified TRIM

To pyridine nfeittehod (R7u3s74milof purified TRIM (porifibd GDBQB@sﬁc Mdthina),
porogeni ¢ solvent toluene (7.1 m) and
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sealed. Heat induced polymerization was carried out at 45°C for 24 hours. The polymer

mixture was then cured at 70°C for a further 24 hours.

Processing of the crude MIP material was as follows: the MIP was coarsely crushed and
transferred to a Soxhlet thimble. It was extensively washed first with methanol for 12
hours and then with acetic acid for 12 hours in order to remove any remaining template
and other non-reacted monomers. After these first extraction steps, the polymer was
vacuum dried and then ground and sieved to a fine powder within a size range of 20 to 90
um. As a final extraction step, the finely ground MIP was subjected to a 40 minutes
microwave éssisted solvent extraction using formic acid as the extraction solution. After

drying, the MIP was ready for use.
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selective elution of NNAL was carried out in 3 times elution steps, each of 1 ml DCM.

After solvent evaporation, the samples were reconstituted in the mobile phase and
analyzed on an HPLC system: e.g. Merck-Hitachi (L-7000 system) using a beta-basic
C18 column, 5 um, 150x2.1 mm + pre-column 10x2.1 mm. Flow was at 0.25 mL/min,
injection volume 100 pL, temperature 30°C and detection at UV 262 nm. The mobile

phase consists of 50 mM NH,PO4 pH 3, SmM octanesulfonic acid and 20 % methanol.

Under these conditions, NNAL was obtained as a clearly distinguishable double peak
eluting at about 8-10 minutes (see Figure 6, where a 1ml sample of human urine spiked
with 0.25ug NNAL is compared with NNAL-free urine). The double peak is
characteristic for NNAL as it corresponds to its two rotamers. From the structure of

NNAL, it can be demonstrated that the side chain on the pyridine ring can have different
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s sk T OGS O8 J BT TRET SB B DR Rvea by
ml 50 Ve SNBL)H PO 5 pH 455 Thakampld)§n Whid @x2HPRES ML human urine
containing low amounts of the analyte was allowed to pass through the conditioned
MIPSPE column. The column was then subjected to a mild vacuum (e.g., 10-80k Pa) to
remove water until the material was dry. Polar interfering substances that may ha\./e non-
specifically associated with the MIP were eluted by a wash with 1 ml 50mM
(NH4)H,PO,, pH 4.5. Another drying step of several minutes of mild vacuum was
performed. Further, washes with 1 ml each toluene, toluene:DCM (9:1) and
toluene:DCM (4:1) were performed in that order. The final selective elution of NNAL

was carried out in 3 elution steps each of 1 ml DCM.

After solvent evaporation the samples were reconstituted in the mobile phase and

analyzed on an HPLC system similar to that described in Example 3. An example
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that described in Exanple 3. An exanpl echromatogramis
shown in Figure 1, which illustrates how the NNAL is
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renoved in the buffer wash. Exanple 5 : Snoking

3c. Thy firstl faker aleonerdr3a ahthavineaitiRendrafi thg fildert tse7mmavwn hersgth,
Fi d 9 illustrate snoki r es i.n, the .
comppitpERe et atelate oyl Hupeengted o T Yo sueight B¢ sxjacetin
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comprises 80mg cellulose acetate tow. The tow is impregnated with 4% by weight
of triacetin and has 80mg of MIP specific for volatile nitrosamines, produced as
described in Example 6 below, distributed evenly throughout its volume in a

“Dalmatian” style.

The cigarette shown in Figure 9 is similar to that of Figure 8 except that the smoke
filter 3 has four coaxial, cylindrical filter elements 3a, 35, 3¢ and 3d. The first
filter element 3a at the mouth end of the cigarette is Smm in length, and composed
of cellulose acetate tow impregnated with 7% by weight of triacetin plasticizer.
The second filter element 35, positioned adjacent the first filter element 3a is a
cavity Smm in length containing 200 mg of molecularly-imprinted polymer
specific for volatile nitrosamines, produced as described in Example 6 below. The
third filter element 3c adjacent the second filter element 35 is 10 mm in-length and

comprises cellulose acetate tow impregnated with 7% by weight of triacetin. The
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pyrroliding mipemdine or morpholine, are dissolved in anhydrous ether and freshly dried
molecular sieves (50g/mole amine) are added. The mixture is then cooled to —5°C and
stirred. One equivalent of propionaldehyde is then added drop-wise to the cooled
mixture, maintaining the temperature at 0 = 5°C. The mixture is allowed to stand in a
cold bath overnight and is then filtered. The product is obtained in approximately 50%
yield by distillation of the filtrate under reduced pressure, depending on the boiling point
of the product. By way of example, structures and boiling points are shown in Figure 10.

(See, Brannock, et. al., J. Org. Chem., 1964, 29, 801-812.)

By using a strong acid functional monomer, the enamine is protonated, thus creating the
necessary non-covalent interaction during the imprinting step. The positive charge resides
on the carbon atom attached to the nitrogen, a structure stabilized due to delocalization to
give an iminium ion. This positions the acidic functional monomers correctly for later

recognition of volatile nitrosamines. As there is no opportunity to delocalise the positive
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for 5 minutes, after which the vessel is flame sealed. Polymerization is initiated at 45°C
and allowed to continue at this temperature for 24 hours. The polymer is then cured at 70

°C for a further 24 hours.

The crude MIP material is then processed. The MIP is coarsely crushed and transferred to
a Soxhlet thimble. It is then extensively extracted (i) with methanol for 12 hours and (ii)
with acetic acid for 12 hours, in order to remove the template molecule and any unreacted
monomers. After these first extraction steps, the polymer is vacuum dried, ground, and
sieved to give particles of the desired size range, e.g. 25-36 um. The finely-ground MIP
is then subjected to a final extraction step, involving 40 minutes microwave assisted
extraction using formic acid as the extraction solvent. The MIP is then dried in vacuo for
24 hours.

Alternatively, the target TSNA may be used in place of the enamine. The boiling points

of select volatile nitrosamines at normal atmospheric pressure are shown in Figure 11.
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- Flue-cured shredded tobacco leaf is extracted with water for 15 minutes at 60°C. The
tobacco is separated from the solution by filtration and dried. The solution is mixed with
the MIP of Example 2 or Example 7, during which period the polymer adsorbs the
TSNAs selectively from the solution. The MIP is then mechanically separated from the
extract by filtration or by centrifugation. The solution is concentrated by evaporation; the

concentrate is then recombined with the extracted tobacco and dried in air.

The MIP can be regenerated by elution with DCM, methanol and finally deionised water

or pH 4 buffer, for reuse.

Example 10: Use of the MIP material of Example 2 or Example 7 in the

treatment of tobacco extracts
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Aqueous standard solutions of NNAL and nicotine were prepared in phosphate buffers
over the pH range 3.0 — 7.5. The buffered standard solution was passed through the
column, this fraction was collected and analyzed for NNAL and nicotine content. A
buffered wash solution was passed through the column, this fraction was also collected

and analyzed for NNAL and nicotine content.

The solutions were analyzed by HPLC with UV detection. Optimum conditions for the
MIP to retain NNAL and recover nicotine are observed at the pH range 4.0 — 4.5. At
lower pH values the nicotine is protonated and has little interaction with the polymer, so

is carried through with the aqueous buffer.



t he polyner, the carbon dioxide is returned to the
first extraction chanber and contacted again with the

wa pbvaews70 The cyclic process is continued untiPCT/6E2005/000773
TSNA content of the tobaccojgas been reduced to a
desired | evel, whereupon the carbon dioxide is vented

Rt t. he, t opac renoved,. f.romt he .
Examplenf2: O B VIR Bial oc VB R G 3ot SR ezbooamingek G-pyridy))
1-butan®d QIR | theht et | el ;] :
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mat eri al devel oped for 4-
net hyl ni trosoam no-1-(3-pyridyl)-I-butanol (NNAL), in
The polymermrgduesdh inpgccgrdagqawidh thymethadhef Esample2rig incorporated into

o s B4R T RO, B HE S 355 REE L D ing v
dichloPhiRe@af (DaNT), HethahsNhd ﬁﬁkﬂgﬁ 8RA04 Whe @S
condi ti oned by passing through phosphate buf f er

sol uti on. Aqueous standard sol utions of NNAL and

ni coti ne were, prepared in phosphate buffers over the
Aquequs staiiiged sotntions &f, NNAL satlt BSNA ssABatNA ToNNKoandWaNN) were
i on was col | ected

i S, 50 DRG0 B DL et o Sovgh

[ S t . . Lhis
colum o o, e B I RE0e SIS0 Ry 680 T &iforgs analyzed
for NNAdotandeTSNI &ditent ey SOCUFE ANSTHAEE Svashal Yo didorbRldthane were
with UV detection. Optimum conditions for the MP to
passedrthreugh thsisolumu, théxfractiomivas alsoanaheedfor NNALatnd TSN A content.
pH range 4.0 - 4.5. At lower pH values the nicotine is
protonated and has little interaction with the

. I o : ¢ . h _
The ML 3854 51186 NISAL, RSORSH I MK 520 g abous 20
- 30% féthe%tmt(msbrstrhmﬁmymmdr? T8Nwg.i dyl)- 1-butanol

(NNAL), in the treatnent of a NNAL and TSNA cont ai ni ng

sol uti on The pol yner produced in accordance with the
nmet hod .of Exanple 2 is incorporated into 5 a solid

The fom%g .g%plogg{q l&ﬂnuq% forth merely te dllugiratouhe invention and is not
intend PR iiﬁﬁﬁgg.bgineg?r%d'fﬁcetlt?orn%uo%qhe disclosed embodiments incorporating

the spirit and substance of the invention may occur to persons skilled in the art, the
invention should be construed to include everything within the scope of the appended

claims and equivalents thereof.
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di chl oronet hane (DCM), nethanol and finally distilled
wat er. Aqueous standard sol utions of NNAL and TSNAs
w@ DB 11T, NNK and NNN) were acidified with gh@D$sEd005/000773
acetic acid to pH 3. The stagdard sol uti on was passed
t hrough the ) colum, followed by three glacial acetic
CLAI {d solution washes, this fraction was anal yzed for
L and TSNA content by GC-TEA. Three washes of
[ t ;
L D SR e R oR e SRR, cofounds.
The M P retained 91% of the NNAL, 65% of the NNK and
an efficiency of about 20- i 30%for the other (less
2. @W@é@@ﬁﬁb’l@%lﬂﬁd H@l)yml%wctl‘rh@ﬁmtwgmmgtainmgl aesapainds
een set for.th | lustr.ate the invention
dertve o HFesfi, RpBHiGRIT Gogtasi et AHTELiBEnce
nodi fi cati ons of the discl osed enbodi nents
i ncorporating the spirit and substance of the

3. Amveletilarly impriatedipolymepeeketise S the @dcdtihe 86 vd nitdoBSmine

i invention should be construed to include everything
NNAlyj t hin the scope of the appended cl ai ns and

equi val ents thereof. CLAIMS 1. A nolecularly inprinted

polyner sel ective for nitroso-containing compounds. 2.

APERBCLER T BLEE PT35S sprgwing o

1sostemmtemlﬂate|aiﬁ,lognaba5| ne or anatabine. 3. A nolecularly
i mprinted polyner selective for the nicotine-derived
nitrosanine NNAL. ) 4. A polyner according to claiml,
been, prepared using an

h
5. ABgbiuthaccufipe s slaimal a&le@n the polymes hasdersncragared using an
isosterfd Qﬂem)% of ‘ﬁ"}ﬁ‘&?ﬁ %15&%8 r}’enéesr {éﬁpégf?en prepared using

teric ana ncd ftrosamne as a
terrplate. >

6. A polymer according to claim 1, wherein the polymer has been prepared using 4-

(methylpropenyl-amino)- 1-pyridin-3-yl-butan-1-ol as a template.

7. A polymer according to claim 1, wherein the polymer has been prepared using

pyridine carbinol as a template.

8. A polymer according to claim 1, wherein the polymer has been prepared using a

compound which includes a substructure of the nitroso-containing compounds.

9.  AKkit, comprising:
a molecularly imprinted polymer according to any one of claims 1-8; and
instructions for using the molecularly imprinted polymer to perform at least one of

detecting, quantifying, and separating nitrosamines in a sample.

10. A method of preparing a molecularly imprinted polymer selective for nitroso-

containing compounds, comprising:



A4 )

6. A polyner according to claim1l, wherein the polyner
has been prepared using 4-

w@ ewshidepr openyl - am no) -1 - pyri di n- 3-yl - but an- | POI/SE®05000773
tenplate. 7. A polynmer accorging to claim1, wherein
t he pol yner has been prepared using ) pyridine

ar bi nol r according t )
co-pofSigtigTe abiers 4t WoclionyfaphorRer YL 1B gne tiors inkerdn the
preserﬁ:@ A hsPBAE Hltfd%ﬁhﬂﬁi@ &r@ctgfhl? Sahﬁfg%hg\rng a3>fol§rﬂgrlzatlon medium

troso- contal ning conpoun : ri'sing
contalﬁmgoételeaﬂt ant Yrdemadioat ﬁﬁtl@t@k YéTBfoduee @ﬁﬂbl&:@ula@lyaﬂi’ﬁ/pﬁi}ﬁ@d polymer
of clains 1-8; and instructions for using thé
boundrmlaemapaamm siprotynak anglogyereandt o per format |east one
tr osam nes

 remorihg (St aing AR ol ReAload® [oBp e gl UIsBlycBUaHEg polymer.

|npr|nted pol ynmer selective for nitrosocontaining
conmpounds, conpri sing: co-polynerizing at |east one

11. A umethb®aadordRipoiEdlaini d02vheR#Ss theORRcEHRASN bhSher ekl‘i‘iblts acidic
t he presence of at | east one nitrosam ne structural

functiemalitygue in a pol ymeri zati on nmedi um cont ai ni ng at
| east one free radical initiator to produce a
nol ecul arly inprinted polymer bound to a nitrosam ne

Vv ni.t rosam ne
2. USR] 3045m 30 eI ARy AP tcted om
the gr@&ﬁ Yomistinklof ﬁeflﬁbﬁflﬂ: R56 VL AY TRMA A ﬁh}ﬁ)enﬂ@fér&hd‘ and
functional nonomer exhibits acidic fuhctionality.
1tacon)c akﬁd A net hod according to claim 10, wherein the

functional nononer is selected fromthe group
consi sting of nethacrylic aci d (MAA), TEMAA,

5. KRR R oL BT P ek R v v
consmﬁﬁé %?'éﬂ‘glléﬂeo EBPdiQﬁ&Hﬁ’sE%lﬁ%’{]ﬁtDﬁAﬁggﬂy e(t)lﬁéﬁ O%goﬁygﬁe trimethacrylate

gl ycol asrylate
(TRIM), an# pbaitagrytlaitel tetraacrylate.

14. A method according to claim 10, wherein the structural analogue is selected from
the group consisting of 4-(Methylpropenyl-amino)-1-pyridin-3-yl-butan-1-ol (4MPAPB)

and pyridine carbinol.

15. A method of preparing a molecularly imprinted polymer selective for nitroso-
containing compounds, comprising;:

co-polymerizing a polymerization mixture and at least one nitrosamine structural
analogue in a homogeneous reaction medium; and

recovering suspended particles from the reaction medium.

16. A method of preparing a molecularly-imprinted polymer selective for nitroso-
containing compounds, comprising:
co-polymerizing a polymerization mixture and at least one nitrosamine structural

analogue in a heterogeneous reaction medium; and



(TRIM, and pentraerythritol tetraacrylate. 14. A

nmet hod according to claim 10, wherein the structural
wa@ombamer) i s sel ected fromthe group consi sti NRCOSE2005/000773

4- (Met hyl propenyl - am no) -1 - pgri di n-3-yl - but an-1 - ol

(4MPAPB) ) and pyridine carbinol. 15. A nethod of

recov i Ry P B FHr o tp B osensBis Frastiog: mediun
co-pol yneri zing a polynerization m xture and at | east

one nitrosam ne structural 5 anal ogue in a honbgeneous

17. A eadleewdarlyénipuinitecpolynee greduded Buhpenethed iy GreSof claims 10-
fromthe reaction medium 16. A nethod of preparing a
nol ecul arly-inprinted pol ynmer selective for
ni trosocont ai ni ng conpounds, conprising: )
co-pol ynmerizing a polymerization mxture and at | east

18. Ansethbd BPa@lglﬂﬂnﬁ m&&%@er@dﬁ%ﬁg rds%nﬂngsetc%glgyﬁ'?sg pus

reaction ndr eco I ng nerize

reaaiing the sheipie odthne oltedutaty ilﬁprlﬂt%dlpﬂgjrmy seléetive for nitrosamines
mol ecul arly inprinted poly produced by the nethod

under é@n@ﬁyn@ﬂe&t arouwdd ailow b_lodlrr_%of Hig-osanines fpoesent in the sample to the
l e contains nitrosanines,

t.er.m ni if a sa
mOleC'&@ rlmrHBgdpglg’glg?r ¢he sanple with a ol ecul arly

ARA St e R é iy S RO DA Rl oy

nitrosgmi@esnvhéreirt fe ctaANBlion Fé%ulth%ﬁ%l%@ﬁa@ifoh%ﬂ MiBleciRH imprinted
polyner and eval uating wh er the

polymanbeund tor nigrosaminastindicptss hatrthb aampleuowhthias aityosamines.
nitrosam nes, wherein an evaluation resulting in
observati on of nol ecul arly inprinted polynmer bound to

' j Fodi t | e. cont ai ps .
O R e G E——
reactir@f thBishnPsAWithes molechl & ThFrine@ Py RN lective for nitrosamines
under conditions that would allow binding of nitrosamines present in the sample to the
molecularly imprinted polymer; and

measuring the amount of nitrosamines bound to the molecularly-imprinted polymer .

20. A method of treating a tobacco product to reduce the level of a targeted component
 therein which comprises treating the tobacco product with a molecularly imprinted

polymer selective for at least one nitroso-containing compound.

21. A method according to claim 20, wherein the tobacco product is produced by the
thermal decomposition of a material containing tobacco, a tobacco substitute or a mixture

thereof.

22. A method according to claim 21, wherein the tobacco product is produced by

heating the material to a temperature below its combustion temperature.



reacting the sanple with a nolecularly inprinted
pol yner sel ective for nitrosam nes under conditions

wa bt/ 1veul d al | ow bi ndi ng of nitrosam nes presern/SE2005/000773
the sanple to the nolecularly inprinted polymer; and
measuring the amunt of nltrosam nes bound to the

G Boce el 2B T: hieesin ded sekI@ap gt is produced by

Combdsgbg%tfqge aRRQNent ther ein which conprises treating
he tobacco product with a nolecularly inprinted

poI ymer sel ective for at |east one nitroso-containing
nmpound. 21. A nethod according to claim?20, wherein
24. A n@th%bamdmgd@wdmm 20 prhegeiodbie bybache prodarats produced by

on .0 terial contai t obacco,
contacfifE SR REiah 8P Binifle SHbacen % chacs nrsddpte 023 mixties tetEof with a
solvenftccording to claim 21, wherein the tobacco product is
produced by heating the nmaterial to a tenperature
bel ow i ts conbustion tenperature.23. A nethod
according to claim20 or 21, wherein the snoking
25. fgmapufﬁfpwmg @yobmnbumttcmi obdmphisingethe rstepls.of24.

claim 20 wherein the tobacco

A h
et B b s freot it

solvenfONt ai ni ng tobacco, a tobacco substitute or a mxture
t’hereof with a solvent. 25. A nethod of manufacturing

contacting ORACHeadTBiie h dholeSRBHY i pBﬁtéd“}?othfé?%ef%Etlve for at least one
extracting a material contal ning acco, tobacc

nitrososegaining eompoundrsa asiterdduee ¢lod lewel theecofdh tes bxtract and
contacting .the extr V\/ltharmlecularlylrrprlnted
comb“ﬂ)‘&%ﬁ% Fre§%ﬁ€&qWEWft§rthﬁFx¥ré%§ﬂ tehaccainatesal. cont ai ni ng
conmpound so as to reduce the level thereof in the
extract, and conbining the treated extract with the

26. Aewletiasd &séowhg%@ng% rdf%'lam%ﬁzo 0, B LG Ctglg lﬁbl@%ﬁﬂy

any one of clains wherein’t
imprinted polymer is selective for at least one mtrosamme

27. A method according to any one of claims 20 to 25, wherein the molecularly

imprinted polymer is selective for at least one tobacco-specific nitrosamine

28. A smoking article, comprising:
a smoking material; and
a molecularly imprinted polymer selective for at least one nitroso-containing compound

found in the thermal decomposition products of the smoking material.

29. A smoking article according to claim 28 wherein the molecularly imprinted polymer
is selective for at least one volatile nitrosamine found in the vapour phase of the thermal

decomposition products of the smoking material.

30. A smoke filter, comprising a molecularly imprinted polymer selective for at least

one nitroso-containing compound.



imprinted polyner is selective for at |east one
nitrosamne 27. A nethod according to any one of
wab@msmee20 to 25, wherein the nol ecul arly i nprec/sick005/000773

polymer is selective for atjjjeast one tobacco-specific

nitrosam ne 28. A snoking article, conprising: a

snoking material; and a nolecularly inprinted polyner

selective for at |east one nitroso-containi ng conpound

[

31. ér@rigﬁ)lﬂﬁ gﬂ%{&gﬁﬂaa%g*ﬁi Cﬁa‘?ﬁl@@ﬁvﬁbféug?}tle?@ﬁgé@gc 89 dmhﬂﬁtied polymer is
selectivt domatd8astoaeaiotatil @ittodagtivk «’fburYd lmnbeivapedr pﬂéw the $hermal

selective for at |east one volatile nitrosam ne found
decompgsitiea pragects opkekascefor attebadsersubbtitiés onposi ti on

products of the snoking material. 30. A snoke filter,

conprising a nolecularly inprinted polyner selective

for at |east one nitroso-containing conmpound. 31. A

snoke filter according to Caim30 wherein the

nol ecularly inprinted polynmer is selective for at

| east one volatile nitrosam ne found in the vapour

phase of the thermal deconposition products of tobacco

or a tobacco substitute.



