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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 tobacco-based products, which compounds are either ori ginally 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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conpounds are present in human biol ogical fluid
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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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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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reduce the harnful effects '
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
itseif 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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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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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 decomposition of the material and aerosols produced by heating the

material to below its combustion temperature.
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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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osol -generating substance such as cero %

@Eﬁ%ﬁ[ﬁ’ggmgﬁf M2ydsp compsise ghendas t@balgma ryin-tobheoosooking
nfidial0 Wﬁ&@%%ﬁlﬁ%@%ﬂﬂ% fs@gt t%Bac\éQ the tobllgcfostglg ki of gny

materi al conprises cco accb
sglgnbieaypg oty;béqndctheraoib irchdlinghair-eaded, fireadudell, filge-cured, or sun-cured

-cur.ed, flue-cyred, or sun-cured
bina HEStSIP. 4y ﬁ e‘%?ﬁg} PrRCSSeH UER BRY, RN RFALE BrAGESSaFgr

eRquiplonhé &ibﬁcd&r RELBScut Hred RY 2&phkdedid? ‘?ecﬁaﬂ&ﬂﬁﬁ:ﬁ TH s}ﬁ%kmg

cut, ‘shredded, expanded or reconstituted. The snD I ng
m%éﬁf'é} may alsgjncladsronnentional assitivestsucinad amdlitiranty,awlorantsh

TSR L 0 AP YOES, BN Ghe s v

ﬂa*mirin}gs (sacidas dugay diquori@sandssectn)as sugar, |iquorice and
cocoa). The invention nay al so be applied to tobacco
that is intended for oral or nasal consunption by

TReI v Ebn ALK Be afHlicd3S flbal ik Sp?ndr At S ral (%qﬂﬁ

snmoki ng. Such products include sn snus an
WU@HW biysuckinge chewiliger masad dngestidny ratherthart swoking. @umbroducts

or'gf rig'ﬁy, &%@%ﬁvg%ﬁ 5 §%%;L§ gangﬁlr Ingl mat eri al
containing a nolecularly |npr|nted
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

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



pol yner selective for the renoval of at |east one

ni troso-contai ni ng conpound fromthe thernal
deconposition products of the snokable material.

Al ternatively, where the snoking article conprises a
rod of snokable material in ag wapper, the

nmol ecularly inprinted material may be incorporated in

thé Bl RS mpdsitfon Prod &R b%&.&l&ﬁ%ﬁ{eﬁai Rk %ﬁﬁpe%?a%%f

mat eri al for snoki'ng articles co
ceinlesagbased patarigl syrhepapet grreetobagceb é:asadunateml suble as reconstituted
téﬁﬂ%’al of a targeted conponent from9 the thernal
econposi tion products of a snoking material. The
wr apper may be a cellul ose-based material such a
a tqbacco based material such as

ﬂ’gé’&‘rf%‘? 74 SR ardisles 06 theipienbios res GlectighoRoMErising » 9cbef
t6acéd) Wrhppes Hni A IR ‘?n(ﬂﬂuﬂ(ﬁ# ?Hﬁ&ulﬁ&%hﬁ&ﬁ%& %eﬁ:t:ﬁlve for the

t obacco, wWrapper, ter inc
r ¢m@\ral af @dCMDmﬁmwb@n&mﬂg Cbmpotmdafronﬂlmﬂmh'lnaf de&bmposmon

0S0-cont ai ni ng conpound fromthe thernal
P ecggrsrp?gg;gfnmé;glc&é Ets of a snokable material. The

- invention also includes a snDke filter conprising a
lLecul.arly i nprinted sel ective for the

ﬁ’b‘(‘r‘&?'o‘bf‘%ﬁlti“‘?lé%ta %ﬂa@k%fl B?rmns@maa Aiolpgulsskypiowprigited polymer
sélE&i%th?ﬂfeh%m!il id:ﬁcl %EP%ﬁé Htxqﬂ dﬁﬁ %ﬁp&nﬁr@ ¢ thermal

mterial . The snoke fi separa

d@?ﬂ@mosimanspmﬂuatg cdr 4 isolokingf mateemanﬂhee sinoké htltdromay ie produced
gr at ed

et s it may, be int
sCHaR0T s i G Rine PRl Tor Praselnh dbe fowh o1 o rete o ciga
heldgrgioetit MayitehinBegtatbd @ito tthd smSKRE Arkdlb ! ﬁi %xhlﬂpfehﬁ‘l the'Bm of a
of filter tips may be of any conventi onal

c@éﬁ?gﬁw@tqfﬂﬁft%r exanple it may in the formof a
"dal mati an" type filter conprising a section of
fibrous. filter material, such as cellul ose acetate,

Smioke fiitermscinl thel ﬁanhmfrﬁlnere@bspmhy ﬂErofbﬁiyngoﬂvﬁntlonal construction. For

articul ate fo h%l puted throughout th
§ Braany e 9 By dlsé atian]’ e fles QOEFiing meccfign of fibrous
ﬁﬁér atefial/ ishvh ab YRRulbkd ta@értat C&I&%b&bﬁ‘l&d?ﬂ%ﬂ&éﬂ f/%mer being in

sections wherein the nol ecu I mprint
parmwlatr: éommbéﬁmm@dau;ca@bmt tb%sactloms'&lmémﬁu\tﬂ)ods filter may be in

snoke .fi al so co
S pF oL AC RGP ome e EPRSGoiok Gl oS SRR AhS Fotecutarty
imperitad, 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, smoké



a zeolite, silica, alumna or anberlite. In use, the
snoke passes through the filter, the nolecularly

i mprinted polynmer selectively adsorbs and retains the
targeted conpounds fromthe snoke and the filtered
snoke is delivered to the s er. The snmoke filters
and snoking articles according to the invention may

i,ncl.ude ans f rotectin the
RS e iBo g 2P 2P RERR 151 TRRSE P Tiert wRib Fr exqrpple the
sHIoRK @iitblgmay\feﬁﬂphﬂ: AfiRer eldthént fdadb&baghh@¥Rals ffdnfthe vapour or
nunber of different For exanple the snoke
rerticulate phage ebimekes Sugh fy'iwrteéqm@t%m@h fompriseigeneRl agsorbent such
0 r
U S T A S PAARE A i
gatsibesbelnth, eupﬂper atheafitténchensant osaylade, bwdmetdn:tmayd&mebam such as an

b RRte oot reot Sl BT TR ARE MsfS Fogpratpaige the
oh@lﬁt 8Y aflidéawd s Aidre BichSHlt eRmeAls ofiddffernCdbMm}iRitions, for
resin, a zeolite, silica, alumna or anerlite. The

expmple affiyst fé)lﬁftsteéﬂmraﬁ gf ealllose aeetatpsandrasspconttiiliereelement of activated

B, A LT B B AOPR 00 it

veal Htrmina, amhﬁymeaﬁmhaf ¢onfiguradibe pEfitterp indagdsbsiated anethods of

carbon. The provision of nultiple filter elenents in
CORFIRISLIPR I"?"é’rlge - smoking articles is well known, and

any conventional configuration of filter, and

associ ated net hods of construction, nay be used.

Bri ef Descri ption of the Drawi ngs Figure 1 shows an

ure for synthesis of an inprinted
]%gqtf r?écnp lo&l gure ’%%Eﬂ%s the nitrosam ne functi onal
Rigaeip showls exxautiihesf i pracediirc fer syathsie @f an irhposed ol mer;

l;Iargets Fi gure 3 sho so teric anal ogues_of .
EHTF G Shpvhibe nitpesgmyine RO EFOUR A PRAMRIES Ofigating fglated
AT pial spased target anal ogs; Figure 4B shows an

enam ne target anal ogue (MPAPB) used as a tenplate to
Rigwparhows ishterid mal(@uteﬁ af:mﬁroiarthS}JNAL Fi gure 4C shows

ir %L}re gﬁ‘t Fxg\%? L,)gai.‘ngg?s 0 am1de and'sulf o%gmaciceb &d toaggeeQ gxrlaelogs; M P

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 ug 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 (NH,)H,PO,, pH4.5;



NNAL; Figure 5 shows recovery rates of NNAL using an
NNAL- sel ective MP; Figure 6 shows chronat ograns
obtai ned after analysis of 1 nL human urine spiked
with 0.25 jig NNAL (represented by solid line) and 1
nmL bl ank human urine (represgntec by bold line);
Figure 7 shows an overlay of chronatograns obtai ned

F\?\%Jr@ '3 ﬁ%@?ﬁ@ §+éﬁ§ rﬂﬁ‘ 1$J§tud@xﬁﬁ%%‘§§ese%ﬁoﬂ'aﬁ@tﬂaﬁ"r’ally broken

ere the sof epresents NNA
amago»um @fapsm«ddng artplle withda sielle tf‘lwe acecpdmim the @hventiton;
cted.from | oadi 1 e Land ni cot.ine
Figirk e daipriar vistate Fibs Rt Beamhoint PRI F plb RleAiiive
sWRkB fiifer GBEXEY eRhVertiont 1 Figure 8 is a side
el evation, partly |ongitudi nal cross-section and

Fagure 19| shpwsthg shemigad §trystatg ad boilinginoigt far three Profudis
d@s&[ﬁ?:lﬁemﬁl egcgﬁ)& ding to the invention; Figure 9
ar “vi

I's a sim relvio Flgure80fasm)k|ng article
PRigurh Idrshaiseheahemizal stroderd and boilingqwinti fog seloct halatile
. nvent.ion; Figure 10 shows the chem cal structure and
DYEPS M HBCS0i nt for three products described in Exanpl e
6; and Figure 1 | shows the chenical structure and
b0| l'ing point for_select volatile nitrosamnes. In

In plee draavingsy simdanfeptures avgtgives like sefgrencs numegals.
reference nunerals. Detailed Description Ml ecular
inmprinting typically consists of the foll ow ng steps:
Dietgiled Desenijtivne conmpound,  whi ch may be the targeted

nol ecul e or .a structural t.her eof al | oned
N4 BRI A DPIFEY SORERS SLP IP LT BB SIDTSALRS PG compound
WHREPHERY Be tHe"la:?@!thlﬁd?Ebui@orf Pétichurall HAREAE BreFRIT AT RIlowed to
conpl €Xx; he tenpl at e-nononer conplex is

m;tg:aptorvym s¢lz@g|d flinctionad mpmemeT, |or manemens iosautignetefbrm Ag

rrer ic or atin

e T e e LT e
atch@sﬂmkmﬁoﬁmﬁd’rlrﬂsultmgﬁﬁral’po@'méﬁd:inhthﬁtmﬂﬁpomﬁngl&Ederﬁplate

sel ectjve binding of the targeted polecule. Prio

cgmppuidz|3) the templa e compound is extracted from the polymer matnx {0 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 exposgd by removal of the

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



where the MP is prepared as a solid polyner (or
monolith) it is typically crushed and sieved to
obtain a desired size fraction of particulate

mat eri al . When prepared by either suspension or
enmul si on pol yneri zati on nethogs, such crushing and
sieving is unnecessary since the particle size can be

vﬁﬂf‘frés‘i%'xﬁ(ﬁgcﬂést&itﬁe \t.ﬂp%est’éj&%bfcgﬁ’lel A . g&ﬁg{@? %g‘fnge? gﬁp%ased for

pol ynmeri zation proce articula
spigctairp\binding hbthgftagewd mdlamdd et hods can be packed

into a chromatographic or solid phase extraction

colum and used for chronmatographic separation of the
Quereptlpile digsy mi@élfl applicaBétingdifedo bneRatd nidi&lufarly imprinted binding
i.ncl udi ng nol ecul es with sinilar structures o

SHER8 Viadhé [monrcovalent) goyte gbhis makes yse of oon-chalensiselfubsnibly of the
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A 0B A SHIRL Ao et SRVALp il SRR S,
felpyyredihyi festeaadioal pobymerizatiod ih theiptdsefideasfia cioYsEfKigSmbhomer and
fi h@{ear ﬁt:ed nol cultre. .As _a result, the polyner can be

a0 eprate cuppynd sxiraeton. (gvyentimprinting dn adichihe template

mfldcuRindY sultgbieRfdnoted 8t MoAGHRLIsGFk: &Rﬁﬁ:ﬂﬂg BSuﬁcPtogether rior to
%ﬁnenate mol ecul arly inprinted binding ites 1§ via
Polmerizdiong eApcalanbe carded eut aveordingdi knows eretliods. The binding

= - the tenpl,ate .conpoun
PRAEAEC S HE IES Trm @O et o Ptne b e h R e e R by -
bindingl of the templdtomettchle free radi cal pol ynerization in

the presence of a cross-linking nononer and finally
extraction. Covalent jnprinting, in

| at
Tﬁﬁ%ﬁ@ﬁ@%@ﬁ%ﬁ%ﬂéﬂlw thepresegegiola RAUF-femise pelvertselied a
p@@g@m Srdef B FEHiRSEMmE biech R ihREREBE! vRWES] thg Functional
pol ymer d ing 8

ization, can also be carried out accor
mRARURTS #8d Hisdemplakeecdmpmiind ghe gurograris bften diostinéroM &8ong aprotic
ither . of .the e net.hods can be am ned
s EERESH 1Y 18 bloEly bl BRI SR oo exibi modetate to

high byln®ility it the polymefigatiod fiedla bfid Hage, BF B8 ERc@Eal Analogues, can
ore-F)orm n(ﬁ solvent called a porogen. In order to

therelgip be ysed; fiesclly eing Hus slendard prasediei ons bet ween t he
functional nononmers and the tenplate conpound the

vJo(_)r(_agen is often chosen fromanong aprotic solvents
bile itdawossiblotpersa tles tardetad hylecild @sdlf 35 the enmpplateea structural analog

o OB b B sl be D GO bl g my
ursfableagidesthe aI¥merization 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 molecuie 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).



therefore be used directly using this standard
procedure. While it is possible to use the targeted
nol ecule itself as the tenplate, a structural anal og
of the target nolecule is comonly preferred because:
(a) the targeted nol ecul e may;pe unstable under the
pol yneri zation conditions or may inhibit the

I zatlon . 4 o
o FRE Ao B opPonkhart IR 8 <SRBTl Sy
dskcritted beloyn }nhg lsftsn mor@mtlvpni@fxtl dbg:lkh ft_ln(cﬁb?]zﬂ laRalbLHE3! thdr8of as
na e 1 Nso e or or soluble I n the pre-
PRt For Stapfile silgost Aemalmerie S uhamey be paricularly

useful asﬁen@laedc(hﬁpélg,wsslsegpi@r@ﬁ the targeted nolecule
retained in poorly accessible regions of the polyner

matrix, which may bleed fromthe MP during use;

. . ' ) S), A resent, a
ke e 10D e ERLRL o RS DR 1 S Bmgung, the
fumstiphaltangiopue dibuld be ishstedaatd grefepdtily 0156 isoORBOGKIE Svith the targeted
arti chI artl t he ¢onpounds known as TSNAs descri bed
P, of 1tjmayqantan ASPhstupiiof the fargeed campanndtwhenaistrong

ifBRkaiaRay hefiledy. as tenpl ate conpounds. For exanpl e,
gl ucose derivatives of TSNAs may be particularly
useful as tenpl ate conpounds, see Figure 2. Were the

' J ' . i I log.qf . th
NbeoContfihink EmitSlon, Borliieht FibRsarilaRe, Pychoba e aensen
forsndd @rNN@IHRpY £¢ 8haht thealusierdBAREREEhQV fotictdadd Whacco

ta te onpound, or |t'nay contain a substructure
s {(‘? ﬁ‘ét g%’ﬁé’@?%ﬂl&’@sﬁﬁ%%’apw bargtfulnfect pmeensumersons

may be |ikely. N troso-containing conpounds,

particularly nitrosam nes, which have the genera
Cine ipanticulap elass\NgRAIr &%) compouadotogvhibie theprese AL vention is applicable is
' dj s of. topacco and tobacc snpke that have
R iR B e Bk Ay obetae Speciic
nitesatines SLSNRS, Phichisedl@ived Ans tefalldiding ‘af SQAP H&Bﬂﬂly in

to which the present invention is applicable i's the
tc&’r"%ﬁ?p nggpelyiniqogiag,fomrisotinea anabesine anhanatabliney TSN Asabeloda;
known as tobacco-specific nitrosam nes (TSNAs), which

are derived fromthe al kal oids that occur naturally in
44(mlothy bnitrosaamined )yl -(B-pyridyle | -bo@RoRCOENNIE)): anabasi ne and

anat abi ne. TSNAs i ncl ude: -

4-(nethy|nitrosan1no)] 3-pyridyl)-I-butanone

(" NNK") : = @— €CH2)3—E—Me

o]

N’-nitrosonornicotine (“NNN"):

N’-nitrosoanabasine (“NAB™):



C(CH2)3-N-Me ID ho N -nitrosonornicotine ("NNN'):
M N -nitrosoanabasine ("NAB"): 14 NO

N - ni trosoanat abi ne ("NAT"): NO

4- (met hyl ni trosam no) -4-(3-pyridyl)butanol ("NNA") N
i, ;.radd2-a\;p>tHO. 1 Injaddition, a group of
conpounds known as volatile nitrosoamnes is found in
the vapour phase of tobacco snoke. This group

i ncludes the follow ng conpoungs. ™=

N -ni trosodi net hyl am ne "INDVAY |

N -nitrosodi et hyl am ne @%ﬁ) "N J

N - ni trosoet hyl net hyl am "NP") rya- |  Me -:N-Et 15
N ni trosodi et hanol am ne CH2CH2OH O =N - N CH2CH2CH

N’-nitrosoanatabine (“NAT*):
NO = |
LRy
e

4-(methylnitrosamino)-4-(3-pyridyl)butanol (“NNA”)

In addition, a group of compounds known as volatile nitrosoamines is found in the

vapour phase of tobacco smoke. This group includes the following compounds:-

N’-nitrosodimethylamine ("NDMA™)

N
~ T/ Xq
N’-nitrosodiethylamine ("NDEA”)
N
Oz/’ ~ N/\\
N’-nitrosoethylmethylamine ("NP”)
Me—~N—Et



O her nitroso-containing conpounds have al so been
identified in chem cal studies of tobacco or tobacco
snoke, for exanple: - N-nitrosopyrrolidine ("NYPR'): N
NO N -nitrosonet hyl butyl nitrosam ne ("BMNA"),

N -nitroso-n-butylanne ("NBA'9 and

N -nitrosopiperidine ("NIPI") N c O Possible

i sosteric analogs for the targeting of nitrosan nes
are seen in Figure 3. The nolecules shown are all
Nhaitrosadicthasolahidehe parent ami ne and can be synthesi zed
ina single step fromthe secondary am ne and
correspondi ng al dehyde or aci dcpplopM.i@K. Ml ecul ar
nodel s of the enam r@:(:ﬁl-gtm€ AAY hade shown a good
steric conplenentarity wth dae,6HJOH nitrosani nes
of interest, NNAL. During the design of a suitable
tenpl ate corrpound for the target anal yte NNAL, a

rti. uIarI Jnteresti e te was, identified,
i fr'é' t;g wﬂ? AR 2o, bR et o cheimird studies of
t‘B‘?i’Pc% IHQERFAMPIEhe nitrosani ne noiety
(Flgure 4B) If sufficient binding affinity and

“f‘giﬁg’ﬁéﬂﬁ*"“&fﬁ%v@f@ tai ned for such sub-structural

I'sS 1S the preferred approach. In
fact, the binding affinity, tivity and recoveries
obtained with this pyridine carbinol MP are superior
to the MPs obtained with tﬂz je conpl ex enam ne
tenpl ate. Thus, the inventi oanr ovides a surprisingly
effective MP which conpri seéﬁ sinple tenplate
| acki ng certain key features the target but

rovi di effectiy Lndi.ng with those target
|Wq°5§‘3ﬁﬁ%ﬁb§%ﬁt@ﬁarﬂ'8ﬁ{§$w*é’ pyri di ne- met hanol
moi_et
N’ -mtros)(/)—n-butylamine ("NBA™)

and N'-nitrosopiperidine ("NIPI”)
N---o
V4 : :
o

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



NNAL M P Preparation. Using the functional nononer
nmet hacrylic acid (MAA), either of two crosslinkers,
et hyl ene gl ycol dinethacrylate (EDVA) or

trimet hyl opropane tri net hacryl ate (TRIM and either
of the two NNAL anal ogs,

4- ( Met hyl propenyl - am no) - 1- pyrl di n-3-yl -butan-1- ol

AR L, RS B2 5 B v

vaDthi fyiridgnesdartsingl MITH an&Istlyeramdo ﬂBIMIRSIOblauyedfwrth MidAhorerwomplex
or ganl C and(_!_?luueous so] vent &nV| ronpent.s

mﬁm&ﬁt%alar% Cid5e B STOP PR h? THEPHORE'Y GFcchive MIP which
Rikdstditn )Sfe tEﬁngPd‘(@faMklﬁé citfin Rbf RbhR& oﬁﬁ@la?ébt M roviding for

t entali steps of prepdration of_ an

eﬂmaves!an@ug iwith thpfe targetnitrosamines which santainthe pysidine-methanol

fornat col um condi tioning, application of a urine
ﬁBre renoval of interfering conpounds and finally

sel ective elution of the NNAL anal yte. By way of

expl anation and not of limtation, the invention wl|

NMAL M RBrep#ateni bed in nore detail with reference to

a nunber of exanples. The invention refers to tenplate

nol ecul es, polynmer materials designed to bind

Using ths :fmqumaaldnonmmwgnéthmlm avid (M4 Agedthepelavongrogshinkers,

oy &1 AREERRERTR o R F Ep PRl crane

ah@ RARGH If WMStwd NNAL mg‘gg“mbﬁhyl;fréxsenghaxlnyid)-qql}yrﬁﬁtfrpl)e-butan- 1-
pre- treatnent, and in chem cal sensors. Unles

QB (4MP AP F i) ssiryriding carhingldFig-4B)asteraplalesy ‘I“SP different

for NNAL i i
pt% e)g#rggllﬁgosb?aﬁ goaﬂbtﬁ ‘éxlme;t;tfg%p?g?géf.fmgg l'ﬂi(&é E«gl?cgﬁﬁ%Egr ) in organic
aldblaqmduasblyemrqnmrm:amts Pol yners: Man made mi mcs of
anti bodies and their application in analyti cal
chem stry, 17 part of the series Techniques and

THIS i ARSI REILEES dnlext¥addior hedbd stitadlve fekb&@¢ 6f the nicotine
Sci ence, Ansterdam Netherlands, 2001. Exanple 1:

Bylog MNAE thet catrlsihecstensiof Peeperatinpabm) NNMy‘Q?‘é‘EFSVC MIP in a
QPQllnlila Pgrgéf if esatt]ér},al (flcE{Imeag Blfain g‘o%%tmn g2 aHEﬂtc‘Qﬁ&n Bﬁ'gﬁﬂné Simple,

rebiallod Eﬂté\ﬁfcxﬁng a)ﬂipdnhdsldtn)d- finablytsalective l 0omgf)the SOOA Iognalyte.
freshly dried Ml ecular sieve was added to it. The
m xture was stirred for 1 hour under N2. To the

ﬁ? ?5«5#' Bpe)&ﬁ&akion 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,



propi onal dehyde was added. The m xture was stirred at
55C for 4 hours. The reaction was nonitored by HPLC
after 1.5 hours. The col our of the product was orange
- yellow in toluene. The crude product in toluene was
directly used for.the synthesjzs of the MP after
filtration without purification. Tenplate MPAPB yield
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p,él‘?l di ne carbi nol as tegg)l ate To pyridi ne nethanol
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al um na), functional nononmer MAA (1020 pl), porogenic
solvent toluene (7.1 m) and finally initiator ABDV

Exampledy Syothesiaod echmind tanplatedMRARB) a cl ear sol ution
was obtained. The solution was transferred to a gl ass
vial, purged with nitrogen for 5 mnutes and fl ane
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and then with acetic acid for 12 hours in order to
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As a final extraction step, the finely ground MP was
subjected to a 40.m nutes mcrowave assisted sol vent

Exaipleg! Spmhesi SOMIP usihg pGdide eabhmaseeéfe@ga‘;& i on

solution. After drying, the MP was r for use. 18
Exanple 3: Use of MPs as selective sorbents in SPE In
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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
nm. As a final extraction step, the finely ground MIP was subjected to a 40 minutes
microwave assisted solvent extraction using formic acid as the extraction solution. A fter

drying, the MIP was ready for use.



distilled water were added to the M PSPE. The sanpl e,
e.g. human urine (5 nlL) containing | ow anounts of the
anal yte was allowed to pass through the conditioned
M PSPE col um. The colum was then subjected to
vacuumin order to renove thegnvater until the material
was dry. Then, polar interfering subst ances that may

mmimmmpsca@lsénéc@é&%ﬁ% Sflgpeth the MP vere

eluted by a wash with d water. Again, a
drying step using several m nut es of vacuum was
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tenperature 30C and detection at U 262 nm The nobile
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C18 column, 5 jim, 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, 5mM 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



to 100% have been seen with sanpl es containing

50pg/ M. and.500pg/ M of NNAL (Figure 5). Exanple 4:
Use of MPs as selective sorbents in SPE in the
presence of Nicotine Another application of the
invention is the use of the as a sel ective sorbent
for NNAL where there are hig | evel s of nicotine
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pared as described in
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qgermv water until the material was dry. Polar

T Yeri ng substances that may have non- specifically
associated with the MP were eluted by a wash with

m 50mM_(NH4) HZPO4, pH 4.5. Another drying step of
Exampled: UsernfdPsas selettivesedientninSBE ipelid preseade of Nicotine
Furt her, washes with 1 m each tol uene, toluene: DCM
(9:1) and tol uene: DCM (4:1) were perforned in that

Amothet applieetidr 6fthe itlefGr ¥ehehseldf ik PP Mkele&ﬁ/% sorbent for
Ni@h\r‘/ Eld out in 3 elution steps each of Af t
Riheredhens graigh fevelseof W@ﬁfwteﬂﬂe @Idmates meemderscope of
R [
a%é]maﬁ? dtfghﬂ%g}tsﬁl escrlla ed | n %?f@@n @E&m &ﬁgcg“ B fine-

tuphd Srpagipulansamplehown i n Fi gure 7 V\,hl ch illustrates
how the NNAL is selectively retained on the MP while

the nicotine is renoved in the buffer wash. Exanple 5:
SERBtlubths 'Wefré PlePlirell B Qésféﬁf)@d inEkal¥lphs 3 @lﬁﬁt{ldrpﬁgbﬂﬂe RPE column

dravm%c%] gures 8 and illustrate s Ing articles
WRHCATH ?‘érlﬂn‘l'éﬁ fo!l@wgmrcsﬂ@reé mHDEMfolowodiby 1 oml Meaamuowed by 1

mg 3@ ﬁrrgg ZPU Ia]%g?%g %Bgé él?ﬁ:lg & 'tlltgo eﬁqutgﬁLﬁlﬁgmn urine
cantaining govp amennté of thesdnalye 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\lfe non-
specifically associated with the MIP were eluted by a wash with 1 m! 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



spaced fromthe wapper 2, but in fact they will lie
in close contact. In Figure 8, the snoke filter 3
conprises three cylindrical filter elenents 3a, 3b,
3c. The first filter element 3a at the nouth end of
the filter is 7mmin |l ength, sgonposed of cellul ose
acetate tow i npregnated with 7% by weight of triacetin
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plagied mrtbthlB whilglthe/niceting is asrnéwedSnthe buffee mgish.
containing 150 ng of activated carbon granules. The
third filter element 3c adjacent the rod | is 15 nmm

Exanipin§it Bmokiag Atides MvonRtRingMIGe pressure drop over
its length, and conprises 8(%mg cellul ose acetate tow.

The towis inpregnated with 4% by weight of triacetin
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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 34, positioned adjacent the first filter element 34 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 3¢ adjacent the second filter element 34 is 10 mm in-length and

comprises cellulose acetate tow impregnated with 7% by weight of triacetin. The




The follow ng Exanples further illustrative this
aspect of the invention. Exanple 6: Tenpl ate Anal ogs
for Volatile Nitrosamnes NUv r, bp = 99-102C bp =
92-96C bp = 35C (75 Torr) (70 Torr) (15 Torr) Two
equi val ents of an appropri at gisecondary am ne, e.g.
di net hyl am ne, diethyl am ne, pyrrolidine, piperidine
r
fg.!rirggﬁqghgiﬁnggn 3%&6535?29&%’Iﬁfévt?e\gd?glgé/rdél&iﬂ%nﬁiJ‘ 9 )7399 in length
and g¢ehprisbe 80mgtafigramsat ddivatabtatioh 0A-rig afdentilhtion ddles 5 is

tigisel ot Hr s, Benel o B PRSI RINES ArR P E EFER i into the third
flierefiméni3e aoub3 nbfk- domeurmatwtﬁe Aﬁn@tianWﬁﬂ th® fSl@d ilter
in a cold bath overnll%ht and is then filtered. The

elamrnidd whenosmake isdinhpled thravehithe sigargtes yiel d by
distillation of the filtrate under reduced pressure,
depending on the boiling point of the product. By way
Toe fdlcewipg Examples Cirthiee $l atraltiveothis aspeqo of tHedinwentioahown .i n
Figure 10. (See, Brannock, et. al., J. Og. Chem,
1964, 29, 801-812.) By using a strong acid functional
BRRRPIEE: , Tdnkiate DAl d28 o5V Mkl MigbeininkhUs creating the
necessary non-coval'ent interaction during the
inprinting step. The positive charge resides on the
carbon atom attached to the nitrogen, a structure
stabilized dye to delocalization to give an imnium
ion. This positions the aci &c functional lpononers
correctly for Jater recognitlion of volati

ni trosam nes. there is ng_“ggport unity t d]el ocal i se

the positive charge, pratohation of thle mne
nitrogen is disfavored. (See Cook, et al. .

Chem, 1993 6 3171.) be pr ef rr to use

a nore stro ?b]z??dlcfun és{%}/ m)nomerb% 3g%’l\/lﬁ\A

Furt her nts. |ncor - Vi ny I’C, ac&

Typ %L%“ahi? ?%RPé"%rtﬁ SRgAG &nun%sﬂ £ we— iethyl amine,

pyBGIIIRS, %{p&iiﬂﬂiﬂl%ﬁl;&ph&ﬂkt E%Sd;&owedan%ﬁy&sw&haﬁand freshly dried
enanmi ne_as tenpl ate
molecular sieves (50rélpmole amine) are added. The mixture is then cooled to —5°C and

stitred. 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



A pre-polynerization solution is prepared by

di ssolving the desired enamne (I nmmol), an acidic
functional nononer (4 mol), a cross-|inking nmonomer

(20 mmol) and a free- radical initiator (1% w w total
mononmers) in an appropriate pgsogenic solvent. The
functional nononer is either MAA or
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tol uene, acetonitrile or acetonitrile/toluene (1/1
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is then cured at 70 C for a further 24 hours. The

crude MP material is then processed. The MP is
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RN SRS St i Simpine o resl®a (1) wi ¢ h
met hanol for 12 hours and (ii) wth acetic acid for
12 hours, .in order to renove the tenplate nol ecul e and
Ay ge- pelymenzation sebrionds preparadey dissaluingithe desivedrenatnin(l mmol),

t d
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in vacuo for 24 hours. Alternative
selygntys one @ chwﬁpiban,etowenc,h@emmmnma acmlmnulmc (1/1 v/v) The
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|l e in_the treatnent of tobacco extracts

@?@zﬁ%ﬁd 9rcqatinystithis seraprratarector ¢ hauishEherpelhimer Gfthen cured at 70

"EfPhusthd A hdur@nple 7 is incorporated into a solid

phase extraction columm, ‘and the columm is conditioned
by paSSI ng through di chI or onet hane (DCM, nethanol

ed wat er ded Bur | ey t obacco
THE Sk BRE pbacet i s pnorsaed Tho MIR & Ghorat Ghshodgod iansferred to
a’SbﬁhlEDihﬁﬁBl@. 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
steved 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.



IS separated fromthe solution by filtration and
dried. The solution is passed through the colum and
allowed to adsorb TSNA fromthe extract. The columm is
then drained and the solution concentrated by film
evaporation, the concentrate 5 then reconbined with
the extracted tobacco and dried in air. TSNA adsorbed

by the pol yner can be eluted fromthe col unm using

DCM  Exanple 9: Use of the MP material of Exanple 2
FyamplegipVse of tha MPomptesiat ofbxamyfle 2tandéor Example At the treatment of
1bhad€s EUERE shredded tobacco leaf is extracted with

water for 15 m nutes at 60C. The tobacco is separated
fromthe solution by filtration and dried. The

olution is mxed wth the MP of Exanple 2 or
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evaporation; the concentrate is then reconbined with

the extracted tobacco and dried in air. The MP can be
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conti nuous extraction process, ype's
thesplutien coraghtrited by fdmctvaperation thid concerstidte BahérdRcombined with

| it o _whi.ch. super-critical carbon dioxide is
m%gggy‘%q{é)r%ccg&ﬁfié%’teaﬂgmfhe t obacco, the carbon dioxide
is fed into a second extraction chanber containing a

P produced as described in Exanple 2 or Exanple 7.

T%R}i W@O‘gﬁ‘i%&l}eﬁwl}’m%@&eﬁhﬁﬁd fromethe aplbom wingdD@ML.i s
returned to the first extraction chanber and contacted
again with the tobacco. The cyclic process is
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tOgaececgerg_atlzlg%ced to a desired | evel, whereupon the carbon

I OXi vented from the system and the tobacco
removed fromthe first chanber. The MP in the second

chanber is then reqengrat ed using DCM net hanol and
- Flye-guted shieflded 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



Exanpl e 11: Use of the nolecularly-inprinted polyner
mat eri al devel oped for 4-
nmet hyl ni trosoam no-1-(3-pyridyl)-I-butanol (NNAL), in
the treatnment of an NNAL and nicotine containing
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nigchtsecontaihingedlutibn col umm, and the coI um was
condi ti oned by passing through dichloronmethane (DCM,
nmet hanol and finally distilled water. Aqueous standard

i Gl T B T —

wer e
inte a pelit phase Extriction wablnpaaada thetdohonig vas benditi@led 8y, passing through

b hree gl acial acetic acid solution washes,
q%%khaqggu%‘fly%#t\%s anal yzed for NNAL and TSNA cont ent
by GC- TEA. Three washes of dichl oronet hane were

passed through the columm, this fraction was al so
a\*ﬁ.ﬂ“§ segdargrsohptans of NN&Kendoieatine, wergtsepdr@l irephospbate buffers

ov%]- {ﬁgﬁléfofhﬁgy%*— 5%1?12 %ﬁrmﬁagw dd Wb 1foL|\5.':llseggsgedo 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.



30% for the other (less structurally simlar) TSNAs.
The foregoing disclosure has been set forth nerely to
illustrate the invention and is not intended to be
limting. Since nodifications of the disclosed

enbodi nents incorporating thesspirit and substance of

the invention nmay occur to persons skilled in the art,
Folahpld [0 Q0Nel ST DATE |t ol SROEID AL ADr Soaming-1-(3-pyri
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Librgana) &W%Iéntnsth@ Hetawnt oDENNAIAGMST SNA/antdising kalutiyn
inprinted polynmer selective for at |east one tobacco-
specific nit rosa}rri ne, wherein said nolecularly
ﬁtlwmoﬂme' d)rpdlj_cpdf (et ab::mdzbee ﬁviﬂfiﬁﬁ Qliffiﬁ’(;d SYEXmh P16 28 tinco_rporated into
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didhlcrbmethnd CMY! MethandBbFindlly Alstiad walegast one

nitrosamne is derived fromnicotine, nornicotine,

anabasi ne or anatabine. 3. A nolecularly inprinted
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pagsed tiroughitbe columpyrthis frationeers absocimalyeed B INTGA Dyaht AiSMA content.
carbinol as a tenplate. 6. A nolecularly inprinted

pol ymer according to claim1, wherein the polymer has
The MIPreeiidedi % D B NNAUPEIH A SINK ARl & hdiency of about 20-
(i‘ybst Elucture of the tobagco-sspem fic nitrosamne.” 7.
3%oitpx the ofhvep flpss sty ctumlhypsimila FINAS. npr i nt ed pol yrer

according to any one of cltlirns 1-6; and

instructions for using the nolecularly inprinted
Thofoyeaming disglesuro han keen Isetafoith aiely to illustrate the invention and is not

intended to be limiting. Since modifications of the 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.



of detecting quantifying, and separating nitrosam nes
in a sanple. 8 A nethod of preparing a nolecularly

i mprinted polyner, according to any or.e of clains
1-6, conprising: co-polynerizing at |east one
functional nononer and at | east one cross-linker in
the presence of at |east one tobacco-specific
nitrosam ne tenplate or an isosteric anal ogue thereof
in a polynerization nmediumcontaining at |east one
free radical mBator to profidce a nol ecularly

i mpr i GRAEMBol yner bound to a t obacco-specific

nt r osgmi %dcﬁéﬂﬁlé %l&ﬁewqéaﬁ%éﬁéﬂm

andﬁ;d{}g%sal ”E{ﬁate} lsosteria &lp%&?asbfgn prepared

Isy; usingra totmdcerspesific mgrosmm:mpme mmsﬁmmmalogue thereof,

functl onal nononer exhibits aC| di c functl onality. 10.

rmno odéccgrdigﬁ 10 cl 21 cﬂ vvhere éh@macthonal said at
Ipast loae nittasaming is denivea) OmﬁnmnwnOMMMbmcdrm&me

itaconic _acid. 11. A nmethod according to claimS8,

whereg th ross]inker . ectedfr h ou
COﬂS?‘StI g‘gmt?%“ﬁitﬂﬂ "@RE'“E? %Pﬁ@‘l&ﬁﬂ‘g‘?"ég

I mha;lwmpmmd usingrasn mm@ogmmpunmmtmsmmneasa
tRfplataerythritol tetraacrylate. 12. A method according
to claim8, wherein the structural anal ogue is

sel ect ed fromthe group consisting of
4- ( Mt hyApmpleylar xmpn;:tcﬂm;wmmm@d;ngﬂo@am 1,Iwhérein the

EM%WM% {tAbth9ipro gyﬂ’ ~butan-
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a polynmerization mxture and at |east one
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6. A molecularly imprinted polymer according to claim 1, wherein the
pelymer has been prepared using a compound which includes a substructure of the
tobacco~-specific nitrosamine. '

- 7. Akit, comprising:
a8 molecularly tmprinted polymer according to any one of claims 1-6; and
instructions for using the molecularly imprinted polymer to petform at least one
of detecting, quantifying, and separating nitrosamines in a sample.

8. A method of preparing a molecularly imprinted polymer, according to any
ore of claims 1-6, comprising:

co-polymerizing at least one functional monomer and at least one cross-linker
in the presence of at least one tobacco-specific nitrosamine template or an isosteric
analogue thereof in a polymerization medium containing at lesst one free radical
in tiator to produce a molecularly imprinted polymer bound to a tobacco-specific
ni rosamine template or an isosteric analogue thereof: and

removing said template or isosteric analogue thereof from fhe molecularly

i printed polymer.



recovering suspended particles fromthe reaction

medium 14. A nethod of preparing a

nol ecul arly-inprinted polynmer, according to any ore
of clainms 1-6, conprising co-polynerizing it

pol yneri zation m xture and at | east one

t obacco-specific nixosam ne tenplate or an isosteric
anal ogue thereof in a heterogeneous reaction mm dium

and recovering polynerized ngtrerial fromthe

het er ogeneous reaction nedium 15. A nethod of
det e nichgpetiodacconding:te qlrigtticovhareinithe fimetional monomer exhibits

avidie fesoronslity. conprising; reacting the sanple with a
nol ecul arly 1 nprinted polynmer, according to any one

of clainms 1-6, under_conditions that would allow
torslaimedwhesein e Smetipralimaoneraer is

bi ndilfg &%

seldcead fran itye proRpicohsstingod Sethacrglicl asid g ), TOFMIAA hefiylbenzoic
&i@ﬂkﬁ%@g&iﬁl nprinted pol yner has bound to any
nt1’rosam nes, erein an evaluation resulting in
observation of molecularly inprinted polyner bound to

ni t r g$amAn@ethiod dosarting thibhdimt 4) @Eﬁﬁb@r@&ﬁhﬂuﬁﬁ selected from the
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Idtetrpacrylate nnlecularly
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1mn(4mmm)emdkpwmhet@arbzﬁal mol ecul arly-inprinted pc
lymer 17. A nethod of treating a tobacco product to

reduce the Ie@i of a targeted_ conponent therein
whi ci¥ of prepminga maleandasticimprintedinelymer; accarding to any

ombﬁﬂaﬁnﬁl-ﬁ,campﬁgmg-ed pol yner, according to any one
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nitrosamine template or an isosteric analogue thereof in a homogeneous reaction

mzdivm; and
recovering suspended particles from the reaction medium.

«O

14. A method of preparing a molecularly-imprinted polymer, according to any
ore of clamms 1-6, comprising;

co-polymerizing a polymerization mixture and at least one tobacco-specific
ni'rosamine template or an isosteric analogue thereof in a heterogeneous reaction
me:dium; and

recovering polymerized material from the heterogeneous reaction medium.

15. A method of determining if a tobacco product contains nitrosamines,

comprising:
reacting the sample with a molecularly imprinted polymer, according to
any one of claims 1-6, under conditions that would allow binding of nitrosamines
prasent in the sample to the molecularly imprinted polymer; and
' evaluating whether the moleculatly-imprinted polymer has bound to any

nirosamines, wherein an evaluation resulting in observation of molecularly imprinted
peclymer bound to nitrosamines indicates that the sample contains nitrosamines.



by the thermal deconposition of a material containing
t obacco, a tobacco substitute or a mxture thereof.
19. A nmethod according to claim 18, wherein the

t obacco product is produced by heating the materi al
to a tenperature below its conbustion tenperature. 20.
A nmethod according to claim18 or 19, wherein the
tobacco product is produced by conbustion of the
material. 21. A nmethod according to claim 17, wherein
the tobacco product pro&yced by contacting a

mat er} aI’%B%éhﬁiﬁ 'éEE&% é@@gﬂgﬂﬁg¥$8h ohgeco, product,
alm@mmmgthereof MAth a solvent. 22. A method of
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samﬁlaﬁﬁamdbmﬂa&ﬁminﬂpﬂymw;ﬂnﬂcul arly inpri nt ed
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RONEUCR - ot ed extract with the extracted tobacco
mat eri al . 23 Asm)kl ng article, corrpr|3| ng: a

smokifg aS&d‘ ?@ddg@ttﬁéléﬁwfﬂmgeted

accord|n a, One al oun
CHROREAL @sﬁwﬂf\ésb FEERInE 2 molecularly

imptiatedylolymer, aadb:dxﬂgmakyngeefﬂanﬁﬂ-éccordl ng to claim
23, wherein the nolecularly inprinted polymer is .

sel ectiv | east on olatlle nltrosatnlnefound
|ntié' 3@#03%@3&8 wherein thedabassomreduct is produced

by helthetmaladechinpositiok iofig mé:ﬁlmahtaﬁg tobasen) ectobaddoasibstituie or
a GRIrE nol ecul arly inprinted polymer, according
to any one of clains 1-6. 26. A snoke filter
according to Caim25, wherein the nolecularly
i npriht ed method awordiag te clairai18p whedeirttheltébmscopreduct is produced

by Bbdidg e MdtkAR 3% MmbaHAle bllok s ARRRMt R PaSeShre.

20. A method according to claim 18 or 19, wherein the tobacco product is
produced by combustion of the material,

21. A method according to claim 17, wherein the tobacco product is produced
by contacting a material containing tobacco, a tobacco substitute or a mixture thereof
with a solvent.

22, A method of manufacturing a tobacco material, comprising the steps of:

extracting a material contammg tobacco, tobacco substifute or a mixture thereof
with a solvent;

contacting the extract with a molecularly imprinted polymer, according to any
ore of claims 1-6, so as to reduce the leve] thereof in the extract, and combining the
tre:ated extract with the extracted tobacco material.

23. A smoking article, comprising:

& smoking material; and

a molecularly imprinted polymer, according to any one of claims 1-6, found in
the thermal decomposition products of the smoking material. |



thha thermal deconposition products of tobacco or a
t obacco substitute.

29
24. A smoking article according to claim 23, wherein the molecularly
irr printed polymer is selective for at least one volatile nitrosamine found in the vapour
phase of the thermal decomnposition products of the smoking material.

25. A smoke filter, comprising a moleculerly imprinted polymer, according to
any one of claims 1-6.

26. A smoke filter according to Claim 25, wherein the molecularly imprinted
pclymer is selective for at least one volatile nitrosamine found in the vapour phase of
the therma] decomposition products of tobacco or a tobacco substitute.



