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1 METHOD OF REDUCI NG THE LEVEL OF NI TROGEN OXI DES The
present invention relates to a nethod of reducing the
| evel of nitrogen oxides in a nedium for exanple in
toxi ¢ gases derived fromfromtobacco conbustion

power 5 plants, or |argelscale industrial processes.
More specifically, but not exclusively, the invention
relates to a nethod of filtering or absorbing nitrogen
oxi des fornmed by the conbustion of tobacco-containing
snURTHY aF tREPPeGs fidh LEYEE i QaNETROEEN £¥dDEF gar s.
BACKGROUND TO THE | NVENTI ON 10 Nitrogen di oxi de ( NO2)
is the maj or conponent of the so-called NOx gases

f die pyesant 2nvehididn setatdstie agustlardadf bducing the leseldofinitrogen oxides in a

SR A U LG BRSSP, poves

dekantsedr largetseale andustrial proessdso Moraspesifitilly] betmot peslBdively, the

pt.an and l.arge-scal e_jndustrial, K processes.. 'S

D ehdon Bi8es 18 RGHHF v o o o Suup Pl AR Pisicht fasired by the
pranstios of wbizceaghiag sibbitp eficldssah ascidietias adiQigars.
rapidly reacts with oxygen, producing N2QG3 (e.qg.,

NO- NO2) and NO2/ N204- These are powerful nitrosating

aBAUKGROUND MO THE BasERIAIR and in sol ution.
STATEMENTS OF | NVENTI ON 20 The present invention

descri bes host-guest conpl exes forned upon interaction

bRitSpeR diddd @) &i (P hfdjor ¥BhbSenf of B 0K T80 %Q%g family.'?
resorcl[ 4] arenes.” The applicant has found that (a

r D&% [thy gpnernl Jormel wsad tohdanaitienp @xtute $foNRe.stitbgen monoxide
NINGRSAR! dtRer (MY eenCATRs X PRese (e é&ﬁ@%ﬁsigqgﬁ{z&grzﬁﬂ? "N from
conpl exes are deeply col oured and ca I SSOcl at e
atolagsp coputbusiivon pevien plengp, @fd laegeescale (industriak peocesap| ¥@8s are

EN . . . f d .
ol 38y A b Sm bbbl ARl TR UERRED e e
r adisaldN@]rapidipecactrwiticoxygen, posincing N,0; (©g., NONOL) ahd NO,/N;O,.

7R, B PRI S O S B S fptation.

STATEMENTS OF INVENTION

The present invention describes host-guest complexes formed upon interaction between

~ NO; and simple synthetic macrocycles named resorc[4]arenes. The applicant has

found that (a) resorc[4]arenes react with NO2/N;O4 to form stable nitrosonium (NO*)
complexes; (b) these resorcarene-NO® complexes are deeply coloured and can
dissociate and bleach upon addition of water; (c) these complexes can be utilized for

the NO" transfer processes and nitrosation reactions.

Alternatively expressed, the resorc[4]arene can act as absorbents for NO, to form stable
nitrosonium (NO*) complexes. Thus, the resorc[4]arene is sometimes referred to as an

absorbent of the invention.



30 absorbent of the invention. 2 A first aspect of
the invention relates to the use of a resorcin[4]arene
to absorb one or nore nitrogen oxides in a nitrogen
oxi de-cont ai ni ng nmedium A second aspect of the
invention relates to a nethod of formng a nitrosoni um
conplex, 5 said nethod conpr2sing contacting a
resorc[4]arene with a nitrogen oxide. A third aspect

Ogrﬁ{ifg‘gpgf\f/fel}gfoﬂﬁrngloa s to n%%%oson{;&wc]%onpl ex oa}:sqqgoneor
Rt nitrRedn d%@de%amﬂoé%n%xﬂie%mrﬁ?g méfutal  Wherein

each R2 and R3 is independently H, al koxy, alkyl,
aryl, aral kyl, halogen, cyano, nitro or carboxylate;

1a s‘é@&ﬂ éet bﬂﬁ@ﬁﬁ@ﬁﬁﬂ%ﬁ&e {Sd Egmsoﬁﬁirﬁmomplex
R4 s |n ependently H, al , ary ara
5 - i pp drpmprisingedntagtinga ren@temawmwﬂya mupgem:ldeeach Y

IS |ndependently CH2- hal ogen or CH=CRS5RGi

A third aspect of the invention relates to nitrosonium complex of formula II

10
II
wherein
each R, and R; is independently H, alkoxy, alkyl, aryl, aralkyl, halogen, cyano,
nitro or carboxylate;
15 each X is independently COOR; or CH,-halogen;

each Ry is independently H, alkyl, aryl, aralkyl or -(CH,).CH, Y
each n is independently 0 to 20;
each Y is independently CH,-halogen or CH=CRsRg;
each Ry, Rsand R is independently H, alkyl, aryl or aralkyl;
20 wherein said alkyl, aryl and aralkyl groups may be optionally substituted by one or
more substituents selected from halogen, OH, alkoxy, NO,, NH;, N(alkyl), (preferably
NMe3), Cihalo); (preferably CFs3), carboxylate and cyano.
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each R2, R5 and R6 is independently H, alkyl, aryl or
aral kyl; 20 wherein said alkyl, aryl and aral kyl
groups nmay be optionally substituted by one or nore
substituents selected from hal ogen, OH, al koxy, NO2,
NH2, N(al kyl)2 (preferably Nw2), C(halo)3
(preferably CF3), carboxylat@ and cyano. 3 Thus, a
preferred third aspect of the invention relates to

ni trosoni umconpl ex of forpmula I1x R2. R.OOR X X
RligsRae prefored il pspeg efstheoinvention seigies o pitrosopfugzcompisx. of
QFHﬁﬂa“Qerein each R2 and R3 is independently H,

al’ Koxy, al kyl, aryl, aral kyl, hal ogen, cyano, nitro
or carboxylate; 10 each X is independently COCR4 or
CH2- hal ogen; each R4 is indepgndently H alkyl, aryl,
aral kyl or -(CHQ).CHQY;ROeac n Bﬁ i ndependently O to
20; B 1

wherein
each R, and R; is independently H, alkoxy, alkyl, aryl, aralkyl, halogen, cyano,
nitro or carboxylate;
each X is independently COOR4 or CHa-halogen;
each Ry is independently H, alkyl, aryl, aralkyl or -(CH;),CH2Y;
each n is independently 0 to 20;
each Y is independently CHz-halogen or CH=CR;sRg;
each R;, Rsand R is independently H, alkyl, aryl or aratkyl;
wherein said alkyl, aryl and aralkyl groups may be optionally substituted by one or
more substituents selected from halogen, OH, alkoxy, NOz, NH,, NMe;, Cks,

carboxylate and cyano.

A fourth aspect of the invention relates to a complex obtained by contacting a

resorc[4]arene with a nitrogen oxide.

A fifth aspect of the invention relates to the use of a complex according to the invention

as a nitrosating reagent or as an NO transfer agent.
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each Y is independently CH2-hal ogen or CH=CR5R6; each
RI, Rs and R6 is independently H, alkyl, aryl or
aral kyl; 15 wherein said al kyl, aryl and aral kyl
groups nmay be optionally substituted by one or nore
substituents sel ected from hal ogen, OH, al koxy, NO2,
NH2, NMe2, CF3, carboxylateqand cyano. A fourth
aspect of the invention relates to a conpl ex obtai ned
by contacting a 20 resorc[4]arene with a nitrogen
ofx iatth, aspcdt iof the imecption relpfestth @ methashef, eytrapping, eresorrgore pitrogen
f r

?dre‘g’sa a0 ng reag é)%fé &g cgﬁtg&n%%ﬂga?#ro %%FE rb]'g' e]:%t§ with 2 gaseous
&mxmh:aﬁgﬁmtgmhebhmmwnMnmpnomdﬁelates to a nethod of
entrappi ng one or nore nitrogen oxides, said nethod
conprising contacting one or nore resorc|[4]arenes with
a& gaseh ldspecmﬁthéﬂheerﬁiﬁﬁm-éxted 0@ metodsf absorbing iohe ageore nitrogen

S o ot S S0 G S PACBAED B ho o

ﬂ%ﬁ HRRG CRnfAPERnpriERizbneot MO eG4 jasineg filtering
the obacco snmoke through a filter elenent conprising

one or nore resorc[4]arenes. An eighth aspect of the
| v &phth %Ebee%ﬁh@ favb@ich riBled @a Bletng|oEGélbotRLYY b Flnﬁﬂagen

nitrogen ~ 10 oxi de-cont ai ni ng conbustlon product

tosisigcobtaining eombyistion prodpws fioBniobacsep fgoksy eghmgtho comprising
tg?e OEOW SinbiR £UTe! o CoRQBE itk aiilel eRmehd écﬁ"ﬁpnsmg one or

conprising one or nore resorc|[4]arenes.
nnmemsa@b@wnﬂsf the invention relates to a filter
el enent for absorbing one or nore 15 nitrogen oxides
in a gaseous mxture, said filter elenment conprising
oXeintlr aspecteof thefstmemﬁodn] =laasds aaﬁﬂtbrtﬂlmlil@h &l apsgrhimg gme or more

mpre addiiian e I

R e Y ahbbbCh L i e SR B ol or mor
sedorf4 Jareatsyand ogtiorally gne\mnomaddlaondl fifercmatbrials.i on
products produced by burning a snoking article, said
filter 20 elenent conprising as filter material one

QA tefil A3pdce 6DMS xbaticiiteltes to a filter element for selectively absorbing NO,-
containing combustion products produced by burning a smoking article, said filter

element comprising as filter material one or more resorc[4]arenes.

An eleventh aspect of the invention relates to a smoking article comprising a filter

element according to the invention.

A twelfth aspect of the invention relates to a filtration apparatus for absorbing, or
reducing the level of, nitrogen oxides in a gaseous mixture, said apparatus comprising:
a chamber for receiving the gaseons mixture;
inlet and/or outlet means;
means for absorbing, or reducing the level of, one or more nitrogen oxides, said
means comprising one or more resorc[4]arenes; and
optionally a fluid transfer means for circulating the gaseous mixture around the

chamber.
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An el eventh aspect of the invention relates to a
snoking article conprising a filter elenent according
to the invention. 25 A twelfth aspect of the invention
relates to a filtration apparatus for absorbing, or
reducing the level of, nitrogen oxides in a gaseous

m xture, said apparatus conpr§S|ng a chanber for
recei ving the gaseous m xture; inlet and/or outl et
nmeans; neans for absorbing, or reducing the |evel of,

OEhed I asPEBEE of ithd’ GFeitionxindia8e aS ahaangBQrtns&les aCédfiilﬂfohgﬂt NYereof
y.a ul

one O ,nore _resorc and opt.i onag
t FRIARSIRE Sreaking %Prﬁwﬁ PP‘L %FP%‘?@“W# 81%@5‘5%% irf-0pg ppmore of the
aféaarema:aﬁes r6f8AEPR heredn. T RinRERRGF me@fnokag ai‘tféléeiﬁédrﬁ’d}atmg

include a snoking article or a conponent thereg
c Byebsarbery maydie; angnaka dikies, a1wrapReT ah C*’&%J%@ﬁ ﬁlnehns ggicle, filter
Hlf\é%wal Qf¥has I 18r to¥) Br ﬁ{e Sk hatbif 1tsElES%E Al GN§Rcifically
referred to herein.’ The conpdnent of e snoking
aincludpea smoksr fider spinpysing e absothsnbefthe inypnting -ai.g rmk er more of

]&eﬂﬁ! ng for the snoking article,
{qe?gs{orcé@j%\%gsﬁ@geﬁ such as filter tow, or the snoking
material itsel f The [ nvent| on specifically includes

aﬁgg%gkmé la}tle venp may ?f?(s Ot{n%:fn%né OtFo} F)%maprlee F]hgssmoldng

i NVentron sorc
r axtielemeay Hemnb ér whmh thEhdaasmk isgkeal Hyi 1ginﬂng)ﬂ1etsimekmg material and

| Bheg B erots h SomBiach R foh Sranibis Bha i e SRieE giesillo.

byltegatidely thesh@kihgRltichgmaR be bhéin whidh therdﬂaslldnggnitbkeal is heated
products of corrb%yé) as for, exa%gy cigarette,

c?og 3 rlegperaiugs, A SRPIBOSIHAY {peta P s‘s?an?fi\‘F@S FUrE Rathout

NE3miLLiGH € Shdh atbitleart BRI NGd TRdoBSdrt elebtrid@ladrafher theating

a tenperature at which deconposition in to pyrolysis

plgRRseheh Sachaoglielomstt  conbustion. Such articles are

wel | known and incorporate electrical or ot her heating

15 neans such as a charcoal el enent. articular the
shcnertirglas the snokingsayticle may |cg@p1aserwd@f mgtemat eptiogatly in

OPEdsHp2With or Without a filter. The casing may be a wrapper of paper, tobacco leaf

or reconstituted tobacco. Alternatively, where, for example, the smoking article is

intended to produce low emissions of sidestream smoke, or lower levels of pyrolysis
products in the mainstream smoke, the casing may be composed of non-combustible
inorganic material such as a ceramic material. The filter may be of any suitable

material, for example fibrous cellulose acetate, polypropylene or polyethylene, or

paper.

The smoking material is preferably tobacco but may be a non-tobacco smoking
material. Examples of non-tobacco smoking materials are dried and cured vegetable
material, including fruit materials, and a synthetic smoking material such as may be
produced from alginates and an aerosol-generating substance such as ethylene glycol.
The smoking material may comprise a blend of tobacco and non-tobacco smoking
materials. Where the smoking material comprises tobacco, the tobacco may of any

suitable type, or a blend thereof, including air-cured, fire-cured, flue-cured, or sun-
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a casing, with or without a filter. The casing may be

a wrapper of paper, tobacco |eaf or reconstituted

tobacco. Alternatively, where, for exanple, the

snoking article is 20 intended to produce | ow

em ssi ons of sidestream snoke, or |ower |evels of

pyrolysis products in the maignstream snoke, the

casi ng nmay be conposed of non-conbustible inorganic

mat erj al  , such as a ceramic material. The filter may be

ofcméﬁq)lmg%toﬁ BiPR, andamey haye bemommmlsmg fﬂ.n]bappnqmate process For

cel S p eth

a2 Be Ak By B0 DHARM VipBldol B YEhNFRE, 185 smoing
b atera) ey alsnomchld@ @oc'@nsmﬂhadgmvaaat soch ab atholigakse Solorants,

0 Qbkad dr and c d
CuBRORNE ARE R RS In B RB00. ik vctitaes e s
s;'/lﬂwmelaadsm) ng material such as may be produced

from al gi nates and an aerosol -generati ng substance

such as ethylene glycol. 30 The snoking material may

c 3hprabserbentbiney dbeo tnchpossteo ikt 8OOk DAGERAIS "ebMingly, the

ere.the snpking . material conprijses
tvgfé%‘%‘ m?lﬁggtsgt%s&* BT a1 gbsprhspeotithyiavention o- i.e. one
bbﬂndrddfehea@ﬁqrcmméﬂégfmlw hémed, fire-cured,
flue-cured, or sun 6 cured |lamna or stem and may
have been processed using any appropriate process. For

eAnephtvels, h@hér@kiﬁé?&ﬁolﬂﬁg’ aRR1eC bﬂmpr%@{ gdde dr o dlﬁgtgl%l in a

reconstituted. The snpoking materi may al so [
CBFPaFR thenahsothent; '??K/b‘?s mcgm@rat%ismathe wirappemt Ehe invention therefore

CRLRA er RS 25} Q d. propyl ene
gl ycolé%%gnd f1 avour| n Js %ﬁ% é:g’!‘%ﬁ’g‘r ra‘l,naggorﬁ)%&ﬂgﬁs’é’gemon
an#CcOrcoS) morphef thp seno refaereii re dnephr alThel virappthiay be a

S(EEﬁlﬂo@Q-bﬁ@& a‘teg'{al sufch %g{aﬁ n(gj aytbbé o 8?56@ tg‘apstllﬁjé gsczl'eléonstltuted

snoki ng mater| cont |’ng an-a

itghaseeion - i.e. one or nore of the resorc[ 4] arenes
referred to herein. 10 Alternatively, where the

snoking article conprises a rod of snoking material in
aAs a further alternative, if the smoking article comprises a filter, the absorbent may be

incorporated in the filter.

The present invention also includes a smoke filter for a smoking article comprising an
absorbent of the invention —i.e. one or more of the resorc[4]arenes referred to herein.
The smoke filter may be produced separately from the smoking article, for example in
the form of a cigarette or cigar holder, or it may be integrated into the smoking article,
for example in the form of a cigarette with a filter tip.

Smoke filters in the form of filter tips may be of any conventional construction. For
example it may in the form of a “dalmatian” filter comprising a section of fibrous filter
material, such a cellulose acetate, the absorbent of the invention being in particulate
form and distributed throughout the section. Alternatively the filter may be in the form

of a “cavity” filter, comprising multiple sections, the absorbent of the invention being



10

15

20

25

30

wr apper, the absorbent may be incorporated in the
wrapper. The invention therefore includes wapper

mat erial for snoking articles containing an absorbent
of the invention - i.e. one or nore of the

resorc[4] arenes referred to herein. The w apper may be
a 15 cel l ul ose-based materi al7 such a paper, or a

t obacco based material such as reconstituted tobacco.
As a further alternative, if the snoking article

compnediesng spah) seetion. tHoe exanude the perowagarben maispdmprylig hetwveen
| otk t!s%cﬁiron ofﬁbrEB?ﬁﬁér%?a?&ial.' nvention also includes

a snoke filter for a snoking article conprising an
absorbent of the invention -'i.e. one or nore of the

r-Rso ] f ' '

D3 B BIERES A& bl bl KGR rABRETHAE il of the
fiovention muEyealsbe triveedf withrother adsorbguir materalpin gicgety or dalmatian
h°|d§#é o i{ may be integrated into the snoking

AP C1E SEMPR¢ o1 exanple in the formof a cigarette
with a filter tip. Smoke filters in the formof filter

t.Lps e of . any _.conventional. construction. Far.
e SR RIS b i, oS Rif FBAeLF. Coppfiing o rod of
CtobhaRed,Sirafped, idGlsnie Glted, tHerabbisibdrit lof e inveBtied beihg insorpbrated
a cellulo acetate, the absorbent of the invention
paithismake et i cul ate 30 form and distri but ed

t hroughout the section. Alternatively the filter may

be in the form of a "cavity" filter, conprising
RETABLEDRESCRHETIIOM e absor bent of the invention

being 7 confined to one such section. For exanple the
porous carbon material may |ie between two adjacent

shg upednheseing fhigrtomes “pittogen oxide’s PROQIMPASSAT SRATISR daving tthe general

c r S ; ;
Bl 1002 136 Bl 100 SERh oS TG, sl b aicogen
opddss. adsorbent materials in a cavity or dal matian
type filter elenent. The preferred snoking articles of
the invention are cigarettes, conprising a rod of
t A aeoiionedrahpyes the presknd irenton feldidsetp, the hse afbmecrbeyatic species

Y18 o Lo aBELsn0 | o por at ed

As used herein, the term “resorc[4]arene” is used synonymously with “resorcinarene”.
The present claims encompass the use of a single resorcin[4]arene, or combinations of

one or maore resorcin{4jarenes.

As used herein, the term “resorc[4]arene” refers to a macrocycle formed from four
phenyl groups linked together by four methylene bridges (each methylene being
optionally substituted), each phenyl group bearing two OR’ substituents as shown. The

core structure of a resorcinarene is as follows:

R.m
4
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10 in the snoke filter. DETAILED DESCRI PTI ON As used
herein, the term"nitrogen oxi de" enconpasses species
having the general 15 formula NOx, and which incl ude
NC2, nitrogen nonoxide (NO, and other nitrogen

oxi des. As nentioned above, the present invention
relates to the use of macrocyclic species known as
resorcl[ 4] arenes. 20 As usedc%;erei n, the term
"resorc[4]arene" is used synonynously wth

"ReSsrOATer ExE afbeéonforﬁ'hﬁomng Shﬂﬂaiecmjeaﬂeawhmhwas sdepie dismond

o{ 2%8;%21%' < raﬁ ig lcq.ergpggmﬂs(caggb Oﬁlg 19 ?]ff']lg ?gefhese

'i%a%ﬁﬁﬁcﬁﬁs"ﬁr@ llﬁ&@n bﬁﬂﬁ lﬁokdkg nﬂnﬂkﬁﬁlﬁﬁﬁée&r@xtfdiar fﬁﬁdlefp[-&pmatmn of
u en
mq;g@g cg@z‘l@ﬁ%h%gfpgy' ads 1 :f%}g)sugﬁ y;r{aou cone- }:ol}%omagon in

UleBﬂ s4hEibult %@q&'ﬁlﬁﬂ&’ﬁl b@h%%wﬁﬁﬁiﬁeﬁgd-ém f&ihs, in which two

tituents as shown. The core structure of a
opResite arematin singsare slisragtivelidacerto face (f the average distance of 5 A). In

4
ngi?cfkg E&F é]sa? V\ﬁcﬂ% aeﬁahgg g%tgrlg@tgbﬂ%@ﬁny of 1h€X%wh|s@uctures (with Cay

cu I amond 2-alternate

spnolewry) it ;E:zs.ltq el the NIMR d¢inearale pridwmsimplifh sn@@iﬁ%rqegpﬁmﬁ ingto a
T .

((1'1,:{ %}B?mzztl?{ 45 %?%Jgggﬁgeg&%ﬁiﬁ&egﬁtﬂé}ggﬁalsg?: %n o?: Sresriation

Bigd3 ;aad muclo mQ?z rigids Chiveeselyzin thendismendl,2-aliermite sopfompation,

own e. conf or 5 N
0 @ﬁf)’? é{{%&g [ S?L’Péc'? n; 3 a{nﬁ dn? Bwd Sﬁxﬂlst(c‘i’f) the
\Mpp@ﬁitetdme Tmpmoﬁﬂohﬁammmhmcwnmg byaa ectalsumtmmommttgm (one

face to face (a ave di st anc

i Sona] subsitugn ony 51 SERS B B EERS 41 af e i e gther two
Gh Bede)0 structures (mnth C2,- symmetry) is fast on
the NMRtinme scale and a sinplified spectrum
corresponding to a

The upper and lower cavities of resorc[4]arenes are too small and usually poor of

—
-

binding sites to form complexes with neutral molecules. Cations (are expected to)
interact more strongly with the aromatic n—surface of resorcarenes. When 1,3-alternate
calixarenes - equivalent to saddle resorcarenes — are functionalised with appropriate
binding sites on the phenol oxygens, they bind metal cations such as Na', K*, and Ag"
with both “hard” oxygens and “soft” m-basic aromatic rings.” The formation of
complexes between calixarenes and nitrosonium (NO™Y, both in solution and in the
solid state, has been recently reported.® X-ray analysis revealed that the NO cation
was encapsulated within the calixarene cavity: strong charge-transfer interactions with
the host m—surface positioned the guest between the co-facial aromatic rings at a

shorter distance (2.4 A) than the typical van der Waals contact (3.2 A).

To date, however, there has been no disclosure in the art of resorcin[4]arene complexes

with NO™,

The unpaired electron of the nitrogen is responsible for the intrinsic paramagnetic

properties and the intense brown-orange colour of NO,; the molecule can also react
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C4v symretry, is obtained.4 Resorc[4]arenes in the
saddl e/ 1, 3-alternate conformation 10 (Fig.l) are nuch
nore rigid. Conversely, in the dianond/ 1, 2-alternate
conformation, two neighbouring rings (AB) have the
same orientation and the two others (CD) the opposite
one. This conformation is chamacterized by a cctc
substitution pattern (one equatorial substituent on

G 14), whereas the substituents are all axial in the

ot Witk Hsei to mipldrg qoleueless. dimmr, Tdinittegere tetepmidle| ®la4),” which rapidly
C adibdobi@s, Aheh | al.lLy.

poor plf_ Sbi r?di ng %P%é@k?gﬁﬁé%%n&ég&ngréglgs%@u o gFan The
noAgEHibriae. betwaep dhestwoompepisend thetcjour bfithe spatém awraefunction of
st ik ar. [ -sur f f. resorcarenes _
riae Batngratic: belodPT 2190, douf BB SURER, Ot s AR B dbare T =
r ek8r 8Gr dree systerar eontaimc texclnsivelg edOai t hina s opRE! the2 @ynamic

o LR be BerBld N6, BT, SIS ot Pl stibWy g oy the single
0>8peraess NeDcahstsotdisplopostivingteas otid NONOTAHoR rehbon with aromatic
corrﬁprlﬁixes bet weep cal i xarenes an

f ti d
B rro GRS S ions cBT4al 16 preseaes df i deiasigblecprecursor

Frosoni um
Stcamplex ASH,Ie6N NOF Edtidell ByaRO EArBdi§Fopbriichatian 8t ¥ t %cn dioxide
I n

reveal hat the cation was encapsul ated w
10 tﬁ%ﬁg%lcrg%gqﬂéﬁ@n%tﬁ\% strong charge-transfer

interactions with 25 the host n-surface positioned the
gyest between the co-facial_ aromatic rings at a

s HOF Peren iveafipneeptes.on ghe abiligy of psorc{Ajarerds ty envapiutate NOo/N,O,4
Waad endFordt f88le fedore e Tlgu-g%ﬁu:? E}ﬂ% , there has

been no disclosureM@%IFhe art of r s%&%in[4jarene

conpl exes w th NOt. 30 The unpaired el ectron of the

15 Niak rr@éiiﬁﬂnédsa%gé {6&2 %%ﬁr%%teoff 3 6&@&1&”3[&%% gt dﬁeg%(?c{]%i?a el {%.g, or

20

propqrtles an ense rown-orange
t Frdupipg dhelpeel ©fironglos enare atttogen owideshini# gesbdus tntixtpireS Issid anethod

o o bR At

increased, to give the starting nononer again. The

In one preferred embodiment of the invention, the resorc[4]arene is of formula I

wherein
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equi li brium between the two conpounds and the col our

of the systemare a function of the tenperature:
below T = -21 C, only pure solid N204 is present,
whereas above T = 5 140 C the system contains
exclusively NO2. In this range, the dynamc

i nterconversion between NO2 ay@ N204 makes it al nost

i mpossi ble to study the single species. N204 can al so
di sprogom%igon g;:,t,o i oni ¢ NO+NO3 upon reaction with

ar omat ¥ 6\‘?‘@ sviedependentty & alkeny, allsd, atviaareliyl, hetogen, cyano,
the prgi&eRetarBéxyidle netastabl e precursor conpl ex
[ArH, NA _NO3 formed by the early disproportionation
of ni t 458 &nis dndsrendentlyl@OORderdelb-kalogehe ar omati ¢ donor .

The pr fosd ' e o o :
resor ct[ea}igf é%nlgésr%tg%degﬂ% gg@fifla%ég W@%ﬁbﬁeé@{%d form
st abl ecack 8¢ fependantly Ote 20;0s0ni um conpl exes. 15 As
mentio C [ the javention relates
fo = rerhad oo dliy A odh oL LR e he T evel “of
one oreapibRe Ryiahd Bgisindopendenslyi H, Akydas@ad aralitytt ur e, said

| Si ont.acting the gasepus, m xtyre wth
ovLHE8h <o BRI Bl d SR iy s " Srtopay aipttitea By one or
o g e, oKl Mo G By
MR, %“ﬁ%")tﬁ}‘e%kblv IRCAPlate gl qyano.

As used herein, the term “alkyl” includes both saturated straight chain and branched
alkyl groups which may be substituted (mono- or poly-) or unsubstituted. Preferably,
the alkyl group is a Cy.59 alkyl group, more preferably a Cy.5, more preferably still a
Ci-12 alkyl group, more preferably still, a Cy.¢ alkyl group, more preferably a C;.; alkyl
group. Particularly preferred alkyl groups include, for example, methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, tert-butyl, pentyl and hexyl. Preferably, the alkyl group is
unsubstituted.

As used herein, the term “aryl” refers to a substituted (mono- or poly-) or unsubstituted
monoaromatic or polyaromatic system, wherein said polyaromatic system may be fused
or unfused. Preferably, the term “aryl” is includes groups having from 6 to 10 carbon
atoms, e.g. phenyl, naphthyl etc. The term “aryl” is synonymous with the term
“aromatic”. Preferably, the aryl group is unsubstituted.

The term “aralkyl” is used as a conjunction of the terms alkyl and aryl as given above.
Preferred aralkyl groups include CH,Ph and CH,CH,Ph and the like.

Thus, in a more preferred embodiment of the invention, the resorc[4]arene is of formula
Ix
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wherein 10 each R2 and R3 is independently H al koxy,
al kyl, aryl, aral kyl, hal ogen, cyano, nitro or
carboxyl ate; each X is independently COCOR4 or

CHr hal ogen; each R4 is independently H, alkyl, aryl,

aral kyl or -(CH2)"CH2Y; 5 . . . each nis
i ndependently 0 to 20; each Y1 I S i ndependently
CH2- hal ogen or CH=CR5R6; each , R5 and R6 is

i ndependently H, alkyl, aryl or aral kyl; wherein said
al kyl, aryl and aral kyl groups, may be optionally
substituted by one or Ay e bst&i‘uents sel ected from
hal ogen, OH, al koxy, NO2, N (al'kyl )2 (preferably
10 NMe2), C(hal o) 3. fprefera CF xcar boxyl ate and
cyano. As used hereigy the tefm ™al kyk" includes both
saturated strai ght chajnland Rranched ' al kyl groups

whi ch nmay be subst_ig 0 ol y-) or
.- Pg(zroupisaCI-Zo

unsubstituted. Preféer
nore preferably

al kyl group, nore prg % 5)
{J p{?%ferably still, a

still a 15 C-12 al ,
Cl.6 al kyl group, nore prefle ct.3 al kyl group
s include, for

Particularly preferred glky
I'sopr opyl, butyl,

exanpl e, nmethyl, ethyl, )
i sobutyl, tert-butyl, pentyl "and hexyl. Preferably,
the al kyl group is unsubstituted. 20 As used herein,
the term"aryl"” refers to a substituted (nono- or
pol y-) or unsubstituted nond&romatic or pol yaromatic
Sysdr&n Wherein said pol yaromati c system may be fused
or unfused. Preferably, the term"aryl' is includes
gr oup$athaRa ang Raris indspensientty Haalboxy, alkiyl my), acalkyl, Ifhegen] cyano,
napht ferm"aryl™ is synonynmous with the
term llJ'lwc:fl)rd(?%agrtb|mi‘l:§a.§te13referably, the aryl group is
unsybﬂdll_tiﬁtseinidepzﬁdeﬁﬂp COORwnot dithtHelogén;i s used as a
con) URghigs Rliepd)Geddy/ il o1, LU s LY

each n is independently 0 to 20;

each Y is independently CHy-halogen or CH=CR4Rs;

each Ry, Rs and Re is independently H, alkyl, aryl or aralkyl;
wherein said alkyl, aryl and aralkyl groups may be optionally substituted by one or
more substituents selected from halogen, OH, alkoxy, NO,, NH, NMe,, CFs,
carboxylate and cyano.

Preferably, the halogen is Cl, Br, or L

In one preferred embodiment, each R; and Ry is H.

In one preferred embodiment, each R;, Rs and R¢is independently H or alkyl.

In one preferred embodiment, each Ry is i.ndependenﬂy H, alkyl, or -(CH2),CH,Y;

In one preferred embodiment, each X is the same.
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Preferred aral kyl groups include CH2Ph and CH2CH2Ph
and the like. Thus, in a nore preferred enbodi nent of
the invention, the resorc[4]arene is of formula 30 Ix
11 Rp RO OR x X RIORS ORS RR Rs Rs R2 R ORs
ON x| x RoOR Ry Ix werein5 each R2 and R3 is

i ndependently H, al koxy, al kylll) aryl, aral kyl,
hal ogen, cyano, nitro or car %xyl ate; each Xis
i ndependently COOR4 or CH2-hal ogen; each R4 is

i finl epe préfurtcd \entbodidheny, | caclaRY lis thalsamKY IMQE prdrét® stifHa¥h R, is
eﬁ_g& n is independently 0 to 20; 10 each Y Is
[ ]pendently CH2- hal ogen or CH=CRsR6; each Rl, R5 and

R6 is independently H, alkyl, aryl or aral kyl; wherein

said al kyl . aryl and aral kyl groups may be optionally

silfb%‘iqmcéllfﬂbi?r%ﬁ@dcﬂmbm@tsubst ituents sel ected from

hal ogeR.is €dorgbkeryry: NO2, NH2, Nwe2, CF3, carboxylate
15 i

and cyano. .
R4 is H, Me, Et, 'Pr, or -(CH,),CH,Y;

nis2to 15;
Y is CH;Br or CH=CH,; and
R, is Me.

In one preferred embodiment, n is 2 to 18, more preferably 2 to 15, more preferably

still 2 10 12, and even more preferably 6 to 12.

In one especially preferred embodiment,
X is COOR4 or CH,Br; and
Rqis H, Me, Et, 'Pr or -(CH;),CH,Br;
nis2to 11; and
R; is Me.

In an alternative preferred embodiment,
X 1s COOR4 or CH;,Br; and
Ryis H, Me, Bt, 'Pr, or -(CH;),CH=CH,;
nis2to9; and
R; is Me.

In another preferred embodiment,
X is COOR4 or CH,Br; and
R4 is H, Me, Bt, 'Pr, -(CHz):CH,Br or -(CH1)eCH=CHp; and
R, is Me.

In one preferred embodiment, the medium is a gaseous medium, i.e. the medium is a

gaseous mixture comprising one or more nitrogen oxides. In an aliernative preferred
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Preferably, the halogen is A, Br, or I. In one
preferred enbodi nent, each R2 and R3 is H 20 In one
preferred enbodi nent, each RI, Rs and R6 is

i ndependently H or alkyl. In one preferred enbodi nent,
each R4 is independently H, alkyl, or -(CH2)" CH2Y;

In one preferred enbodi nent, :fach X is the sane. 12

In one preferred enbodi ment, "each Rl is the sane. More
preferably still, each Rl i s al kyl. In one

Qﬁiﬁbdlﬁiéhta "tﬂeymﬂdlﬁifneiﬁ @Qﬂuﬂ”b@dlafﬁﬁlﬂlhon chnt¥ining dHOORMncd¢ nitrogen
4 Et, "Pr, or -(CH2)" CH2Y, nis2to

D&chm@SSMPf%S“@HﬁW and RLis Me. 10 In one

preferred enbodinent, nis 2 to 18, nore preferably 2
to 15, nore preferably still 2 to 12, and .even nore_
Fihay, én anh¢ gmbodimentp the|irventien relgiesdp A methed of @%SP@H% or reducing

LT o 8 L At Bt
Icmtaahngltheegasmusmx@resﬁlér onechr erevoreseremi4larenesi s COORA or
CH2Br; and R4 is H M, Et, "Pr, or -(CH2)"CH=CH2; n

is 2to 9; and

In one preferred embodiment, the gaseous mixture and one or more resorcin[4]arenes

come into contact by means of passive diffusion.

In another preferred embodiment, the gaseous mixture is brought into contact with the
one or more resorcin[4Jarenes by virtue of the gaseous mixture flowing through a filter
element comprising one or more resorcin[4]arenes. For example, this may occur when
a gaseous mixture formed from the combustion of a smioking article is inhaled by the
user through a filter element.

In one preferred embodiment, the method reduces the level of NO, and/or N2Oa.

In a preferred embodiment, the method of the invention absorbs substantially all the
NO; from the medium.

In another preferred embodiment, the method of the invention selectively absorbs NO;

from the medium.

As used herein, the term “selectively” means that the resorcinarenes of the invention
absorb a portion of, substantially all, or all, of the NO; in the medium in preference to
other species that may be present. Where the medium is a gaseous medjum, preferably,
the resorcinarenes of the invention absorb a portion of, substantially all, or ail, of the
NO, in a gasecous mixture, but do not absorb other gases to any significant extent.
More preferably, the resorcinerenes of the invention exhibit a selectivity ratio for NO;
over other gases of at least 5:1, more preferably 10:1, more preferably still 50: 1, more
preferably still 100:1, more preferably still 200 or 500:1.
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Rl is Me. 25 In another preferred enmbodiment, X is
COOR4 or CH2Br; and R4 is H M, Et, 'Pr,

-(CH2) 11CH2Br or -(CH2)9CH=CH2; and Rl is Me. 30 In
one preferred enbodi nent, the nediumis a gaseous
medium i.e. the mediumis a gaseous m xture
conprising one or nore nitrogﬁp oxides. In an
alternative preferred 13 enbodinent, the nmediumis a
liquid, i.e. a solution containing one or nore

niThroogient thexspaeification ksl ceboEb/FREDMES eAEM thENbRity of the
in_one ‘ﬁnbodi nt., the inyention relates to a netho

3 A d
of SHEEETIHERT O Bi° HusHien Hyfors compleres wefh e nitrgnimyion, NPk
ni trogen oxides in a gaseous m xture, said nethod
c 1Sl tacting the gaseous mxture with one or
ngﬁgi’ﬂzléggwﬁﬁq@éﬂ@lﬂﬁlﬁms preferred enbodi ment,

t he gaseous mi xture and one or nore resorcin[4]arenes
c%e into contact by nmeans of passive diffusion. 10 In
a

t PRITOtgL apRlicationscirnBinr mseparationcteghuologies, ricspitor molesules are
efesibly § i 0 . )
okl 5 5ol s 700 vy f pme

f JUERPTHTE oW agamarchdllytaxailable, Dk andNOpoxidesig gemeealpeasily react
j . E X L e hi s, may ,0GC .

AR o Of i, SaBliBE Barbin ENPHRLE’ | AL shiinadBiio Nogpreadity
etk ionyleabenids|ie pelybutilidoes) iolyibdpeened Sint stheir tobpalyigbisdester
f r. e n.one.nreferred enbodi nent, .the ]
P bR i PR e B s HaRBEs i otyamides and
[rodsfuestanes.  Endtietinorn NO tcas bergérefdedofrorh Waribut\eO} bBes, and react
atpiﬁ%.]i?ghess i c}tﬁ‘er}tdlo%{)lle%or? cl:ongi]x?mg szttguc%s.sf romthe medi um

In one particularly preferred embodiment of the invention, the resorc[4]arene is

tethered or linked to a support material, for example a solid support or surface.

Preferred support materials include, for example, modified or functionalised silica gel.
Preferably, the resorc[4]arene is attached to the solid support or surface by one or more

covalent bonds.

In one especially preferred embodiment the support material is aminopropylated silica
gel. Aminopropylated silica gel may be prepared by treating silica gel with 3-
aminopropyltriethoxysilane under the appropriate conditions.

Preferably, the resorc[4]arene is linked to the aminopropylated silica gel via a bond

formed by reacting the amino group of aminopropylated silica gel with a resorc[4]arene
of formula Ia,
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I n another preferred enbodi nent, the nethod of the

i nvention selectively absorbs NO2 fromthe nmedium 25
As used herein, the term"sel ectively" neans that the
resorci narenes of the invention absorb a portion of,
substantially all, or all, of the NO2 in the nmediumin
preference to other species 1t5hat may be present.
Where the nediumis a gaseous nedium preferably, the
resorci narenes of the invention absorb a portion of,
substantially all, or all, offg;the NO2 in a gaseous

m xture, but do not absqpb other @gases to any
significant extent. 30 Moré gf erabl y, the

resorci narenes of the—ovediop. . exhi-bkt a selectivity
ratio for NO2 over Fgghe g ‘ abR1I east 5:1, nore
preferably 10:1, nore s ¥I1 50: 1, nore
preferably still 10' ‘ ¥, still 200 or
500: 1. 14 Thr oughotft 4 cat/ion, the term
"absor b/ absorbi ng” redl e¢ts bi Ig),{‘y of the

resorcinf[ 4] arenes of,_t ' jon.to,formconpl exes
with the nitronium ion, JURFACE LI NKED

RESORC[ 4] ARENES 5 For pgtenriszah,applications in
filter preparation technol ogites, r'eceptor nol ecul es
are preferably linked to solfd supports or surfaces.
Al though a wide variety of pghyneric supports are now
cogeg?,r cially available, NO2 (and NOx oxides in
g¥HMEFARI ) easily react wth many of them causing

dest r ugt RNadIR, BehdiPendedily B, L1k6S;, BRH, 6AN, ardie, RAGHEL! Sano,
10 attacks doub1 e bonds in pol ybut adi enés,

pol yi J¥5? f85oxHatet hei r copol yners, ester groups in
pol y( l; a ] f nts in
pol y am%%ﬁe%,%ﬁgéﬂ&ggnﬁh ?gthé%egﬁ e%hl?&%ﬁ(%?%ndfﬁ%? can be
gener #eehn isrindepententyu@taNtd: oxi des, and react with

al kengﬁc@g%ﬁ{j&%ﬁﬁl%w%;e d,.containing structures. 8

15 I n one particu rred enmbodi ment of the
i nventeaanR, is frelepardently[H,) alingreeylics arallod;her ed or |i nked

to a Qrt . ria f or., exampl e a,sol j.d supgor. .
Sur o dtHeR o Bt 9L g T 0 o 2% gD S oy one
exanploe monoshbbtitechtosel ected dtonohddgenpOHS alkb:5a NGg) NH,, NMe,, CF;,

carboxylate and cyano.

Preferably, for said compound of formula Ia:

X is COOR, and Ry is -(CH2),CH,Y;

nis 0 to 20;

Y is CH;-halogen, wherein halogen is Cl, Br, or I;
R, is alkyl; and

R; and R3 are H;

R, is alkyl.

For this embodiment of the invention, preferably the halogen is Br.



10

Preferably, the resorc[4]arene is attached to the

solid support or surface by one or nore 20 coval ent
bonds. In one especially preferred enbodi nent the
support material is am nopropylated silica gel.

Am nopropyl ated silica gel may be prepared by treating
silica gel with 3- am nopropyltriethoxysil ane under

the appropriate conditions. Preferably, the
resorc[4]arene is |linked to the am nopropylated silica
gak ubﬁddleﬁ:irlb ﬂfh‘igmf @&F;&dnhy?ﬁ’m&ﬁbﬁigin[ﬂﬁeﬁﬁ'ﬁenﬁor@mp b?th the
am nopropyl ate ilica ge th a resorcl.4jarene .o

£ EAmReuade Ber 5¢.and s coppgiRdkabien Risches B2 G ST el

/ \'R2 RHOR3 OR, x x RIOOR R2 la wherein each

R2 and R3 is independently H, al koxy, alkyl, aryl,
aNHFR?SPNHW%QEHﬂgEﬁ¥KL 5 nitro or carboxyl ate; each
X is independently COOR4 and each R4 is -(CH2)"CH2Y,;
each n is independently 0 to 20; each Y is

i AdBwiberd aspestyo - insendigarielates to a complex of a resorc[4]arene and a

nitrosonium ion, NO'. Such complexes may be formed by contacting the

resorc[4]arene with a nitrogen oxide, for example, NO,.

A preferred embodiment of the invention relates to nitrosonium complexes of formula
I
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each Rl is independently H, alkyl, aryl or aral kyl; 10
wherein said al kyl, aryl and aral kyl groups nmay be
optionally substituted by one or nore substituents
sel ected from hal ogen, OH, al koxy, NO2, NH2, NWe2,

CF3, carboxylate and cyano. Preferably, for said
conmpound of formula la: 15 A7is COOR4 and R4 is
-(CH2)"CH2Y; nis O to 20; Y is CH2-hal ogen, wherein
hal ogen is C, Br, or I; R is alkyl; and 20 Rz and
R3 are H R is alkyl. For this enbodi nent of the

i nventi on, preferably the halgggen is Br. 16 As used
herein, the term"resorgigharg e ‘resorcin[ 4] arene”
enconpasses both the cohpyfindy“pel se, and the
conpounds when attac pport materi al .

NI TROSONI UM CONPLEXF5 of the
invention relates to’a a/résorc[ 4] arene and
a nitrosoniumion, ;N e, may be forned
by contacting the ra? th*a nitrogen

oxi de, for exanple, NS arred enmbodi ment of
the invention relateg tg onpl exes of
formula 11 17 RZ ’h,O OR, X

wherein Ry, Ry, R3 and X are as defined above for compounds of formula 1.

Nitrosonium complexes according to the invention are useful as nitrosating reagents

and/or as NO" transfer agents in chemical processes.

TOBACCO PRODUCTS

In one embodiment of the invention, the method is used to reduce the level of, or

Temove, one or more nitrogen oxides in gaseous mixtures produced by burning tobacco.

A further aspect of the invention relates to a filter element for absorbing one or more
nitrogen oxides in a gaseous mixture, said filter element comprising one or more

resorc[4]arenes and optionally one or more additional filter materials.
Preferably, the filter element is for use with a smoking article.
It is well established in the art that the concentration of undesirable substances in the

main smoke stream generated by smoking articles, particularly cigarettes, can be
reduced with the aid of filters at the mouth end of the smoking article. A variety of
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Xx X RORROR NO\/ RBRBRRE RROaOR x x
RROOR Rp Il 5 wherein RL, R2, It3 and X are as

defi ned above for conmpounds of fornula I. N trosonium
conpl exes according to the invention are useful as
nitrosating reagents and/or as NO transfer agents in
chem cal processes. 10 TOBACT® PRODUCTS In one

enbodi nent of the invention, the nmethod is used to
reduce the | evel of, or renobve, one or nore_nitrogen

odiffgrest fiferymatesialy amdy it conprusHoRscare oW iRi thy art and will be
t BBAGL D the LRiNAY fikdner aspect of the invention relates

to a fther el enent for absorbing one or nore nitrogen
oxides in a gaseous mxture, said filter el enment

CRM&@%&& WG invERidh J%e[al@é%ci fla & gﬁ&t%p 48 agpadbkaebmg

re a I Ona ter materi
tN@z#oﬂlttJamge’»bmbm’mnIP&dﬁmﬁs puogiacedi bytbusnisgrd khpigng atticlel -‘Eﬂd filter

2 ehbar SbRbhe 55 BB L8RS ohf of Bbcd eork Miredlund optiopaly one

smh&esﬂdﬁaml@ﬁet&nam@ﬂs.by snoki ng articles,

particularly cigarettes, can be reduced with the aid

of filters at the nouth end of the snoking article. A
VPdefepdbly, dhe ddifitictiaf fiterembtefidlli§ erfii@isanitafia. e prind purpose of

constructigns are known in the art and
suc Hbrous ter materi sr}s to remove part of the aeroso partlcﬁes “ar", from the

smoke.

In a preferred embodiment, the additional filter material is a polymer, preferably
having a large surface area, such as branched polymer. Preferred polymers inclhide
fibrous cellulose-based material, partially oxidized cellulose, polyaniline, regenerated
cellulose, cellulose acetate and the like, Where the additional filter material is a
polymer, suitable examples include linear, branched or dendritic polymers, or
combinations or mixtures thereof. The polymer may be a natural polymer, or a
derivative thereof, or a synthetic polymer, or mixtures or copolymers thereof. Partially
oxidized cellulose is an example of a natural polymer useful as an additional filter

material. Other polymers include those based on aniline and derivatives thereof.

In an alternative preferred embodiment, the additional filker material may be an
inorganic oxide, preferably a zeolite. Suitable inorganic oxides include, for example,
natural zeolite, synthetic zeolite, or mixtures or derivatives thereof. Inorganic oxides
may be crystalline, amorphous, or mixtures thereof. Preferred inorganic oxides include

oxides of aluminum, silicon, and combinations thereof,

In vet another preferred embodiment, the additional filter material is an activated

catrbon,
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famliar to the skilled artisan. Another aspect of the
invention relates to a filter elenent for selectively
absorbing 5 NO2-contai ni ng conbustion products
produced by burning a snoking article, said filter
el ement conprising as filter material one or nore
resorc[ 4j arenes, and optional |l1¢ one or nore
additional filter materials. Preferably, the

terial is a fibrous material. The

i ti |
o Ao R reherel b e, heaigitipna) St veterimds orcombisatian of two
tmﬂm%ﬁthaabbvﬂﬁeﬁﬁbﬂe@ﬁﬁﬁﬁﬂk Ptgrlﬁét&{c@ dtefc FB{eR may be

noke. In a preferred enbodi nent Iona

th
f |‘°1e B]S’ HEed rtpagther sang they mixere amﬂledéoa!bﬁ};ter dpaw ncgn;msed of two
|
Prererted paryimer o nel ia ety dl by et et gt
Rermagjvel ypantqnia»they onlediment, dhel Iﬁ]teosmay plsd mgéd o several
the, |l Kke.
SRRSO B S Hter

sumateriflse exanpl es i nclude |inear, branched or
dendritic polyners, or conbi nations or m xtures

thereof. The pol yner may be a natural polyner, or a
deibp wrrioseof theadditionad tfiltar suitetiblell it6 cir@leYifRfactiG between the main

reof. Partially 20 oxidized
coPhf SEea a6 HIEE Palenfl’ 5 st ar psspia et e tas it
?nlea@nﬂl CtOll‘lIhél&'ld witH 4 lRigh sﬂﬁcg hl(‘je@ lfor ;ﬁtyhﬁin @?ﬂﬁﬂéﬁﬁf ?teh%%ﬁ' H&iween
sed on a I ne an erivatives ereo
P}%ég%se cgcle SEEAFRIShe ’f?é‘?ﬁ’ma’{eﬁ@ of dfati invastian. For example,
f inlotganicneti &és a:le hef r
et ILARL e el S
ﬁ%‘] t xbatcot be Ckm Hbtcmeh Zh‘t)lﬁllee elemtent at an
ASESS 15fr rgt@rtd i LEKARNo 1OIAP) Gy oS Y

be crystalline, hous,
Preferred inorganic OXIdeS |nclude oxi des of

atﬂpﬁ si.lii.con, .and, conbi nations thereof. In yet
anot hef r%?te?aé H?aé’dblg’r?ﬂgg‘ SpmiRin further gempaneaaalor Frimple synthetic
el eméral sucls ad rpodwdldfinat(e % BOyERYIRAL - pt%ﬁro n@ng{cm Ply(vmyl

Pl &hef red, enbodi nment, e additional
iallcofh S0 HOIIEEETSo ko8t tRRB’e yleno torephthalate) and polyamides; natural

celluloses derived from wood fibers (e.g. soft wood pulp, hard wood pulp, ete.), seed
fibers (cotton such as linter, bombax cotton, kapok, etc.), bast fibers (e.g. hemp, linen,
Jute, ramie, paper mulberry, paper bush (mitsumata), etc.), and leaf fibers (e.g. Manila
hemp, New Zealand flax, etc.); and regenerated celluloses such as viscose rayon,
cuprammonium rayon, Fortisan, nitrate rayon, etc. Natural cellulose (especially wood

pulp and linter pulp) and regenerated cellulose are particularly preferred.

The filter materials may also contain one or more additives such as sizing agents e.g.
finely divided inorganic substances such as powders of kaolin, tale, diatomaceous
earth, titanium dioxide, alumina, quartz, calcium carbonate, barium sulfate, etc.;
thermal stabilizers such as salts of the alkali metals and alkaline earth metals; colorants;
yield improvers; biodegradation accelerators such as citric acid, tartaric acid, malic acid

or the like and/or photodegradation accelerators such as anatase titanium dioxide.
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or nore of the above-nentioned materials. For

instance, the different materials my be sinply m xed
together and the mixture applied to a filter space
conprised of two sections of particle-filter with an

i nternedi ate chanber at the nouth end of a cigarette.

5 - Aternatively in another,gnbodi ment, the filter

may be divided into several corrpartrrents whi ch nmay
contain different filter materials or different

nTha fikterananéridl lniayatso conthizra plhsticiz#hmchas pisetinogr tribtbylene glycol

agartional, CULLET el alvd SulC L Ba Sl i SHAGLL hctude for

rexbiaplephattl hdlﬁhxvéb (@8RS S sthich)\medifisd Stardh; solgbilitddlestdrch,tdextran,
el ement cognéo#ned Wlth a hi,gh s

f .
(FBY i AbG SORNT C ST, e S5 B b P I Gpaiyatives (e.g.
RAASRyHEh NS IGE, E}d&r&é‘%’dﬁrwéllﬂbﬁh fxﬁ&l@ﬂé‘dllﬂh%@ﬂﬂﬁyl&ﬂlulob@ ete.),

i nvention, For exanp i norg éfcm c. oxi des_are_sel ec

fsafnﬂlmrepmd@besrlwe(s gp obely(yingh atcahed)pabeRmApYRNdoRe, BOIY?VHM
GO ST Qo RBRIMEIR fabin! B@l{g\@ﬁﬁ%&aﬁzl WAy Vel iReedaleic acid

the filter el ement at an accept a eflowrateto
rmpﬂmn nohalisylgamorides V@t%selahquaolfﬁstea YagRwfublerpelyamides,
fahtgrpprat erial may optionally contain further
conponents, for exanple synthetic polyners such as-

pol yol efins (e.g. polyethyl ene, polypropyl ene, etc. )

P [ . . .
ottt o3hé aldon il B34 ShdbE allcBYYEHIE p G clement
checoriding td the invenideh. f | bers (e.g. soft wood pul p, hard

wood pul p, etc.), seed fibers (cotton such as linter,
bonbax cotton, kapok, etc.), bast fibers (e.g. henp,

| Bréfetubly, fhétstoking @itizle ip apiparciis) digarrojigar halder ortpipsh
(mtsunmata), etc.), and |leaf fibers (e.g. Manila

henp, New Zeal and flax, etc.); and regenerated

q& lohé! bRspfed HbBdiafnty HECRIRE cleAlMls a t@lhﬂdaimmmmmg aytivde prior
Fortisan, ni t rate_rayon, eﬁw Nat ugl bl'ul ose
(te Gysemoking,pf fhsseoking agifle, thedin ma ad;s‘ﬁﬁ? a goker.

regenerated cellul ose are particularly preferred. The
filter materials nmay al so contain one or nore

da@ne P%félgulgldﬁc prefagred |e§1bﬁ@m§:§bqaﬁt§e invgntion; pilgrs) opg yldifisyal filter
| ARG My HOHOAEL S0 B Aherd WSIBiHoR ! prbdRkd. N Prifélably, this

ous “eart t1tani um di oxi de um na,
cadditional lédr cilemant 4y bowelllese Begtate fltst Pfeg{eét &his addigignal filter

RBEIR e 8L B180 BHS et Alch 106haf B utbigBoted Tl Bolder

ine e col orants;
for the smoking article — such as a cigarette holder.

OTHER APPLICATIONS

The present invention is not limited to applications in the tobacco industry. Indeed, the
presently claimed invention is applicable to any medium in which it is desirable to
absorb, remove, or reduce the level of, nitrogen oxides. By way of example, other
applications may include any industrial process that produces toxic gases, for example

large scale plants, power production, eic.
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yi el d i nprovers; biodegradation accelerators such as
citric acid, tartaric acid, malic acid or the |ike
and/ or phot odegradati on accel erators such as anatase
titaniumdioxide. 20 The filter material may al so
contain a plasticizer such as triacetin or triethylene
gl ycol diacetate and/or a wager sol ubl e adhesive.
Sui t abl e wat er sol ubl e adhesi ces include for exanple,

natural adhesives (e.g. starch, nodified starch, .

sBhushfhie abeve-desaribad, filtes elemgnt need et aecasspiily Bolimifed to use in, or
(. NAl.e: in, gelatin, etc.); cellulose

deri &gtofﬁvmgs ieé.sg. 5 car boxynet hyl cel | ul ose,

hydr oxyet hyl cel | ul ose, nethyl cel | ul ose,

el hyl.cel L. ul ); j i %gﬁk

(é‘nga.I t&g’%{lﬁe( \leli)%c);/tl &Ia 80 0 ?é’l{%}{(}?e;f{:ﬁ%nr%ﬁ% ?(r)ga[dl oné’?%p paratus for

pablsyibidgnyt redetihe the lewsh b prs of mbleanitnogey loxides ds & gaseous mixture,

poly(vinyl acetate), vinyl alkyl ether-maleic acid
c%ﬁﬁépyﬁféﬁs “BOPYF kyl ene” oxi de), water-sol uble

pol yesdhambentat Rceisimp thel gasqons ptivdes, and the |ike. 10
Anotg(;% aspect of the invention relates to a snoking

arti t?@ﬁ%ﬂ“@?tﬁ’écaﬂs#i |ter element according to the

I NVenhéAB forAbedBng Pdrredich theRIGEINGE, aifid drChnbrel ritrégen oxides, said
cigarette, cigar, cigar holder_or pipe. 15 In one

pr ef dREABE CURPIAIRG ANGOT moFRTesqrelflarengli@hent is a tip

added dpfoRalS MM Gafiér idaBs RiricRtulaticd the BasBinB&ure bround the
the smoking article. The tip may be added by a snoker.

| n onehpaberi cul arly preferred enbodi ment of the

invention, at |east one additional filter 20 el enent

may be provided to filter other conbustion products.
Prrefeeabdih the fluid ransfexariang AMPMDi | ter el enent is a

cellul ose acetate filter elenment. This additional

filter elenment may be incorporated into the filter

t inppne preif¢rradeemtodinent off thoinserdidnj the chasmbenisdesiosed aystehe
snoking article - such as a cigarette holder. 25 OTHER
APPL|I CATI ONS The present invention is not limted to

at preseht imvention i$ fuethtrodeaaibed ibp duaytaf yhe folldwing, extunples, and with

reference to the accompanying figures, wherein:

Figure 1 shows the four different conformations that resorc{4]arenes can adopt. These
are (a) cone (crown); (b) flattened cone (boat); (c) 1,2-alternate (diamond); and (d) 1,3-
alternate (saddle).

Figure 2 shows the structure of a resorc[4]arenes with the four aryl groups labelled A-D
and the carbons labelled 1-28, The NMR characterisation of the complex is discussed

in more detail in the accompanying examples.

Figure 3 shows formation of a nitrosonium complex with compound 7. NMR studies
suggest that the NO" guest lies next to one of the two rings (7 is shown in the flattened-
cone conformation, Cy, group of symmetry).
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presently clainmed invention is applicable to any
mediumin which it is desirable to absorb, renove, or
reduce the level of, nitrogen oxides. By way of
exanpl e, other 30 applications may include any

i ndustrial process that produces toxic gases, for
exanple large scale plants, ,power production, etc. 21
Thus, the above-descri bed fi? er el ement need not
necessarily be limted to use in, or wth, snoking
Fikhre| £Sshodd W erestatdrene wp@ﬁt bofreddiig reavteditwitin aminopropyl
therefore relates to filtr n éw atus for 5
RooBRiG S ggne ezt F5f mor e
nitrogen oxides in a gaseous mxture, sald appar at us
conprising: a chanmber for rece|V|ﬂgnthe gaseous

ightgr &:1s 9 siderelenstionr Patly| idt lopgipdinal grosssechion and partially
ARSREPEWS o4 srﬁ@ﬁﬂg'af’t@clé B8th! LaedkeHilterUeBoraing 8 tBe invention.

ni trogen "oxi d 10 neans conprising one or nore
resorc[4]arenes and optionally a fluid transfer neans
f [ a ] t

IS Al bty AEERALES Bod ULGRE plile Wi an altomative
ke film abcprdm@ tprtké mrventibrenbodi nent of the

i nvention, the chanber is a closed system The present
invention is further described by way of the foll ow ng
dxdiiphres 5 aadd, wintibar feafies arcgivemlikd ecfacocapameiatsg
figures, wherein: 20 Figure 1 shows the four different
conformati ons that resorc|[4]arenes can adopt. These
are (a) cone (crown); (b) flattened cone (boat); (c)
1,2-alternate (dianond); and (d) 1,3- alternate
(saddle). 25 Figure 2 shows the structure of a
resorc[4]arenes with the four aryl groups |abelled A-D
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and the carbons | abelled 1-28. The NMWR
characterisation of the conplex is discussed in nore
detail in the acconpanyi ng exanples. Figure 3 shows
formati on of a nitrosoni um conplex w th conpound 7.
NMR studi es 30 suggest that the NOt+ guest |ies next
to one of the two rings (7 is28hown in the flattened-
cone conformation, Ca" group of symretry). 22 Figure
4H§53§¢¥#§%y resorcarene 10 can be readily reacted with
a functionalized silica-gel, giving the

i mobi | i zed system 10a. Figure 5 is a side elevation,
partly in_longjtudinal cross-section and partially 5
b%&@gé@éﬁé¥ﬁgﬁméggﬁéking article with a snoke filter
according to the invention. Figure 6 is a simlar

viewto Figure 5 of a snoking article with an
alResprsidlarores tefrasrtersili3 (Ssherae dbindihe goney 113Ralteimteentdi P alternate

1QohfdrkhithAkeS 5 r?sg_gcnggly,si ' [E{}ﬁ %H &P %{Sa%g%i Ve ' K%24

ref erence nunera hesi
r eipethpaicinnamissack Bbglosstsr 4hdiusing BR; @iCaes badlgst 12 Reduction!! of

( Sshe B e .1,3-alternate and I

1, 2- af[tgrg gln%% %ﬁeg g% Al 3’%5 Wlhfl% %e%ﬁ?‘@’ﬁ’ﬁp,m%?‘é‘m of 4-6 gave
s yiret thveatiroreidles ¥-Ar t i ng from (E) -2, 4- di met hoxyci nnani ¢

acid ethyl ester and using BF3Et20 as catal yst. 10
Reduction" of tetraesters 1-3 yielded tetraal cohols

4-6, while the follow ng brom nation of 4-6 gave the
tetrabrom des 7-9. 10 Mao M Moo Me / COCEt 4
Conf or mat i on COCEt

MeO Me MeO Me
& COOEL

4

Coniormation

CQOEt
cone

1
2  1,3-alternate
3 t,2-alternate

MeO OMe MeO. OMe
iii
4 4
Conformation
7 cone CH,Br 4 Comation HzOH
g ] chair § 1,3-alternate
2-alternate & 1,2-aliernate

Reagents and conditions; (i) BF3'Et,0, CHCly: (W) LiAlH4, THF,; (ill) CB14, PPhg, CHaCly,

Scheme 1
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| cone 2 1,3-alternate 3 1,2-alternate ii MO Ow
MO O E IIl 4 4 Conformation CH2Br Confornmation H
OH 7 cone 4 cone 2 8 chair 6 1,3-alternate 9
1,2-alternate 6 1,2-alternate Reagents and conditions:
(1) BF3,Et20, CHCI 3; (ii) LiAIH4, THF, (iii) CBrd4,
PPh3, CH2CI 2. 15 Schene 1 24,, Conpounds 10-12 were
obt ai ned by BF3-Et 20 cycli zation of (E)-2,4-di methoxy-
ci nnam ¢ acid-1 1-bronoundecyl ester (Schenme 2). MO e

I\@Gmﬁbihlds 1012 WetedWiﬁed(Hy@Hgm{O dychﬁﬂibh@f (@ti,‘@-ﬂimethoxy-
" [o30) al ternate
E‘gaé]fufé lﬁa}tl é’m@o‘ﬁgﬁﬁi Fite (gﬂl‘fm@ di t i ons (i) BF3

Et 20, CHCI 3. Schene 2 10 Interaction of
resorcr4l arenes with NO2

. MeO OMe . N MeC. _OMe
ﬁ/\ !
———— -
e COO(CH,)44Br

4

Conformation COO(CHJ)44Br
10 cone

11 1,3-alternate
12 1,2-altemate

Reagents and conditions: (i) BF3El;0, CHCla.

Scheme 2

Interaction of resorc[4]arenes with NO»

Treatment of CHCI; solutions of 1, 2, 7, 9 and 11 with bubbling NO, resulted in a deep
coloration at once: the solution turned initially light blue and deeper violet through 24
hours (both 1 and 2), initially violet and then deep purple (both 7 and 9), yellow (both
10 and 11). The UV-vis spectra of the NO,-exposed solutions changed as summarized
in Table 1: in all case two broad absorption bands appeared at longer wavelength,
suggesting the possibility of the NO* coordination inside by a charge-transfer
mechanism. By contrast, in blank experiments performed with the monomer (E)-2,4-
dimethoxycinnamic acid ethyl ester, only a pale coloration was observed upon
exposure to NO,. This finding emphasizes the importance of the cavity for the NO,
entrapment.

These complexes are very stable and can be stored, in the absence of moisture, for
several weeks, both in CHCl; solution and in the solid state.
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Treatment of CHC1l3 solutions of 1, 2, 7, 9 and 11 with
bubbling NO2 resulted in a deep <coloration at once:
the solution turned initially Iight blue and deeper
viol et through 24 hours (both 1 and 2), initially
violet and then deep purple (both 7 and 9), yell ow
(both 15 10 and 11). The Uv-ggs spectra of the

NO2- exposed sol uti ons changed as sunmarized in Table
1. in all case two broad absorption bands appeared at

| ongerTatde ] ENGvie specttl gfifest iasty aht eherd$GT dinlléngs.of t he
NO+ coordi nation inside by a charge-transfer

mechani sm By contrast, in blank experinments perforned
wi t h tthe non (B -2, 4-T diggfifoxyfcinnam c acifd et hyl

nmer
ester,| ®Ysy B gAj€ qkﬁ{atlgguﬁpp cbseqxﬁg_upon 20
exposyre 10 dimg_enpmdsi zes t e

i rrportann'n of WORM ¢ ﬁinfﬂ faor HRe efidnEpnent ..
These |conpl exq@ame Mehi, [St abjg ang %M%L%ﬂ ed, in
t he alsence IO ST E, for—severat—weeks; hin

CHC13 {sollut | r10 M i2800md so| ¥/1P st at i,ﬁsngmram

UV-vi § spectfgpehsfiREniqsts ard their I PtnfONP| exes.
Rat i o {—Host X li\d\. 7 a{C 11?6' 2275112 ,30nm2

10' 2M[2780 niy 105Ms628RAm 618 M 7 {104 444880 nnp 1/ 10
565 nm 6 29, 1 480 nm<1/ 51630 g EO 10 2M

280nm*tf ?% ‘-I-\.QRIITR4 J.%'?%émn’ —ivi 2_?8 -5 3‘3'\1 -As t he
i nstant coloration inplied charge-transfer between the

pdrserthacﬁMt Boloidtions a&hpliugl/ NéHar gt tiangfes Pbetvesn 718 Pieteactive

7,.and 9, sueh cati itored al so
6’{}%‘%@&3&?& e oY, b O a9, HED 4D loatiSh o oped slso
AHINNIR aaslgisic bithassletiins af iletodplehdr conpl exes

Analysis and characterization of NO* complexes

Table 2 shows selected 'H NMR spectral data of the free hosts 1, 2, 7, 9, 11 and of the
corresponding NO* complexes. The NO* exchange in and out of the cavity is slow on
the NMR time scale and separate sigpals for both free and complexed species can be
observed. In particular, the two H, aromatic protons (at 6.46 ppm) and the two H;
aromatic protons (at 6.86 ppm) of the free host 2 (1,3-alternate conformation) are
shifted downfield, t0-6.72 and 7.39 ppm, respectively, in the nitrosonium complex. The
same happens to one (12H, s, at 3.65 ppm) of the methoxyl groups signals, shifted to
3.71 ppm. These results can be attributed to the presence of entrapped NO™ guest in the
upper rim of the resorc[4]arene, affecting the neighbour protons (e.g. 5 and 17 H,
protons, their ortho-methoxyl groups and 25 and 27 H; protons; see Figure 2). Very
likely, the NO* guest is released by one aromatic ring (more precisely by its upper part)
to be captured by the opposite aromatic ring in a process fast for the NMR time scale.
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10 Table 2 shows selected 1H NVR spectral data of the
free hosts 1, 2, 7, 9, 11 and of the corresponding
NO+ conpl exes. The NO+ exchange in and out of the
cavity is slowon the NVR tine scale and separate
signals for both free and conpl exed speci es can be
observed. In particular, the He aromati c protons
(at 6.46 ppn) and the two H “aromatic protons (at
6.86 ppn) of the free host 2 (1,3-alternate

c Ghabde ZrelMBrgpectrad ddth offiéef Hostd add thiefriNG thomiplexgs. 72 and
7.39 ppm respectively, in the nitrosoni um conpl ex.
The sane happens to one (12H, s, at 3.65 ppm of the

nmet hoxyl grloups signals] shifted to 3.7 ppm These

r esul car attributed to the resenc= of__entr ed
I'EUE'L EF)O%QPAP ﬂAQ n_.. £ m_n% h resor ¢l 4] HQ% apC%mplexeS

M yutot I

[ Ot GARE
rotons; s
5 1 el ease

F f ectl ng t
t héi¥7; bkt

CHooeT

FreldnB

35, 2726, 88 2) .

bour.4

o- me{hdk{s)

Obfe one aromagm(sgl ng (rmre Pl

$9%ns (e.g.. 5.

groups and
662 )20 |ikely,

L8O &) He,

©H @Qim], 6.85 (s)

6185 (B 4 RS (s)
B3RO U84V6H,m); 3.88 (s)

S Upper
omatiic ri
sical &6

d their
hpost Host -

Q — TT T QJ

AraTe o0 T

ﬁlglgr i %3‘” ¥
\ES: 248 PExes

\OMec onpl exes

et Uy t+e—o

é @%st for the
g% ral data of
Prot on pos

3&2@) 14; 8, 20

I, 5 (m)

DD ) e
GHeE): 9451(6)
G.4%0); Brod«(s)
3, m(sx, B)844(sB9

(P) cgne 5
t) 4. 70 (
.40 (s);

2,114; 8,20, 23
35@75121 ?§) 6.

s, 15 35 Aoy Jod

M% (s) 25,

5) 54T 2
j:;%g )(s) 7. 85

5)56 iﬁis) 11 "2
3285, (s 6,6285)6. 56 (

d@y 82 ()
%S & g%z”‘g & ea
5.3, 82 624)(s)
)880s¥ 3. 7( ()

4 {+S)
G g

.82 (s);

mml\)mm/‘\/\

V847%8.68 (5)

6252§ E«é#

dd)
6. 72

OMe

4. 974380 (#) S 4 ( S
b b, °
6(8§)(S), é 18 is)( s)
3.88 (s); 3.63 (5)

Mf?{ﬁ-s 83 Am)e
A% %45 845 45)
7.32 (s) 6.20 (s)
3.86 (s); 3.75 (s)

9
1, 2-alternate

2, 14; 8, 20
5,23;11,17
26, 27; 25, 28
4,24:6,22(OMe)

10,18;12,16(0OMe)

5.22(t);4.74 (m);4.77(m)
6.43 (s); 6.39 (s)
7.38 (s); 6.47 (s)
3.88 (s); 3.68
3.78 (s); 3.86 (s)

(s)

3.30 (1);4.55 (m);4.68(m)
8.78 (5); 6.43 (s)
9.75 (s); 6.62 (s)
4.10 (s); 3.86 (s)
3.77 (s); 3.85 (s)

Similar considerations are valid for compound 11 with the same conformation.

In the 'H NMR spectrum of the complex 7NO*SbF;", ail the proton signals of the free
7 (cone conformation, C4, symmetry) are doubled. For instance, the H; aromatic
protons (4H, s, at 6,56 ppm in the free 7) are shifted to two singlets (6.49 and 6.54 ppm,
respectively, 2H each) in the complex. These results suggested that host 7 lost its Cay
symmetry for a C, one after the NO* entrapment. This can be interpreted as a freezing
of one of the two flattened-cone forms of the equilibrium, with the guest oscillating
between the two face-to-face rings.
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Owe 3.85 (s); 3.68 (s) 3.88 (s); 3.71 (s) 11 2, 14; 8,
20 4.97 (m;5.80 (mM 4.97 (mM;5.81 (m 1,3-alternate
5, 17; 11, 23 6.46 (s); 6.39 (s) 6.75 (s); 6.45 (s)
25,27;,26,28 6.81 (s); 6.18 (s) 7.32 (s); 6.20 (s) OQw
3.88 (s); 3.63 (s) 3.86 (s); 3.75 (s) 9 2, 14; 8, 20
5.22(t);4.74 (m;4.77(m 5.30,41);4.55 (n) 4. 68(n)
1,2-alternate 5, 23; 11, 17 6743 (s); 6.39 (s) 8.78
(s); 6 43 (s) 26,27;25,28 7.38 (s); 6.47 (s) 9.75
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host 7 lost its Cot syme one a
t hetwrE+vve: pasgdleb AppOsitharemetinribes i whosrep DmthecNMR time scale that is

f ned
¢ RETEE, wepboal it N v NOE BP0 PR g Bt e wo
t tiegst wo pfeserded in Fizome 3 |(ﬁgssh(iﬂ1 inl thetfiatteddd-dSiviR copRfh4tion) C,,
ni um conpl ex with resorcarene 1, the
oéﬁg$naﬁh£%?§ﬂals of the free formare shifted to a
rmre corrpl ex distribution pattern The H(c) aromatic

6.3 S ctrumof the free
PEGURE e 5B i SeBL e slantin ib o Ho R spepinen 38 the 9NO"

&oﬁﬁ:lﬁnd&eﬁm 53 r@pal thé Ricagfyadfatle gesl tc?—th% prS&pRBtﬁn\gﬁl aftributable

I , b th I's for the nethoxyl roups
B G5 55 e piesesini b F GveigpRHP e cubstent.” The Sigher $hift of the

Cin®é1védoptbtonh mag PERLIhe@ Pe g&r'}ﬁoﬂﬁﬁt& o tHeGlvb Yardtfatic Mags, that
2H signal . We may atiribute
is to a longer closeness 6f NO™ to the n-surface.

If these results are combined with those obtained in the UV-vis measurements, it can be
concluded that one NO" is encapsulated by interacting with just one of the four

aromatic rings of the host.®

Addition of water or methanol to freshly NO*—exposed solutions of 1, 2, 7 and 9 in
CHCl;, resulted in complete complex dissociation and recovery of the corresponding
free resorc[4]arenes. The same results were obtained when 9 and 11 were used as hosts
(Table 2).

Host-puest Dynamics

The possibility of observing the signals of both free and complexed species in the 'H
NMR spectrum is typical for the host-guest complexes with high Kq > 10° M values.
On the other hand, the NO™ guest, with a van der Waals diameter <2 A, can migrate
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behavi our to the sane nodel as the 7NO+ conpl ex, where

the oscillation process between two parallel opposite

aromatic rings is slower on the NVMR tine scal e; that

is the picture we obtain from NVR reveal s the NOt

guest to be next to one of the two 10 rings, as

presented in Figure 3 (7 is shgwn in the

fl attened-cone conformation, C,, group of synmetry).
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tamserzm&;rlem exd3i0b 1095, 3546,2802 &MT"TIEBd‘th/ resbREIG&! 7HEd A0 readily

fast nge .on the NMR tine scal e between
Racted tﬁ egammopropy? functionalized silica-gel, giving the immobilized systems

7a and 10a (see Figure 4 as an example), respectively. The surface-linking of the
resorc[4]arenc fragment on the modified silica-gel was confirmed by the appearance of
intense v absorption bands at ~1870, 1616, 1507 and 1466 cm™ in the FTIR spectrum

(KBr pellets).

Upon exposure to NO»/N,Oq, free resorc[4larene 7 and immobilized macrocycle 7a
turned deep purple, both in solution (chlorinated solvents) and in the solid state.
Conversely, 10 and 10a (see below) turned deep yellow instead. In the NO,
entrapment experiments, as a control, a stream of the gas was also passed through a
Pasteur pipette loaded with the starting 3-aminopropylated silica-gel, and no colour
appeared. The above colour change in the complex 7NO* and 10NO" indicates the
occurrence of NO' complexation. This once again emphasizes the role of

resorc[4]arene cavities in the described processes and directly points at the use of
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5 tw C2,, structures. The conplex with 1,3-alternate
resorc[4] arenes 9 and 11 should exhibit a Cy,
symetry, with two different top and bottom hal ves of
the skeleton. At the sane tine, the conplexation
process is reversible, and the NO+ guest can stil
| eave the resorc[4]arene Cﬁ%ity. Addi tion of water
and/ or nethanol to freshly -exposed sol utions of
11 in CHC13 resulted in conplete conpl ex dissociation
AFpIeR TG+ ¥ndi0 WO for MO, GRtcbEG PRI Eepgatidned other nitrogen oxides,
resorcarene. Surface-linked resorc[4l arenes In these
$enraially N %é’WE}NQal Dai sogel SP-300-5P (5 mparticle
size, 115 nR/g surface 15 area) silica-gel from Daiso
Japan) was functionalized wth 3-am nopropyl -

silane to give the correspondi ng
3- aninopropylated silica- geI (elenental analysis @6
C, 1.35 %H 54; %N, 0.48;, 375 nol es g-1.
(bRsiEmls ugﬂnséH NMB ppeotra ofthe N@mmpi%@@ of msarenysl 2 §@% and
Cﬂ‘ é t?.nﬁ B! RoffiRoO AT ﬁl?eﬁ:ﬁeﬁt &de ¢ Ogil e%fi%l'l Yits rd@?éhﬁ&@e on the

e “am nopr opyl ctl ona [ zed silica- givin
tChﬂ'omntmbldflﬂEehbSSthﬁsﬂmaMde inrlablech affoeted m o casepINO”

IO Ty TP S

othet.i rmed by the appearance of intense v absorpti on
bands at -1870, 1616, 1507 and 1466 cm 1 in the FTIR
spectrum (KBr pellets). 25 Upon exposure to NO2/ N2O4,
fThe ¢arpels dowhfidldvslng of tartieinivabitiifts foetherpastowpaic! 5237z0d 26/27,

turned dee rple, bot tion ori.na

55 1POREES B tIoRe B dRopea et ittt L b apifBl 3§ e, gporer
Hikantcs 86 Heedowéed thyr ﬂledguaaeim Mﬁbb@ﬂﬁﬂoﬁsﬂﬁaﬁk da lofiger NifRe of
entrapnment. expering control a stream of the

g‘ﬁ%ra&%“ﬁﬂﬂé@cﬁ‘ﬁ‘é%%‘mﬁw qug?tpé?}fmpl pette | oaded
with the starting 3- an1nopropy|ated silica-gel, and no

col our 3Q appeared. The above col our change in the )
d st %NO% m@#laﬁa qnmeses i(Femchi-alerpae resasiﬂ ng dhegage is

%@ Eﬁgﬁ: s IPBA) RRASEERIMLHNS BRI ASiERRYr hdthokl Goups)

ne cavities in the described processes
andj bﬂ thedelvey rqlfmvn tosHizef the A/G Eagse fProtmbly concerted oscillations of the

BD aromatic rings escort the transfer of the guest from each side to another. This may
happen also in 1-NO" and 7NO™ complexes (from cone resorc[4]arenes), where the
B/D rings interact with the guest and the flattened walls of A/C rings have the mere
function of conhecting the other two rings face to face. The difference between the 'H
NMR spectra of the two complexes may depend on faster oscillations of the B/D rings
(and faster transfer of the guest) in 7-NO*; in the case of 1-NO" the transfer process is
slow on the NMR time scale and a series of partial pictures are registered in the
resulting complex spectrum. The different oscillation rates can in turn be attributed to

the presence of different substituents.
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conpl ex 7NO+ and 10NO+ for NO2 detection and
separation of other nitrogen oxides, especially NO
fromNOQ2. Conclusions 5 The signals in the 'H NWR
spectra of the NO+-conpl exes of resorcarenes 1, 2, 7,
9 and 11 definitely confirmthe entrapnent of the
guest and its dependence on tfg conformati on of the
host. The signals (bold in Table 2) affected in the
case of 9NO+ conplex clearly fix the guest between
t Be sympany, rigl believedhihet ongtrrerhatishiinig canpotontetagt with lthe 1iGosonium

?{ﬁﬁblm% rﬁﬂeﬂ%? gjt %‘?Iﬁé g %?5‘ %ﬁéglgegs‘aﬁ:&%{:ﬁg able to do
c ovpWhah thetgmesthm snet yrft cbtmplemm ecrleasei; by ohd ingeitds alrealy in the

b di stance to be covered by
ggkﬁuesﬁgﬁﬁe?{s OSCI §?|on that is to a longer tine

of 15 i nteraction vvlth the two equival ent faces of
t_§@§ggggﬁggton. In the 2NO+ and 11NO+ conpl exes (from
175 e resorc[4]arenes) the cage is forned by
t he upper parts of B/Dri ngs (He protons and nei ghbour
t hox andb hal ves re| ative to H _of
b@uﬁ%% Pﬁ@%ﬁ%ﬁ%gﬁw Brﬁ’ epekipeoyticles aergAingde theresent
Zﬁlvsﬁh@ﬂ OnBhdse 1liuBGSIRS §1ﬁbhngh&ﬁtcfe§n§rfeefn te tdie %Fe(?réarettes
f om each SI de to anot her IS ma happen also in

ng #do¢ 1Rk tebarsP eReaseq in BrireBpE % { 19 asmeke filter 3 by
V\ﬂﬁﬁ@s bhe i ' !
flattened \/\Igll i &)h?@% Clrﬁ)?ncms%k \g{/l{eeh?%ﬁﬁﬁgﬂgg 43%%%1 Hgﬁ spaced
of rOBAR SEAPRRY 2ts fut J@tfn@trthewlﬂ linds close eomtactf ace. The
di fference between the IH NWR spectra of the two
conpl exes may depend on faster oscillations of the B/D
r Thgyabspebeps ad theapresent invantidremay e tineorporetsd)intorthg Kilker 3.
in the case of 1NOtthe transfer process is slow on
the NMR tine scale and a series of partial pictures
alnefigwyi5s tthee edokefittbe3 comptibdsi theeecaylivideicalsfileart slerrentd 3@, 3b,

oL ARG oot LA AO0a L S BT S e,

composed of cellulose acetate tow impregnated with 7% by weight of triacetin

plasticiser having a 25mm water gauge pressure drop over its length. The
second filter element 3b, positioned centrally is a cavity S5mm in length
containing an absorbent according to the invention, The third filter element 3¢
adjacent the rod 1 is 15 mm in length, has a 90 mm water gauge pressure drop
over its length, and comprises 80mg cellulose acetate tow. The tow is
impregnated with 4% by weight of triacetin and has 80mg of granular activated

carbon distributed evenly throughout its volume in a “Dalmatian” style.

The cigarette shown in Figure 6 is similar to that of Figure 5 except that the
smoke filter 3 has four coaxial, cylindrical filter elements 3a, 3b, 3¢ and 3d. The
first filter element 3a at the mouth end of the cigarette is 5mm in length, and
composed of cellulose acetate tow impregnated with 7% by weight of triacetin
plasticiser. The second filter element 3b, positioned adjacent the first filter

element 3a is a cavity Smm in length containing an absorbent according to the



In sunmary, it is believed that one aromatic ring
cannot interact with the nitrosonium ion (bl ank
experinments), but two aromatic rings in a suitable
arrangenment are able to do so. \Wen the guest is not
yet conpletely released by one ring, it is already in
the sphere of interaction of3fhe other one. 5 Snoking
articles Figures 5 and 6 illustrate exanpl es of
articles according to the present invention.

-
?ﬁ‘éﬂlé‘%gﬁ Jbeihird fidtes gloment; 3o adizeend dhe sesond fidtee efearent 85 is 10
L . o ! :
Cpun ol Iohgth Ad eined cbiflode bphRPRETIoBRGARRE bitn™7o by
t WSpEI plpiseeting, Fher fourthr filter, eletment Bppissgbaterper the flhrd filter
SRR 585 Gyl P o4 EBGHod B o BB ke caron,

e In ose C

S predesel ventiatiomholan§ ibborimeddn pios tippidg ipaper 4 fiea fadidl Slane A-

3A I | & t he. ke filter, 3 comprises three

cyl ‘i"fﬁ P dotivef Hiriaid i i TS S1emp'sc qout R flaymstrea of
f thetjgnctidrewithtthgfowth filer stomtit RNGhed sibRe {d fuh&led ifrough the
g ia.! ength, conposed of cellul ose acetate tow
iﬁg?egnated w th 7% by weight of triacetin

pl astici ser having a 25mm wat er gauge pressure drop

10 O¥&S its length. The 20 second filter el enent 3b,

ned centrally is a cavity 5mmin | ength
cont ai ni ng an absorbent according to the invention.
The third. filter elenent 3c adjacent the rod 1 is 15
G Preseah grvantionaelatesgo tharisraefes regensing4prens toalsotr age or more

Onl@bgehloNide® B4 Kitro %xf&[&ﬁiagﬁ%ﬁ P el lul ose acetate
tow. The towis feéri'}pregnate tE o by wei ght of
triacetin and has 80ng of granular activated 25

15 S‘ggbﬁélie.@iasﬁfa'{ bﬂ}ilE eﬂre%ﬁ%ﬂl Yesbﬁﬁﬁ%ﬂgﬁggsg v%éf nb\ég:rgyggsgh%d iagy the

20

| mati an" style. cl gare |
Jesergl4lerems of framulsfA Fi gure 5 except that the snoke
filter 3 has four coaxial, cylindrical filter elenents
3a, 3b, 3c and 3d. The first filter elenment 3a at the
nmouth end of the cigarette iB,5nmmin | ength, and

wherein

each of Ry, Ry, Rs, Ry, Rs Rg, X and Y is independently H or a hydrocarbyl; and
each n is independently 0 to 20.
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30 conposed of cellul ose acetate tow i npregnated with
7% by weight of triacetin plasticiser. The second

filter element 3b, positioned adjacent the first

filter element 3a is a cavity S5nmin |ength

contai ning an absorbent according to the 31

invention. The third filter ¢ ement 3c adj acent the
second filter elenent 3b is 10 mnmin I ength and
conprises cellul ose acetate tow inpregnated with 7% b

VB Gdiin “hﬁrdtbédrﬁﬂ%&tb@” ad heedfhereii ineﬁnﬂatgpu;ecmmngaﬂl and

betvveenthet filter ele
B enCom proueltuempP oa andios ottt paE gl ksl ERelBles o
rshél&uﬁiuu\l&l&t:héﬁhblﬁﬂb m Qﬂcoﬁy,l Btrd mnra‘.ﬂdrl gmup,taecyt:hp@ong etc. In
er 4 in a raflal ver air

RaGionia fermostBRiycet e AIDSReRS HOIES FHITE R ASqpRieton of
hkdéﬁ@%%nfgliﬁ%tgrbefﬁﬁhegﬁﬁﬂr fhE ihly8retarbylasrou ccﬂﬂpri&h:emore than

e 1S |

hrough th
The Cphesibose qarb@émmeréglg prcgsad) Ytbé‘l%lﬂk@} isrse@c%gﬂlgr” 'For example; at
rl@a%f’{v&d BE AL 8R8s H%SMdeWa%hxt&BM Elem%htt 508, Thus, the

oxi dés I'nh a nitrogeh oxide contalnlng medi um 15 W
i}

theytioearbyltghertp rdpecoptaist katere gtomss Suitatle hyterp @fpsas yig\peiggpareat to

S i P SRR A iy o

MingitifRdxample of a hydrocarbyl group is an acyl group.

A typical hydrocarbyl group is a hydrocarbon group. Here the term “hydrocarbon”
means any one of an alkyl group, an alkenyl group, an alkynyl group, which groups
may be linear, branched or cyclic, or an aryl group. The term hydrocarbon also
includes those groups but wherein they have been optionally substituted. If the
hydrocarbon is a branched structure having substituent(s) thereon, then the substitution
may be on either the hydrocarbon backbone or on the branch; alternatively the
substitutions may be on the hydrocarbon backbone and on the branch.

In some aspects of the present invention, one or more hydrocarbyl groups is
independently selected from optionally substituted alkyl group, optionally substituted
haloalkyl group, aryl group, alkylaryl group, alkylarylalkyl group, and an alkene group.

In some aspects of the present invention, one or more hydrocarbyl groups is
independently selected from C)-Cyg alkyl group, such as C;-Cs alkyl group, and C;-Cs
alkyl group. Typical alkyl groups include C; alkyl, C; alkyl, Cs alkyl, C4 alkyl, Cs
alkyl, C; alkyl, and Cg alkyl.

For some aspects, the hydrocarbyl group may comprise a carbonyl group. The
carbonyl group may have the formula COOH.

In some aspects of the present invention, one or more hydrocarbyl groups may be
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Ry 20 A wherein each of Rl, R2, R3, R4, R5, R6, X and
Y is independently H or a hydrocarbyl; and each n is
i ndependently 0 to 20. 32 The term "hydrocar byl

group” as used herein means a group conprising at

| east C and H and nmay optionally conprise one or nore
ot her suitable substituents. gxanples of such
substituents may incl ude halo al koxy, nitro, an al kyl
group, a cyclic group etc. In addition to the

pindspenidritlyy seléetéd Q“rcﬁlil baiel breRbe BRHIErodarByIC lgi'cﬁ?)&lr OUMhe term
a“co d]_natl n of 5 E“SH ifuents may form.a cyc
‘f? PRIl EIRYRAD g‘ﬁ‘lemg'i“%”d’ﬁ B EEPHEr GOBWPESIE Ableati £y H and O

Oﬂﬁ foa§ bﬁﬁoﬁaﬂﬂ%@nﬁﬁ@@ﬁ&oﬁﬁﬁﬁ StRdr NAANS SAstitu¥nBe Examples of
Ilnﬁé t.0 eac For exanple, at |east two of

HBYeats ey ipdlude; haloocrlligxa- it 4tk Zequene axcli group etc.
I GdBitioA 1y he ﬂo@ﬁblhﬁyﬁrtﬁ@%%erﬂ{ ?Eﬁ%eﬁ‘?;ﬁélﬁ ?’Hﬁ\?' Dedttifltfon of

atons. Suitable hetero atons w |
tSybstituerty mag dotom a whielicagroumnif fhe @bfmln@rocmbvl groyp ammpmses more

StbPRHE ¢ ehrtﬁgﬁnca?& Q{éé( G0 né%c@gx@lﬁ' b1e011+14eﬂ1t8'é%9h gther.  For

exanple o rocar group is an acy
taxpinpliel ahgadﬁdwarﬁyhe garlmqs ma;r be ligidd odmn ksml:abgar denpentl-tbrgoup

;’Ir;\:gla% {hE r& ?f %81213 ma)rrTgo Mé{‘ %nt\é Y rt‘(&;sga% a&aﬁ hg?/?ro atoms will
d:ecappaentrta;hobeslmladea the ah'traad cnh:hdle,cﬂ)r mytahdecsulphtur am wWiryden.
group. The term hydrocarbon al so 15 incl udes those

groups but wherein they have been optionally

dubetd tenttedimdnt ¢fh the bpe@mcawamm $ha dSt yeyiedtasbyl group is a

t h reg t hen the
RrpRf o ¥ uep%éff&%r A mises ggrpne of an alkoxy
lgmipbcmeo@rau@ﬁylt Q@upr &ﬂ%ﬂ% gidipl Wlich &Hﬁgs may be linear,
e _hy drocarbon backbone " and

ubsfﬁ:{utlo may be on
BEFEhRet B eyl or shoryand grape %&qr@ oFyhdrReathpR glsa dncludes those

Igmf@sumo%e@mem he¥R beed WisHoRAR! Skttt U
| nde g dent | y s?f ect edef rl%fm Oﬁ{l onal |y gstgéstgfgtfhgdmgarb(m 158

byinec Wﬂ@ﬁh@rpwt@q mwbmﬁo@waygbemmeuher
@Hé/ﬁycﬁé&%n B%HEW)B@ b bn HeWBtfhch2hiterlaA0MY HedbstBHEIHR ma?rnge on

an al kene grou
the hydrocarbon backbone and on the branch.

Some of the compounds of the present invention may exist as stercoisomers and/or
geometric isomers — e.g. they may possess one or more asymmetric and/or geometric
centres and so may exist in two or more stereoisomeric and/or geometric forms. The
present invention contemplates the use of all of the individual stereoisomers and

geometric isomers of those compounds, and mixtures thereof.

The present invention also relates to relates to nitrosonium complexes of such

resorcin[4]arenes.



In sonme aspects of the present invention, one or nore
hydr ocar byl groups is 25 i ndependently selected from
g -do al kyl group, such as Cl-C6 al kyl group, and
a-C3 alkyl group. Typical alkyl groups include C

al kyl, C2 alkyl, C3 alkyl, C4 alkyl, C5 alkyl, C7

al kyl, and C3 alkyl. For songaspects, the hydrocar byl
group may conprise a carbonyl” group. The 30 carbonyl
group may have the forrmula COOH. In sonme aspects of

t Neripsenadificatiouemid variationeofdhe dBeebdlyRpaeosait iFeHASWill be

n%%ﬁ%%?%’gPlnggﬁggﬂ§£t2¥ﬁ€&P§ﬁ%Pd frgﬂvﬁ&géghﬁfmdspuﬂofﬂw

ghwetnloas AnbshghemheiifiveFan had b@énoalé%cﬁwdpﬁﬂ &nBéktidh WwilPSfecific
H and and may . optionally conprise one or

PRI GbagEnis, BosboRd R e tHiogh A heventige ks clsimed should

- STk ivhBEH USniteYo st Spe8hib BnBodimBhtK OXbeed, Fhlidi mocﬁﬁl:ﬁtmns of
al kyl group, .a cyclic group etc, 5 In addi ti on

pe Sessiibed modgs th FarTEng gt thwws@onewvm@a e ehGpusdo groseigkilled in
8th€ IR brO interdllPR el @@%Je TP RSt Elg.lms
group. If the oxyhydrocar group conprises

than one C then those carbons need not necessarlly be
linked to each other. For exanple, at |east two of
the carbons may be linked via a suitable el enent or
group. Thus, the oxyhydrocarbyl group may contain
hetero atonms. Suitable hetero atons will 10 be
apparent to those skilled in the art and include, for
i nstance, sul phur and nitrogen. In one enbodi nent of
the present invention, the oxyhydrocarbyl group is a
oxyhydr ocarbon group. Here the term "oxyhydrocarbon”
means any one of an al koxy group, an oxyal kenyl
group, an oxyal kynyl group, which groups may be
linear, 15 branched or cyclic, or an oxyaryl group.
The term oxyhydrocarbon al so includes those groups
but wherein they have been optionally substituted. If
t he oxyhydrocarbon is a branched structure having
substituent(s) thereon, then the substitution may be
on either the hydrocarbon backbone or on the branch;
alternatively the substitutions may be on the

hydr ocar bon backbone and on the branch.
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resorcin[4]arene to absorb one or nore nitrogen oxides
in a nitrogen oxide-containing nedium 2. Use
according to claim1 wherein the one or nore
resorc[4]arene is of formulasgy R2 ROORS x | / X
RRORBORL R RBRRBRRRol i30R x X ROOR Rz
I wherein each R2 and R3 is independently H, al koxy,
al kyl, aryl, aralkyl, hal ogeAIM&yano, nitro or
carboxylate each X is i ndependent|ly COOR4 or
CH2- hal ogen; each R4 is independently H, alkyl, aryl,
aLaI ky | Userof-a(rEd29iH[4Tirteh¥; to abmtthome Qrsmomahap@mlemdbg/m@ nitrogen
each.Y. |s |ndependently CH2- hal ogen or CH=CR5RG6;
eg@H ﬁfmn gﬁauﬁb is independently H, alkyl, aryl or
aral kyl; wherein said alkyl, aryl and aralkyl groups -

be _opt onaII bst |t ut one or
LRI AR Eﬁnﬁ@w& g FesorPidiptone ifphformula
NH2, N(al kyl) 2, C( haI 0) 3, R,

wherein
each R; and R; is independently H, alkoxy, alkyl, aryl, aralkyl, halogen, cyano,
nitro or carboxylate;
each X is independently COOR4 or CHz-halogen;
each Ry is independently H, alkyl, aryl, aralkyl or -(CH,),CH3Y;
each n is independently O to 20;
each Y is independently CHz-halogen or CH=CRsRg;
each Ry, Rs and Rgis independently H, alkyl, aryl or aralkyl;
wherein said alkyl, aryl and aralkyl groups may be optionally substituted by one or
more substituents selected from halogen, OH, alkoxy, NO,, NH,, N(alkyl)z, C(halo)s,

carboxylate and cyano.

I



carboxyl ate and cyano. Il 38 3. Use according to
claim2 wherein the halogen is C, Br, or |I. 4. Use
according to claim2 or claim3 wherein each R2 and R3
are H 5. Use according to any one of clains 2 to 4
wherein each Rl, R5 and R6 is independently H or

al kyl. 6. Use according to angg8one of clains 2 to 5
wherein each R4 is independently H, allcyl, or

-(CH2) " CH?Y; .. 7. Use according to any one of clainms 2
t 06 whish aFcRrding e caim 2 wherein fhe halogen isdd, Brsetk di ng t o
claims 2 to 7 wherein each RL is the sane. 9. Use
according to claim8 wherein R_is alkyl. 10. Use
adke or dilsgagcgrding tostpimdor elain Auvipraimeagh Ba endRpare K. s
COOR4 or CH2Br; R4 is H M, Et,'Pr, or -(CH2)"CH2Y;
nis 2to 15, Yis CH2Br or CH-CH2; and Rl is Me. 11.
USe actise @resgding terapy ome offclaiimaiZrio 2 wierdio eableRej Rs mnd Rg is
[ ' e according to any one of clains 2
tg”d%fé‘%ﬁé‘f%ﬂ?}@?’gm4 or Clg—QBr; and Rd i s H o M,
Et, "Pr or -(CH2h,CH2Br; nis2to 11; and R is Me. 39

1%‘. USEIsea &ceordin gnt% atn? oat Of fgi:rili?ns(bf tocg '\%i]quin %aéhoRq]'i]s' irm%tran?cicplﬂy H,
alkyl, or -(CH,),CH,Y;

7. Use according to any one of claims 2 to 6 wherein each X is the same.
8. Use according to claims 2 to 7 wherein each R; is the same.
9. Use according to claim 8 wherein R, is alkyl.

10.  Use according to any one of claims 2 to 9 wherein

X is COOR4 or CH,Br;
Ry is H, Me, Et, 'Pr, or (CH),CH,Y;
nis2to 15;
Y is CH;,Br or CH=CH,; and
Ry is Me. ' h

11.  Use according to any one of claims 2 to 10 whereinn is 2 to 12.
12.  Use according to any one of claims 2 to 11 wherein

X is COOR4 or CH,Br; and

Ry is H, Me, Et, 'Pr or -(CH,),CH;Br;

nis2to11; and
R is Me.



Xis COOR4 or CH2Br; and R4 is H M, Et, '"Pr, or
-(CH2)" CH=CH2; nis2to9;and R3 is Me. 14. Use
according to any one of claims 2 to |l 1 wherein X is
COOR4 or CH2Br; and R4 is H M, Et, 'Pr,

-(CH2)t 1CH2Br or -(CH2)9CH=CH2; and RI is Me. 15. Use
according to any precedi ng clggi m wherein the nitrogen
oxide is NO2 and/or N204 16. Use according to any
precedi ng claimwherein the resorc[4]arene is tethered
t13. a Useppardingtutanyioat of ddimsze 1hedereii ng to any
precedi ng claimwherein the support material is a

nodi fied silica gel. 18. Use according to any

precedi ng ®ialCDOR®: €MRBE;AedSsupport material is

am nopr opyl.at il el 9 according to claim
18 wherein ﬁz'ﬂr“i%grﬂgﬁﬂf?%'i(gﬁéﬂq:%%ﬁﬁked to the

am nopr opyhad B Shad ca gel _via a bond fornmed by
reacting the,am no group of am nopropylated silica

gel with aRe&Msc[4]arene of fornula Ta, 40 R2 RO
ORS x X RoRE OR RRR/\VR 2332

14,  Use according to any one of claims 2 to 11 wherein

X is COOR, or CH3Br; and :
Ry is H, Me, Et, 'Pr, -(CHa)1)CHBr or -(CH,)oCH=CH,; and
R, is Me.

15.  Use according to any preceding claim wherein the nitrogen oxide is NO, and/or
N104.

16.  Use according to any preceding claim wherein the resorc[4]arene is tethered to a
support material.

17.  Use according to any preceding claim wherein the support material is a
modified silica gel.

18.  Use according to any preceding claim wherein the support material is
aminopropylated silica gel.

19.  Use according to claim 18 wherein the resorc[4]arene is linked to the
aminopropylated silica gel via a bond formed by reacting the amino group of

aminopropylated silica gel with a resorc[4]arene of formula Ia,



RO3OR xx RoOR R2la wherein each R2 and R3
i s independently H, al koxy, alkyl, aryl, aralkyl,

hal ogen, cyano, nitro or carboxylate; each X is

i ndependently COOR4 and each R4 is -(CH2)" CH2Y; each
n is independently O to 20; each Y is independently
CH2- hal ogen; each Rl is inde ﬁndently H, al kyl, aryl

or aral kyl; wherein said alk aryl and aral kyl
groups nmay be optionally substituted by one or nore
substituents selected from hg) ogen, OH, al koxy, NO2,
NH2, N(al kyl)?2 (preferq@é Ve 2 R, C(hal 0) 3
(preferably CF3), carboxyl¥ ynd ‘cyano. 20. Use
according to cl aim %S H iyd conpound of
formula la, X is GGRATANd F4 i3 )" CH2Y,

ni s0t020; Y is CH2-halo el fi hal ogen is O,

Br, or I; R is algk reH R is
al kyl. 21. Use accoF erein the

hal ogen is Br. 41 gg. se .ccor»ins to any preceding
cl ai m wherein the ng S
bur ni ng tobacco.

Ia

wherein

each R, and Rj is independently H, alkoxy, alkyl, aryl, aralkyl, halogen, cyano,

nifro or carboxylate;

each X is independently COOR4 and each Ry is -(CH,),CH,Y;

each n is independently 0 to 20;

each Y is independently CH>-halogen;

each R, is independently H, alkyl, aryl or aralkyl;
wherein said alkyl, aryl and aralkyl groups may be optionally substituted by one or
more substituents selected from halogen, OH, alkoxy, NO,, NH;, N(alkyl), (preferably
NMez), C(halo); (preferably CF3), carboxylate and cyano.

20.  Use according to claim 19 wherein for said compound of formula Ia,

X is COOR4 and Ry is ~(CH3),CHa.Y;

nis O to 20;

Y is CHy-halogen, wherein halogen is Cl, Br, or I;
R is alkyl; and

Ryand R3 are H;

R, is alkyl.

21.  Use according to claim 20 wherein the halogen is Br.



23. Use according to any precedi ng cl ai mwhich absorbs
substantially all the NO2 fromthe gaseous m xture.
24. Use according to any precedi ng cl ai mwhich
sel ectively absorbs NO2 fromthe gaseous m xture. 25.
A method of formng a nitrosoni um conpl ex, said nethod
conprising contacting a resch[4]arene wth a
nitrogen oxide. 26. A nitrosoniurn conplex of fornmula
I 2 RIDOR x x RO ROR 9R/ RBRBRR2 R
R20 3 (SRaccoiling oI friRediRg cldim WABFCR the %ﬁseoﬁ?nmﬁ@e @i‘ﬁroauced
gae as deflned in any one of clains 2 to 7. .

tofpssRd by contacting a resorc[4]arene MAth a
n|trogen oxi de. 28. Use of a conplex according to
claim?26 or claim27 as a nitrosating reagent.
WSe ofUsa aefwbn@io aycpeding dasmevhirhe wrhsrsubst@ntmlz allabe NO.
FHHNBE ohiRlShfhnadent. 30. A nethod of entrapping one
or nor nltrogen oxi des, said nethod conprising
contacting one or nore resorc[4]arenes wi th a gaseous

Byt URfe QQJEPJHBE j[&qgayoﬂ}gceﬁirng s which selectively absorbs NO, from the

gaseous mixture.

25. A method of forming a nitrosonium complex, said method comprising

contacting a resorc[4]arene with a nitrogen oxide,

26. A pitrosonium complex of formula II

wherein Ry, Ry, Rz and X are as defined in any one of claims 2 to 7.
27. A complex formed by contacting a resorc[4]arene with a nitrogen oxide.

28.  Use of a complex according to claim 26 or claim 27 as a nitrosating reagent.



ni trogen oxides. 31. A nethod of absorbing one or nore

ni trogen oxi des fromtobacco snoke, said nethod

conprising filtering the tobacco snoke through a

filter element conprising one or nore

resorc[4] arenes. 32. A nethod of selectively absorbing

ni trogen oxi de-containi ng conghustion products from

t obacco snoke, said nethod cgzprising al | owi ng t obacco

snoke to cone into contact with a filter el enent

CXPOPI Uk Bfa ERIOL ad¥Biding't6 SRl DG bREIEMEDT asd NG thdnkfefhgent.

el ement for absorbing one or nore nitrogen oxides In a

gaseous mxture, said filter elenment conprising one

0. ML e fiDQ of Leﬂﬂ:&’ﬁ) c %F th?p hih%%@r# bhd QD ?ald ﬂ{eﬂfgﬂ 'Broprising

additional filter erial s. I'ter el enent

é@@*@?@}&@e% n@reaneaﬁrg[é]ame& With$ grepous BxtWE comprisimgitierny more
Afilter element for selectively

g@é%% ?ﬁgﬁ' -contai ni ng conbustion products produced

by burning a snDking article, said filter el enment

npri t I e .
2oor ¢y P AoBR sboolsih G G shche 5 hEn BliaB i sotepop pmple, seid
fondthask coeipaamg ﬁltanng)ahel ncrhgccbcsnmdty thooeghaf filtek alenBni3dmpkising one

klng article according to claim36 which
%gmé)?ecresom@?’t? Sci gar, cigar holder or pipe. 38. A
filtration appar atus for absorbing, or reducing the
lL.evel nitr aseous, nlxture sai
$Bbar A it BF Relergrel Fsaibion faeea: Gridr eoiipil S pHEstion

PaRIRON SFroth X6BEEEs smbk, GhidARehed cOmblifhy ARG tHRRAES shlke to
cing the level of, one or nopre
T

absor bi ng, B’gge(}g
GPTF YR FOTHBE Witk a 1itg Elemﬁlﬁéﬂ@P%%%??esqfﬁ@f%ﬁéO%WWé
resorc[ 4] arenes; and optionally a fluid transfer neans

for circulating the gaseous m xture around the
33. A filter element for absorbing one or more nitrogen oxides in a gaseous

mixture, said filter element comprising one or more resorc{4)arenes and optionally one
or more additional filter materials.

34,  Afilter element according to claim 26 which is for use with a smoking article.
35. A filter element for selectively absorbing NO,-containing combustion products
produced by burning a smoking article, said filter element comprising as filter material

one or more resorc|4]arenes.

36. A smoking article comprising a filter element according to any one of claims 33
to 35.

37. A smoking article according to claim 36 which is a cigarette, cigar, cigar holder
or pipe.

38. A filtration apparatus for absorbing, or reducing the level of, nitrogen oxides in

a gaseous mixture, said apparatus comprising:



chanber. 39. A filtration apparatus according to claim
38 wherein the fluid transfer neans is a punp. 40. A
filtration apparatus according to claim 38 or 39
wherein the chanber is a closed system 41. A nethod
according to any one of clainms 30 to 32, or a filter
el ement according to any ong,of clains 33 to 35, or a
filtration apparatus according to any one of clains

38 to 40, wherein the resorc[4]arene is as defined in
any one of clainms 2 to 14 or 16 to 21. 42. A snoke
filter,or. a wapper gr a conppnent of a snoking

art i @I%%W?’i@?%ﬂn%ﬂ?gﬁ?m“ 'esor c[ 4] arenes and
opt i gnled dnyl/opBeticdinetily € additional filter materials.

43. A rret%cr)d se, nitrosonjumconplex, filter i .
el enmSHDS o RPoRRINGPr Apfysing i levelof, enptimeye aitiopen exides, said
Subs nidahd Gindpisig ofle §EibRSERGI faldReshbd reference to
t he acconpanyi ng figures.

optionally a fluid transfer means for circulating the gaseous mixture around the

chamber.

39. A filtration apparatus according to claim 38 wherein the fluid transfer means is

a pump.

40. A filtration apparatus according to claim 38 or 39 wherein the chamber is a

closed system.

41. A method according to any one of claims 30 to 32, or a filter element according
to any one of claims 33 to 35, or a filtration apparatus according to any one of claims
38 to 40, wherein the resdrc[4]arene is as defined in any one of claims 2 to 14 or 16 to
21.

42. A smoke filter or a wrapper or a component of a smoking article comprising one or

more resorc{4Jarenes and optionally one or more additional filter materials.

43, A method, use, nitrosonium complex, filter element, filtration apparatus, or

smoking article substantially as described herein with reference to the accompanying

figures.



