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teiraazal 3*Jeyelophanes 24 and 31, are summarized. The new s of macrocycles 3-6 woes
designed and synthesized by one-step coupling reactions. in the compounds. pyridine or
henzens bnits are connected by fonr bridgehead pitropens, and both pyridine and hridgehead
nitrogen ione pairs arc direvied into the cavity, The bridgehead nrivogen inversion is inlhibited
by the rngid structure. Beoause of the prenrpanized structure of § and 6 with four and six
pyridine donors. respectively, they sirongly bind alkal metal 2nd ammonium icns, as excnpli-
fied by the fact that thoy wre obtained as the K* complexes in the coupling reacticns. The
compound § showed Rb* selectivity among alkall mewal jons. and the structure of s K-
complex was confirmad by X- oy struciural analysis. The hoests 5 and é also form very stabia
proton cryplates (HY =50H 7 ar H™ <6OH "3 They ars relalively stable, but very slowly
changed inlo waler cryplales iH.Oc3 or H,Q <6} The caticn affinity of the host can be
contrulled by altaching eleciron-donating or -withdrawing substituents on the pyridine rings.
AU won Tormed the coreplex wivh 4 b acidic schation. bui Br™ . 7 and ether amoas larger
than Tl could new be encapsalated by 6. The seicalisarencs, a new family of calix[alarenes.
have tore rigid streciure than the corresponding oxiecabia narenes and culix[n]arenes
becaisse of the stromg k. Camoiecular hydrogen bonds between phenolic hydroxyd proups and
nitrogen lone pairs.

Reywords: Cage compoucd: Inelusion phenomcnn: Macroovcle: Nitrogen bridpe

1. Intreduction

lecent advances in host-guest chemistry demand more and more sophisticated
artificial host molccuies. In vrder to reahize such molecnles, the availability of the
appropriste <yothetic methods of the host themselse or their intermediates is of
primary importance {1.27. We briefiy describe the simple and widely applicaile
coupling methods specifically for nitrogen-bridged macrocycles.

By using one of these coupling methods, we designed and synthesized a rew clase
of highly symmeatrical cage compounds 3-6, where the parent compound 3 is calicd
“hexametaxylyienctetramine” since the six methylenes of hexamethyiencictramine
turotreping are repluced by the metaxylylene moiety. The macrocyeles 4 -6 are the
pyridine analogs of 3 [3-67 (Schene 1) They are highly symmetrical ligands whiclk
have a ngid and preovgamized structure adequate Jor the inclusion of spherical
catiens. The preorganized siructures of the hosts and the geometry of the donor
sites are importatt for the hosts complexiion ability and "o the recognition of e
guests, Tighly symmetrical spatial arrangemenis of (he binding sites and tie converg-
ing of uipoigs increase the affinity 10 sphevical guest species.

The nicrogen atom is chesen as the joint and donor atom because (1) o nitrogen
alom a large dipele moment and binds o wide variety of guest species by dipole
imerachens and hydrogen honds. and (it) anion inclustons are expected by proton-
ation or quanernarizaiion of nitrogens. The hosts § and 6 generale kineticaily and
iherirodynamicaliy stable inclusion cor rlexes owing to the effechive separaicon of
an oo opatr when an ion is included in the cavity, since the hydrophilic ¢avi
deepiy hidden by the hydrophobic aromatic rings and thus vnafiected b the omer
enviconmiis. We also brieily introduce the syinticsis and preperties of azacatix [ far-
engs 1o, BB and 20 awn analegs of cobix[navenes.

¥
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Scheme b Synthetic scheme of hexametasylylenetetanine 3 and its pendioe analuzs 4 6.

2, Fesglis and discussion
2.1, Svuthesiz

0 this section, we summarize the syithetic methods for nitvogen-bridged macro-
cycles such as the hiosts 3—-6 and their bond {somers 8. 10. azacalix[#darencs 16, 18
and I and tetraazal 31 Tevelophanes 24 and s related compounds 31 33 and 34

2L Synthesis of e ew cfass of ighfy syimmerrical cage compotnds

The host 3 was readily synthesieed by the coupling betwezsa bromide 1 and
Ll bisfaminomethylibenzene 2 (Scheme 1) A similar reaction between 2.6-bis-
{hromomethyjpyridine and  2o6-bis(aminomeibybpyridine  hydrochloride  under
phase rransfer conditions { PTC) afforc»d K~ <A The analogs 4 and 8 were prepared
inou s fushton. Aliherel e yeolds wote low. the one-step proceduie 15 an
attractive way 1o syathesize such higaly syimmerrical wmacrocyeles, In this senes of
macrocyiles, the compeunds wilh more than four pynidine rings were obiotned as
their alkali metal compleses. The source of the alkall metad jon is the base {KOH)
tsed in the reacticn. The wemplate effects were not observed: repincement of the base

1
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by NaOH gave sumtlor coupline yields. Even i the absence of the base. § was
oblained as ™ <5X 7,

‘Their bond isomer & was propared by the coupling of 2.1 -diaza{ 3.3 metacyclo-
~hane 7 with the bromide 1 o afivrd dimeric 8 and irimeric producis 9 [14.61.
Fyridine analogs 108 and 11 were also prepared in a similar Tashion (Scheme 23 FAT].
Intcractions with differcni kinds of gnest molecuies for ) are expected, since its
geometry and binding sites are gwitc difficrent from those of 6 [4b7. This method
was specessiuily applied to the synthesis of “eubic cyclophane”™ 14 (Schems 3) [8.07.
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2.1.2. Synthesis of azacalix{n jarenes

We developed a simple cyclization method for the synthesis of new members of
the calix[n]arene family, azacalix[n]arcnes 16, 18 and 20 {Scheme 4). Removal
of waier as the tolpene azeotrope from the reaction mixture of 4-meihyl-
2.6-bisthydroxymethytipheno! 15 and benzylamine in toluene afforded hexahemoiii-
azacalix[ 3 ]arene 16 exclusively [10]. The dihomoazacalix[4 ]arene §8 and tetraho-
mediazacalix[4arene 20 were obtained in a similar wav. The selective formation
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of calix[ Mavenc derivative 16 can be explained by the eimsphae eflect by the iydropen
bonds between phenols and bemzviimme moronpolar «leonts PR ove ned oy
non metiod Gcidietes introduoclio s of virioes funeiionolived side o sy oy
piealy] or chiral methyibenzs] grovpe iete the pzoculivaine ssredtires withott wsing
N- or O-woetecting gronps, tniroductoion of a pleeivl side.army mio rhe § 2037
seructure ereatdy enhances the addiniiy to an alkodi metal ion compared 1o Bé, bul
the seleetivity decreased remari. by, The picolyl side-arm acts 25 o good dopar, bul
e fiexibality of the mwlecute rednces the seiectivity [ 100} intergaiiy 1% can
be prepared from calin[4]arene by o reavtion with berecktinie, psaorm-
ald opde, s vatadytie amaoants of KO e840 1Scheme 41,

F03 Srathesico of tetrausaf 3 Jevelophanes aid theiv relited compoinds

Anciher irtevesting Most moieeuie Hor reviews, see Rell [ 11 TS wiraaza 2 Jevelo-
phunes, in owaich N AN N Taeiriome b 2000 2020 cnaaea 333 3  mriwyelo-
phane 24 [12057] and ity water-soloble derivatives [[13] (lor revicws, sce Rel [ 147y
have been vae of the mont 2uiensively stadied artilicial host molecsies, The host 24
forms Eo1 “intragavity inclusion eomplexes™ with small orgaewe molecules such as
dioxane L1215 )0 CHOL or CHLCL, [ e i the orystalline state. We brielly roview
the coupiing methods for the svathes.: of | 3r]azacyelophanes (2= 2, 4.

In the fiest symihesis of 240 the ovelic amide formation methed was used as the
coupling scaction [ e 136 ] A< alicinative synthetic mednids, we developed the p-
teduenesulfonamide {16]. tnfluaroacetanide T17] and cyanesmide methoas T18 ] pe
Toluenesulfonamtde is one of the most widely uscd nitrogen sowrees for the synthesis
of zamacrecycles. One- and twoestep coupling procedures were developed lar the
synihesis of 24 (Scheme 51, The former i rther suitable for premaring A w11 37-
and [ 3% Javncyelophanes 224 and 226§ 16197, whercas two-step coupling pros

sidnres
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HEOM 2 HCHQ, HCOH
23¢ ———— -
47% 5%
N N
HyC . i,
24.5 7%

Sehowe 5 Symhestsof s To, N, [ 3 Taan clupiimes by ore-step and teo-izp p-tolsesesulformide metiad
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imvebany ihe reacton of spee-formed  porolveneinlforemide adduct 25 with ihe
corresponding bromiefe 13 s salted for the sclective syathesis of 24 17 1osinge
the viekd of 24 becones higher than that In the oncsten progedieee and e frouble-
somme separition of the trimer and tebsmer can e avoided (Scheme S1 P conditions
HEC MO PICTIsIE fttld n;\u' Refter yivids of |3 Jevclophaies s campared vith the
single-solsent systams [27

Fhie iriftunroageta mide mothod offers o prove Tacile wind peaciios! sy atheie meae:d
for 24 and ils meta analog 3. and allows their preparation i gy guanliies i«
single cxperiment (Scheme 03 [723] ¥ his meined also has the advaniage that the
triltuoroacety] groups are readily removed by NaBE, [24] or alkabine levdrohesis
[ 25] afier the coupling.

We have found that the dialksfutionr reaction of commerendb vaifuble ovane-
i JL‘ with the correspanding bistbromomethyi) compoured 0 the mw,n-:- of an
abkall wnder PTC [20] alfovded variouws N-cvanol 3 Jovelophanes
1\p1czti example. the coupting of bromide 32 {277 with cyvanamice trm e ledrie
bridged evclopliane 33 (Sclieme 7). This method iy abso applicable to the 5y nthesi
of tetraazaf 3 paracyciophane with rwa different Neprotecting grours 34 Thix
netheed s suitable for the svithesis of acwd-semsttbve and sierolly consis o
azacyclomhanes.
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2 Mircniwees
The highly symmenies] siruciure {(Td spameteyy of 3 weas contirmed By X-riy
crystullographic anabysis, Hohas tetrabadrally arianged hridpehead nitragen atoms,
which retain the mgid strwture. The lone pais of bridgehead nifrogens and henzene
inner protous are oviented toward the conter of the cavity. Thus in the case of 4.3
and &, the pyridine lone pairs can be directed wward their cavities, as shown by the
crystaliogrpbic analysis of K o S04 7z 1L The atemipted N-methylation and
protonation caperisents showed that th inversion of the four hridechend nitropens
ol 3 from mside to outside 5 imhihited 567,
Although the structare of 3 15 adeguate ws i erypland. the cavity 1 flled with six

aromatic inner prodots, The diamerer of the cavity of 3018 L astinmated by the CPK

Fig 1. Norgy stieture of K0 SCH, -CHICTL eiorofoim mseleaule s onided # siows K7
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maodal dnct Xeray eryslalioaraphy Satad is (oo small (o belude chemical species such
as alkal metal 1ons. Subs-iuiion of the benzene rings by pyridine rings enlarpes the
civiy size up o 38 A for 6. niaking it large enough o encapsulaie several chemicat
species. Furthermare, the paridine eing ssell acts a5 8 good donor unit, and the
convetging of the pyridine fooe pairs in the cavity enbancey the guests binding
ability, Bell and cowarkers pointed oul that unsilurated mitrogen has o0 greater
dipole moment {153 Py CHy W= CHG) than that of an cther oxygen (1300 .
Et O- Etpora saturated nitrogen (.61 1, Mo N They shiowed that the macroeyeles
Morands”, which contain unsaiurated nittogens, have strong allinity 1o alkall or
alkaline carth metal jons [ 287 Other macracyelic compounds constructed oy bipyri-
dyvl or bisphenanthroline rings show steong cation afinity [ 22307 The compannds
5 and 6 Lave four or six unsaturated aiiregen atoms., respeciively. and cach has four
seturitted bridgelead nitrogen atoms. Thus, their exvities are filed with 16 or 24
electrons. respectively. Actualiv. § and 6 mierac! stiengly with alkaline mewal cations,
and especially with a proton.

Another structural feature of this senes of compounds s the twisting motion of
the methylene groups around the bridechead nitrogens belween enantiomeric strue-
tares as shown in Schenmie 8. whose energy barrier (AGYY and rale constant were
estimated (0 be 3.0 keal mol " and 668 s ' at 269 K A 3 The existunce of the
enantiomeric pair was confirmed by 'H NMR spectra at low temperatures; (e
additien of Pirkle™ redgent, (SH4-2.2.2-rilluore-E-9-anthrylerhanot indo 4 solu-
tion of 3at - 30°C results in the splitting of the AB pattern ol the methylene signal.
This shows that the twisting motion 13 frozen at Jow temperatares, Simdar rotations
aronmd the molpeelac axes have been described o some ¢ape-type compotids
[3031}

230 Properties of wonew ey of Tighlv sepmunctriva! coge comipotnds ox amine buases

The compound 3 shows different prolanation behavior in pi vhc or aprotic solvents,
protonatton with CF,COOH w CDCL, gives 34H " Ye, e addien of Me(OH
tvery weak based o the solutton innmediately regenerates 3o whercas protonation in
aguenus solution gives differeni types of ammanium sal,. The ammoniun sals.
3AHCL was gradually converted into 32107 in MeQH or in DMSO selutiow. bal
furthicr deprotonation canaot be ohserved. The addition of tricthylamine inio the
solution of 3IHCE daes not allect further deprowonation, The bulkiness of the buse
hitders the removel of the protons from the cavity (Scheme 93 1n addition o the

H aﬂ
A'\‘j/ H H: ;/’ Al
‘_,/N‘-..\_’/ Al Rt F-:“-\v, --\h\“1
| i
A H

Lol 5. Twisliog molean arowmd bradwelead sitevaen,
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Scherie Y Prodanation beleor of 3in aprone i poalie sabvenls,

deprolonation propertios, the two ammoninm slis showerd dilferent 'HONMR
spectin, Cemsequentby, predonaiion takes phce ou the sulside of the wakecude inan
aprotic solvent. whereas protns of JHCY ure ploved nside the cavity and gusily
relcase one proton by eleetvic repulson ar MeQEH or in DDMSO. The pRa volne oi'
the copjugate awrd, MIECL are ph - 34 pRo= 380 pho-0d and pK
MeCHT water | 8wt % 20w ey The pRa vidue ol the reference compornad, lnhmm-
limine hydrachboride, wiis estmuited Lo be 364 00 the same mediene. The convercome
ol the nirogen fone pars enhaneed 1he hesicity of 3 by 25 pRa umin ipR =800
compared o bribenyylamine [3.61,

On liw other hand. 5 or & with more than cight mitiegen dioms show streng
affinity toward & proton, As deseribed budow, the peoton oryplates T 28 and
H ™ <b are exceptionaliy stable toward bases, and direct deprotenation could n
be wchicved in the presence of o large excess of wiraalkviummaeniom bydroxide o
DBLL Anos excluage resiy (OH Tornd trealiments of these proton ervpliies,
B 8X or H72o6eX 1 =N e ) doopot give proton-irce 5 o 6, b
permepne Moo SO0 oy coafd PR vterestiopiy, the ammoniim proton
could oot be deteeted by THNBMR speeiia eec at low lemperatees {about - 30 €
down (o 20 ppr probably owing (0 the coniplete broadening of the sigaal ciused
by the rayid exchange of the protoen among lenc paiss,
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Jebo e v g cotion peceptors stability of the compion and caton sefecnring of e
ferwis

The slkalt inetal prerate exiracthion experiments shosed Ut 3 Bos e cormplevation
abifity but 4 has wesk slinny towird the catons: the subatititen of tan bepaow
rings of ¥ imto twvo pyesdine piegs moreisest te conipiesaion ababiv of tae hosi e
study of the selectivity af skl metal 1oms i 4 by Legied Tuguint oxnaction experinienis
showed an aflindy towaed R0 Furthes subsifintion of the benzene dings with the
pypdine rimgs of the systemy reatdy conbimesd the conon affieniy, e assnvidaion

constnt of 5 with the K7 fon o DIMSO-, woas estereped o be log K, 52500
y compelition experiments belveen [Sarown-6 amd KO0 A P50 The ashiliy
100 fmes preater than that of [Rcrawn-0 Phe ervsial sirgciee of K U S0H0) ) s

7

almost the same ws that of 3 where the K7 o o Bocuted i the conter of Lhe vingty,
amd bridgehead and pyridine nitrogens are directed o the K7 oo i 6]

The compounds 8 and 6 are ideal leands for spheaeani cutives, and especialls for
ammoenjunt o heciiose preorganized weirahedial or octahediad coordmution sies
are prosent. By the compeitive reacteon between die polassium camples, K o3
amd NH; w0 EPMSO. the assocmtion caonstant «of ML 08 wias estmaled 1o be bog
Ka=634 01 In contrust o the spherical NH, L the primary alky] aomvnonium sl
RNH; dd uot fonm complexes with § and 6 Atempled complesaion secliong
botween R < f and butvlamine hydrochioride or H7 o & nd batvlamine weme
grsoeeessfitl. Sterie hindrunce and ek of goost sannetey seeatiy Bindered
conipheiation.

The stability amd selectivity of & Lowand athad metad ons were estimated by
conipelitive raackions between Ko & and alkl metad piciates i DMSO-d, The
vatios of MO SR o S 0 the sodnlion oestimated by the HONME inlearal matic
ol the inmer beozene proton sigtals of M 8 and K708 sinee they appear al

defferent positions. The exchinge rade betaven the twe Siwds ol ikt mctad iogia
anc inside the caviey and the other by the selotion, is very slow. More than thiee
duys were nevessary to achiove e cquilibia (R = 800 =M e SRt 25 ¢
aiter mving the substrates.

Fig. 2 shows e plots of jog Kt v the donde radii of M7 Uneluiding MH L The
conspornd 3 has  Rh ' selectivity simifar to 4, alfhough the siabitiny of the compley
is mareh Jgher tan that of 4 Lebs orypliond abso has Rh selectivity beeatise of
its simular caviyy wize (36 A in diameier) {3310 e the CHT, sobution, the association
constanil of Ko 8 b expecled o be much greater than that m DMSD. By s
competiiive reaction beiveen K72 S and [ 1227 ervptand i (0-satoated CHOT
was monitored by PHONME spectra |3 Alse o thas vase, (e reiction bebwaeey
thent wiis very slow and thive momhs were e hbrium
K~ o5+ Torvprapd oK D22 29ereptund =30 A o sesud, uh gssochtion
constant of 1hr reaction, 54 K oK o8 b 10eannmeied OO was esiimated
wohedep K, = 1A

{0 wrder (o ressose the K07 o frum K e &0 2 seolndon of the comiplex in
witter MeOH 1 1) il volume) was beaded inoa seeled whe ai P50 jor 5 days
357 I apite ol the severe vondiions. ihe siarting material was recoverad wnd aietal-

sery o daehieve the o
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free Hyarg aus pot detetd, The K jons b i compleses, Ko 5 ot K7 ot an
b removed by dissolving the wetal compieses i strong acids ke a0 HOL
CELOCO0H or &l HL80, Treoment of the readiant aonmeiuny salts with
RUNTOHMH  gave mono-protauited muverals 1 o8 o 1 o b

250 Meteenlar meovesseme of the caitob compde ves

Tl inner benzene protans of & e good probes o miloerastion sbout ae cavitg.

Fig. 3 shows the relationslim between the sizes of the puest metal aetions and the
TH NMR shifts of the inner aromatic protons, alse the copfescence lemperiiares
(7ot the methyleae signat of 37 . 5Br o The olienses] Jults of the snner sronutic
protons of M < 5 depend on e stac of M UA larpar guest M7 makaos the moelectlne
muvanents of the complex slower tF < However mierestingly it Br coneples
hias & higher coaloscence temperature than expected, but the renson s unclear so far
ti: 1 complexation was confirmed 1 ull cases

On ihe oilier hand, the chromatographic propertics (R valaes) of b meta!
complexes, M™ < 8Br (Li° Cs' ) do not depesed on the cution sive, Crae and
cowarkers veported differences in the 8y values of the carceploses series and tey
sugeested some interactions between the guests in the cavity and the vaner phase of
the cacceplexes 367, In e ease of M7 5 the mctad ealions 0 18 cavity dooi
interact with the outer envirenment. Althaueh there are stehe ditferanes ol molecular
cliees iid 1he nassses of the compleses, these e vod the main faoors secountivg
for the differences 1 cinoninitogiaphic propertics, Phis phenomenon cun be explained
by the totad induced dipokes: sinee the guest eaidons me locited at the conter of the

b
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Fig. 3. Plots of chemical shifts of aromatic wmner proton and coadescence temperatures (KYof M <8 v,
fonie radii of guest cations: @, coaleseence temspaiatures of methylene signal of the compleses, B,
chenmic s shifts of aromatic inner proton of the complenes,

Fig. 4. Flipping of aromatic e protons of M o 8 depends on the size of guest cations, M. Pyidine
sty in front and back are onted,

cavity, the polarizability of the complenes is totally unchanged in each metal complex.
Consequently, we can estimate the size of the guest cations in the cavily net chro-
matographically. but by the chenucal shift of the inner aromatic protons or the
conlescence temperatures of the methylene signal,

26, Relutionship between cation affinity of the ligand und donor ability, o inclusion
of anions and peutral chesical species

The complexation ability of 4 toward cations can be regulated from ousiside the
cavity by attaching electron-withdrawing or ~donating substituents on the pyridive
rings F567 The liguid Byuid extraction experimentis of Rb* pierate showed that
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the Rb7 extraclion : siliiies of £4-0Me and 407 were preporinonzt (o the pRa
vatlues ad dipole moswenis of their doner units, s expegied.

A nitrogen donor o8 1 be changed into an tion reeeptor by peeganeiion. e acid
selations, the postely clurged cavity of &ebl” can mcorporate wuons,
Thermodynamiz siadies on O complexanion of g 6aD 7 in CH U000 L0000
by volume} sofutiop giee the foidowing parameters fog K_=082 Faal 7' A -
47 hen] meb YA s dla el meb DK The exchange mde. kowas also
estimated by 1 NR spoctrn o be A s D20 KA dutailed sty on F
jelisig Bas et oen dane becoise the T NMYE siioals ofén) o and Voo 6 el
wape ol distirguish, ble fron cich othee Angons frger then O caosnat be igeorpe-
ad in the cavie frespective diameters: O 0 e Al e 39 Al L. 44 Ay becanse
the corvety stee of wois 3R A i diiomeser, This remarhable selecindiy can be ascribud
wy the vind stvtare of 6 [ A6 ]

The strictare ol H 2 30H  cer H <6 0H  may e considered as fullows, Omne
of the protons of the water nuilecnle & sn,}n..m_d from its O on by the st
maolecnics These complenes were stable fn solid stites. and the O fon did not
remove i proton in the cavity. The thivk wromatic wulls of these cage compaounds
generated kKuwetically inert, thermodynamically sinhle complescs. However, when
HY csOH or il 6O sere lefi 1o stand for falf a w.u in sobid form, some
prrs of these muterials chianged 1o water cryplates, 10 o5 or HyU e 60 the proton
attracted OR 7 ions into the cavity, ana water orypiales were f-mmd Tliree orienta-
tions of the water malecile in the covity were praven by 'H NMR specten at Jow
tomperatiics, The combinitions of hydrogen honds between water protons and
bridgehead or pyridine oitropens give theee orieniaiion patlerms; Nibe H-O- H -
Nibrh Ntbrk 30O H- Nipyt and MNipvi- 11-0 H-Nipy) Hereo N shows
bridgehead nitrogen, and Nipyy shows pyridine mitrogen {Scheme 18

Other neetrai chemicad speci - sl i size (o witer mokeciless sech as N
BH,. metal (04, Ne or Ar can be considered an possible geests, However, NG 26
and BH, <26 conld not be abtair o ollowing o procedue siotdar 1o that ol [1,0¢ 6.
In the previous experinents. NHJ < 60H 7 did ot give Ny o6 and a reaction
between H™ =6 Br and BH did oot give BH, eof The inertness of e ciion
vomplexes inhibiied ibe reactions. This, in oeder 1o prepare the inclusion compleses
of frost and neutral chemical specics. reaetions belween guest-free 6 aord et

S NS SN,
R / H e LN If’ H M. Q\J/,N /"I N\/)
(Y \LJ‘ N ? \<; { {\':L,“ ‘o S (’ \{‘LN b )
N, (7’ u N }\'\ = H N N\ T He .h{
S\\T&lcr-’/) ~ \['/N::/’/&) ht \"“L-wrl\lr_-r"/ }
N LB N’f”l o \;J N i N N N-,’m
K/R\\ Newo "*»\--"i“n..--de.--"li./ M\_HNE, PNy

Selicme W [ Ivdeosen bonding palteraas of i water moleeuds e ooy of 6,
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chemice] species should De carrie] oad, Severd e pis (o propare thes msslerials
are Lemg madet,

200 Ntruenwe of ataeatix fo far-nes

The campound 16 showed pH-dependent stiong hosding propeitios towarnds
L i the prosence of Laege assounts of MaCh 10a] T aznealisarones hove
strong mlramodecuiny © - deogen bomds between phenolic ivdrosy! sroups and aitro-
pens. The resplix of “H O NMR tad TR et showed G the intramaotecnber
hvdrogen bouds of the azscalninfarenes (60 18 28 are soonuer than those of
oxacaiarcues or cabixFejarencs, The "H NAIR spectra shoved abnocmally down-
fheldeshifled OF signals. A1 room teperatere. the signad of 18 appeared at 1o ppim
i TDCL AL -8 CLdhie sigral split sato sis singiets, wlich appeay wn tha range of
95 17 ppm in CDLCL. The IR speotra alse show the existence of strong Tivdropen
bouds. The wmpuuud B8 hus o gl cone conformation and ihe free energy of
llipping of tive aromatic rings s larger taan tha? of poers-buivieabix{ 4 Tarene Fdhe].
This rigicdity aiso origioated from the strong itrameicenlar hydrogen bonds. Table |
supiterizes the results of "TH NMR and IR spectral featunes of OH groups of
calixtn farenes, oxacalix [ntarenes and azacadix [nfarencs,

A Conclasivas

Developmenis of methods 1o synthesize the azamaevoeycles deseribed above allow
the properation of vivious types of o gew chiss ol Rost modecubes sucky as the case
comrpobnds X & and their bod somers B Hh wracaiicDrascees 16, 18 and 36 and
etrsaza | 3 evelophumes ’4 and 3,

By the comvergence of pyricie Jone pains in the caviy of apprepeiate Jigand

Table i
Lres e

O H

i ol oL ring s, chemicsl shifes ol phenolic OB meeaps sl e eguenies of

T Pfvenssd Choil ondd 'y Hoy” :pmn, b
Calisd 4 [urene P2 0ECE bk iy
b sacidin | 4 arens LR B it ? R3IEN;
Terithomoelas ol 3 4 VST un 337
ilonishormeriasatealin] 3 Jarone 6 . (I e
Prioseitesicehf £ eene 18 SR TEINESE R b FlLo DREY

i'-’h' v lesbe !
Fetnehanpadiacaling 3 jarene Z0 [EE A AN N

SO B deE B Tow L sl

Ul puepara i of dtefree B amwd b owere pesbaiiicd Dy oahe dewtog of Co ' -5 or Ap < 6 and
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structures. stiile and ghly selective reeeptor maelecuies were realized. An nnsain-
ratd nitrogen wton is a tetzer donor than an oxygen atom because it has greater
dipole moment than that of the fatter. The convergence of lone pais o the cavity
plavs an essential role in the strong aflinity for the guest species. An inerese of the
number of lone pairs also enhances the complexation ability, The rigid and highly
synumetrice. struciure is suitable for the mektsion of sphencal puests. The compounds
5 and 6 showed sirong chsion ability for aikali metad cations. Tn addivon 1o the
atkali meiai won ailinitics, the cavitdes of 5 and 6 are strooply baste: o proton in their
covity could not be jenoved by strong bases, The cavon offinity depends om the
wasicity aod dipole mement of the donor sire. I the case of the compound 44-Odde.
and 4-Cl the offiniy can be voguloed by changing the clectron densiy of (e
pyridine long pairs by abtaching electron-withdrawing o -donating sub.utuents on
the pyridine rings. Shickding the covity with avenatic sings lends 1o strongly stabilized
ion pairs, ic. H® < &OH ™, The host molecules discussed above can interact with a
newiral guest (water} threugh hvdrogen bonds and also wiik asions in the proton-
ated furm.

The 'H NMR and [R spectral data showed that tie szacalixfx]arencs 16, 18 and
26 have more rigid structure than (he covresponding oxacalix]alarencs and ¢alix-
{rlavenes becawse of the sirong (ntramolecular bydrogen bonds between phenolic
bydroxyi zroups and mitrogen lone pairs,
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Abbreviations
[3"ICP [313. - Ievelophune
L3, Jce mukii-bridged { 3.3 Jeyclophone

< {inclusion symboll  puest = host means “guest species included i huat cavity”
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