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tetraaza| 3*Jeyclophanes 24 and 31, are summarized. The new :iass of macrocycles 3-6 were
designed and synthesized by one-step coupling reactions. In the compounds, pyridine or
benzene units are connected by four bridgehead nitrogens, and both pyridine and bridgehead
nitrogen lone pairs are directed into the cavity. The bridgehead nitrogen inversion is inhibited
by the rigid structure. Because of the preorganized structure of 5 and 6 with four and six
pyridine donors, respectively, they strongly bind alkali metal and ammonium ions, as exempli-
fied by the fact that they are obtained as the K * complexes in the coupling reactions. The
compound 5 showed Rb™ selectivity among alkali metal ions, and the structure of its K*
complex was confirmed by X-.ay structural analysis. The hosts 5 and 6 also form very stable
proton cryptates (H* =50H "~ or H* «6-OH ™). They are relatively stable, but very slowiy
changed into water cryptates (H,O0 <5 or H,O<8). The cation affinity of the host can be
sontrolled by attaching electron-donating or -withdrawing substituents on the pyridine rings.
A Cl™ ion formed the complex with & in acidic solution. but Br™, I and other anions larger
than Cl™ could not be encapsulated by 6. The azacalixarenes, a new family of calix[n]arenes,
have more rigid structure than the corresponding oxacalix{njarenes and calix[n]arenes
because of the strong 1i.tramolecular hydrogen bonds between phenolic hydroxyl groups and
nitrogen lone pairs.

Keywords: Cage compound; Inclusion phenomena: Macrocycle; Nitrogen bridge

1. Introduction

Recent advances in host-guest chemistry demand more and more sophisticated
artificial host molecules. In order to realize such molecules, the availability of the
appropriate synthetic methods of the host themselves or their intermediates is of
primary importance {1,2]. We briefly describe the simple and widely applicable
coupling methods specifically for nitrogen-bridged macrocycles.

By using one of these coupling methods, we designed and synthesized a new class
of highly symmetrical cage compounds 3-6, where the parent compound 3 is called
“hexameiaxylylenetetramine” since the six methylenes of hexamethylenetetramine
(urotropin) are replaced by the metaxylylene moiety. The macrocycles 4-6 are the
pyridine analogs of 3 [3-67 (Scherne 1). They are highly symmetrical ligands which
have a rigid and preorganized structure adequate for the inclusion of spherical
cations. The preorganized structures of the hosts and the geometry of the donor
sites are important for the host’s complexation ubility and “or the recognition of the
guesis. Highly symmetrical spatial arrangements of the binding sites and the converg-
ing of aipoles increase the affinity 1o spherical guest species.

The aitrogen atom is chosen as the joint and donor atom because (i) a nitrogen
atom has a large dipole moment and binds a wide variety of guest species by dipole
inieractions and hydrogen bonds, and (ii) anion inclusions are expected by proton-
ation or quaternarization of nitrogens. The hosts § and 6 generate kineticaily and
thermodynamically stable inclusion complexes owing to the effective separation of
an ien pair when an ion is included in the cavity, since the hydrophilic cavity is
deeply hidden by the hydrophobic aromatic rings and thus unaffected by the owmer
environments. We also briefly introduce the synthests and properties of azacalix [ jar-
enes 16, 18 and 20, aza analogs of calix[narenes.
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Scheme {. Synthetic scheme of hexametaxylylenetetramine 3 and its pyridine analogs 4-6.

2. Results and discussion
2.1. Synthesis

In this section, we summarize the synthetic methods for nitrogen-bridged macro-
cycles such as the hosts 3-6 and their bond isomers 8, 10, azacalix[n]arenes 16, 18
and 26, and tetraaza[ 3% Jeyclophanes 24 and its related compounds 31, 33 and 34.

2.1.1. Synthesis of a new class of highly symmetrical cage compounds

The host 3 was readily synthesized by the coupling between bromide I and
{,3-bis(aminomethyl}benzene 2 (Scheme ). A similar reaction between 2,6-bis-
(bromomethyjpyridine and 2,6-bis(aminomethyl)pyridine hydrochloride under
phase transfer conditions (PTC) affordzd K™ < 6. The analogs 4 and 5 were prepared
in a similar fashion. Althonch Jie yiclds wete low, the one-step procedure is an
attractive way to syathesize such highly symmetrical macrocycles. In this series of
macrocycles, the compeunds with more than four pyridine rings were obiained as
their alkali metal complexes. The source of the alkali metal jon is the base (KOH)
used in the reaction. The template effects were not observed; repiacement of the base
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by NaOH gave sumilar coupling yields. Even in the absence of the base. 8 was
obigined as HY = 8X~

Their bond isomer 8 was prepared by the coupling of 2.11-diaza{ 3.3 ]metacyclo-
sbane 7 with the bromide 1 to afford dimeric 8 and irimeric products 9 [3,4,6].
ryridine analogs 10 and 11 were also prepared in a similar fashion (Scheme 2) [4,7].
Interactions with different kinds of guest melecules for 16 are expected, since its
geometry and binding sites are guite hfferent from those of 6 [4b]. This method
was successfully applied to the synthesis of “cubic cyclophane” 14 (Scheme 3) [8.9].
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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]arenes 16, 18 and 20 (Scheme 4). Removal
of water as the toluene azeotrope from the reaction mixture of 4-methyl-
2,6-bis{hydroxymethyl}phenol 15 and benzylamine in toluene afforded hexahomotii-
azacalix[ 3 Jarene 16 exclusively [ 107]. The dihomoazacalix[4]arene 18 and tetraho-
modiazacalix[4 Jarene 20 were obtained in a similar way. The selective formation
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of calix{ 3Jarene derivative 16 can be explained by the template effect by the hyuromn
bonds hetween phenols and benzylamine in nonpolar solvents, This one-pei vys
tion method facilitates introductios of varions functionalized side-urms such as
picolyl or chiral methylbenzyl groups into the azoculixarence structures without using
N- or O-protecting groups. Introduction of a picolyl side-arm into the [3.3.3]
sirncture greatly enhances the affinity to an alkali metal ion compared 1o 16, but
the selectivity decreased remarkably. The picolyl side-arm acts as a good doner, but
the flexibility of the molecule reduces the sclectivity [ 10c]. Interestingly. 1 can
be prepared from calix[4jarene by a reaction with benzylamine, puraiorm-
aldutyde, and cataivtic amounts of KOH (8%} (Scheme 43

2.0.3. Svuthesis of tetraaza[ 3 Jevelophanes and their reluted contpounds

Another interesting host molecuie {for reviews. see Ref. [ 117} s tetraaza[ 3* Jeyclo-
phanes. in which NN N"N"-tetramethyl-2.11,20.29-tetraaza{ 3.3.3.3 }paracyclo-
phane 24 {12,157 and its water-soluble derivatives [ 13} (for reviews, sce Refl [14])
have been one of the most extensively studied artificial host molecules. The host 24
forms 1:1 “intracavity inclusion complexes™ with small organic molecules such as
dioxane [12¢,15], CHCL; or CH,CL, [ 13e] in the crystalline state. We briefly review
the coupling methods for the synthes.s of [ 3njazacyclophanes (n=2, 4),

In the first synthesis of 24, the cyclic amide formation method was used as the
coupling reaction [12e,13d]. As alternative synthetic methads, we developed the p-
toluenesulfonamide { 16], trifluoioacetamide [ 17] and cyanamide methous [ 187, p-
Toluenesulfonamide is one of the most widely used nitrogen sources for the synthesis
of azamacrccycles. One- and two-step coupling procedures were developed for the
synthesis of 24 (Scheme 5). The former is rather suitable for preparing N-tosyl[32]-
and [ 3 Jazacyclophanes 22a and 22b [ 16.197. whercas two-step coupling procedures
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Sch.ne 5. Synthesis of { Ts),N,[ 3"Tazacycloplines by one-step and two-step p-toluengsulfoanide method.
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involvung the reaction of once-formed p-toluencsulfonamide adduct 285 with the
corresponding bromide 13 s suited for the selective synthesis of 24 [20.2!1, since
the vield of 24 becomes higher than that in the one-siep procedure and the trouble-
some separation of the trimer and tetvamer can be avoided (Scheme 53 PT conditions
are more promising and give better yields of { 37 Jeyclophanes as compared with the
single-solvent systems [227

The triffuoroacetamide method offers a more facile and practical synthetic method
for 24 and its meta analog 31, and allows their preparation in gram guantitics in a
single experiment {Scheme 6) [ 17.23 1. This method alse has the advaniage that the
trifluoroacetyl groups are readily removed by NaBH, [247 or aulkaline hvdrolysis
[257 after the coupling.

We have found that the dialkylation reaction of commercially available cyana-
mide with the corresponding bis{bromomethyl) compound in the presence of an
alkalt under PTC [26] afforded various N-cvano[3"Jcyclophanes [18]. A. a
typical example, the coupling of bromide 32 [ 271 with cyanamide affo ded tetra-
bridged cyclophiane 33 (Scheme 7). This method is also applicable to the synthesis
of tetraaza[ 3*]paracyclophane with two different N-protecting groups 34 This
method is suitable for the synthesis of acid-sensitive and ster
azacyclophanes.
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Scheme 7. Synthesis of diaza | 3 Jeydophane 33 and (1), (CN 1N 3 I paraeyelophane 34 by the eyana-
mide method.

2.2 Structures

The highly symmerrical siructure (Td symmetry) of 3 was confirmed by X-ray
crystailographic analysis. It has tetrahedrally arranged bridgchead nitrogen atoms,
which retain the rigid structure. The lone paiys of bridgehead nitrogens and benzene
inner protous are oriented toward the center of the cavity. Thus in the case of 4. 8
and &, the pyridine Jone pairs can be directed ioward their cavities, as shown by the
crystallographic analysis of K <5ClOJ (Fig. 1}, The attempted N-methylation and
protonation experiments showed that the inversion of the four bridgehead nitrogens
of 3 from inside to outside is inhibited [5.6].

Although the structure of 3 is adequate as a eryptand, the cavity is filied with six
aromatic inner protons. The diameter of the cavity of 3 (1.8 A estimated by the CPK

Fig. 1. X-ray structure of K < 5CI0; -CHCL, chloroform melecule is omitted. & shows K " ion.
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mods! and X-ray crystaliography Jata) is too small to include chemical species such
as alkali metal ions. Substituiion of the benzene rings by pyridine rings enlarges the
cavity size up to 3.8 A for 6, miaking 1t large enough o encapsulate several chemical
species. Furthermore, the pyridine ring iself acts as & good denor unit, and the
converging of the pyridine lore pairs in the cavity enhances the guest’s binding
ability, Bell and coworkers pointed out that unsaturated nitrogen has a greater
dipole moment (1.53 D, CH, -N==CH,) than that of an cther oxygen (1.30 D,
Et-O--Et) or a saturated nitrogen (0.61 D, MeyN). They showed that the macrocycles
“torands”, which contain unsaturated nitrogens, have strong affinity to alkali or
alkaline earth metal ions [ 28]. Other macrocyclic compounds constructed oy bipyri-
dyl or bisphenanthroline rings show strong cation affinity [ 29.30]. The compounds
5 and 6 have four or six unsaturated nitrogen atoms, respectively, and cach has four
saturated bridgehead nitrogen atoms. Thus, their cavities are filled with 16 or 20
clectrons, respectively. Actually, 8 and 6 mteract stiengly with alkaline metai cations,
and espectally with a proton.

Another structural feature of this series of compounds is the twisting motion of
the methylene groups around the bridgehead mitrogens between enantiomeric struc-
tures as shown in Scheme 8, whese energy barrier {AGY) and rate constant were
estimated to be 13.0 kcal mol ™7 and 668 s~ at 269 K for 3. The existence of the
enantiomeric pair was confirmed by 'H NMR spectra at low temperatures; the
addition of Pirkle's reagent, {S)-(+)-2.2.2-trifluoro-1-{9-anthryl)ethanol into a solu-
tion of 3 at —50°C results in the sphitting of the AB pattern of the methylene signal.
This shows that the twisting motion is frozen at low temperatures. Similar rotations
around the molecular axes have been described in some cage-type compounds
{30311

2.3, Properties of a new class of highly symmetrical cage compounds us aming beases

The compound 3 shows different protonation behavior in protic or aprotic solvents;
protonation with CF,COOH in CDCI, gives 34H" . b the addition of MeOH
{very weak base} to the solution immediately regenerates 3. whereas protonation in
aqueous solution gives different types of ammonium sait. The ammonium salt,
34HCL was gradually converted into 33HCT in MeCH or in DMSO solutioa. but
further deprotonation canuot be observed. The addition of (ricthylamine into the
solution of 33HCT does not affect further deprotonation. The bulkiness of the base
hinders the removal of the protons from the cavity (Scheme 9). In addition to the

H
AP rh ol
i
A s
r/ N\\/ Ar e L NN
Ar |

Scheme 8. Twisting motion around bridgehcad nitrogen.
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Scheme . Protonation behavior of 3 in aprotic and protic sofvents,

deprotonation properiies, the two ammonium salts showed different 'H NMR
spectra. Consequently, protonation takes plice on the outside of the molecule inan
aprotic solvent, whercas protons of 34HCY are placed inside the cavity and easily
release one proton by electric repulsion in MeCH or in DMSO. The pKa values of
the conjugate acid, 34HCL are pK | =34, pK,=49, pR;=04, and pK,=81 in
MeOH /water (80w1%,20wt%). The pKa value of the reference compound, tribenzy-
lamine bydrochloride, wis estimated to be 5.64 in the sume mediun. The convergence
of the nitrogen tone pairs enhanced the busicity of 3 by 2.5 pKa units (pK,=81)
compared to tribenzylamine [5,6].

On the other hand, 8 or 6 with more than eighl nitrogen atoms show strong
affinity toward a proton. As described below, the proten eryptates H' <8 and
H " <6 are exceptionaliy stable toward bases, and direct deprotonation could not
be achicved in the presence of a large excess of tetraalkylammonium hydroxide or
DBU. Anion excitaage resin (OH™ {orm) weatiments of these proton eryplates.
H 85X or HY c6X (X =NO;. Br ) do not give proton-free § or 6, bul
generate 1Y < 830H  or H' <6 OH {532} Interestingly, the ammonium proton
could not be detected by "H NMR spectra even al low temperatures (about — 90 €
dowg to 20 ppm, probably owing to the complete broadening of the signal caused
by the rapid exchange of the proton among lone pairs.
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2o The hosts as cation receptors: stabilicy of the complex and corion selectivity of the
hosts

The alkali metal pierate extraction experiments showed that 3 has no complexation
ability but 4 has weak aflinity toward the cations: the substitution of two hensenc
rings of 3 into two pyridine rings increased the complexation ability of the host. The
study of the selectivity of alkali metalions in 4 by liquid liquid extraction experiments
showed an aflinity toward Rb' . Further substitution of 13 e benvene rings with the
pyridine rings of the system greatly enhanced the cation aflinity. The association
constant of § with the K7 ion in DMSO-d,, was estimated 1o be log K 2401
by competition experiments between 18-crown-6 and K~ <& [5] The sabiity is
100 times greater than that of 18-crown-6. The crvstal siructure of K7 < 5C10, s
almost the samie as that of 3, where the K* jon is located at the center of the vavity,
and bridgehead and pyridine nitrogens are directed to the K7 fon (Fig. 1) [6].

The compounds 5 and 6 are ideal ligauds for spherical cations, and especially for
ammonium ion, because preorganized teirahedral or octahedral coordination sites
are present. By the compuutive reaction between the polassium complex, K ' <8
and NH; in DMSO, the association constant of NH,;" <8 was estimated to be log
Ka=63-+0.1. In contrast to the spherical NH . the primary alky! ammonium sait
RNH; did vot form complexes with 5 and 6. Attempted complexation reactions
between K* <& and butylamine hydrochloride or H™ <8 and butvlamine were
unsuceessful. Steric hindrance and lack of guest symmetry greatly hindered the
complexation.

The stability and selectivity of 5 toward alkall metal ions were cs‘timnicd by
cun‘npeli!ivc reactions between K ' <8 and alkali metal picrates in DMSO-d,. The
ratios of M & 5/K " 8 in the solution is estivuated by the TH NMR micgral ratio
of the inner benzene proton signals of M7™ <& and K" o8 since they appear al
different positions, The exchange rate between the two kinds of atkali metal ons.
one inside the caviiy and the other 1 the selution, s very stow. More than three
days were necessary Lo achieve the equilibria (K" < 8+M'2M" e84+ K 1t 25°C
after mixing the substrates.

Fig. 2 shows the plots of log Ka v, the fonic radii of M* (including MH; ) The
compound 5 has a Rb " sclectivity similar to 4, although the stability of the complex
is much higher than that of 4. Lehn's eryptand also has Rb™ selectivity because of
ils similar cavity size (3.6 A in diameter) [ 337, In the CHCL, solution, the association
constant of K™ «§ is expecied to be much greater than that in DMSO. By
competitive reaction between K* <58 and [ 2.2.27 cryptand in D,O-saturated CDCYL
was monitored by '"H NMR spectra [ 34]. Also in this case, the reaction betwoeen
them was very stow and three months were necessary (o achieve the cquilibrivm:
K' a4 222 eryptandsz K " <[22 27orypland + 5. As a results an association
constant of the reaction, 5+ K 7 =K ™ of in ,0-saturaied CDCH was estimated
1o be fop K, =151

In erder to remuve the K7 lon from K <& 2 solution of the complex in
water/MeOH (1/1} (by volume} was heated in a sezled whe at 150°C for / days
{357, 1n spite of the severe conditions, the starting material was recovered and metal-
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free figana was not detected. The K ' jons in the complexes, K ' <8 or K¥ <6, can
be removed by dissolving the metal compivxes in strong acids like ag. HCL
CF,COO0H or dill H,S80,. Treatment of the resuliant ammonium salts with
RANFOH™ gave mono-protomited materials, H <8 or H' 6.

2.5, Molecular movemoent of the cation complexes

The inner benzene protons of & are good probes of informution about the cavity.
Fig. 3 shows the relationship between the sizes of the guest metal cations and the
H NMR shifis of the inner aromatic protons, also the coalescence temperatures
(T,) of the methylene signal of M* <8 8r . The chemical shifts of the inaer aromatic
protons of M " <5 depend on the size of M7 LA larger guest M7 makes the molecular
movements of the complex slower (Fig 4). However, interestingly . the Li7 complex
has a higher coalescence temperature than expected. but the reason is unclear so far
{1:1 complexation was confirmed tn all cases).

On ihe other hand, the chromatographic properiies (Ry values) of the metal
complexes, M* < 5Br (Li* Cs*) de not depend on the cation size. Cram and
coworkers reported differences in the Ep values of the carceplexes series and they
suggested some interactions between the guests tn the cavity and the outer phase of
the carceplexes {3671 In the case of M <8, the metal cations i the cavity do not
iteract witl the outer environment. Although there are shight differences of molecular
structures and the masses of the complexes, these are not the main factors accountirg
for the differences in cinomatographic properties. This phenomenon can be explained
by the total induced dipoles: since the guest cailons are located at the center of the
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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 Rb™ extraction :bilities of 44-OMe and 4-Cl were proportional to the pKa
values and dipole mowments of their donor wiuts, as L\pc,‘cd

A nitrogen donor ¢oa be changed into an anion receplor by pretonation. In acid
solutions. the posmitively charged cavity of &nH' can incorporate anions.
Thermodynamic swudies on C17 complexation of & 62D ” in CF,CO0D/D,0 (1/1)
by volume) solution gave the jullowing parameters: log K, =092 L mol ', AH =
—4.7 keal mol™', AS=—116 cal mol ' K ' The exchange rate. k. was also
estimated by 'H NR spectra 1o be 150 s ' {298 Ky A detailed study on F7
inclusion has ne! “oen done because the 'H NMR signals of 60D " and ¥ <6ab’
were not distinguishe ble from each other, Antons L arger than 1 cannot be incorpo-
rated in the cavit {respective diameters: O 3.6 A Br. 394 1. 44 A) because
the cavity size of & is 3.8 A in diameter. This remarkable sc!cumﬂy can be ascribed
10 the rigid structure of 6 £5.6].

The structure of H" <30H or H' <6-0OH  may be considered as follows, One
of the protons of the water molecule is separated from its OH  ion by the host
molecules. These complexes were stable in solid states, and the OH™ ion did not
remove the proton in the cavity. The thick aromatic walls of these cage compounds
generated kwnetically inert, thermodynamically stable complexes. However, when
H* <80H" or H" <6 OH ™ were left to stand for hall a year in solid lorm, some
parts of these materials changed to water cryptates, H;O <5 or H,0 < 6: the proton
attracted OH ™ ions into the cavity, and water crvpiates were formed. Three orienta-
tions of the water molecule in the cavity were proven by 'H NMR specira at low
temperaturcs. The combinations of hydrogen bonds between water protons and
bridgehead or pyriding nitrogens give three orientation patterns; N{br}--H-O-H-
N(br}, N(br)—-H--O-H---N{py} and N{pyr—H-0O-H-—-N{py}. Here, N{br} shows
bridgehead niteogen, and N{py) <hows pyridine nitrogen {Scheme 10),

Other neutral chemical specics similar in size (o water motecules, such as NH,
BH;, metal (0}, Ne or Ar can he considered as possible puests. However, NH; <6
and BH, =6 could not be obtaiv-. following & procedure similar 16 that of H,0 <6
In the previous experiments. NH < 6-OH ™ did not give NH, <8, and & reaction
between H™ «&Br ™ and BH; did not give BH, < 6. The inertness of the cation
complexes inhibited the reactions. Thus, in order 10 prepare the inclusion complexes
of host and neutral chemical specics, reactions between guest-free 6 and neutral

L\ =N Ei N P
T
= 1
G N O
N Ly TR
N, s
k \\(N,

Scheme 10, Hydrogen bondiog patterns of a water molecule in the caviy of 6.
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chemicnl species should be carried out. Several attempts (o prepare these materials
are being made'.

2.7, Structure of azacalixn Jarones

The compound 16 showed pH-dependent. strong Linding properties towards
VO3 in the presence of large amounts of NaCl [ 10a]. The azacalixarenes have
strong intramolecular = drogen bonds between phenolic hydroxy! groups and nitro-
gens, The results of *H NMR and IR specira showed that the intramolecniar
hivdrogen bonds of the azacalix[n]arenes 16, 18. 20 are stronger than those of
oxacalixarenes or calix[narenes. The "H NMR spectra showed abnormally down-
field-shifted OH signals. Al room temperature, the signal of 18 appeared at 11.6 ppm
in CDCL. AL —897C, the signal split into six singlets, which appear in the range of
9.8-17.1 ppm in CD,CL,. The IR spectra also show the existence of strong hydrogen
bonds. The compound I8 has a rigid conc conformation and the free energy of
flipping of the aromatic rings is larger than that of p-rert-butylcalix[ 4 Jarere [ 10bc].
This rigidity also originated from the strong intramolecular hydrogen bonds. Table |
summarizes the results of '"H NMR and IR spectral features of OH groups of
catix[wnjarenes, oxacalix{nlarenes and azacalix{#}arencs.

3. Conclusions

Developments of methods to synthesize the azamacrocycles deseribed above allow
the preparation of various types of @ new class of host molecules such as the cage
compounds 3-6 und their bond isomers 8, 10, uracalix{n]arenes {6, 18 and 20, and
tetraaza[ 3% leyelophanes 24 and 31

By the convergence of pyridine lone pairs in the cavity of apprepriate ligand

Table |
Free energies of aromativ ring inversion, chemical shifis of phenolic O groups and theh Ueguencies of
QO H siretching mode in ! :

167 {solvents) (keal mol 1y oy (pDNY von© ivnt ')
Calix[ 4 jarene 157 ChCly) 16,2 3160
Dihomosxacalin] 4 ]arene LLOCDCT) 90,97 RELH
Tetrahomuodiosacalix] 4 Javene HYCDCL) 9.0
Hexuhometriazacalix| 3jarene 16 1.2
Dibomoeazacalis [4]wene 18 FE9 {DMSO-d,) (R

178 txviene-d, b
Tetrabiomodiazacalin] 4 firene 20 44 1O 10,7 300

TR KB disk. Too fow 1o measure.
' The preparation of guest-free 8 and & were performed by the reactions of Cu' <=5 or Ag” <6 and
tetraalk viammonium syvanides.
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structures. stable and highly selective receptor molecules were realized. An unsatu-
rated nitrogen atom is a tetrer donor than an oxygen atom because it has greater
dipole moment than that of the latter. The convergence of lone pairs into the cavity
plays an essential role in the strong affinity for the guest species. An increase of the
number of lone pairs also enhances the complexation ability. The rigid and highly

%ymmeiric:e: structure is suitable for the inclusion of spherical guests. The compounds

5 and 6 showed strong inclusion ability for aikali metal cations. In addition to the
alkali meia! ion affinitics, the cavities of 8 and 6 are strongly basic: 4 proton in their
cavity could not be reioved by sirong bases. The cation affinity depends on the
basicity and dipole moment of the donor site. In the case of the compound 4.4-OMe,
and 4-Cl, the affinity can be regulated by changing th. electron density of the
pyridine lone pairs by attaching clectron-withdrawing or ~donating sub:usituents on
the pyridine rings. Shielding the cavity with aromatic rings leads to strongly stabilized
ion pairs, Le. H* «&OH ™. The host molecules discussed above can interact with a
neutral guest {waterj threugh hydrogen bonds and also with anions in the proton-
ated form.

The 'H NMR and IR spectral data showed that the azacalix[n]arenes 16, I8 and
20 have more rigid structure than the corresponding oxacalix[njarencs and calix-
{n]arenes because of the strong intramolecular hydrogen bonds between phenolic
hydroxyi groups and nitrogen lone pairs.
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< (inclusion symbol) guest < host means “gucst species included in host cavity”

References

} HoAn 1S Bradshaw and RM. fvatt, Chem. Rev., 92 (1992) 543

1 M. Pictraszkiewicz, 1. Coord. Chem., 27 {1992} 151,

1 H. Takemura, T. Shinmyozu and T. Inazu, Tetrahedron Lett. 29 (198%) 1789,

1 (a) H. Takemura, T. Hirakawa, T. Shinmyozu and T. Inazu, Tetrahedron Lett, 25 (1984) 5053 {v}
H. Takemura, 8, Osada, T. Shinmyozu and T. Inazu. J. Chem. Soc. Perkin Trans. 1, (1996) 277.

it
{2
[3
(4



H. Tafemura et al “Coordination Chemisiry Reviews 156 ¢ [9961 143 200 199

[5] H. Takemura. T. Shinmyozu and T. fnasu. J. Am. Chem. Soc.. 113 (1991) 1323,

[01 H. Takemura, Ph.D. Dissectation, Kyushu University, 1992,

[7] B. Alpha. E. Anklam. R. Deschenaux, 1-M. Lehn and M. Pletraskiewicz, Helv. Chim. Acta, 71
(1988) 042,

{21 H. Tzikunum T. Shinmyozu and T. 'nd.»'U. 2 Chem. Res (5 (1993) 424,

{97 {a) Y. Murakami, J. Kikuchi, T. Ohne, T. Hirayama, ¥, Hisacda and H. Nishimura, Chem. Lett,
(it)‘)lt 1657: (b Y. Murakami, J. Kikuchi, T. Ohno, T fhirayama. Y. Hisaeda, H. Nishimura. LP.
Snyder and K. Steliow. 1 Am. Chein. Soc., 112 {19013 K220: (L! Y. Murakw, J Kikuehi, T. Ohno
and T, Hirayama, Chent. Lett, (1989 851,

{107 {a) H. Takemura, K. Yoshimura, LU. Khan, T. Shkinmyozu and T, Inazu, Tetrahedron Lett, 23
(1992} 5775, (b} LU, Khan, H. Takemura, M. Suenaga. . Shinmyory and T. Inazu, J. Org. Chem.,

58 (1993) 3158; (¢) H. Takemura, T. Sliinmyezu, H. Mivra, LU, Khan and T, Inazu. ¥ Inclusion

Phenom,, 19 (1994) i93

For reviews, sce: ta) M. Hiracka, H. Yanugide, M. Ohara and K. Koga Hose Juest Chemistry,

Kodan-sha, Tokyo, 1984, p. 121: (b) F. Vogtic, H. Sieger and WM. Miilr. in F. Vogtle (Td.). Host

Guest Compsex Chemistry 1, Springer-Verlag. Berhin, 1981, p. 1'%‘5 ey B We hn and F. Yogile. in

F. Vogtle {Ed), Host Guest Complm Chemistry 1. Spring + . owerling 1481, p 3 (dy PG

Potvin and J-M. Lehn, in RM. fzati and JJ. Christensen {Eds). Synthesis of Macrocycles,

Progress in Macroeyelic Chemistry, \’oi 3, Wiley. New York, 1987 p. 167,

a) T. Inazu and T. Yoshino, Bull. Chem. Soc. Jpa., 40 (1967) 2213; (b} 1. Tnazu and . Yoshino,

Bull. Chem. Soc. Jpn., 41 (1968) 647 (¢} T. Inazu and T. Yoshino. Bull. Chem. Soc. Ipo.. 41 (1968)

652 (dy T. Kawato, T. Inazu ami T. Yoshino, Bull. Chem. Soc. Jpn., 44 (1971) 200; (e) Y.
Urushigawa, T. Inazu and T. Yoshine, Bull. Chem. Soc. Jpn., 44 (1971) 2546; (f) 3. Nishikido, T.
Inazu and T. Yoshino, 8l Chem. Soc. Jpn., 46 (1973) 263: (g) R. Nagano. §. Nishikido, T, Inazu
and T. Yoshino, Bull. “hem. Soc. Jin., 46 (1973} 653,

{a) L. Tabushi, Y Kurodd and Y. Kimura. Tetrahedron Let. (19763 3327 (b} §. Tabushi. ¥V, Kimura

and K. Yamamuora, I Am. Chem. Soc. 109 (1978) 1304: (¢} 1. Tabushi, ¥. Kimurs and K.

Yamamura, S Am. Chem. Soc., 103 (1981) 6486: (d) I Tabushi and K. Yamamura, in F. Vogtle

1Ed), Tomes i Current Chenustry 113, Cyclophane 1 Springer-Verlag, Berlin, 1983, p. 145 (e}

I Tabushi. K. Yamamura, 1. Nonoguehi, K. Hirotsu and T. Higwti, J Am. Chem. Soc. 106

(1984) 2621,

[14] For reviews. see: (a) Y. Murakomi, in F.L. Boschke (Fd), Topics in Cweent Chemistry 115,
Cyclophane I, Springer-Verlag. Berlin, 1983, p. 107 (b) K. Gdashima and K. Koga, in #.M. Keehn
and §.M. Rosenfeld teds.), Cyclophanes 1L Academic Press. Mew York, 1983, p. 629,

T15] 5.0 Abhow. AGM. Barrett, CRA. Godirey, S.B. Kalindjian, W.G. Simpson and DJ. Williams,
3 Clom, Soc. Chem. Commun, { 1982) 796,

[16] H. Takemura. M. Suenaga, ¥. Sakar, H. Kawachi. T. Shinmyozu. ¥. Miyahara and T. Inazu,
1. Inclusion Phenom., 2 (196d) 207,

171 T. Shinmyozu, N. Shibakawa, K. Sugimoto. H. Sakane, H. Takemura, K. Sako aud T. Inary,
Synthesis (1993) 1257.

[1&] G. Wen. M. Matsunaga, T. Matsunaga, H. Takemury and T. Shinumyozu, SYNLETT (1995) 947,

{197 (a; F. Bottino, M.ID. Grazia. P. Finoechiaro, F.R. Fronczek, A M- wo and 8 Pappalardo. 1 Org
Chem., 53 (1988) 3521 (b H.-B. Mckelburger. J. Grof, J. Schinmtas M. Nicger and F. Vagtle
Chem, Ber, 126 (1993} 1718

{201 T. Inaru et al, anpublished results.

[21] F. Vigtle and P. Neumann, Tetrabedron Lett, (19701 115,

227 5 Osada and T, inasu unpublished results,

{237 (@) M. Usar, T, Nishiwali. K. Anda and M. Hida, Nippon Kagaku Kaisid 119%8) 1052 (by M. Usug,
Y. Shindo. T. Nishiwaky, K. Anda and M. Hida, Chem. Let, (1990} 419,

Weygand and E. Frauendorfer. Chem. Ber., 103 (1970 2437,

. %h.\llcnberz and M. Calvin, 1. Am. Chem. Soc., 77 {1955) 2774,

Janczyk, Z. Ochal and M. Muakosza, Synthesis (19733 8
T. 8 inmyozu, & Kusumoto, S, Nogurs, H Kawase and

[t

[

,._
[
—

(i

—

-

S e
>.’n'=:

R i

~2

e
[ RN

inazu, Chem. Ber., 126 (1993} ISL’?.‘ )



200 H. Tukemra et ol ' Covrdinaiion Chemistry Reviews 136 1 1996) 183- 200

T287 (a) TW. Bell and A. Firestone, J. Am, Chom. Soc. 108 (1986) 8109; +b) T.W. Bell and F. Guzzo.
J. Ay Chem. Soc. 106 (1984) 6111

{297 (as F. Ebmeyer and F. Végin, Chern Ber, 122 (19%9) 1725, /b) F. Ebmeyer and F. Vogile, Angew.
Chem. Int. Ed. Engl. 28 (1989) 75,

{307 (ay A, Caron. . Guilhelm. C. Riche. C. rascard, 8. Alpha, J-M. et and 3.C. Rodrigues-Ubis.
Hetv. Chim, Acta. 68 (1985) 1577 (hy 1-M. Lehn and L-B. Regnoul de Vains, Helv. Chim. Acta,
731992y 1221

£31] (a1 E. Gral J-P, Kintzinger, L-M. Lehn and § LeMoigne, B Ame Chem, Soe, 104 (19821 16720 ()
3. Cheney. 1-P. Kintzinger and J-M. Leha, Nowv, . Chime, 2 (19783 41 L

[32] 1 Chenev and J-M. Lehn J. Chem. Soe. Chern. Commun, (1972} 487,

[337 tay E. Graf and J-M. Lehnl 20 Ame Chem. Soc, 97 (1975) 5022 ¢by E. Giral and J-M, Lehn, Helv,
Chim. Acta, 64 (19581 1040,

[34] ) TW. RBeil. P Cragg, MGB. Drow. A, Firestone, AD-L Kwok JLin. R Ludwig and AT,
Papoulis, Pure Appl Chem. 65 £1992) 301 (hy T.W. Bell, A, Firestone and R. Ludwig. I Chem.
Soc. Chem. Commun. (1989) 1902: (0 D), Cram and S.P. Ho, §. Am, Chem, 8o, 104 (1986) 2698,

£351 DJ Cram. T. Kaneda. R.C. Helgeson and G.M. Lein, J. Am. Chem. Soc., 101 {i079) 6752,

{367 (a) J.C. Sherman and DJ. Cramo 1o Am. Chem. Soc. FHE (19895 4527: (by 147, Sherman, CB.
Kanobler and D Cram L Am. Chem, Soc., 11341991) 2194,




