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terraaza~34]iyclophanrs 24 and 31, are summarized. The new i?SS of macroc)Cles 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 dirr&d into tfle cavity. The bridgehead nitrogen inversion is inhibited 
by the rigid structure. Because of the preorganized structure of 5 ar:d 6 with four and six 
pyridine donors. respectively, they strongly bind alkali metal and am~monium ions, as exempli- 
fied by the fact that they are oblained as the K i compfexes in the coupling reactions. The 
compound 5 showed Rb’ selectivity among alkali meta! ions, and the structure of its K ’ 
complex was confirmed by X.,dy structural analysis. The hosts 5 and 6 also form very stable 
proton cryptates (H + c 5OH -- or H ’ c6.OH ). They are relatively stable, but very S!~VI~J 
changed into water cryptales (H10c5 or H,Oc6). The cation affinity of the host can be 
controlled by attaching electron-donating or -uithdrauicg substitnzntu nn the pyridine rings. 
A IT mn formed the carr~ylcx with 6 in acidic soiution. bui Br- , I and other anions larger 
than Cl- could not be encapsulatrd by 6. The ?I-lcalixarenes. a new family of calix[ilJarenes. 
have more rigid structure thpn the corresponaing oxacalixjrrlarenes and calix[n]arznes 
becazise of the strong I: t;anio!ecu!ar hydrogen bonds between phenolic hydroxyl groups and 
nitrogen lone pairs. 

Ke~wr?ls: Cage cornpour& ’ O,nclusion phenomena: Macrocycle: Nitrogen bridge 

1. lrrtrodKKcPion 

Recent advances in host-guest chemistry demand more and more sophisticated 
artificial host molecuies. In order to realize such molecules, thrt availability of the 
appropriale synthetic methods of the host themsel;e:: or their intermediates is of 
primary importance [ 1,2]. We briefly describe rhe simple and widely applicable 
coupling methods specifically for nitrogen-bridged macrocycles. 

By using one of these coupling methods, we designed and synthesized a nt:w class 
of bigI@ symmetrical cage compounds 3-6, where the parent compound 3 is calred 
“hexametaxyiylenetetramine” since the six methyltnes of hexamethy1enetetramir.e 
(urotropln) are replaced by the metaxyiyiene moiety. The macrocycles 4-6 are the 
pyridine analogs of 3 [j-6] (Scheme I). They are highly symmetricai ligands which 
have a rigid aild preorgcnized structure adequate for the inclusion of spherical 
cations. The preorganized structures of the hos;s and oh\; geonxtry of the donor 
sites .zre important !~br the host’s complexation ability and ‘or the recognition of tile 
guests. Highly symmetrical spatial arrangements ol’the binding sites and the converg- 
ing of cnipoles increase the affnity to spherical guest species. 



4; X=H, 6.3% 
4-Oble; X=OMe, 12.3 % 
i-a; X=CI, 7.1 % 

Scheme 1. Synlhetic scheme of henamctahylylenetetram;ne 3 and 1:s pymiine analogs n-6 

In this section, we summarize the synthetic mtthods for nitrogen-bridged macro- 
cycles such as the hosts 3-6 and their bond isomers 8, 10, azacalix[njarenes 16, 18 
and IX!. and teiraazal3’lcyclophailes 24 and its related compounds 31, 33 and 34. 

2.1.1. Synthrsis ($0 rw, “2 :‘inss oj‘iiighil~ s~rnnier!ii~n/ cngr cnt~l.pcrurlds 
The host 3 was readily synthesized by the couplin, c between bromide I and 

!.3-bis(aminomethyl)benzene 2 (Scheme I). k similar reaction between 2,6-bis- 
(bromomet!ly)pyridine and X.6”bis(a.minomethyI)pyridine hydrochloride unde! 
phase transfer’ conditions (FTC) afFoorci:d K * c 6. The analogs 4 and 5 WPZ prepared 
En a sindar bslrion. Altho~~!~ Ae yAds wete iuw, the one-step pmedwe is an 
attractive w,r:: to sy;<tbesix such highly symmetrical macrocycles. in this series of 
macrocycles, rhe compc,unds with mole than four pyridinr rings were obiained as 
their aikaii metal complexes. The !sotj:ce oi’ the alkah metA ion is thz base (KOH) 
used iG the reaction. The template eirects were not observed: repl:xxrnent of the base 



‘I‘hcir bond isomer 8 was prepared b,~ the corrp2ing of 2.1 I-diaza[i.3]metacyclo- 
TRaile ? with the bromide 1 to afibrd &meric 8 and trimeric products 9 [3,4,6]. 

t’yridine analogs 10 and Ih were also prepared in a simila; fashion (Scheme 2) [4,7]. 
Inkractions with different kinds of guest mclecules for 10 are expected, since its 
geometry and binding sites are av;:c Mcrenr from those of 6 [4b]. This method 
was successfully applied to the syntk~is of “cubic cyclophane” 14 (Scheme 3) E&9]. 

doxane 

10; 42% 



I%% developed’s simple cyclization method for the synthesis of new members of 
the cahx[rr]arene family, azacaiix[n]arenes $6. IS and 20 (Scheme 4). Removal 
of waier as the toluene azeotrope from the reaction mixture of 4-merhyl- 
2,&bis(hydroxymethyl)pheno! 15 and benzyia..,... mine in toluene &orded hexahcmotri- 
azacalix[3]arene I6 exclusively [lo). The dihomoazacdhx[4]arene IS and tetraho- 
modiazacalix[4]arene 20 were obtained in a similar way. The selective formation 
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modA iind X-ray CrystalilyqJhy ~A!ta) is too small to inclc& chemiciii species such 
as alkali metal ions. Subs! n:uiion of the benzene rings by pyridine rings eniarges ihe 
cavity size up to 3.8 A for 6, making it large enough to encapsulate several chemical 
specm. Furlhermore, the p)ridine ring i&f acts as a good donor unit, and the 
convergiq of the pyridine !:,r.e pairs in lhe cavity enixtnccs the guest’s binding 
ability. Bell and coworkers pointed out Ihat ttnsa~ur:ilcd nitrogen has a grcatct 
dipole moment (I.53 I). Cl-i,s N C1-1,) lhan that trf an citrer oxygen t l.jO 83. 

1% 0-  Et) or  :I saiuwlcti nitrogen ((1.61 1.3, Mc,,N ). They showed that the tnacrocycies 
‘Yolwlrls”, which con!ain unsaturated nitrogens, have strong affinity to aikaii ot 
alkaline earth metill ions [ZS 1. Other macrocyclic compounds construcled 0y bipyri- 
dyl or bisphenanthro6ue rings show strong cation a&n&y [29,30]. ‘T‘hr compotmds 
5 and 6 have four or  six unsaturated nitrogen atoms. respectively, and each has four 
saturated bridgehead nitrogen atoms. Thus, their cavities are lilfed with I6 or 20 
electrons. respectively. Actually, 5 and 6 tnteracl stt~trgiy with alkaline metni cations, 
and especially with a proton. 

Another slructural feaRtrc of Ihis series of c~olllpoullds is ihC twisling motion of 

the mothylene groups around the bridgehead nitrogens between enLtniiomeric strut- 
tures as shown in Scheme Y, whose energy barrier (AC’) and rate cons!ant were 
estimated to be 13.0 kcal mol -I and 668 s- ’ at 269 i( LN 3. The exis@zncc of the 

enaniiomeric pair was cunfirtncd by ‘l-1 NMR spectra at low temperatures; the 
addition of Pirkle’s reagent, (S)-(+)-2,2,?-trifluor~~~l-(Y-:ln!hrpi)ethai~ol into a soiu- 

tion of 3 at --- 50°C results in the splitting of the AR pa!tern of the melhylonc signal. 
This show:: that the twisting motion is frozen at low’ tctnperaiures, Similar rolaticnts 
around the molecular HXCS have hcen described in some cage-type componnds 
r30,31 1. 

The coinpound 3 shows ditfcrent protonation hcbavior in pi ,lic or aprotic solvenrs, 

protonation with CI-,COOM in CDCI, gives 34H ’ %!- the addition of MeOH 
(very weak base) to the solution: immediately regenerates 3. whereas protonation in 
aqueous solution gives difTereni types of ammonium sn!t. The ammonium salt, 
3~HCL was gradually converted into 3311c‘l in MeC?H or in DMSO so1utio.t. but 
fttrthcr dcproronntion canttol be ohscrved. The addition of ~riethylaminc into the 
solution of 33HCI dxs not a!Tec: further dzprorona~ion. The bulkiness of the bns-e 

hinders the removal of the protons fi-om the cavity (Scheme 9). In addition to the 
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structures. stable and highly selective receptor molecules were realized. An nnsa:li- 
ra:sd nitrogen atom is a tet?er donor than an oxygen atom hecause it has grcatcr 
dipole moment than that s-r!’ the iattcr. The conrcrgence of lone pairs into the cavity 
plays an essential role in the siron g :iliiIlity for Lhc pesl species. An increZl!ie of the 
number of he pairs also enhances lhc complex;ction ability. The rigid and highly 
synln7etric:;, struclure is suilable for tlrc inclciion of sphorrcal gucsb. ?‘lIe compounds 
5 and 6 showed strong inclusion ability for :likali met:\1 cations. En addition to the 
alkali metai ion ai!initics, the cavities of 5 and 6 are srrongly basic: a proton in thcil 
c*.:vity could not bc i-c:.. oved by strong hH3eS. The cation altinity depcncis on the 
basici:y and dipole momc:U of Ihe donor site. In the cast: &” the compound 4,4-0Me. 
illld 4-CI, iI?C il!SlIity Gil; be I’CgLlhtCd by chlI#i!lg th electron dcnsiry of the 
pyridine lone pair.3 by attaching eleclror:-withdrawiI1~~ tir -donating, sub:.tltucnts on 
the pyridine rings. Shielding the cavity with aromatic rings leads to strongly Aiabiiized 
ion pairs, i.e. H” c6OH ~. The host moieculcs dlscussed above can interact with a 

neutral guest (water) through hydrogen bonds and also wiih anions in the proton- 
ated form. 

The ‘H NMR and IR spectral data showed that the azacalix[t~]arenes 16, 18 and 
20 have more rigid structure than llIc corresponding oxacalis [n]arencs and cAx- 
[nlarenes because of the saving iniramokcular hydrogen bonds between pheno!ic 
laydroxyi groups and nitrogen lone pairs. 
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Abbrrviatiarls 

[3”]CP [3.3. ‘.’ 3~cyclophane 

E3,XP multi-bridged C3.3 jcyclophane 
c (inclusion symbol) guesr c host means ‘“guest species included in hc.,$t cavity” 






