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DIBENZOTETRAAZAMACROHETEROCYCLES: 

SYNTHESIS AND PROPERTIES. (REVIEW) 

 
O. V. Kulikov, V. I. Pavlovsky, and S. A. Andronati 

 
Data on the synthesis, complexing ability, practical applications, and biological activity of 
dibenzotetraazamacroheterocycles of the azacrown ether, amide, and azomethinedibenzo-
tetraazacycloalkane types and also dibenzotetraazamacroheterocycles containing amide and azomethine 
fragments are classified and analyzed. 
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 At present the chemistry of nitrogen macrocycles is developing at a very high rate. Many of the 
compounds are highly effective extractants for metal ions [1-3], find widespread use as contrast agents for 
magnetic resonance imaging [4-8], and can also be used as precursors in the biosynthesis of certain types of 
alkaloids [9] and also as ion-selective [10] and fluorescent [11] receptors and as agents for the transport of ions 
through a liquid membrane in dialysis and electrodialysis [12, 13]. Chiral macrocyclic tetraamides are used as 
stationary phase in liquid chromatography [14]. The potentialities of nitrogen macrocycles in theoretical and 
practical respects have not been exhausted, and further research in the field is promising. 
 In the last 15 years there have been a fairly large number of monographs and reviews in which aspects of 
the synthesis, properties, and applications of azamacroheterocycles and their metal complexes have been touched 
upon [15-26]. However, there have been significantly fewer publications devoted to the various classes of 
dibenzotetraazamacroheterocycles (e.g., dibenzotetraaza[14]annulenes [27-29], macrocyclic Schiff bases based 
on 2,6-diformylphenols [30]). Dibenzotetraazamacroheterocycles have found use as effective extractants for 
metal ions and as spectrophotometric agents [31-33], are used in the design of new magnetic materials [34], etc. 
To fill the gap we considered it desirable to analyze existing published material on the synthesis, complexation, 
and practical applications of dibenzotetraazamacrocycles of the azacrown ether, amide, azomethine, and 
dibenzotetraazacycloalkane types and also dibenzotetraazamacrocycles containing amide and azomethine 
fragments. 
 
 
1. METHODS OF PRODUCTION OF MACROCYCLES 
 
 Methods for the production of certain types of tetraazamacroheterocycles are discussed below. 
 
1.1. Dibenzotetraazacrown Ethers 
 
 Dibenzotetraazacrown ethers are obtained by the reaction of bisphenols with polyethyleneglycol 
ditosylates and bischloramidines and also of polyethyleneglycols containing secondary and tertiary amino  
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groups or benzimidazole fragments with polyethyleneglycols or amines, sometimes with the use of tosyl, 
trifluoroacetyl, or mesyl protection of the functional groups. Thus, the dibenzotetraazamacrocycle 3 was 
obtained by heating compounds 1 and 2 in DMF at 80°C for 12 h in the presence of phenoxides or 
sulfonylanilides and potassium carbonate as base [35]. 
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 The tosyl protection in compound 3 was removed by the action of acetic acid saturated with 
hydrobromic acid, resulting in the production of the corresponding N-unsubstituted macrocycle 4 with a yield of 
30%. 
 A similar approach to the synthesis of tetraazacrown ethers (but without tosyl protection of the amino 
group) was used by Indian researchers [36]. The condensation of tris(2-aminoethyl)amine with 
tris{2-[3-(oxomethyl)phenoxy]ethyl}amine led to the formation of the unsymmetrical azacryptand 5. 
 

N
NH N

N

NO2
O2N

O
N

O O

5

H

 
 
 A group of Japanese authors developed a method for the synthesis of the tetraazacrown ether 6 starting 
from the dihydrofuran 7 and o-N,N'-dimethylphenylenediamine (8) through the intermediate 9 according to the 
scheme below [37]. 
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 Coronands 11 and 12 of the dibenzo[18]crown-O2N4 type were synthesized by the cyclocondensation of 
RCH2CH2OCH2CH2R (R = benzimidazolyl) with bis(2-tosyloxyethyl) ether followed by hydrolysis of the 
intermediate 10 in the presence of potassium hydroxide [38]. 
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 The production of the dibenzotetraazacrown ethers 13 and 14 by the reaction of benzimidazolone 15 
with α,ω-dichloro ethers can be regarded as a modification of this method of synthesis [39]. 
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 The author of [40] reported on the synthesis of dibenzotetraazacrown ethers (the tetraaza analogs of the 
dibenzocrown ethers containing o-phenylenediamine fragments) starting from benzimidazole. The macrocyclic 
tetraamide 16 was synthesized by the reaction of the bisphenol 17 with the "crablike" bischloramide 18 [41]. 
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 The reaction is the first example of the formation of a macrocyclic tetraamide from bis(α-chloramide) 
and bisphenol. 
 The synthesis of compounds 19 from bisphenol 20 and the ditosylates of polyethyleneglycols is known 
[42]. 
 

OH

N

Cl

Et
N

OH Cl

N
Et

Et

N
OTsOTsO

 

Et

O
O

O

N

Cl

Et
N

Cl

 

Et Et
N

Et
N

20

19
m = 1–3

K2CO3,  MeCN

m

m

 
 
 One of the most convenient and widely used methods for the production of dibenzotetraazacrown ethers 
is the reaction of dicarbonyl compounds (dialdehydes, acid dichlorides) with the corresponding diamines. Thus, 
this approach was used successfully by American [43] and Australian [44] investigators for the synthesis of 
macrocycles of types 21a-c, 22, and 23 respectively. 
 

N

O

O R

CHO

N

O

O

OHC

R

NH2 NH2

 

R

N
H

N
H

N

O

O R

O

N
O

 

+
NaBH4

36–47%

n

21a–c

n

a R = H, n = 1; b R = Me, n = 0; c R = Me, n = 1  
 
 
1450 



 

O

OO
N

O
HN

OO
N

NH

N
H

HN

OO
N

NH

N
H

Ts
Ts

22

diethylenetriamine,
         NaBH4

  N-(2-aminoethyl)-
propane-1,3-diamine

NaBH4

Ts

23  
 
 
 The Schiff bases were not isolated from the reaction mixture, and they were reduced in situ by slow 
addition of NaBH4 to the solution. 
 Another example of the successful realization of this approach is the use of the reversible reaction of 1,2-
dialdehydes 24 with diamines in the creation of a combinatorial library of macrocycles of type 25 [45]. 
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 A group of Russian investigators synthesized the macrocycle 4 according to a scheme including 
acylation of the bridged diamine 26 with the acid dichloride 27 under conditions of high dilution. The 
macrocyclic diamide 28 formed here was reduced with B2H6 to the corresponding diamine 29, from which the 
macrocycle 4 was formed after removal of the protecting groups [46]. 
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 A series of dibenzotetraazadithiacrown ethers 30a-c were synthesized in a similar way [47]. However, it 
should be noted that in the last case cyclocondensation of the diamines 31a-c with phthaloyl chloride takes place 
by a mechanism of the [2+2] type. 
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 Reduction of the macrocycle 30c by the action of lithium aluminum hydride leads to the macrocycle 32 
with a yield of up to 80%. Further modification of the exocyclic functional groups for compound 30c was 
examined in [48]. 
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1.2. Dibenzotetraazamacroheterocycles Containing Amide Fragments 
 
 As in the case of dibenzotetraazacrown ethers, the most general method for the production of amide 
dibenzotetraazamacroheterocycles is the reaction of diamines with dicarbonyl compounds [dialdehydes (for the 
synthesis of macrocycles of type 21a-c), dicarboxylic acids, the dichlorides of dicarboxylic acids (for the 
synthesis of compounds 28 and 30a-c), the diesters of dicarboxylic acids]. Thus, the template condensation of 
glutaric acid with o-phenylenediamine gave the Sn(II) complex of the macrocycle 33 [49]. 
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 The reaction of phthalic acid with ethylenediamine or 1,3-diaminopropane in the presence of condensing 
agents (dicyclohexylcarbodiimide, 4-dimethylaminopyridine) leads to the formation of a series of 16- and 18-
membered macrocycles 34a,b [50]. 
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 Earlier [51] the synthesis of compound 34b from dimethyl phthalate and 1,3-diaminopropane was 
described. 
 A different approach to the synthesis of amide dibenzotetraazamacroheterocycles was demonstrated in 
[52]. The reaction of tetrakis(hydroxymethyl)diphenylglycoluril 35 with various aromatic substrates (benzene, 
hydroquinone, 1,4-dimethoxybenzene) in an acidic medium gave compounds 36a,c. The cyclic ether 37 is 
clearly an intermediate in this reaction. The reaction can also be used for the production of compounds 36a-c. 
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 The structure of compound 36b was confirmed by data from X-ray crystallographic analysis [53]. 
Compounds 38a-e, containing ether side chains, were synthesized on the basis of the macrocycle 36b [52, 54]. 
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Y = Cl, Br; a X = –(CH2)6–, b X = –(CH2CH2O)2CH2CH2–, 
c X = –(CH2CH2O)3CH2CH2–; d X = –(CH2CH2O)4CH2CH2–, 

e X = CH2CH2OCH2CH2NRCH2CH2OCH2CH2

 
 In [55] it was proposed to use benzocrown ethers as aromatic substrate for the production of structures of 
the 36a-c type, while in [56, 57] the use of dipyridineglycoluril and ditoluoylglycoluril was described. The 
synthesis of tetrapodands based on diphenylglycoluril was described in [58]. 
 Another method for the production of amides of dibenzotetraazamacrocycles is reduction of the 
azomethine bond in dibenzotetraazamacroheterocycles containing amide and azomethine fragments. Thus, the 
macrocycle 39 can be obtained by hydrogenation of the macrocycle 40 with hydrogen over Raney nickel or in 
the presence of palladium on charcoal [59]. 
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 The production of amide dibenzotetraazacrown ethers 13 and 14 by the reaction of benzimidazolone 15 
with α,ω-dichloro ethers [39] was described above. The macrocycles 41 are produced similarly from compound 
15 and α,ω-dibromoalkanes. 
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1.3. Macrocyclic Azomethines 
 
 Among the variety of methods for the production of this type of macrocycle it is possible to single out 
the two most important: The condensation of dicarbonyl compounds with diamines and the reaction of diamines 
with dihalides. In both cases the reaction can be carried out both with and without the use of template metal ions. 
 It is known [60, 61] that among the derivatives of o-aminocarbonyl compounds some of the most 
suitable ligands for template construction of the macrocycles are the diaminodialdehydes 42a,b. 
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 The latter react with diamines H2N–R–NH2 on divalent nickel, cobalt, and copper matrices with the 
formation of the respective complexes with macrocyclic ligands 43. 
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43  n = 2, 3; R = –(CH2)2–; –(CH2)3–; –CH2CMe2–;  M = Ni, Co, Cu 
 
 A similar approach was used in [62, 63] to prepare metal complexes of dibenzocorromins. The 
production of metal complexes of the macrocycles 4) by template synthesis from 2,2'-iminobisbenzaldehyde (45) 
and the respective amines is known [64, 65]. 
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 The condensation of o-phenylenediamine with bis(acetylacetone)ethylenediimine in the presence of 
metal salts gave the corresponding complexes M(L)Cl2 [M = Fe, Co, Cu, Ni, L = 46], [M(L)SO4·H2O] (M = Fe, 
Co), [NiL]SO4, and [CuL(SO4)2] [66]. 
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 A nontemplate synthesis of the macrocyclic azomethines 47a-h and 48 from dibenzo-containing 
dialdehydes 49 and 42a and the respective diamines was described in [67, 68]. 
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 A similar approach was proposed by the authors of [69]. Compounds 52 and 53 were produced by the 
reaction of open-chain tetraamines of [1,3-bis(o-aminophenylamino)propane (50) or 1,3-bis(o-amino-p-
methylphenylamino)propane (51) with 3-ethoxy-2-methylacrolein without using the high dilution technique. 
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  As already mentioned above, another suitable method for the production of 
dibenzotetraazamacroheterocycles containing an azomethine fragment is the reaction of diamines with dihalides. 
Thus, the 14-membered macrocycle 55 is formed when compound 54a is boiled in ethylenediamine. It was 
noticed that compound 54b is inert toward boiling ethylenediamine, but the use of copper powder as catalyst 
made it possible to convert compound 54b quickly and with high yield into 55. The 16-membered macrocycle 
56 was obtained similarly from 1,3-diaminopropane [70]. 
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 A template version of this method of synthesis was described in [71]. The condensation of nickel 
complexes of the Schiff bases obtained from ethylenediamine and o-amino aryl ketones with ethylene dibromide 
gave the nickel complexes of macrocycles 57a-c. 
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 In conclusion it would be desirable to point out a few other methods for the synthesis of 
iminodibenzotetraazamacroheterocycles that have not received widespread use (rearrangement with ring opening 
and subsequent recyclization, oxidation of aminodibenzotetraazamacroheterocycles, and certain other methods). 
  Thus, in the previously mentioned paper [70] the slow transformation of 2,3-dihydro-1,4-
benzodiazepine (58) to the macrocycle 55 when it was dissolved in DMSO was reported. Compound 55 can also 
be obtained by reduction of the diazepinedione 59 with lithium aluminum hydride in THF. 
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 According to the data from some authors [72], propylene-1,3-diamine and 2-chlorobenzaldehyde enter 
into the reaction in the presence of copper and HCO2H, giving the 32-membered octaazatetraimine 60 with a 
yield of 26%. In chloroform compound 60 rearranges to an equilibrium mixture of the previously mentioned 
16-membered tetraazadiimine 56 and the 24-membered hexaazatriimine 61. 
 
 

 
1457 

 



N
H

N

N

NH

N N
H

NH

N
N
H

N

N

NH

NN
H

60

CHCl3
56 +

61  
 
 
 Methanol solutions of the nickel complexes of the two isomers of the tetraazamacrocycle 62a,b are 
oxidized by atmospheric oxygen and are transformed in an alkaline medium into the nickel complex 63 [73]. 
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 The macrocycle 64 was synthesized with a yield of 75% by the [2+2] cyclocondensation of the two 
bifunctional reagents 1,2-bis(chlorothio)benzene (65) and benzylbis(trimethylsilyl)imine (66) in methylene 
chloride [74]. X-ray crystallographic analysis was carried out for the macrocycle 64. 
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1.4. Dibenzotetraazamacroheterocycles Containing Amide and Azomethine Fragments 
 
 The main method for the synthesis of macrocycles containing amide and azomethine fragments is [1+1] 
template condensation of dicarbonyl compounds (dialdehydes, diamides, bis-α-ketoesters) with diamines. Thus, 
the complexes of macrocycles 68 were obtained by the reaction of the diformyloxanilide 67 with 
ethylenediamine and 1,3-diaminopropane on Ni2+ and Cu2+ matrices [75]. 
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 The complexes of macrocycles 69-72 were obtained similarly [76-78]. 
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 The synthesis of the macrocycles 73a-g by cyclocondensation of the amides of amino acids 74a-g by 
boiling in toluene [79, 80] can be regarded as a modification of the above-mentioned method of synthesis. 
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 An alternative method for the synthesis of the macrocycles 73a-g is the condensation of 5-substituted 
2-aminobenzophenones 75a-g with the hydrochloride of β-alanyl chloride by boiling in chloroform. The 
question of the structure of the macrocycle 73b was not resolved conclusively in [79] in so far as an alternative 
structure 76 was used for it. The structure of compounds 73a,f was confirmed by X-ray crystallographic analysis 
[81, 82] (Fig. 1, for compound 73f). 
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 The production of the 1,9-dimethyl derivatives of macroheterocycles 73b-d,f,g was described in [83]. 
 A series of 22-membered dibenzotetraazamacroheterocycles 78a-h, 40 were synthesized by the 
cyclocondensation of 5-substituted 2-(ε-aminocaproyl)amidobenzophenones 77a-i under conditions similar to 
those described above [84, 85]. The methylation of compounds 78a and 40 was described in [59]. The mass 
spectra of the macrocycles 78a-c and 40 were obtained [86]. 
 
 

 
1460 



 

 
 

Fig. 1. The structure of compound 73f. 
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77, 78 a R = Br, R1 = R2 = H; b R = NO2, R1 = R2 = H; c R = Me, R1 = R2 = H; 
d R = Me, R1 = H, R2 = NHTs; e R = Cl, R1 = H, R2 = NHTs; f R = Br, R1 = H, R2 = NHTs; 

g R = Br, R1 = Cl, R2 = NHTs; h R = NO2, R1 = H, R2 = NHTs;  77 i, 40 R = Cl, R1 = R2 = H 
 
 Another important method for the synthesis of macrocycles containing amide and azomethine bonds is 
O-alkylation of the syn isomers of 5-substituted 2-chloroacetamidobenzophenone oximes 79a-e [87, 88]. 
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 An alternative method for the synthesis of macroheterocycles of type 80a-e is the scheme proposed in 
[89]. The reaction of 2-bromo-2'-formylacetanilide (81) with N-hydroxyphthalimide gave the respective 
N-hydroxyphthalimide derivative 82, treatment of which with ethylene glycol in the presence of 
p-toluenesulfonic acid led to the formation of 2'-(1,3-dioxan-2-yl)-2-phthalimidoacetanilide (83). During 
hydrazinolysis the latter was converted into 2-aminoxy-2'-(1,3-dioxan-2-yl)acetanilide (84), the cyclization of 
which in the presence of HCl gave the 16-membered macrocycle 85. 
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 Macrocycles of type 80a-e can also be obtained according to the scheme described in [87]. In order to 
obtain evidence for the structure of the obtained macrocycle 80b it was synthesized from the syn isomer of 
2-amino-5-chlorobenzophenone oxime 86. 
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Fig. 2. The structure of compound 80c. 
 
 
 We described the chemical properties of the heterocycles 80c,d in [90] and the crystal and molecular 
structures of the inclusion compound of the macrocycle 80c with benzene in [91] (Fig. 2). 
 We established that treatment of the anti isomers of the oximes of 5-substituted 
2-(β-chloropropionylamino)benzophenones 87a-c with an equimolar amount of sodium hydroxide led to the 
formation of 18-membered macrocycles 88a-c [92, 93]. 
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Fig. 3. The structure of compound 88c. 
 
 
 A comparative study of the fragmentation of 16- and 18-membered dibenzotetraazamacroheterocycles of 
the 80a-e and 88a-c type under electron impact was undertaken [94]. The structure of one representative of the 
series of 18-membered macroheterocycles 88c was confirmed by X-ray crystallographic analysis (Fig. 3) [95]. 
 
 
1.5. Dibenzotetraazacycloalkanes 
 
 Two groups of methods have mainly been used for the synthesis of dibenzotetraazacycloalkanes, i.e., 
reduction of the corresponding imino- and amidodibenzotetraazamacroheterocycles and the reaction of diamines 
with ligands. Thus, the reduction of compound 55 [70] gave the macrocycle 89, whereas reduction of its 
16-membered analog 56 led to the formation of the cyclic tetraamine 90 [72]. 
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 The stereoselective C-alkylation of diimine macrocycles was described in [96]. It was shown that 
diimines of type 47a-d, the synthesis of which was described in [68], can form neutral magnesium complexes in 
reaction with two moles of EtMgBr. The use of an excess of the Grignard reagent leads to C-alkylation of the 
imine groups, which makes it possible to obtain after hydrolysis the diethyl-substituted tetraamines 91a-d. 
 

HN

NN

NH
Et Et

47a–d
HH

R

91a–d  (87–94%)

a R = –(CH2)2–, b R = –(CH2)3–,  c R = –(CH2)4–,  d R = –(CH2)5– 
 
 The synthesis of macrocyclic tetramines 92a-c and 93 by reduction of the respective diimine precursors 
47a-c and 52 was also described [97]. 
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 The macrocycles 94a,b were obtained by the reduction of compounds 34a,b with lithium aluminum 
hydride [50]. 
 

NH

NH HN

HN

(CH2)

(CH2)

LiAlH434a,b
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a n = 2,  b n = 3

n

n

 
 
  The dibenzomacrocycle 96 was obtained with yields of 34 [98] and 74% [99] by the hydrogenation of 
dibenzotetraaza[14]annulene 95 with hydrogen over Raney nickel. 
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 The synthesis of the N',N'',N''',N''''-tetramethyl derivative of compound 96 was described in [100]. The 
compound [Ni(Me4Bzo2[14]aneN4)]Cl2 (98) was synthesized by the reduction of the nickel complex 
[Ni(Me4Bzo2taa)] (97) [101]. 
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 The macrocycles 99 were obtained by the reduction of compounds 73b-d,f [83]. 
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 Phosphorylation of 2,3-benzo-1,4-diazacycloheptane (100) with the acid dichloride 101 or the 
tetraethyldiamide 102 of ethylphosphorous acid led to the formation of the dimeric compound 103. Sulfurization 
of this dimer takes place under mild conditions at 40-50°C in benzene solution and leads to the formation of the 
macrocycle 104 [102]. 
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 The macrocycle 105 was obtained by the reaction of o-diphenylenediamine with RPCl2 (R = Me, Ph) in 
the presence of triethylamine [103]. 
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2. COMPLEXING ABILITY AND POSSIBLE PRACTICAL APPLICATIONS OF 
DIBENZOTETRAAZAMACROHETEROCYCLES 
 
 The complexes of dibenzotetraazamacroheterocycles can be produced both directly in the course of 
synthesis (the template method) and by the reaction of the ligand with the salts of various metals in solution. 
Thus, the template method was used for the production of the complexes of macrocycles 43, 44, 46, 57a-c, and 
68-72 and also complexes of types 106a-g, 107a-g, and 108 [62, 63]. 
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106, 107 a R = R1 = H; b R = Br, R1 = H; c R = OMe, R1 = H; d R = Cl, R1 = H; 
e R = Me, R1 = H; f R = F, R1 = H; g R = H, R1 = Cl; 108 n = 2, 3; M = Ni, Cu; 

X = Cl, Br, I, ClO4

 
 Examples of the production of complexes of macrocycles by the reaction of a metal salt with a ligand are 
given below. 
 The corresponding mononuclear inclusion complexes with the metal ion both inside and outside the 
cavity, depending on the nature of the counterion, can be obtained easily by the reaction of the azacryptand 5 
[36] with Ni(II), Cu(II), Zn(II), and Cd(II) salts. The complexing ability of the macrocycles 13, 14, and 41 with a 
series of cations (Mg2+, Li+, Na+, Ca2+, Sr2+, K+, Ba2+, NH4

+, Cs+) was studied [104]. The reaction of Zn(II), 
Cd(II), Ag(I), Pb(II), Co(II), Ni(II), and Cu(II) salts with the macrocycles 22 and 23 was investigated, and the 
stability constants of the obtained complexes were determined by potentiometry [105, 106]. The production of 
Cu(II), Co(II), and Ni(II) complexes of the macrocycles 52 and 53 was described in [69]. The structure of the 
complex [NiL][ClO4], where L = 52, was confirmed by X-ray crystallographic analysis. The reaction of the 
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macrocycle 109 (TMBC) with Cu(II) and Ni(II) salts in boiling ethanol gave the corresponding complexes 
Cu(TMBC)(ClO4)2, Cu(TMBC)(N3)(ClO4), Cu(TMBC)Br(ClO4), Cu(TMBC)I(ClO4), Cu(TMBC)(NO3)2, 
Ni(TMBC)(ClO4)2, Ni(TMBC)Br2, and Ni(TMBC)(NO3)2. X-ray crystallographic data were given for 
Cu(TMBC)(N3)(ClO4) and Cu(TMBC)(ClO4)2. The kinetics of the formation of Ni(II) and Cu(II) complexes of 
the macrocycles 96 and 100 were investigated in [107]. 
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O O
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 The stability constant of the Rb(I) complex of the macrotricycle 110 was determined [108]. The reaction 
of the macrocycle 46 with CrCl3 in the presence of triethylamine in benzene gave the corresponding 
mononuclear complex, for which X-ray crystallographic analysis was undertaken [109]. The formation of 1:1 
Cu(II) complexes with the macrocycles 111a,b was reported in [110]. The structure of the macrocycle 111b and 
its Cu(II) complex was confirmed by X-ray crystallographic analysis. 
 

N
H

N
H

N

X

NH H

111a,b
a  X = O,  b X = S  

 
 The synthesis and X-ray crystallographic data of the Ni(II) complexes of macrocycles 92a and 93 were 
described in [111, 112], those of the Zn(II) complex of macrocycle 90 in [72], and those of the Ni(II) complex of 
macrocycle 55 in [114]. The stability constants of the 1:1 Zn(II) and Cd(II) complexes of macrocycles 91b, 
92a-c, and 93 [97, 115] and the Co(II), Ni(II), Cu(II), Zn(II), Cd(II), Ag(I), and Pb(II) complexes of macrocycles 
89 and 90 [114] were determined by a potentiometric method. The formation of Cu(II) and Ni(II) complexes of 
compounds 73b-d,g was discussed in [83, 116], the Co(II) complexes of compounds 73b-d,g in [59], and the 
Ni(II) and Co(II) complexes of the 22-membered macrocycles 78a-h and 40 in [59, 85]. The luminescence 
spectral characteristics of the lanthanide ions (Eu3+, Yb3+) in complexes with the macrocycles 80b-d and also 
with compounds 88a-c were discussed in [117, 118]. A model was proposed for the structures [117] of the 
obtained Ln(III) complexes for the macrocycles 80b-d (by analogy with that described in [119, 120]) (Fig. 4). 
Data from X-ray crystallographic analysis of the complex 57a were given in [121]. Complex formation between 
Hg(II) and the macrocycle 29, which is the aza analog of dibenzo-18-crown-6, in solution was investigated by 
1H and 13C NMR methods [122]. The complexing characteristics of the macrocycles containing crown ether and 
thiocarbohydrazone fragments are interesting [123]. 
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Fig. 4. A model of the structure of Ln(III) complexes of macrocycles 80b-d (Ln3+ = Eu3+, Yb3+). 
 
 The dibenzotetraazamacroheterocycles are of interest in connection with the selectivity of their 
interaction with the ions of post-transition metals. The selectivity shows up to the greatest degree in the 
extraction variant of interaction of the metal with the dibenzotetraazamacroheterocycles. A series of publications 
have been devoted to aspects of the selective extraction of metal ions by macrocycles. Thus, it was observed that 
the heterocycle 29 extracts mercury selectively into organic solvents from aqueous solution [31]. In addition it 
was established that the metals Ag, Hg, Co, Cu, Ni, and Tl are extracted partially or completely by the 
macrocycles 4 and 29 at pH > 7 [32]. During investigation of the extraction of all alkaline-earth, transition, and 
rare-earth metals by compound 6 a high degree of extraction was observed for Pb(II) and relatively low values 
for Dy(III) [40]. Data from investigation of the extracting ability of macrocyclic Schiff bases toward transition 
metals (macrocycles 47a,c,d and 48) were presented in [67, 33, 124]. (Very high selectivity was observed for the 
macrocycle 47c toward Cu(II).) The authors report on the use of the complex 98 [101] as ionophore in the 
polymer matrix of a Ni(II)-selective sensor. (The sensor was used successfully as indicator electrode during the 
potentiometric titration of Ni(II).) Similarly, 5,7,12,14-tetramethyldibenzo[b,i]-1,4,8,11-tetraazacyclotetradecane 
can be used as electroactive material in a membrane electrode for the determination of Cu(II) [125]. The study of 
complex formation in receptors of type 38a-e is of considerable interest. Thus, complex formation with the 
cations of alkali metals (Li+, Na+, Rb+, Cs+), with the cations of ammonium salts (NH4

+, MeNH3
+, t-BuNH3

+), 
and with aliphatic and aromatic diammonium cations [+H3N(CH2)nNH3

+, (n = 3-9), o- and p-
phenylenediammonium, etc.)] was investigated for compounds of this series [52, 54]. The strong bonding of 
dihydroxybenzenes (hydroquinone, pyrocatechol, and resorcinol) to receptors of the 38e type was noted [126]. 
Complex formation with receptors based on glycoluril has also been described [55, 56, 58]. Information on the 
synthesis, bonding mechanism, and assembly of supramolecular objects based on glycoluril was reviewed in 
[127]. 
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 It is necessary to mention the successes of Chinese scientists, whose investigations in the field of 
supramolocular complexes containing amide and azomethine fragments can be regarded as a logical extension of 
the works of David Black. In these papers mononuclear complexes of type 68-70 are used as ligands for the 
creation of more complex supramolecular systems, study of the magnetic characteristics of which is of 
considerable interest (the design of novel magnetic materials). Thus, the synthesis of the first complex 
containing macrocyclic oxamide and µ-1,1- and µ-1,3-azide bridges [Cu(L)Mn(N3)2]n (H2L = 2,3-dioxo-
5,6:15,16-dibenzo-1,4,8,13-tetraazacyclopentadeca-7,13-diene). The synthesis of the complex was performed 
according to the "complex as ligand" principle described above. Many examples of the successful application of 
this approach are given below. Thus, the following products were synthesized on the basis of the mononuclear 
complexes of macrocyclic oxamides 112a-c obtained according to the method in [129]: Tetranuclear complexes 
[(CuL)3Mn](ClO4)2 (L = 112a,c) [130], [(CuL)3Co](ClO4)2 (L = 112a-c) [34], [(CuL)3Fe](ClO4)3·3H2O 
(L = 112a-c) [131], [(CuL)3Ni](ClO4)2·nH2O (L = 112a-c) [132], [(CuL)3Cr](ClO4)3·3H2O (L = 112a-c) [133]; 
binuclear complexes [Cu(L)M(L1)n](ClO4)2 (L = 112a,b, L1 = 1,10-phenanthroline and 2,2'-bipyridine, n = 1-2, 
M = Cu(II), Ni(II), Mn(II)) [134], [Cu(L)Ni(L1)NCS]ClO4 (L = 112a-c, L1 = N,N,N',N',N″-pentamethyl-
diethylenetriamine) [135], [Cu(L)Ni(L1)](ClO4)2·H2O (L = 112a,c, L1 = rac-5,7,7,12,14,14-hexamethyl-1,4,8,11-
tetraazacyclotetradecane) [136]. 
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 By using the Ni(II) complexes of the macrocycles 112a-c as initial structural elements it was possible to 
obtain the binuclear complex [Ag(NiL)(EtOH)(NO3)]·EtOH (L = 112c) [137] and the trinuclear complexes 
[Cu(NiL)2(MeOH)2](ClO4)2 (L = 112a) [138] and [Mn(NiL)2(EtOH)2](ClO4)2 (L = 112a) [139]. The synthesis of 
the trinuclear complex [Co(NiL)2(H2O)2](ClO4)2 (L = diethyl 5,6,7,8,16,17-hexahydro-6,7-dioxa-16H-dibenzo-
[e,n][1,4,8,12]tetraazacyclopentadecyne-13,19-dicarboxylate) was described in [140], and that of the trinuclear 
complex [Co(NiL)2(H2O)2](ClO4)2·2EtOH [NiL = 69, R = OMe] in [141]. 
 The following products were synthesized from the complex 68 [M = Cu(II), n = 3]: The tetranuclear 
complex [Mn(CuL)3](ClO4)2 [142], the tetrameric and pentameric complexes 
[Cr(CuL(MeCN))(CuL(ClO4))2](ClO4)·2MeCN and [(H2O)Gd(CuL)(CuL(MeOH))(CuL(ClO4))2](ClO4)· 
·MeOH·H2O [143], the pentanuclear complexes [(CuL)3(CuL(EtOH))La(H2O)](ClO4)3·1.5H2O [144] and 
[(CuL)3{CuL(EtOH)}Eu(H2O)](ClO4)3·1.5H2O and [(CuL)3{CuL(EtOH)}Tb(H2O)](ClO4)3·2H2O [145], and the 
polynuclear complex {[CuL(H2O)](CuL)Mn(IM–2Py)}{[CuL(MeOH)](CuL)Mn(IM–2Py)}(ClO4)4·MeOH 
[146]. 
 
 
3. BIOLOGICAL ACTIVITY OF DIBENZOTETRAAZAMACROHETEROCYCLES AND THEIR 
COMPLEXES 
 
 The psychotropic characteristics of the macrocycles 73a-g were studied in a search for new 
physiologically active compounds [83]. It was established that at doses of 1.85-3.20 mg/kg all the compounds 
73a-g exhibited clearly defined anticonvulsive activity in tests for antagonism with corazole and also protected 
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animals from tonic extensor spasms caused by the application of maximum electroshock (31-100 mg/kg). The 
most clearly defined anticonvulsive activity was exhibited by compound 73b. It was noted that all the 
compounds 73a-g had low toxicity. It was found that the macrocycles 78d-h [85] in trials on mice reduced the 
aggressiveness of the animals compared with the control by 77% at doses of 25-50 mg/kg. The anticonvulsive 
action of compounds 78d-h (in an antagonism test with corazole) appears at doses of 25-50 mg/kg, and there is 
no myorelaxant effect. All the macrocycles 78d-h do not protect mice from convulsions caused by electroshock. 
Investigations into the characteristics of the macrocycles 80c,d [88] in an antagonism test with corazole showed 
that these compounds have low psychotropic activity and in doses of 50 mg/kg protect mice from convulsions 
caused by corazole by 30%. It was also established that the macrocycle 80c exhibits antiaggregation activity of 
IC50 1·10-4, which is ten times greater than for the acetylsalicylic acid widely used in medical practise as an 
antithrombotic agent. With SnCl2 the macrocycles 94a,b described above [50] give colored complexes of the 
[Sn(N4L)Cl2] type (N4L = 94a,b). The complexes obtained in this way exhibit antibacterial activity 
[Pseudomonas phaseolicola (-), Escherichia coli (-)] and also have antifungal activity, while the metal chelates 
are more active than the tetraazamacrocycles. It was noted that the mononuclear complex of the macrocycle 33 
of the [Sn(N4L)Cl2] type, where N4L = 33, exhibits antimicrobial activity. 
 To sum up the foregoing discussion briefly it can be supposed that further investigations on 
dibenzotetraazamacroheterocycles will clearly embrace the principle of "synthetic macrocycles as structural 
elements of supramolecular systems" (molecular cells, chains, squares, dendrimers, sandwich structures). Such 
an approach is currently being pursued in the above-mentioned work by Chinese investigators and also in 
[147-153] and other papers. 
 
 The authors express their gratitude to Leonard Lindoy and David Black for assistance in the preparation 
of this review. 
 
 
REFERENCES 
 
  1. Yu. A. Zolotov, V. P. Ionov, V. A. Bodnya, G. A. Larikova, N. V. Niz'eva, G. E. Vlasova, and 

E. V. Rybakova, Zh. Anal. Khim., 37, 1543 (1982). 
  2. N. V. Niz'eva, V. P. Ionov, I. V. Pletnev, D. M. Kumina, V. M. Ostrovskaya, I. A. D'yakonova, and 

Yu. A. Zolotov, 274, 611 (1984). 
  3. N. V. Isakova, Yu. A. Zolotov, and V. P. Ionov, Zh. Anal. Khim., 44, 1045 (1989). 
  4. M. Botta, Eur. J. Inorg. Chem., 399 (2000). 
  5. R. Hovland, C. Glodard, A. J. Aasen, and J. Klaveness, Org. Biomol. Chem., 1, 644 (2003). 
  6. R. Hovland, A. J. Aasen, and J. Klaveness, Org. Biomol. Chem., 1, 1707 (2003). 
  7. L. Burai, R. Scopelliti, and E. Toth, Chem. Commun., 2366 (2002). 
  8. L. V. Elst, M. Port, I. Raynal, C. Simonot, and R. N. Muller, Eur. J. Inorg. Chem., 2495 (2003). 
  9. L. Nezbedova, M. Hesse, K. Drandarov, and C. Werner, Tetrahedron Lett., 42, 4139 (2001). 
10. S. Shinoda, T. Nishimura, M. Tadokoro, and H. Tsukube, J. Org. Chem., 66, 6104 (2001). 
11. M. E. Padilla-Tosta, J. M. Lloris, R. Martinez-Manez, A Benito, J. Soto, T. Pardo, M. A. Miranda, and 

M. D. Marcos, Eur. J. Inorg. Chem., 741 (2000). 
12. V. N. Golubev, A. D. Gutsol, A. V. Bogatsky, N. G. Luk'yanenko, T. I. Kirichenko, Yu. A. Popkov, and 

V. A. Shapkin, Dokl. Akad. Nauk, 271, 642 (1983). 
13. V. N. Golubev and A. D. Gutsol, Elektrokhimiya, 19, 1588 (1983). 
14. K. Hu, J. S. Bradshaw, N. K. Dalley, K. E. Krakowiak, N. Wu, and M. L. Lee, J. Heterocycl. Chem., 36, 

381 (1999). 
15. N. Ishikawa and Y. Kaizu, Coord. Chem. Rev., 226, 93 (2002). 
16. N. Kobayashi, Coord Chem. Rev., 227, 129 (2002). 
 

1471 



17. I. Lukes, J. Kotek, P. Vojtisek, and P. Hermann, Coord. Chem. Rev., 216-217, 287 (2001). 
18. F. Denat, S. Brandes, and R. Guilard, Synlett, 561 (2000). 
19. N. G. Luk'yanenko, Ukr. Khim. Zh., 65, No. 9, 17 (1999). 
20. A. B. Solov'eva and S. F. Timashev, Usp. Khim., 72, 1081 (2003). 
21. V. Yu. Pavlov and G. V. Ponomarev, Khim. Geterotsikl. Soedin., 483 (2004). 
22. A. Yu. Tsivadze, Usp. Khim., 73, 6 (2004). 
23. E. Kimura and T. Koike, Chem. Commun., 1495 (1998). 
24. D. Parker, R. S. Dickins, H. Puschmann, C. Crossland, and J. A. K. Howard, Chem. Rev., 102, 1977 

(2002). 
25. K. B. Yatsimirskii, A. G. Kol'chinskii, V. V. Pavlishchuk, and G. G. Taslanova, Synthesis of 

Macrocyclic Compounds, Naukova Dumka, Kiev (1987). 
26. K. B. Yatsimirskii and Ya. D. Lampeka, Physical Chemistry of Metal Complexes [in Russian], Naukova 

Dumka, Kiev (1985). 
27. P. Mountford, Chem. Soc. Rev., 27, 105 (1998). 
28. P. Mountford, Chem. Commun., 2127 (1997). 
29. F. A. Cotton and J. Czuchajowska, Polyhedron, 9, 2553 (1990). 
30. A. J. Atkins, D. Black, A. J. Blake, A. Marin-Becerra, S. Parsons, L. Ruiz-Ramirez, and M. Schroder, 

Chem. Commun., 457 (1996). 
31. M. K. Beklemishev, A. A. Formanovskii, N. M. Kuz'min, and Yu. A. Zolotov, Zh. Neorgan. Khim., 31, 

2617 (1986). 
32. M. K. Beklemishev, L. I. Gorodilova, N. I. Shevtsov, L. M. Kardivarenko, and N. M. Kuz'min, Zh. Anal. 

Khim., 44, 1058 (1989). 
33. Yu. A. Zolotov, V. P. Ionov, and A. A. Formanovskii, Dokl. Akad. Nauk, 277, 1145 (1984). 
34. E.-Q. Gao, G.-M. Yang, D.-Z. Liao, Z.-H. Jiang, and S.-P. Yan, Polish J. Chem., 74, 867 (2000). 
35. S. A. G. Hogberg and D. J. Cram, J. Org. Chem., 40, 151 (1975). 
36. P. Mukhopadhyay, B. Sarkar, P. K. Bharadwaj, K. Naettinen, and K. Rissanen, Inorg. Chem., 42, 4955 

(2003). 
37. M. Kawaguchi, J. Ohashi, Y. Kawakami, Y. Yamamoto, and J. Oda, Synthesis, 701 (1985). 
38. M. Ecke, M. Muhlstadt, and K. Hollmann, J. Prakt. Chem., 336, 172 (1994). 
39. M. M. Htay and O. Meth-Cohn, Tetrahedron Lett., 17, 79 (1976). 
40. S. H. Hausner, PhD Thesis, Cincinnati (2001). 
41. J. S. Bradshaw, K. E. Krakowiak, H. An, and R. M. Izatt, J. Heterocycl. Chem., 27, 2113 (1990). 
42. V. N. Pastushok, J. S. Bradshaw, A. V. Bordunov, and R. M. Izatt, J. Org. Chem., 61, 6888 (1996). 
43. L. F. Lindoy, S. Mahendran, K. E. Krakowiak, H. An, and J. S. Bradshaw, J. Heterocycl. Chem., 29, 141 

(1992). 
44. C. A. Davis, P. A. Duckworth, L. F. Lindoy, and W. E. Moody, Aust. J. Chem., 48, 1819 (1995). 
45. J. Jurczak, in: Abstracts of Ukrainian-Polish-Moldavian Symposium on Supramolecular Chemistry, 

Kiev, Ukraine (2003), p. 34. 
46. A. A. Formanovskii, I. V. Mikhura, S. A. Sokolovskii, A. S. Murakhovskaya, P. B. Terent'ev, and 

P. A. Sharbatyan, Khim. Geterotsikl. Soedin., 1128 (1988). 
47. M. G. Voronkov, V. I. Knutov, and M. K. Butin, Khim. Geterotsikl. Soedin., 273 (1992). 
48. M. G. Voronkov, V. I. Knutov, O. N. Shevko, and M. K. Butin, Khim. Geterotsikl. Soedin., 130 (1993). 
49. A. Chaudhary and R.V. Singh, Phosphorus, Sulfur, Silicon, Related Elements, 178, 603 (2003). 
50. A. Chaudhary, R. Swaroop, and R. Singh, Bol. Soc. Chil. Quint., 47, 203 (2002). 
51. C. H. Gaozza, H. Grinberg, and S. Lamdan, J. Heterocycl. Chem., 9, 883 (1972). 
52. J. W. H. Smeets, R. P. Sijbesma, L. Dalen, A. L. Spek, W. J. J. Smeets, and R. J. M. Nolle, J. Org. 

Chem., 54, 3710 (1989). 

 
1472 



53. J. W. H. Smeets, R. P. Sijbesma, F. G. M. Niele, A. L. Spek, W. J. J. Smeets, and R. J. M. Nolte, J. Am. 
Chem. Soc., 109, 928 (1987). 

54. J. W. H. Smeets, L. Dalen, V. E. M. Kaats-Richter, and R. J. M. Nolte, J. Org. Chem., 55, 454 (1990). 
55. V. N. Pastushok, T. Yu. Bogaschenko, and N. G. Lukyanenko, in: Abstracts of 

Ukrainian-Polish-Moldavian Symposium on Supramolecular Chemistry, Kiev, Ukraine, (2003), p. 176. 
56. J. A. A. W. Elemans, R. Gelder, A. E. Rowan, and R. J. M. Nolte, Chem. Commun., 1553 (1998). 
57. J. A. A. W. Elemans, R. R. J. Slangen, A. E. Rowan, and R. J. M. Nolte, J. Org. Chem., 68, 9040 (2003). 
58. F. G. M. Niele, C. F. Martens, and R. J. M. Nolle, J. Am. Chem. Soc., 111, 2078 (1989). 
59. L. K. Komogortseva, Thesis for Candidate of Chemical Sciences [in Russian], Odessa (1982). 
60. D. St. C. Black and P. W. Kortt, Aust. J. Chem., 25, 281 (1972). 
61. D. St. C. Black and M. J. Lane, Aust. J. Chem., 23, 2039 (1970). 
62. D. St. C. Black, D. J. Brockway, and G. I. Moss, Aust. J. Chem., 39, 1231 (1986). 
63. D. St. C. Black and A. J. Hartshorn, Aust. J. Chem., 29, 2271 (1976). 
64. D. St. C. Black and N. E. Rothnie, Aust. J. Chem., 36, 2395 (1983). 
65. D. St. C. Black and N. E. Rothnie, Tetrahedron Lett., 19, 2835 (1978). 
66. H. K. Reddy, G. Krishnaiah, and Y. Sreenivasulu, Polyhedron, 10, 2785 (1991). 
67. T. Matsushita, K. Takaishi, M. Fujiwara, and T. Shono, Polyhedron, 6, 289 (1987). 
68. P. G. Owston, R. Peters, E. Ramsammy, P. A. Tasker, and J. Trotter, Chem. Commun., 1218 (1980). 
69. C. W. G. Ansell, M. F. H. Y. J. Chung, M. McPartlin, and P. A. Tasker, Dalton Trans., 2113 (1982). 
70. J. Bergman and A. Brynolf, Tetrahedron Lett., 30, 2979 (1989). 
71. E. Uhlemann and M. Plath, Z. Chem., 9, 234 (1969). 
72. P. A. Gugger, D. C. R. Hockless, G. F. Swiegers, and S. B. Wild, Inorg. Chem., 33, 5671 (1994). 
73. M. Hashimoto and K. Sakata, J. Heterocycl. Chem., 29, 493 (1992). 
74. J. Sundermeyer, H. W. Roesky, and M. Noltemeyer, Can. J. Chem., 67, 1785 (1989). 
75. D. St. C. Black, C. H. B. Vanderzalm, and A. J. Hartshorn, Inorg. Nucl. Chem. Lett., 12, 657 (1976). 
76. D. St. C. Black and G. I. Moss, Aust. J. Chem., 40, 129 (1987). 
77. D. St. C. Black, G. I. Moss, and L. C. H. Wong, Tetrahedron Lett., 19, 2837 (1978). 
78. D. St. C. Black, H. Blatt, C. H. B. Vanderzalm, and A. J. Liepa, Aust. J. Chem., 36, 1133 (1983). 
79. M. E. Derieg, R. M. Schweininger, and R. I. Fryer, J. Org. Chem., 34, 179 (1969). 
80. A. V. Bogatsky, A. V. Ben'ko, and S. A. Andronati, Dokl. Akad. Nauk Ukr. SSR, Ser. B, 801 (1977). 
81. A. A. Dvorkin, T. I. Malinowsky, Yu. A. Simonov, S. A. Andronati, A. V. Kuzmina, and 

A. S. Yavorsky, Acta Cryst., 41, 796 (1985). 
82. A. A. Dvorkin, Yu. A. Simonov, A. V. Kuz'mina, S. A. Andronati, A. S. Yavorskii, and 

T. I. Malinovskii, Dokl. Akad. Nauk, 283, 1188 (1985). 
83. A. V. Kuz'mina, Thesis for Candidate of Chemical Sciences [in Russian], Odessa (1988). 
84. A. V. Bogatsky, L. K. Komogortseva, and S. A. Andronati, Dokl. Akad. Nauk, 262, 1387 (1982). 
85. R. B. Badzhpai, Thesis for Candidate of Chemical Sciences [in Russian], Odessa (1986). 
86. P. B. Terent'ev, Kh. S. Azhami, Yu. G. Bundel', L. K. Kolmogortseva, S. A. Andronati, and 

A. V. Bogatskii, Khim. Geterotsikl. Soedin., 528 (1987). 
87. A. Stempel, I. Douvan, E. Reeder, and L. H. Stembach, J. Org. Chem., 32, 2417 (1967). 
88. O. V. Kulikov, S. A. Andronati, V. I. Pavlovsky, O. V. Mazepa, and T. A. Kabanova, Visnik ONU, 5, 

No. 2, 68 (2000). 
89. A. Stempel, I. Douvan, and L. H. Sternbach, J. Org. Chem., 33, 2963 (1968). 
90. O. V. Kulikov, V. I. Pavlovsky, A. V. Mazepa, and S. A. Andronati, Khim. Geterotsikl. Soedin., 566 

(2003). 
91. Yu. A. Simonov, K. Suvinskaya, V. I. Pavlovsky, O. V. Kulikov, E. V. Ganin, and S. A. Andronati, 

Dopov NAN Ukraini, 140 (2001). 
 

 
1473 



  92. V. I. Pavlovsky and O. V. Kulikov, in: V. G. Kartsev (editor), Selected Methods for Synthesis and 
Modification of Heterocycles, Vol. 1, IBS Press, Moscow (2002), p. 542. 

  93. O. V. Kulikov, V. I. Pavlovsky, A. V. Mazepa, and S. A. Andronati, in: Abstracts of International 
Conference Chemistry of Nitrogen Containing Heterocycles, Kharkov, Ukraine (2003), p. 96.  

  94. S. A. Andronati, V. I. Pavlovsky, O. V. Kulikov, and A. V. Mazepa, in: XX Ukrainian Conference on 
Organic Chemistry: Abstracts [in Ukrainian], Astroprint, Odessa (2004), p. 261. 

  95. Yu. A. Simonov, M. Gdaniets, O. V. Kulikov, V. I. Pavlovsky, and S. A. Andronati, in: Abstracts of 
Ukrainian-Polish-Moldavian Symposium on Supramolecular Chemistry, Kiev, Ukraine (2003), p. 155. 

  96. K. Henrick, P. M. Judd, P. G. Owston, R. Peters, P. A. Tasker, and R. W.Turner, Chem. Commun., 1253 
(1983). 

  97. K. R. Adam, B. J. McCool, A. J. Leong, L. F. Lindoy, C. W. G. Ansell, P. J. Baillie, K. P. Dancey, 
L. A. Drummond, K. Henrick, M. McPartlin, and D. K. Uppal, Dalton Trans., 3435 (1990). 

  98. H. Hiller, P. Dimroth, and H. Pfitzner, Liebigs Ann. Chem., 717, 137 (1968). 
  99. K. Sakata, S. Wada, N. Sato, M. Kurisu, M. Hashimoto, and Ya. Kato, Inorg. Chim. Acta, 119, 111 

(1986). 
100. D. D. Klaehn, H. Paulus, R. Grewe, and H. Elias, Inorg. Chem., 23, 483 (1984). 
101. V. K. Gupta, R. Prasad, and A. Kumar, Sensors, 2, 384 (2002). 
102. E. E. Nifant'ev, A. I. Zavalishina, E. I. Smirnova, and V. F. Filimonov, Zh. Obshch. Khim., 55, 2806 

(1985). 
103. J. M. Barendt, E. G. Bent, S. M. Young, R. C. Haltiwanger, and A. D. Norman, Inorg. Chem., 30, 325 

(1991). 
104. M. M. Htay and O. Meth-Cohn, Tetrahedron Lett., 17, 469 (1976). 
105. C. A. Davis, P. A. Duckworth, A. J. Leong, L. F. Lindoy, A. Bashall, and M. McPartlin, Inorg. Chim. 

Acta, 273, 372 (1998). 
106. C. A. Davis, A. J. Leong, L. F. Lindoy, J. Kim, and S. Lee, Aust. J. Chem., 51, 189 (1998). 
107. J. R. Roper and H. Elias, Inorg. Chem., 31, 1210 (1992). 
108. F. Pages, J.-P. Desvergne, H. Bouas-Laurent, J.-M. Lehn, Y. Barrans, P. Marsau, M. Meyer, and 

A.-M. Albrecht-Gary, J. Org. Chem., 59, 5264 (1994). 
109. A. F. Cotton, J. Czuchajowska, L. R. Falvello, and X. Feng, Inorg. Chim. Acta, 172, 135 (1990). 
110. K. R. Adam, D. Baldwin, P. A. Duckworth, A. J. Leong, L. F. Lindoy, M. McPartlin, and P. A. Tasker, 

Chem. Commun., 1124 (1987). 
111. K. R. Adam, M. Antolovich, L. G. Brigden, A. J. Leong, L. F. Lindoy, P. J. Baillie, D. K. Uppal, 

M. McPartlin, B. Shah, D. Proserpio, L. Fabbrizzi, and P. A. Tasker, Dalton Trans., 2493 (1991). 
112. K. Henrick, L. F. Lindoy, M. McPartlin, P.A. Tasker, and M. P. Wood, J. Am. Chem. Soc., 106, 1641 

(1984). 
113. C. W. G. Ansell, K. P. Dancey, M. McPartlin, P. A. Tasker, and L. F. Lindoy, Dalton Trans., 1789 

(1983). 
114. A. J. Leong, L. F. Lindoy, D. C. R. Hockless, G. F. Swiegers, and S. B. Wild, Inorg. Chim. Acta, 246, 

371 (1996). 
115. K. R. Adam, C. W. G. Ansell, K. P. Dancey, L. A. Drummond, A. J. Leong, L. F. Lindoy, and 

P. A. Tasker, Chem. Commun., 1011 (1986). 
116. K. B. Yatsimirskii, A. V. Bogatsky, Ya. D. Lampeka, and L. K. Komogortseva, Dokl. Akad. Nauk, 245, 

128 (1979). 
117. V. I. Pavlovsky, O. V. Kulikov, N. V. Rusakova, S. A. Andronati, and Yu. V. Korovin, Izv. Akad. Nauk. 

Ser. Khim., 755 (2004). 
118. N. Rusakova, V. Pavlovsky, O. Kulikov, Yu. Korovin, S. Kost, and S. Andronati, Chem. Listy, 98, 6 

(2004). 
119. A. N. Chekhlov, Koord. Khim., 28, 173 (2002). 
 
1474 



120. N. R. Strel'tsova, L. V. Ivakina, V. S. Bel'skii, P. A. Storozhenko, B. M. Bulychev, and A. I. Gorbunov, 
Zh. Obshch. Khim., 58, 861 (1988). 

121. E. N. Maslen, L. M. Engelhardt, and A. H. White, Dalton Trans., 1799 (1974). 
122. D. V. Bazhenov, M. K. Beklemishev, Yu. K. Grishin, and Yu. A. Ustynyuk, Vestn. MGU, 30, 394 

(1989). 
123. A. V. Popova, I. V. Podgornaya, and O. V. Fedorova, Izv. Akad. Nauk. SSSR. Ser. Khim., 618 (1987). 
124. N. V. Isakova, Yu. A. Zolotov, and V. P. Popov, Zh. Anal. Khim., 44, 859 (1989). 
125. V. K. Gupta, R. Prasad, and A. Kumar, J. Appl. Electrochem., 33, 381 (2003). 
126. R. P. Sijbesma and R. J. M. Nolte, J. Org. Chem., 56, 3122 (1991). 
127. A. E. Rowan, J. A. A. W. Elemans, and R. J. M. Nolte, Acc. Chem. Res., 32, 995 (1999). 
128. S.-B. Wang, G.-M. Yang, D.-Z. Liao, and L.-C. Li, Inorg. Chem., 43, 852 (2004). 
129. E.-Q. Gao, W.-M. Bu, G.-M. Yang, D.-Z. Liao, Z.-H. Jiang, S.-P. Yan, and G.-L. Wang, Dalton Trans., 

1431 (2000). 
130. E.-Q. Gao, G.-M. Yang, D.-Z. Liao, Z.-H. Jiang, S.-P. Yan, G.-L. Wang, and H.-Z. Kou, Trans. Met. 

Chem., 24, 244 (1999). 
131. E.-Q. Gao, G.-M. Yang, J.-K. Tang, D.-Z. Liao, Z.-H. Jiang, and S.-P. Yan, Polyhedron, 18, 3643 

(1999). 
132. E.-Q. Gao, G.-M. Yang, D.-Z. Liao, Z.-H. Jiang, S.-P. Yan, and G.-L. Wang, J. Chem. Res. (S), 278 

(1999). 
133. E.-Q. Gao, J.-K. Tang, S.-P. Yan, D.-Z. Liao, and Z.-H. Jiang, Trans. Met. Chem., 26, 473 (2001). 
134. E.-Q. Gao, H.-Y. Sun, D.-Z. Liao, Z.-H. Jiang, and S.-P. Yan, Polyhedron, 21, 359 (2002). 
135. E.-Q. Gao, D.-Z. Liao, Z.-H. Jiang, and S.-P. Yan, Polyhedron, 20, 923 (2001). 
136. E.-Q. Gao, J.-K. Tang, D.-Z. Liao, Z.-H. Jiang, S.-P. Yan, and G.-L. Wang, Helv. Chim. Acta, 84, 908 

(2001). 
137. X.-Z. Li, J.-H. He, B.-L. Liu, and D.-Z. Liao, Acta Chim. Slov., 51, 343 (2004). 
138. X.-Z. Li, D.-Z. Liao, Z.-H. Jiang, and S.-P. Yan, J. Molec. Struct., 643, 135 (2002). 
139. X.-Z. Li, L.-H. Yu, S.-F. Si, D.-Z. Liao, Z.-H. Jiang, and S.-P. Yan, Inorg. Chem. Commun., 5, 478 

(2002). 
140. X.-Z. Li, B.-L. Liu, J.-H. He, and D.-Z. Liao, Z. Naturforsch., 59b, 757 (2004). 
141. X.-Z. Li, D.-Z. Liao, Z.-H. Jiang, and S.-P. Yan, Trans. Met. Chem., 28, 506 (2003). 
142. Z.-L. Liu, D.-Q. Zhang, J.-L. Luo, Z.-H. Jiang, D.-Z. Liao, and D.-B. Zhu, J. Coord. Chem., 57, 647 

(2004). 
143. L. Zhang, S.-B. Wang, G.-M. Yang, J.-K. Tang, D.-Z. Liao, Z.-H. Jiang, and S.-P. Cheng, Inorg. Chem., 

42, 1462 (2003). 
144. Y.-Q. Sun, G.-M. Yang, D.-Z. Liao, Z.-H. Jiang, and S.-P. Yan, Inorg. Chem. Commun., 6, 799 (2003). 
145. Y.-Q. Sun, M. Liang, W. Dong, G.-M. Yang, D.-Z. Liao, Z-H. Jiang, S. P. Yan, and P. Cheng, Eur. J. 

Inorg. Chem., 1514 (2004). 
146. Z.-L. Liu, L.-C. Li, L. Zhang, D.-Z. Liao, Z.-H. Jiang, and S.-P. Yan, New. J. Chem., 27, 583 (2003). 
147. D. Chartres, L. F. Lindoy, and G. V. Meehan, Coord. Chem. Rev., 216-217, 249 (2001). 
148. L. F. Lindoy, Coord. Chem. Rev., 174, 327 (1998). 
149. Y. Dong and L. F. Lindoy, Coord. Chem. Rev., 245, 11 (2003). 
150. J. Beves, Y. Dong, J. Chartres, L. F. Lindoy, G. V. Meehan, and G. Wei, in: Abstracts of XXVIII 

International Symposium on Macrocyclic Chemistry, Gdansk, Poland (2003), p. 21. 
151. M. J. Gunter, Eur. J. Org. Chem., 1655 (2004). 
152. T. Gross, F. Chevalier, and J. S. Lindsey, Inorg. Chem., 40, 4762 (2001). 
153. A. Balakumar, A. B. Lysenko, C. Carcel, V. L. Malinovskii, D. T. Gryko, K.-H. Schweikart, 

R. S. Loewe, A. A. Yasseri, Z. Liu, D. F. Bocian, and J. S. Lindsey, J. Org. Chem., 69, 1435 (2004). 

 
1475 


	Chemistry of Heterocyclic Compounds, Vol. 41, No. 12, 2005
	DIBENZOTETRAAZAMACROHETEROCYCLES:
	SYNTHESIS AND PROPERTIES. (REVIEW)
	O. V. Kulikov, V. I. Pavlovsky, and S. A. Andronati




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


