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Abstract 
During the past few years there has been a great 

deal of activity in the field of macrocyclic 

complexes. It has been recognized that many 

complexes containing synthetic macrocyclic 

ligands may serve as models for biologically 

important species [1]. The discovery that the 

natural products, coenzyme B12 ,is a cobalt (III) 

corrinoid complex containing a sigma bonded 

alkyl ligand (occupying an axial position) has 

led to lot of research in the preparation and 

study of synthetic analogues of vitamin B12 

(Figure 1) and its enzymes[2]
 
. 

 

In the macrocyclic complexes metal ion is 

placed at the center of cyclic environment of 

the ligand .The extraordinary chemical and 

biological properties of molecules like 

cryptates, crown- ethers, macrolides cyclic 

peptides, and Schiff bases have triggered a 

great deal of interest in their synthesis, structure 

and reactivity. They have an ability to 

encapsulate metal ions with remarkable 

specificity and stability. Now a days attempt 

have been made to promote considerable 

interest in the design and preparation of 

synthetic macrocyclic complexes to relate 

electronic properties and reactivity to those of 

naturally occurring macrocycles such as corrins 

and porphyrins. One of the interesting aspects 

of macrocyclic complexes is the influence of 

stereochemical preferences of a particular metal 

ion on ligand conformation and in turn, the 

capacity of metal ion to accommodate to the 

geometrical constraints imposed by the 

macrocycle. An important property of both 

naturally occurring and synthetic macrocycles 

having varying degrees of unsaturation is their 

ability to stabilize at both high and low 

oxidation states in the metabolic function of 

naturally occurring porphyrins.  
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Figure 1 Synthetic analogue of vitaminB12 
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Introduction 
  
The macrocyclic complexes have wide spread applications-Macrocyclic   polyamines, their salts and chelates with 

copper, nickel ,iron, rhodium and thorium metal ions are useful as chemical sensitizers  for photographic silver halide 

emulsions. Cobalt (II) macrocyclic complexes can be used to determine the concentration of oxygen dissolved in 

water and hence to increase the range of concentration and sensitivity and thus help to reduce the analytical time. The 

use of monocyclic complexes as extractants
 
for the analytical separation of metals has been widely investigated

 
[3].  

The metal ions to be extracted undergo complexation with crown ethers and are further extractable into organic 

solvents. The crown ethers have been reported to be potential ligands for the transport of alkali and alkaline earth 

metal ions across natural and artificial membranes
 
[4, 5]. Recently because of the possible use as therapeutic agents 

and also for other (non biological) applications a considerable interest has been developed in the study of macrocyclic 

complexes. A large variety of macrocyclic complexes are reported to have novel solid-state properties. Iodine doped 

macrocyclic complexes produced a new class of electrically conductive mixed valent metallic macrocyclic 

complexes. A pulse radiolysis and flash photolysis study of nickel (III) macrocyclic complexes reported it as a 

powerful oxidizing agent [6]. 

 

1.1 Crown type macrocyclic complexes 

 

The macrocyclic complexes of crown type known as crown ethers or macrocyclic polyethers were first discovered by 

Pederson [7].  The crown ethers contain ethylene bridge, separated by oxygen atom. A central hydrophilic cavity of 

diameter ranging from 1.2-6.0 A
0 

is also present in the crown ethers. The central cavity is ringed with electronegative 

binding polyether oxygen atoms surrounded by a collar of –CH2 groups forming flexible hydrophobic framework. 

Inorganic cations can be extracted in the suitable organic solvents with the help of crown ethers. Cation under the 

investigation forms complex with crown ether .In this process cation is converted into liophilic species. Crown ethers 

have received wide attention because of their unusual [8] behaviour towards a range of non transition metal ions. Few 

studies involving transition metal ions [9] have also been reported. It is evident that the majority of such polyether 

ligands show a limited tendency to form stable complexes with transition metal ions. The crown ethers now a day are 

widely used as extractants. The commonly used crown ethers for such purpose [10, 11]
 
are 15-crown-5, 18-crown-6 

and DB-18-crown-6.The alkali metal ions like sodium. Potassium and alkaline earth metal ions like calcium strontium 

and barium formed extractable complexes in methyl chloride or nitrobenzene or chloroform with the crown ethers. In 

extractions the factors like size of the metal ion and its charge, nature of donor atom, diluents and counter ion plays a 

vital role. The nature of the extracting species for alkali metal complexes was metal: crown ether: picrate as 1:1:1 

while for alkaline earth complexes it was 1:1:2. The extractions by crown ethers permitted sequential separation of 

alkaline earth metal ions. The s-block elements from biological, environmental and industrial samples have been also 

analyzed by the extraction with crown ethers. Apart from the extraction of alkali and alkaline earths, crown ethers 

were also used for the liquid-liquid extraction of complexes of lead, silver, thallium, gold, copper, zinc mercury, 

lanthanides and uranium metal ions [12] .         

 

            
                                     

 

                                   Figure 2 Polythioethers                                          Figure 3 Crown aminoethers 
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Modified chromogenic crown ethers were also used for extractive spectrophotometry and flurometric analysis. Many 

of ethers were used for chromatographic separation and in fabrication of ion-selective electrodes. The stability 

constant [13]
 
of   macrocyclic complex with 18-crown-6-macrocyclic ligand is found to be enhanced by four figures 

than that of complex with linear ligand tetraglyme. The crown ethers containing oxygen atoms and nitrogen atoms are 

termed as polyaminoethers while those crown ethers with sulphur atoms and oxygen atoms are known as   

polythioethers as shown in the (Figure 2) with iron, nickel, silver, cadmium and gold were isolated [14] in crystalline 

form. Macrocyclic complexes of niobium pentachloride [15] with pentacyclic polythioters were prepared and 

characterized as simple Lewis acid base adducts with the ligands functioning as bridges between niobium 

pentachloride units. Ligands displayed no reducing tendencies towards niobium pentachloride and all complexes were 

diamagnetic.  Chiral crown amino ethers (Figure 3) were synthesized by Federico and coworkers[16] in three steps 

starting from amine. Macrobicylic diaminopolyethers are reported to be useful in analytical and environmental 

studies. 

 

 
 

Figure 4 Quadridentate ligand 

 

In macrocyclic complexes of 1,5,9,13,tetrathiocyclohexadeccane ligand with copper [17]
 
,the ligand behaves as 

tetradentate in presence of copper(I) and copper(II) tetrafluroborate. Whereas, when copper chloride is used instead of 

copper tetrafluroborate the ligand behaves as bidentate. A phenomenon of host guest complexation is reported in 

macrocyclic polyethers by Helgenson and coworkers
 
[18].The identification of concentration of macrocyclic ligand as 

well as concentration of metal ion in the macrocyclic complexes can be carried out by thermometric titration [19]. A 

potentiometric method of analysis [20] can be used for the determination of stability constant .The stability constants 

of di and trivalent lanthanides complexes are reported to decrease with increase in ionic radius of lanthanide due to 

strong depressing effect of complexation on arm ring of macrocycle. The high stability constants of macrocyclic 

complexes of „crown‟ type over a wide   pH range minimize hydrolysis and subsequent polymerization problems. 

 

‘Curtis type’ macrocyclic complexes  

 

The macrocyclic complexes of this type were widely investigated by Curtis. Macrocyclic ligands of „curtis type‟  

Usually form quite stable complexes with transition metal ions . A number of donor atoms mainly nitrogen or  

sulphur have been incorporated in such ligands. Macrocyclic complexes with transition metal ions often show  

special properties which in some instances are related to those of naturally occurring macrocyclic systems.  

       

(I) Macrocyclic complexes with nitrogen donors:  

 

The majority of macrocyclic complexes obtained from nitrogen donor macrocyclic ligands have been studied are 

quadridentate (figure 4).Cyclic ligands have been prepared both directly by conventional organic syntheses [21,,22] 

and by in situ [23,24] or template methods [25,26,27] which involves cyclization in the presence of metal ion. In the 

direct syntheses the cyclization is performed under conditions of moderate to high dilution in order to minimize the 

competing linear polymerization reactions. The quadridentate amine (cyclam) can be obtained by direct synthesis [28] 

using 1, 3-bis (2-aminethyamino)propane and 1,3-dibromo propane in alcoholic potassium hydroxide under high 

dilution conditions. However the yield is small as compared to the „cyclam‟ synthesized by in situ condensation 

[29,30]. Although a number of macrocyclic ligands can be synthesized by direct as well as by in situ   procedure, it is 

nevertheless true that a large proportion of other cyclic ligands can only be obtained via in situ techniques. The Schiff 

base condensation between a carbonyl compound and organic amine to yield an imine linkage forms the basis of 
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many successful macrocyclic ligand syntheses. Bis (diaminoethane) copper (II) perchlorate reacts with dry acetone 

under reflux at 110
0
C for 6 hrs. to give blue violet coloured copper (II) macrocyclic complexes [31].Similarly, yellow 

coloured Ni(II) macrocyclic [32,33]can be obtained. The nickel (II) complexes of the macrocycles (cis)- 

5,7,7,12,12,14-hexamethyl –1,4,8,11,tetra-azacyclotetra deca-4,14-diene and (trans)- 5,7,7,12,12,14-hexamethyl –

1,4,8,11,tetra-azacyclotetra deca-4,14-diene [34] which have two secondary amine and two imine donor groups were 

synthesized by the reaction of diaminoethane –nickel(II) with acetone. This complex can be reduced step wise to give 

first the tri-amine-mono-imine Ni(II), cis and trans-triene nickel(II) and then the cyclic cis and trans Ni(II)tetra amine 

complexes[35].The diene are oxidized by nitric acid to give the cyclic tetra imine complexes of  cis and trans type (cis 

and trans tetene).These complexes may be partially reduced using hypo phosphorous  acid to give monoimine-

triimine complexes (cis and trans triene)-further reduction of which yields the diene ,starting material[36]. 

 

Now a day, instead of applying direct synthesis method or in situ method for the synthesis of macrocyclic 

complexes a new technique of demetallation of the complexes and replacing the metal ion in the macrocyclic ring by 

desired metal ion is being used. cyclic Schiff bases are reduced to form two isomeric cyclic tetramine nickel(II) 

complexes. Their reaction with cyanide releases the isomeric cyclic tetramine which can be used as macrocyclic 

ligand to form macrocyclic complex with other metal ions [37] (Figure.5). Stevens and coworkers [38] have reported 

the synthesis of the super structure Co (II) complexes by the same demetallation technique
 
[39]. The macrocyclic 

ligand is removed intact from the Nickel (II) template of the macrocyclic ligand complex and then cheated around the 

more interesting (from bioinorganic stand point) Cobalt (II) without degradation and isomerisation .In the super 

structure ligands the bridge group R‟= (CH2)6(PF6)2 provides a protective void or a „dry cave‟, near the metal atom, 

which is intended to shelter small ligands from interactions with other cobalt centers or with solvent. 

 

In order to develop certain class of metal for biological systems it is highly useful to have an access to functional 

groups provide points of attachment to superstructures designed to facilitate certain biometric properties in the metal 

complexes of the product ligands
 
[40, 41]. The Ni(II)[MeOethi)2-Me2[14]tetraeneN4]

2+
   macrocyclic complexes  

contain an unusual peripheral conjugated methyl vinyl ether functional group which readily undergo addition 

elimination reactions  ,especially with amines[42] . With a view to relate electronic properties and reactivity of 

synthetic macrocyclic complexes with naturally occurring macrocycles a non template synthesis of (B-imioamines) 

macrocycles possessing 14,15 and 16 member rings is devised..This method is based on the electrophilic reactivity of 

1-2 dithinium cautions and B-aminothioenes with primary amines. Tris (1,3-diaminopropanes)nickel(II) perchlorarate 

on reaction with benzoin and anisoin in methanol  gives the orange coloured macrocyclic complexes [43].  

 

 
 

Figure 5 macrocyclic ligand 

 

Takamoto and co-workers determined the chelate formation constants of newly synthesized macrocyclic complexes 

of ligand 1,2-di(1,4,7-triaza-1-cyclonyl)etane with Cd(II),Zn(II),Co(II) and Ni(II) at 25
0
C in potassium nitrate[44] . 

The macrocyclic complexes of Zn(II),Cd(II) and Mn(II) with macrocyclic ligands in which the 1-10 –phenanthroline 

group is incorporated are reported by Bishop and coworkers[45]. A new class of branched quadridentate Schiff base 

macrocycles [46] with an additional legating group in the side chain is also known as .Nickel(II) macrocyclic 

complexes of „cyclam‟ and their [2,2,4,9,9,11-hexamethyl]and[2,2,4,9,9,11-hexamethyl-4,11-diene] derivatives can 

be very well oxidized electrochemically[47] on gold and platinum electrodes in aqueous disodium sulphate to give the 

nickel(II)  corresponding complexes which have strong single electron oxidizing properties. Mononuclear 
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macrocyclic complexes of lead (II) with Schiff bases can be synthesized by template cyclocondensation [48]. The 

coordination number of lead (II)in these complexes varies from five to eight and it depends on the nature of the anions 

and the nature of the macrocyclic  ligand. A tridentate macrocyclic ligand [49] is synthesized by reaction of 2,6-

dipicolinic acid ,hydrazide and acetyl acetone. Copper (II) complexes of this macrocyclic ligand are isolated and 

characterized as trigonal bipyramidal complexes on the basis of their chemical analyses. The pentadentate high spin 

nickel (II)[1,4,7,10,13-pentaazacyclodecane])are reported to have the distorted octahedron with folded macrocyclic 

ligands. The macrocyclic complexes of Lanthanum are also known. The eighteen member hexaaza macrocyclic 

complex is synthesized by template condensation of 2, 6-diacetyl pyridine with ethylene diamine in presence of 

lanthanum (III) perchlorate. Chelate macrocyclic compound by template condensation of pyrazole in the presence of 

transition metal ions at 130-160
0
C in organic solution also can be synthesized (Figure 6). 

 

 
Figure 6 Template condensation of pyrazole 

 

In the macrocyclic complexes with nitrogen donors usually the legating atoms lie in a plane or nearly so, with the 

metal atom positioned either in the same plane or slightly above it. Thus most commonly encountered polyhedral are 

square planer, square pyramidal and octahedral (with distorted form also) This is the expected consequence of 

macrocycles having full or substantial degree of unsaturation With fully saturated macrocycles ,ring folding may 

occur. To fully encircle a first row transition metal ion, a macrocyclic ring size of between –thirteen and –sixteen 

members is required [50, 51] provided that the nitrogen donors spaced such that –five, six or –seven membered 

chelate rings are produced on coordination. The skeletal vibrations of the macrocvycles reflect changes in the 

geometry of the macrocycles [52].The stereochemistry of the macrocyclic ligand shows the possibility of 

configurationally isomers due to chiral carbon and chiral nitrogen centers. The distereo isomers, possible for other 

macrocycles have been isolated and identified on the basis of 
1
H nmr,

13
C nmr, X-ray and electronic spectra

 
[53]

  
 . 

 

(II) Macrocyclic Complexes with nitrogen –sulphur donors:    

 

Macrocyclic complexes containing both nitrogen and sulphur donors are widely known, some of them are illustrated 

in (Figure 7) 

 

Bush and coworkers [54] investigated that for ligands incorporating sulphur donors require a ring size of greater than 

thirteen members to surround the metal ion in the macrocyclic complexes. Salts of diamagnetic complex ion can be 

isolated from the reaction in THF, of dihydrazine with formaldehyde in the presence of nickel ion[55]
 
,inherent in the 

synthetic strategy for this template reaction is the thought that the use of dihydrazine moiety may overcome the 

masking of the nucleophillic character  of amines [56] which is usually observed when amines when amines are 

coordinated to metal ions. 
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Figure 7 Macrocyclic complexes containing N-S donors 

                       

 

(III) Macrocyclic Complexes with nitrogen –oxygen donors:   

 

A series of macrocyclic complexes having nitrogen oxygen donors containing cis-imine linkages are prepared by 

direct syntheses and in situ procedures in the presence of nickel salts. A template condensation [57] of 1,3-

diaminopropane with dialdehydes yields the macrocyclic complexes in the presence of metal ion which can be 

isolated from the methanol reaction solution by the addition of water . A macrocyclic complex of lead (II) can be 

synthesized by template condensation [58]. X-ray analysis of crystal structure of the complex shows the position of 

lead(II) within the macrocyclic cavity and thiocynate ions above and below the macrocyclic ligand gives the effective 

eight coordination of lead(II). 

 

References 
 

[1] Tandon J.P. Everyman‟s Science 1987,10,22-29 

[2] Antonio P.P. and B.P.Lever,J.Chem.Soc.Dalton Trans. 1981,6,1438 

[3] Warner L.G and Bush D.H. , J.Am.Chem.Soc.,1969 91,4092 

[4] Nakamur H. and Takagi M. Talenta ,1978,26,921 

[5] Pederson C.J. and Frensdorff A. Chem.Int.Ed. 1972 ,11,16 

[6] Whitburn K.D. and Lawrence G.S. J.Chem.Soc.Dalton Trans. 1979,51,139 

[7] Pederson C.J. J.Am.Chem.Soc.,1967, 89,7017 

[8] Christensen J.J. , Eatough D.J. and Izatt  R.M. Chem Rev. 1974 ,74,351 

[9] Dunitz J.D., Hemmerich P. and Williams J.P. Structure and Bonding 1973,16 

[10] Mohite B.S. and Khopkar S.M. Talenta 1985, 37(7) 56 

[11] Mohite B.S. and Khopkar S.M. Ind.J.Chem.1983, 22,962 

[12] Kodama M. and Kimura E.Bull.Chem.Soc.Jpn. 1976, 49(9)2465 

[13] Smith W.L. and Haward T.R. J.Am.Chem.Soc.1978, 100, 1170 

[14] Davin E. and Shefield F. Chem.Soc.Rev. 1977, 6(3) 325 

[15] Desimon R.E. and Tighe T.M. J.Inorg.Nucl.Chem. 1976, 38(9) 623 

[16] Wudl F. and Gaeta K. J.Chem. Soc.Chem. Comm. 1972, 2, 107 

[17] Gorewitz and Musker SW. Inorg.Chim Acta 1979, 33, L 151-L 152  

[18] Cram D.J. and Helgenson R.C. J.Org.Chem 1978, 14, 43  

[19] Lamb J.D. and King J.E. Anal. Chem. 1981, 53(13), 2127 

[20] Deserux J.F. and Massaux J. Rare earth Mol. Sci. Technol. 1982, 3, 87 

[21] Duham B. and Anderson T.J. Inorg. Chem. 1977, 16, 271 

[22] Egglestton D.S. and Jackels Inorg. Chem. 1980, 19, 1593  

[23] Mohapatra B.K. and Sahoo B. Ind.J.Chem. 1985, 24, 653 

[24] Singh C.B. Rai H.C. and Sahoo B Ind.J. Chem. 1977 15A 691 



Chemical Science Review and Letters                                                                                 ISSN 2278-6783  

Che Sci Rev Lett 2014, 2(6), 449-455                                                                   Article CS102043091                      455 

[25] Barefield E.K. Inorg. Chem. 1980 , 19, 3186  

[26] Barefield E.K. and Bush D.H. Inorg.Chem. 1971, 10, 108  

[27] House D.A. and Curtis N.F. J.Am.Chem.Soc.1972, 86, 1311 

[28] Bosnich B. Inorg. Chem. 1965, 4, 1102 

[29] Barefield E.K. Inorg. Chem. 1972, 11, 2273 

[30] Barefield E.K. and Wegner K. Inorg. Chem. 1973, 12, 2435 

[31] Bush D.H. Christoph G.G. and Zimmer L.L. J.Am.Chem.Soc.1981, 103, 5107 

[32] Curtis N.F. and Blight M.M. J. Chem. Soc.  1962, 3016 

[33] Curtis N.F. J. Chem. Soc.  1960, 4409 

[34] Curtis Y.M. , Curtis N.F. and Powell H.K. J. Chem. Soc.  1966, 1015 

[35] Curtis N.F. J. Chem. Soc.  1965,924 

[36] Curtis N.F. J. Chem. Soc. Comm. 1966,881 

[37] Hegen T.E. and Smidj J. J.Am.Chem.Soc.1969, 91, 4585 

[38] Stevens J.C, Jackson P.J. and Bush D.H. J.Am.Chem.Soc.1980, 3285 

[39] Lewis J. amd Wainwright K.P. J.Chem. Soc.Chem. Comm. 1974, 5, 169 

[40] Pillsburry D.G. and Bush D.H. J.Am.Chem.Soc.1976, 98, 7836 

[41] Schammel W.P. and Mertes K.S. J.Am.Chem.Soc.1979, 101, 1622 

[42] Schammel W.P.  Bush D.H.and Zimmer L.L. Inorg. Chem. 1980,19,3159 

[43] Martin J.W. and Curtis N.F. Aust.J.Chem. 1972,33,1241 

[44] Tonak N and Takamota Chem. Lett. 1977 , 2, 107 

[45] Bishop M.M., Lewis J. , Timothy D. J.Chem. Soc.Chem. Comm. 1978, 476 

[46] Lotz T.J. and Kaden T.A. Helv.Chim. Acta . 1978,61(4) 1376 

[47] Zeigerson E. GizburgG. And Schwortz  N. J.Chem. Soc.Chem. Comm. 1979, 6,241 

[48] Fenton D.E. and Cook D.H. J.Chem Soc. Dalton Trans. 1979, 2414 

[49] Fenton D.E. and Nowell I.W. J.Chem. Soc.Chem. Comm. 1978, 6,279 

[50] Rana V.B. and Teotia M.P. Ind.J.Chem. 1980, 267 

[51] Lindoy L.F. and Bush D.H. Prep.Inorg.Reactions 1971, 6, 1 

[52] Cham P.K. and Poon C.K. J.Chem Soc. Dalton Trans. 1976, 858 

[53] Michael D. and Mingos P. J.Chem Soc. Dalton Trans. 1977, 5, 26 

[54] Black D.C. Aust.J.Chem 1972,25,1315 

[55] Alcock D.C. and Tasker P.A. J.Chem. Soc.Chem. Comm. 1972, 1239 

[56] Lindoy L.F. Quart.Rev. 1971, 25,379 

[57] Armstrong L.G. and Lindoy L.F. Inorg.Chem.1975, 14, 1322 

[58] Fenton D.E. and Cook D.H. J.Chem. Soc.Chem. Comm. 1977, 8,274 

 

Publication History 

Received    10
th
 Sep 2013 

Revised 26
th
 Oct 2013 

Accepted 28
th
 Oct 2013 

Online 05
th
 Jan 2014 

 

 

© 2014, by the Authors. The articles published from this journal are distributed to 

the public under “Creative Commons Attribution License” 

(http://creativecommons.org/licenses/by/3.0/). Therefore, upon proper citation of 

the original work, all the articles can be used without any restriction or can be 

distributed in any medium in any form. 

 


