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ABSTRACT
One hundred twenty complexes of Pb(II) of the type [Pb}:;o X>] (where X= Cl or Br or NO3 or CH3COO and l__l;) =

macrocyclic ligands derived from the condensation of trimesic acid or pthathalic acid or squaric acid with different
aliphatic diamines in 2:2 molar ratio) have been synthesized and characterized by elemental analysis, molar
conductivity, Infrared and XPS i.e. X-ray photoelectron spectra data. An octahedral geometry was also established for
them.
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INTRODUCTION

The macrocyclic, macroacyclic, compartmental macrocyclic ligands and their transition metal and
lanthanides complexes are an interesting area among inorganic and bioinorganic chemists due to their
utilization in coordination and bioinorganic chemistry.!?® During last few decades many macrocyclic
ligands such as porphyrins®!, crown ethers?, N4S, donor macrocyclic?***3?, polyazamacrocyclic?***7,
saturated and unsaturated polyamines®®* have been reported®***, Many macrocyclic metal complexes have
been used as metal ion separation**“®, as anticancerous*’, as antifungal*® as coordinating agent**->, as
therapeutic and radiotherapeutic agents®!">2, as catalyst™¢, as pharmacological agent>’, In photosynthesis
and dioxygen transport®™!, as photosensitizer®®, as antitumour®, as environmental importance®, as
potential medical applications®®”’, as in labeling monoclonal antibodies with radioactive models®7, as
modeling the active sites of metalloenzymes’!, as highly stable complexes with transition metals and
lanthanides in MRI contrasting agents®, as radio-pharmaceuticals®, as luminescent probes®, in sensor
technology®, as protein binding®, as molecular recognition of DNA, RNA and related biomolecules with
aza-macrocyclic ligands®®, in sodium and potassium ion transport®, as catalyst in carbonylation,
hydrogenation; hydroformylation and epoxidation reaction’>”* and providing supramolecular chemistry by
various metal complexes with macrocyclic ligands. Recently few reviews have also been published on
macrocyclic ligands, their metal complexes, and applications.”*”® Lead toxicity is known from ancient times
and many studies have explored the mechanisms and symptoms of this toxicity. The literature survey
revealed that antioxidants can play an extremely important role in abating some toxic effects of lead. Few
antioxidants appear to have a potential for chelating lead and removing it from the blood stream?®’. Lead has
unique properties like softness, ductility low melting point, high malleability, and resistance to corrosion
and is used in different industries like automobiles, paints, plastics, ceramics, etc. The main reason for its
prolonged persistence in the environment is its non-biodegradable nature. The design of drugs to counteract
the effects of lead poisoning needs to establish the perfect ligands of lead and its stereochemistry. In recent
years many reports relating coordination chemistry of lead (II) with chelating ligands®!, lariat ethers®*?,
cryptands®®, and macrocycles®>¢ have been published. The relationship between structure and stability of
lead (II) complexes with macrocyclic ligands is correlated. Organolead compounds are useful as fungicidal
as well as bactericidal activities®’%%, allergies, asthma, and influenza®’, as algicides, herbicides, and also as
anticancerous agents.”*?
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[Pb(Mac,)Z,] (where Z= Cl or NO; or CH3COQ) containing 14-18 membered rings macrocyclic ligands
have synthesized by the template condensation reactions of malonic acid and succinic acid with 1,2
aminoethane and 1,3- diamino propane in methanol and characterized by elemental analysis, molar
conductivity, IR, and '"HNMR, spectral studies®. [Pb(L'~*) S,P(OR),] (where L= macrocyclic ligands L' or
L?or L3 or L%r L’ and R=CHj; or C;H; have been synthesized and characterized.** [Pb(L)(C1O4),] complexes
where L=a new macrocyclic ligand 1, 1!-bis -(bis-(6,6' - oxymethylenyl -2- 2! —bipyridine) has been
synthesized and characterized.”® Lead (1) complexes with macrocyclic receptors derived from 4,13-diaza -
18 -crown -6 have been synthesized.”® Salih et al’’ have synthesized Pb(ll) complexes with Schiff base
macrocyclic ligands. Pb(ll) complexes by template reaction of 1,2- bis (2-formyl phenyl) ethane have been
synthesized and characterized and their structure was posed on the basis of elemental analysis, molar
conductivity, IR, and "H NMR.'* By template reaction of 1,4-bis (3-amino-propoxy) butane with Pb(NO3),
and 1,3-bis (2- formyl phenyl) propane or 1,4-bis (2formylphenyl) butane, eight new macrocyclic
complexes were synthesized and their structure was proposed on basis of physicochemical techniques.’®
Salih et al*® have synthesized various Pb(II) complexes with a new macrocyclic Schiff base derived from
2,6-diaminopyridine and 1,7- bis (2-fomylphenyl) -1,4,7-trioxaheptane.'® Hassan Keypour et al'®' have
synthesized and characterized some new Pb (II) complexes with pentaaza macrocyclic ligand containing a
piperazine moiety. Bahram Ghanbari et /' have synthesized and characterized various Pb (II) complexes
with naphthodiaza crown macrocyclic ligands. Bis (benzyl) ethylenediamine react with PbCl, or Pb(OAc).
and primary diamine i.e. 1,2-diaminoethane or 1,3- diminopropane in a 1:1:1 Molar ratio in methanol to
give [Pb(L)X:] complexes (where L= macrocyclic ligand and X= Cl or OAc).!®

In this present research paper, we will synthesize [PbX,.L] complexes (where X= Cl or Br or NO3 and L=
macrocyclic Schiff base ligands i.e. L' = derived from trimesic acid and different diamines; L? = derived
from phthalic acid and different diamines and L* =derived from squaric acid and different diamines) and
characterized by different physicochemical techniques.

EXPERIMENTAL

The chemicals trimestic acid (BDH);phthalic acid (BDH); squaric acid (BDH); PbCl, (Aldrich);
PbBr»(BDH);Pb(NO3)»(BDH);Pb(CH3COO)»(BDH);NH,CH>CH,CH>NH>(LOBA);NH,CH,CH(CH3)CH>
NHZ(BDH); NHzCHzNH(CHz)zNHz(BDH); NHzCHzC(CH3)2CH2NH2(BDH); NHz(CHz)sNHz(LOBA);
NHQ(CH2)7NH2(BDH);NHz(CHz)gNHz(BDH);NHz(CHz)gNHz(BDH);NHz(CHz)10NH2(BDH);NH2(CH2)12(
BDH) and methanol (BDH) were used after purification and dried as given in literature.!**!% Solvents were
distilled from appropriate drying agents immediately prior to use. Melting points were determined by using
digital melting point apparatus and were uncorrected. Molar conductivity was recorded on a PW9526
Digital Conductivity meter. IR spectra were recorded on a Shimudzu-170-IR spectrophotometer using Csl
as pallets in the range 4000-200cm™. X-ray photoelectron spectra were recorded on VG Scientific ESCA-
II Spectrometer using Alk, as an X-ray source.

Preparation of [PbLX:] Complexes

In terephthalic acid or squaric acid or trimestic acid (2mmol) in 50ml dry methanol added different aliphatic
diamines (2mmol) i.e. NHzCHzCHzCHzNHz or NHzCHzCH(CH3)CH2 NHz or NHzCHzNH(CHz) NHz;
NH,CH,C (CH3)2 CH,NH; or NH; (CHz)() NH; or NHz(CH2)7NH2 or NHz(CHz)g NH; or NHz(CHz)gNHz or
NH2(CH>)10NH; or NH»(CH>):> NH; and refluxed for 4hrs and then put PbX,(where X=CI or Br or NOs or
CH3COO) (1mmol) and refluxed again for 3hrs. The resulting precipitate was filtered- and recrystallized
into benzene: pet-ether (9:1) and air-dried (Figs.-1, 2, and 3).

RESULTS AND DISCUSSION
All these prepared complexes [Pb IE}O X2] (where X= Cl or Br or NO; or CH3COO and Hff =macrocyclic
ligands i.e. Lyor L2 or Ljor Lior Ljor LSor Ljor L} or L} or Lor Lyor Lor Lor L}or L or
L or Ly or L or L,or Ljor Lor L or L or L or Lor L or L} or L or L, or L)) are white solid.

The elemental analysis for C, H, N, and X = Cl or Br were observed within £0.5%. The molar conductance
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of all these complexes [PbL, % X,] was found below 20-30 ohmcm’mol'in DMF solution at room

temperature showing that all these complexes are non-electrolyte.!%
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Fig.-1: Preparation of [PbXo. E,flo] Complexes Where X =Cl or Br or NO3; or CH3COO and Ll1 =
CH:CH,CH»>-; LY = R=-CH,CH(CH3)CHa-; L) = R = -CH,NH(CHy)o- ; L = R = -CH,C(CH3).CH,- ; L} =R
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Fig.-2: Preparation of [PbXs. Ul_lo] Complexes Where X=CI or Br or NO3 or CH3COO and le =R =-CH,CH,CH;
- I = -CH,CH (CH3)CH»- ; L) = CHNH(CHa)- ; L} = R = -CH,C(CH3)2CHa- ; L) =R = «(CHy)s 3 L)=R =

(CHa)-; L) =R =(CHy)s - ; LY =R = -(CHa)o- ; I, =R = «(CHy)so- and Ly = R = -(CHa) -
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The presence of sharp bands observed in the range of 485-496 cm™! confirms the formation of 9pp. ¢ 107110

The presence of a band in the far -IR region at 430 - 475 cm™ is due to the 9ppn vibration that supports the
coordination of the imine nitrogen to the lead metal ion''". The IR spectra for 3sym (OCO) appear at 1370cm™

and B45ym (OCO) together with the imine 9c-n as an intense broad absorption band in the region 1605-1626

cm’'F, suggesting monodentate coordination in the metal complexes [Pb Uflf (OAC),].! The binding

energies (eV) of PbX, (where X- Cl or Br or NO3 or CH3COO); U:;) i.e. macrocyclic ligands and [Pb 1112

X>] complexes for Pb3dss,s» and N1s photoelectron peaks are listed in Table-1 and Figs.- 4 and 5.

Pbh3dzy>» photoelectron pealkk

[PHL. 1'% C1.]
[PbBL?,Cl1.]

[PHL® 1]

[PBL7 1]

[PBLS Cl1.]
[PBL.5 C1.]

[P C1.]

[PbBL3 C1.]

[PbBL. 2, C1.]

[PbhL.!,Cl.]

Phb 1.
ST8R S5 BE(e) S90 ET=T
Fig.-4: Pb3ds» Binding Energy (eV) in [PbL;'!°Cl,] Complexes
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Fig.-5: N1s Binding Energy (eV) in [PbL;'"'°Cl,] Complexes

It was observed that binding energies (eV) of Pb 3d3., 52 in starting material PbCl, or PbBr; or Pb(NO3); or

Pb(OAc), were Pb3dsn=~ 587.8 eV - 587.2eV and Pb3dsn ~485.8 - 485.2 eV, higher than in [Pb L} Xo]

complexes Pb3d;, = $86.6 — 586.0 eV and Pb3ds, = ~484.6 - 484.0 eV. One can conclude from these

XPS data that electron density in lead metal is more in molecular complexes [Pb E,ilf X>] than in PbX; due

to coordination (Fig.-4) (Table-1).!'> The N1s photoelectron spectra of all these [Pb E,ilf X;] have shown

two photoelectron peaks in a 1:3 intensity ratio; one weak intensity photoelectron peak in the same position
as in ligand and another higher intensity photoelectron peak towards a higher binding energy side than

ligand N1s photoelectron peak suggested one nitrogen atom is uncoordinated, while rest three nitrogen
1-10

3 (NO3)2], three

N1s photoelectron peaks in intensity ratio 1:3:2 were observed due to one nitrogen atom uncoordinated,
three nitrogen atoms coordinated from the macrocyclic ligand, and two coordinated nitrogen atoms from
two NOs group(Table-1).!1>113

Table-1: Pb 3 Table-1: Pb 3ds, Pb 3ds» and N 1s Binding Energies (e¢V) in Ligands, PbX, and

[Pb LII:I 30 X>] Complexes Where X = [Cl or Br or NO3 or CH3COO]d3/2, Pb 3ds; and N 1s

atoms macrocyclic ligand is coordinated to lead metal ion.!'*!'!* But, in the Case of [Pb

Binding Energies (eV) in Ligands, PbX5 and [Pb Lll__10 X>] Complexes Where X = [Cl or Br or

NOs; or CH3COOQ]
S. No Ligand & Pb 3d3p,5 N ls
e Complex Pbsp Pbsp Uncoordinated Coordinated
1 LY - - 400.8 -
2 L% - - 400.8 -
3 L} - - 400.8 -
4 L4 - - 400.8 -
5 L3 - - 400.8 -
6 L% - - 400.8 -
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7 L’ - - 400.8 -
8 LY - - 400.8 -
9 L% - - 400.8 -
10 LY - - 400.8 -
11 LY, - - 400.8 -
12 L% - - 400.8 -
13 L’ - - 400.8 -
14 LY - - 400.8 -
15 L’ - - 400.8 -
16 L5 - - 400.8 -
17 L - - 400.8 -
18 L% - - 400.8 -
19 L% - - 400.8 -
20 L% - - 400.8 -
21 L' - - 400.8 -
22 L% - - 400.8 -
23 L’ - - 400.8 -
24 L% - - 400.8 -
25 L% - - 400.8 -
26 L5 - - 400.8 -
27 L7 - - 400.8 -
28 L% - - 400.8 -
29 L% - - 400.8 -
30 L% - - 400.8 -
31 PbCl, 587.8 485.8 - -
32 PbL'\Cl, 586.6 484.6 400.8 402.8
33 PbL?,Cl 586.6 484.6 400.8 402.8
34 PbL3,Cl 586.6 484.6 400.8 402.8
35 PbL*Cl 586.6 484.6 400.8 402.8
36 PbL?,Cl, 586.6 484.6 400.8 402.8
37 PbL%,Cl, 586.6 484.6 400.8 402.8
38 PbL’,Cl, 586.6 484.6 400.8 402.8
39 PbL?,Cl, 586.6 484.6 400.8 402.8
40 PbL’ Cl 586.6 484.6 400.8 402.8
41 PbL'",Cl, 586.6 484.6 400.8 402.8
42 PbL',Cl 586.6 484.6 400.8 402.8
43 PbL%Cl 586.6 484.6 400.8 402.8
44 PbL3,Cl, 586.6 484.6 400.8 402.8
45 PbL%Cl, 586.6 484.6 400.8 402.8
46 PbL>,Cl, 586.6 484.6 400.8 402.8
47 PbL%Cl, 586.6 484.6 400.8 402.8
48 PbL’,Cl, 586.6 484.6 400.8 402.8
49 PbL3:Cly 586.6 484.6 400.8 402.8
50 PbL’%:Cl, 586.6 484.6 400.8 402.8
51 PbL'%Cl, 586.6 484.6 400.8 402.8
52 PbL'5Cl 586.6 484.6 400.8 402.8
53 PbL%:Cl 586.6 484.6 400.8 402.8
54 PbL3Cl 586.6 484.6 400.8 402.8
55 PbL%Cl 586.6 484.6 400.8 402.8
56 PbL3:Cl, 586.6 484.6 400.8 402.8
57 PbL%Cl, 586.6 484.6 400.8 402.8
58 PbL’;Cl, 586.6 484.6 400.8 402.8
59 PbL%Cl, 586.6 484.6 400.8 402.8
60 PbL’%Cl 586.6 484.6 400.8 402.8
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61 PbL'%Cly 586.6 484.6 400.8 402.8
62 PbBr, 587.6 485.6 - -

63 PbL!|Br, 586.6 484.6 400.8 402.8
64 PbL?Br, 586.6 484.6 400.8 402.8
65 PbL*Br, 586.6 484.6 400.8 402.8
66 PbL*Br, 586.6 484.6 400.8 402.8
67 PbL’Br, 586.6 484.6 400.8 402.8
68 PbL%Br, 586.6 484.6 400.8 402.8
69 PbL’,Br, 586.6 484.6 400.8 402.8
70 PbL®Br, 586.6 484.6 400.8 402.8
71 PbL’Br, 586.6 484.6 400.8 402.8
72 PbL'"Br, 586.6 484.6 400.8 402.8
73 PbL';Br, 586.6 484.6 400.8 402.8
74 PbL?%Br, 586.6 484.6 400.8 402.8
75 PbL*,Br, 586.6 484.6 400.8 402.8
76 PbL*Br, 586.6 484.6 400.8 402.8
77 PbL%Br, 586.6 484.6 400.8 402.8
78 PbL5%Br, 586.6 484.6 400.8 402.8
79 PbL’,Br, 586.6 484.6 400.8 402.8
80 PbL®,Br, 586.6 484.6 400.8 402.8
81 PbL’%Br, 586.6 484.6 400.8 402.8
82 PbL'%Br, 586.6 484.6 400.8 402.8
83 PbL';Br, 586.6 484.6 400.8 402.8
84 PbL%Br, 586.6 484.6 400.8 402.8
84 PbL*;Br, 586.6 484.6 400.8 402.8
86 PbL*Br, 586.6 484.6 400.8 402.8
87 PbL*;Br, 586.6 484.6 400.8 402.8
88 PbL%Br, 586.6 484.6 400.8 402.8
&9 PbL’;Br, 586.6 484.6 400.8 402.8
90 PbL%Br, 586.6 484.6 400.8 402.8
91 PbL’%Br, 586.6 484.6 400.8 402.8
92 PbL'%Br, 586.6 484.6 400.8 402.8
93 Pb(NOs)» 587.4 485.6 - -

94 PbL';(NOs), 586.6 484.6 400.8 402.8
95 PbL?(NOs), 586.6 484.6 400.8 402.8
96 PbL?/(NOs), 586.6 484.6 400.8 402.8
97 PbL*/(NOs), 586.6 484.6 400.8 402.8
98 PbL*(NOs), 586.6 484.6 400.8 402.8
99 PbL®(NOs), 586.6 484.6 400.8 402.8
100 PbL’7;(NOs), 586.6 484.6 400.8 402.8
101 PbL%(NOs), 586.6 484.6 400.8 402.8
102 PbL%(NOs), 586.6 484.6 400.8 402.8
103 PbL'"(NO3), 586.6 484.6 400.8 402.8
104 PbL',(NOs), 586.6 484.6 400.8 402.8
105 PbL%(NO3), 586.6 484.6 400.8 402.8
106 PbL*(NO3), 586.6 484.6 400.8 402.8
107 PbL%(NO3), 586.6 484.6 400.8 402.8
108 PbL’»(NOs), 586.6 484.6 400.8 402.8
109 PbL%(NO3), 586.6 484.6 400.8 402.8
110 PbL7>(NOs), 586.6 484.6 400.8 402.8
111 PbL%(NOs), 586.6 484.6 400.8 402.8
112 PbL%(NOs), 586.6 484.6 400.8 402.8
113 PbL'%(NO3), 586.6 484.6 400.8 402.8
114 PbL'3(NO3), 586.6 484.6 400.8 402.8
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115 PbL%(NOs), 586.6 484.6 400.8 402.8
116 PbL3(NOs), 586.6 484.6 400.8 402.8
117 PbL*(NOs), 586.6 484.6 400.8 402.8
118 PbL%(NOs), 586.6 484.6 400.8 402.8
119 PbL%(NOs), 586.6 484.6 400.8 402.8
120 PbL’3(NOs), 586.6 484.6 400.8 402.8
121 PbL%(NOs), 586.6 484.6 400.8 402.8
122 PbL%(NOs), 586.6 484.6 400.8 402.8
123 PbL!%(NO3), 586.6 484.6 400.8 402.8
124 Pb(CH;CO0), 587.2 485.2 - -

125 PbL',(OAc), 586.0 484.2 400.8 402.8
126 PbL2,(OAc), 586.0 484.2 400.8 402.8
127 PbL3,(OAc), 586.0 484.2 400.8 402.8
128 PbL* (OAc), 586.0 484.2 400.8 402.8
129 PbL5,(OAc), 586.0 484.2 400.8 402.8
130 PbL® (OAc), 586.0 484.2 400.8 402.8
131 PbL’,(OAc), 586.0 484.2 400.8 402.8
132 PbL? (OAc), 586.0 484.2 400.8 402.8
133 PbL? (OAc), 586.0 484.2 400.8 402.8
134 PbL'%,(OAc), 586.0 484.2 400.8 402.8
135 PbL',(OAc), 586.0 484.2 400.8 402.8
135 PbL2,(OAc), 586.0 484.2 400.8 402.8
137 PbL3,(OAc), 586.0 484.2 400.8 402.8
138 PbL%(OAc), 586.0 484.2 400.8 402.8
139 PbL5,(OAc), 586.0 484.2 400.8 402.8
140 PbL%(OAc), 586.0 484.2 400.8 402.8
141 PbL7,(OAc), 586.0 484.2 400.8 402.8
142 PbL%(OAc), 586.0 484.2 400.8 402.8
143 PbL’%(OAc), 586.0 484.2 400.8 402.8
144 PbL'%(OAc), 586.0 484.2 400.8 402.8
145 PbL'3(OAc), 586.0 484.2 400.8 402.8
146 PbL2%(OAc), 586.0 484.2 400.8 402.8
147 PbL3(OAc), 586.0 484.2 400.8 402.8
148 PbL%(OAc), 586.0 484.2 400.8 402.8
149 PbL%(OAc), 586.0 484.2 400.8 402.8
150 PbL%(OAc), 586.0 484.2 400.8 402.8
151 PbL7;(OAc), 586.0 484.2 400.8 402.8
152 PbL%(OAc), 586.0 484.2 400.8 402.8
153 PbL’%(OAc), 586.0 484.2 400.8 402.8
154 PbL'%(0Ac), 586.0 484.2 400.8 402.8

The Pb 3s1, photoelectron peak in all these [Pb B:;) X;] complexes have shown a symmetrical peak i.e.,

have not shown a multiple splitting effect, suggesting all these complexes are diamagnetic.''?!!3

CONCLUSION

Based on physicochemical data of all these [Pb Ef_go X,] complexes i.e., elemental analysis, molar

conductivity, IR, and XPS data may be proposed the structure of these as shown in Fig.-1, 2, & 3 and an
octahedral geometry may be established.

ACKNOWLEDGEMENT
The authors Arpit Srivastava, Ramakant & SCS are grateful to UGC-CSIR, New Delhi, India for providing
the financial aid as UGC JRF (191620091263), UGC-SRF (354/CSIR-UGC NET DEC. 2017), and UGC-
SRF (19/06/2016(1)EU-V) respectively.

1397
SYNTHESIS AND CHARACTERISATION OF MACROCYCLIC COMPLEXES Arpit Srivastava ef al.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.
24.

RASAYAN J. Chem.
Vol. 15 | No. 2 |1390-1402| April - June | 2022

REFERENCES
R. Kanaoujiya, M. Singh, J. Singh and S. Srivastava, Journal of Scintific Research, 64 (01), 264 (2020),
http://dx.doi.org/10.37398/JSR.2020.640150
R. Kanaoujiya, D.K. Sahu, V. Shankar and S. Srivastava, MaterialsToday:Proceedings, 1-5 (2022),
http://dx.doi.org/10.1016/j.matpr.2022.04.303
R. Kanaoujiya and S. Srivastava, Research Journal of Chemistry & Environment, 25, 103 (2021),
https://doi.org/10.25303/2591jce103106
R. Kanaoujiya and S. Shekhar, Research Journal of Chemistry & Environment, 25 (7), 177 (2021),
https://doi.org/10.25303/257rjcel 7721
R. Kanaoujiya, M.A. Kumar, M.V. Kumar and S. Shekhar, Research Journal of Chemistry &
Environment, 25 (4), 77 (2021),
R. Kanaoujiya, D. Singh, T. Minocha. S.K. Yadav and S. Srivastava, Mater. Today: Proc. 1-7 (2022),
https://doi.org/10.1016/j.matpr.2022.05.354
J. Costamagna, G. Ferraudi, B. Matsuhiro, M. Campos-Vallete, J. Canales, M. Villagran, J. Vargas and
M.J. Aguirre, Coordination Chemistry Review, 196(1), 125 (2000), https://doi.org/10.1016/S0010-
8545(99)00165-4
D.E. Fenton and A.G. Sykes, Advances in Inorganic and Bioorganic Mechanisms Academic Press:
London 43, 187 (1983).
D.E. Fenton U. Casellato, P.A. Vigato, M. Vidali, Inorganica Chimica Acta, 95(4), 187(1984),
https://doi.org/10.1016/S0020-1693(00)87465-4
A.T. yordanov, D.M. Roundhill, Coordination Chemistry Review, 170(1), 93(1998),
https://doi.org/10.1016/S0010-8545(97)00074-X
P. Guerriero, S. Tarnburini, P.A. Vigato, Coordination Chemistry Review, 139, 17(1995),
https://doi.org/10.1016/0010-8545(93)01105-7
S. Tamburini, P.A. Vigato, M. Gatos, L. Bertolo and U. Casellato, /norganica Chimica Acta, 359(1),
183 (2006), https://doi.org/10.1016/j.ica.2005.09.052
A.A. Khandar, S.A. Hosseni-Yazdi, M. Khatamian, P. McArdle, S.A. Zarei, Polyhedron, 26(1),
33(2007), https://doi.org/10.1016/j.poly.2006.07.022
S. Chandra, Sangeetika and L.K. Gupta, Spectrochimica Acta Part A: Molecular and Biomolecular
Spectroscopy, 62, 307(2005), https://doi.org/10.1016/j.saa.2004.12.044
W. Radeeka-Paryzek, V. Patroniak and J. Lisowski, Coordination Chemistry Review, 249(21-22), 2156
(2005), https://doi.org/10.1016/j.ccr.2005.02.021
P. Guerriero, P.A. Vigato, D.E. Fenton. and P.C. Hellier, Acta Chemica Scandinavica, 46, 1025(1992),
https://doi.org/103891/acta.chem.scand.46-1025
D.S. Kumar and V. Alexander, Polyhedron, 18(11), 1561(1999), https://doi.org/10.1016/S0277-
5387(99)00016-9
S. Khalil and K. Bashir, Journal of Coordination Chemistry, 55(6), 681(2002),
https://doi.org/10.1080/00958970290027552
A. Chaudhary, N. Bansal, A. Gajraj. and R.V. Singh, Journal of Inorganic Biochemistry, 96(2-3),
393(2003), https://doi.org/10.1016/S0162-0134(03)00157-0
R.M. Izatt, J.S. Brandshaw, S.A. Neilsen, J.D Lamb. J.J. Christensen and D. Sen, Chemical Review,
85(4), 271 (1985). https://doi.org/10.1021/cr00068a003
P. Hambright, Coordination Chemistry Review, 6(2-3), 247(1971), https://doi.org/10.1016/S0010-
8545(00)80041-7
G.W. Gokel, WM. Leevy and M.E. Weber, Chemical Review, 104(5), 2723(2004),
https://doi.org/10.1021/cr020080k
G.A. Melson, Coordination Chemistry of Macrocyclic Compounds, Plenum Press, New York, 1979.
S. M. Nelson, Pure and Applied Chemistry, 52(11), 2461(1980),
http://dx.doi.org/10.1351/pac198052112461

1398

SYNTHESIS AND CHARACTERISATION OF MACROCYCLIC COMPLEXES Arpit Srivastava et al.



25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.

37.

38.
39.
40.
41.
42.

43,
44,

45.

46.

47.

48.

49.

50.

RASAYAN J. Chem.
Vol. 15 | No. 2 |1390-1402| April - June | 2022

D.E. Fenton, Pure and Applied Chemistry, 58(11), 1437(1986),
http://dx.doi.org/10.1351/pac198658111437
L.F. Lindoy, The Chemistry of macrocyclic Ligand Complexes, Cam-bridge. University. Press,
Cambridge 1989.
E.C. Constable and J. Lewis, Journal of Organometallic Chemistry, 254(1), 105(1983),
https://doi.org/10.1016/0022-328X(83)85122-5
E.C. Constable, P.J. Stotercau and M.G.B. Drew, [norganica Chimica Acta, 145, 3(1988),
https://doi.org/10.1016/S0020-1693(00)81994-5
E.C. Constable, P.J. Stotereau and M.G.B. Drew, Polyhedron, 8(23), 2749(1989),
https://doi.org/10.1016/S0277-5387(00)80531-8
E.C. Constable, A.C. king, C.A. Palmer and P.R. Raithby, /norganica Chimica Acta, 184(1), 43(1991),
https://doi.org/10.1016/S0020-1693(00)83043-1
E.C. Constable and P.R. Raithby, [Inorganica Chimica Acta, 183(1), 21(1991),
https://doi.org/10.1016/S0020-1693(00)82989-8
E.C. Constable, C.A. Palmer and D.A. Tocher, Inorganica Chimica Acta, 176(1), 57(1990),
https://doi.org/10.1016/S0020-1693(00)85091-4
K.B. Mertes, J.M. Lehn “Multidentate Macrocycle and Macropolycyclic Ligands”, Comprehensive
Coordination Chemistry, vol. 2, p. 915, ed. Wilkinson, G., Pergammon Press, 1987.
JM. Lehn, Angewandte Chemie International Edition in English, 27, 89(1988),
https://doi.org/10.1002/anie. 198800891
K.E. Krakowiak, J.S. Bradshaw and D.J. Zamecka-Krakowiak, Chemical Review, 89(4), 929(1989),
https://doi.org/10.1021/cr00094a008
J.S. Bradshaw, Aza- Crown Macrocycles, Wiley, New York -1993.
M. Lopez-Dober, R. Bastida de la Calle, A. Macias. P. Perez-Lourido, A. Rodriguez and L. Valencia
Matarranz, Zeitschrift fiir anorganische und allgemeine Chemie, 633(11-12), 1842(2007),
https://doi.org/10.1002/zaac.200700224
E. Kimura, Tetrahedron, 48(30), 6175 (1992). https://doi.org/10.1016/S0040-4020(01)88212-0
D.H. Busch, Accounts of Chemical Research, 11(10), 392(1978), https://doi.org/10.1021/ar50130a005
X.X. Zhang, J.S. Bradshaw and R.M. Izatt, Chemical Review, 97(8), 3313(1997),
https://doi.org/10.1021/cr960144p
I. Bertini, B.G. Harry, S.J. Lippard, and J.S. Valentine, Bioinorganic chemistry, University science
books, 1994.
N.F. Curtis, Coordnation Chemistry of Macrocyclic Compounds, edited by G.A. Melson, Plenum, New
York 1979.
K.J. Lee and J.H. Suh, Bioorganic Chemistry, 22(1), 95(1994), https://doi.org/10.1006/bi00.1994.1007
M. Ruppert, J. Draxler and R. Marr, Separation Science and Technology, 23(12-13), 1659(1988),
https://doi.org/10.1080/01496398808075655
S. Weiss, V. Grigoriev and P. Muhl, Journal of Membrane Science, 12, 119(1982),
https://doi.org/10.1016/0376-7388(82)80008-2
K.R. Adam, M. Antolovich, D.S. Baldwin, P.A. Duckworth, A.J. Leong, L.F. Lindoy, M. McPartlin
and P.A. Tasker, Journal of the Chemical Society, Dalton Transactions, 1013(1993),
https://doi.org/10.1039/DT9930001013
H.A. El-Boraey and and O.A. El- Gammal, Spectrochimica Acta Part A: Molecular and Biomolecular
Spectroscopy, 138, 553(2015), https://doi.org/10.1016/j.saa.2014.11.015
M. Tyagi, S. Chandra and D. Chand, Spectrochimica Acta Part A: Molecular and Biomolecular
Spectroscopy, 118, 1056(2014), http://dx.doi.org/10.1016/j.saa.2013.09.124
S. Verma, S. Chandra, U. Dev and N. Joshi, Spectrochimica Acta Part A: Molecular and Biomolecular
Spectroscopy, 74(2), 370(2009), https://doi.org/10.1016/j.saa.2009.06.029
S Chandra, L.K. Gupta and Sangeetika, Spectrochimica Acta Part A: Molecular and Biomolecular
Spectroscopy, 62(1-3), 453(2005), https://doi.org/10.1016/j.saa.2005.01.015

1399

SYNTHESIS AND CHARACTERISATION OF MACROCYCLIC COMPLEXES Arpit Srivastava et al.



51.

52.

53.
54.
55.
56.
57.
38.
59.
60.
61.
62.

. R. Bonnett, Chemical Society Review, 24(1), 19(1995), https://doi.org/10.1039/CS9952400019
64.

63

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.
75.

RASAYAN J. Chem.
Vol. 15 | No. 2 |1390-1402| April - June | 2022

S. Blain, P. Appriou, H. Chaumeil and H. Handel, Analytica Chimica Acta, 232, 331(1990),
https://doi.org/10.1016/S0003-2670(00)81250-7

J.P.L. Cox, K.J. Jankowski, R. Kataky, D. Parker, N.R.A. Beeley, B.A. Boyce, M.A.W. Eaton, K.
Mllar, A.T. Millican, A. Harrison and C. Walker, Journal of the Chemical Society, Chemical
Communications, 12, 797(1989), https://doi.org/10.1039/C39890000797

Q. Lu, AE. Martell and R.J. Motekaitis, Inorganica Chimica Acta, 251(1-2), 365(1996),
https://doi.org/10.1016/S0020-1693(96)05291-7

M.S.T. Makki, R.M. Abdel-Rahman and M.S. El-Shahawi, Comptes Rendus Chimie, 15(7), 617(2012),
https://doi.org/10.1016/j.crci.2012.05.004

J. Canales, J. Ramirez, G. Estiu and J. Costamagna, Polyhedron, 19(22-23), 2373(2000),
https://doi.org/10.1016/S0277-5387(00)00574-X

A. Bencini, A. Bianchi, C. Giorgi, P. Paoletti, B. Votancoli, V. Fusi, E. Garcia- Espana, J.M. Llinares
and J.A. Ramirez, Inorganic Chemistry, 35(5), 1114(1996), https://doi.org/10.1021/ic9506926

K. Sharma, S.C. Joshi and R.V. Singh, Metal Based Drugs, 7(5), 237(2000),
https://doi.org/10.1155/mbd.2000.237

M. Jain, S. Gaur, S.C. Diwedi, S.C. Joshi, R.V. Singh and A. Bansal, Phosphorus, sulfur, Silicon and
related Elements, 179(8), 1517(2004), https://doi.org/10.1080/10426500490464050

R.V. Singh, R Dwivedi and S. C. Joshi, Transition Metal Chemistry, 29(1), 70(2004),
https://doi.org/10.1023/B:TMCH.0000014487.86754.93

S. Amin, J.R. Morrow, C.R. Lake and M.R. Churchill, Angewandte Chemie International edition in
English, 33(7), 773(1994), https://doi.org/10.1002/anie.199407731

N.R. Champness, C.S. Frampton, G. Geid and D.A. Toucher, Journal of the Chemical Society, Dalton
Transactions, 20, 3031(1994), https://doi.org/10.1039/DT994000303 1

D. Dolphin, Canadian Journal of Chemistry, 72(4), 1005(1994), https://doi.org/10.1139/v94-129

S. Verma, S. Chandra, U. Dev. and N. Joshi, Spectrochimica Acta Part A: Molecular and Biomolecular
Spectroscopy, 74(2), 370(2009), https://doi.org/10.1016/j.saa.2009.06.029

S. Chandra, L.K. Gupta and Sangeetika, Spectrochimica Acta Part A: Molecular and Biomolecular
Spectroscopy, 62, 453(2005), https://doi.org/10.1016/].saa.2005.01.015

J.L. Bousquet, S. Saini, D.D. Stark, P.F. Hahn, M. Nigam, J. Wittenberg and J. Ferrucci, Journal of
Radiology, 166, 693(1988), https://doi.org/10.1148/radiology.166.3.3340763

D.C. Buster, M.M.C. Castro, C.F. Geraldes, C.R. Malloy, A.D. Sherry and T.C. Siemers, Magnetic
Resonance in Medicine, 15, 25(1990), https://doi.org/10.1002/mrm.1910150104

S. Brandes, F. Denat, S. Lacour F. Rabiet, F. Barbette, P. Pullumbi and R. Guilard, European Journal
of Organic Chemistry, 2349 (1998), https://doi.org/10.1002/(SICI)1099-0690(199811)1998

R.E. Mewis and S.J. Archibald, Coordination Chemistry Review, 254, 1686(2010),
https://doi.org/10.1016/j.ccr.2010.02.025

F. Marques, L. Gano, M.P. Campello, S. Lacerda, I. Santos, L.M.P. Lima, J. Costa, P. Antunes and R.
Delgado, Journal of Inorganic Biochemistry, 100(2), 270(20006),
https://doi.org/10.1016/].jinorgbio.2005.11.011

A.A. Adel Emara, Azza A.A. Abou- Hussen, Spectrochimica Acta Part A: Molecular and Biomolecular
Spectroscopy, 64(4), 1010(2006), https://doi.org/10.1016/j.saa.2005.09.010

T. Katsuki, Coordination Chemistry Review, 140, 189 (1995). https:/doi.org/10.1016/0010-
8545(94)01124-T

E.G. Samsel, K. Srinivasan, and J.K. Kochi, JACS - Journal of the American Chemical Society,
107(25), 7606(1985), https://doi.org/10.1021/ja00311a064

J.W. steed and J.L. Atwood, Supramolecular Chemistry, John Wiley & Sons, 2013.

J. Cody Timmons and Timothy J. Hublin, Coordination Chemistry Review, 254(15-16), 1661(2010),
https://doi.org/10.1016/j.ccr.2009.09.018

1400

SYNTHESIS AND CHARACTERISATION OF MACROCYCLIC COMPLEXES Arpit Srivastava et al.



76.

77.

78.

79.

80.

81

82.

83.

84.

85.

86.

87.

88.

&9.

90.
91.

92.

93.
94.

95.

96.

97.
98.

99.

100.

101.

RASAYAN J. Chem.
Vol. 15 | No. 2 |1390-1402| April - June | 2022

E. Kent Barefield, Coordination  Chemistry = Review,  254(15-16), 1607(2010),
https://doi.org/10.1016/j.ccr.2010.03.007

Bohdan Korybut-Daszkiewicz, Renata Bilewicz and Krzysztof Wozniak, Coordination Chemistry
Review, 254, 1637(2010), https://doi.org/10.1016/j.ccr.2009.12.004

L.F. Lindoy, G.V. Meehan, L.M. Vasilescu, Hyun Jee kim, Ji-Eun Lee and Shim Sung Lee,
Coordination Chemistry Review, 254, 1713(2010), https://doi.org/10.1016/j.ccr.2009.11.012

Eiichiro Ochiai, Coordination Chemistry Review, 254, 1812(2010),
https://doi.org/10.1016/j.ccr.2009.10.021

H. Gurer, H. Ozgunes, R. Neal, D.R. Spitz and N. Ercal, Toxicology, 128, 181(1998),
https://doi.org/10.1016/s0300-483x(98)00074-2

. J.M. Harrowfield, H. Miymae, B.W. Skelton, A.A. Soudi and A.H. white, Australian Journal of

Chemistry, 49(10), 1067(1996), https://doi.org/10.1071/CH9961067

K.V. Damu, R.D. Hancock, P.W. Wade, J.C.A. Boeyens, D.G. Billing, S.M. Dobson, Journal of the
Chemical Society, Dalton Transactions, 2, 293(1991), https://doi.org/10.1039/DT9910000293

L.K. Liu, C.S. Liu, D.S. Young, W.J. Shyu and C.H. Ueng, Chemical Communications, 1255(1996),
https://doi.org/10.1039/CC9960001255

S.V. Smith, J.M. Harrowfield, N.M. Di Bartolo, A.M. Sargeson, Cryptate Compounds and Methods of
Diagnosis and Therapy, WO/0040585, PCT. Int. Appl. (2000).

A. Star, 1. Gold berg, B. Fuchs, Angewandte Chemie International Edition in English, 39(15), 2685
(2000), https://doi.org/10.1002/1521-3773(20000804)39

P. Arranz, C. Bazzicalupi, A. Bencini, A. Bianchi, S. Ciattini, P. fornasari, C. Giorgi and B. Voltancoli,
Inorganic Chemistry, 40(25), 6383 (2001), https://doi.org/10.1021/ic010597z

P. Dixit and J.P. Tandon, Phosphorous, sulfur and silicon and the Related Elements, 53(1-4), 389
(1990), https://doi.org/10.1080/10426509008038048

A. Kumari, R.V. singh and J.P. Tandon, Phosphorus, Sulfur and Silicon and the Related Elements,
66(1-4), 195 (1991), https://doi.org/10.1080/10426509208038348

I. Prokopenko, N. N. Liatvinov, D.M. klimova, R.A. Drnitriena, V.P. Ilin, T.L. Mazurina, O.A.
Pugacheva, K.K. Kuznetsova and T.A. Kiril Kina, Gigiena i sanitaria, 2, 9 (1989).

G. Fernandez-Leborans and M.A. Antonia Garcia, Acta Protozoologica, 27, 141(1988).

J. L. Stauber and T.M. Florence, Water Research, 23(7), 907(1989), https://doi.org/10.1016/0043-
1354(89)90016-X

M.R. Moore and P.A. Meredith, Archives of Toxicology, 42, 87(1979),
https://doi.org/10.1007/BF00316488

Anil Bansal and R.V. Singh, Indian Journal of Chemistry -Section A (IJC-A4), 38, 1145(1999).

C.P. Bhasin, J.P. Patel and M.L. Desai, Phosphorus, Sulfur and Silicon and the Related Elements,
183(10), 2509(2008), https://doi.org/10.1080/10426500801967765

Nesrin Beynek, Guhergul Ulucam, Berrin Ayaz Tuylu, Hulya Zeytinoglu and Kadriye Benkli, Drug
and Chemical Texicology, 30(4), 399(2007), https://doi.org/10.1080/01480540701522601

David Esteban, Fernando Auecilla, Carlos Platas-Iglesias, Jose Mahia, Andres de Blas and Teresa
Rodriguez-Blas, Inorganic Chemistry, 41(17), 4337(2002), https://doi.org/10.1021/ic0255095

Salih IThan and Hamdi Temel, Journal of Chemical Research, 34(6), 304(2010).

Salih IThan, Hamdi Temel, Salih Pasa and Ibrahim Tegin, Russian Journal of Inorganic Chemistry, 55,
1402(2010), https://doi.org/10.1134/S0036023610090111

Salih Ilhan Hamdi Temel, Salih Pasa, Chinese Chemical Letters, 20(3), 339(2009),
https://doi.org/10.1016/j.cclet.2008.12.008

Salih IThan, Hamdi Temel, Ismail Yilmaz, Memet Sekerci, Polyhedron, 26(12), 2795(2007),
https://doi.org/10.1016/;.poly.2007.01.015

Hassan Keypour, Majid Rezaeivala, Laura Valencia and Paulo Perez-Lourido, Polyhedron, 28(18),
4096(2009), https://doi.org/10.1016/j.poly.2009.09.031

1401

SYNTHESIS AND CHARACTERISATION OF MACROCYCLIC COMPLEXES Arpit Srivastava et al.



RASAYAN J. Chem.
Vol. 15 | No. 2 |1390-1402| April - June | 2022

102. Bahram Ghanbari and Morteza Zarepour-Jevinani, Journal of Coordination Chemistry, 69(18),
2793(2016), https://doi.org/10.1080/00958972.2016.1217332

103.  Anil Bansal, Sudhir Kumar and R.V. Singh, Synthesis and Reactivity in Inorganic and Metal-
Organic Chemistry, 31(6), 1085(2007), https://doi.org/10.1081/SIM-100105263

104. A Vogel, A Text Book of Quantitative Inorganic Analysis, Longmans Green, ELBS, London,
302 (1991).

105. A.L Vogel, A Text Book of Quantitative Inorganic Analysis, Longmans Green ELBS, London 355
(1991).

106. W.J. Geary, Coordination Chemical Review, 7(1), 81(1971), https://doi.org/10.1016/S0010-
8545(00)80009-0

107. K. Nakamota, Infrared and Raman spectra of Inorganic and coordination compounds Part B:
Application in Coordination organometallic and Bio inorganic chemistry, 5" Ed., Wiley Intersciences,
New York 65 (1997).

108. A. Kumari, J.P. Tondon, R.V. Singh, Applied Organometallic Chemistry, 7(8), 655(1993),
https://doi.org/10.1002/a0¢.590070809

109. C.P. Bhasin, G. Srivastava and R.C. Mehrotra, Inorganica Chimica Acta, 128(1), 69(1987),
https://doi.org/10.1016/S0020-1693(00)84697-6

110.  C.P. Bhasin, G. Srivastava and R.C. Mehrotra, Indian Journal of Chemistry -Section A (IJC-A), 26,
834(1987).

111. BK Coltrain, S.C. Jackels, Inorganic Chemistry, 20(7), 2032(1981),
https://doi.org/10.1021/ic50221a021

112. S. Srivastava, Applied Spectroscopy Reviews, 22(4), 401(1986),
https://doi.org/10.1080/05704928608060441

113.  Shekhar Srivastava, Photoelectron spectroscopy and Metal Complexes, Pravalika Publication,
Allahabad- 2014.

[RJC-6713/2021]

1402
SYNTHESIS AND CHARACTERISATION OF MACROCYCLIC COMPLEXES Arpit Srivastava ef al.



