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ABSTRACT: Complexes of anionic pentadentate macrocyclic ligands by the template condensation of
bis(hydrazino)2,2'-bipyridine or 1,10-phenanthroline with an indoledialdehyde have been synthesized. The new
Mn(I1), Fe(ll), Co(l1), Ni(Il), Cu(ll) and Zn(11) macrocyclic complexes have been characterized by analytical and
spectroscopic techniques and by conductivity and magnetic susceptibility measurements.
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1. Introduction

n the past six decades macrocyclic ligands and complexes incorporating an enormous variety of functional groups

have been prepared and investigated [1, 2]. There has been particular interest in macrocyclic systems incorporating
heterocyclic subunits, which may provide donor atoms for a metal ion and also act as rigid structure formers. Metal
complexes of polydentate macrocyclic ligands have also attracted interest because of their potential for providing
molecules capable of mimicking various aspects of biological systems [3].

In the early to late 1980s, Lewis and Constable reported a variety of macrocyclic systems incorporating 1,10-
phenanthroline, 2,2'-bipyridine [4-29], 2,2":6',2"-terpyridine [30-34] and 2,2'-biquinoline [35] moieties into the cyclic
structure. More recently, the group of Constable and Housecroft have designed a series of dinuclear macrocyclic
ligands containing multiple bipyridines or terpyridines coordinated to Fe(ll) [36]. Metal-directed self-assembly of
macrocyclic compounds bearing terpyridine pendants bound to Fe(ll), Ru(ll) and Pt(ll) [37-43] have also been
investigated.

As an extension to these studies, in this paper, we investigate the utility of indoledialdehyde for the preparation of
macrocycles. We describe the preparation and characterization of cyclic hydrazones formed from a 2,7-diformylindole.
We also investigate their coordination chemistry with some d-block metal ions such as Mn(ll), Fe(ll), Co(ll), Ni(ll),
Cu(ll) and Zn(11).

2. Experimental

2.1 General details

All reactions were performed under a dry nitrogen atmosphere using standard Schlenk techniques. Solvents were
pre-dried and distilled before use by standard procedures. All chemicals were obtained from Sigma Aldrich and used
as received. Infra-red spectra were recorded in compressed KBr pellets on a Perkin-Elmer 1710 FT spectrophotometer.
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'H NMR spectra were recorded on a Brilker WM-250 or a AM-400 spectrometer. Mass spectra were recorded on a
Kratos MS 890 mass spectrometer by the fast atom bombardment (FAB) technique. Microanalyses were performed in
the University Chemical Laboratory, University of Cambridge. Cyclic voltammograms were conducted in a Princeton
Applied Research Electrochemistry System, model 170. A Pt wire sealed in glass was the auxiliary electrode with a
second Pt wire serving as the working electrode, and a Ag/AgNO; as the reference electrode. Measurements were
made in acetonitrile solution with 0.1 M ["Bu,N]BF,] as the base electrolyte. A CDM 210 conductivity meter was
used to measure conductivity in nitromethane solution. Magnetic susceptibility measurements were done using a
Sherwood Scientific MKI Model Gouy Balance. The bis(hydrazines) L*-L’ [4-29] and 2,7-indoledildehyde (HL) [45-
49] were prepared as reported in the literature.

2.2 Preparation of complexes

Preparation of [NiL®][BF.]
A solution of Ni(OAc),.4H,0 (0.100 g, 0.4 mmol) in MeOH (15 cm®) was added to a solution of HL (0.100 g,

0.4 mmol) in MeOH (15 am®) at 70 °C under an inert atmosphere. After 5 minutes, a solution of L? in MeOH (15 cm®)
was added, and the mixture heated to reflux for 5 h, during which period it turned orange-yellow. The solution was
concentrated in vacuo to one third volume and Na[BF,] (0.04 g) added to the hot solution. After cooling, an orange
microcrystalline solid was precipitated. Recrystallisation from MeOH followed by drying in vacuo gave [NiL®][BF,] as
an orange solid (65% yield). Anal. Found: C, 49.1; H, 4.3; N, 14.9. Calc. for C»;H,sN;O,;NiBF,: C, 49.1; H, 4.2; N,
14.9%. FAB-MS: m/z 574.65 {NiL®}". L.R. (KBr), 1590m, 1530m, 1260m, 1225w, 1180w, 1151s, 1090br, 960br,
844s, 830m, 750s cm™.
Preparation of [CoL%(H,0)][PFe]

A solution of Co(OAc),.4H,0 (0.100 g, 0.4 mmol) in MeOH (15 cm®) was added to a solution of HL (0.100
g, 0.4 mmol) in MeOH (15 cm®) at 70 °C under an inert atmosphere. After 5 minutes, a solution of L? in MeOH (15
cm®) and triethylamine (0.041 g, 0.4 mmol) were added, and the mixture heated to reflux for 5 h, during which period it
turned orange-yellow. The solution was concentrated in vacuo to one third volume and [NH4][PF¢] (0.064 g) was
added to the hot solution. After cooling [CoL®(H,0)][PF¢] was precipitated as an orange microcrystalline solid (65%
yield). Anal. Found: C, 44.2; H, 4.1; N, 13.8. Calc. for C,;H3N;04CoPFg: C, 44.0; H, 4.1; N, 13.3%. FAB-MS: m/z
574.02 {CoL®}". I.R. (KBr), 3500br, 1660w, 1593s, 1262m, 1230w, 1174w, 1148s, 1094br, 960br, 849s cm™.

All other complexes were prepared in similar manners. Analytical data for the complexes are presented in
Table 1. The 'H NMR data of the Zn(11) complexes are presented in Table 2.

Table 1. Analytical data for metal macrocyclic complexes.

Compound Found Calc Conductivity
C H N Cl C H N Cl Q ‘em?mol?

[NIL®][BF4] 49.1 43 14.9 49.1 4.2 14.8 121

[NIL°][BF4] 52.8 43 17.0 52.9 43 17.3 126

[NIL*][BF,] 51.1 38 18.1 51.2 37 18.0 127

[NiL*[BF.] 50.8 4.0 14.2 50.9 41 14.3 123

[NiL*][BF.] 54.6 4.1 16.5 54.8 41 16.6 124

[NIL*][BF,] 53.3 36 17.3 53.2 36 17.4 127

[CuL®][BF.] 48.9 42 14.6 48.8 42 14.8 125

[CuL®][BF.] 52.5 42 17.0 52.4 42 171 125

[CuL™][BF4] 50.6 37 17.8 50.7 37 18.0 123

[CULE][BE;] 50.5 4.0 14.2 50.6 41 14.2 125

[CuL™][BF,] 54.2 4.0 16.4 54.3 4.0 16.4 128

[CuL®][BF4] 52.7 36 17.2 52.8 36 17.2 126

[CoL8(H20)][PFe] 44.2 41 13.4 44.0 4.1 13.3 123

[CoL][PFq] 48.0 3.9 15.6 47.9 3.9 15.7 124

[CoL™][PFe] 46.2 33 16.3 46.2 34 16.4 124

[CoL™(H,0)1[PF¢] 48.9 42 14.6 48.8 42 14.8 123

[CoL™][PF] 49.8 3.7 15.0 49.9 37 15.1 122

[CoL®][PFe] 483 33 15.6 48.2 32 15.8 124

[znLECI] 52.8 46 15.7 52.7 45 15.9

[ZnL*Cl] 54.5 4.4 15.2 54.4 43 15.3

[MnLECH] 53.7 47 16.2 53.6 46 16.2

[MnL®CI] 58.4 47 19.0 6.9 58.5 47 19.1 6.9

[MnL™CI] 57.0 42 20.1 7.3 57.0 41 20.2 73

[MnLiCI] 55.2 45 15.4 55.4 44 15.6

[MnL*cCI] 60.4 45 18.2 6.6 60.4 45 18.3 6.6

[MnL*CI] 59.0 4.0 19.2 6.9 59.0 4.0 19.3 7.0

[FeL°Cl] 58.5 47 18.9 6.9 58.5 47 19.1 6.9

[FeLCI] 56.9 42 20.1 73 56.9 42 20.2 73

[FeL*2CI] 60.2 44 18.1 6.6 60.3 45 18.2 6.6

[FeL®CI] 58.8 3.9 19.2 6.9 58.9 4.0 19.2 7.0
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Table 2. Summary of *H NMR data of Zn(I1) macrocyclic complexes.

Compound 'H NMR in DMSO-dg

[znL®CI] 1.06 (3H, s, CH3); 1.69 (2H, m, CH,); 1.90 (3H, dt, 2CH); 2.73 (4H, m, CH); 3.20 (6H, s,
20CH3); 3.35 (4H, t, 2CH,); 3.79 (4H, t, 2CH,); 7.63 (2H, s, 2HC=N); 7.10-7.62 (6H, m,
ArH).

[znL'Cl] 1.04 (3H, s, CH3); 1.68 (2H, m, CH,); 1.92 (3H, dt, 2CH); 2.75 (4H, m, CH); 3.18(6H, s,
20CH;); 3.36 (4H, t, 2CH,); 3.75 (4H, t, 2CH,); 7.87 (2H, s, 2HC=N); 7.10-7.62 (6H, m,
ArH).

3. Results and discussion

There have been very few reports of macrocyclic ligands which incorporate indole moieties within the cyclic
framework. The condensation of dicarbonyls with diamines or bis(hydrazines) provides a facile route to ring closure,
and indoledialdehydes or indolediketones are obvious candidates for such cyclisation reactions. Indoles differ from
related pyridines in possessing an acidic NH functionality, which allows the preparation of macrocycles which may
bind metals with concomitant deprotonation. Black and co-workers developed an effective synthetic route to 2,7-
diformyl-3-methyl-4,6-dimethoxyindole (HL) (Chart 1) and demonstrated that macrocyclic complexes may be
obtained from template condensations with a,m-diamines [45,46]. Black also demonstrated the facile preparation of
other macrocyclic ligands containing three indolyl subunits [47] and 2,2'-biindolyl moieties [48]. The similarity in
behaviour between (HL) and 2,6-diformylpyridine led us to investigate the reactions of HL with 6,6'-bis(hydrazino)-
2,2'-bipyridines and 2,9-bis(hydrazino)-1,10-phenanthrolines in an attempt to prepare hydrazone-based macrocycles
incorporating an indolyl functionality.

OMe

I=

MeO

HL

Chart 1. 2,7-Diformyl-3-methyl-4,6-dimethoxyindole.

The dialdehyde HL was prepared by the literature method in 44% overall yield from 3,5-dimethoxyaniline and
ethyl oxomalonate [45]. The reactions of the bis(hydrazines) L-L’ (Chart 2) with the dialdehyde HL in the absence of
metal-ions were briefly investigated. In all cases, reaction in MeOH in the presence or absence of acid resulted in the
formation of intractable, dark-coloured polymeric materials and none of the desired macrocycles HL3-HL™. We did
not further pursue this synthetic method, and concentrated instead upon metal-directed template assembly of the
macrocyclic systems.
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\ 7 \_/ g\ N/g E\N /2
R—N\ /N—R N\ /N

NH, NH, NH, NH,
L2 R =CH,CH,OH L>R = CH,CH,OH
L3 R= CH, L°R= CH;
L* R= H L’'R= H

Chart 2. 2,2’-Bipyridine and 1,10-phenanthroline bis-hydrazines.

We concentrated upon template reactions involving HL and L*’. The reaction of the hyrazines with HL in
refluxing MeOH in the presence of manganese(ll) acetate, cobalt(ll) acetate, copper(ll) acetate or zinc(ll) acetate
resulted in the formation of coloured solutions from which coloured solids were precipitated upon the addition of
ammonium hexafluorophosphate or sodium tetrafluoroborate. In some cases, triethylamine was added to the reaction
mixture and it was observed that the colour changes occurred more rapidly in the presence of the base. This is
consistent with the formation of metal complexes of the deprotonated macrocyclic ligands HL®* (Chart 3).

N N N N
R—N N—R R—N N—R
\ / \ /
N N| N N
/j H | H |
H N H N
[ [
MeO MeO
OMe OMe
L® R=CH,CH,OH L R=CH,CH,0OH
L® R= CHs L2 R= CH,
L1 R= H L® R= H

Chart 3. Macrocyclic ligands incorporating indoledialdehyde.

In the case of the nickel(ll) templated reactions, the final reaction solutions were orange-yellow in colour.
Concentration of these solutions followed by the addition of methanolic Na[BF,] solution resulted in the precipitation
of orange-brown solids in 50-70% yield. Recrystallisation from MeOH or DMF-MeOH gave orange microcrystalline
products which analysed for [NiL®*™][BF,] after prolonged drying in vacuo. These complexes are soluble in
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nitromethane to give orange solutions which behave as 1:1 electrolytes. The infra-red spectra of the complexes exhibit
no amine absorptions and no carbonyl absorptions in the range 1600-2000 cm™, but do show strong absorptions at
1590-1580 cm™ assigned to imine stretching modes. The strong NH stretching mode observed in the free ligand HL is
absent from these complexes. All of these data are fully in accord with the formation of nickel(ll) complexes of the
deprotonated macrocyclic ligands.

Repetition of the above reactions with copper(ll) acetate or cobalt(ll) acetate resulted in the formation of the
complexes [CuL®®|[BF,] or (CoL® ¥(H,0),][PF¢] (n = 0,1). The copper(ll) complexes were obtained as dark-brown
microcrystalline solids whereas the cobalt(ll) species were orange-brown. In each case, the I.R. spectra showed no
carbonyl or NH absorptions, but strong imine stretches in the range 1590-1595 cm™. Those of the cobalt(l1) complexes
which analysed as containing a water molecule also showed absorptions in the 1630-1640 cm™ region assigned to
coordinated water. The cobalt(ll) complexes are all electrochemically active, and in acetonitrile solution exhibit a
reversible or quasi-reversible oxidation (Co'"/Co") at +0.1-+0.2 V vs. Ag/AgCl. The magnetic moments of the
cobalt(ll) complexes are in the range 4.50-4.70 B.M., in accord with the spin-only formula. These complexes all
behave as 1:1 electrolytes in nitromethane solution.

Slightly different behaviour is observed in the template condensation of HL with L*’ with zinc(ll) or
manganese(ll) acetate in MeOH solution. In these cases, orange or yellow solids were precipitated from the reaction
mixture, but these did not behave as pure macrocyclic products and were contaminated with metal hydroxides. In order
to avoid the precipitation of metal hydroxides, the solutions were buffered by substitution of the salts [HL?*"]Cl in the
presence of triethylamine. This resulted in the formation of clean products, for which microanalysis indicated the
formulations [ZnL®*'CI] and [MnL®*3CI] respectively. These molecular species exhibited parent ions in their mass
spectra all showing the correct isotopomer distributions. All of these complexes behave as non-electrolytes in DMSO
solution. Once again, the I.R. spectra showed no carbonyl or NH absorptions, but strong imine stretches in the range
1590-1595 cm™. Similar complexes, [FeL***2*3CI], are obtained by the use of iron(Il) chloride as a template. The
manganese(ll) and iron(ll) complexes are high-spin and each possesses magnetic moments of 5.8-6.0 B.M.

The *H NMR spectra of the Zn(Il) complexes [ZnL2ClI] and [ZnL™CI] have been investigated in strong polar
solvents such as DMSO-dg. The spectra are concentration independent and exhibited the number of peaks expected for
each molecular structure, which suggests that the discrete anionic macrocycle complexes remain intact in solution.

Repeated attempts to obtain X-ray quality crystals of any of these complexes were unsuccessful. In every case,
very small microcrystals or powders were obtained. In the absence of crystallographic data, we can only propose
tentative structures for these complexes. The I.R. data strongly supports the formation of complexes of the desired
macrocyclic ligands rather than of the acyclic precursors or acyclic reaction products. The absence of carbonyl
absorptions is particularly indicative, as is the appearance of bands assigned to imine C=N stretches. In all cases, the
metal complexes contain the deprotonated ligands. Once again, the I.R. data supports this and shows the loss of the
pyrrolic NH absorption. The overall stoichiometry of the complexes also supports this, with the formation of mono-
cationic (ML®"®) species.

The neutral zinc(l1), iron(I1) and manganese(ll) complexes contain coordinated chloride, and the most likely
structure is a six-coordinate one containing a pentagonal-based pyramidal metal center, with the macrocyclic ligand
occupying the basal plane and the chloride the axial site (Figure 1). This is strikingly reminiscent of the pentagonal-
based pyramidal structures we have previously described for chloro- complexes of the pentadentate macrocyclic
ligands obtained from the template condensation of L-L’ with 2,6-pyridinedicarbonyls in the presence of metal
chlorides [4-29].

Figure 1. Proposed structure of the six-coordinate zinc(11), iron(11) and manganese(l1) complexes, [ML***]CI.
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(@)

(b)

Figure 2. (a) Proposed structure of the six-coordinate nickel(11), cobalt(Il) and copper(Il) complexes, [ML**°][BF,];
(b) Proposed structure of the seven-coordinate nickel(11), cobalt(I1) and copper(11) complexes, [ML**°][BF.].

The structures of the nickel(Il), cobalt(ll) and copper(ll) complexes is less certain. Drying the complexes to
obtain analytically pure samples results in solvent loss and the formation of complexes analyzing as [ML**°][BF,]. In
the light of our structural studies with related ligands [4-29] we suggest that these complexes are six- (Figure 2a) or
seven-coordinate (Figure 2b) species, but in the absence of further structural data, we cannot make unambiguous
assignments of their structures. In the case of some of the cobalt(ll) complexes, we have evidence for the presence of
one strongly associated water molecule, and cannot eliminate a structure such as shown in Figure 3, in which the
condensation has resulted in the formation of one imine and aminol functionality.

ZT

MeO

OMe

Figure 3. Proposed structures of some cobalt(I1) complexes containing one imine and an aminol functionality.
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Conclusion

The indoledialdehyde (HL) is a versatile dicarbonyl for incorporation into macrocyclic ligands which may be

deprotonated to yield anionic species. Although clean macrocyclic complexes may be obtained from template
condensations, we have been unable to grow X-ray quality crystals to unambiguously confirm the structures.

5.

Acknowledgement

MSK acknowledges Sultan Qaboos University, Oman for financial support (IG/SCI/CHEM/13/01).

References

10.

11.

12.

13.

14.

15.

16.

Lindoy, L.F. The Chemistry of Macrocyclic Ligand Complexes, (Ed), Cambridge University Press, 1990.

Curtis, N. and Melson, G. Coordination Chemistry of Macrocyclic Compounds. Plenum Press, New York, 1979,
230.

Constable, E.C., Sacht, C., Palo, G., Tocher, D.A. and Truter, M.R. Lead(ll) as a template for the synthesis of a
[1+1] 18-membered hexadentate N,S,-donor macrocycle; crystal and molecular structure of (acetato-O, O')[3,13-
dithia-6,10-diaza-1,8 (2,6)-dipyridinacyclotetradecaphane-6,9-diene] lead(ll) hexafluorophosphate. J. Chem. Soc.,
Dalton Trans., 1993, 8, 1307-1312.

Chung, L., Constable, E.C., Khan, M.S., Lewis, J., Raithby, P.R. and Vargas, M.D. Structural characterisation of a
pentagonal bipyramidal macrocyclic chromium (111) complex; an explanation of a chromium-mediated ‘transient-
template’ effect. J. Chem. Soc., Chem. Commun., 1984, 21, 1425-1426.

Constable, E.C., Chung, L.-Y., Lewis, J. and Raithby, P.R. The first stable lithium complex of a pentadentate
macrocycle incorporating sp2-nitrogen donor atoms only; the X-ray crystal structure of [Li (L,)(MeOH)][PF¢]{L,=
6,13-(bis-2-hydroxyethyl)-6H,13H-tripyrido[cd,fg,Im][1,2,4,7,9,10,13] heptazapentadecine. J. Chem. Soc., Chem.
Commun., 1986, 23, 1719-1720.

Lewis, J. and Wainwright, K.P. Synthesis of a macrocyclic ligand derived from 6, 6'-dihydrazino-2, 2'-bipyridyl.
ibid., 1974, 5, 169-170.

Ansell, CW.G., Lewis, J., Raithby, P.R., Ramsden, J.N. and Schroder, M. X-Ray crystal structure of the
pentagonal bipyramidal nickel(I1) complex [Ni 11(L)(H,0),](BF,), and the selective stabilisation of the nickel(l)
oxidation state by a quinquedentate macrocyclic ligand. ibid., 1982, 10, 546-547.

Bishop, M.M., Lewis, J., O'Donoghue, T.D. and Raithby, P.R. Some metal complexes of macrocyclic ligands
incorporating the 1,10-phenanthroline group. X-Ray crystal structure of the manganese(ll) complex. ibid., 1978,
11, 476-478.

Bishop, M.M., Lewis, J., O'Donoghue, T.D., Raithby, P.R. and Ramsden, J.N. X-Ray crystal structure of a planar,
high-spin iron(ll) complex of a pentadentate unsaturated macrocycle formed by reaction of 2,9-di(1-
methylhydrazino)-1,10-phenanthroline monohydrochloride with 2,6-diacetylpyridine. ibid., 1978, 19, 828-829.
Chung ,L.-Y., Constable, E.C., Dale, A.R., Khan, M.S., Liptrot, M.C., Lewis, J. and Raithby, P.R. The transient
template effect: chromium (I11)-directed syntheses of metal-free macrocyclic ligands and crystal structure of 1,11-
bis(2'-hydroxyethyl)-4,8;12,16;17,21-trinitrilo-1,2,10,11-tetra-azacyclohenicosa-2,4,6,9,12,14,18,20-octaene
hydrochloride tetrahydrate. J. Chem. Soc., Dalton Trans., 1990, 4, 1397-1404.

Lewis, J. and Wainwright, K.P. Chemistry of polydentate ligands. Part 2. The mode of co-ordination of 6,6'-
dihydrazino-2,2"-bipyridyl ligands with nickel(Il) and zinc(ll) in octahedral complexes. ibid., 1977, 8, 739-744;
Lewis, J. and Wainwright, K.P. Chemistry of polydentate ligands .Part 3. Ring closures effected by the reaction of
B-diketones with 6,6’-dihydrazino- and 6,6’-di(N-methylhydrazino)-2,2’-bipyridylnickel(Il) diperchlorate. ibid.,
1978, 5, 440-446.

Lewis, J., O'Donoghue, T.D., Haque, Z.P. and Tasker, P.A. Chemistry of polydentate ligands. Part 9. Preparation
and properties of Group 2B cation complexes with multidentate ligands based on 2,2’-bipyridyl. ibid., 1980, 9,
1664-1.667

Ansell, C.W.G. Lewis, J.,Raithby, P.R. and Ramsden, J.N. Synthesis and X-ray structure of a macrocyclic
pentagonal bipyramidal complex of Cobalt(ll). ibid., 1982, 10, 2127-2129.

Ansell, CW.G., Lewis, J., Liptrot, M.C., Raithby, P.R. and Schrioder, M. The stabilisation of low oxidation state
transition metal complexes. Preparation and electrochemistry of cobalt(l1) unsaturated macrocyclic complexes and
the stabilisation of a cobalt(l) derivative. Crystal and molecular structures of [Coll(L)(CH3;OH),][BF4]. and
[Col(L){P(OCHpa)3}1[BF,]. ibid., 1982, 8, 1593-1601.

Ansell, CW.G., Lewis, J., Raithby, P.R. and O'Donoghue, T.D. Synthesis of a macrocyclic metal complex
incorporating peripheral hydroxyethyl tails: The X-ray structure of [Mn(L;)CI][BF4]-4H,0. ibid., 1983, 1, 177-
179.

Bishop, M.M., Lewis, J., O'Donoghue, T.D., Raithby, P.R. and Ramsden, J.N. Chemistry of polydentate ligands.
Part 8. Preparation and properties of iron(ll) complexes with quinquedentate macrocyclic ligands. Crystal and
molecular structure of a compound where high-spin Fell sits in the ligand cavity. Electrochemistry of a series of
complexes with the macrocycles. ibid., 1980, 8, 1390-1396.

26



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

SYNTHESIS AND CHARACTERIZATION OF SOME MACROCYCLIC COMPLEXES

Lewis, J., O'Donoghue, T.D. and Raithby, P.R. Chemistry of polydentate ligands. Part 7. Synthesis, characterisation,
and properties of some manganese(Il) complexes of quinquedentate macrocyclic ligands based on 1,10-phenanthroline.
Crystal and molecular structure of a complex with pentagonal-pyramidal coordination geometry about the Mn(ll).
ibid., 1980, 8,1383-1389.

Lewis, J. and O'Donoghue, T.D. Chemistry of polydentate ligands. Part 5. Complexes of 2,9-di-hydrazino-derivatives
of 1,10-phenanthroline. Dependence of co-ordination number of a ligand on the anion present. ibid., 1980, 5, 736-742.
Constable, E.C., Lewis, J., Liptrot, M.C., Raithby, P.R. and Schrdder, M. Synthesis, molecular structure and
electrochemistry of pentagonal bipyramidal nickel(Il) complexes of quinquedentate macrocylic ligand incorporating a
2,2":6',2"-terpyridyl moiety. Polyhed., 1983, 2(4), 301-302.

Ansell, CW.G., Lewis, J., Ramsden, J.N. and Schrdder, M. The preparation and electrochemistry of manganese(ll)
complexes of an unsaturated pentadentate macrocyclic ligand. Polyhed., 1983, 2(6), 489-491.

Constable, E.C.,Corr, S. and Lewis, J. The hydrolytic behaviour of some pentadentate schiff-base type macrocycles.
Inorg. Chim. Acta., 1986, 116(2), 95-97.

Constable, E.C.,Khan, M.S. Liptrot ,M.C.,Lewis, J. and Raithby, P.R. Silver(l)-silver (I) interactions in complexes of
pentadentate macrocyclic ligands; crystal and molecular structure of [Ag,L,][BF4].(L1,11-bis (2'-hydroxyethyl)-4, 8;
12, 16; 17, 21-trinitrilo-1, 2, 10, 11-tetraazacyclohenicosa-2,4,6,9,12,14,18,20-octaene). ibid., 1991, 179(2), 239-244.
Constable, E.C.,Khan, M.S.,Lewis, J.,Liptrot, M.C. and Raithby, P.R. Iron complexes of derivatised pentadentate
macrocyclic ligands; the crystal and molecular structure of dichloro (6, 13-(bis-2-hydroxyethyl)-6H, 13H-tripyrido [cd,
fg, Im][1, 2, 4, 7, 9, 10, 13] heptaaza-pent adecine) iron (111) chloride. ibid., 1991, 181(2), 207-212.

Lewis, J. and Wainwright, K.P. Chemistry of polydentate ligands. Part 4. The oxidative denitrogenation of dichloro-6,
6'-dihydrazino-2, 2' bipyridyliron (II). ibid., 1979, 34, 57-60; Lewis, J. and O'Donoghue, T. Folding of a macrocyclic
ligand induced by hydrogenation of part of the ring: the effect of rigidity in the system. ibid., 1978, 30, L339-L340.
Ansell, CW.G., Egert, E., Lewis, J. and Raithby, P.R. [2, 9-Bis (N-methylhydrazino)-1, 10-phenanthroline]
dichlororhodium (l11) tetrafluoroborate sesquihydrate], RhCI2 (C14H16N6)]BF4.1.5H20. Acta Cryst. Sect. C: Cryst.
Struct. Commun., 1984, 40(3), 359-362.

Ansell, CW.G., Lewis, J., Raithby, P.R., Kabir, A., Khan, F.K., Malik, K.M.A., Khan, M.S. and Haider, S.Z.
Coordination chemistry of polydentate macrocyclic ligands. Part 1. Synthesis, characterization, spectral, Thermal,
electrochemical and electrolytic properties of Ag(l), Pt(I1) and Rh(lll) Complexes of 2,9-bis(N-methyl hydrazino)-
1,10-phenanthroline, L1; crystal and molecular structure of Rh(L1)Cl,.2H,0 J. Bangladesh Acad. Sci., 1986, 10, 215-
229.

Khan, F.K., Malik, K.M.A., Khan, M.S., Haider, S.Z., Lewis, J., Liptrot, M.C. and Raithby, P.R. Coordination
chemistry of polydentate macrocylic ligands. Part 2.  Synthesis, characterization, spectral, electrolytic and
electrochemical properties of some quingquedentate macrocycles derived from 1,10-phenanthroline dihydrazines and
2,6-pyridine dicarbonyls; crystal structure of a novel Ns-macrocycle ibid., 1987, 11, 43-54.

Constable, E.C. and Lewis, J. The preparation and coordination chemistry of 2,2":6',2"-terpyridine macrocycles-1.
Polyhed.,1982, 1(3), 303-306; Constable, E.C. and Holmes, J.M. The preparation and coordination chemistry of
2,2".6',2"-terpyridine macrocycles-VI. Planar hexadentate macrocycles incorporating 2,2": 6',2"-terpyridine. ibid., 1988,
7(24), 2531-2536.

Constable, E.C., Lewis, J., Liptrot, M.C. and Raithby, P.R. The preparation and co-ordination chemistry of 2,2": 6',2"-
terpyridine macrocycles. Part 3. Transient template effects involving dimethyltin(IV). J. Chem. Soc., Dalton Trans.,
1984, 10, 2177-2185.

Constable, E.C., Khan, F.K., Lewis, J., Liptrot, M.C. and Raithby, P.R. The preparation and co-ordination chemistry of
2,2":6',2"-terpyridine macrocycles. Part 4. Structural characterisation of an intermediate in a transient template reaction.
ibid., 1985, 2, 333-335.

Constable, E.C., Holmes, J.M. and McQueen, R.C.S. The preparation and co-ordination chemistry of 2,2 6'2"-
terpyridine macrocycles. Part 5. Unsubstituted fifteen-membered-ring macrocycles containing 2,2": 6',2'-terpyridine.
ibid., 1987, 1, 5-8.

Constable, E.C., Doyle, M.J., Healy, J. and Raithby, P.R. Alkali metal complexes of planar pentadentate macrocycles;
a unique environment for lithium in the crystal and molecular structure of (LiL,][PF¢] {L; = 1,6-dimethyl-1,2,5,6-tetra-
aza- [6.0.0](2,6)pyridinophane-2,4-diene}. J. Chem. Soc., Chem. Commun., 1988, 18, 1262-1264.

Chung, L,. Constable, E.C., Lewis, J., Raithby, P.R. and Kaye, P.T. Transition metal complexes of substituted 2,2'-
biquinolines. ~ Part 1. The crystal and molecular structures of  [8,8'-bis(aminomethyl)-2,2'-
biquinoline]dichloromanganese(Il) and [8,8'-bis(aminomethyl-"2,2-(biquinoline]chlorocopper(ll) chloride. J. Chem.
Soc., Dalton Trans., 1988, 8, 2121-2125.

Constable, E.C., Housecroft, C.E. and Smith, C.B. Self-assembly of two discrete polynuclear iron(ll)
metallomacrocycles from a ligand containing two 2, 2":6',2"-terpyridine binding domains. Inorg. Chem. Commun.,
2003, 6(8), 1011-1013.

Chow, H.S., Constable, E.C., Housecroft, C.E. and Neuburger, M. Metal-directed assembly of a conformationally
restricted metallomacrocycle. Dalton Trans., 2003, 24, 4568-4569.

27



36.

37.

38.

39.

40.

41.

42,

43.

44,

45,

46.

47.

48.

MUHAMMAD S. KHAN ET AL.

Constable, E.C., Dunphy, E.L., Housecroft, C.E., Kylberg, W., Neuburger, M., Schaffner, S., Schofield, E.R. and
Smith, C.B. Structural development of free or coordinated 4'-(4-pyridyl)-2, 2":6',2'-terpyridine ligands through N-
alkylation: New strategies for metallamacrocycle formation. Chem. - A Eur. J., 2006, 12(17), 4600-4610.
Constable, E.C., Housecroft, C.E., Neuburger, M. and Schmitt, C.X. Platinamacrocycles containing 2,5-
thiophenediyl and poly(2,5-thiophenediyl)-linked azaaromatic ligands: New structural paradigms for
metallosupramolecular chemistry. Polyhedron, 2006, 25(8), 1844-1863.

Constable, E.C. and Schofield, E. Metal-directed assembly of a box-like structure. Chem. Commun., 1998, 3, 403-
404.

Constable, E.C., King, A.C. and Raithby, P.R. Synthesis, coordination chemistry and crystal structures of [2+2]
macrocycles incorporating 2,6-bis(thiomethyl)pyridine sub-units. Polyhedron, 1998, 17(23-24), 4275-4289.
Constable, E.C. and Housecroft, C.E. Supramolecular approaches to advanced materials. Chimia, 1998, 52(10),
533-538.

Constable, E.C., Harris, K., Housecroft, C.E. and Neuburger, M. When is a metallopolymer not a metallopolymer?
When it is a metallomacrocycle? Dalton Trans., 2011, 40(7), 1524-1534.

Constable, E.C., Housecroft, C.E., Prescimone, A.,Vujovic, S. and Zampese, J.A. Environmental control in the
assembly of metallomacrocycles and one-dimensional polymers with 4,2":6":4"-terpyridine linkers and zinc(ii)
nodes. Cryst. Eng. Comm., 2014, 16(37), 8691-8699.

Black, D.S.C., Rothnie, N.E. and Wong, L.C.H. Synthesis of macrocyclic ligands containing the indole ring
system. Tet. Lett., 1980, 21(19), 1883-1886.

Black, D.S.C., Rothnie, N. and Wong, L. Metal template reactions. XX. Macrocyclic metal complexes derived
from 4, 6-Dimethoxy-3-methylindole-2, 7-dicarbaldehyde and some primary diamines with additional nitrogen
donor atoms. Aust. J. Chem., 1983, 36(12), 240.2412-7

Black, D.S.C., Craig, D.C. and Kumar, N. Synthesis of a new class of indole-containing macrocycles. J. Chem.
Soc., Chem. Commun., 1989, 7, 425-426.

Black, D.S.C., Kumar, N. and Wong, L.C.H. Synthesis of macrocyclic nickel(Il) complexes containing the 2,2'-bi-
indolyl moiety. ibid., 1985, 17, 1174-1175.

Constable, E.C., Khan, M.S. and Lewis, J. Chromium(lIl) complex of a pentadentate macrocycle containing 2,2’-
bipyridine. In Synthetic Methods of Organometallic and Inorganic Chemistry., Hermann, W.A., Salzer, A. (Eds.),
Thieme, Stuttgart, 1996, 1, 126.

Constable, E.C., Khan, M.S. and Lewis, J. Chromium(l11) directed synthesis of a planar pentadentate macrocycle
containing 2,2’-bipyridine. In Synthetic Methods of Organometallic and Inorganic Chemistry., Hermann, W.A.,
Salzer, A. (Eds.), Thieme, Stuttgart, 1996, 1, 128

Received 22 January 2015
Accepted 22 March 2015

28



