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A B S T R A C T   

The literature pertaining to tri-, tetra-, penta-, and hexadentate amine ligands containing unsubstituted quinoline 
moieties is reviewed. The syntheses of these 46 ligands are detailed, and all X-ray structurally characterised 
transition metal complexes of these ligands are compiled and discussed. Comparisons to the analogous pyridine 
complexes, where they exist, are made. Most differences are found amongst the five-coordinate complexes, 
where the quinoline complexes mostly exhibit square pyramidal geometries, while the analogous pyridine 
complexes are predominantly trigonal bipyramidal. A structural feature we term the quinolyl split, where one or 
two quinolyl rings bisect an X-M-X angle, in contrast to their pyridine congeners, is identified.   

1. Introduction 

The recent synthesis and characterisation of the family of TEtra
Quinoline macrocycles (TEQs)a outlined in Fig. 1 serves as an elegant 
example of the use of the quinoline moiety in multidentate ligands. [1]. 

Quinoline was first isolated from coal tar by Runge in 1834 and 
shortly thereafter, in 1842, was obtained from destructive distillation of 
quinine, itself obtained from cinchona bark in 1820. [2] Although it is 
difficult to exactly pinpoint the earliest characterised transition metal 
complex of quinoline, research into the interactions of transition metals 
with quinoline was occurring around the turn of the 20th century, [3–5] 
while the earliest crystal structure of a transition metal complex of 
quinoline in the CSD dates from 1967. [6] Given the ubiquity of pyridine 
and its derivatives as ligands in transition metal complexes, it is there
fore somewhat surprising that quinoline and quinoline-containing li
gands have not been more widely used in coordination chemistry. The 
exception to this is the chelating ligand 8-hydroxyquinoline (also known 
as oxine), by far the most widely used of all quinoline-based ligands, 
with metal complexes of this, and its derivatives, finding use as anti
microbial, anti-metastatic, antiviral and antileukemia agents, [7–10] 
radiopharmaceuticals, [11] electroluminescent devices, [12] and in PET 
imaging, [13] amongst many other applications. Quinoline is attractive 
as a ligand both because as it can be viewed as a bulky substituted 

pyridine, and that the quinoline nucleus can be modified through re
action with electrophiles and nucleophiles more easily than is the case 
for pyridine. The pKa of the quinolinium ion (4.92) is close to that of the 
pyridinium ion (5.23), suggesting that the electronic properties of both 
molecules are similar and that differences in coordination properties 
may be predominantly attributable to steric effects. Interestingly, there 
are no examples of structurally characterised homoleptic four-, five- or 
six-coordinate quinoline complexes with which the corresponding 
homoleptic pyridine complexes can be compared in order to confirm this 
contention. The nearest example is trans-[Ni(quinoline)4(NCS)2], in 
which the Ni-Nquinoline bonds are 0.03 – 0.13 Å longer than the Ni- 
Npyridine bonds in trans-[Ni(py)4(NCS)2], [14,15] consistent with the 
greater steric bulk of quinoline compared to that of pyridine. As is also 
found for pyridine, quinoline binds to transition metals almost exclu
sively as a monodentate ligand through the lone pair on the N atom; the 
lone structurally characterised exception appears to be [η6-quinoline] 
Mo(PMe3)3, which exists in isomeric [η6-(C6)quinoline]Mo(PMe3)3 
(OHAPES) and [η6-(C5N)-quinoline]Mo(PMe3)3 (OHAPIW) forms 
(Fig. 2). [16] The former was prepared from the reaction of [Mo 
(PMe3)6] with quinoline and this was converted to the latter by heating 
at 150 ◦C in cyclohexane for 3 days. The former was also shown to un
dergo hydrogenation of the pyridine ring and deligation of the resulting 
tetrahydroquinoline by heating at 80 ◦C in an H2 atmosphere for 7 days. 
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The quinoline nucleus has been incorporated in a number of multi
dentate amine ligands, and these form the basis of this review. Herein we 
detail structurally characterised examples of transition metal complexes 
that incorporate multidentate amine ligands containing unsubstituted 
quinoline moieties. The discussion is limited to tri-, tetra-, penta-, and 
hexadentate amine ligands, and only those for which at least one 
structurally characterised transition metal complex is available. It 
should be noted that there are, somewhat surprisingly, no structurally 
characterised lanthanoid or actinoid complexes of the ligands reported 
herein. The structures of these complexes are compared to the analogous 
pyridine congeners where they exist, which are designated with an 
asterisk (in other words, 5* is the pyridine congener of ligand 5). All X- 
ray structures discussed are given the 6 letter CSD Refcode where 
available, and hydrogen atoms in the corresponding diagrams are 
omitted for clarity. While we have attempted to be comprehensive, we 
apologise in advance for any omissions. While this manuscript was in 
review, an article focusing on the applications of quinoline-based metal 
complexes was published. [17] The two are complementary, with the 
current paper being centred on synthesis and structure, while readers 
interested in applications are referred to the above reference. 

2. Tridentate ligands 

2.1. Tridentate ligands containing one quinolyl moiety 

The structures of these ligands are outlined in Fig. 3. 

2.1.1. N-(quinoline-2-ylmethyl)ethane-1,2-diamine (1) [18–22] 
The reaction between quinoline-2-carbaldehyde and N-(2-amino

ethyl)acetamide gives the corresponding imine, and borohydride 
reduction of this affords 1. [19] This ligand can also be prepared by 
reacting 2-(chloromethyl)quinoline hydrochloride with ethylenedi
amine. [20]. 

The six-coordinate complex fac-[Tc(1)(CO)3]Cl⋅H2O (Fig. 4, SINLIL) 
[19] has technetium coordinated to three nitrogen atoms from the 
ligand in a fac configuration, and three CO ligands, resulting in a dis
torted octahedral geometry about the metal centre. The cis N-Tc-N bond 
angles range from 74.25◦ to 88.89◦, cis N-Tc-O angles lie between 90.55◦

and 105.59◦, and cis O-Tc-O angles are from 83.84◦ to 90.62◦. The trans 
N-Tc-O angles are between 170.50◦ and 174.95◦. The Tc-Ntertiary bond 
lengths are 2.205 Å – 2.219 Å, the Tc-Nquinoline bond lengths are 2.244 Å 
and 2.283 Å, and the Tc-C bond lengths range from 1.917 Å to 1.939 Å. 

The corresponding pyridine complex, fac-[Tc(1*)(CO)3]Cl (SIN
LOR), [19] has been reported, and displays a very similar geometry to 
the quinoline-containing analogue. 

2.1.2. N-methyl-N’-(2-quinolylmethyl)piperazine (2) [23] 
Ligand 2 can be prepared from the reaction of N-methylpiperazine 

and 2-(chloromethyl)quinoline hydrochloride in the presence of anhy
drous K2CO3. [23] Two copper complexes, monomeric [Cu(2)(NCS)2] 
and polymeric {[Cu(2)(μ1,5-dca)]ClO4}n, have been prepared and 
structurally characterised. The Cu(II) ion in [Cu(2)(NCS)2] (Fig. 5, 
REQHAY) [23] is pentacoordinate, with the Cu(II) ion bound to two 
terminal thiocyanato ligands and the three nitrogen atoms of the ligand. 
The geometry about the metal centre can be described as a distorted 
tetragonal pyramid (τ5 = 0.33). The bond angles between the Cu(II) ion 
and the ligand (N-Cu-N) range from 73.09◦ to 154.84◦, N-Cu-NCS angles 
from 93.26◦ to 135.14◦, and the SCN-Cu-NCS angle is 105.24◦. Cu- 
Nthiocyanato bond lengths are 1.989 Å and 2.062 Å and the ligand Cu-N 
distances range between 2.022 Å and 2.066 Å. The Cu(II) ion sits 
0.517 Å above the plane of the square base which is formed by the ligand 
nitrogen atoms and one of the thiocyanato N atoms. Polymeric {[Cu(2) 
(μ1,5-dca)]ClO4}n (BOLSUT) [23] comprises 1-D chains of [Cu(2) 
(dca)]+ units bridged by dicyanamide ligands, with all Cu(II) ions being 
five-coordinate and displaying distorted geometries closer to square 
pyramidal than trigonal bipyramidal. 

The corresponding pyridine ligand forms an analogous complex, [Cu 
(2*)(NCS)2] (REQHEC), [23] which displays a more square pyramidal 
geometry (τ5 = 0.11), with the Cu(II) ion sitting 0.421 Å above the 
square plane. The Cu-Npyridine and Cu-Nquinoline bond lengths are iden
tical. The major difference between the two structures is the orientation 
of the aromatic rings relative to the thiocyanato ligands. In [Cu(2*) 
(NCS)2], the pyridine ring lies nearly coplanar with a Cu-Nthiocyanate 
bond while in [Cu(2)(NCS)2], the phenyl ring of the quinoline moiety 
effectively bisects the Nthiocyanate-Cu-Nthiocyanate bond, increasing it 
slightly compared to the pyridine congener (105.24◦ versus 102.87◦, 
respectively); this arrangement avoids destabilising interactions be
tween H-8 of the quinoline moiety and the thiocyanato ligands, and 
appears to be a common feature in five-coordinate complexes of tri
dentate quinoline-containing ligands. We term such behaviour the qui
nolyl split. 

2.1.3. 1-(Quinol-2-ylmethyl)-1,4-diazacycloheptane (3) [24,25] 
Palaniandavar and coworkers reported the synthesis of 3 from the 

reaction of 2-(chloromethyl)quinoline hydrochloride and homopiper
azine in the presence of triethylamine. 

The five-coordinate copper complex [Cu(3)Cl2]⋅CH3CN (Fig. 6, 
LETMAZ) [24] has τ5 = 0.08, consistent with a square pyramidal 

Fig. 1. General structure of a TEQ macrocycle.  

Fig. 2. Examples of π-bound quinoline. η6-(C6) (left) and η6-(C5N) (right) binding.  
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geometry. The square planar base consists of the three ligand nitrogen 
atoms, with Cu-Nhomopiperazine bond lengths of 2.036 Å and 2.039 Å, and 
a Cu-Nquinoline bond length of 2.135 Å. The fourth equatorial position is 
occupied by a chlorido ligand (Cu-Cl = 2.272 Å) while the remaining 
chlorido ligand is axial (Cu-Cl = 2.456 Å). 

The pyridyl analogue of this ligand gives dimeric bis(μ-chlorido) [Cu 
(3*)Cl2]2(ClO4)2 (XIZSUU) [26] on reaction with Cu2+, presumably 
owing to its less sterically demanding nature. 

2.1.4. 4-Methyl-1-(quinol-2-ylmethyl)-1,4-diazacycloheptane (4) 
[24,27,28] 

Ligand 4 was prepared in a similar fashion to 3 (Section 2.1.3), from 
the reaction of 2-(chloromethyl)quinoline hydrochloride and N-meth
ylhomopiperazine in the presence of triethylamine. The ligand was 
isolated as a yellow oil after a basic work-up of the crude material. 

There are two independent molecules of the five-coordinate complex 
[Cu(4)Cl2] (LETMED) [24] in the asymmetric unit. The Cu(II) ion in 
each of these is coordinated by three nitrogen atoms from the ligand and 
two chlorido ligands. The coordination geometry around the Cu(II) ion 
lies almost exactly between trigonal bipyramidal and square planar as 
revealed by the τ5 values (0.48 and 0.45) and the authors described this 
geometry as trigonal–bipyramidal distorted square-based pyramidal. 
Therefore, the N-methyl substituent present in this ligand has a signifi
cant effect on the geometry of the resulting [Cu(4)Cl2] complex, as the 
analogous complex containing the N-H version of the ligand (Section 

Fig. 3. Structures of the tridentate ligands containing one quinolyl moiety.  

Fig. 4. Structure of the fac-[Tc(1)(CO)3]+ cation. Selected bond lengths (Å) and 
angles (◦): Tc1-N1 2.283, Tc1-N2 2.205, Tc1-N3 2.209, Tc1-C1 1.917, Tc1-C2 
1.939, Tc1-C3 1.931; N1-Tc1-N2 74.26, N1-Tc1-N3 88.89, N2-Tc1-N3 78.36, 
N1-Tc1-C2 105.59, N2-Tc1-C1 96.53, CC1-Tc1-C2 83.84, C1-Tc1-C3 88.20, N1- 
Tc1-C1 170.50, N2-Tc1-C2 172.78, N3-Tc1-C3 174.88. 

Fig. 5. Structure of the [Cu(2)(NCS)2] complex. Selected bond lengths (Å) and 
angles (◦): Cu1-N1 2.024, Cu1-N2 2.066, Cu1-N3 2.022, Cu1-N4 1.989, Cu1-N5 
2.062; N1-Cu1-N2 154.84, N1-Cu1-N3 82.74, N2-Cu1-N3 73.09, N1-Cu1-N4 
99.17, N2-Cu1-N5 95.13, N3-Cu1-N4 135.14, N3-Cu1-N5 118.18. 

Fig. 6. Structure of the [Cu(3)Cl2] complex. Selected bond lengths (Å) and 
angles (◦): Cu1-N1 2.135, Cu1-N2 2.039, Cu1-N3 2.036, Cu1-Cl1 2.456, Cu1- 
Cl2 2.272; N1-Cu1-N2 81.19, N2-Cu1-N3 76.59, N1-Cu1-N3 154.90, N1-Cu1- 
Cl1 93.78, N1-Cu1-Cl2 103.67, N2-Cu1-Cl2, N2-Cu1-Cl2 90.23, N2-Cu1- 
Cl2 149.96. 
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2.1.3, LETMAZ) [24] has τ5 = 0.08. The N-Cu-N bond angles of both the 
molecules are 78.23, 78.24◦, 83.05◦, 83.35, 161.08 and 161.28◦, the N- 
Cu-Cl angles range from 91.92◦ to 133.79◦, and the Cl-Cu-Cl angles are 
109.72 and 114.82◦. The ligand binds to the metal centre with bond 
lengths ranging between 2.039 Å and 2.068 Å, and the Cu-Cl bond 
lengths are 2.304 Å, 2.318 Å, 2.430 Å and 2.462 Å[24]. 

The complex [Cu(4)((p-NO2Ph)2PO2)2]⋅H2O (IREFIV) [27] was ob
tained as part of an investigation into the reaction of Cu(II) complexes 
with phosphate esters. 4 is coordinated to the Cu(II) ion via the three 
nitrogen atoms, and two monodentate bis(p-nitrophenyl)phosphate li
gands give a five-coordinate complex. The τ5 value (0.37) is indicative of 
a trigonal bipyramidal distorted square pyramid. As with other com
plexes of the same, or similar, ligands the square base is comprised of all 
three nitrogen atoms from the ligand and one of the phosphate ester 
oxygen atoms. The Cu-N bond lengths are 2.017 Å (quinoline), 2.011 Å 
and 2.021 Å, while Cu-O distances are 2.023 Å and 2.120 Å. The N-Cu-N 
bond angles are 79.47◦, 84.01◦ and 163.38◦, N-Cu-O angles are between 
91.16◦ and 140.73◦, and the O-Cu-O angle is 99.14◦. 

Again, replacement of the quinoline moiety of the ligand with a less 
sterically demanding pyridine unit results in formation of a dicopper 
complex; in this case the Cu2+ ions are bridged in a μ-1,3 fashion by two 
bis(p-nitrophenyl)phosphate ligands (IREFER). [24,27]. 

2.1.5. N’ -benzyl-N’-(quinol-2-ylmethyl)-N,N-dimethylethylenediamine 
(5) [29] 

This ligand was first prepared in 2011 [29] from reductive amination 
of quinoline-2-carbaldehyde with N’-ethyl-N,N-dimethylethylenedi
amine in dichloromethane using sodium triacetoxyborohydride as the 
reductant. 

The complex [Cu(5)Cl2] (Fig. 7, ALISOE) [29] is the only complex of 
this ligand to have been structurally characterised. The Cu(II) centre is 
coordinated to the three of the nitrogen atoms of the ligand and two 
chlorido ligands. The τ5 value of 0.01 is consistent with the observed 
square pyramidal geometry, with the three nitrogen atoms from the 
ligand lying in the square plane. The Cu-Cl bond distances are 2.307 Å 
and 2.414 Å while the Cu-N bond lengths are 2.069 Å (quinoline), 2.069 
Å, and 2.088 Å. 

The complex [Cu(5*)Cl2].CH3OH (ALISEU), [29] which contains the 
analogous pyridine ligand 5*, [30] is structurally very similar (τ5 =

0.01). 

2.1.6. 2-(2-ethylpyridyl)-(2-methylquinolyl)-methylamine (6) [31] 
Ligand 6 was obtained as a viscous yellow oil from the reaction of 2- 

(2-methylaminoethyl)pyridine and 2-(chloromethyl)quinoline hydro
chloride in the presence of Cs2CO3. It should be noted that the diagram 
of the ligand given in the original paper is in error, as it contains an 
isoquinoline, rather than a quinoline, unit. [31]. 

The dinuclear complex mer-[Cd2(6)2(μ-1,3-N3)2(N3)2] (Fig. 8, HIK
TAY) [31] has been synthesised from the reaction between equimolar 
amounts of 6 and Cd(NO3)2⋅4H2O, and two equivalents of NaN3 in 
methanol. The structure of this complex consists of two mer-[Cd(6)N3]+

units connected by two bridging azido ligands. The Cd(II) centres are 
octahedrally coordinated by the three nitrogen donor atoms of 6 in a mer 
configuration, the N atoms from two bridging azido ligands, and a ter
minal azido ligand (Cd-N = 2.276 Å). The Cd(II) ions are 5.975 Å apart 
and the Cd-N bond lengths involving the bridging azido ligands range 
from 2.296 Å to 2.568 Å. The Cd-N bond lengths involving 6 range from 
2.306 Å to 2.46 Å. Bond angles involving the metal ions and the N atoms 
of 6 are 155.10◦ (trans N-Cd-N) and 71.11◦ and 84.27◦ (cis N-Cd-N), 
while those involving the bridging azido and terminal azido ligands are 
171.68◦ and 172.95◦ (trans N/N3-Cd-N3) and 82.88◦ and 106.21◦ (cis N/ 
N3-Cd-N3). Intermolecular π-π stacking interactions of adjacent aromatic 
rings of the 6 are observed, with separation of the pyridyl and quinolyl 
moieties ranging from 3.510 Å to 3.966 Å. 

2.1.7. 4-[((6-phenanthridinylmethyl) (2-quinolinylmethyl)amino)methyl] 
benzoic acid methyl ester (7) [32] 

The ligand 7 was first prepared by Metzler-Nolte [32] and coworkers 
by refluxing 6-(chloromethyl)phenanthridine, 4-[((2-quinolinylmethyl) 
amino)methyl]benzoic acid methyl ester and K2CO3 for 24 h in aceto
nitrile. Following purification with silica gel column chromatography 
the ligand was obtained as a light yellow solid. 

The only structurally characterised complex of this ligand is the 
distorted octahedral Re(I) tricarbonyl complex, fac-[Re(7)(CO)3]Br. 
CH3OH (Fig. 9, IBOPIB). [32] The ligand binds to the metal centre via 
three nitrogen donors and the other three positions are occupied by 
carbonyl ligands. Trans angles around the metal ion range from 171.66◦

to 173.16◦ and cis angles from 75.07◦ to 105.51◦. Metal-ligand bond 
lengths are 2.230 Å (Re-Nquinoline), 2.239 Å (Re-Nphenanthridine), and 

Fig. 7. Structure of the [Cu(5)Cl2] complex. Selected bond lengths (Å) and 
angles (◦): Cu1-N1 2.069, Cu1-N2 2.088, Cu1-N3 2.069, Cu1-Cl1 2.307, Cu1- 
Cl2 2.069; N1-Cu1-N2 83.89, N2-Cu1-N3 79.40, N1-Cu1-N3 153.58, N1-Cu1- 
Cl1 91.96, N1-Cu1-Cl2 99.46, N2-Cu1-Cl1 154.13, N2-Cu1-Cl2 102.92, N3- 
Cu1-Cl2 104.11, Cl1-Cu1-Cl2 102.94. 

Fig. 8. Structure of the mer-[Cd2(6)2(μ-1,3-N3)2(N3)2] complex. Selected bond 
lengths (Å) and angles (◦): Cd1-N1 2.306, Cd1-N2 2.465, Cd1-N3 2.333, Cd2-N4 
2.306, Cd2-N5 2.465, Cd2-N6 2.333, Cd1-N7 2.276, Cd2-N8 2.276, Cd1-N9 
2.296, Cd1-N10 2.568, Cd2-N11 2.568, Cd2-N12 2.296; N1-Cd1-N2 84.27, 
N2-Cd1-N3 71.11, N1-Cd1-N3 155.10, N1-Cd1-N7 88.98, N4-Cd1-N7 97.45, 
N1-Cd1-N10 89.10, N9-Cd1-N10 82.88, N4-Cd2-N3 84.27, N5-Cd2-N6 71.11, 
N4-Cd2-N6 155.10, N4-Cd2-N8 88.98, N5-Cd2-N8 97.09, N8-Cd2-N12 91.06, 
N6-Cd2-N11 87.73, N11-Cd2-N12 82.88. 
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2.230 Å (Re-Ntertiary), with Re-C distances ranging from 1.907 Å to 
1.924 Å. 

The complex fac-[Re(7*)(CO)3]Br.CH3OH (IBOPAT) [32] containing 
the analogous pyridine ligand exhibits a very similar geometry; the only 
difference of note is the slightly shorter Re-Npyridine bond distance 
(2.167 Å) in comparison to the Re-Nquinoline bond length (2.230 Å). 

2.2. Tridentate ligands containing two quinolyl moieties 

The structures of these ligands are outlined in Fig. 10. 

2.2.1. N-Benzyl-N,N-di(quinolin-2-ylmethyl)amine (8) [33–40] 
The ligand 8, first reported in 2005, [37] can be prepared from the 

reaction of 2-(chloromethyl)quinoline hydrochloride, benzylamine and 
Na2CO3. [34,37] Minor modifications to this method involve replacing 
Na2CO3 with aqueous NaOH [39], or K2CO3 [34,36]. The X-ray structure 
of the ligand (XAWRIA) [40] shows it to adopt a tripodal geometry. 

Four-, five- and six-coordinate complexes of 8 have been reported, 
and structural data for the five and six coordinate complexes are sum
marised in Tables 1 and 2. 

The four-coordinate Cu(I) complex [Cu(8)(CO)]ClO4 (GETFIV) [33] 
displays a distorted tetrahedral geometry (τ4 = 0.78) about the metal 
ion, with three nitrogen atoms from the ligand and one carbonyl ligand 
forming the primary coordination sphere. The bond angles range from 
82.04◦ to 125.61◦, the Cu-N bond lengths from 2.049 Å to 2.109 Å, and 
Cu-C is 1.797 Å for the carbonyl ligand. [33]. The complex of the 
analogous pyridine ligand (GETDUF) [33] displays a similar structure. 
Likewise, the dimeric bis(μ-hydroxo) cations [Cu2(μ-OH)2(8)2]2+

(GETGIW) [33] and [Cu2(μ-OH)2(8*)2]2+ (PIVKOV), [41] containing 
the quinolyl and pyridyl tridentate ligands, respectively, display very 
similar structures, with the Cu-Cu separation being only slightly greater 
in the quinoline complex (3.001 Å versus 2.922 Å). The phenyl rings in 
both cations exhibit intramolecular π-π interactions with the quinoline 
and pyridine rings (centroid–centroid distances < 3.9 Å). 

The complex [Cu(8*)Cl2] (EZERAE) [42] adopts a slightly distorted 
square-pyramidal geometry (τ5 = 0.11), while the quinolyl analogue 
(WEFCOC), [34] which has a much larger Cl-Cu-Cl bond angle (131.10◦

versus ~ 108◦, Figs. 11 and 12), consequently has τ5 = 0.54,. This is 
another example of the quinolyl split (Section 2.1.2), where the more 
sterically bulky quinoline moieties essentially bisect the Cl-Cu-Cl angle, 
whereas the two pyridine moieties are nearly coplanar with one of the 
Cu-Cl bonds in the former complex. 

2.2.2. (1-Phenylethyl)bis(quinolin-2-ylmethyl)amine (9) [43] 
Both enantiomers of 9 were synthesised from the reaction of either 

(+) or (-)-1-phenylethylamine with 2-(bromomethyl)quinoline in the 
presence of NaOH. [43]. 

[Cu(9)(H2O)2](ClO4)2 (OKIROP) [43] is a pentacoordinate Cu(II) 
complex, with three donor N atoms from the ligand and O atoms from 
two aqua ligands. The Cu(II) exhibits a geometry almost exactly between 

square pyramidal and trigonal bipyramidal (τ5 = 0.49). The N-Cu-N 
bond angles are 83.39◦, 84.06◦ and 165.19◦, while those for N-Cu-O 
range from 91.38◦ to 136.09◦ and the O-Cu-O angle is 111.58◦. Cu- 
Nquinoline bond lengths are 1.980 Å and 1.968 Å and the Cu-Ntertiary 
distance is 2.056 Å. The Cu-O bond lengths are 2.062 Å and 2.170 Å. 

The complex [Cu(9)(CH3CN)(ClO4)](ClO4) (Fig. 13, OKIRUV) [43] 
comprises a Cu(II) metal centre bonded to the three N atoms of the 
ligand, an N atom from an acetonitrile ligand and an O atom from a 
perchlorato ligand. The geometry about the metal ion is similar to the 
complex above, with τ5 = 0.48. The N-Cu-N bond angles are 83.72◦, 
84.00◦ and 165.17◦, those for N-Cu-Nacetonitrile are 95.49◦, 97.95◦ and 
121.07◦, the N-Cu-O angles are 91.36◦, 91.80◦ and 136.37◦, and the O- 
Cu-Nacetonitrile bond angle is 102.54◦. Cu-Nligand distances lie between 
1.997 Å and 2.042 Å, Cu-Nacetonitrile = 2.086 Å, and Cu-O = 2.164 Å. 

Both of the above complexes manifest the quinolyl split, with the 
quinoline phenyl rings bisecting the angle between the ancillary ligands. 

2.2.3. (1-(1-Naphthylethyl))bis(quinolin-2-ylmethyl)amine (10) [43–45] 
Ligand 10 was originally prepared using the synthetic procedure 

reported by Zhang, [43] in which (S)-1-napthylethylamine is reacted 
with ethanolic 2-(bromomethyl)quinoline, with NaOH as the base. This 
ligand has also been prepared from the reaction of 2-(chloromethyl) 
quinoline hydrochloride and (S)-1-naphthylethylamine, in the presence 
of K2CO3 and KI. [44]. 

The zinc complex [Zn(10)(ONO2)2] (Fig. 14, RUVDOD) [44] is five- 
coordinate, with the three nitrogen donors from the ligand and two 
monodentate nitrato ligands bound to the Zn(II) metal centre, affording 
the complex a distorted trigonal bipyramidal geometry (τ5 = 0.30). The 
N-Zn-N bond angles are 79.84◦, 80.16◦, and 158.22◦, N-Zn-O angles 
range from 93.31◦ to 139.96◦, and the O-Zn-O angle is 91.62◦. Zn-N 
bond lengths lie between 2.115 Å and 2.198 Å, and the Zn-O bond 
lengths are 2.025 Å and 2.086 Å. The quinolyl split is again apparent. 

2.2.4. (Bis(2-quinolylmethyl)aminomethyl)benzoic acid (11) [46] 
The ligand 11 was obtained from base hydrolysis of (bis(2-quino

lylmethyl)aminomethyl)benzoic acid methyl ester with aqueous NaOH. 
[46]. 

Fac-[Re(11)(CO)3]Cl (Fig. 15, UWOTAD), [46] the only reported 
structurally characterised complex of 11, contains a six-coordinate Re(I) 
ion in which the tridentate ligand 11 binds via all three available ni
trogen donors in a fac configuration. The other three coordination sites 
are occupied by CO ligands and the complex displays a distorted octa
hedral geometry. The cis bond angles vary between 75.09◦ and 104.76◦, 
and the trans angles are 171.64◦, 171.91◦ and 173.78◦. The Re-N bond 
lengths are between 2.221 Å and 2.238 Å, and the Re-C bonds range 
from 1.929 Å to 1.943 Å, similar to related complexes [47,48 46]. 

2.2.5. 1-{5-[(Bis(quinolin-2-ylmethyl)amino)methyl]-4- 
hydroxytetrahydrofuran-2-yl}-5-methyl-1H-pyrimidine-2,4-dione (12) 
[49] 

The thymidine nucleoside-based tridentate ligand, 12, is obtained 
from the reductive amination reaction of 1-(5-(Aminomethyl)-4- 
hydroxytetrahydrofuran-2-yl)-5-methyl-1H-pyrimidine-2,4-dione and 
quinoline-2-carbaldehyde in 1,2-dichloroethane in the presence of 
NaBH(OAc)3. 

The six-coordinate complex fac-[Re(12)(CO)3]Br⋅0.5NaPF6 (KAM
JOY) [49] was obtained from the reaction of 12 and [NEt4][Re 
(CO)3Br3]. The Re-Nquinoline bond lengths (2.236 Å and 2.211 Å) are both 
similar to the Re-Ntertiary distance (2.233 Å), and the Re-C bond lengths 
range from 1.868 Å to 1.919 Å, consistent with those in other similar 
complexes [50–52]. Bond angles between 172.45◦ and 174.45◦ (trans N- 
Re-C), 73.92◦ and 89.50◦ (cis N-Re-N), 87.80◦ and 104.27◦ (cis N-Re-C), 
and 83.04◦ and 89.46◦ (cis C-Re-C) are consistent with a distorted 
octahedral geometry. 

Fig. 9. Structure of the fac-[Re(7)(CO)3] +cation. Selected bond lengths (Å) 
and angles (◦): Re1-N1 2.230, Re1-N2 2.230, Re1-N3 2.239, Re1-C1 1.924, Re1- 
C2 1.907, Re1-C3 1.916; N1-Re1-N2 79.02, N1-Re1-N3 80.52, N2-Re1-N3 
75.07, N1-Re1-C1 105.51, N2-Re1-C2 98.58, N3-Re1-C1 100.85, N1-Re1-C3 
172.10, N2-Re1-C1 173.50, N3-Re1-C2 171.21. 
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2.2.6. N,N-Bis(2-quinolylmethyl)-2-phenylethylamine (13) [33,53] 
The ligand 13 was prepared from the reductive amination of 2-phen

ylethylamine with quinoline-2-carbaldehyde in acetic acid / methanol, 
with NaBH3CN as the reductant. [53]. 

Of the five structurally characterised complexes containing this 
ligand, monomeric [Cu(13)]ClO4 (Fig. 16, GETFOB) [33] is the most 

interesting. The Cu(I) ion is four-coordinate, with the metal binding to 
the three N atoms of the ligand, and a C atom of the phenyl ring (τ4 =

0.75). The geometry of this latter binding is quite remarkable; as can be 
seen in Fig. 16, a C atom of the phenyl ring lies 2.217 Å from the Cu(I) 
ion, displaying a κC-binding mode for what was described as a d-π 
interaction. The complex cation N-Cu-N bond angles are 82.78◦, 83.91◦

Fig. 10. Structures of the tridentate ligands containing two quinolyl moieties.  
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and 127.57◦, and the N-Cu-C angles are 99.64◦, 106.76◦ and 125.43◦. 
The Cu-Nquinoline bond lengths are 1.982 Å and 1.989 Å and the Cu- 
Namine bond length is 2.212 Å. 

The Cu(I) complexes [Cu(13)NCMe](ClO4) (GETFUH) [33] and [Cu 
(13)CO]ClO4 (GETGAO) [33] have also been structurally characterised 
and a summary of their bond lengths and angles is given in Table 3. 

The asymmetric dimeric Cu(II) complex, [(13-O)(13)Cu2-(µ-OH)] 
(ClO4)2 (GETGOC), [33] was obtained from the reaction of [Cu(13)] 
ClO4 with O2. Oxygenation of one 13 ligand occurs concomitant with 
metal oxidation, and the structure consists of two Cu(II) cations each 
bound by all available nitrogen atoms of the 13 and 13-O ligands and 
bridged by a hydroxido ligand and the incorporated oxygen atom. τ5 
values (0.12 and 0.27) for the Cu(II) centres are consistent with distorted 
square pyramidal coordination geometries. The complex displays N-Cu- 

N bond angles between 80.46◦ and 102.12◦, N-Cu-Ooxygen 
85.66◦–146.17◦, N-Cu-Ohydroxido 90.91◦ − 174.18◦, and Ooxygen-Cu- 
Ohydroxido angles of 78.48◦ and 79.48◦. The ligand nitrogen atoms are 
bound to the Cu(II) centres at distances ranging between 2.003 Å and 
2.262 Å. Cu-Ooxygen and Cu-Ohydroxido bond lengths are 1.931/1.942 Å 
and 1.900/1.930 Å, respectively[33]. 

[Cu(13)(CH3CN)(ClO4)](ClO4).CH3COCH3 (RAYRAL) [53] has two 
crystallographically independent 5-coordinate cations within its unit 
cell, with each comprising a Cu2+ ion bound to a 13 ligand, a CH3CN 
ligand and a ClO4

- ligand. Both Cu(II) centres display a distorted square 
pyramidal geometry (τ5 = 0.16 and 0.20) and display the quinolyl split. 
The two cations have N-Cu-N bond angles between 81.19◦ and 164.50◦, 
N-Cu-X angles ranging from 87.21◦ − 152.71◦, and X-Cu-X of 104.73◦

and 101.87◦ (X = acetonitrile or acetone). Cu-Nquinoline bond distances 

Table 1 
Five-coordinate complexes of 8.  

Complex N-M-N/◦ N-M-X /◦ X-M-X /◦ M-Nquinoline/Å M-Ntertiary/Å M-X/Å τ5 ref 

[Cu(8)(η2-SO4)] (FONQEG) 79.26 
85.54 
103.62 

93.66 
104.17 
162.60 
165.08 

71.49 2.040 
2.249 

2.015 1.978 
2.007 

0.04 [36] 

[Cu2(μ-OH)2(8)2](ClO4)2 

(GETGIW) 
75.20 
83.78 
107.73 

89.48 
95.33 
98.01 
103.92 
161.81 
171.15 

78.75 2.027 
2.370 

3.035 1.928 
1.956 

0.19 [33] 

[Cu(8)(H2O)2](ClO4)2 

(RUBPUB) 
82.39 
83.22 
165.61 
83.01 
83.11 
166.08 
83.04 
83.22 
166.04 

90.69 
91.20 
94.12 
108.88 
141.96 
91.69 
92.04 
93.43 
97.50 
109.00 
135.57 
91.72 
92.73 
94.02 
96.31 
108.96 
135.16 

108.97 
115.35 
115.84 

1.995 
1.995 
1.984 
1.985 
1.982 
1.986 

2.049 
2.056 
2.062 

2.194 
2.163 
2.030 
2.156 

0.51, 0.39, 0.51 [35] 

[Cu(8)Cl2]⋅2CH3CH2OH 
(WEFCOC) 

81.62 
82.20 
163.38 

92.41 
93.58 
93.73 
93.98 
105.68 
123.21 

131.10 1.988 
1.994 

2.137 2.328 
2.427 

0.54 [34]  

Table 2 
Six-coordinate complexes of 8.  

Complex cation Trans N-M- 
N/o 

Trans X-M- 
N/o 

Trans X-M-X 
/o 

Cis N-M- 
N/o 

Cis X-M- 
N/o 

Cis X-M-X 
/o 

M-Nquinoline/ 
Å 

M-Naliphatic/ 
Å 

M-X/Å Ref 

mer-[Fe2(μ-OH)2(8)2(CH3CN)2] 
(ClO4)2 

(FEXYUD)  

148.45 171.25  167.50 74.14 
74.68 

87.11 
90.45 
91.96 
93.91 
95.28 
100.50 
104.18 
107.37 

79.46 
88.05 

2.252 
2.255  

2.254 1.985 
2.090 
(H2O) 
2.290 
(MeCN) 

[37] 

fac-[Ni(8)(η1-SO4)(H2O)2]  169.17 
169.73 
173.27  

78.27 
82.05 
95.18 

86.06 
87.69 
88.16 
93.78 
96.46 
105.36 

85.25 
89.58 
90.96 

2.103 
2.120  

2.115 2.060 
2.066 
(H2O) 
2.108 
(SO4) 

[36]  

1 The complex [Cu(8)(H2O)2](ClO4)2 crystallises with three independent moieties in the asymmetric unit. 
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range between 1.957 Å and 2.035 Å and the Cu-Ntertiary bond lengths are 
2.026 Å and 2.031 Å. 

The pyridine analogue of 13 is found in the complex [Cu(13*)]ClO4 
(ENETOG), [54] which displays the same unusual coordination of the 
phenyl ring and a similar geometry as found in the quinoline complex 
above (τ4 = 0.79 and 0.88). The Cu-C bond length, however, is notably 

shorter in the pyridine complex (2.163 Å versus 2.217 Å). 

2.2.7. N,N-Bis(2-quinolylmethyl)-2,2-diphenylethylamine (14) [33,53] 
This ligand was prepared in a similar fashion to 13, from the 

reductive amination of quinoline-2-carbaldehyde with 2,2-diphenyle
thylamine in a solution of acetic acid and methanol, with reduction 

Fig. 11. Structure of the [Cu(8)Cl2] complex. Selected bond lengths (Å) and 
angles (◦): Cu1-N1 1.988, Cu1-N2 2.137, Cu1-N3 1.994, Cu1-Cl1 2.427, Cu1- 
Cl2 2.328; N1-Cu1-N2 82.10, N1-Cu1-N3 163.38, N2-Cu1-N3 81.62, N1-Cu1- 
Cl1 93.58, N1-Cu1-Cl2 93.73, N2-Cu1-Cl1 105.68, N2-Cu1-Cl2 123.21, N3- 
Cu1-Cl1 93.98, N3-Cu1-Cl2 92.41, Cl1-Cu1-Cl2 131.10. 

Fig. 12. Structure of the [Cu(8*)Cl2] complex. Selected bond lengths (Å) and 
angles (◦): Cu1-N1 2.018, Cu1-N2 2.069, Cu1-N3 1.999, Cu1-Cl1 2.256, Cu1- 
Cl2 2.471; N1-Cu1-N2 80.98, N1-Cu1-N3 160.88, N2-Cu1-N3 80.67, N1-Cu1- 
Cl1 97.06, N1-Cu1-Cl2 93.12, N2-Cu1-Cl1 154.21, N2-Cu1-Cl2 98.08, N3- 
Cu1-Cl1 97.12, N3-Cu1-Cl2 94.86, Cl1-Cu1-Cl2 107.71. 

Fig. 13. Structure of the [Cu(9)(CH3CN)(ClO4)]+ cation. Selected bond lengths 
(Å) and angles (◦): Cu1-N1 1.997, Cu1-N2 2.042, Cu1-N3 2.020, Cu1-N4 2.086, 
Cu1-O1 2.164; N1-Cu1-N2 84.00, N1-Cu1-N3 165.17, N2-Cu1-N3 83.72, N1- 
Cu1-N4 97.95, N2-Cu1-N4 121.07, N3-Cu1-N4 95.49, N1-Cu1-O1 91.80, N2- 
Cu1-O1 136.37, N3-Cu1-O1 91.36, N4-Cu1-O1 102.54. 

Fig. 14. Structure of the [Zn(10)(NO3)2] complex. Selected bond lengths (Å) 
and angles (◦): Zn1-N1 2.126, Zn1-N2 2.115, Zn1-N3 2.198, Zn1-O1 2.086, Zn1- 
O2 2.025; N1-Zn1-N2 158.22, N1-Zn1-N3 79.84, N2-Zn1-N3 80.16, N1-Zn1-O1 
93.31, N2-Zn1-O1 96.46, N3-Zn1-O1 139.96, N1-Zn1-O2 104.57, N2-Zn1-O2 
94.58, N3-Zn1-O2 128.36, O1-Zn1-O2 91.62. 

Fig. 15. Structure of the fac-[Re(11)(CO)3]+cation. Selected bond lengths (Å) 
and angles (◦): Re1-N1 2.238, Re1-N2 2.227, Re1-N3 2.221, Re10C1 1.929, 
Re1-C2 1.943, Re1-C3 1.930; N1-Re1-N2 75.09, N1-Re1-N3 78.09, N2-Re1-N3 
83.52, N2-Re1-C1 99.60, N3-Re1-C1 104.78, C1-Re1-C2 88.14, C1-Re1-C3 
82.98, N1-Re1-C1 173.78, N2-Re1-C2 171.91, N3-Re1-C3 171.64. 

Fig. 16. Structure of the [Cu(13)]+ cation. Selected bond lengths (Å) and an
gles (◦): Cu1-N1 1.982, Cu1-N2 1.989, Cu1-N3 2.212, Cu1-C1 2.217; N1-Cu1- 
N2 127.57, N1-Cu1-N3 83.91, N2-Cu1-N3 82.78, N1-Cu1-C1 125.43, N2-Cu1- 
C1 106.76, N3-Cu1-C1 99.64. 
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effected by NaBH3CN. [53]. 
The four-coordinate complex [Cu(14)]ClO4 (Fig. 17, GETGES) [33] 

has a similar unusual structure to the analogous complex in Section 2.2.6 
above, with the primary coordination sphere comprising three N donors 
from the ligand and a phenyl C atom 2.175 Å from the metal ion. The Cu- 
Nquinoline bond lengths are 1.995 Å and 2.032 Å and the Cu-Ntertiary bond 
length is 2.214 Å. N-Cu-N bond angles involving only the tridentate 
ligand are 81.46◦, 83.58◦, and 124.87◦. 

The Cu(II) complex [Cu(14)(CH3COCH3)(ClO4)][Cu(14)(OH2) 
(CH3COCH3)](ClO4)3 (RAYREP), (incorrectly described as [Cu(14) 
(CH3COCH3)(ClO4)](ClO4) in the original publication) [53] consists of 
two separate five-coordinate Cu(II) cations, each bonded to a tridentate 
14 ligand and a monodentate acetone ligand, with 5-coordination 
completed by a monodentate perchlorate ligand on one and a mono
dentate water ligand on the other. The overall coordination geometry of 
the Cu(II) centres is distorted square pyramidal (τ5 = 0.15 and 0.16), 
with a quinolyl split. N-Cu-N bond angles range from 82.27◦ to 166.05◦, 
N-Cu-X angles are between 88.12◦ and 157.04◦, and the X-Cu-X angles 
are 96.95◦ and 98.98◦ (X = acetone or water). The Cu-Nquinoline bond 
lengths range from 1.984 Å to 2.037 Å, and the Cu-Ntertiary bond lengths 
are 2.042 Å and 2.048 Å. 

2.2.8. [Bis(quinolin-2-ylmethyl)amino]acetic acid methyl ester (15) 
[44,55,56] 

Ligand 15 was prepared from the reaction of aminoacetic acid 
methyl ester hydrochloride and quinoline-2-carbaldehyde in 1,2-dichlo
roethane, with reduction of the initially formed imine effected by NaBH 
(OAc)3 [55]. An alternative procedure utilises the reaction between 2- 
(chloromethyl)quinoline hydrochloride and the methyl ester in the 
presence of K2CO3 and KI in acetonitrile[44]. 

In the distorted octahedral complex fac-[Re(15)(CO)3]Br (KEJLER), 
[55] 15 binds in a tridentate fac fashion. The cis quinoline moieties of 
the ligand form a cleft, with the shortest centroid–centroid distance 
being 3.695 Å. As a result, both quinoline N atoms display significantly 
‘bent’ geometries, with angles of ~ 158◦ between the Re-N vector and 

the plane of the pyridine ring. The trans X-Re-X bond angles lie between 
169.55◦ and 178.46◦, and the cis range from 77.72◦ – 103.45◦. The Re- 
Nquinoline bond lengths are 2.217 Å and 2.231 Å, Re-Ntertiary is 2.237 Å, 
and the Re-C bond lengths are between 1.903 Å and 1.918 Å. 

The five-coordinate complex [Zn(15)(ONO2)2] (Fig. 18, RUVDET) 
[44] features 15 as a tridentate ligand and two monodentate nitrato li
gands occupying the other coordination sites, to give a distorted trigonal 
bipyramidal geometry (τ5 = 0.30) with the quinoline moieties situated 
mutually trans. The N-Zn-N bond angles are 78.48◦, 79.83◦, and 
157.16◦. The N-Zn-O angles range between 89.25◦ and 139.21◦, and the 
O-Zn-O bond has an angle of 126.83◦. The Zn-N bond lengths are be
tween 2.139 Å and 2.179 Å, and the Zn-O bond lengths are 2.045 Å and 
2.225 Å[44]. 

The pyridyl congener of [Zn(15)(ONO2)2], [Zn(15*)(ONO2)2] 
(RUVDAP) [44], has also been structurally characterised. This displays 
an outwardly similar structure to the quinolyl analogue, with τ5 = 0.24. 
However, the Zn-Npyridine bond lengths (2.059 Å and 2.068 Å) are 
considerably shorter than the Zn-Nquinoline bonds, as expected from the 
reduced steric bulk. In addition, the O-Zn-O bond angle, which involves 
both monodentate nitrato ligands, is much larger in the quinoline 
complex (126.83◦) than in the pyridine complex (82.05◦), owing to the 
greater steric bulk of the tridentate ligand in the former. This is yet 
another manifestation of the quinolyl split. 

2.2.9. 2-azido-N,N-bis((quinolin-2-yl)methyl)ethanamine (16) [57,58] 
Ligand 16 was isolated as a pale yellow solid from the reaction of 2- 

(bis((quinoline-2-yl)methyl)amino)ethanol [59], triphenyl phosphine, 
diisopropylazodicarboxylate and diphenylphosphoryl azide in THF[57]. 
The X-ray structure of the ligand (KIZTOE) [58] shows a tripodal, rather 
than splayed, conformation of the three arms. 

The rhenium tricarbonyl complex fac-[Re(16)(CO)3]Br (Fig. 19, 
WAMWUE), [57] has a distorted octahedral geometry around the metal 
centre which is coordinated to the quinolyl and tertiary N atoms of the 
ligand and three CO ligands. The Re-N bond distances are 2.212 Å, 
2.220 Å, and 2.226 Å, while the Re-C lengths are 1.905 Å, 1.936 Å, and 

Table 3 
Four-coordinate complexes of 13.  

Complex N-M-N/◦ N-M-X /◦ M-Nquinoline/Å M-Ntertiary/Å M-X/Å τ4 ref 

[Cu(13)(CH3CN)]ClO4 (L.CH3CN) 80.56 
81.98 
107.20 

117.91 
120.38 
131.75 

2.025 
2.056  

2.196  1.876  0.77 [33] 

[Cu(13)(CO)]ClO4 80.89 
83.00 
100.38 

123.32 
124.21 
129.31 

2.030 
2.050  

2.155  1.795  0.76 [33]  

Fig. 17. Structure of the [Cu(14)]+cation. Selected bond lengths (Å) and angles 
(◦): Cu1-N1 1.995, Cu1-N2 2.032, Cu1-N3 2.214, Cu1-C1 2.175; N1-Cu1-N2 
124.87, N1-Cu1-N3 83.58, N2-Cu1-N3 81.46, N1-Cu1-C1 131.75, N2-Cu1-C1 
102.06, N3-Cu1-C1 93.90. 

Fig. 18. Structure of the [Zn(15)(NO3)2] complex. Selected bond lengths (Å) 
and angles (◦): Zn1-N1 2.153, Zn1-N2 2.139, Zn1-N3 2.179, Zn1-O1 2.045, Zn1- 
O2 2.225; N1-Zn1-N2 157.16, N1-Zn1-N3 78.48, N2-Zn1-N3 79.83, N1-Zn1-O1 
84.17, N2-Zn1-O1 97.58, N3-Zn1-O1 139.21, N1-Zn1-O2 99.27, N2-Zn1-O2 
89.25, N3-Zn1-O2 93.94, O1-Zn1-O2 126.83. 

B. Carr et al.                                                                                                                                                                                                                                     



Coordination Chemistry Reviews 502 (2024) 215599

10

1.939 Å. Intercation π-π interactions between quinolyl rings are present, 
with centroid–centroid distances of 3.646 Å, and there are no close 
contacts involving the azide group. The complex cation has cis X-Re-X 
angles that vary from 73.22◦ to 103.42◦, and trans angles from 170.50◦

to 171.09◦. 

2.2.10. 3-[Bis(2-quinolinylmethyl)amino]-prop-1-ene (17) [60–62] 
A detailed synthesis of ligand 17 has not been reported, but a reac

tion scheme in the original paper depicts the reaction of 2-quinolinecar
boxaldehde and allylamine in 1,2-dichloroethane and the addition of 
NaBH(OAc)3 as the reducing agent. [62]. 

The complex fac-[Re(17)(CO)3](PF6) (WOXMEE) [62] exhibits a 
distorted octahedral geometry, with the Re(I) metal centre bound to the 
three ligand nitrogen atoms and three CO ligands. The two independent 
cations in the unit cell have cis X-Re-X angles ranging from 81.94◦ to 
104.90◦, and trans angles lying between 171.69◦ and 175.10◦. Re-Nqui

noline bond lengths are between 2.206 Å and 2.217 Å, Re-Ntertiary dis
tances are 2.200 Å and 2.222 Å, and Re-C bond lengths vary from 1.900 
to 1.925 Å. 

The pyridine version of 17 is known, and the analogous complex of 
this, fac-[Re(17*)(CO)3](SO3CF3) (QEZZIG) [63], exhibits a very similar 
structure. 

2.2.11. [Bis(quinolin-2-ylmethyl)amino]acetic acid methyl ester (18) 
[55,56,62] 

Ligand 18 was prepared from the reaction of quinoline-2- 
carbaldehyde and aminoacetic acid methyl ester hydrochloride in 1,2- 
dichloroethane and subsequent reduction of the imine with NaBH 
(OAc)3. [55]. 

The complex fac-[Re(18)(CO)3](PF6).THF (WOXMOO) [62] has the 
six-coordinate Re ion bonded to the three N atoms from the ligand and 
three carbon atoms from the carbonyl ligands, affording a distorted 
octahedral geometry at the metal centre with a fac configuration of the 
ligand. Cis N-Re-N bond angles are 73.64◦, 78.73◦, and 86.17◦, cis N-Re- 
C angles vary between 89.02◦ and 103.75◦, and C-Re-C angles are 
84.07◦, 88.70◦, and 88.93◦. Re-C bond lengths are 1.916 Å, 1.918 Å, and 
1.927 Å, Re-Nquinoline bond lengths are 2.216 Å and 2.221 Å, and the Re- 
Ntertiary bond length is 2.230 Å. 

2.2.12. 3-[Bis(2-quinolinylmethyl)amino]propan-1-ol (19) [62] 
This was obtained from the reaction of quinoline-2-carbaldehyde 

and 3-aminopropanol in the presence of NaBH(OAc)3 in 1,2-dichloro
ethane. [62] Fac-[Re(19)(CO)3](PF6) (WOXMUU) [62] has the Re(I) 
ion in a distorted octahedral coordination environment, coordinated to 
both the quinoline nitrogen atoms (Re-N = 2.216 Å and 2.239 Å) and the 
tertiary amine (Re-N = 2.228 Å), with the three other sites occupied by 
CO ligands (Re-C bond lengths lie in the range 1.909 Å – 1.920 Å). The 
–OH group is not involved in any interactions with the metal ion. Cis N- 

Re-N bond angles are 77.15◦, 78.61◦, and 80.90◦, cis N-Re-C angles vary 
between 92.74◦ – 103.10◦, and the cis C-Re-C angles are 83.09◦, 84.94◦, 
and 90.82◦. The trans N-Re-C bond angles are 170.66◦, 173.10◦, and 
178.29◦. 

2.2.13. 1-[3-[bis(quinolin-2-ylmethyl)amino]propyl]pyrrole-2,5-dione 
(20) [64,65] 

Ligand 20 was obtained from the reaction of bis(quinolylmethyl) 
aminopropanol and maleimide in THF, in the presence of PPh3 and 
DEAD. [64] The Re(I) complex fac-[Re(20)(CO)3]Br (MAKZAA) [65] 
has the ligand binding to the metal ion in a tridentate fashion through 
coordination to the two nitrogen donors of the quinoline moieties and 
the tertiary amine of the ligand. The trans N-Re-C bond angles are 
170.65◦, 171.18◦ and 176.54◦, the cis N-Re-N angles are 75.68◦, 78.44◦

and 80.83◦, the N-Re-CO angles lie between 92.11◦ and 103.54◦, and the 
cis C-Re-C angles are 83.82◦, 87.05◦ and 87.90◦, all indicative of a dis
torted octahedral geometry. The Re-Nquinoline bond distances are 2.220 Å 
and 2.227 Å, the Re-Namine bond length is 2.217 Å, and the three Re-C 
bonds are between 1.911 Å and 1.929 Å. 

2.2.14. 5-(Bis(quinolin-2-ylmethyl)amino)pentanoic acid (21) 
[47,49,66,67] 

Ligand 21 was synthesised by a reductive amination reaction 
involving quinoline-2-carbaldehyde, 5-aminopentanoic acid and NaBH 
(OAc)3. [47,49,66] The X-ray structure of the ligand (XEGMEC) shows it 
to adopt a tripodal conformation, [47] similar to that of ligand 16 in 
section 2.2.9, with the carboxylic acid proton hydrogen-bonded to a 
quinoline N atom of a neighbouring molecule (dO-N = 2.701 Å). 

Fac-[Re(21)(CO)3]Br (XEGMIG) [47] is a six-coordinate Re(I) com
plex with the N3C3 donor set derived from one tertiary amine, two 
quinoline nitrogen atoms, and three carbonyl C atoms. The Re(I) centre 
displays a distorted octahedral geometry. Cis N-Re-N angles are 77.67◦, 
78.08◦, and 78.34◦, cis N-Re-C angles range from 93.78◦ to 102.87◦, and 
cis C-Re-C angles are 82.37◦, 86.13◦, and 88.38◦. The trans bond angles 
are 170.38◦, 173.69◦, and 179.05◦. Re-C bond distances are between 
1.901 Å and 1.923 Å, the Re-Nquinoline bond lengths are 2.233 Å and 
2.235 Å, and the Re-Ntertiary distance is 2.222 Å[47]. 

The pyridine analogue of fac-[Re(21)(CO)3]Br (BETDIO) [68] dis
plays a very similar structure, with the Re-Npyridine bond lengths shorter 
than the Re-Nquinoline distances, due to the decrease in steric bulk. [68]. 

2.2.15. N,N′-bis(2-quinolinylmethyl)amantadine (22) [69–72] 
The reaction between 1-adamantanamine hydrochloride and 2- 

(chloromethyl)quinoline hydrochloride in the presence of Na2CO3 gives 
the ligand 22, [69,70] the X-ray structure of which has been determined 
(XOTNAX). [69]. 

Structural data for the five complexes of 22, all of which are five- 
coordinate, are summarised in Table 4. 

The complex [Cu(22)(H2O)(ClO4)](ClO4)⋅2H2O (SUDTAO) [70] was 
originally characterised as four-coordinate, with a distorted planar 
arrangement of the three nitrogen donor atoms from the ligand and one 
oxygen from a water ligand. It is perhaps better described as five- 
coordinate, with a perchlorate oxygen atom occupying the fifth coor
dination site; the Cu-Operchlorate bond length of 2.406 Å is consistent with 
literature values. [73–79]. 

The complexes [Cu(22*)Cl2] (UTAVES) and [Zn(22*)Cl2] (UTA
VIW) [80] are the pyridyl analogues of [Cu(22)Cl2] (XOSJAS) and [Zn 
(22)Cl2] (CEDZOD, Fig. 20). While all complexes are five-coordinate, 
the τ5 values for the pyridyl complexes (0.26 and 0.23 for the Cu and 
Zn complexes, respectively) are significantly smaller than those for the 
quinoline complexes (0.44 and 0.52). These are further examples of the 
quinolyl split, where bisection of the Cl-M-Cl angle by the planes of the 
quinoline moieties causes this angle to be substantially larger in the 
quinolyl complexes than in the pyridine complexes. 

Fig. 19. Structure of the fac-[Re(16)(CO)3]+cation. Selected bond lengths (Å) 
and angles (◦): Re1-N1 2.226, Re1-N2 2.220, Re10N3 2.212, Re10C1 1.936, 
Re1-C2 1.905, Re1-C3 1.939; N1-Re1-N2 78.33, N1-Re1-N3 86.34, N2-Re1-N3 
73.22, N1-Re1-C1 103.42, N2-Re1-C2 97.89, N3-Re1-C1 99.00, N1-Re1-C3 
170.50, N2-Re1-C1 171.99, N3-Re1-C2 171.09. 
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3. Tetradentate ligands 

3.1. Tetradentate ligands containing one quinolyl moiety 

The structures of these ligands are given in Fig. 21. 

3.1.1. 3-(2-methylquinolyl)diethylenetriamine (23) [81,82] 
Ligand 23 is prepared from the reaction between 1,5-diphthalimido- 

3-azapentane and quinoline-2-carbaldehyde in the presence of NaBH 
(OAc)3 in dichloroethane. Following purification, the 3-(2-quinoli
nylmethyl)-1,5-diphthalimido-3-azapentane intermediate is depro
tected with hydrazine monohydrate in ethanol to yield the desired 
product. [82] An alternative synthesis uses 2-(chloromethyl)quinoline 
hydrochloride in place of the aldehyde; 1,5-diphthalimido-3-azapentane 
and 2-(chloromethyl)quinoline are dissolved in acetonitrile and heated 

to reflux in the presence of anhydrous K2CO3. The intermediate obtained 
from this step is deprotected as above to yield the ligand. [81]. 

The pentacoordinate complex, [Cu(23)(H2O)]NDSA⋅2H2O (NDSA =
1,5-naphthalenedisulfonate anion) (Fig. 22, ROYPIH) [81] adopts a 
distorted square pyramidal geometry about the copper centre (τ5 =

0.22) with the three aliphatic nitrogen donor atoms and the aqua oxygen 
atom forming the equatorial plane, and the quinoline N atom coordi
nated in the axial position. Bond lengths are 2.213 Å (Cu-Nquinoline), 
2.005 Å (Cu-Naliphatic), 2.065 Å (Cu-Ntertiary), and 1.991 Å (Cu-O). The N- 
Cu-N bond angles range from 81.31◦ − 156.77◦ and N-Cu-O angles range 
between 92.21◦ and 169.72◦. The Cu(II) ion sits 0.284 Å above the 
equatorial plane. 

3.1.2. N-(quinol-2-ylmethyl)-N′-(pyrid-2-ylmethyl)-1,4-diazepane (24) 
[83] 

The asymmetric ligand 24 was prepared following a two-step pro
cedure, the first being the reaction between 2-(chloromethyl)pyridine 
hydrochloride and homopiperazine in the presence of triethylamine to 
give the mono-(N-pyrid-2-ylmethyl) derivative. This was then treated 
with quinoline-2-carbaldehyde, and following presumed reduction of 
the resultant imine (no details were provided), the desired ligand was 
obtained as a yellow oil. [83]. 

Reaction of the ligand with an equimolar amount of Mn(ClO4)2⋅4H2O 
gave trans-[Mn(24)(OH2)(OClO3)](ClO4) (Fig. 23, LIWQUF), [83] the 
complex cation of which displays a very distorted (one cis N-Mn-N bond 
angle of 142.49◦) octahedral geometry resulting from the coordination 
of the Mn(II) centre to all four nitrogen donor atoms of the ligand in an 
mm configuration[84] and one oxygen atom each from a perchlorato 
ligand and a water ligand. The cis Operchlorate-Mn-Naliphatic angles are 
87.42◦ and 117.96◦ and the cis Owater-Mn-Naliphatic angles are 93.40◦ and 
120.57◦. The cis Operchlorate-Mn-Naromatic angles are 81.77◦ and 84.75◦

and the cis Owater-Mn-Naromatic angles are 85.05◦ and 85.89◦. The other 
N-Mn-N cis angles range from 71.32◦ to 142.49◦, with the latter being 
much greater than the expected cis angle of 90◦. The two Naromatic-Mn- 
Naliphatic trans angles are 139.00◦ and 139.74◦, and the O-Mn-O angle is 
144.31◦. The Mn-N bond distances range from 2.207 Å to 2.272 Å, 

Table 4 
Five-coordinate complexes of 22.  

Complex N-M-N/◦ N-M-X /◦ X-M-X /◦ M-Nquinoline/Å M-Ntertiary/Å M-X/Å τ5 ref 

[Co(22)Cl2] 
(CEDZUJ) 

80.46 
81.32 
159.78 

89.61 
90.09 
96.01 
100.35 
114.70 
118.56  

126.68 2.134 
2.148  

2.179 2.287 
2.314  

0.55 [71] 

[Zn(22)Cl2] 
(CEDZOD) 

78.79 
79.52 
155.96 

89.42 
90.71 
97.82 
101.74 
115.70 
119.28  

124.99 2.171 
2.186  

2.232 2.250 
2.314  

0.52 [71] 

[Cu(22)Cl2] 
(XOSJAS) 

82.09 
82.32 
162.30 

88.15 
89.80 
96.67 
97.00 
111.49 
112.50  

136.00 2.001 
2.006  

2.247 2.321 
2.334  

0.44 [69] 

[Cu(22)Br2] 
(XOSHUK) 

82.39 
82.72 
162.92 

88.37 
89.83 
96.66 
96.70 
112.32 
113.17  

134.50 1.990 
2.005  

2.239 2.448 
2.483  

0.47 [69] 

[Cu(22)(H2O)(ClO4)](ClO4)2⋅2H2O 
(SUDTAO) 

85.07 
85.07 
169.82 

92.67 
92.67 
93.72 
93.72 
107.58 
151.25  

101.18 1.973 
1.973  

2.080 1.979(H2O) 
2.406  

0.31 [70]  

Fig. 20. Structure of the [Zn(22)Cl2] complex. Selected bond lengths (Å) and 
angles (◦): Zn1-N1 2.171, Zn1-N2 2.186, Zn1-N3 2.232, Zn1-Cl1 2.250, Zn1-Cl2 
2.314; N1-Zn1-N2 155.96, N1-Zn1-N3 79.52, N2-Zn1-N3 78.79, N1-Zn1-Cl1 
101.74, N1-Zn1-Cl2 89.42, N2-Zn1-Cl1 97.82, N2-Zn1-Cl2 90.71, N3-Zn1-Cl1 
119.28, N3-Zn1-Cl2 115.70, Cl1-Zn1-Cl2 124.99. 
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consistent with HS Mn(II), the water O atom is 2.186 Å from the Mn(II) 
cation, and the perchlorato ligand is attached via an oxygen atom at a 
distance of 2.323 Å. 

3.1.3. 1-(2-quinolinylmethyl)-1,4,7-triazacyclononane (25) [85,86] 
The 1,4,7-tris-(2-quinolinylmethyl)-1,4,7-triazacyclononane ligand 

was prepared via the reaction of 2-(chloromethyl)quinoline and 1,4,7- 
triazatricyclo[5.2.1.04,10]decane in MeCN at room temperature to give 
the ligand as a pale yellow solid. [85]. 

Potentiometric titration data for 25 in MeCN/H2O (1:1) gave evi
dence for protonation of only three of the four N atoms, with pKa values 
of 9.8(1), 6.7(1) and 3.1(9). Equilibrium constants (log K) measured in 
MeCN/H2O (0.1 M NMe4Cl, 289.1 K) for the reaction of the ligand with 
Cu2+, Zn2+, Cd2+, and Pb2+ are 16.82(4), 14.85(5), 10.4(1), and 11.1 
(1), respectively. 

Three complexes containing 25 have been structurally characterised; 
mononuclear [Cu(25)CN]BF4⋅0.5H2O (UNACOC)b and [Cu(25)I]I 
(UNACUI), [86] and binuclear [Zn2Cl2(25)2](BF4)2⋅0.5MeNO2⋅H2O 
(YUHNEV). [85] The five-coordinate Cu(II) complex cations [Cu(25) 
CN]+ and [Cu(25)I]+, despite having τ5 values of 0.35 and 0.38, 
respectively, are probably best described as exhibiting distorted trigonal 
bipyramidal geometries, with one Naliphatic-Cu-Naliphatic equatorial 
angle; ([Cu(25)CN]+, 83.49◦; [Cu(25)I]+, 84.65◦) less than 90◦ as a 
result of the constraints imposed by the tetradentate ligand. Cu-N bond 
lengths in the [Cu(25)CN]+ cation range from 2.031 Å to 2.146 Å, with 
Cu-Nquinoline = 2.035 Å, while those for the [Cu(25)I]+ cation range from 
2.008 Å to 2.157 Å, with Cu-Nquinoline being the shortest. The crystal 
structure of [Zn2Cl2(25)2]2+ confirmed the dimeric nature of the cation, 
with two Zn(II) centres in distorted octahedral environments. Each of 
the Zn(II) ions coordinate to the four N-donors of the tetradentate 
ligand, and the remaining two coordination sites are occupied by two 
bridging Cl- ligands. Zn-N bond lengths range from 2.126 Å to 2.189 Å, 
with the Zn-Nquinoline bond length being 2.180 Å. π-stacking interactions 
between neighbouring cations are present, with a centroid–centroid 
distance of 3.637 Å. 

Fig. 21. Structures of the tetradentate ligands containing one quinolyl moiety.  

Fig. 22. Structure of the [Cu(23)(H2O)]2+cation. Selected bond lengths (Å) and 
angles (◦): Cu1-N1 2.018, Cu1-N2 2.065, Cu1-N3 2.213, Cu1-N4 2.005, Cu1-O1 
1.991; N1-Cu1-N2 85.40, N1-Cu1-N3 99.22, N3-Cu1-N4 100.69, N1-Cu1-N4 
156.77, N1-Cu1-O1 92.21, N3-Cu1-O1 108.95, N2-Cu1-O1 169.72. 

Fig. 23. Structure of the [Mn(24)(OH2)(OClO3)]+cation. Selected bond lengths 
(Å) and angles (◦): Mn1-N1 2.263, Mn1-N2 2.272, Mn1-N3 2.220, Mn1-N4 
2.207, Mn1-O1 2.186, Mn1-O2 2.323; N1-Mn1-N2 71.32, N2-Mn1-N3 74.43, 
N3-Mn1-N4 142.49, N4-Mn1-N1 77.82, N1-Mn1-N3 139.00, N2-Mn1-N4 
139.74, O1-Mn1-O2 144.31. b It should be noted that the ORTEP diagram in this paper mistakenly shows 

the cyanido ligand to be N-bound, and this appears to have been carried 
through to the CSD. 
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3.1.4. N-(2-quinolylmethyl)-N-bis(2-pyridyl)methylamine (26) [87] 
Ligand 26 was isolated as a by-product from the synthesis of 39 

(Section 4.1.1) which involved reaction between 2-(bromomethyl) 
quinoline and di(pyridine-2-yl)methanamine in THF. 

The complex fac-[Zn(26)2](ClO4)2 (Fig. 24, TUBHIJ) [87] exhibits a 
distorted octahedral geometry about the Zn(II) ion, with the 26 ligands 
coordinated in a hypodentate fashion via the aliphatic and the two 
pyridyl nitrogen atoms. The cation has trans N-Zn-N angles of 165.92◦, 
165.92◦ and 174.34◦, and cis N-Zn-N bond angles that range between 
78.56◦ and 97.39◦. The Zn-Npyridine bond lengths range from 2.150 Å to 
2.163 Å, and the two Zn-Naliphatic lengths are 2.202 Å. 

The uncoordinated quinoline moieties form weak intramolecular π-π 
interactions with a pyridine moiety from an adjacent ligand on the zinc 
centre. This interaction positions the quinoline groups adjacent to the 
pyridine with a centroid–centroid distance of 3.715 Å. 

3.1.5. Bis(2-pyridylmethyl)(2-quinolylmethyl)amine (27) [81,88–107] 
The ligand 27 was first synthesised by Wei and co-workers[100] 

from the reaction of dipicolylamine and 2-(bromomethyl)quinoline in 
THF, with added triethylamine, at room temperature for 3 days. An 
alternative synthesis of this ligand involves the reaction of 2-(chlor
omethyl)quinoline hydrochloride and dipicolylamine in anhydrous 
acetonitrile in the presence of anhydrous K2CO3. [95]. 

The fluorescent properties of the free ligand 27 and the corre
sponding [Cd(27)(N3)2] complex have been investigated. An emission 
peak at 550 nm and a shoulder at approximately 435 nm was observed 
for the free ligand upon excitation of the solid sample at 240 nm at room 
temperature. Under the same conditions, a distinct enhancement of the 
fluorescence intensity was observed for [Cd(27)(N3)2] which displayed 
a strong peak at 438 nm and a shoulder at 500 nm. It was proposed that 
this observed increased fluorescence could be attributed to the confor
mational rigidity increasing upon the coordination of 27 to the metal 
centre, or as a result of the CHEF effect. [98]. 

Twelve complexes of 27, containing Fe, Co, Cu and Cd, have been 
structurally characterised. These complexes, with the exception of four- 
coordinate [Cu(27)]B(C6F5)4 [108] are either five- or six-coordinate. In 
[Cu(27)]B(C6F5)4 (Fig. 25, TUZSOX), [96] the Cu(I) centre is coordi
nated to all four nitrogen donor atoms of 27 to give a trigonal pyramidal 
geometry (τ4 = 0.83). N-Cu-N bond angles range from 82.57◦ to 
123.63◦. The Cu-Npyridine bond lengths are 2.006 Å and 1.988 Å, the Cu- 
Nquinoline bond length is 2.012 Å and the Cu-Ntertiary bond length is the 
longest at 2.185 Å. 

Structural data for the remaining structurally characterised com
plexes containing ligand 27 are summarised in Tables 5 and 6 below. 
Those complexes containing octahedral metal centres all have the 
quinoline moiety situated axial relative to the two coordination sites not 
occupied by 27. These complexes are also all, by necessity, cis. 

The complex [(phen)2Fe(CN)2Fe(27)]2(PF6)4⋅H2O(CH3OH)2 (
Fig. 26, PUCLAB) [94] (a typographical error in the original paper gave 
the counterions as PF4) is a self-assembled tetranuclear ferrous cluster. 
The complex is made up of four Fe(II) centres that are connected via 
bridging cyanido ligands. Two of the four metal cations are coordinated 
to two phenanthroline ligands, and the other two are bound to one 27 
ligand each. 

The structures of the complexes containing the pyridyl congener, 
namely [Fe(27*)(OSO2CF3)2] (NELGAM) [109], [{Co(27*)}2(dhbq)] 
(PF6)3 (RECPAR01) [110], [Co(27*)Cl]X (X = CoCl42- (LUXGAM); X  =
Cl- (PAJSIF, QALZOT01, QAMBAI, QAMBAI01); X  = ClO4

- (RITWOH, 
RITWOH01, RITWOH02) [90,111–116], [(phen)2Fe(CN)2Fe 
(27*)]2(PF6)4 (PUCLAB) [117], and [Fe(27*)(tcc)]X (X = ClO4

- 

(CAMYAR, EQUNAF); X  = SbF6
- (REWBAY, REWBAY01-07); X  = BPh4

- 

(TAMTAD); X  = PF6
- (TAMTEH, TAMTEH01-05); X  = NO3

– (TAMTIL, 
TAMTIL01)) [118–121], are very similar to the analogous quinoline 
complexes. The notable exception is the [Cu(27*)Cl]+ cation (AKISIZ, 
AQUFIC, BUBCIK, GIHWOK, ILUVIV, ILUVOB, YEZGAN) [122–127], 
which is trigonal bipyramidal (τ5 ranges from 0.87 to 1.04) while the 
quinoline congener [Cu(27)Cl]+ is square pyramidal (τ5 = 0.13 – 0.16, 
Fig. 27). However, the Cu(I) cation [Cu(27*)]+ (ILUTIT) [123] (τ4 =

0.88, 0.87) exhibits a very similar geometry to the analogous quinoline 
complex. 

3.2. Tetradentate ligands containing two quinolyl moieties 

The structures of these ligands are given in Fig. 28. 

3.2.1. Bis(2-quinolinylmethyl)-(R,R)-2,2′ bipyrrolidine (28) [128,129] 
Ligand 28 was first prepared in three steps from the synthon N,N-bis 

(2-quinolinylmethyl)-(R,R)-4,5-diamino-1,7-octadiene. [130 131]. 
Two structurally characterised metal complexes of this ligand have 

been reported, cis-[Fe(28)(OTf)(EtOH)](OTf) (Fig. 29, GIYDOI) [128] 
and trans-[Mn(28)(OTf)2] (VOHWIA). [129] The X-ray structure of cis- 
[Fe(28)(OTf)(EtOH)]+ shows a slightly distorted octahedral geometry 
about the Fe(II) ion, with the ligand coordinating in an ff configuration 
through the four nitrogen donor atoms, and the remaining two 

Fig. 24. Structure of the fac-[Zn2(26)2]2+cation. Selected bond lengths (Å) and 
angles (◦): N1-Zn1 2.150, N2-Zn1 2.150, N3-Zn1 2.163, N4-Zn1 2.202, N5-Zn1 
2.202, N6-Zn1 2.163; N1-Zn1-N2 116.42, N2-Zn1-N3 85.92, N3-Zn1-N5 97.39, 
N3-Zn1-N4 78.56, N2-Zn1-N5 165.92. 

Fig. 25. Structure of the [Cu(27)]+cation. Selected bond lengths (Å) and angles 
(◦): Cu1-N1 1.988, Cu10N2 2.185, Cu1-N3 2.006, Cu1-N4 2.012; N1-Cu1-N2 
83.11, N2-Cu1-N3 82.57, N3-Cu1-N4 111.70, N1-Cu1-N4 119.95, N1-Cu1-N3 
123.63, N2-Cu1-N4 82.58. 
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Table 5 
Six-coordinate complexes of 27.  

Complex Trans N-M- 
N/o 

Trans X-M- 
N/o 

Cis N-M- 
N/o 

Cis X-M- 
N/o 

Cis X-M-X 
/o 

M-Nquinoline/ 
Å 

M-Ntertiary/ 
Å 

M-Npyridine/ 
Å 

M-X/ 
Å 

Ref 

cis-[Fe(27)(NCS)2] 
(CECVUD)  

150.52 168.97 
169.26 

74.99 
75.73 
78.34 
82.44 
88.45 

91.18 
91.70 
92.19 
94.98 
96.62 
112.02  

95.89  2.271  2.236 2.171 
2.194 

2.048 
2.084 

[89] 

cis-[Fe(27)(OTf)2] 
(EBORUI)  

149.50 165.15 
169.17 

74.70 
74.81 
80.26 
83.59 
90.75 

83.80 
93.85 
97.84 
103.91 
104.10 
112.26  

85.37  2.267  2.207 2.138 
2.196 

2.056 
2.171 

[92] 

[(phen)2Fe(II)(CN)2Fe(II) 
(27)]2(PF6)4 

(PUCLAB)  

149.80 165.16 
171.98 

73.99 
76.05 
77.62 
82.92 
87.09 

86.56 
92.33 
92.47 
92.47 
100.24 
116.59  

94.76  2.242  2.227 2.194 
2.240 

2.064 
2.084 

[94] 

[Fe(27)(tcc)]ClO4 

(XENZUL)  
154.91 173.31 

176.97 
76.01 
78.91 
81.49 
84.38 
91.08 

91.84 
92.63 
95.35 
98.24 
98.42 
106.74  

85.05  2.153  2.161 2.128 
2.190 

1.910 
1.950 

[97] 

[{Co(27)}2(dhbq)](PF6)3 

(POCWOU)  
169.60 173.72 

176.64 
84.45 
85.21 
86.68 
88.54 
91.94 

89.27 
89.76 
90.28 
90.60 
96.94 
99.97  

85.95  1.959  1.956 1.948 
1.966 

1.898 
1.906 

[93] 

cis-[Cd(27)(N3)2] 
(XOBCIC)  

142.48 162.32 
164.03 

70.76 
71.72 
72.89 
75.85 
92.55 

89.63 
93.02 
93.19 
94.23 
101.17 
115.01  

101.13  2.416  2.405 2.395 
2.396 

2.215 
2.291 

[98]  

Table 6 
Five-coordinate complexes of 27.  

Complex N-M-N/◦ N-M-X /◦ M-Nquinoline/Å M-Ntertiary/Å M-Npyridine/Å M-X/Å τ5 ref 

[Co(27)Cl]ClO4 

(CIJTUN) 
76.69 
76.87 
78.05 
105.54 
115.73 
124.11 

96.68 
100.86 
111.18 
171.74  

2.111  2.219 2.075 
2.078  

2.301  0.79 [90] 

[Cu(27)Cl]ClO4 

(CIXWEO) 
81.12 
81.41 
83.33 
83.90 
101.92 
162.57 

95.87 
98.13 
106.84 
172.00  

2.357  2.061 1.993 
2.010  

2.253  0.157 [91] 

[Cu(27)Cl]PF6 

(CIXWIS) 
81.44 
81.45 
83.60 
85.12 
100.46 
163.03 

96.09 
97.41 
07.72 
170.82  

2.347  2.060 1.983 
2.003  

2.245  0.13 [91] 

[Co(27)Cl]PF6⋅H2O 
(SOBSOT) 

76.65 
77.48 
77.66 
109.85 
116.16 
119.74 

95.65 
99.16 
114.06 
168.31  

2.105  2.197 2.082 
2.084  

2.298  0.81 [95] 

[Cu(27)Cl]PF6.0.5Et2O 
(YEXSEZ) 

80.75 
81.58 
83.51 
88.16 
100.16 
161.49 

96.04 
96.99 
108.30 
170.93  

2.344  2.063 1.983 
1.999  

2.257  0.157 [99]  
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coordination sites are occupied by a CF3SO3
- ligand and an EtOH ligand. 

The cation has Fe-Nquinoline bond lengths of 2.270 Å and 2.272 Å and the 
Fe-Ntertiary distance is 2.188 Å. The triflato and ethanol ligands are co
ordinated with Fe-O bond lengths of 2.104 Å and 2.138 Å, respectively. 
The cis N-Fe-N angles range between 75.54 and 96.80◦ and the trans N- 
Fe-N angle is 168.01◦. The cis N-Fe-Otriflate and N-Fe-Oethanol angles are 
93.26◦, 84.01, 101.74◦ and 84.69◦, 96.69◦, 106.18◦, respectively. The 
Otriflate-Fe-Oethanol angle is 88.12◦ while the trans O-Fe-N angles are 
174.66◦ and 177.91◦. 

The significantly distorted octahedral Mn complex trans-[Mn(28) 
(OTf)2] is coordinated by all four nitrogen donor atoms of the ligand in 
an mm configuration and two oxygen atoms from two triflato ligands. 
The distortion is most evident in the cis N-Mn-N bond angles, which are 
73.35◦, 74.12◦, 76.17◦ and 136.76◦. The trans N-Mn-N bond angles are 
148.41◦ and 149.88◦, the cis N-Mn-O angles range from 79.94◦ to 
102.47◦ and the trans O-Mn-O bond angle is 158.92◦. The Mn-Nquinoline 
bond lengths are 2.297 Å and 2.250 Å, the Mn-Nbipyrrolidine bond lengths 
are 2.264 Å and 2.295 Å, and the Mn-O bond lengths are 2.186 Å and 
2.217 Å. 

The complex cis-[Mn(28*)(OTf)2] (IQEPEA), [132] the pyridine 

analogue of the Mn complex above, exhibits an octahedral geometry, but 
in this case the triflato ligands are cis-disposed and the tetradentate 
ligand binds in an ff configuration. 

3.2.2. N,N’-bis(2-methylquinolyl)dimethyl-1,3-propanediamine (29) 
[133,134] 

The ligand 29 was prepared from the reaction of 2-(chloromethyl) 
quinoline hydrochloride and N,N’-dimethyl-1,3-propanediamine in 
refluxing ethanol in the presence of K2CO3[133]. The BQDMPN ligand in 
a solution of 20 % propan-1-ol in H2O displayed an emission maximum 
of 388 nm when excited at 271 nm. 

The Cu(II) complex trans-[Cu(29)(ONO2)2] (JUJZUL) [134] is the 
only structurally characterised complex of 29. The Cu(II) ion is coordi
nated to the four nitrogen donor atoms of 29, which display an mm 
configuration, and an oxygen atom of two NO3

– ligands to give a dis
torted octahedral geometry. The Cu-Naliphatic bond lengths are 2.045 Å, 
the Cu-Nquinoline bond lengths are 2.027 Å and the Cu-O bonds are 2.673 
Å. The cis N-Cu-N bond angles range between 81.38◦ and 104.12◦, and 
the cis N-Cu-O bond angles range from 82.41◦ to 97.37◦. The trans N-Cu- 
N angles are both 171.82◦, and the trans O-Cu-O angle is 179.61◦. The 
authors deemed the Cu-O distances (2.673 Å) involving the two nitrate 
ions too long to be coordinated to the metal cation, and described the 
geometry of the complex as distorted square planar (τ4 = 0.116). 
However, Cu-Onitrato bond lengths of > 2.6 Å are not without precedent, 
[135–141] and a distorted trans octahedral geometry appears to be a 
more appropriate description. 

3.2.3. N,N′-bis(2-quinolylmethyl)-N,N′-dimethylethylenediamine (30) 
[142–150] 

The reaction of N,N′-diethylethylenediamine, 2-(bromomethyl) 
quinoline and K2CO3 in ethanol gives the ligand 30 as colourless crystals 
in 73 % yield. [146] An alternative preparation uses 2-(chloromethyl) 
quinoline hydrochloride in place of the quinoline analogue and aceto
nitrile as the solvent. [147] In addition, the ligand can be isolated from 
the reaction of quinoline-2-carbaldehyde and N,N’-dimethylethane-1,2- 
diamine in the presence of NaBH(OAc)3 in anhydrous 1,2-dichloro
ethane. [148]. 

Fluorescence titration experiments using 30 in 50 % aqueous DMF at 
25 ◦C showed an increase in fluorescence intensity at 375 nm (λex = 317 
nm) upon the addition of Zn2+ with Kd = (9.0 ± 1.00) × 10-6 M. Fluo
rescence studies in the presence of a number of metal ions show that 30 
exhibits a selectivity for Zn(II). [149]. 

A number of complexes containing 30 have been structurally char
acterised. Cis-[Fe(30)(Cl)2](H2O) (ZAWTAS) [146] is a six-coordinate 
complex where the tetraamine ligand binds via all four nitrogen donor 
atoms in an ff configuration with the methyl substituents anti, two 
chlorido ligands occupy the fifth and sixth positions and the Fe(II) cation 
exhibits a slightly distorted octahedral environment. The trans N-Fe-N 
angle is 160.95◦ and the trans N-Fe-Cl angles are 168.18◦ and 173.51◦. 
Cis N-Fe-Cl angles range between 89.85◦ and 104.37◦, cis N-Fe-N angles 

Fig. 26. Structure of the [(phen)2Fe(CN)2Fe(27)]2
4+ cation. Selected bond 

lengths (Å) and angles (◦):Fe1-N1 2.240, Fe1-N2 2.064, Fe1-N3 2.194, Fe1-N4 
2.242, Fe1-N5 2.227, Fe1-N6 2.084, Fe3-N11 2.064, Fe3-N12 2.194, Fe3-N13 
2.240, Fe3-N14 2.227, Fe3-N15 2.242, Fe4-N16 2.084; N1-Fe1-N2 92.33, N1- 
Fe1-N6 100.24, N2-Fe1-N3 92.47, N3-Fe1-N4 87.09, N4-Fe1-N5 73.99, N5- 
Fe1-N6 95.89, N1-Fe1-N4 149.80, N2-Fe1-N5 165.46, N3-Fe1-N6 171.98, 
N11-Fe3-N12 92.47, N11-Fe3-N15 94.76, N12-Fe3-N13 82.92, N13-Fe3-N14 
76.05, N14-Fe3-N15 73.99, N15-Fe3-N16 85.56, N11-Fe3-N14 165.46, N12- 
Fe3-N16 171.98, N13-Fe3-N15 149.80. 

Fig. 27. Structures of the [Cu(27*)Cl]+cation in [Cu(27*)Cl]ClO4 (left, τ = 0.94) and the [Cu(27)Cl]+ cation in [Cu(27)Cl]ClO4 (right, τ = 0.16).  
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range from 72.64◦ to 90.84◦, and the unique cis Cl-Fe-Cl angle is 95.86◦. 
Fe-N bond lengths lie between 2.258 Å and 2.400 Å, and the Fe-Cl bond 
lengths are 2.402 Å and 2.459 Å. The cis-[Fe(30)(NCS)2] (HOLSIN), 
[142] cis-[Fe(30)(NCSe)2] (HOLTAG), [142] cis-[Fe(30)(NCBH3)2] 
(HOLTIO), [142] cis-[Zn(30)(Cl)2] (RUDMOT), [149] cis-[Fe(30) 
(OTf)2] [148] and cis-[Ni(30)(Cl)2] [150] complexes all adopt similar 
geometries to cis-[Fe(30)(Cl)2] and display similar bond lengths and 
angles; in all cases, the cis isomer is formed and the tetradentate ligand 
adopts an ff configuration with the methyl groups anti. X-ray structural 
data for these complexes are summarised in Table 7. As can be seen in 
this table, the M-Nquinoline bonds are longer than those involving the 
aliphatic N atoms. The authors ascribed this to the steric bulk of the 
quinoline groups which leads to the quinoline N atoms being further 
from the metal centre. 

The Mn(III)2 dimer, [(Mn(30))2(µ-O)2](ClO4)2.2DMF (Fig. 30, NIK
QUU) [147] comprises two MnIII(30) units bridged by a (µ-O)2 core; this 
is unusual as such bis(μ-oxo) complexes are usually mixed-valence Mn 
(III)-Mn(IV) species. The Mn-Nquinoline bonds (2.439 Å and 2.463 Å) are 
significantly longer than the Mn-Naliphatic bonds (2.144 Å and 2.169 Å), 
which was attributed to the Jahn-Teller distortion expected for high spin 
d4 Mn(III). The Mn-Mn distance of 2.665 Å is the shortest observed for a 
bis(μ-oxo) Mn(III)2 dimer. This has been proposed to be due to π-π 
stacking interactions between the two quinoline rings. Room tempera
ture magnetic susceptibility measurements displayed a smaller magnetic 
moment per molecule (µeff = 2.8 µB) than that expected for a high spin 
Mn(III)2 system that has no magnetic coupling (6.9 µB). Measurements 
taken at lower temperatures gave even smaller magnetic moments, 

Fig. 28. Structures of the tetradentate ligands containing two quinolyl moieties.  

Fig. 29. Structure of the cis-[Fe(28)(OTf)(EtOH)]+ cation. Selected bond 
lengths (Å) and angles (◦): Fe1-N1 2.270, Fe1-N2 2.188, Fe1-N3 2.188, Fe1-N4 
2.272, Fe1-O1 2.138, Fe1-O2 2.104; N1-Fe1-N2 76.51, N2-Fe1-N3 81.86, N3- 
Fe1-N4 75.54, N4-Fe1-O1 84.01, N1-Fe1-O1 101.74, N1-Fe1-O2 84.69, N4- 
Fe1-O2 106.18, O1-Fe1-O2 88.12, N1-Fe1-N4 168.01, N2-Fe1-O1 174.66. 
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indicative of a strong antiferromagnetic interaction present in the 
complex dimer. 

The complexes cis-[Fe(30*)(NCCH3)2] (AHINOX, GOTNIM, MOP
SIT, MOPSIT01), [151–154] cis-[Fe(30*)(NCBH3)2] (DUBFOY, DUB
FOY01), [155] cis-[Fe(30*)(NCSe)2] (QUHWAT), [156] cis-[Fe(30*) 
(Cl)2] (LUXFEP, LUXFEP01), [157,158] and [(Mn(30*))2(µ-O)2] 
(ClO4)2⋅5H2O (HEWJIC) [159] are the pyridyl analogues of the com
plexes in Table 7. The pyridyl complexes all show the tetradentate ligand 
adopting an ff configuration, the methyl substituents anti, and the 
remaining two coordination sites in a cis disposition, with the usual 
shorter lengths of the M-Npyridine bonds. 

3.2.4. N,N′-bis(2-quinolylmethyl)-N,N′-diethyl-1,2-ethanediamine (31) 
[147] 

Ligand 31 was prepared from the reaction of 2-(chloromethyl) 
quinoline hydrochloride and N,N′-diethylethylenediamine in acetoni
trile in the presence of K2CO3. The structure of [(Mn(31))2(µ-O)2] 
(ClO4)2⋅H2O (NIKRAB) [147] is similar to that of [(Mn(31))2(µ-O)2] 
(ClO4)2.2DMF (Section 3.2.4), comprising two MnIII31 units bridged by 
a (µ-O)2 core, with the tetradentate ligand binding in an ff configuration 
and the ethyl substituents anti. Again, the complex displays significant 
Jahn-Teller elongation of the Mn-Nquinoline bonds, which have lengths 
between 2.434 Å and 2.445 Å, while the Mn-Naliphatic bond lengths range 
from 2.145 Å to 2.160 Å. The Mn-O bond lengths are between 1.821 Å 
and 1.830 Å. The distance between the two Mn(III) centres is again 
short, at 2.667 Å, similar to the that found for the analogous 30 complex. 

The magnetic behaviour of the complex is similar to that of [(Mn 
(30))2(µ-O)2](ClO4)2.2DMF above. 

3.2.5. N,N′-dibenzyl-N,N′-di(quinoline-2-methyl)-1,2-ethylenediamine 
(32) [146,160,161] 

The tetradentate ligand 32 was first reported from the reaction be
tween 2-(bromomethyl)quinoline and 1,2-diphenylethylenediamine in 
ethanol in the presence of K2CO3. [146] A more recent synthesis in
volves the reductive amination reaction of quinoline-2-carbaldehyde 
and 1,2-diphenylethylenediamine in methanol, using NaBH3CN to 
reduce the diamine. [161] The crystal structure of the ligand has been 
reported (ZAWSUL, ZAWSUL01). [146,162]. 

[Pd(32)](NO3)2⋅H2O (XEQFUU) [160] is the only complex of ligand 
32 to have been structurally characterised. While the structure depos
ited in the CSD is incomplete, the data in the publication show [Pd(32)] 
(NO3)2⋅H2O to contain a four-coordinate Pd2+ ion that is bonded to all 
four nitrogen atoms of the ligand to give an approximately square planar 
geometry (τ4 = 0.17). The Pd-Nquinoline bond lengths are 2.020 Å and 
2.078 Å, and the Pd-Naliphatic bond lengths are 2.008 Å and 2.026 Å. The 
N-Pd-N bond angles range from 78.95◦ to 112.14◦. 

3.2.6. Trans N,N’-bis(quinolin-2-ylmethylene)-1,2-cyclohexanediamine 
(33) [163–166] 

The tetradentate ligand 33 comprises two quinolylmethyl groups 
bonded to a trans-1,2-cyclohexyl bridging group. The synthesis involves 
reaction of quinoline-2-carbaldehyde with trans-1,2-diaminocyclohexane 

Table 7 
Six-coordinate complexes of 30.  

Complex cation Trans N-M-N/o Trans X-M-N/o Cis N-M-N/o Cis X-M-N/o Cis X-M-X /o M-Nquinoline/Å M-Naliphatic/Å M-X/Å Ref 

cis-[Fe(30)(NCS)2] 
(HOLSIN)  

162.94 171.68 
171.68 

73.59 
73.59 
93.21 
93.21 
80.38 

89.10 
89.10 
92.63 
92.63 
102.52 
102.52  

94.67 2.360 
2.360 

2.228 
2.228 

2.075 
2.075 

[142] 

cis-[Fe(30)(NCSe)2] 
(HOLTAG)  

162.38 173.47 
173.47 

74.06 
74.06 
82.15 
92.50 
92.50 

89.38 
89.38 
92.36 
92.36 
102.78 
102.78  

93.33 2.337 
2.337 

2.237 
2.237 

2.058 
2.058 

[142] 

cis-[Fe(30)(NCBH3)2] 
(HOLTIO)  

166.38 172.94 
173.27 

74.14 
74.14 
81.69 
95.32 
95.43 

85.07 
86.31 
92.02 
92.18 
103.13 
104.22  

94.24 2.321 
2.327 

2.224 
2.236 

2.104 
2.115 

[142] 

cis-[Zn(30)(Cl)2] 
(RUDMOT)  

163.19 162.75 
169.34 

73.12 
73.12 
81.25 
93.93 
93.93 

90.87 
90.87 
91.07 
91.07 
100.23 
100.23  

97.44 2.436 
2.436 

2.209 
2.209 

2.347 
2.347 

[149] 

cis-[Fe(30)(Cl)2] 
(ZAWTAS)  

160.95 168.18 
173.51 

72.04 
73.20 
78.74 
90.84 
93.81 

87.01 
89.85 
90.18 
95.40 
104.35 
104.37  

95.86 2.399 
2.400 

2.258 
2.259 

2.402 
2.59 

[146] 

cis-[Ni(30)(Cl)2]  169.50 174.70 
174.70 

76.58 
76.58 
83.63 
95.50 
95.50 

85.91 
91.74 
91.74 
101.38 
101.38  

92.99 2.286 
2.286 

2.128 
2.128 

2.377 
2.377 

[150] 

cis-[Fe(30)(OTf)2]  169.56 170.49 
175.90 

75.31 
75.71 
82.58 
96.44 
96.61 

81.25 
85.35 
87.92 
94.33 
102.48 
105.15  

95.18 2.249 
2.253 

2.207 
2.220 

2.100 
2.155 

[148] 

X = ancillary ligand donor atom. 
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in ethanol to give the diimine, the first report of which dates from 1999. 
[167] This is then reduced with NaBH4 to give the ligand as a white solid. 
A crystal structure of the diimine is available (ROHBOF, ROHBOF01). 
[163,168]. 

Potentiometric titrations carried out in 4:1 dioxane-water gave evi
dence for only two protonation steps (formation of 33H+ and 33H2

2+) 
between pH 2 and 14. [166]. 

The Cu(II) complex, [Cu(33)Cl]OTf⋅1.5H2O (IGOMAS) [166] has the 
Cu(II) centre coordinated to all four nitrogen donors of 33, with the fifth 
site occupied by a chlorido ligand. The Cu2+ ion exhibits a distorted 
square pyramidal environment, with τ5 = 0.21. The Cu-Nquinoline bond 
lengths are 2.048 Å and 2.269 Å, Cu-Naliphatic are 2.013 Å and 2.022 Å, 
and the chlorido ligand sits 2.274 Å from the Cu(II) centre. The N-Cu-N 
bond angles range between 77.27◦ and 112.37◦, and the N-Cu-Cl bond 
angles range from 92.87◦ to 151.55◦. 

The complex trans-[Fe(33)Cl2].3CHCl3 (Fig. 31, ONOJIL) [165] 

displays a significantly distorted octahedral geometry, with the tetra
dentate ligand coordinating to the Fe(II) centre through all four nitrogen 
atoms in an mm configuration and the two chlorido ligands situated 
mutually trans. The complex cation displays Fe-Nquinoline bond lengths of 
2.213 Å and 2.187 Å, and Fe-Naliphatic distances of 2.193 Å and 2.197 Å. 
The Fe-Cl bond lengths appear to be unusually long at 2.495 Å and 
2.509 Å, in comparison to typical Fe(II)-tetraamine complexes where Fe- 
Cl bond lengths are generally shorter (e.g. 2.397 Å[169] and 2.401 Å 
[146]). The trans N-Fe-N angles are 152.18◦ and 152.74◦, and the trans 
Cl-Fe-Cl angle is 172.90◦. The cis N-Fe-N angles range from 74.53◦ to 
132.71◦, the latter being a Nquinoline-Fe-Nquinoline angle. The cis Cl-Fe-N 
angles range from 84.87◦ to 95.50◦. 

The complex [Fe(33)(Cl)(μ-O)FeCl3)]CHCl3 (RECDUB) [164] is a 
dimer comprising two Fe(III) centres bridged by a μ-oxido ligand. The 
six-coordinate Fe(III) centre adopts a very distorted octahedral geome
try (one of the cis N-Mn-N bond angles is 133.97◦) and is coordinated to 
four nitrogen atoms of ligand 33 in an mm configuration, one chlorido 
ligand, and the bridging oxido ligand, the latter ligands being situated 
trans to each other. The oxido ligand is bound to the second Fe(III) centre 
(Fe-O-Fe = 150.26◦), which is also coordinated to three chlorido ligands 
and exhibits an almost ideal tetrahedral geometry (τ4 = 0.987). 

Reaction of Zn(NO3)2⋅6H2O with 33 in aqueous methanol, and sub
sequent crystallisation of the recovered solid from water gives what was 
purported to be the complex [Zn(33)O2NO]NO3, and this was studied 
for use as a fluorescent chemosensor. In fact, the correct formulation of 
this complex, as evidenced by the crystal structure, is {[Zn(33)O2NO] 
(NO3)}2.[Zn(33)OH2](NO3)2 (OZOXEH), [163] where two octahedral 
[Zn(33)NO3]+ and one square pyramidal (τ5 = 0.01) [Zn(33)OH2]2+

moieties are contained within the asymmetric unit. The octahedral 
cations feature a Zn(II) metal centre which binds to all four nitrogen 
atoms of ligand 33 in an fm configuration and two oxygen atoms of a 
bidentate nitrate ligand, while the square pyramidal cation features a Zn 
(II) ion bonded to all four nitrogen atoms of 33 and the oxygen atom of a 
monodentate aqua ligand. 

Both ligand 33 and its corresponding Zn(II) complex are fluorescent. 
The ligand alone in HEPES buffer (10 mM, pH 7.4) displayed weak 
fluorescence at 346 nm (λex = 315 nm) assigned to a PET process. The 
fluorescence intensity demonstrated no change at 346 nm upon the 
addition of different +/2+/3 + metal cations to the ligand solution. 
However, upon addition of Zn(II), there was a noticeable red shift of 30 
nm and a significant enhancement in the intensity of the fluorescence 
observed. It has been suggested that this enhancement may be due to 
blocking of the PET pathway as a result of complexation of the ligand 
quinoline nitrogen atoms to the Zn(II) centre. 

The pyridyl congener of [Fe(33)(Cl)2], [Fe(33*)(Cl)2] (COBWEX), 
[170] has also been structurally characterised. Interestingly, this dis
plays a cis geometry and an ff ligand configuration, presumably as a 
result of the less sterically demanding pyridine rings; a cis geometry for 
[Fe(33)(Cl)2] would result in unfavourable interactions between the H-8 
protons of the quinoline rings and the chlorido ligands. 

3.2.7. N,N’-Bis(2-quinolylmethyl)-N,N’-dimethyl-trans-1,2- 
cyclohexanediamine (34)[144] 

The ligand 34, first reported in 2021, [144] was prepared by the 
reaction of 2-(chloromethyl)quinoline hydrochloride and N,N’- 
dimethyl-trans-1,2-cyclohexanediamine in the presence of K2CO3 and 
KI, in anhydrous MeCN at reflux for two days under N2. The X-ray 
structure of the •HClO4 salt (ONONAJ) [144] showed protonation of 
one of the aliphatic nitrogen atoms. 

The coordination chemistry of this ligand is limited to the bis(µ-oxo) 
Mn2

III,III dimer, [Mn2(µ-O)2(34)2](ClO4)2 (ONOPOZ)). Both the Mn(III) 
centres adopt a pseudo octahedral geometry, each coordinated to all 
four N atoms of one 34 ligand in an ff configuration and the two bridging 
oxido O-atoms. The trans Nquinoline-Mn-Nquinoline angles are 161.07◦ and 
162.46◦, and the trans Naliphatic-Mn-O angles range from 166.55◦ to 
168.28◦. The cis N-Mn-N angles lie between 73.57◦ and 93.55◦, the cis N- 

Fig. 30. Structure of the [Mn(30)2(µ-O)2]2+ cation. Selected bond lengths (Å) 
and angles (◦):Mn1-N1 2.463, Mn1-N2 2.144, Mn1-N3 2.169, Mn1-N4 2.439, 
Mn1-O1 1.824, Mn1-O2 1.825, Mn2-N5 2.439, Mn2-N6 2.144, Mn2-N7 2.169, 
Mn2-N8 2.463, Mn2-O1 1.825, Mn2-O2 1.824; N1-Mn1-N3 72.22, N2-Mn1-N3 
82.78, N1-Mn1-O1 98.20, N1-Mn1-O2 96.99, N3-Mn1-O1 98.12, N2-Mn1-O2 
95.22, N5-Mn2-N6 72.41, N6-Mn2-N7 82.78, N7-Mn2-N8 72.22, N8-Mn2-O1 
96.99, N8-Mn2-O2 98.20, N6-Mn2-O1 95.22, N7-Mn2-O2 98.12. 

Fig. 31. Structure of the trans-[Fe(33)(Cl)2]2+cation. Selected bond lengths (Å) 
and angles (◦): Fe1-N1 2.193, Fe1-N2 2.213, Fe1-N3 2.187, Fe1-N4 2.197, Fe1- 
Cl1 2.495, Fe1-Cl2 2.509; N1-Fe1-N2 74.53, N2-Fe1-N3 132.71, N3-Fe1-N4 
74.80, N4-Fe1-N1 77.96, N1-Fe1-Cl1 95.50, N3-Fe1-Cl1 84.87, N1-Fe1-N3 
152.74, N2-Fe1-N4 152.18, Cl1-Fe1-Cl2 172.90. 
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Mn-O angles between 93.92◦ and 99.72◦, and the cis O-Mn-O angles are 
85.57◦ and 86.05◦. The Mn-Nquinoline bonds lie along the Jahn-Teller axis 
and, as a result, are significantly longer (2.438 Å to 2.483 Å) than the 
Mn-Naliphatic bonds (2.155 Å to 2.164 Å). The Mn-O bond lengths of 
1.829 to 1.842 Å give a Mn(III)-Mn(III) separation of 2.691 Å. The 
crystal structure of the complex cation reveals a π-π stacking interaction 
between the neighbouring intramolecular quinoline groups from each 
ligand with a centroid–centroid distance of ~ 3.4 Å. 

3.2.8. 1,4-Bis(2-quinolylmethyl)-1,4-diazepane (35) [171–176] 
The preparation of 35 from the reaction of 2-(chloromethyl)quino

line and homopiperazine in a basic solution of ethyl acetate was first 
described in 2007. [171] A subsequently reported method involves the 
reductive amination reaction between homopiperazine and quinoline-2- 
carbaldehyde to yield the desired ligand. Similar to the related ligand 24 
described above (Section 3.1.2), the paper does not give details of the 
presumed reduction step. [176]. 

Two complexes, mononuclear trans-[Mn(35)(ClO4)2] (OMUGOT) 
[176] and binuclear [(35Ni)2(µ-CO3)](Ph4B)2 (Fig. 32, FORFOK) [174] 
have been structurally characterised. The six-coordinate Mn(II) complex 
has four coordination sites occupied by N atoms of the ligand 35 in an 
mm configuration and the other two by O atoms of perchlorate ions. The 
metal ion displays a very distorted octahedral geometry (one N-Mn-N cis 
angle of 139.81◦), with trans N-Mn-N angles of 138.63◦ and 142.87◦, and 
160.33◦ for the Operchlorate-Mn-Operchlorate angle. The cis Naromatic-Mn- 
Operchlorate angles range between 82.37◦ and 95.75◦, and the cis Naliphatic- 
Mn-Operchlorate angles between 83.31◦ and 109.57◦. The complex dis
plays cis N-Mn-N angles of 70.77◦, 75.76◦, 77.32◦, and 139.81◦, with the 
latter deviating significantly from the ideal 90◦ cis angle for an octahe
dral complex. Mn-N bond lengths range from 2.226 Å to 2.274 Å, and the 
two Mn-O bonds are 2.209 Å and 2.282 Å in length. 

The dimeric complex cation [(35Ni)2(µ-CO3)]2+ consists of two Ni 
(II) centres in distorted octahedral environments that are both coordi
nated to the N atoms of a 35 ligand in an mf configuration and are 
bridged by all three oxygen atoms of a CO3

2– ligand. The Ni-Naromatic 
bond distances lie between 2.099 Å and 2.157 Å, the Ni-Naliphatic be
tween 2.080 Å and 2.099 Å, and the Ni-O between 2.010 Å and 2.413 Å. 
Two of the quinoline ligands bind significantly bent, with the angles 
between the Ni-Nquinoline vector and the aromatic plane around 158◦. 
Trans N-Ni-N angles are 158.05◦ and 158.63◦ and trans N-Ni-O angles lie 

between 141.16◦ and 157.78◦. The cis N-Ni-N angles range from 76.31◦

to 114.08◦, cis N-Ni-O angles are from 83.96◦ to 105.41◦, and cis O-Ni-O 
angles are very small, at 58.82◦ and 59.13◦. 

The analogous pyridine complex, [(35*Ni)2(µ-CO3)](ClO4)2⋅H2O 
(FORGEB) [174], displays a similar overall geometry. 

3.2.9. (2-pyridylmethyl)bis(2-quinolylmethyl)amine) (36) 
[37,39,91,92,95,99,100,102,103,105–107,177–188] 

Ligand 36 was initially synthesised by Karlin and coworkers[99] by 
reaction of 2-(bromomethyl)quinoline with 2-(aminomethyl)pyridine in 
THF in the presence of diisopropylethylamine. Purification by column 
chromatography and recrystallisation afforded the ligand as a white 
crystalline material. Slight variations of this method have also been 
reported. [91,177] An alternative approach reported by Das [178] in
volves the reaction of 2-(aminomethyl)pyridine and 2-(bromomethyl) 
quinoline in anhydrous DMF in the presence of Cs2CO3 in the absence of 
light. 

Six- and five-coordinate complexes of 36 containing Fe, Co, Cu, Zn, 
and Cd have been structurally characterised, and bond length and angle 
data for these are summarised in Tables 8 and 9. 

Not included in the table above are the four-coordinate CuI com
plexes [Cu(36)](BArF), [189] [Cu(36)PPh3]ClO4 (PITPUD) [100] and 
[Cu(36)CO]B(C6F5)4 (SIYTIE). [180] In [Cu(36)](BArF) ligand 36 is 
tetradentate, with all four N atoms bonded to the Cu(I) ion (τ4 = 0.86) 
[189]. However, both the [Cu(36-κ3N)PPh3]+ (τ4 = 0.74) [100] and [Cu 
(36-κ3N)CO]+ (τ4 = 0.75)[180] complex ions contain a hypodentate 
[190,191] 36 ligand, with a quinoline N atom uncoordinated to the 
metal centre, and the fourth coordination position occupied by the 
either a PPh3 or CO ligand. Both complexes display distorted tetrahedral 
geometries. 

The [Zn(36)(H2O)(ClO4)]+ cation (OZONIB) [187] adopts a dis
torted octahedral structure in which the Zn(II) ion is bonded to all four 
nitrogen atoms of the tetradentate ligand, a water oxygen atom and a 
perchlorate oxygen atom (Zn–O = 2.58 Å). 

The [Cd(36-κ3N)2]2+ cation (Fig. 33, SOFGAX) [186] contains two 
hypodentate 36 ligands coordinated via the pyridine, aliphatic, and one 
of the quinoline N atoms, with the dangling quinoline N atoms situated 
3.32 Å from the metal centre. The complex displays a pseudo-trigonal 
prismatic geometry about the Cd(II) ion, with significant interligand 
π-π interactions. 

The bis(μ-fluorido)-bridged complex [Co2(µ-F)2(36)2](BF4)2 (YUJ
TIJ) [185] has a distorted octahedral geometry about both metal cen
tres, these being separated by 3.071 Å. The Co(II) oxidation state is 
confirmed by the Co-N bond lengths, which range from 2.098 Å to 2.178 
Å. The quinoline moieties are situated axial with respect to the Co–(F)2- 
Co plane, and these exhibit intramolecular π-π interactions, with cen
troid–centroid distances of 3.326 – 3.521 Å. 

The complex cations [Fe2(μ-OH)2(36*)2]2+ (FEXYEN, FEXYIR), 
[37] [Co(DBCat)(36*)]+ (LIWQUE), [192] [Co(36*)Cl]+ (ALOPOI, 
IGUZUF, LUXGAM, PAJSIF, QALZOT01, QAMBAI, QAMBAI01, RIT
WOH, RITWOH01, RITWOH02), [90,111–116] and [Cu(36*-κ3N) 
PPh3]+ (ILUVER, PEGDEK) [123,193], which contain the analogous 
pyridine ligand, are structurally very similar to their quinoline 
congeners. 

The [Cu(36*)Cl]+ cation (AKISIZ, AQUFIC, BUBCIK, EBAWIN, 
GIHWOK, GIHWOK01, ILUVIV, ILUVOB, YEZGAN) [122–127] ex
hibits a similar distorted trigonal bipyramidal geometry about the Cu(II) 
ion to [Cu(36)Cl]+, which itself is interestingly not square pyramidal 
like the analogous monoquinolyl (ligand 27) and triquinolyl (ligand 37) 
complexes. However, the same is not true of the [Cu(36*)H2O]+ (EJI
MOB, RABFUV, WODYEV, WODYEV01, WOFPIT) [194–198] and [Cu 
(36)H2O]+ cations; the former is trigonal bipyramidal (τ5 = 0.94–0.99) 
while the latter approaches a square pyramidal structure (τ5 = 0.07). 

Significant differences are also observed for the pyridine analogues 
of [Cu(36)CO]B(C6F5)4 and [Cd(36)2]2+. In the absence of the two 
quinoline groups, the tetradentate pyridine ligand 36* binds via all four 

Fig. 32. Structure of the [(35Ni)2(µ-CO3)]2+cation. Selected bond lengths (Å) 
and angles (◦): Ni1-N1 2.091, Ni1-N2 2.099, Ni1-N3 2.157, Ni-N4 2.099. Ni1- 
O1 2.014, Ni1-O3 2.427, Ni2-O2 2.010, Ni2-O3 2.413, Ni2-N5 2.098, Ni2-N6 
2.144, Ni2-N7 2.080, Ni2-N8 2.111; N1-Ni1-N2 76.31, N1-Ni1-N3 115.21, 
N2-Ni-O3 100.52, N4-Ni1-O1 105.06, N2-Ni1-N4 158.05, N1-Ni1-O1 157.78, 
N3-Ni1-O3 141.16, O1-Ni1-O2 58.82, N5-Ni2-N6 76.60, N6-Ni2-N7 114.08, 
N6-Ni2-N8 10.56, N8-Ni2-O2 105.41, N5-Ni2-O3 101.10, O2-Ni2-O3 59.13. 
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available nitrogen donors to afford the five-coordinate carbonyl com
plex, [Cu(36*)CO]+ (SIYTOK). [180] Likewise, the smaller 36* ligand 
allows formation of the eight-coordinate Cd(II) complex cation [Cd 
(36*)2]2+ (VIQLOW, YAQRAL), [199,200] in which each 36* ligand 
binds using four N atoms. 

3.3. Tetradentate ligands containing three quinolyl moieties 

The structure of this ligand is given in Fig. 34. 

3.3.1. Tris(2-quinolylmethyl)amine (37) 
[37,90,99,100,102,105–107,186,186,186,201–212] 

The C3v symmetrical ligand 37 was first reported in 1994[100] 
alongside the ligands 27 and 36. These three quinoline-containing li
gands and the pyridyl analogue tris(2-pyridylmethyl)amine make up a 

pseudo-homologous series of ligands that differ only in the number of 
pyridine and quinoline units. 37 was originally prepared by the reaction 
of 2-(bromomethyl)quinoline and ammonium hydroxide in THF, and 
there is a minor adaption of this method available. [212] Ligand 37 has 
also been synthesised by a reductive amination involving reaction of 2- 
(aminomethyl)quinoline hydrochloride and quinoline-2-carbaldehyde 
in dichloromethane in the presence of Na2CO3, with NaBH(OAc)3 as 
the reductant. 

Potentiometric titration data in H2O gave evidence for protonation of 
three of the four nitrogen atoms, with pKa values of 6.3(1), 3.0(1), and 
2.49(2). Equilibrium constants (log K) measured in H2O (289.1 K), for 
the reaction of the ligand with Zn2+, Cd2+ and Pb2+ are 8.7(2), 8.7(2), 
and 8.6(2) respectively, reflecting a relatively modest affinity of the 
ligand for these three metal ions. 

The free 37 ligand exhibits an emission peak at 390 nm upon 

Table 8 
Six-coordinate complexes of 36.  

Complex Trans N-M- 
N/o 

Trans X-M- 
N/o 

Cis N-M- 
N/o 

Cis X-M- 
N/o 

Cis X-M-X 
/o 

M-Nquinoline/ 
Å 

M-Ntertiary/ 
Å 

M-Npyridine/ 
Å 

M-X/ 
Å 

Ref 

cis-[Fe(36)(H2O)(ClO4)](ClO4) 
(EBOSAP) 

153.29 165.37 
170.85 

75.89 
78.39 
81.22 
89.03 
94.06 

91.72 
107.80 
112.58 
83.11 
89.64 
89.66  

81.04 2.172 
2.202 

2.197 2.184 2.094 
2.262 

[92] 

[Fe2(μ-OH)2(36)2] 
(CF3SO3)2.2MeCN 
(FEXYOX) 

149.27 174.17 
175.66 

74.63 
74.79 
78.39 
82.16 
88.86 

90.05 
95.80 
95.94 
101.89 
103.88 
108.80  

81.89 2.288 
2.306 

2.242 2.170 1.984 
2.101 

[37] 

[Fe2(O)(OH)(36)2](ClO4)3.MeCN 
(JUQKEL) 

150.21 176.30 
177.65 

75.18 
75.66 
80.49 
84.15 
85.19 

94.06 
94.86 
95.92 
101.34 
103.46 
105.88  

82.22 2.204 
2.208 

2.197 2.143 1.896 
1.943 

[188] 

[{Co(36)}2μ-(BP)] 
(PF6)2.6CH3COCH3 

(IWOCEF) 

168.23 172.48 
172.53 

82.41 
85.82 
86.66 
89.02 
90.25 

85.87 
89.27 
89.92 
95.10 
96.58 
100.79  

86.66 1.914 
2.027 

1.951 1.911 1.869 
1.891 

[105] 

[Cd(36-κ3N)2](ClO4)2.2MeOH 
(SOFGAX) 

133.89 
153.05 
153.70 

69.81 
69.81 
70.01 
70.01 
80.16 
90.12 
90.12 
103.64 
103.64 
110.76 
110.76 
153.70    

2.460 
2.460 

2.446 
2.446 

2.342 
2.342  

[186] 

[Co2(µ-F)2(36)2](BF4)2.Et2O. 
MeOH 
(YUJTIJ) 

157.33 171.34 
172.16 

78.48 
78.93 
82.91 
87.37 
87.99 

88.34 
89.83 
93.47 
100.19 
102.42 
105.69  

81.53 2.168 
2.178 

2.136 2.098 1.977 
2.077 

[185] 

[Co(DBCat)(36)]PF6.2MeOH 
(KUGJOO) 

156.08 172.31 
175.77 

77.65 
78.67 
82.76 
87.01 
93.34 

84.23 
93.32 
93.81 
99.11 
103.96 
104.50  

79.34 2.139 
2.164 

2.141 2.166 1.973 
2.145 

[177] 

cis-[Zn(36)(H2O)(ClO4)]ClO4. 
EtOH.Et2O 
(SOFFUQ) 

155.58 163.18 
169.47 

77.8179.85 
84.46 
93.09 
94.44 

82.12 
85.08 
86.28 
98.42 
100.13 
112.27  

78.15 2.101 
2.170 

2.160 2.114 1.998 
2.577 

[92]  
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excitation at 317 nm in a methanol/water mix (1:1). However, in the 
presence of a number of metal ions, emission peaks were observed at 
445 nm for the 1:1 complexes with Cd2+ and Zn2+, while negligible 
fluorescence was observed for the other complexes. The greatest fluo
rescence intensity was observed for the Zn/37 complex, followed by the 
Cd/37 complex. This observation was rationalised by the idea that 
distortion of the Zn-N bond length leads to quenching of the CHEF effect 
in Zn(II) complexes. However, the reported structure of [Zn(37)H2O]2+

reveals no evidence of any such bond length distortion in this complex. 
[203]. 

The structurally characterised five- and six-coordinate complexes 
containing the ligand 37 are summarised in Tables 10 and 11. Not 
included in this table are the free ligand as the ethanol solvate (CUB
DIN), [203] four-coordinate [Cu(37)]ClO4 (PITRAL), [100] and eight- 
coordinate [Pb(37)(NO3)2].C2H5OH (Fig. 35, CUBDUZ). [203] The 
free ligand adopts a tripodal conformation, albeit with the quinoline 
donor atoms on the ‘wrong’ side for preorganised metal binding. The 
[Cu(37)]+ cation in [Cu(37)]ClO4 displays an approximate trigonal 
pyramidal geometry about the metal ion (τ4 = 0.77, 0.83), and inter
molecular (or more correctly, interionic) π-π interactions are present 
(centroid–centroid distances of 3.66 Å). In [Pb(37)(NO3)2].C2H5OH, the 
eight coordination sites are occupied by four nitrogen donors from the 
37 ligand and four oxygen atoms from two bidentate nitrato ligands, 
both of which are bound asymmetrically. The structure provides evi
dence for the presence of a stereochemically active lone pair. 

The [Ag(37)OClO3]+ cation (CUBDOT) [203] stands out in being 
essentially trigonal bipyramidal while the other five-coordinate com
plexes tend towards square pyramidal. This appears to be a result of the 
long Ag-O bond (2.572 Å) in this cation, which minimises interaction of 
the ancillary ligand with the quinoline moieties. The analogous bonds in 
the other complexes are 1.982 Å, 2.000 Å, and 2.244 Å. 

The [Mn(CO)3(37-κ3N)]+ cation (KUKQIT) [208] exhibits hypo
dentate coordination of the quinoline ligand, which binds in a fac 
configuration. The bis-(μ-chlorido) and bis-(μ-oxido) dimeric cations 
[Co2(μ-Cl)2(37)2]2+ (CIJVAV) [90] and [Mn2(37)2(µ-O)2]2+ (EFUJAT, 
HUJQUB) [209,210] both feature extensive intramolecular interligand 
π-π interactions, which results in clefts above and below the bridging 
ligands (centroid–centroid distances range from 3.611 Å to 3.857 Å). 
The incorporation of bulkier acetate bridging ligands in the 
[Mn2(37)2(µ-OAc)2]

2+ cation (EFUJEX) [209] disrupts these interactions. 
Several pyridyl analogues of the complexes above have been 

Table 9 
Five-coordinate complexes of 36.  

Complex N-M-N/◦ N-M-X /◦ M-Nquinoline/Å M-Ntertiary/Å M-Npyridine/Å M-X/Å τ5 ref 

[Co(36)Cl]ClO4 

(CIJTOH) 
75.84 
76.15 
77.93 
106.96 
116.20 
121.07 

94.69 
103.24 
113.36 
168.07 

2.141 
2.145  

2.160  2.124  2.284  0.78 [90] 

[Cu(36)Cl]PF6 

(CIXWOY) 
79.03 
79.61 
81.02 
103.41 
114.50 
132.70 

94.02 
99.31 
109.27 
171.07 

2.111 
2.251  

2.025  2.073  2.226  0.64 [91] 

[Cu(36)H2O](ClO4)2⋅1.5H2O 
(OZONIB) 

81.37 
83.18 
83.69 
91.76 
94.36 
163.05 

92.31 
98.80 
117.57 
159.04 

2.011 
2.205  

2.055  1.977  2.015  0.07 [187] 

[Co(36)Cl]PF6 

(SOBSUZ) 
75.97 
76.66 
78.68 
106.64 
114.33 
124.12 

94.25 
101.44 
114.88 
166.15 

2.136 
2.137  

2.163  2.135  2.284  0.70 [95]  

Fig. 33. Structure of the [Cd(36)2]2+cation. Selected bond lengths (Å) and 
angles (◦): Cd1-N1 2.446, Cd1-N2 2.460, Cd1-N3 2.460, Cd1-N4 2.342, Cd1-N5 
2.446, Cd1-N6 2.342; N1-Cd1-N2 69.81, N1-Cd1-N4 70.01, N2-Cd1-N3 80.16, 
N3-Cd1-N4 90.12, N3-Cd1-N6 110.76, N4-Cd1-N5 69.81, N4-Cd1-N5 103.64, 
N1-Cd1-N6 103.64, N1-Cd1-N5 153.70, N2-Cd1-N5 133.89, N4-Cd1-N6 153.05. 

Fig. 34. Structure of the tetradentate ligand containing three quinolyl moieties.  
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structurally characterised. The [Mn2(37*)2(μ-O)2]2+ cation in 
[Mn2(37*)2(μ-O)2](Ce2(O2NO)10(μ-O)) (PINXUH) [215] exhibits π-π 
interactions comparable to those observed in the analogous quinoline 
complex, while the same cation in [Mn2(37*)2(μ-O)2](BF4)2 (NAPYIN, 
NAPYIN01) [216,217] has the pyridyl rings on the neighbouring ligands 
bent away from each other. The pyridyl analogue of [Mn2(37)2(µ- 
OAc)2]2+ (PIFVUV, XESVOH) [218,219] has a similar geometry to the 
quinoline complex, as do the monomeric [Fe(37*)(OSO2CF3)2] (NEL
GAM), [109] [Mn(37*)(CO)3]+ (IYERAH02, PODQOQ) [220,221] (the 
former has the free pyridine situated further from the metal ion though), 
and [Cu(37*)]+ (ILUTIT) [123] complexes. The [Cu(37*)NCCH3]2+

cation (HEQWEF, HEQWEF01, XEZXEH), [222–224] adopts a very 
different geometry from its quinolyl congener, being essentially trigonal 
bipyramidal (τ5 values range from 0.84 to 1.03). This is most likely due 
to the MeCN ligand being free from destabilising interactions with the 
quinolyl protons in a trigonal bipyramidal geometry. The same differ
ence, although even more pronounced, is seen in the [Cu(37*)Cl]+

cation (AKISIZ, AQUFIC, BUBCIK, EBAWIN, GIHWOK, GIHWOK01, 
ILUVIV, ILUVOB, YEZGAN), [122–127,197,225] which is trigonal 
bipyramidal (τ5 values range from 0.87 to 1.04), [226] in contrast to the 
quinolyl analogue (τ5 = 0.06). 

4. Pentadentate ligands 

4.1. Pentadentate ligands containing two quinolyl moieties 

The structures of these ligands are given in Fig. 36. 

4.1.1. N,N-bis(2-quinolylmethyl)-N-bis(2-pyridyl)methylamine (38) [87] 
The synthesis of the pentadentate ligand 38 was achieved from the 

reaction of 2-(bromomethyl)quinoline and di(pyridine-2-yl) 
methanamine in THF. Following purification on a Dowex cation ex
change column, the ligand was isolated as its tetrahydrochloride salt. 
[87] The complexes of 38 that have been structurally characterised are 
[Mn(38)(OH2)](OTf)2⋅2H2O (CAWWOP), [227] [Mn(38)(OTf)](OTf). 
Et2O (CAWWUV), [227] [Fe(O)(38)](ClO4)2⋅H2O (JIKZUB), [228] [Fe 
(38)(OTf)](OTf)2.C7H8 (OGEKOD), [229] [Fe(38)(Cl)]FeCl4.MeCN 
(OGELAQ), [229] [Fe(38)(Br)]FeBr4.MeCN (OGEKUJ), [229] [Fe(38) 
(Cl)](ClO4).2CHCl3 (OGELUK), [229] [Fe(38)(Br)](ClO4).2CHCl3 
(OGELOE), [229] [Cu(38)(NO3)](NO3)0⋅.5H2O (TUBHEF), [87] [Cu 
(38)(NO3)](NO3) (WUYQOZ), [230] [Zn(38)(NCCH3)](ClO4)2.CH3CN 

(TUBHOP), [87] [Cu(38-κ3N)(NCCH3)]OTf.MeCN (WUYQUF), [230] 
[Fe(38)(OH2)](OTf)2⋅H2O0.8C8H10 (AXUNEP), [231] [Fe(38)(OH2)] 
(OTf)2⋅2H2O (WAWKEO), [232] [Fe(38)(NCCH3)](ClO4)2 (WAWPET), 
[232] [{Fe(38-κ3N)(OH2)}2(μ-O)](ClO4)4.0.5MeCN.1.5EtOAc (WAW
PIX), [232] [{Fe(38-Bz)(NCCH3)}0.9{Fe(38)(NCCH3)}0.1](BF4)2.MeCN 
(WAWPOD), [232] [Fe(38)(Cl)]ClO4.3.5C6H6 (WAWPUJ)[232]. All of 
the six-coordinate complexes display a slightly distorted pseudo- 
octahedral geometry with 38 coordinating through the five nitrogen 
donors and the metal ion sitting above the plane of the equatorial aro
matic N donor atoms. The Cu(I) complex cation [Cu(38-κ3N)(NCCH3)]+

features a hypodentate 38 ligand which binds to the metal ion through 3 
N atoms to give what is best described as a distorted trigonal pyramidal 
geometry (τ4 = 0.74). [190,191]. 

The complex [Cu(38)(NO3)](NO3) (WUYQOZ), [230] adopts a dis
torted octahedral geometry, with a monodentate nitrato ligand bound 
opposite the aliphatic N atom, and the Cu(II) ion situated 0.434 Å above 
the equatorial plane. A Jahn-Teller axis involving one quinoline N atom 
(Cu-N = 2.425 Å) and a pyridine N atom (Cu-N = 2.534 Å) makes these 
Cu-N bonds significantly longer than the two others in the equatorial 
plane (2.096 Å and 2.045 Å, respectively). The Cu-O bond length is 
1.965 Å. The cis N-Cu-N angles range from 73.37◦ to 100.11◦ and the cis 
N-Cu-O angles range from 91.06◦ to 114.94◦. The trans N-Cu-N angles 
are 151.15◦ and 160.53◦, and the N-Cu-O angle is 167.15◦. The nitrato 
ligand is oriented such that the unbound O atoms point towards the 
pyridine rings, owing to steric hindrance from the quinoline H atoms. 
[87]. 

The Mn-N bonds in in the [Mn(38)(OH2)]2+ (CAWWOP), [227] and 
[Mn(38)(OTf)]2+ (CAWWUV), [227] cations are all > 2.2 Å, consistent 
with high-spin Mn(II). [227] The metal ions sit 0.577 Å and 0.560 Å 
respectively, above the mean plane of the of the aromatic nitrogen donor 
atoms. 

The [Fe(38)(O)]2+ cation (Fig. 37, JIKZUB) [228] is a rare example 
of a crystallographically characterised Fe(IV)-oxo complex. [228] Bond 
angles within the cation are 161.47◦ and 160.74◦ for trans N-Fe-N, 
170.46◦ for trans O = Fe-N, and between 79.01◦-82.36◦ and 93.47◦- 
105.36◦ for cis N-Fe-N and O = Fe-N, respectively. Fe-N bond lengths 
range between 2.022 Å and 2.084 Å, and the Fe = O bond has a length of 
1.677 Å. The oxo ligand sits ~ 2.15 Å away from the nearest quinoline 
protons, whereas the closest pyridine protons lie 2.702 Å and 2.731 Å 
away. As a result, the oxo ligand is slightly tilted towards the pyridine 
rings, a structural feature which the authors contend assists the 

Table 10 
Five-coordinate complexes of 37.  

Complex N-M-N/o N-M-X /o M-Nquinoline/Å M-Ntertiary/Å M-X /Å τ5 Ref 

[Ag(37)(OClO3)] 
(CUBDOT) 

69.32 
69.86 
70.88 
103.96 
110.84 
112.04 

104.08 
109.04 
116.03 
172.59 

2.396 
2.416 
2.426  

2.484  2.572  0.94 [203] 

[Zn(37)H2O](ClO4)2⋅0.5H2O 
(CUBFAH) 

77.17 
80.50 
85.59 
86.30 
97.99 
156.84 

93.42 
103.14 
123.70 
150.47 

2.082 
2.153 
2.162  

2.132  2.000  0.106 [203] 

[Cu(CH3CN)(37)](ClO4)2 

(NAYPEK) 
80.63 
82.94 
84.43 
89.73 
91.14 
163.38 

94.19 
96.63 
136.21 
139.31 

2.028 
2.030 
2.127  

2.075  1.982  0.40 [213] 

[Cu(37)Cl]PF6.MeCN.0.5Et2O 
(YEXSID) 

80.41 
81.66 
83.17 
89.45 
91.36 
161.82 

91.91 
94.01 
118.51 
158.24 

2.030 
2.033 
2.103  

2.143  2.244  0.06 [99]  
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Table 11 
Six-coordinate complexes of 37.  

Complex Trans N-M- 
N/o 

Trans X-M- 
N/o 

Cis N-M- 
N/o 

Cis X-M- 
N/o 

Cis X-M-X 
/o 

M-Nquinoline/ 
Å 

M-Ntertiary/ 
Å 

M-X/ 
Å 

Ref 

[Co2(μ-Cl)2(37)2](ClO4)2.0.7MeOH⋅0.3H2O 
(CIJVAV)  

157.37 165.67 
166.92 

77.87 
79.57 
84.14 
91.48 
94.22 

85.29 
88.11 
88.31 
100.45 
101.12 
111.60 

81.69 2.185 
2.191 
2.236  

2.126 2.327 
2.602 

[90] 

[Mn2(37)2(µ-O)2](ClO4)2 

(EFUJAT)  
147.36 172.26 

175.60 
74.15 
74.58 
82.44 
82.45 
84.40 

89.88 
94.52 
94.57 
101.91 
105.19 
106.71 

85.75 2.145 
2.361 
2.383  

2.114 1.824 
1.829 

[209] 

[Mn2(37)2(µ-OAc)2](ClO4)2⋅4.5H2O 
(EFUJEX)  

146.08 164.49 
169.26 

73.64 
76.01 
77.01 
83.08 
90.65 

85.61 
86.47 
92.02 
97.83 
103.70 
112.52 

92.79 2.280 
2.330 
2.373  

2.263 2.058 
2.148 

[209] 

cis-[Mn(37)(MeCN)(ClO4)]ClO4.MeCN 
(EFUJOB)  

150.08 165.69 
168.87 

74.48 
75.79 
79.59 
83.90 
93.90 

80.13 
82.67 
86.27 
94.77 
103.92 
104.60 
111.51 

82.67 2.254 
2.290 
2.294  

2.239 2.174 
2.257 

[209] 

[Fe(37)(OTf)2] 
(FOXROB)  

153.99 167.65 
172.98 

75.52 
78.55 
80.02 
82.40 
91.12 

87.79 
87.80 
93.24 
100.64 
105.36 
106.12 

86.16 2.195 
2.215 
2.231  

2.175 2.045 
2.197 

[205] 

[Mn2(37)2(µ-O)2]MnCl4.4DMF 
(HUJQUB)  

147.11 172.92 
175.72 

74.19 
74.77 
82.12 
83.40 
83.89 

91.44 
93.66 
95.67 
101.48 
105.30 
106.23 

84.96 2.159 
2.328 
2.342  

2.138 1.828 
1.840 

[210] 

[Co(37)(DBSQ)]PF6.2MeOH 
(KUGJUU)  

155.45 172.03 
175.10 

77.69 
77.82 
82.33 
88.29 
90.26 

88.52 
90.85 
92.77 
101.36 
102.63 
105.62 

79.28 2.159 
2.206 
2.213  

2.130 2.042 
2.080 

[177] 

[Mn(CO)3(37-κ3N)]Br⋅3H2O 
(KUKQIT)  

171.60 
174.21 
176.84 

78.01 
82.01 
87.18 

91.22 
91.27 
92.21 
97.11 
99.07 
104.74 

80.99 
85.93 
90.05 

2.093 
2.106  

2.101 1.793 
1.817 
1.821 

[208] 

cis-[Cd(37)(CH3CN)(ClO4)]ClO4.MeCN 
(SOFGEB)  

146.82 163.12 
168.12 

73.18 
74.06 
77.38 
84.09 
93.78 

77.10 
81.92 
86.32 
95.74 
105.38 
105.57 
114.48 

81.92 2.323 
2.350 
2.356  

2.337 2.246 
2.433 

[186] 

cis-[Co (37)(OIPh)(OH)](CF3SO3)2.2MeCN 
(SUNZIN)  

166.89 171.70 
174.93 

81.11 
85.20 
86.14 
88.99 
92.97 

87.24 
89.68 
89.83 
92.47 
99.92 
100.47 

84.58 1.987 
2.013 
2.039  

1.950 1.877 
1.900 

[214] 

cis-[Co (37)(CF3SO3)(CH3CN)] 
CF3SO3.2MeCN 
(SUNZOT)  

156.78 170.89 
174.01 

77.51 
79.34 
82.65 
85.69 
93.15 

85.60 
88.27 
91.90 
101.19 
101.65 
103.29 

85.80 2.181 
2.195 
2.197  

2.123 2.077 
2.184 

[214] 

[Co2(BP)(37)2](PF6)2.6Me2CO 
(IWOCAB)  

156.43 170.37 
173.72 

78.13 
78.54 
82.58 
86.74 
93.54 

83.14 
91.50 
94.18 
100.19 
102.25 
107.03 

78.87 2.148 
2.202 
2.237  

2.121 1.983 
2.150 

[105]  
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oxidative reactivity of the complex. 
A similar structural situation is seen in the [Zn(38)(CH3CN)]2+

cation (TUBHOP), [87] where the CH3CN ligand is bent away from the 
two quinoline groups towards the less bulky pyridines (Zn-N-C =

164.97◦). [87] In contrast, the CH3CN ligand in the hypodentate com
plex [Cu(38-κ3N)(CH3CN)]+ (Fig. 38, WUYQUF), [230] where ligand 
38 binds in a tridentate fashion through the quinoline and aliphatic N 
atoms, experiences no such steric effects and binds essentially linear 
(Cu-N-C = 177.31◦). [108] This complex also exhibits an interesting π-π 
interaction between the coordinated acetonitrile and one of the free 
pyridines of the hypodentate 38 ligand; these align almost parallel, with 
the acetonitrile ligand at a distance of ~ 3.4 Å from the plane of the 
pyridine (Fig. 38). 

Several complexes of the analogous tetrapyridine ligand 38* have 
been structurally characterised. The cations of both [Mn(38*)(OTf)] 
(OTf)0.5(ClO4)0.5 (KICGAG) [233] and [Mn(38*)(OTf)](OTf) (TIWMIX) 
[234] exhibit very similar geometries to that of [Mn(38)(OTf)]+. 

The structure of [Fe(O)(38*)](ClO4).CH3CN (PASREH) [235] is also 
similar to the analogous quinoline complex, with the major difference 
being that the oxo ligand coordinates in a linear, rather than tilted, 
fashion, owing to the absence of the sterically hindering quinoline H 
atoms (trans O = Fe-N = 179.40◦). 

The corresponding pyridine complex of [Cu(38)(NO3)](NO3) (TUB
HAB) [87] also has the Cu(II) ion positioned in a distorted octahedral 
geometry, and the overall structures of both cations are again similar, 
the major difference being the orientation of the monodentate nitrato 
ligand. 

However, the analogous pyridine complex of [Cu(38)(NCCH3)]OTf. 
CH3CN (HICYIE) [236] adopts a completely different structure. In the 
absence of the sterically imposing quinoline groups, the pyridine ligand 
can coordinate to the metal cation via all five available nitrogen donor 
atoms. As a result, the [Cu(38*)(NCCH3)]+ cation exhibits a distorted 
octahedral geometry, with essentially linear coordination of the aceto
nitrile ligand (Cu-N-C = 175.42◦). 

4.1.2. N,N-bis(2-quinolylmethyl)-1,2-di(2-pyridyl)ethylamine (39) [237] 
The asymmetric ligand 39 was prepared from the reaction of N,N-bis 

(2-pyridylmethyl)-1,2-di(2-pyridyl)ethylamine, itself prepared by 
reduction of 1-(2-quinolyl)-2-(2-pyridyl)ethanone oxime, with 2- 
(chloromethyl)quinoline in refluxing MeCN for 20 h, in the presence of a 
20-fold excess of K2CO3. The ligand was isolated as a light brown solid. 
[237]. 

Two complexes containing this ligand have been structurally char
acterised. In [Fe(39)(Cl)]ClO4.CH3COCH3.CH3CO2CH2CH3 (NIMFAT), 
[237] the Fe2+ ion displays an octahedral geometry, coordinating to all 
five nitrogen atoms of the L ligand with the sixth coordination site 
occupied by a Cl- ligand. Trans N-Fe-N angles range from 167.09◦ to 
169.66◦, and values of cis N-Fe-N angles lie between 79.25◦ and 104.48◦. 

Fig. 35. Structure of the [Pb(37)(NO2)2]2+cation. Selected bond lengths (Å) 
and angles (◦): Pb1-N1 2.642, Pb1-N2 2.681, Pb1-N3 2.550, Pb1-N4 2.621, Pb1- 
O1 2.467, Pb1-O2 2.914, Pb1-O3 2.882, Pb1-O4 3.047; N1-Pb1-N2 94.42, N1- 
Pb1-N3 63.54, N2-Pb1-N4 69.84, N1-Pb1-O4 114.75, N4-Pb1-O1 86.75, O2- 
Pb1-O3 63.33. 

Fig. 36. Structures of the pentadentate ligands containing two qui
nolyl moieties. 

Fig. 37. Structure of the [Fe(38)(O)]2+ cation. Selected bond lengths (Å) and 
angles (◦) Fe1-N1 2.073, Fe1-N2 2.067, Fe1-N3 2.084, Fe1-N4 2.002, Fe1-N5 
2.023, Fe1-O1 1.677; N1-Fe1-O1 105.36, N2-Fe1-O1 103.89. 

Fig. 38. Structure of the [Cu(38-κ3N)(CH3CN)]+ cation showing the MeCN and 
pyridyl π-π interaction. Selected bond lengths (Å) and angles (◦) Cu1-N1 2.055, 
Cu1-N2 2.046, Cu1-N3 2.213, Cu1-N6 1.903; N1-Cu1-N6 119.11, N2-Cu1-N6 
127.93, N3-Cu1-N6 127.65, N1-Cu1-N2 107.39. 
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Fe-N bond lengths lie in the range 2.203 Å to 2.292 Å, and the Fe(II) 
cation is positioned 0.438 Å above the plane of the of the aromatic ni
trogen donor atoms. The complex [Mn(39)OSO2CF3](CF3SO3).Et2O 
(GEBPEM) [238] also has the metal ion in an octahedral geometry and 
sitting out of the plane of the equatorial donor atoms. Both structures are 
very similar to those of their analogues in Section 4.1.1. 

5. Hexadentate ligands 

5.1. Hexadentate ligands containing one quinolyl moiety 

The structure of this ligand is given in Fig. 39. 

5.1.1. N,N,N’ -tris(2-pyridylmethyl)-N’-(2-quinolylmethyl)ethane1,2- 
diamine (40) [239] 

Although the synthesis of 40 has not been reported, the complex [Zn 
(40)](ClO4)2 (Fig. 40, BIZHAU) [239] has been structurally charac
terised. The Zn(II) cation displays a highly distorted octahedral geom
etry with trans N-Zn-N angles ranging from 156.04◦ to 170.80◦, and 
values of cis N-Zn-N angles between 77.09◦ and 125.00◦. Zn-N bond 
distances range from 2.130 Å to 2.229 Å, with the Zn-Nquinoline bond 
being 2.138 Å. 

5.2. Hexadentate ligands containing two quinolyl moieties 

The structure of this ligand is given in Fig. 41. 

5.2.1. N,N’ -bis(2-pyridylmethyl)-N,N’-bis(2-quinolylmethyl)ethane-1,2- 
diamine (41) [239] 

Ligand 41 was prepared from the reaction of 2-(chloromethyl) 
quinoline hydrochloride and N,N′-bis(2-pyridylmethyl)ethylenediamine 
in anhydrous MeCN in the presence of K2CO3 and KI. [240] Like 40, 
there is only a single structurally characterised complex of 41, namely 
[Zn(41)](ClO4)2⋅H2O (BIZHEY). [239] This displays a distorted octa
hedral geometry, very similar to that of [Zn(40)](ClO4)2; trans N-Zn-N 
angles range from 153.5◦ to 173.98◦, and cis N-Zn-N angles lie between 
75.40◦ and 129.83◦. Zn-N bond lengths range from 2.120 Å to 2.217 Å, 
with the Zn-Nquinoline bonds both being 2.217 Å. 

5.3. Hexadentate ligands containing three quinolyl moieties 

The structures of these ligands are given in Fig. 42. 

5.3.1. 1,4,7-tris-(2-quinolinylmethyl)-1,4,7-triazacyclononane (42) 
[85,241] 

1,4,7-tris-(2-quinolinylmethyl)-1,4,7-triazacyclononane (42) can be 

prepared by reaction of 2-(chloromethyl)quinoline and 1,4,7-triazacy
clononane in anhydrous toluene in the presence of KOH, [85] or alter
natively from the reaction of 1,4,7-triazacyclononane with 2- 
(bromomethyl)quinoline in THF, in the presence of triethylamine. 
[242]. 

Potentiometric titration data in MeCN/H2O (1:1) gave evidence for 
protonation of only four of the six nitrogen atoms, with pKa values of 
9.94(4), 4.07(7), 2.99(7) and 1.8(1). This mirrors the behaviour of the 
analogous trispyridyl ligand, 42*, which also exhibits only four pKa 
values (11.07(2), 5.07(2), 3.55(2), and 1.78(3)), suggesting this to be 
the more basic of the two ligands. [243] Equilibrium constants (log K) 
measured in MeCN/H2O (0.1 M NMe4Cl, 289.1 K), for the reaction of the 
ligand with Cu2+, Zn2+, Cd2+, Hg2+ and Pb2+ are > 17, 14.2(1), 12.5(1), 
13.9(1), and 11.8(2) respectively. The authors contended that the trend 
in these values appears to contradict what might be expected on the 
basis of metal ion size, as the larger metal cations should be better 
accommodated by the relatively large ligand with less steric crowding. 
However, the potentiometric data show that the Zn(II) complex is over 5 
orders of magnitude more stable than the complex of the larger Pb(II) 
ion (>17 vs. 11.8(2)). Therefore, the authors concluded that steric 
crowding is not the main contributing factor contributing to the stability 
of complexes containing this ligand. However, log K values for the less 
sterically demanding trispyridyl ligand with Cu2+ and Zn2+ are 27.4(1) 
and 17.25(4) respectively. [243]. 

Selected bond lengths and angles for the structurally characterised 
Fig. 39. The structure of the hexadentate ligand containing one qui
nolyl moiety. 

Fig. 40. Structure of the [Zn(40)]2+ cation. Selected bond lengths (Å) and 
angles (◦)Zn1-N1 2.229, Zn1-N2 2.130, Zn1-N3 2.190, Zn1-N4 2.181, Zn1-N5 
2.182, Zn1-N6 2.138; N1-Zn1-N3 81.95, N3-Zn1-N4 77.09, N4-Zn1-N6 
125.00, N3-Zn1-N6 156.04, N1-Zn1-N4 157.41. 

Fig. 41. The structure of the hexadentate ligand containing two qui
nolyl moieties. 
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mononuclear complexes [M(42)]X2 are given in Table 12. 
In all the complexes, 42 binds in a hexadentate fashion, coordinating 

to the metal ion through all six nitrogen atoms. The complex cations 
range in geometry from pseudo-octahedral ([Cu(42)]2+ (YUHMEU), 
[85] [Zn(42)]2+ (YUHNIZ), [85] and [Fe(42)]2+ (IQIWOW), [241] 
through pseudo-trigonal prismatic ([Cd(42)]2+ (YUHLUJ)[85] and [Hg 
(42)]2+ (YUHMOE), [85] Fig. 43)), to highly trigonally distorted 
pseudo-octahedral [Pb(42)]2+ (Fig. 44, YUHNAR), [85] with trans N-M- 
N angles being significantly smaller than 180◦ in all cases. The M-N bond 
lengths increase as the metal ion radius increases, and, as expected, the 
[Cu(42)]2+ complex cation displays the expected Jahn-Teller effect; the 
trans-disposed Cu-Nquinolyl (2.527 Å) and Cu-Ntertiary (2.207 Å) bonds are 
noticeably longer than the other Cu-N distances (2.028–2.170 Å). 

The free 42 ligand exhibits very weak fluorescence (ɸ = 0.0007) at 
380 nm on excitation at 316 nm. Investigations of the 1:1 Cu(II), Zn(II), 
Cd(II), Hg(II) and Pb(II) complexes in MeCN/H2O (1:1) showed that 
only the Zn(II) complex exhibited the CHEF effect over the pH range 3.0 
– 10.0, with the maximum occurring at pH 7.0. This was attributed, at 
least in part, to the relatively small size of the Zn(II) ion. [85]. 

The complexes [Cu(42*)](ClO4)2 (ACADIS), [244] [Zn(42*)](ClO4)2 
(ACADOY), [244] and [Fe(42*)](ClO4)2 (DUCFOW), [245] containing 
the corresponding pyridine ligand, have been structurally characterised. 

The [Cu(42*)]2+ cation (ACADIS), [244] also exhibits an octahedral 
N6 environment about the Cu(II) centre like the quinoline cation [Cu 
(42)]2+, although a cis N-Cu-N angle of 118.85◦ and a trans angle of 

Fig. 42. The structures of the hexadentate ligands containing three quinolyl moieties.  

Table 12 
Six-coordinate complexes of 42.  

Complex trans N-M-N/◦ cis N-M-N/◦ M-Nquinoline/Å M-Naliphatic/ Å Ref 

[Zn(42)](BF4)2 

(YUHNIZ) 
154.69–160.95 77.97–105.96 2.270 

2.234 
2.190 

2.233 
2.207 
2.144 

[85] 

[Pb(42)](ClO4)2.MeCN 
(YUHNAR) 

132.30–134.58 62.92–120.01 2.833 
2.799 
2.712 

2.535 
2.509 
2.504 

[85] 

[Hg(42)](NO3)2 

(YUHMOE) 
140.72– 142.01 70.21–113.07 2.424 

2.377 
2.340 

2.455 
2.450 
2.402 

[85] 

[Cu(42)](BF4)2 

(YUHMEU) 
152.25–163.18 72.42–103.37 2.527 

2.170 
2.073 

2.207 
2.196 
2.028 

[85] 

[Cd(42)](ClO4)2 

(YUHLUJ) 
142.79–144.89 71.17–111.61 2.396 

2.371 
2.350 

2.366 
2.389 
2.392 

[85] 

[Fe(42)](BF4)2 

(IQIWOW) 
153.51–159.17 75.94–107.20 2.262 

2.235 
2.212 

2.239 
2.218 
2.174 

[241]  

Fig. 43. Structure of the [Hg(42)]2+ cation. Selected bond lengths (Å) and 
angles (◦) Hg1-N1 2.455, Hg1-N2 2.377, Ag1-N3 2.402, Ag1-N4 2.474, Hg1-N5 
2.450, Ag1-N6 2.340; N1-Hg1-N 70.67, N2-Hg1-N3 109.72, N3-Hg1-N4 70.21, 
N4-Hg1-N6 103.12, N6-Hg1-N1 113.07, N2-Hg1-N5 140.94. 
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146.47◦ are evidence of a significant distortion. The Cu-N bond dis
tances in the pyridine complex are shorter than those in the quinoline 
analogue, but there is no obvious Jahn-Teller axis in the former. Overall, 
while it appears that the shorter Cu-Npyridine bond lengths lead to greater 
structural distortions in this complex relative to the quinoline congener, 
it is difficult to ascribe the difference in bond lengths to one particular 
factor, as this may be due to the expected lengthening of the Cu-Nquinoline 
bonds in comparison to the Cu-Npyridine bonds, or the Jahn-Teller effect, 
or a combination of both. [244]. 

The octahedral Zn(II) complex of the pyridyl analogue (ACADOY), 
[244] is, like the Cu(II) complex, more distorted than the quinoline 
complex, with all three trans N-Zn-N bond angles being ~ 150◦, and one 
cis N-Zn-N angle of 115.55◦. As expected, the Zn-Npyridine bond lengths 
are shorter than the Zn-Nquinoline bond distances. [244]. 

By contrast, the [Fe(42*)]2+ cation (DUCFOW) [245] appears 
significantly less distorted than its quinoline congener. All Fe-N bond 
lengths lie around 2 Å in the former, and 2.2 Å in the latter, and this very 
strongly suggests that the pyridine complex is low-spin and the quino
line complex is high-spin. Unfortunately, the spin state of the quinoline 
complex was not investigated in the original publication. [245]. 

5.3.2. N,N’,N”-tris(2-quinolinylmethyl)-cis,cis-1,3,5- 
triaminocyclohexane) (43) [246] 

This ligand was prepared through the reaction of quinoline-2- 
carbaldehyde with cis,cis-1,3,5-triaminocyclohexane[247] to form the 
tris imine, followed by reduction with borohydride. [246] Mononuclear 
[Zn(43)](ClO4)2⋅H2O (Fig. 45, JEMTEB) [246] is the only structurally 
characterised complex of this ligand; the Zn(II) ion is six-coordinate and 
displays a distorted octahedral geometry, with trans N-Zn-N angles 
ranging from 167.09◦ to 169.66◦, and cis N-Zn-N angles lying between 
79.25◦ and 104.48◦. The Zn-Naliphatic bond lengths (2.124 Å, 2.135 Å and 
2.171 Å) are all shorter than the Zn-Nquinoline bond lengths (2.296 Å, 
2.255 Å and 2.198 Å). 

There are three analogous pyridyl Zn(II) complexes [Zn(43*)] 
(ClO4)2.CH3OH (DOSVAI) [248], [Zn(43*)]Cl.ClO4 (PAWXAP) [249] 
and [Zn(43*)](ClO4)2⋅H2O (PAWWUI) [249] to which [Zn(43)] 
(ClO4)2⋅H2O may be compared. All three pyridyl congeners display a 
similar octahedral geometry about the metal centre to the quinolyl 
complex, and the Zn-N bond lengths are only slightly longer in the latter. 
Interestingly, the pyridine and quinoline complexes all exhibit bent 
coordination of the aromatic N atoms, being most pronounced in the 
quinoline complex (an angle of 149.45◦ between the Zn-N bond and the 
plane of the aromatic ring). This presumably indicates significant 
chelate ring strain owing to the constrained nature of the ligand. 

5.4. Hexadentate ligands containing four quinolyl moieties 

The structures of these ligands are given in Fig. 46. 

5.4.1. (N,N,N’,N’-tetrakis(2-quinolylmethyl)-1,2-phenylenediamine (44) 
[250] 

The preparation of 44 was achieved from the reaction of 2-(bromo
methyl)quinoline with 1,2-phenylenediamine. 44 coordinates to both 
Cd2+ and Zn2+ to give the structurally characterised mononuclear 
complexes [Cd(44)](ClO4)2 (Fig. 47, ROMKIP) [250] and [Zn(44)] 
(ClO4)2 (ROMKOV). [250] X-ray structural data for these complexes are 
given in Table 13. The ligand imposes significant constraints on the 
geometry of these complexes, and they therefore adopt extremely dis
torted octahedral geometries about the metal ion, with both containing a 
cis-N-M-N angle of over 130◦. The constraints are further exemplified by 
the very bent coordination of two of the quinolyl units; the putative sp2 

electron pair on the N atom lies significantly out of the plane of the 
pyridine ring, with the angles between the M-Nquinoline vectors and the 
aromatic planes ranging from 136◦ to 143◦. Not surprisingly, these are 
the longest M-N bonds in both complex cations. 

Fluorescence studies with λex = 317 nm showed that 44 in DMF-H2O 
at 25 ◦C exhibits faint fluorescence. When reacted with Na+, K+, Ag+, 
Mg2+, Ca2+, Mn2+, Co2+, Ni2+, Cu2+, Zn2+, Cd2+ Hg2+, Pb2+, Fe2+, and 
Fe3+, only in the presence of Cd2+ is a 6-fold enhancement in fluores
cence observed (λem = 392 nm). Although log K values were not 
measured, it was shown that addition of Cd(II) to solutions of the Cu(II), 
Ag(I) and Hg(II) complexes did not give rise to the expected fluores
cence, implying that the log K values for these three metal ions are 
significantly larger than that of Cd(II). 

5.4.2. N,N,N’,N’-tetrakis(2-quinolylmethyl)ethylenediamine (45) 
[251,252] 

Ligand 45 was prepared from the reaction of 2-(chloromethyl) 
quinoline hydrochloride and ethylenediamine in the presence of K2CO3 
in MeCN. [251] The crystal structure of 45.4CHCl3 (FICHOP) [251] 
shows offset π-π interactions between neighbouring pyridine rings 
(centroid–centroid distance = 3.685 Å) and two different types of C-H-N 
hydrogen bonds involving the quinoline N atom and a C-H bond from a 
chloroform solvate molecule. 

Excitation of 45 in DMF or aqueous DMF (1:1) at 317 nm resulted in 
very weak fluorescence. However, a 23-fold fluorescence enhancement 
was observed upon the addition of an equimolar amount of Zn2+ to the 
ligand solution (λem = 383 nm). The PET and CHEF mechanisms in the 
ligand 45 have been attributed as the cause the observed significant 
increase in fluorescence. Of a variety of other metal cations (Na+, K+, 
Ag+, Zn2+, Mg2+, Ca2+, Cu2+, Ni2+, Mn2+, Co2+, Cd2+, Fe3+), only Cd2+

Fig. 44. Structure of the [Pb(42)]2+ cation. Selected bond lengths (Å) and 
angles (◦) Hg1-N1 2.455, Hg1-N2 2.377, Ag1-N3 2.402, Ag1-N4 2.474, Hg1-N5 
2.450, Ag1-N6 2.340; N1-Hg1-N 70.67, N2-Hg1-N3 109.72, N3-Hg1-N4 70.21, 
N4-Hg1-N6 103.12, N6-Hg1-N1 113.07, N2-Hg1-N5 140.94. 

Fig. 45. Structure of the [Zn(43)]2+ cation. Bond lengths Zn1-N1 2.136 Å, Zn1- 
N2 2.124 Å, Zn1-N3 2.170 Å, Zn1-N4 2.296 Å, Zn1-N5 2.198 Å, Zn1-N6 2.256 
Å. Selected bond angles N1-Zn1-N3 88.21◦, N3-Zn1-N4 85.61◦, N4-Zn1-N6 
105.97◦, N3-Zn1-N4 79.25◦, N1-Zn1-N4 169.66◦, N3-Zn1-N6 167.09◦, N2- 
Zn1-N5 168.89◦. 
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gave substantial fluorescence enhancement, with an observed fluores
cence intensity approximately 60 % that of Zn2+. 

The Zn2+ and Cd2+ complexes of 45, [Zn(45)](ClO4)2.2.5MeCN 
(FICHUV) [251] and [Cd(45)](ClO4)2.2CHCl3 (Fig. 48, VICWIP), [252] 
have been structurally characterised. The former displays a distorted 
octahedral geometry very similar to the Zn2+ complexes of 40 (Section 
5.1.1) and 41 (Section 5.2.1), while the Cd2+ complex displays a 
remarkable geometry around the metal ion which could be described as 
approaching a square plane with two cis pseudo-axial donor atoms. The 
crystal data for both complexes are summarised in Table 14. 

The ligands 40, 41, and 45 form a homologous series with an 

increasing number of quinoline moieties. Therefore, there is only a 
single pyridine congener of these ligands. While the analogous pyridine 
Zn(II) complexes (BOBCOL, DECDAR, FICJAD) [239,251,253] exhibit 
no significant structural differences to the corresponding Zn(II) quino
line complexes, this is not so for the larger Cd(II) ion. The quinoline- 
containing cation [Cd(45)]2+ is six-coordinate, whereas the reduced 
steric bulk of the multidentate ligand in the pyridine congener results in 
the seven-coordinate species, [Cd(45*)H2O](ClO4)2 (VICWAH) [252] 
and [Cd(45*)ONO2]NO3.CH3COOH (MUDZEQ). [254]. 

5.4.3. N,N,N′,N′-tetrakis(2-quinolylmethyl)-trans/cis-1,2- 
cyclohexanediamine (46)[252,255] 

The trans and cis isomeric versions of this cyclohexanediamine-based 

Fig. 46. The structures of the hexadentate ligands containing four quinolyl moieties.  

Fig. 47. Structure of the [Cd(44)]2+ cation. Selected bond lengths (Å) and 
angles (◦) Cd1-N1 2.461, Cd1-N2 2.393, Cd1-N3 2.377, Cd1-N4 2.286, Cd1-N5 
2.536, Cd1-N6 2.259; Selected bond angles N2-Cd1-N3 73.98, N4-Cd1- 
N6 144.61. 

Table 13 
Six-coordinate complexes of 44.  

Complex trans N-M-N/◦ cis N-M-N/◦ M-Nquinoline/Å M-Naliphatic/ Å Ref 

[Cd(44)](ClO4)2.MeOH 141.20–160.82 72.09–144.61 2.259 
2.286 
2.461 
2.536 

2.377 
2.393 

[250] 

[Zn(44)](ClO4)2.MeOH 148.74–168.85 76.10–130.62 2.110 
2.124 
2.321 
2.561 

2.191 
2.199 

[250]  

Fig. 48. Structure of the [Cd(45)]2+ cation. Selected bond lengths (Å) and 
angles (◦) Cd1-N1 2.377, Cd1-N2 2.401, Cd1-N3 2.435, Cd1-N4 2.354, Cd1-N5 
2.375, Cd1-N6 2.370; N1-Cd1-N2 74.69, N4-Cd1-N6 141.80, N5-Cd1- 
N6 100.55. 
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ligand can be prepared from the reaction of trans/cis-1,2-cyclo
hexanediamine and 2-(chloromethyl)quinoline hydrochloride[252] or 
2-(bromomethyl)quinoline[255] in the presence of K2CO3. The crystal 
structure of the diequatorial trans isomer is available (VICXOW). [252]. 

Both cis- and trans-46 show negligible fluorescence upon excitation 
at 317 nm in aqueous DMF at 25 ◦C. Addition of either Zn2+ or Cd2+

resulted in a significant increase in emission intensity at 455 nm, and, as 
found for ligand 45, these were the only cations to display such a 
response. 

One structurally characterised complex of cis-46 ([Zn(cis-46)] 
(ClO4)2) (GUFBER)[255] and four of trans-46 ([M(trans-46)](ClO4)2, M 

= Fe2+ (UTUTIP), [256] Zn2+ (VICXIQ), [252] Cu2+ (Fig. 49, VICXAI), 
[252] and Cd2+ (VICWUB)[252]) have been reported. The cis-ligand 
coordinates to the central zinc ion through all six of the nitrogen atoms, 
albeit it with one very long (2.533 Å) ‘bent’ Zn-Nquinoline bond (the angle 
between the Zn-Nquinoline vector and the aromatic plane is 139◦). The 
remaining Zn-N bond lengths range from 2.127 Å to 2.271 Å. The bond 
lengths and angles for complexes of the trans ligand are summarised in 
Table 15. The Cu(II) complex exhibits an extremely long Cu-Nquinoline 
bond (2.825 Å) which is also significantly bent (the angle between the 
Cu-Nquinoline vector and the aromatic plane is 116◦, Fig. 49). The Cu- 
Nquinoline bond trans to this is also elongated (2.348 Å) compared to the 
other two Cu-Nquinoline bonds (2.073 and 2.033 Å) and such long bonds 
can be ascribed to the Jahn-Teller effect. 

6. Conclusions 

The data outlined above show that the incorporation of quinoline 
moieties in multidentate amine ligands leads to a wide variety of ge
ometries about the metal ions in the resulting transition metal com
plexes. The majority of the four-coordinate complexes exhibit near 
tetrahedral geometries, with the only exception being, unsurprisingly, a 
square planar geometry in a Pd(II) complex (Section 3.2.5). It is in the 
five-coordinate complexes where the presence of a quinoline moiety in 
the ligand appears to have the most significant effect, when compared to 
the corresponding pyridine congener. The τ5 values collected herein 
show conclusively that the quinoline-containing ligands give complexes 
whose geometry tends significantly towards square pyramidal, the ex
ceptions generally being complexes of Co(II). This appears to be the 
result of destabilising interactions between the quinoline H-8 proton(s) 
and an axial ligand that occur in a trigonal bipyramidal geometry. 
Avoidance of such interactions also appears to be the reason behind the 
quinolyl split in five-coordinate complexes containing tridentate li
gands. Complexes displaying this feature have the three N atoms from 
the tridentate ligand arranged essentially coplanar, with the remaining 
two ligands bisected by the plane(s) of the quinolyl ring(s). In all cases, 

Table 14 
Six-coordinate complexes of 45.  

Complex trans N-M-N/◦ cis N-M-N/◦ M-Nquinoline/Å M-Naliphatic/ Å Ref 

[Zn(45)](ClO4)2.2.5MeCN 157.73–165.94 76.21–124.25 2.127 
2.154 
2.371 
2.401 

2.150 
2.168 

[251] 

[Cd(45)](ClO4)2.2CHCl3) 142.12–161.57 70.73–141.80 2.354 
2.370 
2.375 
2.435 

2.377 
2.402 

[252]  

Fig. 49. Structure of the [Cu(trans-46)]2+ cation. Selected bond lengths (Å) and 
angles (◦) Cu1-N1 2.039, Cu1-N2 2.048, Cu1-N3 2.348, Cu1-N4 2.033, Cu1-N5 
2.073, Cu1-N6 2.825; N1-Cu1-N6 76.01, N2-Cu1-N5 165.28, N3-Cu1-N6 
169.73, N1-Cu-N4 159.25. 

Table 15 
Six-coordinate complexes of 46.  

Complex trans N-M-N/◦ cis N-M-N/◦ M-Nquinoline/Å M-Naliphatic/ Å Ref 

[Zn(46)](ClO4)2.MeOH 
(VICXIQ) 

152.98–166.78 76.42–126.39 2.485 
2.289 
2.142 
2.127 

2.204 
2.180 

[252] 

[Cu(46)](ClO4)2.3MeOH 
(VICXAI) 

159.25–169.73 76.01–105.07 2.825 
2.348 
2.073 
2.033 

2.073 
2.039 

[252] 

[Cd(46)](ClO4)2 

(VICWUB) 
137.70–175.65 74.40–102.01 2.472 

2.472 
2.290 
2.290 

2.386 
2.386 

[252] 

[Fe(46)](CF3SO3)2.MeCN 
(UTUTIP) 

151.07–168.92 74.12–134.64 2.252 
2.252 
2.194 
2.194 

2.238 
2.238 

[256]  
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the pyridyl analogues have one of these ligands close to coplanar with a 
pyridine ring. The six-coordinate complexes generally display close to 
octahedral geometries, but significant distortion is observed in some 
cases, particularly in complexes of Mn(II). Such distortions are probably 
due to a combination of factors, including the size of the metal ion, 
geometric constraints imposed by the multidentate ligand, and desta
bilising interactions involving the quinoline moiety. One surprising 
feature of a small, but significant number of complexes outlined above is 
the ‘bent’ coordination of the quinoline moiety. This is not unique to 
quinoline-containing ligands (see Section 5.3.2) but it appears that the 
steric bulk of the quinoline moiety is important in enforcing such 
coordination. 

We hope that the ligands and complexes outlined herein may pique 
the interest of coordination chemists and lead to the synthesis of yet 
more fascinating quinolyl-containing species. 

Declaration of competing interest 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper. 

Data availability 

No data were used for the research described in the article. 

References 

[1] W. Xu, Y. Nagata, N. Kumagai, TEtraQuinolines: A Missing Link in the Family of 
Porphyrinoid Macrocycles, J. Am. Chem. Soc. 145 (2023) 2609–2618, https:// 
doi.org/10.1021/jacs.2c12582. 

[2] R.L. Ray, Alkaloids—The world’s pain killers, J. Chem. Educ. 37 (1960) 451, 
https://doi.org/10.1021/ed037p451. 

[3] P.H. Walker, On the use of organic bases in the preparation of barium and 
calcium ferrocyanides, J. Am. Chem. Soc. 17 (1895) 927, https://doi.org/ 
10.1021/ja02167a005. 

[4] W. Staronka, Additive Compounds of Mercury Salts with Aromatic Bases, Bull. 
Int. Acad. Pol. Sci. Lett. Cl. Sci. Math. Nat. (1910) 372. 

[5] U. Pomilio, New Metalloquinolides. I. Metalloquinolides of Silver Nitrate, Rend 
Accad Sci Fis Mat Napoli. 17 (1912) 326. 

[6] T. Ratho, M. Mrs, Krishnaswamy, Structure of complex silver quinoline 
perchlorate, Indian J. Phys. 41 (1967) 511. 

[7] A.R. Joaquim, M.P. Gionbelli, G. Gosmann, A.M. Fuentefria, M.S. Lopes, 
S. Fernandes de Andrade, Novel Antimicrobial 8-Hydroxyquinoline-Based Agents: 
Current Development, Structure-Activity Relationships, and Perspectives, J. Med. 
Chem. 64 (2021) 16349–16379, https://doi.org/10.1021/acs. 
jmedchem.1c01318. 

[8] R. Gupta, V. Luxami, K. Paul, Insights of 8-hydroxyquinolines: A novel target in 
medicinal chemistry, Bioorganic Chem. 108 (2021), 104633, https://doi.org/ 
10.1016/j.bioorg.2021.104633. 

[9] C. Sonkar, S. Sarkar, S. Mukhopadhyay, Ruthenium(II)-arene complexes as anti- 
metastatic agents, and related techniques, RSC Med. Chem. 13 (2022) 22–38, 
https://doi.org/10.1039/d1md00220a. 

[10] C. Bissani Gasparin, D.A. Pilger, 8-Hydroxyquinoline, Derivatives and Metal- 
Complexes: A Review of Antileukemia Activities, ChemistrySelect 8 (2023), 
https://doi.org/10.1002/slct.202204219 e202204219. 

[11] L. Southcott, C. Orvig, Inorganic radiopharmaceutical chemistry of oxine, Dalton 
Trans. 50 (2021) 16451–16458, https://doi.org/10.1039/d1dt02685b. 

[12] C.W. Tang, S.A. Vanslyke, Organic electroluminescent diodes, Appl. Phys. Lett. 51 
(1987) 913–915, https://doi.org/10.1063/1.98799. 

[13] Y. Kurebayashi, P.L. Choyke, N. Sato, Imaging of cell-based therapy using 89Zr- 
oxine ex vivo cell labeling for positron emission tomography, Nanotheranostics. 5 
(2021) 27–35, https://doi.org/10.7150/ntno.51391. 
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S. Massoud, One-Dimensional Cadmium Polymers with Alternative di(EO/EE) 
and di(EO/EO/EO/EE) Bridged Azide Bonding Modes, Cryst. Growth Des. 13 
(2013) 4518–4525, https://doi.org/10.1021/cg400998r. 

[32] L.J. Raszeja, D. Siegmund, A.L. Cordes, J. Güldenhaupt, K. Gerwert, S. Hahn, 
N. Metzler-Nolte, Asymmetric rhenium tricarbonyl complexes show superior 
luminescence properties in live cell imaging, Chem. Commun. 53 (2017) 
905–908, https://doi.org/10.1039/C6CC07553C. 

[33] A. Kunishita, T. Osako, Y. Tachi, J. Teraoka, S. Itoh, Syntheses, Structures, and 
O2-Reactivities of Copper(I) Complexes with Bis(2-pyridylmethyl)amine and Bis 
(2-quinolylmethyl)amine Tridentate Ligands, Bull. Chem. Soc. Jpn. 79 (2006) 
1729–1741, https://doi.org/10.1246/bcsj.79.1729. 

[34] J.-L. Li, L. Jiang, S.-T. Li, J.-L. Tian, W. Gu, X. Liu, S.-P. Yan, Self-activated DNA 
cleavage of a water-soluble mononuclear Cu(II) complex with polyquinolinyl 
ligand, J. Coord. Chem. 67 (2014) 3598–3612, https://doi.org/10.1080/ 
00958972.2014.973867. 

[35] S. Kakuda, C.J. Rolle, K. Ohkubo, M.A. Siegler, K.D. Karlin, S. Fukuzumi, Lewis 
Acid-Induced Change from Four- to Two-Electron Reduction of Dioxygen 
Catalyzed by Copper Complexes Using Scandium Triflate, J. Am. Chem. Soc. 137 
(2015) 3330–3337, https://doi.org/10.1021/ja512584r. 

[36] J.-L. Li, L. Jiang, B.-W. Wang, J.-L. Tian, W. Gu, X. Liu, S.-P. Yan, Significant 
differences in the biological activity of mononuclear Cu(II) and Ni(II) complexes 
with the polyquinolinyl ligand, New J. Chem. 39 (2014) 529–538, https://doi. 
org/10.1039/C4NJ00876F. 

[37] S.V. Kryatov, S. Taktak, I.V. Korendovych, E.V. Rybak-Akimova, J. Kaizer, 
S. Torelli, X. Shan, S. Mandal, V.L. MacMurdo, A. Mairata i Payeras, L. Que, 
Dioxygen Binding to Complexes with FeII2(μ-OH)2 Cores: Steric Control of 
Activation Barriers and O2-Adduct Formation, Inorg. Chem. 44 (2005) 85–99, 
https://doi.org/10.1021/ic0485312. 

[38] T.K. Paine, J. England, L. Que Jr., Iron-Catalyzed C2–C3 Bond Cleavage of 
Phenylpyruvate with O2: Insight into Aliphatic C-C Bond-Cleaving Dioxygenases, 
Chem. – Eur. J. 13 (2007) 6073–6081, https://doi.org/10.1002/ 
chem.200601844. 

[39] H. Kim, J. Kang, K.B. Kim, E.J. Song, C. Kim, A highly selective quinoline-based 
fluorescent sensor for Zn(II), Spectrochim. Acta. A. Mol. Biomol, Spectrosc. 118 
(2014) 883–887, https://doi.org/10.1016/j.saa.2013.09.118. 

[40] L.A. Hunter, S. Naidoo, A. Mambanda, N, N-bis(2-quinolinylmethyl)benzylamine, 
Molbank. 2021 (2021) M1208, https://doi.org/10.3390/M1208. 

[41] J. Manzur, A. Vega, A.M. García, C. Acuña, M. Sieger, B. Sarkar, M. Niemeyer, 
F. Lissner, T. Schleid, W. Kaim, Coordination Alternatives in Dinuclear Bis 

B. Carr et al.                                                                                                                                                                                                                                     

https://doi.org/10.1021/jacs.2c12582
https://doi.org/10.1021/jacs.2c12582
https://doi.org/10.1021/ed037p451
https://doi.org/10.1021/ja02167a005
https://doi.org/10.1021/ja02167a005
http://refhub.elsevier.com/S0010-8545(23)00588-X/h0020
http://refhub.elsevier.com/S0010-8545(23)00588-X/h0020
http://refhub.elsevier.com/S0010-8545(23)00588-X/h0030
http://refhub.elsevier.com/S0010-8545(23)00588-X/h0030
https://doi.org/10.1021/acs.jmedchem.1c01318
https://doi.org/10.1021/acs.jmedchem.1c01318
https://doi.org/10.1016/j.bioorg.2021.104633
https://doi.org/10.1016/j.bioorg.2021.104633
https://doi.org/10.1039/d1md00220a
https://doi.org/10.1002/slct.202204219
https://doi.org/10.1039/d1dt02685b
https://doi.org/10.1063/1.98799
https://doi.org/10.7150/ntno.51391
https://doi.org/10.1107/S0108270184006405
http://refhub.elsevier.com/S0010-8545(23)00588-X/h0075
http://refhub.elsevier.com/S0010-8545(23)00588-X/h0075
http://refhub.elsevier.com/S0010-8545(23)00588-X/h0075
https://doi.org/10.1021/ja028512w
https://doi.org/10.1021/ja028512w
https://doi.org/10.1016/j.ccr.2023.215453
http://refhub.elsevier.com/S0010-8545(23)00588-X/h0090
http://refhub.elsevier.com/S0010-8545(23)00588-X/h0090
http://refhub.elsevier.com/S0010-8545(23)00588-X/h0090
https://doi.org/10.1081/SIM-200047534
https://doi.org/10.1081/SIM-200047534
https://doi.org/10.1021/acscatal.6b02324
https://doi.org/10.1016/j.poly.2013.01.033
https://doi.org/10.1002/ejic.200600490
https://doi.org/10.1039/B110465A
https://doi.org/10.1016/j.ica.2011.02.030
https://doi.org/10.1016/j.ica.2011.02.030
https://doi.org/10.1039/D0DT03887C
https://doi.org/10.1016/j.ica.2010.08.051
https://doi.org/10.1021/om0206352
https://doi.org/10.1021/cg400998r
https://doi.org/10.1039/C6CC07553C
https://doi.org/10.1246/bcsj.79.1729
https://doi.org/10.1080/00958972.2014.973867
https://doi.org/10.1080/00958972.2014.973867
https://doi.org/10.1021/ja512584r
https://doi.org/10.1039/C4NJ00876F
https://doi.org/10.1039/C4NJ00876F
https://doi.org/10.1021/ic0485312
https://doi.org/10.1002/chem.200601844
https://doi.org/10.1002/chem.200601844
https://doi.org/10.1016/j.saa.2013.09.118
https://doi.org/10.3390/M1208


Coordination Chemistry Reviews 502 (2024) 215599

31

(pyridin-2-ylalkyl)benzylaminecopper(II) Complexes with OH–, RO–, F–, or Cl– 

Bridges: Experimental Structures and DFT Preferences, Eur. J. Inorg. Chem. 2007 
(2007) 5500–5510, https://doi.org/10.1002/ejic.200700637. 

[42] A. Bhattacharyya, A. Dixit, S. Banerjee, B. Roy, A. Kumar, A.A. Karande, A. 
R. Chakravarty, BODIPY appended copper(II) complexes for cellular imaging and 
singlet oxygen mediated anticancer activity in visible light, RSC Adv. 6 (2016) 
104474–104482, https://doi.org/10.1039/C6RA23118G. 

[43] J. Zhang, A.E. Holmes, A. Sharma, N.R. Brooks, R.S. Rarig, J. Zubieta, J. 
W. Canary, Derivatization, complexation, and absolute configurational 
assignment of chiral primary amines: Application of exciton-coupled circular 
dichroism, Chirality 15 (2003) 180–189, https://doi.org/10.1002/chir.10158. 
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Iglesias, V. Patinec, R. Tripier, 1,4,7-Triazacyclononane-Based Bifunctional 
Picolinate Ligands for Efficient Copper Complexation, Eur. J. Inorg. Chem. 2017 
(2017) 2435–2443, https://doi.org/10.1002/ejic.201700176. 

[244] W. Han, Z.-D. Wang, C.-Z. Xie, Z.-Q. Liu, S.-P. Yan, D.-Z. Liao, Z.-H. Jiang, 
P. Cheng, Crystal structures and spectroscopic properties of copper(II) and zinc(II) 
complexes with the macrocycle 1,4,7-tris(2-pyridylmethyl)-1,4,7- 
triazacyclononane, J. Chem. Crystallogr. 34 (2004) 495–500, https://doi.org/ 
10.1023/B:JOCC.0000042016.86927.1b. 

[245] L. Christiansen, D.N. Hendrickson, H. Toftlund, S.R. Wilson, C.L. Xie, Synthesis 
and structure of metal complexes of triaza macrocycles with three pendant 
pyridylmethyl arms, Inorg. Chem. 25 (1986) 2813–2818, https://doi.org/ 
10.1021/ic00236a031. 

[246] G.-S. Park, Zn(II) Complex of Tachquin, N, N’, N’’-Tris(2-quinolinylmethyl)-cis, 
cis-1,3,5-triaminocyclohexane); Synthesis and X-ray Structure of [Zn(tachquin)] 
(ClO4)2. H2O, Bull. Korean Chem. Soc. 26 (2005) 1849–1852, https://doi.org/ 
10.5012/bkcs.2005.26.11.1849. 

[247] T. Bowen, R.P. Planalp, M.W. Brechbiel, An improved synthesis of cis, cis-1,3,5- 
triaminocyclohexane. Synthesis of novel hexadentate ligand derivatives for the 
preparation of gallium radiopharmaceuticals, Bioorg. Med. Chem. Lett. 6 (1996) 
807–810, https://doi.org/10.1016/0960-894X(96)00110-2. 

[248] G. Park, N. Ye, R.D. Rogers, M.W. Brechbiel, R.P. Planalp, Effect of metal size on 
coordination geometry of N, N′, N″-tris(2-pyridylmethyl)-cis, cis-1,3,5- 
triaminocyclohexane: synthesis and structure of [MIIL](ClO4)2 (M=Zn, Cd and 
Hg), Polyhedron 19 (2000) 1155–1161, https://doi.org/10.1016/S0277-5387 
(00)00380-6. 

[249] F. Matyuska, A. Szorcsik, N.V. May, Á. Dancs, É. Kováts, A. Bényei, T. Gajda, 
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