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Abstract

A new oxy(ether)tris(amine) macrocycle, MC has been synthesized for Cu" complex formation
within the cavity of the macrocyclic wheel in endotopic fashion. This complex is further reacted
with the bidentate chelating ligands, 1,10-phenanthroline (L1), 2,2-bipyridyl (L2), 4,4"-
dimethyl-2,2"-bipyridyl (L3) and 5,5-dimethyl-2,2"-bipyridyl (L4) to achieve the
pseudorotaxanes PRT1-PRT4 respectively. These bis-heteroleptic complexes are characterized
by the electrospray ionization mass spectrometry (ESI-MS), UV/Vis, EPR spectroscopy and
Single-crystal X-ray structural analysis. Binding constants of the heteroleptic complexes are
found in the range of 1.16 x 10 to 1.55 x 10° M in acetonitrile. Further, the double level
selectivity studies of MC using different metal ions [Co", Ni", Cu", Zn"] and a number of simple
bidentate chelating ligands shows the selective formation of PRT1 that justifies the self-sorting
nature of the system. Further, substitution of axles from pseudorotaxanes PRT2-PRT4 could

also be achieved by L1 with nearly 100% efficiency. To corroborate the experimental studies
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(comparison with the crystal geometry, importance of the n-n stacking etc.) the geometries of the

pseudorotaxanes are optimized using DFT (B3LYP) in gas phase.

Introduction

Metal-ligand coordination bonding driven heteroleptic self-assembly has been developed as a
popular strategy for constructing supramolecular multidimensional architectures with various
physicochemical properties.' In recent time, organic macrocyclic ligands with centrally directed
metal ion binding sites such as pyridyl ring,” imine,’ amine,* sulfide,” phosphine,® oxy ether,’

azacrown ether” etc. have shown potential application in the area of recognition,” sensing,*'’

7(b),12

catalysis,'' self-assemblies and so on. Moreover, heteroleptic metal complexes by using

such macrocyclic metal ion complexes have been successfully utilized for the development of

o139 and catenanes.'” In this

interlocked molecular systems like pseudorotaxanes,'® rotaxanes
direction, Sauvage'® and Leigh®“!'" have extensively exploited Cu' and Pd" towards the
synthesis of a large number of mononuclear/multinuclear threaded systems. Judicious
incorporation of chemical functionalities in the ligand backbone brings interesting properties
such as selectivity and self-sorting in such metallo supramolecular assemblies.'® Several
examples of self-sorting by thoughtful choice of ligands, involving different numbers of metal-
ion binding sites are reported in the literature for the formation of various metallo
supramolecular architectures.'*®®" This property also brings interesting features in metal
templated interlocked molecular systems.'® In other direction, Stoddart er al have extensively
used electron deficient tetracationic macrocyclic wheel and electron-rich naphthyl,*

tetrathiafulvene®' and various electron rich organic guest molecules for the formation of host-

guest assemblies.”” We are currently interested on developing various threaded/interlocked
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molecular systems composed of heteroditopic macrocyclic wheel, and the axle with multiple
functionalities. In this direction, we have recently explored the template directed synthesis of [2]
pseudorotaxanes and [2] rotaxanes by a bis(amido)tris(amine) functionalized macrocycle using
the concept of metal templation as well as m stacking interactions.” It is worth mentioning that
such macrocyclic wheel with amine and amide functionality in threaded systems is rare in the
literature. To introduce another new combination of heteroditopic functionalities in the wheel
component, it would be interesting to develop threaded structures with amino-ether based
macrocycle. Here we report a new 27 membered tris(amino)oxy(ether) macrocycle, MC (Chart
1) and it’s prospect towards the formation of different Cu' templated threaded heteroleptic
complexes using the concept of metal templation as well as -stacking interaction and selectivity

studies.
Results and discussion

Strategy and ligand designing aspects

Different types of strategies have been developed in recent decades for the formation of metal-

based heteroleptic assemblies.'*®*

In general, (i) the subtle differences in ligand design, (ii) use
of orthogonal recognition motifs, (iii) incorporation of suitable n-stacking units, (iv) use of steric
constrains, (v) metal ion coordination number or (vi) metal ion oxidation states are the
convenient ways to incorporate the selectivity and sorting nature of heteroleptic metallo-
supramolecular systems. Our aim is to design a suitable macrocyclic host, capable of forming the
metal ion templated heteroleptic complexes and the multi component systems that can show

selectivity and self-sorting property. In brief, our designing strategies focus on the following

aspects: (i) macrocyclic receptor having secondary amine moieties is our choice as the amine
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functionality present in the macrocycles are suitable for metal ion coordination, (ii) incorporation
of “V’- shaped aryl 1,2-diol functionality to rigidify the macrocyclic system, (iii) two aromatic
rings adjacent to the metal coordinating site via a benzyl spacer are attached because it is
expected that the presence of the aromatic spacers in the macrocyclic ligands would contributes
to its rigidity. Further, this could interact through n—r stacking with the pyridyl units of the axle
molecules (L1-L4) (Chart 1) favoring the heteroleptic aggregation, (iv) cleft with ethereal and
amine functionality in the ligand backbone are used to obtain the heteroditopic nature of the

wheel.
General procedure for the synthesis of macrocycle and Cu'' complexes

Scheme 1 shows the synthesis of MC in three steps. Reaction of 4-hydroxybenzaldehyde with
excess 1,2-dibromoethane in presence of anhydrous K,COs; in acetonitrile at 80°C results the

compound 1.

Chart 1. Chemical Structures of oxy(ether)tris(amine) Macrocycle (MC) and bidentate chelating

ligands (L1 —L4)
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Scheme 1. Synthetic route for preparation of Il and MC."
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“ (i) 1,2-Dibromoethane, K,COj;, acetonitrile, reflux 82% ; (ii) Catechol, K;CO; DMF, reflux, 85% ; (iii)

Diethylenetriamine, Chloroform, Methanol, NaBH,, 73%.

Compound II is obtained upon reaction between catechol and compound I at 100°C in dry DMF
in presence of anhydrous K,COj as base. High dilution reaction between diethylenetriamine and
II in DCM/methanol (drop-wise addition) followed by reduction with NaBH4 at room
temperature results in the desired macrocyclic host MC. All the compounds are characterized by
usual spectroscopic methods. [(MC)Cu"(Cl04),] and complex could be readily synthesized by
reaction between equimolar amounts of the macrocycle and Cu" salt in DCM/methanol (Scheme
1S, ESI). Heteroleptic ternary complexes are prepared in high yields by the reaction of the MC-
Cu" complex with bidentate chelating ligands L1-L4 (Scheme 2S, ESI). The detailed synthetic

procedures and characterization data are presented in experimental section.
UV/Vis and EPR studies

UV/Vis spectroscopy is used to explore the efficiency of the newly synthesized macrocyclic
wheel (MC) towards pseudorotaxane formation. At room temperature, the UV/Vis spectrum of
the tridentate macrocyclic ligand with equimolar amount of Cu" shows Amax at ~ 630 nm (¢ =
128.9 M cm™) in methanol corresponds to d-d transition (Fig. 12S, ESI). Binding affinity of

this newly synthesized tris-chelating wheel, MC, towards Cu" is monitored via UV/Vis titration
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experiments in methanol. Upon increasing the amount of the metal ion to the solution of
macrocyclic wheel during titration, a gradual increase of absorption peak intensity at ~ 630 nm is
observed up to one equivalent of metal ion (Fig.14S, ESI). Sigmoidal-curve fit analysis indicates
the 1:1 binding stoichiometry between MC and metal ion (Fig.14S, ESI). The UV/Vis titration
data shows the best fit for 1:1 model and association constants, K, is obtained as 1.91 x 10° M
by Benesi-Hildebrand plot analysis® (Fig. 14S, ESI). Then the MC-Cu" complex is allowed to
evaluate their efficacy towards pseudorotaxane formation by reacting with bidentate chelating
ligands L1-L4. Upon addition of various bidentate chelating ligands (L.1-L4) separately to the
acetonitrile solution of MC-Cu" complex, gradual red shifts of the absorption bands are observed
(Fig. 15S, ESI). The d-d bands obtained in the region 600-680 nm are the characteristic peaks of
five coordinated Cu' complexes.”® This five coordinated square pyramidal or trigonal
bipyramidal geometry around the Cu" center could only be achieved if tridentate wheel and
bidentate axle binds to the metal ion in a ‘342’ orthogonal mode within the cavity of MC. Thus,
the absorption maxima values are also in good agreement to prove the five coordinated
heteroleptic complex formation. UV/Vis titration experiments are carried out to confirm the
ternary complex formation by individual addition of L1-L4 in to the solution of MC-Cu"
complex (1 mM) in acetonitrile. MC-Cu" complex shows an absorption maxima 605 nm in
acetonitrile (Fig.13S, ESI). Upon increasing the amount of guest ligands, the optical density of
the metallo-macrocycle complex at 605 nm gradually decreases with concomitant generations of
a new absorption maxima peak at 676, 680, 668 and 674 nm for PRT1, PRT2, PRT3 and PRT4
respectively (Fig. 1 (a), (c) and Fig. 18S, 218, ESI). Upon consumption of one equivalent of each
of the chelating bidentate ligands (L.1-L4), saturation points are observed which confirms the 1:1

stoichiometric binding pattern towards ternary complex formation. The inflection points obtained

Page 6 of 42
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from the equivalent plot analysis further indicate the 1:1 stoichiometry between host metal
complexes with guest ligands (Fig. 1 (b), (d) and Fig. 19S, 228, ESI). Clear and single isosbestic
points obtained during titration experiments reveal the existence of a single equilibrium in each
case. The association constants of all the threaded complexes are calculated as K, 1.55 x 10°,
1.70 x 10% 1.84 x 10% and 1.16 x 10*> M respectively in acetonitrile, by using the Benesi-
Hildebrand plot analysis (Fig. 16S, 17S, 20S and 23S in ESI). The A, values of the threaded
ternary complexes, molar extinction coefficient values, association constants and free energy

changes are tabulated below (Table 1).

(d)
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T T T T T
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Fig. 1 UV/Vis titration profile of (a) MC-Cu" complex (1.0 x 107 M) with the aliquots of L1 (1.2
x 107 M) (¢) MC-Cu" complex (9.0 x 10°°M) with aliquots of L2 (1.25 x 107 M) in acetonitrile.
Selected UV/Vis spectra are shown for clarity whereas equivalent plots show more points. (b)

and (d) shows equivalent plot from the data obtained via UV/Vis titration.

Table 1. UV/Vis Spectroscopic details for threading of L1-L4 to the MC-Cu" complex

Axles | Amax(nm) | Molar Extinction Association Free Energy
Coefficient () ( Constant ¥ Change(A G°)
m! cm'l) |
(Ky) (M) [kcal/mol]

L1 676 1.72 x 10° 1.55x 10° -4.38
L2 680 1.73 x 10° 1.67 x 10° -3.01
L3 668 1.83 x 10° 1.84 x 10° -3.11
L4 674 1.85x 107 1.16 x 10° -2.83
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[a] Errors are calculated within 20%
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Fig. 2 X-Band EPR spectra of PRTI (violet) and PRT2 (green) in acetonitrile at 80 K.

Additionally, the X-band EPR spectra of PRT1 - PRT4 show the patterns with gi;> g1 (Table 2),

which indicate that the unpaired electron is localized in a d,»» orbital of the cu! center,

providing the penta-coordination environment with a distorted square pyramidal geometric

arrangement around the Cu' in the macrocyclic cavity of MC (Fig. 2 and Fig. 24S, 25S, ESI).

Table 2. gn, gJ. values obtained from X-Band EPR spectrum

Complex g g
11 L
PRT1 2.19133 1.91262
PRT2 2.19594 2.00655
PRT3 2.20351 2.02803
PRT4 2.20236 2.02235

ESI-MS Studies: The ESI-MS data of MC-Cu"-2Cl0, ~ shows a molecular ion peak at m/z =

639.1 (Fig. 3) with an isotopic distribution pattern consistent with the presence of a single copper

ion within the cavity of MC. The peak at 639.1 appears due to [(MC)(Cu")(C10,)]" species.

Page 8 of 42
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Fig. 3 Mass (+ESI mode) spectra of the [(MC)(Cu")(ClO4)]". The inset picture depicts the
enlarged portion in the region for the corresponding mono-positive ion (Green Colored) and
their isotopic distribution pattern (Gray Colored).

Formation of ternary complexes is monitored by using both perchlorate (ClO4 ") (Fig. 4a, 4c, 4d
and Fig 268, 28S, 30S, 32S, ESI) and triflate (OTf °) counter anion (Fig. 4b and Fig 27S, 29S,
31S and 33S) of MC-Cu" complex. For threaded complexes PRT1 to PRT4, the peaks observed
in the ESI-MS data clearly reveals the existence of such complexes in gaseous phase. In Fig. 4
the prominent peaks seen at m/z 819.17, 845.2, 823.23, 823.25 for the corresponding

monopositive ions indicate the formation of heteroleptic complexes between MC, Cu" and
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Fig. 4 Mass (+ESI mode) spectra of the [2] pseudorotaxanes. (a), (c) and (d) show peaks for
PRTI, PRT3 and PRT4 with one CIO, counter anion and (b) shows peak for PRT2 with OTf"
counter anion. The inset picture depicts the enlarged portion in the region for the corresponding
mono-positive ion (Blue Colored) and their isotopic distribution pattern (Gray Colored).
corresponding chelating ligands L1-L4. Further a peak at m/z = 639.1 [(MC)(Cu")(ClO4)]" is
observed (Fig. 268S, 288S, 30S, 325, ESI) which could be attributed for the complexes after losing
the corresponding chelating ligands. In every cases, isotopic distribution show good agreement
of the desired ternary complex formation (Fig. 4).

Single crystal X-ray structural analysis

Fig. 5 shows the single crystal X-ray structures of the five metal complexes. Structural analysis

shows that the coordination sphere of the metal center of MC-Cu' [{(MC)

Cu'(CH3CN),}-(Cl0y),] is occupied by five nitrogen atoms (bond distances ranges from 1.963 to

10
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2.292 A, Table 1S) with the square pyramidal geometry. The basal plane of the distorted square
pyramidal Cu" center is occupied by the three nitrogen donor atoms N1, N2 and N3 of MC and
N4 of solvent molecule (acetonitrile); whereas the apical position is taken up by N5 from another
acetonitrile molecule. Thus, Cu" is coordinated in endotopic fashion in the cavity of MC with
two coordinated solvent molecules. The cavity dimensions of the MC unit can be described by
the length, measuring 12.623 A (measured as the distance from the centroid of the upper benzene
ring to N2 in the MC-Cu" complex) and the width, measuring 5.829 A (measured as the distance
of the two centroids of the two benzene rings on the side-arms of the macrocycle in the MC-Cu"
complex). In MC-Cu", this cavity is occupied by one acetonitrile molecule ligated to the basal
plane of the Cu" center, while the other acetonitrile molecule protrudes outside. This cavity is
exploited to bind bidentate chelating ligands (L1-L4) with the Cu" center of MC-Cu" upon
replacing solvent molecules to achieve the heteroleptic assemblies (PRT1-PRT4). Single crystal
X-ray structures of the pseudorotaxanes also confirm penta coordinated Cu" centers for these
complexes. The space-filling model of ternary complexes PRT1 [{(MC)Cu"(L1)}-(PFe).],
PRT2 [{(MC)Cu'(L2)}(ClO4),], and PRT4 [{(MC)Cu"(L4)}(PFs),'DMF] show complete
threading of L1, L2 and L4 inside the macrocyclic cavity of MC, whereas L3 showed partial
threading in case of PRT3 [{(MC)Cu"(L3)}-(ClO4),]. The observed n—n stacking interacting
distances in all the ternary complexes between two parallel arene moieties of MC and the pyridyl
unit of bidentate chelating ligands are consistent with the expectations.”®® These interactions
are one of the major factors towards high yield synthesis of heteroleptic aggregation over other

homoleptic alternatives.

In the structure of PRT3, we find that two different units (A and B) of the complex are present in

the asymmetric unit (Fig. 5). The geometrical parameters for the two units differ very slightly.

11
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The coordination geometry of the unit B is closer to the trigonal bipyramidal structure (see later).
In both the units, threading is incomplete, or in other words the aromatic stacking is not as
effective as in the other complexes. Therefore, the coordination geometry may be expected to be

more fluxional (in solution) in the square pyramid to trigonal bipyramid spectrum.

The coordination geometries of the five copper complexes make an interesting reading. In the
five coordinated systems the t value is generally used to characterize the geometries relative to
the two ideal geometries, square pyramidal (with t value of 0) and trigonal bipyramidal (with t
value of 1).*” In the MC-Cu" complex the copper ion is in an almost purely square pyramidal
geometry (with a t value of 0.0983). But, upon threading of the axles (LL1-L.4) the coordination
geometries are changed significantly (due to steric constraints, m-m interaction and the fixed
lower bite angle of the ligands of around 80°). Compared to the square pyramidal complex MC-
Cu", the complex PRT4 has 1 value of 0.9567, implying almost ideal trigonal bipyramidal
geometry. However, PRT1 (t = 0.5397), PRT2 (1t = 0.6363) and unit A of PRT3 (t = 0.5687)
are at the middle of the geometrical spectrum, while the unit B of PRT3 (1 = 0.8058) structure
has shifted more towards the trigonal bipyramidal geometry. Cu—N bond distances, 7 value, and

n—n stacking distances of PRT1, PRT2, PRT3 and PRT4 are summarized in Table 3.

Crystal structure reveals that the two adjacent arene moiety of MC-Cu'" are not at all parallel,
which is expected because there is no possibility of aromatic n-stacking at such high distances.
Upon threading of the axles (LL1-L4), n-r stacking becomes operative between the arene moieties
of the wheel and electron deficient axle molecules. Compared to the MC-Cu" structure the
cavity dimensions are somewhat modified in the threaded complexes due to the incorporation of
the aromatic ligands (L1-L4). The lengths have been reduced to about 12.3-12.4 A and the

widths have been increased to about 6.5 A (to accommodate the threaded ligands).

12



Page 13 of 42

Dalton Transactions

PRT2

2

i‘é"\ af y«%ﬁ% %

C-a>
N
% s
@ ’Cs b
Q
02 03 ¢
c1 810
o1 04%
- C32
N C31 fﬁl C35
> Yo
&1
298 H
el M y
& NSC38 J,
NST Gl \i
NI
c18
czxe'i N2
c20 c19

Fig. 5 (Top) Thermal ellipsoid probability plots of the basic units of MC-Cu" and PRT1-PRTA4.

Hydrogen atoms, solvent molecules and anions have been removed for clarity. Thermal

ellipsoids are at the 40 % probability level. (Bottom) Spacefill diagrams of the threaded ternary

complexes.

Table 3. Important structural parameters for MC-Cu" and PRT1-PRT4.

Complex Cu—Np [A] tvaluep; | m-m stackingpe [A]
MC-Cu" 1.963-2.292 0.0983 -
PRT1 1.994-2.137 0.5397 3.411-3.385
PRT2 2.014-2.154 0.6363 3.435-3.417
PRT3 | 1.989-2.169 (A) | 0.5687 (A) | 3.359-3.450 (A)
1.985-2.183 (B) | 0.8058 (B) | 3.462-3.328 (B)
PRT4 1.978-2.169 0.9567 3.379-3.375

13
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[a] The lowest and highest values of the Cu—N bond lengths, [b] T calculated from the crystal structures of PRTI-

PRT4. [c] Distances between the centroids of the arene moieties of MC and the pyridyl (nearest) unit of the axles.

Table 4. Crystallographic Data and Refinement Parameters for MC-Cu"' and PRT1-PRT4.

MC-Cull.2Cl10,

PRT1.2PF;

PRT2.2Cl10,

PRT3.2C10,

PRT4.2PF;

empirical
formula

Fw
T (K)

crystal
system
space
group
alA

b/A
c/A
o/deg

pldeg
y/deg

VIA3
VA

Pcaled (g
cm™)

4 (Mo
Ka)
(mm™)

WA
F (000)

collected
reflns

unique
reflns

GOF
(F?)
R}

b
WR2

C3,H41N50,,CLCu

822.15
150(2)

monoclinic

P21/C

25.141(3)
9.0132(11)
16.941(2)
90.00
104.205(4)
90.00
3721.6(8)
4

1.4673

0.7973

0.71073
1708
23860

3147

1.152
0.0790
0.2275

C40H43NsO4F 1,P,Cu C33Hy3N50,CLCu

1011.27
150(2)

monoclinic

P21/C

19.500(6)
10.305(3)
24.405(7)
90.00
105.740(8)
90.00
4721(2)

4

1.4229

0.6213

0.71073
2068
40432

5606

1.057
0.0530
0.1430

896.21
150(2)

monoclinic

P21/C

19.9719(17)
10.4277(9)
22.0793(19)
90.00
103.675(2)
90.00
4467.9(7)

4

1.3324

0.6704

0.71073
1860
50980

7612

1.100
0.0588
0.1662

C4H47N50,,CL,Cu

924.26
150(2)
triclinic

P-1

15.7961(6)
16.1332(6)
18.3202(7)
86.435(1)
84.547(1)
84.769(1)
4621.5(3)
4

1.3284

0.6503

0.71073
1924
59645

17854

1.091
0.0581
0.1456

C43Hs4NgOsF ,P,Cu

1088.40
150(2)

monoclinic

P21/n

13.316(4)
26.117(9)
13.810(5)
90.00
97.715(10)
90.00
4759(3)

4

1.5190

0.6242

0.71073
2244
28888

3701

1.072
0.0767
0.2046

Ri=x|[Fo| = [F] /2| Fo |, "wRy = [E{W(F, — FO)Y }/E{w(F, ) 317

14
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The m-m stacking interaction distances are tabulated in Table 3. Depending upon the steric
encoding and rigidity present in the organic guest molecules, selectivity and different kind of

threading are observed in the threaded heteroleptic complexes.
Selectivity and self-sorting studies

In metallo-supramolecular assembled structures, self-sorting is controlled by various factors;
such as, metal-ligand coordination, z-7 interactions, steric and other electronic effects.!3D
Upon mixing of all the components (MC, bidentate chelating ligands, and divalent metal ions),
at equilibrium the reaction mixture do not afford a statistical mixture of all possible combinations
of ternary complexes in solution. Instead, only a multicomponent assembled structure is isolated
from the reaction mixture which showed the preference towards Cu' templated L1 threaded
heteroleptic complexation. To investigate the selectivity and self-sorting properties of the newly
synthesized macrocycles with different divalent transition metal ion and chelating ligands, we
have carried out three steps selectivity study by using ESI-MS and UV/Vis spectroscopic
technique. Detailed procedure for the solution state selectivity study and isolation of the self-
sorted complexes are discussed in experimental section.

Self-sorting in MC-Cu" complex and bidentate chelating ligands: To inspect the electronic,
steric, pi-pi stacking and maximum site occupancy upon threading inside the cavity of metal-
macrocycle complex, the combination of four bidentate chelating ligands (LL1-L.4) are chosen
(Chart 1). Upon mixing of one equivalent MC, Cu" and each of the bidentate ligands L1-L4 in

DCM/methanol, threaded heteroleptic complexes like PRT1-PRT4 and other homoleptic

aggregation between the axle molecules are expected. Such kind of multiple combinations are

15
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reduced to only one complex formation that is revealed by ESI-MS and UV/Vis spectroscopic
tools. ESI-MS study shows the selective formation of PRT1. A single charged species at m/z
819.1 along with the MC-Cu" complex (m/z = 639.1) is observed [Fig. 43S (b) in ESI]. ESI-MS
peak at m/z = 639.1 is obtained due to dethreading of the axle component during mass
spectometric analysis. No peaks of the (L2-L4) threaded heteroleptic aggregation in the ESI-MS
study are detected. Isolated green colour complex also shows the characteristic peaks of the
PRT1 in UV-Vis study in acetonitrile [Fig. 43S (a) in ESI]. The selective formation of the
heteroleptic complex over the homoleptic aggregation could be due to the suitable n-n stacking
interaction between the arene moieties present in the macrocyclic wheel and chelating ligands.
Such kind of interaction renders heteroleptic aggregation over the homoleptic complexes.

All the other combinations of the heteroleptic threaded complexes having n-m stacking
interactions should show up with more or less probability. But in solution selectively signature of
L1 threaded heteroleptic complex is observed. This could be due to suitable pi stacking upon
threading and restricted rotation around C-C bond in the ligand compared to other bipyridyl
derivative (L2-L4). UV/Vis titration experiment and Benesi-Hildebrand plot analysis reveal that
the L1 threaded pseudorotaxane shows highest association constant among L.1-L.4 (Table 1).

As the phenanthroline L1 shows higher selectivity over bipyridyl derivatives (L2 — L4), we have
further explored a phenanthroline derivative, L5 (neocuproine) for threading and selectivity
studies (Chart 1S, ESI). Elemental analysis, ESI-MS (Fig. 34S, 35S, ESI) and UV/Vis (Fig. 36S,
ESI) studies do not support the exclusive formation of LS threaded heteroleptic complex in
stoicheometric amount. This could be due to the steric effect exerted by the methyl group pointed

towards the metal coordinating sites upon threading. Thus, from this experiment it is revealed

16
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that both ligand structure (phenanthroline vs bipyrydyl derivatives) and steric crowding exerted

by the substitution play crucial roles for the selective formation of a heteroleptic complex.

Templated metal ion selectivity of MC towards threaded complex formation: The metal ion
selectivity study is carried out upon mixing of one equivalent of MC, L1 and each of the divalent
transition metal ions Co", Ni", Cu", zZn" (one equivalent of each) in DCM/methanol. This
experiment shows the selective formation of Cu' templated threaded complex due to the suitable
geometry (‘3+2° donor sets) provided by the bidentate chelating orthogonal motifs and
macrocyclic wheel to Cu" center. Further, ESI-MS study of the resulting solution mixture and
UV/Vis spectrum of the isolated green complex support the formation of PRT1 [Fig.44S (a) and

448 (b) in ESI].

Self-sorting studies: Complexation upon mixing of perchlorate salts of four divalent metal
ions (Co", Ni"", cu", Zn"), guest ligands L1-L5 and newly synthesized wheel MC: Equimolar
amounts of tri-dentate wheel (MC), four divalent transition metal ions and five bidentate
chelating guest ligands (L1-LS5) are dissolved in DCM/methanol solution and are stirred for 3-4

hours. A greenish blue precipitate is formed, which is isolated and characterized by ESI-MS
(Fig. 418, ESI). Mass spectrometry data shows m/z at 819.2 corresponding to the [PRT1-CIOy ].

The absorption spectrum (Fig. 42S, ESI) of the isolated complex further supports the selective
formation of PRT1. This reveals the selectivity of such system towards L1 threaded, Cu"
pseudorotaxane structure by tridentate wheel MC among possible twenty threaded heteroleptic
complexes.

The degree of self sorting for mononuclear assemblies M equals to Po/P where Py indicates the

number of all probable combinations and P specify the number of all actual number of
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assemblies formed in the experiment.”® Thus, higher value of M pointing towards the lesser
number of the products formed in the experiment and hence higher degree of self sorting. In this
experiment, 20 such possibilities of threaded heteroleptic complex formation may possible. But
the self sorted and selected formation of PRT1 ruled out other ternary complex formation,
suggesting higher degree of self sorting having a value M = 20.

Ligand substitution studies: Ligand substitution, external stimuli dependent tunable molecular
aggregation and assembly/disassembly studies in the interlocked architectures bring interesting
properties in the threaded host guest complexes.”®*° As the selectivity study showed preference
of MC-Cu" complex towards L1, we have carried out the ligand substitution reaction between
L1 and isolated threaded complexes PRT1-PRT4. De-threading processes are monitored via

UV/Vis spectroscopic technique (Scheme 3; Fig. 6 and Fig. 37S (a) in ESI).

Scheme 2. Selectivity towards one heteroleptic complex, PRTI over other possibilities
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As shown in Fig. 6(a) and Fig. 6(b), a gradual shift of the absorption bands is observed when the

solution of L1 is added to the solution of PRT2-PRT3. Upon saturation, new peaks are
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generated at 676 nm in each case which corresponds to the absorption peak of PRTI1 in
acetonitrile. A clear isosbestic point in all the titration studies indicates the complete
transformation of PRT2-PRT4 to PRT1 via single equilibrium process. The detailed
characteristic peaks (Amax) of the parent ternary complexes and newly generated peak
corresponds to PRT1 tabulated below (Table 5). After ligand exchange, the resulting solutions
are subjected to ESI-MS analysis. In the ESI-MS spectra (Fig. 38S-40S, ESI), no noticeable
characteristic peaks of PRT2-PRT4 are observed and a prominent characteristic peak of PRT1
is observed in each case, indicating the good selectivity of L1 over L2, L3 or L4 towards
heteroleptic complex formation. To further demonstrate the selectivity of L1 towards
heteroleptic complex formation, we have also isolated the green crystalline materials of PRT1 by
adding equivalent amount of L1 to the respective solutions of PRT2-PRT4. The green
crystalline complexes are characterized by elemental analysis, UV/Vis, ESI-MS and EPR
spectroscopy. These data matched well with the data obtained from the analysis of PRT1.

Scheme 3.

RI\O (0} N
)\ Ry
Ry~ <L —— /)
P A\ AWan
N_ N/ R, )
N
cu'! ) cul )
NH H HN NH - HN
N

PRT2:R,=R,=H
PRT3:R,=CH;,R,=H PRT1
PRT4:R,=H,R,=CH;

Table 5. Data of the parent absorption peaks of respective complexes (PRT2-PRT4), final

absorption peaks obtained upon axle substitution by L1 via de-threading.
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Complex™ Parent Absorption Final Absorption Peak at
Peak (nm) Saturation Point (nm)
PRT2 680.0 676.0
PRT3 662.0 676.0
PRT4 677.0 676.0

[a] The titrations of PRT2-PRT4 with L1 were performed in acetonitrile.

(©)
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0.05 +
(a) 0.00

T 0.00 i T .
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‘Wavelength (nm) Equivalent of L1 added Wavelength (nm) Equivalent of L1 added

Fig.6 UV/Vis titration profile for dethreading of (a) L3 (I x 107 M), and (c) L4 (1 x 10° M)
from corresponding [2]Pseudorotaxanes in presence of 1 % 10° M Phenanthroline (L1) in
acetonitrile. Selected UV/Vis spectra are shown for clarity whereas equivalent plots show more

points.

Theoretical study

To investigate the importance of the n-m stacking of the aromatic ligands with the two benzene
rings on the macrocycle (MC), we used the conformation of the macrocycle from the PRT1 (in
which the faces of the benzene rings are arranged parallel to each other) geometry for calculating
its optimized structure of MC. In the optimized geometry of MC, (Fig. 9) we can see that the
two opposing benzene rings (in the side arms) are not at all parallel (in other words, they do not
stack-up). In fact, this is also true for the structure of MC-Cu" (crystal structure, Fig. 7).
Therefore, the stacking of these two benzene rings is not necessary even for the simple complex
formation. This stacking however is necessary for the stabilization (with respect to MC-Cu'") of

the bipyridyl and phenanthroline complexes (PRT1-PRT4). The distance between the centroids
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of the two benzene rings in MC and MC-Cu" are 5.56 (optimized) and 5.83 A (crystal)
respectively. For PRT1-PRT4 the corresponding distances (6.53-6.72 A for crystal geometries
and 6.83-7.07 A for the optimized geometries) are increased from this value to accommodate the
second aromatic ligand. This conformation change is just right for an effective n-n stacking of
three aromatic rings at a favourable separation (~3.5 A). This fact is further supported form the
study of the optimization steps from the MC geometry corresponding to PRT1 to its lowest
energy conformation (Fig. 8). The final optimized geometry of MC (Conf. III in Fig. 8) is about
25.6 kcal/mol energetically favourable compared to the conformation of MC obtained (Conf. I in

Fig. 8) from the geometry of the complex PRT1 (by removing the metal-ion and the ligand L1).

The geometries of PRT1-PRT4 are optimized to see the similarities or differences in their
crystal structures and vacuum structures (which provide better models for the solution phase
structures). From the analysis of the optimized geometries it is evident that compared to their
crystal geometries all of the complexes have slightly expanded coordination spheres (increased
Cu-N distances; for example 0.06 A in case of PRT1). This also resulted in the slight expansion
of m-m stacking distances (0.15-0.20 A). However, the stacking is expected to be still important
and effective in the vacuum optimized geometries, as the relative positions of the aromatic faces

have not changed and the faces are still parallel to each other.
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MC [(MC)Cu'(MeCN),] [(MC)Cu}(Phen)]/PRT1
(optimized) (crystal) (crystal)

Fig. 7 Comparison of the structures (perspective views) of the MC (optimized structure) as a free

molecule and in two complexed forms, showing the orientation of the opposite benzene rings.

As the coordination geometries for the Cu" in PRT1 and PRT2 resemble more closely to the
square pyramidal (SP) geometry it is expected that the unpaired electron should reside in the dx2.
y2) orbital (which is confirmed from the EPR studies). The spin density maps and Mulliken spin
density values for the coordinated nitrogen atoms provide evidence in favor of this fact (Fig. 9
and Fig. 45S-47S in ESI). The coordination geometries of the complexes PRT3 and PRT4
resemble more closely to trigonal bipyramidal (TBP), however best described as having a mixed
geometry (tending more towards TBP rather than SP). In such cases, the unpaired electron on the
Cu" is expected to reside in an orbital best described by a linear combination of d2.y2) and d,2
orbitals. The shapes of the spin density maps and the Mulliken spin density values on the copper

ions and the coordinated nitrogen atoms also support this conclusion (Table 2S, ESI).
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E =- 1553.0894346 au Cont.1

Energy

Q& \
~ Conf. I11

E =-1553.1302307 au

Fig. 8 Comparison of the energies of three conformations in the course of optimization of the
structure of MC. Conformation III is the final optimized structure and Conformation I is the
initial structure (used as the starting geometry for the optimization) obtained from the crystal

structure geometry of PRT1. Conformation Il is a randomly selected intermediate geometry.
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lCrystaI Structure Optimized Structure ‘

@ )

A-B 3.385 3.655
B-C 3.411 3.557
A-C 6.542 6.983
N2-D 12.348 12.391
Cu-N1 2.140 2.220
Cu-N2 1.997 2.076
Cu-N3 2.138 2.178
Cu-N4 2.000 2.027
Cu-N5 2.115 2.192

Fig. 9 Comparison between the crystal structure and the optimized structure for PRT1 [Color
Code: Green, Cu; Blue, N; Gray, C; Purple, H; Red, O; Orange, Centroid]. (a) Structural view
perpendicular to the m-m stacking planes, (b) Structural view showing the centroids of the
aromatic rings used for measuring important stacking distances, (c) View highlighting the
coordination sphere of the copper ion, (d) Spin density map obtained from the analysis of the
optimized structure showing that the unpaired electron resides in the d2.,2) orbital (supporting
the experimental EPR results) of the Cu" ion with the roughly square pyramidal geometry. The

isodensity surfaces correspond to a value of 0.01 e/b’.
Conclusion

In summary, we have developed a new macrocycle with heteroditopic binding units such as tris-
amine and oxy-ether. The tris(amine)oxy(ether) functionalized macrocycle has shown it’s
potentiality for the high-yield syntheses of metal ion templated heteroleptic threaded complexes

with different bidentate chelating ligands. This tris-amino macrocycle shows selectivity and self-
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sorting properties towards the formation of a heteroleptic aggregation over twenty such
possibilities from the mixture of ten components (one macrocyclic wheel, five bidentate
chelating ligands and four divalent transition metal ions). Metal ion binding sites, n—n stacking
interactions, geometrical arrangement around the metal center, steric crowding influence the
selectivity of such heteroleptic aggregation. Substitution of chelating ligands from the self
assembled structures by stronger bidentate chelating ligands is achieved with about 100%
efficiency. This strategy could be utilized towards the formation of a variety of interlocked
systems with complex functionalities. We are presently exploring various entrenched
functionalities in such heteroleptic threaded complexes by utilising the heteroditopic nature

present in the wheel and ligand substitution strategy.

Experimental section

Materials and methods

All reactions were carried out in argon gas atmosphere followed by workup at ambient
conditions. Cu(ClO4),-6H>0, Ni(ClO4),-6H,0, Co(ClO4),-6H,0, Zn(ClO4), 6H,0O Cu(CF3S03),,
KPFs, deuterated solvents, 1,10-phenanthroline, 2,2 -bipyridyl, 4,4"-dimethyl-2,2"-bipyridyl, 5,5"-
dimethyl-2,2"-bipyridyl, 2,9-dimethyl-1,10-phenanthroline, diethylenetriamine, 4-
hydroxybenzaldehyde were purchased from Sigma-Aldrich and were used as received. DCM,
Chloroform, DMF, 1,2-dibromoethane, potassium carbonate were purchased from Spectrochem
Pvt. Ltd., India. Acetonitrile, methanol, DCM and DMF were dried via convenient procedures
and were collected over molecular sieve before use.

High-resolution mass spectrometry (HRMS) analysis was performed on QToF—Micro YA 263

Mass spectrometer in positive ESI mode. 'H, "*C, experiments were carried out on FT-NMR
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Bruker DPX 300/400 MHz NMR spectrometer. The absorption studies were performed in a
PerkinElmer Lambda 900 UV—vis—NIR spectrometer (NIR = near-infrared) (with a quartz
cuvette of path length 1 cm). Elemental analysis was performed on PerkinElmer 2500 series 11
elemental analyzer, PerkinElmer, USA. Chemical shifts for 'H and *C NMR were reported in
parts per million (ppm), calibrated to the residual solvent peak set, with coupling constants

reported in Hertz (Hz).

Synthesis of compound I

4-hydroxybenzaldehyde (122 mg, 1 mmol) is treated with excess 1,2-dibromoethane (215 pL,
2.5 mmol) in presence of K,CO3 (400 mg, 3 mmol) and the reaction mixture is refluxed for 24
hours using acetonitrile as solvent under nitrogen atmosphere. Then the reaction mixture is
evaporated to dryness under vaccuo and extracted using chloroform and water. The organic layer
is repeatedly washed with brine and the yellow semi-solid product is purified by column
chromatography using 94:6 hexane and ethyl acetate respectively. The white crystalline product
is isolated and characterized. Yield ~82%. All characterisation data matches well with the
literature values®. "H NMR (400 MHz, CDCL): & (ppm) 4.45 (s, 4H, - CH.), 7.05 (d, 2H, J = 8
Hz, Ar-H), 7.85 (d, 2H, J = 8 Hz, Ar-H), 9.91 (s, 1H, Ar-CHO). *C NMR (75 MHz, CDCL): &
(ppm) 28.7, 67.9, 114.8, 130.4, 131.9, 130.3, 162.9, 190.6.

Synthesis of compound IT

Compound I (480 mg, 2.1 mmol) is reacted with catechol (110 mg, I mmol) in DMF in presence
of anhydrous K,COj; (400 mg, 3 mmol) and the reaction mixture is refluxed for 2 days under
nitrogen atmosphere at 100°C. Then the reaction mixture is poured into ice cold water and the

white precipitate obtained is collected by filtration. Yield: 342 mg (~85 %). ESI-MS (+ve): m/z
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calculated for C;;H;(NgNa [M + Na] " 429.14 , Found 429. 30. '"H NMR (400 MHz, CDCl3): &
(ppm) 4.38 (s, 8H, - CH>), 6.99-7.02 (m, 8H, Ar-H), 7.79 (d, 4H, J = 8 Hz, Ar-H), 9.86 (s, 2H,
Ar-CHO). °C NMR (75 MHz, CDCLy): & (ppm) 67.1, 68.1, 115.0, 115.8, 122.5, 130.3, 132.1,
149.0, 163.8, 190.8. DEPT-135 NMR (75 MHz, CDCl;): 67.0, 68.0, 114.9, 115.7, 122.4, 131.9,

190.7. Anal. Calcd for C,4H»,04: C, 70.92; H, 5.46. Found: C, 70.81; H, 5.39.

Synthesis of compound MC

In a 500 mL three neck round bottom flask, two are fitted with 100 mL pressure equalizer and
another for nitrogen atmosphere. Compound II, (406 mg, 1.0 mmol) in 50 mL DCM in a
pressure equalizer and diethylenetriamine (0.1 mL, 1.0 mmol) dissolved in 50 mL of DCM in
another pressure equalizer, were added drop by drop to the stirring 100 mL methanol solvent.
After complete addition, the reaction mixture is stirred for 12h. Sodium borohydride 76 mg (2
mmol) is added to the reaction mixture and stirred for 3h. The reaction mixture is filtered and the
filtrate is evaporated. The solid is dissolved in 100 mL of DCM and washed with water and brine
solution. The organic phase is separated, and dried over anhydrous sodium sulphate. The solvent
is evaporated in vaccuo to yield the desired product MC as white solid.Yield: 353 mg (~73 %).
ESI-MS (+ve): m/z calculated for CosH3sN3O, [M+H] © 478.59, Found 478.31. '"H NMR (400
MHz, CDCls): & (ppm) 2.79-2.87 (m, 8H, - CH>), 3.68 (s, 4H, - CH>) ,4.29 - 435 (m, 8H, -CH.),
6.78 (d, 4H, ] = 8Hz, Ar-H), 6.98 - 6.99 (m, 4H, Ar-H), 7.14 (d, 4H, ] = 8Hz, Ar-H). ). °C NMR
(75 MHz, CDCl): 6 (ppm) 67.1, 68.1, 115.0, 115.8, 122.5, 130.3, 132.1, 149.0, 163.8, 190.8.
DEPT-135 NMR (75 MHz, CDCls): 48.2, 48.7, 53.3, 67.3, 69.0, 114.8, 116.1, 122.4, 129.4.

Anal. Caled for CogH3sN3O4: C, 70.42; H, 7.39; N, 8.80. Found: C, 70.51; H, 7.43; N, 8.89.
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Synthesis of complex (MC)Cu''(C104),

MC (0.1 mmol, 47.7 mg) is dissolved in 10 mL of methanol/DCM (1:1); Cu(ClO4),-6H,0 (0.1
mmol, 37 mg) is added to the stirring solution. The reaction mixture is stirred for another 4h. A
bluish precipitate is developed which is filtered and isolated after repeated washing with
methanol. Characterized by elemental analysis, ESI mass spectrometry and UV/Vis spectroscopy
[The complex was crystallized from an acetonitrile solution as {(MC)Cu"(CH3;CN),}(C104),].
Yield ~84%. Amax = 630 nm in methanol, Molar Extinction Coefficient value in methanol (g)
128.9 M cm'l, Amax = 605 nm in acetonitrile, Molar Extinction Coefficient value in acetonitrile
() 266.67 M cm™, ESI-MS: CagH3sCICuN;Og, 639.14; Found, 639.12. Anal. Calcd for

C3H4 CLCuNsO5: C, 46.75; H, 5.03; N, 8.52. Found: C, 46.83; H, 5.11; N, 8.48.

Synthesis of [2] pseudorotaxanes

A solution of MC (0.1 mmol) and Cu(ClO4),-6H,0 (0.1 mmol) in methanol (5 mL) is stirred for
10 minutes and the resultant mixture is added to the 0.1 mmol solution of each bidentate
chelating ligand (L1/L2/L3/L4) separately for the formation of heteroleptic complexes PRT1—
PRT4 respectively. The resultant mixture is stirred for 3 h and the precipitate is collected by
filtration and characterized by ESI mass, EPR spectroscopy, single crystal X-ray structural
analysis (PRT1-PRT4). Yield of the crystalline product 78-85%.

The pseudorotaxanes are also prepared in the triflate (OTf ") form, following the same procedure.
(a) Characterization of PRT1:(ClO4). Amax = 676 nm in acetonitrile, Molar Extinction
Coefficient value in Acetonitrile (¢) = 1.72 x 10> M cm™, ESI-MS (+ve): m/z calculated for
C40H43CICuN;505 [PRTI-CIO4']Jr 819.21, Found 819.20. Anal. Calcd for C40H43Cl,CuN;sO;,: C,

52.21; H,4.71; N, 7.61. Found: C, 52.47; H, 4.68; N, 7.57.
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(b) Characterization of PRT2:(ClO4);. Amax = 680 nm in acetonitrile, Molar Extinction
Coefficient value in Acetonitrile (¢) = 1.71 x 10° M cm™, ESI-MS (+ve): m/z calculated for
C33H43CICuN;50Og4 [PRT2-C104']Jr 795.21, Found 795.45. Anal. Calcd for C3sH43Cl,CuNsOq,: C,
50.93; H, 4.84; N, 7.81. Found: C, 50.86; H, 4.75; N, 7.74.

(c) Characterization of PRT3:(ClO4). Amax = 668 nm in acetonitrile, Molar Extinction
Coefficient value in Acetonitrile (¢) = 1.83 x 10° M' cm™, ESI-MS (+ve): m/z calculated for
C40H47CICuN;505 [PRT3-C104']Jr 823.24, Found 823.21. Anal. Calcd for C40H47Cl,CuN;sO;,: C,
51.98; H, 5.13; N, 7.58. Found: C, 52.08; H, 5.24; N, 7.62.

(d) Characterization of PRT4:(ClO4);. Amax = 674 nm in acetonitrile, Molar Extinction
Coefficient value in Acetonitrile (¢) = 1.85 x 10> M' cm™, ESI-MS (+ve): m/z calculated for
C40H47CICuN;505 [PRT4-CIO4']Jr 822.93, Found 823.21. Anal. Calcd for C40H47C1,CuN;sO;,: C,

51.98; H, 5.13; N, 7.58. Found: C, 51.88; H, 5.09; N, 7.63.

Guest Ligands (L1-L4) Selectivity Studies: Guest ligand selectivity of MC is carried out by
adding a solution of Cu(ClOy),-6H,0 (0.1 mmol, 37 mg) in methanol (5 mL) to a solution of
macrocycle MC (0.1 mmol, 47.7 mg) in methanol/DCM (5 mL) at room temperature. After 10
minutes, a mixture of bidentate chelating ligands (L1, L2, L3 and L4) each of 0.1 mmol in 5 mL
methanol/DCM are added to the solution. The mixture is stirred for 4 h. A greenish precipitate
was formed which was filtered and the residue was washed with DCM and methanol. Then the
green precipitate is collected and characterised by ESI-MS and UV/Vis spectroscopy which

supports the formation of PRT1.
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Templating metal ion selectivity experiment : MC (0.1 mmol, 47.7 mg) and L1 (0.1 mmol,
19.6 mg) are dissolved in 10 ml methanol/DCM and stirred for 10 minutes, then a solution
mixture of Co", Ni", Cu", Zn" (0.1 mmol of each) in methanol (10 mL) is poured into the stirring
solution at room temperature. After 4 h the greenish precipitate is collected by filtration and
repeated wash with methanol. The precipitate is collected by filtration, dried and characterized
by ESI-MS and UV/Vis spectroscopic tool.Both the characterization tool supports the formation

of L1 threaded heteroleptic complex, PRT1.

Selectivity study upon mixing of equimolar amount of tri-dentate wheel, four divalent
transition metal ions (Cu", Co", Ni", Zn") and five (L1-L5) bidenatate chelating guest
ligands: MC (0.1 mmol, 47.7 mg) and 0.1 mmol of each bidentate chelating ligands (L.1-L5) are
dissolved in methanol/DCM binary solvent mixture and allowed to stir at room temperature.
Then a solution mixture containing 0.lmmol of each divalent transition metal ion (COH, Ni',
Cu", Zn") in methanol is added to the stirring solution. The reaction mixtures are stirred for 3-4
hours. A greenish blue precipitate is developed which is filtered and washed several times with

DCM and methanol. The precipitate is collected and analyzed by ESI-MS and UV/Vis

spectroscopy. Mass spectrometry showed m/z at 819.2 corresponds to the PRT1-ClO4 .

Solution state selectivity study
Standard stock solutions of MC (1 x 10” M) in DCM, a mixture of L1-L4 (1 x 10> M, each), a
mixture of Cu”, Zn", Ni", Co" (1 x 10° M, each) in acetonitrile were prepared. i) For host ligand

selectivity study, MC (1 x 10° M) and Cu" (1 x 10” M) each of 50 pL were added in a glass vial
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and then a solution containing L1-L4 (1 x 10 M, each) 50 pL was added to the above mixture.
The resulted clear solution was subjected for ESI-MS which showed the ternary complex peak
corresponds to [PRT1-CI047". ii) For templating metal ion selectivity, 50 pL of L1 (1 x 10~ M)
and 50 pL of solution containing mixtures of Cu" , Zn" , Ni , Co" (1 % 107 M, each) were
mixed in a glass vial and then 50 uL of L1 (1 x 10° M) was added to the above mixture. The
resulted clear solution was subjected for ESI-MS which showed the ternary complex peak
corresponds to [PRT1-Cl047]". UV/Vis also supports the formation of PRT1(Fig.37S (b), ESI)
iii) To achieve highest degree of self sorting, 50 pL of MC (1 x 10 M) and 50pL of solution
containing mixtures of Cu", Zn", Ni", Co" (1x 107 M, each) were added in a glass vial and then
a solution of L1 -5 (1 x 10 M, each) 50 pL was added to the above mixture . The resulted
clear solution was subjected for UV/Vis (Fig.37S (b), ESI) and ESI-MS which showed the

ternary complex peak corresponds to [PRT1-C10,7".

Calculation of association constants

Associations between MC and Cu' and metallo cycles with bidentate chelating ligands (L1-L4)
were calculated using UV titration data. Association constants were calculated using
Benesi—Hildebrand equation.

1/(A-Ap ) = 1/ {(Amax-Ao) [Guest] K, ) }+ 1/(Amax-Ao).

Ay is the absorbance of initial species taken in cuvette; A is the absorbances upon each addition

of guest species. A 1S the absorbances at saturation point.
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X-ray crystallographic data collection and refinements

Single crystal X-ray data for the five complexes, MC-Cu" and PRT1-PRT4, were collected on a
Bruker SMART APEX CCD diffractometer using the SMART/SAINT software.”' Intensity data
were collected using graphite-monochromatized Mo Ka radiation (0.71073 A) at 150 K. The
structures were solved by direct methods using the SHELXL-2013* program incorporated into
WinGX.”> Empirical absorption corrections were applied with SADABS.** All non-hydrogen
atoms were refined with anisotropic displacement coefficients. The hydrogen atoms bonded to
carbon were included in geometric positions and given thermal parameters equivalent to 1.2
times those of the atom to which they were attached. Even though the data were collected at 150
K several times, we are unable to assign electron density for some solvent molecules in the unit
cell. The SQUEEZE routine was applied to intensity data of PRT1-PRT3 to take into account

the solvent molecules. Crystallographic data and refinement parameters are given in Table 1.

Computational method

Full geometry optimizations through the Density Functional Theory (DFT), were carried out
using the Gaussian 09 package.> The optimizations were performed (for the purpose of
comparison with the crystal geometries) using the hybrid B3LYP functional®® as implemented in
the Gaussian 09 program. For the optimization of the structure of MC, the initial geometry was
derived from the structure of PRT1 (by removing L1 and Cu") and 631g(d) basis set was used
for the calculation. The LanL.2DZ basis set was used for all the atoms for PRT1-PRT4. Normal
convergence criterion (10 a.u.) was applied for all the optimizations. The ground state geometry
optimizations were monitored by the subsequent frequency test and no imaginary frequencies

were observed.
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Electronic supplementary information (ESI) available: Details of characterization data and

crystallographic information files. CCDC 1047244-1047248.
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Amino-ether macrocycle that forms Cu" templated threaded heteroleptic complexes: A

detailed selectivity, structural and theoretical investigations
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Self-sorting behavior of a newly synthesized macrocycle with divalent metal ions and aromatic

ligands via pseudorotaxane formation has been described.
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