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ABSTRACT

E 11063
The aim of this research was to gain more insight into the design and
synthesize of metal organic frameworks assembled from the combination of 4,4’-bpy
and monocarboxylate-regulator as a bridge and transition metal ions and to investigate
the influence of the monocarboxylato ligands on the overall solid-state structure of

coordination polymers. Their functional properties have been investigated in details.
The combination of framework-builder coordination moiety (zinc(Il)-4,4’-
bpy and copper(1)-4,4’-bpy) with respectively formato, acetato and propionato
ligands provides two series of novel metal organic frameworks. Eleven zinc(I1)-4,4’-
bpy-carboxylato coordination polymers, i.e. the 3D frameworks {[Zn3(4,4’-bpy)s s(u-
OOCH)4(H20),](X)2}» when X = ClO4*H,0 (1), PFs (2), BF4*H2O (3), the 2D layer
{[Zn(4,4’-bpy)(1-OOCH)(H,0),](CF3S03)(H.0)}, (4), the 2D zig zag layer
{[Zn4(4,4’-bpy)4(1-OO0CH)s5(H20)5](NO3)3(4,4°-bpy)2(H20)3} , (5), the 1D three-leg
ladder  {[Zn3(4,4’-bpy);(1-OOCCHj3)4(H20)2](PF¢)2(H20)2},  (6), the 2D layer
{[Zn3(4,4’-bpy )s(n-OOCCHCH3)4](Cl04)2(4,4’-bpy )2(H20)a}n - (7),  the  double-
stranded zig zag chain {[Zns(4,4’-bpy)s(1-O0CC;Hs)4(H20):](PFs)2(H20)2} » (8), the
2D layer {[Zny(4,4’-bpy).(1~-O0OCC,Hs)2(OH)(H20)](BF4)(H20)2}, (9), the double
ladders chain {[Zny(4,4’-bpy)2(1-OOCC,Hs)o(H20),[(CF3S03)2}, (10) the double-
stranded zig zag chain {[Zn;(4,4’-bpy)s(n-OOCC;Hs)s(H20)2](NO3)2(H20)3}, (11)
and nine cooper(Il)-4,4’-bpy-carboxylato coordination polymers, the triple-stranded
layers {[Cus(4,4’-bpy)2(1-O0CH)4(H20)2](X)2(H20)s}» when X = ClO4 (12), PFs
(13), BFy (14), CF3SO5 (15), the zig zag 2D layer {[Cu(4,4’-bpy)(1-OOCH)
(NO3)1}» (16), the quadruple-stranded layers {[Cuy(4,4’-bpy)(1-OOCCH;)3](X)
(H,0)}, when X = ClO4 (17), PFs (18), BF4 (19), CF3SO;5™ (20) are obtained and

have been crystallographically characterized. This study shows that the change from a



formato ligand to an acetato and a propionato ligand gives rise to the fo%a%]sg 613
drastically distinct metal organic frameworks, as the result of the different steric bulk
of the carboxylato unit involved.

The thermal and optical properties, ion-exchange with structure retention and
catalytic reactivity, as well as dynamic structural transformation have been
investigated. Compounds 6-9 and 11 show a crystalline-to-crystalline structural
transformation up on removal/reintroduction of water guest molecules. The anion
exchange among zinc(Il) and copper(Il) compounds is found to be highly selective
while anion-sensing properties in an aqueous solution is found only in 1.
Interestingly, these zinc(Il) compounds are effective heterogeneous catalysts for the
high-yielding cyanosilylation of acetaldehyde in dichloromethane with size-selective.
Contradictory, all copper(Il) compounds are less active and less selective catalysts for

cyanosilylation of aldehydes.
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groups (shown in the space-filling mode) in 12, which only
allow the coordination of two water molecules (O4 and O4b)
Crystal packing of compound 12 illustrating the anion—mn
contacts shown by the perchlorate anions

Packing diagram with hydrogen bond (dash-lines), showing the
three-dimensional structure of 12

Representation of the asymmetric unit of 18 showing the atom
labeling scheme for the copper(Il) ions. The hexafluoride-
phosphate anions, the lattice water molecules and the H atoms
are not shown for clarity

2D coordination network of 18. The 4,4’-bpy ligands involved
in the formation of tetranuclear copper(II) units are shown in
blue, orange, green and purple for comparison with compound
12

2D coordination network of 18. This spatial arrangement
produces a quadruple-stranded coordination chain alternating
the intermediate five-coordinate and octahedral geometries in

each chain
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Figure 4.10

Figure 4.11

Figure 4.12

Figure 4.13

Figure 4.14
Figure 4.15

Figure 4.16

Figure 4.17

Figure 4.18

Figure 4.19
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Illustration of the steric bulk in 18 resulting from the acetate
methyl groups (shown in the space-filling mode), which
prevents the interconnection of the triple-stranded chains and
do not allow the coordination of water molecules

Packing diagram with hydrogen bond (dash-lines), showing the
three-dimensional structure of 18

Coordination networks of

A) triple-stranded 2D layers of compound 12,

B) quadruple-stranded 2D layers of compound 18
Representations of the related structure of some [Cu(11)/4,4’-
bpy/ carboxylato]-based coordination networks

The electronic diffuse reflectance spectra of 12-20

The EPR spectra of 12-20 at room temperature (left) and 70 K

(right)
The solid-state fluorescent spectra of compounds 12-20 in

arbitrary units

A)-C) XRPD patterns of 12, 14 and 18, respectively:

(a) simulated,

(b) as-synthesized,

(c) after removal of the guest water molecules, and

(d) after reintroduction of the guest water molecules

IR spectra of (a)-(z) 12-15 and 17-20 as-synthesized and after
exchange with KClO4 (X-Cl104), KPFg (X-PFs) and NaBF;,
(X-BFy)

(A)-(H) XRPD patterns of 12-15 and 17-20 simulated, as-
synthesized, solids obtained after immersing in different
solution, solids obtained after re-immersing X-anion in an

aqueous anion’ solution (X-anion”)

XiX

Page
103

104

105

107

110
Wl

113

114

118

120



Figure 4.20

Figure 4.21
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IR spectra change procedure during the counteranion exchange
of 18 with KClOy in function of the time on the solid, dried
samples;

A) Undisturbed condition at room temperature and

B) Stirred condition

Cyanosilylation of acetaldehyde in THF catalyzed by 18 and
the effect of filtration
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azpy
bdc

ben
bpp

bpy
btc

BTT

ca

DMIC

dmf
dmpyz
dmso
dpe
dpyg
edtpn

EPR

LIST OF ABBREVATIONS

4,4’-azopyridine
benzenedicarboxylate
benzene
1,3-bis(4-pyridyl)propane
bipyridine
benzenetricarboxylate
1,3.5-benzenetristetrazol-
5-yl

chloranilate
3,5-dimethylisoxazole-
4-carboxylate
dimethylformamide
2,5-dimethylpyrazine
dimethylsulfoxide
1,2-di(4-pyridyl)ethylene
1,2-di(4-pyridyl)glycol
ethylendiamine
tetrapropionitrile
Electron paramagnetic

resonance

kK

im

Oct
paH
phz
ptmtc

pY
Py,0O

pyz
pzde
salphdc

SUBs
suc

tpt

Landé multiplet splitting
factor (2.0023)

kiloKayser (10°em™)
imidazole

isonicotinate

distorted octahedral
phenylacetic acid
phenazine
tris(2,3,5,6-tetrachloro-4-car
boxyphenyl)methylradical
pyridine

oxybispyridine

pyrazine
pyrazine-2,3-dicarboxylate
N,N’-phenylenebis(salicyl
ideneiminedicarboxylate)
secondary building units
succinate
2.,4,6-tri(4-pyridyl)-1,3,5-

triazine

TBP  distorted trigonal bipyramidal





