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Supervisor’s Foreword

The highly impressive dissertation by Mrs. Blusch describes, for the first time, the
formal fusion of two porphyrin-like chromophores into an expanded porphyrin
dubbed Siamese-twin porphyrin, whereby the fusion points are pyrazole moieties.
The design of expanded porphyrins has become a key topic in contemporary
porphyrin chemistry. This is because these systems contribute to the general
understanding of the factors controlling the conformation of larger p-conjugated
oligopyrrolic macrocycles, and particularly how structural and conformational
effects modulate and interconvert aromatic/anti-aromatic/non-aromatic conjugated
p-systems.

The Siamese-twin porphyrin structure was long sought-after, but all previous
attempts had been unsuccessful and it was only once Mrs. Blusch became involved
that this novel expanded porphyrin could firstly be made. The availability of this
unprecedented type of macrocycle now opens up an entirely new field of study. As
described in this thesis, physicochemical investigations (using multi-nuclear, 1D
and 2D NMR spectroscopy, UV-vis spectroscopy, and mass spectrometry) char-
acterize the connectivity of the macrocycle and support the conclusions derived
with respect to macrocycle conformation, the electronic coupling of the two near-
isolated p-conjugated systems present in the macrocycle, its acid/base properties,
and its conformational flexibility. The intrinsically helimeric (chiral) conformation
of the twin porphyrin was shown spectroscopically as well as by single crystal
diffractometry and rationalized using computational studies.

One more and major aspect of the twin-porphyrins is evaluated: the Siamese-
twin porphyrin contains two pseudoplanar {N4} porphyrin-like coordination sites
that each can accommodate a transition metal ion. Once metalated, the twin-
porphyrin features a bimetallic complex in which the metals are bridged by two
pyrazoles. Mrs. Blusch prepared the homobimetallic nickel(II) and copper(II)
complexes as well as the heterometallic nickel(II)/copper(II) analog and charac-
terized them by X-ray diffractometry, spectro-electrochemistry, cyclic voltam-
metry, SQUID magnetometry, X-ray absorption, and MCD spectroscopy, some of
this in collaboration with specialty groups. Much of the investigations were
focused on defining the degree of electronic coupling of the two metal centers and
the involvement of the non-innocent ligand framework in redox events. An unu-
sual ferromagnetic coupling of the two adjacent pyrazolate-bridged copper(II) ions
and a sequence of multiple redox processes were found, whereby initial oxidations

ix



appear to be largely ligand-based. This now offers exciting prospects for exploiting
novel metal–metal as well as metal–ligand cooperativity effects when activating
and transforming substrates at the metalated Siamese-twin porphyrin.

28 February 2013, Göttingen Prof. Dr. Franc Meyer

x Supervisor’s Foreword
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Chapter 1
General Introduction

Porphyrins are planar aromatic macrocycles and ubiquitous in nature [1]. Their
monometallic complexes are involved in many key processes of life, such as:
respiration and photosynthesis [2–4]. Since their discovery, these exceptional
systems stimulated enormous interest. Their isolation and subsequent total syn-
thesis shed light on their constitution and function and in turn this research was
rewarded with several nobel prizes [5]. With the synthetic procedures in hand, a
range of synthetic modifications [6] were made viable utilizing the attachment of
various backbone residues, replacement of subheterocyclic units and the expansion
of the core structure. The latter opens a completely new subfield of porphyrinoids:
the class of expanded porphyrins [7–11]. These higher analogs of porphyrins are
excellent candidates to study fundamental questions of aromaticity [12, 13] and
with their larger cavities they provide ligand scaffolds capable of supporting late
transition metal or even bimetallic complexes [14–16]. Sessler, Osuka, Kim,
Latos-Grazynski, Chandrashekar and Vogel pioneered the field, which has
developed rapidly within the last 40 years.

In the present work, a novel expanded porphyrin system with biomimetic
elements is introduced: the Siamese-twin porphyrin [17]. Inspired by the mecha-
nisms of cytochrome P450 and the bimetallic active center of methane monoox-
ygenase [3, 4], it was designed to combine their motifs and to yield fascinating
redox properties.

1.1 Porphyrins

After the short introduction, the porphyrinic macrocycle is now described in more
detail (Fig. 1.1). Pyrrole, as the basic unit of porphyrins, is an aromatic five-
membered nitrogen heterocycle and belongs to the group of azoles [18, 19]. Due to
its six p-electrons distributed over five atoms, pyrroles are p-excessive and
therefore good p-donors. Its new nomenclature of arabic numbers is not consis-
tently used. Particularly, in porphyrin chemistry, the old greek letters are common,
because they retain its validation when pyrrole is part of the porphyrinic scaffold.

L. K. Blusch, The Siamese-Twin Porphyrin and Its Copper
and Nickel Complexes: A Non-Innocent Twist, Springer Theses,
DOI: 10.1007/978-3-319-01674-0_1, � Springer International Publishing Switzerland 2013
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Porphyrin consists of all together four pyrrole units that are linked between their
a–positions via methine bridges, also denoted as meso carbon atoms. Porphyrins
are planar and have an extended p-system, in which only 18 out of 24 p-electrons
contribute to the delocalized ‘‘conjugation pathway’’ which is highlighted in
Fig. 1.1. Due to their delocalized system, the highest occupied molecular orbital
(HOMO)-lowest unoccupied molecular orbital (LUMO) gap shrinks and light
absorption is seen in the visible region, which explains their intense colors.
Porphyrins show characteristic absorption at around 400 nm with an extinction
coefficient of around 105

M
-1cm-1, the so called Soret-band [20, 21].

In its twice deprotonated form, porphyrins are tetradentate chelating ligands
offering a rigid, square planar cavity (radius of 0.6 - 0.7 Å) [2]. Only with metal
ions of distinct size in-plane coordination modes can be formed (Fig. 1.2) [22, 23].
With larger metal ions complexes can only be formed adopting an out-of-plane
coordination mode. A change of the metal oxidation or spin state can introduce a
geometry flip due to the change of the metal ion’s size.

1.1.1 Natural Porphyrins

The most famous natural porphyrins are heme and chlorophyll (Fig. 1.3). The first
is an iron porphyrin complex, which is part of many active sites of different
proteins, such as hemoglobin and cytochrome P450. Chlorophyll is a magnesium
porphyrin complex which is indispensible for photosynthesis [3]. In photosynthesis
light energy is converted to chemical energy stored as glucose (Scheme 1.1).

Fig. 1.1 Left: Pyrrole labeled according to the old (Greek letters) and new (Arabic numbers)
nomenclature; Right: Chemical structure of the porphyrin system with labeling and the
highlighted 18 p–electrons counting conjugation pathway (Sect. 1.2.1)

Fig. 1.2 Different
possibilities of metal
complexation by porphyrin
ring systems depending on
the metal ion size
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