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1. ABSTRACT

In this diploma thesis, the synthesis of laterally porphinyl substituted

polytriacetylene oligomers, linear porphinyl-hex-3-en-1,5-diyne oligomers, as well as

a tetrakis(porphinyl)tetraethynylethene is described. In addition, the synthesis of a

versatile building block, which could lead to the construction of a macrocyclic

fullerene-porphyrin structure, has been achieved.

Important steps towards the proposed target molecules were the synthesis of the

revised porphyrin system, its selective mono- and diiodination in meso-position with

[bis(trifuoroacetoxy)iodo]benzene and zincation of the latter to access the first two

important building blocks. In parallel, the synthesis of (E)-l,6-

bis[(triisopropylsilyl)ethynyl]hex-3-ene-l,5-diyne and (E)-3,4-bis[tert-butyldimethylsilyloxymethyl]

hex-3-ene-1,5-diyne from readily available starting materials has

been achieved. The modification and optimization of a procedure for acetylenic

palladium couplings using [Pd2(dba)3], AsPh3, and CuI led to the target molecules in

acceptable yields. Deprotection of the (E)-3,4-bis[(triisopropylsilyl)ethynyl)]-1,6-

bis[Zn(II)-5’,15’-bis(4’’-(ethyl-4’’’-butyryl)oxyphenyl)porphinyl]-hex-3-ene-l,5-diyne

and subsequent oxidative Glaser-Hay couplings successfully completed the route to

the desired oligomeric TEE derivatives. Although the quantities of the oligomers

necessary for complete characterization and study are still forthcoming, initial

investigations have established the ground work required for the realization of these

materials.
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2. INTRODUCTION

Tetrapyrrolic macrocycles such as porphyrins, chlorins, and bacteriochlorins are

vital to life on this planet. In fact, photosynthesis relies on the existence of the

chlorophyll and cytochrome porphyrins, by means of which photonic energy is

converted and stored as chemical energy. It is likely that cytochromes were

responsible for respiration long before oxygen was abundant in the Earth’s

atmosphere. With the advent of photosynthesis, the oxygen it produces is the

terminal electron acceptor for all aerobic respiration. It is this ability of

hemoproteins to then deal with the biochemistry of molecular oxygen that enables

cellular redox activity, not only by oxygen storage (monomeric myoglobin) and

transport (tetrameric hemoglobin) but also by electron transport (cytochromes) and

catalysis (oxygenases, peroxidases, etc).

This suggests the central role that porphyrins have played in chemical, biological

and physical research. Thus, massive contributions to our knowledge of the

structure and chemistry of porphyrins, metalloporphyrins, and related

compounds[1-3] were accumulated in the first half of this century. It was over 150

years ago that Verdeil converted chlorophyll to a red pigment prompting him to

suggest a structural relationship between chlorophyll, heme, and other porphyrins.

Shortly thereafter, Hoppe-Seyler strengthened this hypothesis by showing the spectral

resemblances between hematoporphyrin and an acid degradation product of

chlorophyll. The final steps in these structural elucidations were initiated by

Willstätter and culminated in the trailblazing work of Hans Fischer who

demonstrated the remarkable fact that but for the presence of two hydrogens, grass

would be coloured red and not green. Since then, the chemistry of porphyrins has

flourished into a vast and ever developing area of scientific endeavour. But natural

product chemists are no longer the only group interested in porphyrins. There is a

much larger constituency of chemists fascinated by the practical applications of

porphyrins to a wide diversity of fields.[3] In fact, the research carried out during
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this diploma thesis was not focused on the biological properties of porphyrins[4] but

on the synthesis of porphyrin systems with potential materials science and

technological applications.

To give the interested reader a brief, but by no means exhaustive insight into

current research being undertaken on sophisticated porphyrin systems, I would like

to mention the following topics: porphyrins designed to bind to electrodes and

surfaces,[5-7] porphyrin derived multi-electron reduction and oxidation catalysts,[8-18]

synthetic porphyrins as light harvesting antenna-systems,[19-21] porphyrinic materials

exhibiting nonlinear optical (NLO) properties,[19, 22-27] optical information storage

using porphyrins in matrices,[28-30] as well as possible porphyrin containing organic

electric conductors, semi- and superconductors,[28, 31] organic ferro-magnets,[32] and

liquid crystals.[33]

Compared to the relatively well investigated porphyrins, tetraethynylethene

(TEE) derivatives, the second important unit in my diploma thesis, are a class of

molecules only recently introduced. Though reported for the first time in 1969 by

Hori and co-workers[34] and synthetically advanced by Hauptmann in the mid-

1970’s,[35] tetraethynylethenes (TEEs) have only recently been developed.[36] Progress

in the early 1990’s by the works of Diederich et al.[37] then afforded TEEs with

virtually any desired substitution and protection patterns. TEEs are carbon rich,

rigid and very stable molecules, featuring undistorted full two-dimensional

conjugation and tolerating bulky pendant groups without loss of linear conjugation.

They are ideal precursors and building blocks for the design of new carbon

allotropes and networks, carbon-rich materials (e.g. polymers, molecular wires[38]),

as well as nanomaterials.[39, 40] Additionally, recent exciting studies on donoracceptor

substituted TEE compounds (so-called push-pull TEEs) have revealed their

interesting second and third order nonlinear optical properties and electrochemical

behaviour.[41]

In order to extend the present research[42, 43] towards the construction of

conjugated all-carbon backbone polymers by preparing polytriacetylenes (PTAs), it

was decided to link TEE compounds to porphyrins. The combination of the

chemistry and the chemical properties of these two types of compounds in one
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molecule was hoped to bring about new and interesting advanced materials for

electronic, photonic, and nonlinear optic applications.

In fact, the versatility of the TEE building block was fundamental to the planning

of the project carried out during my diploma thesis. The project was initiated by

Mark McLaughlin, an English undergraduate student, whose work targeted the

feasibility of synthesizing the proposed model systems. His success in achieving the

desired molecules encouraged the resumption of the investigations, pursuing them

to access the porphyrin substituted polytriacetylene oligomers.
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