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RATCHADAPORN PUNTHAROD : SYNTHESIS AND STRUCTURAL
STUDIES OF MALARIA PIGMENT MODEL SYSTEMS. THESIS

ADVISOR : ASSOC. PROF. KENNETH J. HALLER, Ph.D. 159 PP.

MALARIA/IRON(III) PORPHYRIN/RESONANCE RAMAN ENHANCEMENT/

HEME/SUPRAMOLECULAR INTERACTION

After more than a century of research the precise structure and the relationship
between the structure and properties of malaria pigment remain somewhat elusive. This
work reports the first hydrothermal synthesis of fhematin, which contains the same
protoporphyrin IX heme group and is indistinguishable from malaria pigment by
spectroscopic and X-ray powder diffraction techniques, by glacial acetic acid acidification.
Unfortunately, the size of the product crystals is not sufficient for single crystal X-ray
structural characterization. To circumvent the structural dilemma, the bioinorganic heme
model systems, Fe(TPP)CI, [Fe(TPP)],O, Fe(OEP)CI, [Fe(OEP)],0, and Fe(OEP)picrate,
based on synthetic tetraphenyl- (TPP) and octaethyl-porphyrin (OEP) were studied. The
model complexes share the key molecular stereochemical features of malaria pigment (and
[hematin): all are five-coordinate, square-pyramidal, high-spin, iron(Il) hemes. Excitation
profiles for Raman bands of the malaria pigment models were compared. Only
[Fe(OEP)],O does not show the enhancement of the totally symmetric mode v at near-IR
excitation.

Detailed comparison of the single crystal X-ray structures of the chloro monomers
and p-oxo dimers indicates no significant differences in the molecular geometry of the

hemes, but shows that [Fe(OEP)],O contains less (weaker) intermolecular interactions in



v

comparison to the other species. Thus, v intensity is strongly affected by C—H--X hydrogen
bonding interactions (X: 7, chloro) which in addition to conventional bonds in an oligomeric
system play an integral role in enabling excitonic interactions to occur in aggregated heme
systems. The enhancement results from excitonic coupling in the extended heme aggregate
through either strong or concerted-weak intermolecular interactions, allowing enhancement
of v4 at near-IR excitation to be used as an indicator of the supramolecular interactions in
heme aggregates. Moreover the relative intensity of v4 may be an indicator of the strength of
concerted supramolecular interactions in heme systems. Fe(OEP)picrate exhibits the
characteristic bands assigned to beta substituted hemes, and also a Raman enhancement
profile similar to Ahematin or malaria pigment on turning the excitation wavelengths,
showing them to have the same chromophore and similar electronic structure, and
suggesting that the strength of supramolecular interaction of the compounds are similar.
These results are consistent with the strong hydrogen bonds in fhematin being sufficient to
support v4 enhancements via the supramolecular excitonic coupling mechanism.

This is the first time that hydrogen bonds have been implicated in causing resonance
Raman enhancement via the excitonic coupling mechanism. This may have important
implications in the design and monitoring of antimalarial drugs designed to disrupt hydrogen
bond interaction in the hemozoin formation step. Moreover the discovery of the importance
of hydrogen bonding interactions play in energy transfer in heme supramolecular aggregates
may pave the way forward to the development of nano-wire heme based assemblies and

other near-IR photon transfer sensors.
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