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In this Letter, we describe the formation of complexes between flavin and diamidopyridine functionalized
porphyrin systems via hydrogen bonding and p-stacking interactions.
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Controlling the electron transfer process on a molecular scale is
essential for designing molecular electronic devices including light
harvesting systems, light-emitting diodes, and fiber optics.1 Many
biological electron transport systems provide design architectures
for charge transfer and separation processes in artificial systems.2

Especially in the photosynthesis process, energy and electron
transfers occur very efficiently on a molecular scale.3 These biolog-
ical assemblies rely on the combination of molecular recognition
and redox processes.4 In these systems, enzymes possess redox-ac-
tive core molecules, such as flavins, quinones, nicotinamides, and
pterins, which use specific enzyme-cofactor interactions to control
the redox activity of a given cofactor.5 For example, molecular rec-
ognition elements, including hydrogen bonding, p-stacking, and
electrostatic interactions, influence the oxidation and protonation
states of the cofactor. Hence, understanding molecular recognition
processes that govern electron transfer processes helps in the
development of molecular electronic devices and model systems.6

Flavoenzymes catalyze a wide variety of biological processes
such as redox transformations, signal transduction, and electron
transfer.7 These enzymes use cofactors (e.g., FMN or FAD) that bind
to the active site of the apoenzyme through a series of noncovalent

interactions. The interactions are responsible for fine-tuning the
FADH2–FAD redox cycle. In some flavoenzymes, flavin coenzymes
coexist with metals, forming metalloflavoproteins, such as cyto-
chrome c552 (Chromatium vinosum), cytochrome c553 (Cholorobium
thiosulfatophilum), lactate dehydrogenase (aerobic yeast), yeast
hemoglobin, (Candida mycoderma) and an oxygen binding flavohe-
moprotein (Alcaligenos eutrophus). Many model systems have been
developed to study the interactions and mechanism of electron
transfer between flavins and metals. However, these synthetic sys-
tems differ from biological systems because they primarily focus
on covalent attachment to control the redox behavior.8

Herein, we report the use of molecular recognition to modulate
the electrochemical behavior of flavin. In particular, two types of
porphyrins9 tethered to diaminopyridine (DAP) moieties have been
used to probe the effect of porphyrin and metalloporphyrin (3 and
4, Scheme 1) units on flavin redox behavior. The synthesis of the
flavin derivatives 1 and 2 used in this study has been described
previously.10 The synthesis of porphyrin systems 3 and 4 is
described in the Supplementary data.

Complexation between flavins 1–2 and the porphyrins 3 and 4
was studied initially using 1H NMR spectroscopy. These studies
were carried out in a non-competitive solvent (CDCl3), to permit
the observation of specific hydrogen bonding interactions as well
as to probe p–p stacking interactions. Addition of aliquots of
guest porphyrin DAP to flavin resulted in a steady downfield shift
of imide proton H(3) of flavin 1, indicating the formation of a
hydrogen bound complex (Fig. 1). Non-linear least-squares curve

0040-4039/$ - see front matter � 2010 Elsevier Ltd. All rights reserved.
doi:10.1016/j.tetlet.2010.11.004

⇑ Corresponding authors. Tel./fax: +44 141 330 5500 (G.C.); tel.: +1 413 545 2058;
fax: +1 413 545 4490 (V.M.R.).

E-mail addresses: Graeme.Cooke@glasgow.ac.uk (G. Cooke), rotello@chem.
umass.edu (V.M. Rotello).

� These authors have equal contribution.

Tetrahedron Letters 52 (2011) 2107–2110

Contents lists available at ScienceDirect

Tetrahedron Letters

journal homepage: www.elsevier .com/ locate/ tet le t

http://dx.doi.org/10.1016/j.tetlet.2010.11.004
mailto:Graeme.Cooke@glasgow.ac.uk
mailto:rotello@chem. umass.edu
mailto:rotello@chem. umass.edu
http://dx.doi.org/10.1016/j.tetlet.2010.11.004
http://www.sciencedirect.com/science/journal/00404039
http://www.elsevier.com/locate/tetlet


fitting of the resulting shift values provided a binding constant of
2400 M�1.11

Similarly, addition of aliquots of 4 to flavin 1 likewise produced
a downfield shift of the imide proton H(3) of flavin 1, indicating
hydrogen bond formation with binding constant of 1500 M�1

(Fig. 1). In addition to the shift in the H(3), we also observed an up-
field shift of aromatic protons in flavin 1, suggesting that aromatic
p–p stacking between the host and the guest is occurring. Non-lin-
ear least-squares curve fitting of the resulting shifts in the aromatic
proton values provided the binding constants of 2200 and 1200 M�1

for 3 and 4, respectively. As expected, derivative 2 did effect a shift in
the aromatic protons, indicating the absence of intermolecular aro-
matic p–p stacking interactions. This study establishes that the fla-
vin 1 undergoes hydrogen bonding mediated aromatic p–p stacking
with 3 and 4.12

With host–guest complexation established, we next studied
the role the differing porphyrin moieties of 3 and 4 have on
influencing flavin reduction potentials. The redox behaviors for
the supramolecular complexes were determined in CH2Cl2 using
cyclic voltammetry (CV). In particular, half-wave reduction poten-
tials were obtained for 1 and 2 (E1/2(unbound)) along with the
corresponding potentials for 1 and 2 in the presence of 3 or 4
(E1/2(bound)) (Table 1, Figure 2).
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Scheme 1. Chemical structures of flavins and porphyrins used in this study.

Figure 1. 1H NMR titration curves for: (a) and (c) are imide proton shifts for 1 upon the addition of 3 and 4, respectively; (b) and (d) aromatic proton shifts observed for flavin
1 upon addition of 3 or 4, respectively.
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