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BF; capped dipyrrin dimers were synthesized and have been used
to terminate oligomerization to form a series of controlled length
oligomers; the crystal structures of the metal complexes were
investigated and correlations between the structures and optical
properties were established.

Recently, the study of molecular electronic/photonic wires has
become an active platform which involves the use of single or
small bundles of molecules as building blocks for energy
transportation and electronic applications."? In addition,
molecular photonics and electronics have attracted much
interest due to the potential of storing vast amounts of
information in very small volumes.?

Dipyrromethenes (dipyrrins) are monoanionic divalent
ligands that form neutral complexes with various metal ions
in self-assembly processes.* Porphyrins can be considered as
cyclic bis-dipyrromethenes, and Wagner and Lindsey have
introduced a molecular wire where a porphyrin array is linked
to a boron-dipyrromethene complex at one end of the
assembly.’ In this case, the boron-dipyrromethene acts as an
optical input while the porphyrin array plays the role of the
transmission element of the molecular photonic device.
Similarly, Weiss and his colleagues have designed a self-
assembled porphyrin photonic wire which performs a stepwise
energy transfer.® In 2006, Maeda et al. employed dipyrrins as
scaffolds to form metal-coordinated dipyrrin polymers which
exhibited spherical nanoarchitectures.”

We have prepared a similar dipyrrin “dimer” 2 (Scheme 1)
but instead of ‘“uncontrolled” polymerization, we have been
able to control the oligomerization using a dipyrrin dimer
monoprotected as the BF, complex. Boron-dipyrromethene
complexes have properties which combine high molar extinc-
tion coefficients and high fluorescence quantum yields, strong
chemical and photochemical stabilities in both solution and
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the solid state, along with remarkable electron-transfer
properties®® which offer many advantages for future studies.

The protected ligands 7 and 9 were prepared as the primary
building blocks (Scheme 2) and when reacted with the dipyrrin
“dimer”, 2, oligomers of specific chain lengths were prepared.

The crystal structuref of 7 shows C, symmetry, where a
nitrogen-bound H-atom on the free-base dipyrromethene unit
is shared between N2 and N2’ (Fig. 1, the shared proton is
marked as grey dots). Consequently, the pyrrole interior
C-N-C angles exhibit an average angle of 107.5°, which is
intermediate between the amino and imino values for this
delocalized aromatic system.

As expected, ligands 7 and 9 are readily able to form unique
metal complexes with various metals (Scheme 3). However,
mixed coordination reactions of the mono-protected ligand 9
and dipyrrin “dimer” 2 produced a mixture, which contains
self-assembled oligomers of different lengths (Scheme 4). The
formation of the self-assembled oligomers was confirmed by
MALDI-TOF mass spectrometry (Fig. 2). The structures of
the mono-metal complex 14 and di-metal complex 16 have
been defined by X-ray diffraction analysis (Fig. 3).1 The two
crystals show similar metal-N bond lengths and inter-ligand
dihedral angles, and complex 16 contains an inversion center.

Fig. 1 Crystal structure of 7. The C, symmetry axis is denoted by the
gray line. Thermal ellipsoids are scaled to the 50% probability level.

This journal is © The Royal Society of Chemistry 2009

Chem. Commun., 2009, 2541-2543 | 2541


http://dx.doi.org/10.1039/b820461f
http://pubs.rsc.org/en/journals/journal/CC
http://pubs.rsc.org/en/journals/journal/CC?issueid=CC009018

Published on 03 April 2009. Downloaded by Pohang University of Science and Technology on 29/04/2015 09:59:32.

View Article Online

1R1
N SRR N
N

NARIRIA

10 (R'=H,M=Cu"y 11 (R"=CHs, M=cu")
12 (R"=H M=Ni"y 13 (R"=CHs M =Ni)
14 (R"=CHz M =Co)
15 (R1=CHy, M =2zn')

Scheme 3

N @ N x*
F\vB:N\ )N 4 N~ 7N
F N NH HN NH

Co(OAc), 4H20 CH,Cly / CHyOH

FtBN\ » N 14: 53% yield
F N\

d N =
Fa N N N \N\ N‘ WF
"B ) ~c ), >
F“M%N\ oy D

N N\ . N\

1

16:n=1  21% yield n=2 11% yield
18:n=3 2% yield n=4 trace
Scheme 4
at
1800 - BE == oo F:
Ay R X
- = "

1800
1400 —
1200 = BF:~@-Co-@-EF: B~ o~ (o o aBF;
1000 |

2800 —

7 viganay
oo - *°7°°®
T

200 -

S50 o P T —

5 l 1 . | " A
o T T —r—T T —
S500 1000 1500 2000 2500 A000

Fig. 2 MALDI-TOF spectrum of the crude reaction mixture which
contains an oligomeric mixture of 14, 16~19 and excess ligand 9.

Fig. 3 Crystal structures of 14 (a) and 16 (b); H-atoms have been
omitted for clarity. Thermal ellipsoids are scaled to the 50% prob-
ability level.

In order to better understand the role of the central metal
and the steric effects of the ligand, studies on the crystal
structures and spectral properties of various monomeric metal
complexes have been undertaken.

All the metal complexes 10-15 show nearly linear confor-
mations, in which the two dipyrromethene units linked to the
central dicationic metal exhibit distorted tetrahedral structures

Table 1 Selected crystal data

Inter-ligand Bending Metal-N bond
Compound dihedral angle/° angle/® ¢ length/A
10 58.4 20.5 1.92-1.93
11 70.5 8.4 1.95-1.99
12 54.5 19.2 1.89-1.90
13 78.5 2.0 1.96-1.97
14 84.0 34 1.96-1.98
15 84.7 3.4 1.97-1.98

“ Bending angle (0) as shown in Fig. 4.

Fig. 4 Crystal structures of 10 and 11 (a and b); H-atoms have been
omitted for clarity. Thermal ellipsoids are scaled to the 50%
probability level. The bending angle is shown as 0.

as shown by the different dihedral angles of the inter-ligand
planes (Table 1). The structures of complexes 10 and 12 show
C> symmetry, while the others, 11, 13-15, are non-symmetric
molecules (Fig. 4) (see ESIft). Interestingly, the two single
ligand units of 10 and 12 are bent with 20.5° and 19.2° angles,
as shown in Fig. 4. Compared with other metal complexes
having the same ligand unit 9, the Cu' complex 11 shows
significant differences in metal-N bond lengths, resulting from
the Jahn—Teller effect. Because of steric hindrance between the
a-methyl groups, the dihedral angles of metal complexes of 9
were larger than those of the metal complexes of 7, which are
represented by the different coordination geometries and
electron distributions in the two Ni'' complexes 12 and 13.
The relatively shorter N-Ni bond lengths in complex 12
(1.89-1.90 A), compared with those in complex 13
(1.96-1.97 A), were considered as the effect of the lower steric
hindrance owing to the absence of a-substituents and the
reduced radius of the d® low-spin state central metal ion.
The difference in the coordination and electron distribution
is further confirmed by NMR spectroscopy. Complex 12,
having a smaller dihedral angle, showed sharp signals in its
"H NMR spectrum, which proves it is a low-spin, diamagnetic
structure. On the other hand, the '"H NMR spectrum of 13
exhibited broad signals over a large range, correlating with a
high-spin, paramagnetic structure (see ESIY).

While the optical spectra, especially fluorescence, have been
thoroughly studied for the boron complexes of dipyrro-
methenes,®® those of simple dipyrromethenes and their metal
complexes have not been extensively studied. A. I. V’yugin
et al.'® examined solvent effects and showed that .. is
determined by the polarization of the 7 system, which in turn
is governed by electronic and steric factors of the metal ions.
We have reported!! that hyperconjugation of peripheral alkyl
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Fig. 5 Optical spectra of ligand 9 and complexes 14, 16 and 17 in
CH,Cl,.

groups results in bathochromic shifts and Motekaitis—Martell
MO theory allows for the calculation of dihedral angles for
metal complexes.

In this study we have prepared two sets of reference
compounds (20 and 21, and 22-33, Scheme 5) to provide the
electronic spectra of individual metal-dipyrrins and boron-
dipyrrins. For the same metal, an increase in the inter-ligand
dihedral angles results in a bathochromic shift (compare 22,
23; 28, 29; 24, 25 and 30, 31, see ESIY). The bathochromic shift
also occurs with a cyano group on the meso-aryl instead of a
methyl group. This is particularly obvious in Ni'' complexes
where the distorted square-planar structures exhibit a large
bathochromic shift (14 nm, compare 24 with 30). By contrast,
the two distorted tetrahedral Ni'' complexes of o-methyl
dipyrromethenes (compare 25 with 31) show only a relatively
small bathochromic shift (2 nm).

The strongest UV-Vis absorption of ligand 9, in CH,Cl,,
exhibits a sharp band at 514 nm as a result of boron com-
plexation, but this band remains only as a shoulder upon
metallation (Fig. 5). The electronic absorption spectra of
complexes 14, 16 and 17 show a hypsochromic shift with
increasing length and increasing number of metal ions.

The optical spectra of all the metal complexes 10-17
approximate the sum of the individual boron-dipyrrins and
metal-dipyrrins, which suggests a minimal overlap between the
n-systems (see ESIT).

Dipyrrins allow for great flexibility in the constitution and
conformation of the linking groups (and their substitution
patterns), peripheral constituents, terminal substituents and

metal coordination. Each of these factors affect step-wise self-
assembly into similar arrays and related research is currently
in progress.

This work was supported by the Natural Sciences and
Engineering Research Council (NSERC) of Canada. We
thank the Mass Spectroscopy lab of the Department of
Chemistry, University of British Columbia.
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