Dalton
Transactions

Accepted Manuscript

O P P! P This is an Accepted Manuscript, which has been through the
Royal Society of Chemistry peer review process and has been
Dalton = accepted for publication.
Transactions

A

ot norgn crms m Accepted Manuscripts are published online shortly after

I acceptance, before technical editing, formatting and proof reading.
Using this free service, authors can make their results available
to the community, in citable form, before we publish the edited
article. We will replace this Accepted Manuscript with the edited
and formatted Advance Article as soon as it is available.

You can find more information about Accepted Manuscripts in the
Information for Authors.

Please note that technical editing may introduce minor changes

to the text and/or graphics, which may alter content. The journal's

standard Terms & Conditions and the Ethical guidelines still

g;mm apply. In no event shall the Royal Society of Chemistry be held
responsible for any errors or omissions in this Accepted Manuscript

or any consequences arising from the use of any information it

contains.

ROYAL SOCIETY
OF CHEMISTRY www.rsc.org/dalton


http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/

Page 1 of 4

Journal Name

COMMUNICATION

Dalton Transactions

RSCPublishing

Heteroleptic bis(dipyrrinato)copper(II) and nickel(IT)

complexes

Cite this: DOI: 10.1039/x0xx00000x

Ryojun Toyoda, Mizuho Tsuchiya, Ryota Sakamoto,” Ryota Matsuoka, Kuo-Hui Wu,
Yohei Hattori and Hiroshi Nishihara

Received 00th January 2012,
Accepted 00th January 2012

DOI: 10.1039/x0xx00000x

www.rsc.org/

Heteroleptic  bis(dipyrrinato)copper(Il) and nickel(I)

complexes are synthesized. Their structures are determined by
X-ray diffraction analysis, and their properties are
investigated by using cyclic voltammetry, chronocoulometry,
and UV/vis absorption spectroscopy.

Dipyrrins are a family of organic ligand molecules that contain two
pyrrole rings connected by a methine bridge, and thus possess a partial
porphyrin structure. Dipyrrins and their complexes feature intense
molar extinction coefficients for n-n” bands (~10° M cm™),! which
enable them to collect visible light efficiently. For this reason, they
are considered as promising candidates for pigment molecules for
applications such as solar cells and chemosensors.”> In addition,
dipyrrins can form complexes with various metals (Zn, Cu, Ni, Pd, In,
Ga, Fe, Co, and Ru) by chelating them with two pyrrole nitrogens.>*
In many cases, the complexation proceeds spontancously under
ambient conditions. These features mean that the motif is used in
supramolecules, coordination polymers, and metal-organic
frameworks.’

Bis(dipyrrinato)metal(Il) and tris(dipyrrinato)metal(Ill) complexes
reported thus far have mainly been homoleptic with a single type of
dipyrrinato ligand:* a small number of heteroleptic complexes have
been reported by Cohen,’ and Radecka,’®* and Dolphin,® where their
asymmetry is trivial, such as introduction of different substituents on
aryl groups at the meso position. In contrast, we have succeeded in
creating heteroleptic bis(dipyrrinato)zinc(Il) and
tris(dipyrrinato)indium(II) complexes containing two types of
dipyrrinato ligand with drastic differences in their electronic
structures (i.e. a combination of plain ligands 1 and n-extended ligand
2, scheme 1).*7 These d' homoleptic complexes exhibit brighter
fluorescence than the corresponding homoleptic complexes.

Here, we report the synthesis, structure, and property of heteroleptic
bis(dipyrrinato)metal(II) complexes employing copper(Il) and
nickel(Il) ions as the central metals. Unlike zinc(II) ions, copper(IT)
and nickel(Il) ions have vacant d-orbitals, with d° and d®
configurations, respectively. We note that heteroleptic
monodipyrrinato copper® and nickel® complexes have been reported,
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Scheme 1 Synthesis of heteroleptic bis(dipyrrinato) metal complexes. 3 : M =
Cu(ll), 4 : M = Ni(ll), 5: M =Zn(lI).

which contain non-dipyrrinato ligands as ancillary ligands, such as
phosphine, acetylacetonate, dithiocarbamate, and so on.

Heteroleptic bis(dipyrrinato)copper(Il) and nickel(I) complexes (3
and 4) were synthesized with two types of dipyrrin ligands: plain
ligand 1 and m-expanded ligand 2 (Scheme 1). As a reference,
corresponding zinc(Il) complex 5 was also prepared. Heteroleptic
complexes 3—5 were synthesized by a method similar to our reported
procedure.*’ A chloroform solution of dipyrrins 1 and 2, and a
methanol solution of each metal(Il) acetate were mixed and stirred
overnight (Scheme 1) at ambient temperatures. The crude heteroleptic
complexes were separated and purified from the homoleptic
complexes by gel permeation chromatography.

Single-crystal X-ray diffraction analysis elucidated the structure of
copper(1l) and nickel(II) complexes 3 and 4 (Fig. 1 and Tables S1 and
S2+).1° Their crystal structures (Fig. 1) show that they are heteroleptic
and contain two different dipyrrinato ligands. The four nitrogen atoms
on the two dipyrrinato ligands coordinate to the metal center, and the
dihedral angles for the two planes, N(1)-M-N(2) and N(3)-M-N(4), in
3 and 4 are 86.02° and 86.18°, respectively. Therefore, the metal
center adopts tetrahedral coordination spheres. Although copper(IT)
and nickel(IT) complexes favor square planar coordination spheres, '?
steric repulsion between the methyl and styryl groups at the a position
of the dipyrrinato ligand is severe, thus planar structures are not
favored in these complexes. In fact, those with methyl groups at the o
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Fig. 1 Crystal structures of (a) 3 and (b) 4 (thermal ellipsoids set at 50% probability).
Hydrogen atoms are omitted for clarity. C : gray, N : purple, Cu : blue, Ni : green.
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Fig. 2 UV/Vis absorption spectra of 1 (black, dotted line), 2 (black, dashed dotted
line), 3 (blue, solid line), 4 (green, solid line), 5 (orange, solid line).

position were reported to possess dihedral angles with 70.5° for a Cu
complex,® and 78.5° and 76.3° for Ni ones.’%!! The distances
between the metal center and the pyrrole nitrogen span 1.930-1.958
A for 3 and 1.935-1.958 A for 4, which are values typical of
dipyrrinato copper(Ill) and nickel(Il) complexes (1.949-1.985 and
1.948-1.967 A, respectively).6d11.13

UV/Vis absorption spectra of complexes 3—5 in toluene and ligands
1 and 2 are shown in Fig. 2, and the maximal absorption wavelength
and molar extinction coefficient of each band are presented in Table
1. The chief absorption bands of 3-5 are derived from the m-m*
transitions localized on the dipyrrinato ligands. The peaks at shorter
wavelengths (3: 469 nm, 4: 522 nm, 5: 489 nm) originate from plain
ligand 1, whereas those at longer wavelengths (3: 613 nm, 4: 639nm,
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Table 1 Maximal absorption wavelengths (A.,s) and molar extinction coefficients
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(&max) Of 1-5
Aaps (nm) &nax (10*Mem™)
1 447 1.93
2 340, 548 6.52,4.11
3 344, 469, 569, 613 5.56,4.35,3.20,9.34
4 344, 522, 639 5.91,2.96,7.95
5 344, 489, 567, 612 5.35,9.11,4.23, 14.1

5: 612 nm) stem from m-extended ligand 2. These n-n* bands are red-
shifted and sharper compared with those of free ligands 1 and 2, which
is a spectroscopic change typical of the complexation between a
dipyrrin ligand and a metal ion.'* The peaks at around 344 nm
correspond to the transition from the ground state to the second
excited state (S2 < So) of m-extended ligand 2."'> Both copper-
centered 4 and nickel-centered 5 were non-emissive in fluid solutions
at room temperature.

The electrochemical properties of the three complexes were
investigated by cyclic voltammetry (Fig. 3, Table 2). In the
voltammogram of zinc complex 5, there are two oxidation peaks at
E12=0.25 and 0.50 V vs ferrocenium/ferrocene (Fc*/Fc). The redox
wave at the negative potential corresponds to a one-electron oxidation
of m-extended ligand 2, whereas that at the positive potential is derived
from plain ligand 1. A one-electron reduction from n-extended ligand

® I 5 pA

(b)

-2.0

-1.0 0.0 1.0
Potential / V vs. Fc* / Fc

Fig. 3 Cyclic voltammograms of (a) 3, (b) 4, (c) 5. The triangles indicate the starting
points of the potential sweep.
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Table 2 Redox potentials of 3-5 in dichloromethane solution (0.5 mM)

Brea (V)" Eo (V)
-1.65¢ 0.28¢
-1.64¢ 0.29¢
-1.77¢ 0.25¢, 0.50°¢

@ Reduction potential vs ferrocenium/ferrocene (Fc'/Fc). ® Oxidation
potential vs Fc™/Fe. “Half-wave potential (E15,) . ¢ Anodic peak potential (£,,).

2 is observed at E12=—-1.77 V, whereas that of 1 did not appear in the
range of the potential window. The large positive shift in the reduction
potential in 2 compared with 1 arises from the strong electron
withdrawing effect of the styryl group. Copper and nickel complexes
3 and 4 also show a one-electron single reduction peak at E12 =—-1.65
and —1.64 V, respectively, attributed to the reduction of ligand 2.
However, for the oxidation, a single redox wave is visible around 0.3
V. To gain insight into how many electrons are associated with the
oxidation process, chronocoulometry was conducted for the oxidation
and reduction of nickel complex 4 (Fig. S17).' It gave a ratio of 2 : 1
for the number of electrons involved in the oxidation and reduction
processes. Therefore, the oxidation of 4 is a two-electron process. The
same conclusion may be drawn for copper complex 3, judging from
the similarity in the shape of the voltammograms. Frequently,
structural alternations associated with a redox reaction induce a
change in the redox potential.'” As discussed in the single-crystal X-
ray diffraction section, the copper and nickel centers adopt the
enforced tetrahedral coordination sphere (Fig. 1). Thus, it is expected
that after the first oxidation, complexes 3 and 4 undergo structural
changes, which induce negative shifts in the second oxidation, and
coalescence between the first and second oxidation waves.

In conclusion, heteroleptic bis(dipyrrinato)copper(Il) and nickel(II)
complexes were synthesized, and their structural, optical, and
electrochemical properties were examined. Our results contribute to
the understanding of dipyrrin metal complex chemistry.
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Abstract for WEB: Heteroleptic bis(dipyrrinato)copper(II) and nickel(II)
complexes are synthesized for the first time, and the structural and
photochemical, and electrochemical properties are disclosed.
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