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Abstract: The synthesis of a novel ligand, in which four terpyridine groups are directly
connected to a zinc (I1) phthalocyanine unit, is described. Preliminary absorption,
electrochemical, and fluorescence results are indicative of strong electronic coupling
among the metal centers. © 1998 Elsevier Science Lid. All rights reserved.

In recent years, there have been many attempts to construct organized artificial photosynthetic
reaction centers made up of a discrete number of assembled photoactive molecular subunits.’ Positioning
photoactive subunits in close proximity to each other can result in strong electronic interaction between
the components. These multicomponent photoactive systems have been achieved with covalent linkage
and noncovalent bonding incorporating hydrogen bonds, coordination bonds, charge transfer interactions,
and electrostatic attractive forces, and are shown to be effective photoinduced electron- and energy
transfer reactions.” In this communication, we report here the synthesis, electrochemical properties, and
luminescence behavior of a Scheme 1
novel complex consisting of
a zinc (II) phthalocyanine B'Kj( o B’:@CDHER 4R=Br — BT:GLCHO
(ZnPc) and four bis(2, 2: 6°,  Br Br 5: R=OAc Br
2”-terpyridine)ruthenium (IT)
(Ru(tpy),”") linked by a
single 6-bond.

L

The new phthalocyanine
precursor 1 was prepared
from 4,5-dibromxylene’

according to Scheme 1.
i, NBS, CCly; ii, AcOK, acetone, reflux, 48hr, 67%; iii, NaOH ag, reflux, 2h, 92%; iv, PCC,

CH,Cl,, 80%; v, 2-acethylpyridine, KOH, MeOH; vi, 1-2-pyridylcarbonylmethyl)pyridinum
iodide, NH;OAc, MeOH, reflux, 24hr, 46%; vii, CuCN, NMP, 78%.,

Bromination of 4,5-dibromo-
xylene by N-bromo-
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afforded 5 in 67% yield, and
deacetylation of § proceeded in
92% yield. Compound 7 was
obtained by oxidation of 6 with
PCC in CH,CI, in 80% yield.

The terpyridine ligand 8 was

PynGyiCaroconyimeiny jpyridiniim
iodide according to literature
4

precursor 1 was obtained in
78% yield by reaction with
CuCN in refluxed NMP?

Finally, cyclization of 1 in the Of; X :N-Z:n"-N QRS
presence of ZnCl, in 2,2’- LN ) N NN N
WY
dimethyl-aminoethano! gave 2 . % NN >\_,<_‘
. > i ) =
as a mixture of several ~F s 4 \H'?,)
N. .N Y ary

positional isomers in 35% yield.
The purification of 2 was

achieved by column
chromatography (basic alumina
- DMF) and subsequent

recrystallization  (CH,ClL, -

hexane)

ATy

i, ZnCl,, 2,2-dimethylaminoethanol, reflux, 96hr, 35%; ii, Ru(MePh-tpy)(Cl);, AgBF,,
Acetone, DMF, reflux, 1hr, 40%.

The five-nuclear complex 3 was prepared as indicated in Scheme 2. The ruthenium complex was

prepared according to the literature method.” After
work-up, the crude brown-green product was purified
by gel permeation chromatography on Biorad
Biobeads SX-2 with acetonitrile as the solvent. After
chromatography and anion exchange, the purity of

five-nuclear complex 3 was checked by thin-layer

]

The electronic spectrum of 3 shown in Fig. 1
exhibits the characteristic absorption bands of ZnPc at
350nm (Soret band), 629nm and 692nm (Q bands),
and the Ru(tpy),”" at 312nm (ligand centered), 494nm
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Figure i. Absorption specira (room termperature,
DMF solution) of 2 and 3
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(Ru-to-ligand charge transfer envelop). The T able 1. Half-wave potentials of the 2 and 3 in DMF®
molar absorption coefficient of the Ru-to- Complex  E'? (ZnPc(-z)/ZnPc(‘-I)) £ (Ru(tpy),”™™")

PS o e aicas o s\ m e s 2 +0.57
ca. four times that for bis[4’-(p-toly)-2, 2°: 6,
2”-terpyridyl]-ruthenium(ll) dihexafluoro- 3 +0.55 +0.84
phosphate (Ru(MePh-tpy),*") (loge = 4.47) as Ru(MePh-tpy),>" +1.03

a reference compound. The Q band of 3
* Redox poentials in dry DMF determined by cyclic voltametry

(CV): E"(approximated by (E*,-E,)/2) in V vs. SCE; Pt working

ke o= /.

electrode, scan rate = 50mV/sec.

exhibits a substantial red-shift from 2 lacking

Ru complexes (A, = 684nm).

useful information regarding the electronic condition. The compiexes were

investigated by using cyclic voltammetry in dry DMF containing 0.3M tetra-n-butylammonium
hexafluorophosphate as a supporting electrolyte (Table 1). Compounds 2 and 3 yielded an oxidation wave
at approximately +0.55V vs. SCE, typical value for phthalocyanine ring oxidation, whereas 3 yielded a
one reversible oxidation wave at +0.84V vs. SCE as expected for the Ru(tpy),””*' couple. The oxidation

2+/3+

potential of the Ru(tpy),””" couple in 3 is more negative than that of the mononuclear complex

n

Ru(MePh-tpy),” because of the connection with the highly conjugated phthalocyanine ring. Th

(4]
=1
-

trochemical studies wer
performed at a platinum grid working elecirode. The absorption spectrum of 3 at +0.70V vs. SCE
displayed a red shift for the Q band of the ZnPc moiety and the appearance of a new absorption band
around 520nm. This spectral change is characteristic of the phthalocyanine ring oxidation from ZnPc(-2)
to ZnPc(-1).°

Zinc(Il) phthalocyanine complex 2 exhibits a strong —

fluorescence peak at 692nm with excitation at 370nm in

-y
<o

 to 703nm in the fve-nuclear cor ! /o

ity a: P N R
isity is diminished due to the © 05 /

degassed DMF solution at room temperature. The emission /

2

presence of Ru(tpy),””. This fluorescence behavior aiso = /

shows the strong intramolecular electronic coupling between /

ZnPc and Ru(tpy),”. Interestingly, the ZnPc emission is 0.0 ey l

observed from 3 with excitation at the MLCT band (A,,, = 650 670 690 710
494nm) of Ru(tpy),”” (Fig. 2). Mixtures, 1:4 and 1:100, of 2 Wavelength {nm]

and Ru(MePh-tpy),"” do not indicate any emission peak Figure 2. Luminescence spectra (room
temperature, DMF solution, Aex 494nm) of

under the same conditions. It is well known that the
-6
3 (— ., [3]=1.0x107”°M) and 2+Ru(MePh-
Ru(tpy),”" has a short excited-state lifetime (gzeps) and a tp)(')z- ([] [2]=1 ()x)m*ﬁM [RuEMePh-
weak luminescence intensity in fluid solution at room tpy),21=1.0x10*M).

temperature.'® Thus, the emission from 3 with excitation of
the MLCT band is the result of the fast energy transfer from Ru(tpy),”* to ZnPc. The mechanism of this
intramolecular energy transfer process is currently under investigation.

In summary, we have constructed a novel zinc (IT) phthalocyanine complex bearing four Ru(tpy),”’
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linked by a single c-bond. Analyses of the absorption spectra, electrochemistry, and luminescence
properties of 3 show strong electronic interaction between the two components.
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