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The possibility of incorporating porphyrin dimers and oligomers chemistry to assemble the systems studied below. Modulation of
into novel materials has drawn considerable research interestthe system’s electronic and optical properties can be easily
These materials have widespread optical and electronic applica-achieved by changing the coordinating metal (vide infra). This
tions!> Desired properties of these systems include enhancedcommunication details an investigation of the spectroscopic

electronic conjugation and/or excitonic communication between

properties ofl1 and its Z# and Cu complexes,2 and 3,

the porphyrin units. Additional advantageous features are that therespectively (Figure 1). Although Cand zZr' are isoelectronic,

system be easily accessible synthetically and readily modifiable.

The vast majority of systems previously studied connect the
porphyrins covalently through the meso positions via an aryl
linker.*5% Such a structural motif tends to have disrupted
overlap between the subunité&inother way to assemble multi-
chromophore systems is to fusemasystem directly onto the
porphyrin fragment through the-pyrrole positions®12 Herein
we present a report on a compound in which the porphyrin
system is effectively extended beyond the inner conjugated
macrocycle into a neocuproitfenolecule fused at thg-pyrrole
positions.

Although most porphyrin arrays are connected via covalent
linkages, noncovalent assembly offers a multitude of advan-
tages?6811.1524 Qur research approach utilizes coordination
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marked differences in the optical and photophysical properties
of 2 and3 are observed.

CompoundL is structurally similar to Crossley and co-worker’s
“molecular alligator clip”* Crossley’s molecule has a phenan-
throline moiety separated fromnaesetetraaryl porphyrin by three
fused six-membered ring$. These units inl, however, are
separated by only one six-membered ring. This design feature is
expected to enhance the electronic coupling between the porphyrin
and the metal-binding phenanthroline group, and to improve the
solubility of 1 relative to Crossley’s molecule. The phenanthroline
moiety of 1 has methyl groups at its 2 and 9 positions, thus
limiting the conformational ambiguity at the central metal. The
2,9 positions of the phenanthroline unit are easily modifiable
synthetically and sterically influence the coordination geometry
in bis(phenanthroline) metal complex&s?’ By varying these
substituents, we can thus carefully study the effect that changes
in geometry about the linker metal ion have on interactions
between the chromophoresa feature not accessible in similar
systems studied to daté’

The synthetic strategy used to prepdrds similar to that
employed by Crossléy and Pande$¥® where a Schiff base
condensation affords the fused system. The free-base monomer,
mesetetramesitylporphyrinneocuproine {FMPNc, 1) was syn-
thesized in five steps from Cu(linesetetramesitylporphyrin,
CuTMP (see Supporting Informatioff). The compound bt
TMPNc was characterized byd1 NMR3*° and FAB MS. Com-
pounds? and3 are formed cleanly upon addition of [Zn(OAF)
2H,0 or [Cu(MeCN)(PF)] to a solution ofl. Complexe< and
3 were identified by ESI MS!
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Figure 1. Schematic depiction of the molecules investigated.
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Figure 2. Absorption spectra in C¥Cl, at room temperature for

compounds HTMP (thin solid line),1 (thick solid line),2 (long dashes),
and3 (short dashes). Inset: Corrected emission spectra yCGldt room
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2; M=Zn,n=2,X=0Ac
3; M=Cu,n=1,X=PFg

214 and 111 crmt, respectively for thet andy transitions. Studies
reported by other researchers on porphyrinic dimers assembled
around a central metal ion have demonstrated similar rekslts.
Such observations are indicative of a further extension of the
chromophore’s conjugatedsystem into the transition metal and
possibly into the neighboring chromophdéfd®ue to the predicted
porphyrin center-to-center distancedand3 of ~23 A, excitonic
coupling effects are not likely causing the observed spectral
phenomend®

The correctedQ band emission spectra of ,FMP and
compoundsl—3 are shown in Figure 2. Consistent with the
absorption spectra, the emission spectrurt isfalso red shifted
relative to HTMP 3 This further supports the hypothesis that
there is exocyclic extension of the porphyrin’s conjugated
systen®>19The Cu dimer displays efficiently quenched emission
(integrated intensity 14% of AMP) relative to the parent
monomer, 1 (integrated intensity 57% of AMP). Electron

temperature (same line-type assignments). Emission intensities aretransfer was considered as a possible mechanism, however, both

normalized to identical OD values at excitation wavelength.

Relative to free-basenesetetramesitylporphyrin (FTMP),

oxidative- and reductive-quenching processes are predicted to be
thermodynamically uphill by approximately 600 and 240 mV,
respectively?® Thus, the quenching is assigned to an energy-

there are notable differences observed in the absorption spectruniransfer mechanism between the porphyrin excited state and the

of 1 (Figure 2). Upon fusing the neocuproine moiety to the

Cu(dmp) moiety3® At room temperature in CiCl,, the [Cu-

porphyrin, the entire visible spectrum shifts to lower energy, the (dmp),]* complex is emissiveiy = 740 nm;z = 85 ns¥* from

high-energy shoulder adjacent to Bé&and increases in intensity,
and theQ(0,0) transitions are diminished in intensity relative to
the Q(1,0) bands. The shift to lower energy is largest in Bie
transition (1092 cmt), while theQy(1,0) and theQy(1,0) bands
red shift by 444 and 227 cm respectively. The shape and red
shift observed in thé8 band region is indicative of increased
delocalization of the porphyrin system?51023The low intensity
of the Q(0,0) transitions ofL may result from a change in the
ordering of theb; andb, orbitals?? It is evident from these data
that the porphyrin chromophore is well-coupled electronically to
the neocuproiner system.

Upon formation of the complexesand3, effects at both the
B andQ spectral regions are observed relativel t@Figure 2)3
The zrd' dimer exhibits intermediate broadening of tBeband
while that of the Cudimer is the broadest. The broadness of the
B band is a measure of the degree mfdelocalization in
multiporphyrin system&> The full-width at half-maximum
(fwhm) values forl, 2, and3 are 1808, 2946, and 3261 cin
respectively. Both metal complexes displa dand maximum
that is slightly lower in energy (104 crf) with respect to that of
1. Although the [Cu(dmp]®™ compleX* displays an MLCT
absorption band at 454 nna & 7950 Mt cm™?) in CH,Cl,,3*
the analogous band Biis apparently masked by the larBéand
absorption (Figure 2). Th® bands of2 and 3 do not change
shape appreciably compared to thosd dbut are red shifted by
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at least two states that have been assigned ‘%4LET and a
SMLCT state?® Interestingly, the emission of the Zrdimer
(integrated intensity 69% of HMP) is slightly more intense than
that of 1.

A porphyrin-based molecule capable of exocyclic metal binding
(1) has been prepared utilizing a small number of high-yield
reactions. The modular approach used to construct these dimeric
complexes can be applied to build higher-order arrays with well-
defined structural and tunable optical properties.
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