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The possibility of incorporating porphyrin dimers and oligomers
into novel materials has drawn considerable research interest.
These materials have widespread optical and electronic applica-
tions.1-5 Desired properties of these systems include enhanced
electronic conjugation and/or excitonic communication between
the porphyrin units. Additional advantageous features are that the
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.1,5-9 Such a structural motif tends to have disruptedπ
overlap between the subunits.7 Another way to assemble multi-
chromophore systems is to fuse aπ system directly onto the
porphyrin fragment through theâ-pyrrole positions.10-13 Herein
we present a report on a compound in which the porphyrinπ
system is effectively extended beyond the inner conjugated
macrocycle into a neocuproine14 molecule fused at theâ-pyrrole
positions.

Although most porphyrin arrays are connected via covalent
linkages, noncovalent assembly offers a multitude of advan-
tages.2,6,8,11,15-24 Our research approach utilizes coordination

chemistry to assemble the systems studied below. Modulation of
the system’s electronic and optical properties can be easily
achieved by changing the coordinating metal (vide infra). This
communication details an investigation of the spectroscopic
properties of 1 and its ZnII and CuI complexes,2 and 3,
respectively (Figure 1). Although CuI and ZnII are isoelectronic,
marked differences in the optical and photophysical properties
of 2 and3 are observed.

Compound1 is structurally similar to Crossley and co-worker’s
“molecular alligator clip”.11 Crossley’s molecule has a phenan-
throline moiety separated from ameso-tetraaryl porphyrin by three
fused six-membered rings.11 These units in1, 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 complexes.25-27 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 chromophores- a feature not accessible in similar
systems studied to date.2,11,17

The synthetic strategy used to prepare1 is similar to that
employed by Crossley11 and Pandey,28 where a Schiff base
condensation affords the fused system. The free-base monomer,
meso-tetramesitylporphyrinneocuproine (H2TMPNc, 1) was syn-
thesized in five steps from Cu(II)meso-tetramesitylporphyrin,
CuTMP (see Supporting Information).29 The compound H2-
TMPNc was characterized by1H NMR30 and FAB MS. Com-
pounds2 and3 are formed cleanly upon addition of [Zn(OAc)2]‚
2H2O or [Cu(MeCN)4(PF6)] to a solution of1. Complexes2 and
3 were identified by ESI MS.31

* Corresponding author. Tel.: (619) 534-5265. Fax: (619) 534-5383.
E-mail: tkarpish@ucsd.edu.
(1) Wasielewski, M. R.Chem. ReV. 1992, 92, 435-461.
(2) Baumann, T. F.; Barrett, A. G. M.; Hoffman, B. M.Inorg. Chem.1997,

36, 5661-5665.
(3) Jiang, B.; Yang, S.-W.; Barbini, D. C.; Jones, W. E.Chem. Commun.

1998, 213-214.
(4) Nakano, A.; Osuka, A.; Yamazaki, I.; Yamazaki, T.; Nishimura, Y.

Angew. Chem., Int. Ed.1998, 37, 3023-3027.
(5) Taylor, P. N.; Wylie, A. P.; Huuskonen, J.; Anderson, H. L.Angew.

Chem., Int. Ed.1998, 37, 986-989.
(6) Harriman, A.; Sauvage, J.-P.Chem Soc. ReV. 1996, 41-48.
(7) Strachan, J.-P.; Gentemann, S.; Seth, J.; Kalsbeck, W. A.; Lindsey, J.

S.; Holten, D.; Bocain, D. F.J. Am. Chem. Soc.1997, 119, 11191-
11201.

(8) Amabilino, D. B.; Sauvage, J.-P.New J. Chem.1998, 395-409.
(9) Yoshida, N.; Shimidzu, H.; Osuka, A.Chem. Lett.1998, 55-56.

(10) Kobayashi, N.; Numao, M.; Kondo, R.; Nakajima, S.; Osa, T.Inorg.
Chem.1991, 30, 2241-2244.

(11) Crossley, M. J.; Burn, P. L.; Langford, S. J.; Prashar, J. K.J. Chem.
Soc., Chem. Commun.1995, 1921-1923.

(12) Lin, Y.; Lash, T. D.Tetrahedron Lett.1995, 36, 9441-9444.
(13) Ono, N.; Hironaga, H.; Ono, K.; Kaneko, S.; Murashima, T.; Ueda, T.;

Tsukamura, C.; Ogawa, T.J. Chem. Soc., Perkin Trans. 11995, 417-
423.

(14) Neocuproine (Nc)) 2,9-dimethyl-1,10-phenanthroline, also called dmp.
(15) Tecilla, P.; Dixon, R. P.; Slobodkin, G.; Alavi, D. S.; Waldeck, D. H.;

Hamilton, A. D.J. Am. Chem. Soc.1990, 112, 9408-9410.
(16) Drain, C. M.; Lehn, J.-M.J. Chem. Soc., Chem. Commun.1994, 2313-

2315.
(17) Harriman, A.; Odobel, F.; Sauvage, J.-P.J. Am. Chem. Soc.1995, 117,

9461-9472.
(18) Sessler, J. L.; Wang, B.; Harriman, A.J. Am. Chem. Soc.1995, 117,

704-714.
(19) Hunter, C. A.; Hyde, R. K.Angew. Chem., Int. Ed. Engl.1996, 35, 1936-

1939.
(20) Allesio, E.; Macchi, M.; Heath, S. L.; Marzilli, L. G.Inorg. Chem.1997,

36, 5614-5623.
(21) Flamigni, L.; Armaroli, N.; Barigelletti, F.; Balzani, V.; Collin, J.-P.;

Dalbavie, J.-O.; Heitz, V.; Sauvage, J.-P.J. Phys. Chem. B1997, 101,
5936-5943.

(22) Linke, M.; Chambron, J.-C.; Heitz, V.; Sauvage, J.-P.J. Am. Chem. Soc.
1997, 119, 11329-11330.

(23) Drain, C. M.; Nifiatis, F.; Vasenko, A.; Batteas, J. D.Angew. Chem.,
Int. Ed. 1998, 37, 2344-2346.

(24) Huck, W. T. S.; Rohrer, A.; Anilkumar, A. T.; Fokkens, R. H.; Nibbering,
N. M. M.; vanVeggel, F. C. J. M.; Reinhoudt, D. N.New J. Chem.1998,
165-168.

(25) Eggleston, M. K.; Fanwick, P. E.; Pallenberg, A. J.; McMillin, D. R.
Inorg. Chem.1997, 36, 4007-4010.

(26) Eggleston, M. K.; McMillin, D. R.; Koenig, K. S.; Pallenberg, A. J.
Inorg. Chem.1997, 36, 172-176.

(27) Miller, M. T.; Gantzel, P. K.; Karpishin, T. B.Angew. Chem., Int. Ed.
1998, 37, 1556-1558.

(28) Kozyrev, A. N.; Alderfer, J. L.; Srikrishnan, T.; Pandey, R. K.J. Chem.
Soc., Perkin Trans. 11998, 837-838.

(29) The syntheses of1-3 will be given in a future publication.
(30) 1H NMR (CDCl3) [δ(ppm)], 1: 1.824 (12H, s,ortho-aryl-C-H3), 1.903

(12H, s,ortho-aryl-CH3), 2.642 (6H, s,para-aryl-CH3), 2.887 (6H, s,
para-aryl-CH3), 3.053 (6H 2,9-phen-CH3), 7.300 (4H, s,meta-aryl-H),
7.470 (4H, s,meta-aryl-H), 7.656 (2H, d, 3,8-phen-H), 8.569 (2H, s,
pyrrole-â-H), 8.837 (4H, dd, pyrrole-â-H), 8.927 (2H, d, 4,7-phen-H).

(31) Mass spectral data: FAB,1, observedm/z 1015 (M + H)+ and 1147
(M + Cs)+, calcd for C70H62N8, 1014; ESI pos,2, observedm/z 2094
(M + e)+, calcd for C140H124N16Zn, 2094;3, observedm/z 2093 (M)+,
calcd for C140H124N16Cu, 2093.

2246 Inorg. Chem.1999,38, 2246-2247

10.1021/ic9812914 CCC: $18.00 © 1999 American Chemical Society
Published on Web 05/17/1999



Relative to free-basemeso-tetramesitylporphyrin (H2TMP),
there are notable differences observed in the absorption spectrum
of 1 (Figure 2). Upon fusing the neocuproine moiety to the
porphyrin, the entire visible spectrum shifts to lower energy, the
high-energy shoulder adjacent to theB band 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 theB
transition (1092 cm-1), while theQy(1,0) and theQx(1,0) bands
red shift by 444 and 227 cm-1 respectively. The shape and red
shift observed in theB band region is indicative of increased
delocalization of the porphyrinπ system.3,5,10,23The low intensity
of the Q(0,0) transitions of1 may result from a change in the
ordering of theb1 andb2 orbitals.32 It is evident from these data
that the porphyrin chromophore is well-coupled electronically to
the neocuproineπ system.

Upon formation of the complexes2 and3, effects at both the
B andQ spectral regions are observed relative to1 (Figure 2).33

The ZnII dimer exhibits intermediate broadening of theB band
while that of the CuI dimer is the broadest. The broadness of the
B band is a measure of the degree ofπ delocalization in
multiporphyrin systems.3,5 The full-width at half-maximum
(fwhm) values for1, 2, and3 are 1808, 2946, and 3261 cm-1,
respectively. Both metal complexes display aB band maximum
that is slightly lower in energy (104 cm-1) with respect to that of
1. Although the [Cu(dmp)2]+ complex14 displays an MLCT
absorption band at 454 nm (ε ) 7950 M-1 cm-1) in CH2Cl2,34

the analogous band in3 is apparently masked by the largeB band
absorption (Figure 2). TheQ bands of2 and 3 do not change
shape appreciably compared to those of1, but are red shifted by

214 and 111 cm-1, respectively for thex andy transitions. Studies
reported by other researchers on porphyrinic dimers assembled
around a central metal ion have demonstrated similar results.2,35

Such observations are indicative of a further extension of the
chromophore’s conjugatedπ system into the transition metal and
possibly into the neighboring chromophore.35 Due to the predicted
porphyrin center-to-center distance in2 and3 of ≈23 Å, excitonic
coupling effects are not likely causing the observed spectral
phenomena.36

The correctedQ band emission spectra of H2TMP and
compounds1-3 are shown in Figure 2. Consistent with the
absorption spectra, the emission spectrum of1 is also red shifted
relative to H2TMP.37 This further supports the hypothesis that
there is exocyclic extension of the porphyrin’s conjugatedπ
system.3,5,10The CuI dimer displays efficiently quenched emission
(integrated intensity 14% of H2TMP) relative to the parent
monomer,1 (integrated intensity 57% of H2TMP). Electron
transfer was considered as a possible mechanism, however, both
oxidative- and reductive-quenching processes are predicted to be
thermodynamically uphill by approximately 600 and 240 mV,
respectively.38 Thus, the quenching is assigned to an energy-
transfer mechanism between the porphyrin excited state and the
CuI(dmp)2 moiety.39 At room temperature in CH2Cl2, the [Cu-
(dmp)2]+ complex is emissive (λem ) 740 nm;τ ) 85 ns)34 from
at least two states that have been assigned as a1MLCT and a
3MLCT state.40 Interestingly, the emission of the ZnII dimer
(integrated intensity 69% of H2TMP) 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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Figure 1. Schematic depiction of the molecules investigated.

Figure 2. Absorption spectra in CH2Cl2 at room temperature for
compounds H2TMP (thin solid line),1 (thick solid line),2 (long dashes),
and3 (short dashes). Inset: Corrected emission spectra in CH2Cl2 at room
temperature (same line-type assignments). Emission intensities are
normalized to identical OD values at excitation wavelength.
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