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The anthracene lumiphore was linked to the chelating ligand 2,2'- focuses on the preparation of K-[2-anthryl)carbamoyl]-
bipyridine, forming 4-[N-(2-anthryl)carbamoyl]-4'-methyl-2,2'-bipy- 4'-methyl-2,2-bipyridine (bpyAnth) and its complexation to
ridine (bpyAnth). Coupling through an amide linkage provides some Fe'.

electronic isolation of the anthracene lumiphore. Electrochemistry A common approach for luminescence tagging is to link
suggested little change of the anthracene oxidation whether free organic lumiphores to species ofilnteréfsltl. Anthrgcene is
(L35 V) linked to 2,2"-bipyridine as bpyAnth (130 V) or appended ~ Often émployed because of its high quantum yiei gnd

to Fe' (129 V). The bpyAnth ligand retained the structured long excited-state lifetimeg).1? Incorporation of electroni-

umi haracteristic of anth £ 375 400 419 and cally coupled anthracene into metal complexes has also been
uminescence characteristic ot antnracene a » &, 423, an investigated to extend MLCT excited-state lifetin{és®1!

441 nm. This anthracene emission persists even when bpyAnth Chelating ligands electronically coupled to anthracene have
is complexed to an Fe' center. The complex [Fe(bpyAnth)sJ** is been used as metal complexation indicators through
emissive, in marked contrast to typical polyazine iron(ll) complexes. luminescence quenchifig.

This bpyAnth ligand serves as a luminescently tagged analogue

- . . (3) (a) Creutz, C.; Chou, M.; Netzel, T. L.; Okumura, M.; Sutin, N.
of 2,2'-bipyridine, useful for coordination to a variety of metals. Am. Chem. S0d.98Q 102, 1309-1319. (b) McCusker, J. K.: Walda,
K. N.; Dunn, R. C.; Simon, J. D.; Madge, D.; Hendrickson, D.JN.
Am. Chem. Sod 992 114, 6919-6920. (c) Pfennig, B. W.; Goertz,
" " . . . J. K.; Wolff, D. W.; Cohen, J. LInorg. Chem1998 37, 2608-2611.
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absorption in the visible region, and tRBLCT state is ligand; however, the NMR in Gehlen et al.’s work does not match

. | | | that seen for our ligand, with bpyAnth reported herein showing amide
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Figure 1. Tagged bpy ligand 4N-(2-anthryl)carbamoyl]-4methyl-2,2-
bipyridine (bpyAnth).

Quenching of a lumiphore tag’s emission by an Fe center

depends on the efficiency of energy transfer between the tag A
.. (nm)
and metal-based stat¥sl315 Few emissive Fe complexes - ) . .
. .. . igure 2. Electronic absorption spectroscopies of bpyAnth-)(

have been reported; most consist of an emissive tag linked[re(ppy)2+ (—), and [Fe(bpyAnthj2* (— - —) in acetonitrile’”
to a ligand on the Fe cent&!3 1> Schmehl et al. recently _
reported a Ru(tpy)—Fe(tpy)g—Ru(tpyk complex (tpy= Table 1. Electrochemical Data for Anthracene and Anthracene-Tagged

200 250 300 350 400 450 500 550 600

2:2,6:2"-terpyridine) linked together by conjugated tethérs. Compounds .
The complex has a low-lying, emissive intraligand excited compound Euz (V)" assignt
state that can be populated by energy transfer from the anthracene 135 anth
Fe(dr) — tpy(r*) MLCT state. bpyAnth }'13.20 %r;)tg,,
Polypyridine metal complexes have been coupled to DNA  [Fe(bpy}|(PFs)2 1.12 F@ti+
fragments, peptide chains, carbon nanotubes, and each other —1.19,-1.40,-1.69 bpy"~
using amide linkerg® The amide linker has not been [Fe(bpyAnth}](PFe)2 35%1'_1.19’_1.39 %?,t;/f

extensively investigated to couple an organic lumiphore to _ _

a free ligand. The electronic isolation of an amide linkage . ., vorking electrode, 0.1 M BMPF. Reported potentials vs Ag/AGCI
g : g (—=0.44 mV vs ferrocene); bpy= 2,2-bipyridine; bpyAnth= 4-[N-(2-

has been suggested by the attachment of anthracene tb a Ru anthryl)carbamoyl]-4methyl-2,2-bipyridine. ® Oxidations measured in

bound bpy“. The reported luminescence data indicated CHsCN.°Reductions measured in DMEIrreversible oxidation reported

separate anth(— 7*) and Ru(dr) — bpy(r*) CT emissive

states. We developed a preparation of the free ligand, Table 2. Photophysical Properties of Anthacene-Tagged Compounds

bpyAnth, and coordination to Fereported herein as a study and Related Model Systefns

of the utility of bpyAnth as a luminescently tagged analogue compound ASm (nm)
of bpy (Figure 1). o anthracene 372, 394, 417, 441, 471 (sh)
The ligand bpyAnth was prepared by a modification of bpyAnth 375, 400, 419, 441, 470 (sh)
the synthetic method used to modify the Ru-bound [Fe(bpyAnth)|2* 442, 471,502 (sh)
4-carboxy-4methyl-2,2-bipyridine ligand‘a?Commercially a Emission measured at room temperature (excited at 337 nm) in MeOH.

available 4,4dimethyl-2,2-bipyridine was selectively PPy = 2,2-bipyridine; bpyAnth= 4-[N-(2-anthryl)carbamoyl]-4methyl-
oxidized to 4-carboxy-4methyl-2,2-bipyridine  with 22-bipyridine.

selenium dioxidé%2 Carboxylic acid activation withN,N'-
diisopropylcarbodiimide and anhydrous 1-hydroxybenzo-
triazole followed by condensation with 2-aminoanthracene
in dimethylformamide (DMF) afforded the title ligand. The

electronic absorption spectrum of bpyAnth contains charac-
teristic transitions for both bpy (278 nm) and anthracene (256
nm) with a weaker, structured-anthracene absorption at 340
378 nm (Figure 2). The electrochemistry of free bpyAnth
Qvas consistent with anthracene- and amido-substituted bpy.
A reversible reduction at-1.69 V was consistent with a
stabilized 7* orbital on bpy. An irreversible anthracene
oxidation dominated at 1.30 V (Table 1). Excited-state
properties are also consistent with an amido-substituted
anthracené® Free bpyAnth showed an intense structured-
anthracene-based emission (Table 2).
(13) Toma, H. E.; Chavez-Gil, T. Bnorg. Chim. Actal997, 257, 197— .Metal binding .Of bpyAnth was inyestigated, showing its
202. utility as a luminescent tag binding to 'Fe¢o produce
(14) Siemeling, U.; der Buggen, J. V.; Vorfeld, U.; Neumann, B.; [Fe(bpyAnth}](PFs).. A total of 3 equiv of free bpyAnth

Stammler, A.; Stammler, H.-G.; Brockhinke, A.; Plessow, R.; Zanello, g ; . .
P.; Laschi, F.; de Biani, F. F.; Fontani, M.; Steenken, S.; Stapper, M.; Was stirred in ethanol with FeSOH,O. The addition of

give 67% yield of pure bpyAnth. Thid NMR spectrum of
bpyAnth was well-resolved, and proton assignments were
made with the aid of'H—'H correlation spectroscopy
(COSsY)salr

The bpyAnth ligand displays spectroscopic and redox
properties of both the bpy and anthracene subunits. The

(15) %U_rtzel{?(yasn, SVChem;Eur. SJ ﬁOO?F] |Q,RZSé‘E)—A28?>(3:-h 502004 water and acetonitrile followed by filtration to remove free
altalik, S.; ang, X.-y.; schmenl, K. 4. Am. em. S0 . . :
126, 1630416305 ligand gave a solution of [Fe(bpyAn#$O, which

(16) For example, see: (a) McCafferty, D. G.; Bishop, B. M.; Wall, C.
G.; Hughes, S. G.; Mecklenberg, S. L.; Meyer, T. J.; Erickson, B. W. (17) 'H NMR [(CD3),C=0]: 8 10.25 (1H, bs), 8.99 (1H, dd,= 1.6 and

Tetrahedronl995 51, 1093-1106. (b) Crean, C. W.; Kavanaugh, Y. 0.8 Hz), 8.89 (1H, ddJ = 5.0 and 0.8 Hz), 8.81 (1H, d,= 1.8 Hz),
T.; O'Keeffe, C. M.; Lawler, M. P.; Stevenson, C.; Davies, R. J. H.; 8.60 (1H, dd,J = 4.9 and 0.5 Hz), 8.53 (2H, s), 8.38 (1H, m), 8.11
Boyle, P. H.; Kelly, J. MPhotochem. Photobiol. S&002 1, 1024~ (1H, d,J = 9.1 Hz), 8.07 (2H, m), 7.99 (1H, dd,= 5.0 and 1.8 Hz),
1033. (c) Frehill, F.; Vos, J. G.; Benrezzak, S.; Kod. A.; Konya, 7.87 (1H, ddJ = 9.1 and 2.0 Hz), 7.50 (2H, m), 7.32 (1H, dd+=

Z.; Rither, M. G.; Blau, W. J.; Fonseca, A.; Nagy, J. B.; Bito P; 5.0, 1.6, and 0.8 Hz), 2.49 (3H, s).

Minett, A. I; in het Panhuis, MJ. Am. Chem. So2002 124, 13694~ (18) (a) Lewis, F. D.; Liu, W.J. Phys. Chem. A999 103 9678-9686.
13695. (d) Dupray, L. M.; Meyer, T. Inorg. Chem1996 35, 6299 (b) Kitamura, N.; Suzuki, Y.; Ishizaka, hotochem. Photobiol. Sci.
6307. 2005 4, 135-142.
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precipitated as a hexafluorophosphate salt in 95% yield. The
purity of [Fe(bpyAnth)](PFs).:2H,O was determined by
CHN analysis and a comparison of thé NMR spectrum

of a nearly saturated solution of the complex with that of
free bpyAnth!® TheH NMR spectrum of [Fe(bpyAnth)?*
showed two magnetically inequivalent amido protons at 10.1
ppm that may represent facial and meridinal isomers.

The electronic absorption spectroscopy of [Fe(bpyAlrth
(PRs)2 is characteristic of [Fe(bpyf™ and the linked
anthracene tag (Figure 2). The UV region of the absorption
spectrum of [Fe(bpyAntk)?" closely resembles that of
bpyAnth, with the relative extinction coefficients being three
times the corresponding absorption of the free ligand. The
MLCT of the tagged complex is red-shifted compared to
[Fe(bpy)]?" in acetonitrile (542 nm), consistent with a
stabilizedsr*-acceptor orbital on bpyAnth.

The redox properties of [Fe(bpyAntj(PFs). are sum-
marized in Table 1. Binding to Eehad little effect on the
anthracene oxidation. [Fe(bpyAngl)" displays an irrevers-
ible oxidation at 1.29 V, correlating well with values for
anthracene-based proces%&s2? The reversible PEFe"
oxidation seen for [Fe(bpyf™ at 1.12 V is not observed
for the tagged complex, presumably because of overlap with
the anthracene oxidation. The three coupled®bpgductions
of [Fe(bpyAnth}]?* (—1.01,—1.19, and—1.39 V) are shifted
from those of [Fe(bpy)?" (—1.19, —1.40, and—1.69 V)
(Table 2).

The complex [Fe(bpyAnth)?t displays a structured emis-
sion characteristic of anthracene at room temperature in
contrast to typically nonemissive iron(ll) polyazine com-
plexes? The [Fe(bpyAnthj]?" emission is red-shifted from
that of the free ligand (Figure 3). Both bpyAnth and
[Fe(bpyAnth}]?* emissions display lifetimes of 2@ 2 ns.
The emission of [Fe(bpyAntkl}* displays the characteristic
profile of other amido-coupled anthracene metal compléxes.
Lewis and Liu studiedN-benzoyl-2-aminoanthracene, which
displayed a structured emission reported to come from two
emissive states with lifetimes of 7 and 15%%These two
emissive states are attributed to rotomers about Nhe
anthracene bond. Similar rotomers would exist in bpyAnth.
Metal complexation of bpyAnth could stabilize or selectively
quench one fluorescent state, giving the emission profile

(19) CHN analytical results. Calcd for FglsiNgOsPoF12: C, 60.50; H,
3.97; N, 8.23. Found: C, 60.09; H, 3.92; N, 8.23.

(20) Deans, R.; Niemz, A.; Breinlinger, E. C.; Rotello, V. .Am. Chem.
Soc.1997 119 10863-10864.

(21) Parker, V.J. Am. Chem. Sod.976 98, 98—103.

(22) Chen, J.-L.; Zhang, L.-Y.; Shi, L.-X.; Ye, H.-Y.; Chen, Z.-Morg.
Chim. Acta2005 358, 859-864.

(23) The emission of bpyAnth is quenched by [Fe(Bp)in a MeOH
solution.
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Figure 3. Room-temperature emission spectra of bpyAnth (absorbance-
matched; ---), anthracene (spectrum-normalized;--—), and

[Fe(bpyAnth}]2* (absorbance-matcheek;) in methanol when excited at
337 nm”
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Figure 4. Excited-state energies arising from [Fe(bg¥) and anthracene
portions of [Fe(bpyAnthg2*. The IMLCT state and anthracene singlet
(*Anth) were determined experimentally. The literature was used to estimate
lowest-lying LF £Ty)3aband triplet anthracenéAnth)*.7.12states.

observed for [Fe(bpyAntg)ft. This Fe binding study
demonstrates the utility of bpyAnth as a luminescent tag even
in the presence of rapidly deactivating LF states (Figure 4).

The tag retains much of the character of free anthracene,
suggesting that bpyAnth is a good candidate for a lumines-
cently tagged analogue to bpy. Studies are underway to form
mono-, bis-, and tris-substituted Raomplexes. This lumi-
nescently tagged bpyAnth is of interest for use in biologically
active assemblie%.
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mmetry of [Fe(bpyj](PFs)2, bpyAnth, and [Fe(bpyAntB)PFs).
in 0.1 M BwNPFs. This material is available free of charge via the
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