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Introduction L ~

Polypyridyl complexes of ruthenium(ll) have attracted wide
interest due to their ability to function as optical sensors and ) .
probest2 Among them dipyridophenazine complexes of ruthe- EXxperimental Section
nium(ll) have shown interesting properties that could be used Instrumentation and Materials. All reagents were obtained from
for the development of sensors of high sensitivity and selectivity. Aldrich and were of the highest purity availablel NMR spectra were
The complexes [Ru(bpydppzP+ and [Ru(phenyppzf have obtained on a Bruker AM-300 instrument. Absorption spectra of the
been found to be nonemissive in water but emit brightly in complex in various solvents were obtained on a Perkin-Elmer Lambda

: 14 UV—visible spectrophotometer at room temperature. Cyclic voltam-
nonaqueous solvent or in aquated polymers such as DNA b : X A
intercqalative binding Thisq uenchri)n yof luminescence in ymographs were obtained on a BAS CV-50W in acetonitrile with 0.1
diai ’ iblv d q he i 9 . fthe ph .M tetrabutylammonium hexafluorophosphate as the supporting elec-
agueous media Is possibly due to the interaction of the p enaz'netrolyte. An Ag/AgCI electrode was used as a reference electrode with

nitrogens of the dipyridophenazine ligand with the water via 3 2'mm inlaid Pt disk working electrode. All scans were obtained at a
hydrogen-bonding or excited-state proton tran$fea;low-lying rate of 500 mV/s. The concentration of the ruthenium complex in the
(800 nm) state with a shortQ00 ps) lifetime has been observed electrolyte was~1—2 mM.

in water, but in other solvents the lowest excited state is the  Synthesis and Characterization.Dipyridophenazine (dppz) was
“normal” metal-to-ligand charge transfer (MLCT) a600 nm? synthesized according to a literature methb.

Upon intercalation between the base pairs of DNA, the [Ru(dppz)Cli. The complex [Ru(dppz)@l was synthesized via a
phenazine nitrogens are protected from water, and hencemodification of the literature method for [Ru(bpy)@}3 A 05572 g
luminescence is observed. [Ru(pheippzP* also exhibits amount of RuGrxH,0 and a 0.7583 g amount of dipyridophenazine

solvent-dependent changes in rates of nonradiative deca thaﬁvere added to 50 mL of 1 M HCI and stirred for about 30 min under
P 9 Y itrogen and then allowed to sit under nitrogen for 10 days. The rather

are correlated with _solven_t_ polarity and, to lesser extent, | <ouble product [Ru(dppz)@! (0.943 g, 66% yield) was filtered,
hydrogen bond donation ability of the.solvént. ~ washed with water, and dried in air.

An understanding of the photophysical processes in dipyri-  Ru(acacydppz. Ru(acacydppz was synthesized via a modification
dophenazine complexes of ruthenium(ll) is necessary to further of the literature method for Ru(acaphen* A 0.2021 g amount of
develop similar complexes as biological probes and chemical [Ru(dppz)Cl] was added to 50 mL of a 1:1 mixture of ethanol/water
sensors. The effect of the ancillary ligands on the photophysical and stirred for 15 min. To this were added 1.0 g 08@; and 2 mL
properties of monodipyridophenazine complexes of ruthe- of 2,4-pentanedior_1e, and t_he result_ing mixture was refluxed aC30
nium(ll) could assist in explaining the photophysical properties or 1 h. The resulting solution was filtered, and 0.5 g 08i®; was
of these complexes and could also provide us more insight into added to the filtrate and stirred f_or 20 min. Th_e ethanol f_ro.m t.he solution
the “light switch” effect for [Ru(bpy)dppzP® and [Ru- was then removed by evaporation, resulting in the precipitation of small

- amounts of purple solid that were filtered and air-dried. The crude
(_phen_)dppz]”. We have been exploring the effect of strong- Ru(acacyppz was purified using a neutral activated alumina column,
field ligands such as NiHand CN™ on the Ru-dppz frag- eluting with acetonitrile. Overall yields were typically less than 10%.

ment?1%In this Note we report the synthesis and characterization pue to the instability of the complex to heat (even drying down on a

rotary evaporator at40 °C resulted in decomposition), solvent removal
*To whom correspondenqe should be addressed. Tel.: (803) 777-3628.was accomplished by vacuum pumping at room temperature. Anal.
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e e e Table 1. Spectroscopic and Electrochemical Characteristics of
] Ru(acacyppz in Various Nonaqueous Solvehts
0.6] : L Er MLCT absorption
1 (kcal/ maximum: Amasx Ei MV vs
® 0.5l 3 solvent mol) o nm(E M 1cm™) Ag/AgCl
: 1 carbon tetrachloride 32.5 0.00 576 (11000)
- ¥ benzene 34.3 0.00 569 (7200)
-E 0.4 . L trichloroethylene 359 0.00 566 (9400)
Iy ] ! tetrahydrofuran 37.0 0.00 566 (9200) 561149
@ 0.3] ¢ FAR - chlorobenzene 37.5 0.00 567 (10860)
: 1 ; chloroform 39.1 0.34 557 (10200)
1 ¢ dichloromethane 40.7 0.22 557 (12800) 1688,62118
0.29 3 acetone 422 0.07 555 (7400)
1 [ dimethyl formamide 43.2 0.00 560 (7600) —7,—1118
0.1 o/ N g dimethyl sulfoxide ~ 45.1 0.00 556 (7000)
1 N4 acetonitrile 456 0.15 554 (9100) 1539, 151118,
o . 1756
L L s s A e S S B ethanol 52.0 0.86  547(6400)  351000*
400 500 600 700 800 900 1000 methanol 55.4 0.98 538 (6500) 41888
Wavelength (nm) 2Ru(acacyppz is not soluble in wateEr, an empirical solvent

polarity scale, and., empirical hydrogen bond donation ability values,
are taken from: Kamlet, M. J.; Abboud, J. L. M.; Taft, R. \Rtog.

Phys. Org. Chenil 981, 13, 485. Electrochemical data are reported as
o . the average of cathodic and anodic peak positions; peak separations
similar in shape and energy to the bands of the free dppz ligandyere ~60 mv except for the alcohols (*). In methanol and ethanol
and other monosubstituted dipyridophenazine ruthenium(ll) (*), only cathodic peak potentials are reported because reduction is

complexe§f5 these bands are assigned as dppz(dppz*) irreversible. Solubility difficulties precluded electrochemical measure-
transitions. The low-energy band at 569 nm is assigned as anmMents in all solvents.
MLCT Ru(dr)—dppz*) transition on the basis of intensity 3.5
and energy. For comparison, [Ru(Mtippzf™ has a similar i
MLCT band at 544 nm in watérThe bipyridine analogue of aq |
our complex, Ru(acag)py, has absorption bands at 416 rum (
= 9400 M1 cm™) and 621 nm { = 4980 M1 cm™) in g ’
dichloromethane, which have been assigned as bpy-based MLCT
transitions; the multiple MLCT transitions reflect the lower
symmetry of the complex compared to tris-diimine Ru(ll)
complexes?® The lower energy of the MLCT transition in
Ru(acacydppz (557 nm in dichloromethane, compared to the
bpy 416 nm transition) is likely due to the stronger electron-
withdrawing character of the dppz ligand compared to the
bipyridine ligand of Ru(acaghpy (if the 621 nm band in the 3450 e 1
bpy complex was shifted in the dppz complex by a similar ; ]
amount, the lower-energy band in the dppz complex would occur 3.4 L : w x L ]
at >1000 nm). Also, the MLCT transition of Ru(acadppz is 30 35 40 45 50 55 60
of lower energy compared to [Ru(bpyppzf", [Ru- E_, kcal/mol
(phen)dppzF*, and [Ru(NH)4dppzF*, which is consistent with
the weak-field ligand character of acac compared to bpy, phen,
and ammonia. Ru(acadppz does not show any photolumi-
nescence at room temperature in any solvent examined, or inare relatively unaffected by solvent. It appears that nonpolar
ethanol glass at 77 K, over the wavelength range of-5(&D solvents stabilize the MLCT state compared to polar solvents,
nm. consistent with the notion that the MLCT is centered on the
Cyclic voltammetry of Ru(acagippz in various solvents  dppz ligand: in the ground state, negative charge is weighted
shows two reversible waves, aB80 and~—1100 mV vs Ag/ toward the anionic acac ligands to give a nonzero dipole
AgCl (Table 1). Depending on the solvent window, more waves Mmoment, but in the excited state, negative charge is pushed onto
can be seen. For comparison, we find [Ru(pheépdzP* has a the dppz ligand, reducing the overall dipole moment. Thus in
Ru(II/111) wave at 1300 mV and a dppz(8L) wave at—1000 the excited state, the complex has a smaller dipole moment than
mV under the same conditions, similar to the potentials reported N the ground state and is stabilized by nonpolar solvents. These

by others!®

Figure 1. UV—uvisible absorption spectrum of Ru(aca@dppz in
benzene.
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Figure 2. Dependence of MLCT absorption maximum of Ru-
(acac)dppz in different solvents on solvent polaritigr(scale).

(16) Oxidation potential of [Ru(phesgppzF™: (a) Murphy, C. J.; Arkin,

The MLCT transition of Ru(acag)py has been reported, M. R.; Jenkins, Y.; Ghatlia, N. D.; Bossmann, S. H.; Turro, N. J;
without details, to be sensitive to solvéhiThe MLCT transition Barton, IJ. if<[ gck%n;%lw?ﬁ%zh _ 1&?25' Oxndlatl%n a_ndI redLrJ]ctlor;

; ; ; potentials of [Ru(bpydppzFt, which are nearly identical to that o
ma_lx_|mum O_f Ru(aca@ﬁippz_ IS als_o Sowato_Chromlc (Table_ 1), the phen analogue: (b) Chambron, J.-C.; Sauvage, J.-P.; Amouyal,
shifting to higher energy with an increase in solvent polarity as E.; Koffi, P. New J. Chem1985 9, 527. (c) Fees, J.; Kaim, W.:
judged by the polarity scalér (Figure 2). The dppz transitions Moscherosch, M.; Matheis, W.; Klima, J.; Krejcik, M.; Zalis, IBorg.

Chem.1993 32, 166. In (c), multiple reductions are observed and

assigned to the dppz ligand. [Ru(dpg}Z) has redox potentials similar

(15) Bryant, G. M.; Fergusson, J. E.; Powell, H. KAlist. J. Chem1971, to both [Ru(phendppzE™ and [Ru(bpyddppzF*: (d) Ackermann,
24, 257. M. N.; Interrante, L. V.Inorg. Chem.1984 23, 3904.
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results may be contrasted with the behavior of [Ru(piopmezf* last assignment is [Ru(tpy)(acacy®)]*, which exhibits two
and [Ru(NH),dppzFt, in which the MLCT transition energy ~ metal-based oxidations at 190 mV (Ru(ll/lil)) and 560 mV
is not correlated with solvent polarif? Other workers have (Ru(lln/(1V)) vs SCE, but proton transfer is coupled into the
noted the stabilization of the Ru(lll)/diimine £() MLCT state second metal oxidatioH. Tris(3-diketonate) complexes of
by the electron-donating ability of the acac ligad. Ru(lll) show Ru(lll/IV) oxidation potentials at approximately

Correlations of Ru(acagjppz absorption energies with other 1100 mV vs Ag/AgCIQ, depending on ligané22
solvent scales such as hydrogen bond donation ability and _The work of Barton and Barbara has suggested that
appropriate function of refractive index (for polarizability) were [RU(phemydppzF* has two MLCT states closely spaced in
also examined. For example, it might have been anticipated that€nergy, and one of these, which has a rapid radiationless decay
hydrogen bonding of the solvent to the phenazine nitrogens of Pathway, corresponds to a species in which the dppz has more
the dppz ligand, or even to the oxygens of the acac ligands, nega}tlve charge on the phenazine nitrogens and thus can more
would influence the photoinduced charge-transfer transition "€2dily accept hydrogen bonds from the solveintwater, then,

energy. Inspection of Table 1 reveals that hydrogen bond donorthe light switch effect would be due fo this state beir;zg lower in
ability of the solvent does not correlate with the MLCT transition €Nergy than the *regular” red-emitting MLCT stdteThe

energy. No correlations of MLCT energy with solvent polar- solvation of these two MLCT states is likely different as well.
izability. (as given by 2 — 1)/(2n2 + 1), wheren is the If these results are applicable to Ru(agdppz, the anionic acac

refractive index) or with dielectric constant itself were found ![lr?ar:jds, stlr_ongdel_ectlgon donors, maydpush electri)ln qtensnyh?nto
either. Taken together, the results suggest that the primarythe I'pr?t% 'gan mb u(acehunjpszan permtz;\]nen y l!”” 3 d
solvent effect is a reorientation of the solvent dipoles to the € Ilgnt’, as we observe nere. HOWever, the acac figands do

change in dipole moment of photoexcited Ru(agdm)z |mpart to the MLCT transm(_)n a se_n_S|t|V|ty to en_wronmental
: polarity that is not observed in the visible absorption spectra of
compared to its ground state.

. . ) the phen analogu.

The electrochemical behavior of Ru(acaippz is not that  cyystal structure analysis of transition metal acac complexes
sensitive to solvent (Table 1) except in the case of alcohols; in (used as hydrogenation catalysts; refs-28) show that the
methanol and ethanol, the redox waves at negative pOte“tia|complexes are highly solvat@d:in one case the solvent
are not reversiblecis-Ru(acac)pyrazine) andcis-Ru(acacy penetrates into the hydrophobic “hollows” provided by the acac
(CH3CN), have been reported to have redox potentiats 260 ligands and is somewhat close to the metal cefitEar optically
mV vs NHE (= 40 mV vs Ag/AgCl), which have been assigned jnteresting Ru(ll) complexes, such intimate solvation may be
as the Ru(ll/ll) couplé? Recently, complexes of the type ysed to advantage in the future design of sensor molecules.
Ru(acac)olefin chelate) have been prepared and have Ru(ll/ ] )

1) potentials of ~400 mV vs Ag/AgCl, depending on olefin _ Acknowledgment. We thank the National Sme_nce Founda-
ligand1® Compared to diimine complexes, it seems that the acac tion, the Department of Energy, and the Office of Naval
ligand greatly decreases the Ru(Il/lll) potential. Research for funding.

We assign the redox waves as followsy—1100 mV 1C981322V
corresponds to dppz(©L) reduction, based on its similarity to
free ligand;~30 mV corresponds to Ru(ll/Ill) oxidation, based (20) An alternate interpretation of our electrochemical results is that the

. L . . . ~15 mV oxidation represents acac anion ligand oxidation, and the
on its similarity to that ofcis-Ru(acac)(pyrazine} and cis- 1500 mV oxidation is the Ru(ll/lll) couple. However, we have not
Ru(acac)CHsCN).. Ru(acachbpy and Ru(acagphen made by found any literature evidence to support the notion that the acac ligand
us according to literature methods also exhibit a redox couple has reversible redox chemistry at these potentials.

at similar potentials. The-1500 mV oxidation observed intwo %) fg’ggigzgz';z';”do' A.; Shimizu, K.; Sato, G.J Electroanal. Chem.

of the solvents may correspond to a Ru(lll/IV) evéhiThe (22) Hoshino, Y.; Yukawa, Y.; Maruyama, T.; Endo, A.; Shimizu, K.; Sato,
only Ru—acae-diimine complex precedent we know of for this G. P.Inorg. Chim. Actal99Q 174 41.
(23) Brown, J. M.; Brunner, H.; Leitner, W.; Rose, Metrahedron Asymm.
1991, 2, 331.
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