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Oligomeric complexes containing metal-to-ligand charge trans- Scheme 1. Preparative Routes to Oligomeric MLCT Excited
fer (MLCT) excited states are of interest in the study of the States Based on ReftPolypyridine Complexés
mechanisms of energy and electron transfer in extended molecular '_O“
arrays, as well as in applications to molecular electronic circuits
and solid-liquid junction solar celld. A variety of approaches (2/ \\(ii)
to the preparation of photoactive oligomers exist, but most are
based on Ru(lbh-chelate MLCT chromophores that emphasize 2+
linkages through the chelate (chelate is a polypyridine ligand such o0 p—p—(—p—p
as 2,2-bipyridine, bpy, or 1,10-phenanthroline, pieh)Some _
notable exceptions include tls-dicyano-bridged oligomers of ("y \(“j)
Bignozzi et af and the Re(l) molecular squares bridged by-4,4
bpy of Hupp et al. Here we demonstrate new chemistry that 2 ) : -
allows the controlled preparation of “linear” oligomers by utilizing ‘_P_P O PP P_P_‘
the trans-labilizing effect of diphosphine bridging ligands (from

hereon denoted P-P). This overall strategy puts emphasis on the \Q) (VV
bridging diphosphine group for both control of linearity and o
electronic interactions between oligomer units while allowing D_P_P_D
electronic state energies to be controlled by the in-plane ligands. ,’, }

In addition to this new MLCT oligomer chemistry, we present b b

the first example of a trimer containing solely Re{bhelate DI |
excited states, and of “parallel” energy transfer between the —P‘P-D

chromophores within the oligomer units. aThe dark circles represefetc-Re(chelate)(CQ)units; the light circles
The preparation of the Re(l) oligomers is based on the use of representis-Re(chelate)(CQ)units, and the squares represémins.
the precursor triflato (OTf) complefac-Re(chelate)(CQPTT, Re(chelate)(CQ)units. The bridging diphosphine (see text) is signified

. . f - . by P-P. Conditions for preparation of the complexes are as follows: (i
which substitutes under mild conditions to gifee-Re(chelate)- 0}/5 equiv of P-P in EtopH a’t) reflux for 48 h; (i) Zxcess P-ROIDCR at ®

(qu(Pny- but under more forcing conditions with excess P-P iy for 24 h: (jii) 1.0 equiv offac-Re(chelate)(CQDTF in acetone at

to givecis-transRe(chelate)(CQJP-P)" complexes.Scheme 1 reflux for 5 h; (iv) excess P-P in chlorobenzene at reflux for 24 h in an
shows that by judicious choice of conditions and stoichiometry, NMR tube; (v) excesfac-Re(chelate)(CQPTf in acetone at reflux for

a variety of complexes can be obtained with (Bleelate)(COy" 24 h; (vi) 0-DCB at heated reflux for 5 h; (vii) 1.0 equiv a@fis-trans-
interior units and fac-Re(chelate)(CO)" terminal units®0 Re(chelate)(CQJP-P}* in o-DCB for 5 h.

The diphosphines used in our studies inclumans1,2-bis-

(1) See, for example: Meyer, G. J., Ed. Molecular Level Artificial diphenylphosphinoethylene (t-dppene), 1,2-bis-diphenylphos-
Bhoé?f_}'qg]geg.c V'\gﬁtiﬂémmgress in norganic ChemistyKartin, K. phinoacetylene, and 1,2-bis-diphenylphosphinobenzene. The che-

(2) Although numerous examples of luminescent oligomeric complexes exist, lates were either phen or bpy. The example of note for this work
only a few selected cases appear in ref$3although see: Balzani, is the trimer (CO)bpy)Ref?-t-dppene)Re(bpy)(CQu?-t-
\9/6 ;lérés A.; Venturi, M.; Campagna, S.; Seroni,Ghem. Re. 1996 dppene)Re(bpy)(quTf]3 (I) Table 1 displays spectroscopic
) deray, L. M.; Meyer, T. Jinorg. Chem.1996 35, 6299. data on selected complexes including two dimers and two trimers
(4) Brauns, E.; Jones, S. W.; Clark, J. A. Molnar, S. M.; Kawanishi, Y.; based on the t-dppene bridge. Boti? NMR and IR spec-
Brewer, K. J.Inorg. Chem.1997, 36, 2861, troscopies are of particular help in characterizing the complexes,

(5) Harriman, A.; Ziessel, RChem. Commuril996 1707. . - ;
(6) Bignozzi, C. A.; Roffia, S.; Chiorboli, C.; Davila, J.; Imdelii, M. T.; ~ since the former gives the number of coordinated versus

Scandola, FInorg. Chem.1989 28, 4350. uncoordinated phosphorus nuclei and the latter enables the
@ (Szlr?neﬁ%év'ég%péel T.; Stem, C. L.; Albrecht-Schmitt, T.Iorg. determination of the number of interior versus terminal units. As
®) SU;TiC]én, B(_ip_;’Meyer" T. 2. Chem. Soc., Chem. Comm(igs4 1244. seen in Table 1 for several complexes, resonances occur in the
(9) Lantzky, K. M.; Helms, J. B.; Woessner, S. M.; Sullivan, B. P. region of—6 to —5 ppm (versus 85% #PQ,) that correspond to

Unpublished data. uncoordinated phosphorus-7.6 ppm for free t-dppene). In

(10) Preparation df: fac-Re(bpy)(COJOTf (135 mg, 0.235 mmol) andi{s- - -
trans-Re(COX(t-dppene)bpy)(OTf) (159 mg, 0.119 mmol) were placed ~ CONtrast, Re(l)-coordinated phosphorus occurs in the regidh

in a 50 mL round-bottom flask containing approximately 30 mL of dry ~ to +18 ppm. In addition to satisfactory elemental analysis data,
acetone. The reaction mixture was purged with nitrogen for 20 minand | yielded a large “parent” ion by FAB mass spectrometry

refluxed with magnetic stirring for 48 h, after which time the acetone ; ; —
was removed by rotary evaporation, leaving a light yellow residue. The corresponding to the loss of one OTf counteriowg(= 2333.4).

residue was dissolved in dichloromethane and reprecipitated by dropping A C]Uite startling dispovery was made during our initial_att_empts_
into a stirring mixture of 2:1 diethyl ether:hexanes. The resulting light to refine the preparations, i.e., under the appropriate stoichiometric

yellow solid was then purified by column chromatography on acidic i argelic li ; ;
alumina eluting with acetonitrile followed by methanol (266 mg, 91% conditions new complexes that lic ligand bridged oligomers

yield). Anal. Calcd (found): C, 43.61 (43.69); H, 2.76 (2.76); N, 3.39 are formed, e.g., [Re(bpy)(t-dppene)(GI(OTf).. These unusual
(3.31). materials contain trans carbonyl and cis phosphine ligands, and
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Table 1. Key Spectroscopic Data for the Complekes

complex¥—d 31P NMR shifts IR frequencies (cmt)° Aent
cis-transRe(bpy)(CO)(dppeney’ (I11') +16.6,—5.7 1942, 1873 637
(COX(bpy)Ref:>dppene)Re(bpy)(CG (II) +14.9 2043, 1960, 1928 524
(CO)(bpy)Ref?-dppene)Re(bpy)(CQdppenelt +20.6,+19.6,+15.2,—3.5 2042, 1957, 1942, 1926, 1870 623
(COX(bpy)Refi>-dppene)Re(bpy)(CQu?-dppene)Re(bpy)(C&™ (1)  +18.8,+14.4 2041, 1959, 1942, 1926, 1875 615
(CO)(bpy)Ref*-dppene)Re(phen)(Ce)?-dppene)Re(bpy)(CH" +18.9,+14.5 2042, 1958, 1945, 1926,1876 602

2 All oligomers haveac-tricarbonyl capping groups aris-dicarbonyl interior groups’ All complexes are OTf salts.Data recorded in CkCl,
solution.? UV —visible absorption data have been omitted because the oligomers have no well-defined m&épated versus an 85%P0O,
external standard; recorded in BN solution.” Corrected spectra recorded on an SLM model 8000C spectrofluorimeter.

110° , ‘ ; . . . 500 nm region, while fot, only a 600 nm emission is observed

a " (¢360= 0.036). That this lower energy emission is associated with

& 20 ] the interior unit is supported by comparison with the monomer
g o10t [ ] model,cis-transRe(bpy)(CO)(t-dppeney™ (Ill ). Both emissions
< ' | occur at ca. 600 nm, although that bfis somewhat lower in

-‘5 410 b 1 energy. Since the absorption spectra of the MLCT region (ca.
- 340-600 nm) ofl and that produced by the summation |bf

TR 1 and Il are superimposable, this blue shift is attributed to an

0, 450 e excited state effect which could be electrostatically induced, as

is found for Os(phenj' ion pairst?13 In addition to the blue-
Figure 1. Uncorrected er_nission spectra for co_mpleke(svﬁmer), 1] ?(;] szltgdvi:gljss I%n’zgjs lil:]e%méc?f r;?szlgcrce:asa?daflzt%i;g on
(dimer), andlll monomer in CHCI; at 20°C. Excitation wavelengths ) B 2

are either 360 or 426 nm (see text for discussion). wavelength of either 360 or 440 nm).

The preparative techniques presented here offer the possibility
their properties are the subject of the following Communication t0 vary the electronic properties of the individual units as well as
in this issue-! overall chain length in a straightforward fashion. The facile energy
| transfer at room temperature Inshould be capable of being

probed in a direct fashion by transient infrared spectral tech-
44 due to the presence of dicarbonyl versus tricarbonyl units.

Wavelength (nm)

Of prime interest are the photochemical and photophysica
properties of the linear oligomers. As demonstrated in Figure 1,
results of steady state emission spectroscopy demonstrate tha'f"que
excitation energy can be transferred within compleftom a Acknowledgment. We thank the DOD EPSCoR (AFOSR)
terminal unit to the interior unit. This is illustrated by the different  rogram and the NSF-REU program (K.L.) for funding.
behavior for the 360 nm excitation of the dimer (G@®py)Re-

(u>-t-dppene)Re(bpy)(CQ)OTH), (Il ), which serves as a photo-  1C981280A
physical model for the terminal units in For Il , an extremely

strong emission featurepfso = 0.35, CHCIl,) is found in the (12) The MLCT region in the electronic spectra of the oligomers are broad
“edge” absorptions with no distinct maxima.

(13) Vining, W. J.; Caspar, J. V.; Meyer, T.Jl.Phys. Cheml985 89, 1095.

(11) Woessner, S. M.; Helms, J. B.; Houlis, J. F.; Sullivan, BnBrg. Chem. (14) Schoonover, J.; Strouse, G. A.; Omberg, K. M.; Dyer, RCBmments
1999 38, 4380. Inorg. Chem.1996 18, 165.




