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Reaction of Nitrogen Chelates with the [Rh]** Core: Bis-Chelate Products and
Demonstration of Reversible, Chelate-Based Reduction Processes
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The preparations and properties are described of a series 4t {Rbmplexes possessing carboxylates and N-based
chelates as ligands. Treatment of,RD,CR)(MeOH), (R = Me (1), Et (2), Ph (3) or C(4)) with 2 equiv of
2,2-bipyridine (bpy) in refluxing MeCN leads to the [RID.CR)(bpy)]?* cation (in complexe§—9). Reaction

of 1 with 1,10-phenanthroline (phen), 4,4'-dimethyl-2,2'-bipyridine {Mwy), 4,4'-diphenyl-2,2'-bipyridine (Bh

bpy), and 4,7-diphenyl-1,10-phenanthroline fftten) leads to the analogous cations of complek@s13.
Complex6a, [RI(OAC)(bpy(MeCN)](PFs)2-2MeCN, crystallizes in monoclinic space groBgi/a with the
following cell parameters at172°C: a = 14.433(2) Ab = 12.810(1) A,c = 22.78(3) A, = 104.42(3)°,Z

= 4, andV = 3971.2 B. Complex9, [Rh(O.,CCFs)4(bpy)]:Me,CO, crystallizes in triclinic space groupl

with the following cell parameters at 2C: a= 14.260(4) Ab = 15.375(4) A,c = 9.709(2) A,a. = 105.98(2)°,

B = 97.49(2)°,y = 70.32(2)°,Z = 2, andV = 1925.2 B. Both6a and9 contain a singly-bonded [R* unit

with two cis bridging RCQ~ groups and twesyn-bpy chelate groups in a near-eclipsed conformation about the
Rh—Rh vector. Reaction of [Rftpy)2(MeCN)](BF4)4 (15) (tpy = 2,2":6',2"-terpyridine) with NBW4(O.CPh)

gives [Ri(O,CPh)(tpyX(MeCN),](BF4)3-MeCN (16). Complexi6 crystallizes in triclinic space groupl with

the following cell parameters at168°C: a = 11.684(4) Ab = 20.373(8) A,c = 10.451(3) Ao = 93.47(2)°,

B =110.53(1)°,y = 100.03(2)°,Z = 2, andV = 2274.1 B. The cation of16 consists of a [R§** unit with a
bridging PhCQ~ group and two chelating tpy groups. The solutithNMR properties of complexed—13and

16 show the complexes to retain their solid-state structures on dissolution. The electrochemical properties of
6—13and16 were investigated by cyclic voltammetry (CV) and differential pulse voltammetry (DPV) in MeCN.
The bis(bpy) and -(phen) complexés-8, 10, andll show a reversible, one-electron reduction in the range
—0.83t0—0.91 Vusferrocene and an additional, irreversible reduction and an irreversible oxidation; AbyyPh

(12) and Phphen (13) complexes show a two-electron reversible reductierOdl to—0.76 and a reversible
one-electron oxidation at 0.68—0.89 V. Consideration of the potentials as a function of carboxylate and chelate
identity leads to the conclusion that the reductions are ligand (chelate)-based. This is supported by an extended
Htckel calculation on the model compound BRD,CH),(bpy)(HCN),]2*, which shows the LUMO to be a bpy-
based orbital comprising in-phase,overlap of two bpys* orbitals, one on each of theyn-bpy groups. In
contrast, complex6 shows no reversible reduction processes. CompleRh(OAC)(bpy(MeCN)](BFa4)2,

in MeCN may be reduced with sodium acenaphthylenide in THF to give deep blyédJRt)(bpy)(MeCN),]-

(BF4) (14) in high yield. The cation 014 may also be generated by controlled potential electrolys&agh

MeCN at—0.99 V and by heating of a solution 6& or 6b in alcohol.

For a number of reasons, we have recently become interested
in certain aspects of dinuclear Rishemistry that encompass

Since the discovery of the first dinuclear rhodium(il) complex o of these areasiz., coordination chemistry and antitumor

in 19607 such compounds have been the focus of intensive activity. Thus, we are exploring the reactivity chemistry of the
research activity. Areas of interest include metaletal bond- [Rh]4* core with nitrogen-based chelate ligahdsid purine

ing? catalysis; antitumor activity} and coordination chemistfy.  cleobases,aiming to achieve insight into the origin of the

established antitumor activity of certain [Rh™ complexes.

1 Indiana University. Our initial investigations into the reactivity chemistry of the
®'\£L‘;Sht'r%i? Engtgth(‘j"’igg%h ce ACS Abstractapril 15, 1667 [Rhy]4* core with N-based chelate ligands have demonstrated
(1) (@) Chemyaev, I. I; Shenderetskaya, E. V.; Maiorova, A. G.; the ability of a single 2,2bipyridine (bpy) group to interact
Karyagina, A. A.Zh. Neorg. Khim1960,5, 1163. (b) Chernyaev, I. ~ with the dimetal core in a variety of binding modes. These
:.;Sheg(:]eretskanal,Ii_.v.;llvlagg[)oxéa,SAs.QG.;Karyaglna, ARAss. J. include axial—equatorial (ax—eq) and equatoriatjuatorial
@ (r;‘))rcgésasery_' ,\(,I__”(g:éytg?\nsR'}H__ Chisholm, M.Ikorg. Chem1991 (eq—eq) modes, and their characterization has provided valuable
30, 358. (b) O'Neill, F. M.; Boeyens, J. C. Anorg. Chem1990,29, information concerning the mechanism by which the chelating
(1d3)0é~ (© K?:h,A Y. EI?-:BChristBOPCF} CE gnoc;g- '\Cﬂh%mlp978ilj7,§598-k ligand attaches to the [BH* core® With these results in hand,
otton, F. A.; DeBoer, B. G.; LaPrade, M. D.; Pipal, J. R.; Ucko,
D. A. Acta Crystallogr., Sect. B971,27, 1664. (e) Cotton, F. A. (3) (a) Felthouse, T. RProg. Inorg. Chem1982,29, 73. (b) Boranovski,
Chem. Soc. Re1975 4, 27. (f) Bennet, M. J.; Caulton, K. G.; Cotton, T. B. Zh. Neorg. Khim1982,27, 1347. (c) Boyer, E. B.; Robinson,
F. A. Inorg. Chem.1969, 8, 1. (g) Cotton, F. A.; Norman, J. G. S. D.Coord. Chem. Re 1983,50, 109. (d) Doyle, M. PChem. Reuw.
Am. Chem. S0d.971, 93, 80. (h) Cotton, F. A.; Walton, R. AMultiple 1986,86, 919. (e) Doyle, M. PAcc. Chem. Re<€986,19, 348. (f)
Bonds Between Metal Atom#/iley: New York, 1993; Chapter 7. Pruchnik, F. PPure Appl. Chem1989,61, 795.
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we have since sought to extend this chemistry to the reactionssentative compounds. In addition, we describe and interpret

of [Rhy]** complexes with 2 equiv of a N-based chelate.
The first structurally-characterized [Rf™ complex contain-

the data obtained from application of a variety of spectroscopic
and physicochemical techniques, supplemented with EHT

ing two chelating ligands was the dimethylglyoximate complex calculations.

Rhy(OACc)(dmg)y(PPh),, which contains two bridging acetate
ligands in acis disposition about the dirhodium cofeThe
dimethylglyoximate ligands chelate in the four remaining

equatorial positions, and the phosphine ligands are bound axiaIIy.SIO

Experimental Section

Syntheses. All manipulations were performed under inert atmo-
here conditions using standard Schlenk and glovebox techniques.

Similar complexes are obtained with oxygen chelatgs such asrhck-3H,0 (Sigma) was used as received. 'Biyridine (bpy), 1,-
B-diketonate$. In these systems, the chelates again occupy 10-phenanthroline (phen), Zdimethyl-2,2-bipyridine (Mebpy), 4,4-

equatorial positions of the [RHf* core, and isomeric mixtures

diphenyl-2,2'-bipyridine (Plbpy), 4,7-diphenyl-1,10-phenanthroline

are obtained when asymmetry is present in the diketonate (Phphen), and 2,26',2"-terpyridine (tpy) were purchased from Aldrich

ligand1°

An additional group of compounds containing two nitrogen
chelates bound to the [ core are the RIGO.CR)(N-N)2X>
(R = H, Me, PhCH(OH); X= ClI, Br, I; N-N = bpy, phen)
complexes$e1! This chemistry was extended to the methyl-

substituted phenanthroline (phen) derivatives and later to the

Chemical Company and used as received(®CMe)(MeOH), (1),
Rhp(O-CR}(MeOH), (R = Et (2); R= Ph (3));° Rhy(O.CCF)4(Mez-
CO), (4)551 and [Rh(tpy)2(MeCN)](BF4)4 (15)¢ were prepared by
literature procedures.

[Rh(OAC)2(bpy)2](OAC)2 (5). A deep violet solution ol (200 mg,
0.377 mmol) in MeCN (12 mL) was treated with solid bpy (118 mg,
0.755 mmol). The mixture was heated to reflux for 24 h to give a

cationic versions where the axial halide ligands are replaced pyick red precipitate 06. The resulting solid was isolated by filtration

with solvent molecules or neutral donors such as phosphtnes.

and driedin vacuo. The yield was 284 mg, 83%. Anal. Calcd for

Reversible redox chemistry was observed with some of the C,gHN,OsRhy: C, 44.58; H, 3.74; N, 7.42. Found: C, 44.50; H, 3.64;
species, and extended Hlckel (EHT) calculations of the N, 7.61. *H NMR in CDsOD (ppm): QCCH;, 1.900 (s, 6), 2.598 (s,

electronic structure of these complexes were perfoffriacan
attempt to compare them with the parent ,@&3»CR)L»

complexes. Calculations performed on the model compound

Rhp(O,CH),(HN(CH),NH)X; (X = Cl, Br) and [Ri(O.CH),-
(HN(CH):NH)2L2]2* (L = H0, NHs, PHs, AsHs) revealed a
metal—metal bonding framework very similar to that found in

the tetracarboxylate complexes, but concluded that the LUMO

of the model complexes was largely ligand—8 z* in
character, but with significant contributions from the -RRh
7 systemse

6); bpy, 7.44 (dt, 4) 7.95 (td, 4), 8.00 (d, 4), 8.38 (d, 4). Electronic
spectrum in MeOH fma/nm (ew/L mol~* cm™4)]: 208 (25 000), 262

5(30000), 300 (15 170), 366 (3240), 432 (2080), 552 (300). IR data

(KBr pellet, cnml): 3107 (w), 3079 (w), 2980 (w), 2926 (w), 1588
(s), 1563 (s), 1464 (m), 1451 (s), 1422 (s), 1364 (s), 1323 (M), 766
(m), 725 (w), 704 (m), 648 (w).

[Rh2(OAC) (bpy)2(MeCN),](PFe)2-2MeCN (6a). Method A. A

ep red slurry 06 (50 mg, 0.066 mmol) was treated with 2 equiv of
NaPF (22.3 mg, 0.133 mmol) in MeCN (10 mL) and the system heated
to reflux for 6 h. Upon cooling, an off-white precipitate. of NaOAc
was removed by filtration. The filtrate was layered with@&{(25 mL)

In the present paper, we describe the syntheses of a numbegnd slowly produced deep red-orange crystal§ of 61% yield.

of complexes that contain two N-based chelate groups, together

Method B. In a 25 mL Schlenk flaskl (200 mg, 0.377 mmol),

with single-crystal structural characterizations of three repre- bpy (118 mg, 0.755 mmol), and NaPf27 mg, 0.755 mmol) were

(4) (a) Hughes, R. G.; Bear, J. L.; Kimball, A. Proc. Am. Assoc. Cancer
Res.1972,13, 120. (b) Erck, A.; Rainen, L.; Whileyman, J.; Chang,
I.-M.; Kimball, A. P.; Bear, JProc. Soc. Exp. Biol. Med.974,145,
1278. (c) Bear, J. L.; Gray, H. B.; Rainen, L.; Chang, I. M.; Howard,
R.; Serio, G.; Kimball, A. PCancer Chemother. Ref975,59, 611.

(d) Howard, R. A.; Spring, T. G.; Bear, J. Cancer Res1976,36,
4402. (e) Erck, A.; Sherwood, E.; Bear, J. L.; Kimball, A.Gancer
Res.1976, 36, 2204. (f) Howard, R. A.; Sherwood, E.; Erck, A.;
Kimball, A. P.; Bear, J. LJ. Med. Chem1977,20, 943. (g) Bear, J.
L.; Howard, R. A.; Dennis, A. MCurr. Chemother., Proc. Int. Congr.
Chemother., 10th, 1977978, 1321. (h) Kadish, K. M.; Das, K.;
Howard, R.; Dennis, A.; Bear, J. Bioelectrochem. Bioenerd978,

5, 741. (i) Howard, R. A.; Kimball, A. P.; Bear, J. ICancer Res.
1979,39, 2568. (j) Rao, P. N.; Smith, M. L.; Pathak, S.; Howard, R.
A.; Bear, J. L.J. Natl. Cancer Inst1980,64, 905.

(5) Constable, E. CCoord. Chem. Re 1986, 73, 59 and references
therein.

(6) (a) Perlepes, S. P.; Huffman, J. C.; Matonic, J. H.; Dunbar, K. R;
Christou, G.J. Am. Chem. S0d 991,113, 2770. (b) Crawford, C.
A.; Matonic, J. H.; Streib, W. E.; Huffman, J. C.; Dunbar, K. R,;
Christou, G.Inorg. Chem.1993,32, 3125.

(7) (a) Dunbar, K. R.; Matonic, J. H.; Saharan, V. P.; Crawford, C. A;;
Christou, G.J. Am. Chem. Sod. 994,116, 2201. (b) Crawford, C.
A.; Day, E. F.; Saharan, V. P.; Folting, K.; Huffman, J. C.; Dunbar,
K. R.; Christou, G. Submitted for publication.

(8) Halpern, J.; Kimura, E.; Molin-Case, J.; Wong, C.JSChem. Soc.,
Chem. Commurl971, 1207.

(9) (a) Cenini, S.; Ugo, R.; Bonati, fnorg. Chim. Actal967,1, 443.
(b) McCarthy, H. J.; Tocher, D. Anorg. Chim. Actal988,145, 171.

(10) McCarthy, H. J.; Tocher, D. APolyhedron1989,8, 1117.

(11) (a) Sokol, V. I.; Porai-Koshits, M. A.; Kochetkova, A. P.; Sveshnikova,
L. B. Koord. Khim.1984,10, 844. (b) Sokol, V. I.; Porai-Koshits, M.
A.; Kochetkova, A. P.; Sveshnikova, L. Ba. J. Coord. Chenl984
10, 461.

(12) Glowiak, T.; Pasternak, H.; Pruchnik, A&cta Crystallogr.1987, C43
1036.

(13) Calligaris, M.; Campana, L.; Mestroni, G.; Tornatore, M.; Alessio, E.
Inorg. Chim. Actal987,127, 103.

combined in MeCN (15 mL). The resulting mixture was heated to
reflux for 24 h, during which time it slowly converted from deep violet
to orange-red. The reaction mixture was cooled and filtered to remove
the precipitated NaOAc, and the filtrate was layered withOE(50
mL). This produced deep red-orange crystalé of 74% yield. Anal.
Calcd for GgHagF12NsO4P:Rh,: C, 33.35; H, 2.80; N, 8.33. Found:
C, 32.92; H, 2.90; N, 8.00*H NMR in CDsCN (ppm): QCCHjs, 2.52

(s, 6); bpy, 7.282 (t, 4), 7.710 (d, 4), 7.821 (t, 4), 8.159 (d, 4). IR data
(KBr pellet, cnt): 3121 (w), 3093 (w), 1609 (w), 1559 (s), 1452 (s),
1427 (s), 842 (s, br), 764 (s), 726 (w), 705 (m), 558 (m). Electronic
spectrum in MeCN: 218 (33 100), 254 (39 400), 280 (34 400), 298
(27 500), 354 (4740), 408 (2920), 512 (380).

[Rh2(O2CMe) (bpy)(MeCN),](BF4)2 (6b). Complex1 (200 mg,
0.377 mmol), bpy (118 mg, 0.755 mmol) and NagB2.9 mg, 0.755
mmol), were combined in MeCN (15 mL), and the resulting deep violet
mixture was heated to reflux for 24 h. Upon cooling to room
temperature, an off-white precipitate of NaOAc formed. The precipitate
was removed by filtration and the resulting filtrate layered withCEt
(50 mL). The layering slowly produced deep orange crystal§tof
The yield was 78%.

[Rh2(O2CEt)2(bpy)(MeCN),](PFe). (7). Complex2 (50 mg, 0.089
mmol), bpy (27.8 mg, 0.178 mmol), and NaRE9.9 mg, 0.178 mmol)
were combined in MeCN (5 mL), and the mixture was heated to reflux.
After 24 h, the mixture was cooled to room temperature and the
precipitate of Na@CEt removed by filtration. The filtrate was layered
with Et,O (20 mL) to slowly give deep red crystals Bin 68% yield.

IH NMR in CDsCN: O,CH,CHjs, 1.320 (t, 6); QCH.CHs, 2.727 (q,
4); bpy, 7.301 (t, 4); 7.730 (d, 4), 7.838 (t, 4), 8.130 (d, 4).

(14) Rempel, G. A.; Legzdins, P.; Smith, H.; Wilkinson, IGorg. Synth.
1972,13, 90.
(15) (a) Cotton, F. A.; Felthouse, T. Rorg. Chem.1980,19, 323. (b)
Cotton, F. A.; Felthouse, T. Rnorg. Chem.1981,20, 600.
(16) Crawford, C. A.; Folting, K.; Christou, G. Manuscript in preparation.
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[Rh2(O2CPh)x(bpy)2(MeCN),J(PFe). (8). Complex 3 (100 mg, [Rh2(O2CPh)(tpy)2(MeCN),](BF 4)s*MeCN (16). In a 25 mL
0.145 mmol), bpy (45.3 mg, 0.290 mmol), and NaP#8.7 mg, 0.290 Schlenk flask, complet5 (0.050 g, 0.042 mmol) was combined with
mmol) were combined in MeCN (20 mL), and the deep violet mixture "BusN(O.CPh) (0.015 g, 0.042 mmol) in MeCN (8 mL) and the
was heated to reflux. After 24 h, the deep red-orange mixture was resulting mixture stirred for 24 h at room temperature. The solution
cooled to room temperature and the precipitate of )\G#h removed was filtered and the filtrate layered with,Bx (25 mL) to slowly produce
by filtration. The filtrate was concentrated to 8 mL and layered with orange crystals df6in 78% yield. X-ray quality crystals were obtained
Et,O (50 mL) to slowly produce deep orange crystals8oh 68% by vapor diffusion of EtGCMe into an acetonitrile solution df6. H
yield. *H NMR in CDsCN (ppm): QCPh, 7.568 (t, 4), 7.680 (t, 2), NMR in CDsCN (ppm): QCGCsHs, 7.739 (d, 2), 7.848 (t, 1), 8.548 (d,
8.282 (d, 4); bpy, 7.2463 (t, 4), 7.772 (d, 4), 7.852 (i, 4), 8.211 (d, 4). 2); tpy, 7.468 (i, 4), 7.594 (d, 4), 7.951 (d, 4), 8.055 (t, 4), 8.140 (d,
Electronic spectrum in MeCN: 226 (11675), 252 (12576), 304 4),8.165 (t, 2). IR data (KBr pellet, cr¥): 3079 (w), 2320 (w), 2292
(12 541), 352 (4082), 402 (2389), 514 (368). (w), 2251 (w), 1605 (m), 1476 (w), 1451 (m), 1402 (w), 1059 (s, br),

[Rh2(O-CCF3)4(bpy)2]-Me,CO (9). Complex 4 (100 mg, 0.13 775 (s), 521 (m). Electronic spectrum in MeCN: 228 (21 700), 262
mmol) and bpy (40 mg, 0.26 mmol) were dissolved in MeCN (10 mL), (24 200), 310 (19 350), 336 (11 700), 414 (1690), 492 (250).
and the solution was refluxed for 5 h, after which time the MeCN was X-ray Crystallography and Structure Solution. Data were
removedin vacuo and the residue taken up in M&O (10 mL) and collected on [RE(OAC)(bpy(MeCN)](PFs)2-2MeCN 6a) and [RR(O,-
layered with hexanes. An orange crystalline solid was slowly obtained, CPh)(tpy}(MeCN)](BF4);-MeCN (16) using a Picker four-circle
which was collected by filtration and drigd vacuo. The yield was diffractometer; details of the diffractometry, low-temperature facilities,
86%. H NMR in CDsCN (ppm): bpy, 7.23 (t), 7.72 (t), 7.81 (d), and computational procedures employed by the Molecular Structure
8.12 (d). IR data (KBr pellet; cr): 1690 (s), 1650 (s), 1610 (m),  Center are available elsewhéfeFor [Rh(O,CCRs)4(bpy)]-Me,CO
1475 (m), 1460 (m), 1435 (m), 1200 (vs), 875 (m), 845 (m), 810 (m), (9), data were collected on a Rigaku AFC6S diffractometer. General
775 (s), 750 (m), 730 (m). Electronic spectrum in MeCN: 258 procedures are described elsewHérand the structure solution and
(86 000), 305 (68 000), 529 (380). refinement were carried out using the software package TEXSAN.

[Rh2(O2CMe)z(phen)(MeCN),](BF4)2 (10). Complex1 (100 mg, Three or four standard reflections measured periodically throughout
0.189 mmol), phen (68.1 mg, 0.378 mmol), and NaB€re combined data collection revealed negligible decay &arand16 but a 65% decay
in MeCN (8 mL), and the mixture was heated to reflux for 24 h. The for 9, attributed to loss of interstitial MEO molecules; a linear decay
mixture was cooled to room temperature and the precipitate of NaOAc correction was applied to compensate for this decay. In addition, an
removed by filtration. The filtrate was layered with,8t(20 mL) to empirical absorption correction f@was applied on the basis of three
produce red-orange crystals b in 88% yield. 'H NMR in CD:CN y-scans which gave transmission factors ranging from 0.88 to 1.00.
(ppm): QCCHs, 2.57 (s, 6); phen, 8.39 (d, 4), 8.18 (d, 4), 7.63 (s, 4), For complex6a, a systematic search of a limited hemisphere of
7.54 (dd, 4). IR data (KBr pellet, cn): 3094 (w), 2936 (w), 1630 reciprocal space located a set of diffraction maxima with Laue symmetry
(w), 1557 (s), 1518 (m), 1445 (s), 1431 (s), 1414 (s), 1343 (w), 1065 corresponding to the unique monoclinic space grB@pa (alternate
(s, br), 847 (m), 716 (m). Electronic spectrum in MeCN: 224 (14 610), setting ofP2i/c). Subsequent solution and refinement of the structure

260 (15 740), 296 (14 530), 362 (4760), 408 (3050), 514 (292). confirmed this choice. The structure was solved by a combination of
[Rh(O,CMe)x(Mezbpy)(MeCN)2](BF )2 (11). This compound was direct methods (MULTAN78) and Fourier techniques. After all non-
prepared in a manner analogous to that¥6remploying complext hydrogen atoms had been located, a Fourier difference map revealed
(50 mg, 0.099 mmol), Mgpy (36.4 mg, 0.198 mmol), and NapF  the location of some, but not all, of the hydrogen atoms. All hydrogen
(21.7 mg, 0.198 mmol) in MeCN (5 mL). The yield afl was 47%. atom positions were therefore calculated using idealized geometries

IH NMR in CD3CN (ppm): QCCHg, 2.414 (s, 6); Mgbpy, 2.452 (s, andd(C—H) = 0.95 A. These calculated positions were fixed for the
12); Mebpy, 7.138 (d, 4), 7.637 (s, 4), 7.943 (d, 4). Electronic final cycles of refinement, which involved anisotropic and isotropic
spectrum in MeCN: 226 (13 714), 254 (14 582), 298 (13 931), 354 thermal parameters for non-hydrogen and hydrogen atoms, respectively.

(3839), 408 (1995), 526 (246). A final Fourier difference map was featureless, with the largest peak
[Rh2(0CMe)(Phzbpy)(MeCN),](BF4). (12). This compound was ~ being 0.74 e/A

prepared in a manner analogous to that¥0r employing comple For complex9, the structure was solved using the TEXSAN software

(50 mg, 0.099 mmol), Rbpy (61.1 mg, 0.198 mmol), and NaBR1.7 package. The positions of the rhodium atoms were taken from a direct

mg, 0.198 mmol) in MeCN (5 mL). The yield df2 was 85%. H methodsE-map whereas all other atoms were located from a series of

NMR in CDsCN (ppm): QCCHs, 2.524 (s, 6); Pibpy, 7.389 (t, 8), Fourier difference maps and full-matrix least-squares refinement cycles.

7.475 (t, 4), 7.610 (m, 12), 8.173 (s, 4), 8.289 (d, 4). Electronic The atoms in the trifluoroacetate groups, particularly those in the axial
spectrum in MeCN: 224 (17 824), 260 (19 253), 314 (19 115), 370 positions, were characterized by the usual high thermal motion; thus it

(7442), 426 (2690), 526 (370). was necessary to refine them with isotropic thermal parameters. In
[Rh2(02CMe),(Phaphen)(MeCN);l(BF4). (13). Complex13 was fact, because of the limited amount of observed data owing to the weak
prepared in a manner analogous to that for Commexemploying diffraction pl’Operties of the CrySta|, Only the Rh atomS, and most of
complex1 (50 mg, 0.099 mmol), Rphen (65.8 mg, 0.198 mmol), and  the atoms directly bound to them, were refined anisotropically.
NaBF; (21.7 mg, 0.198 mmol) in MeCN (8 mL). The yield @8 was For complex16, a systematic search of a limited hemisphere of
71%. *H NMR in CD:CN (ppm): QCCHs, 2.623 (s, 6); Piphen, reciprocal space yielded a set of reflections which exhibited no

7.241 (d, 8), 7.446 (t, 8), 7.550 (d, 4), 7.601 (d, 4), 7.736 (s, 4), 8.553 symmetry (other than)land no systematic extinctions. The initial
(d, 4). Electronic spectrum in MeCN: 224 (11 190), 256 (11 997), choice of the centrosymmetric space grdkpwas confirmed by the
316 (11 424), 358 (10 275), 424 (4040), 526 (386). subsequent solution and refinement of the structure. The structure was
[Rh2(02CMe)2(bpy)2(MeCN);J(BF4) (14). A 0.50 M solution of solved using a combination of direct methods (SHELXS-86) and Fourier
Na acenaphthylenide was prepared by slowly dissolving Na metal (0.23 téchniques. The Rh atoms and some other parts of the cation were
g, 0.010 mol) in a solution of acenaphthylene (1.52 g, 0.0100 mol) in Obtained initially; the remaining atoms, including almost all of the
THF (20 mL) to give a deep brown solution after stirring overnight. hydrogen atoms, were obtained from iterations of least-squares refine-
An aliquot of this solution (40@L, 0.200 mmol) was added via syringe ~ Ment and difference Fourier map calculations. The asymmetric unit
to an orange-red solution of compléb (0.160 g, 0.180 mmol) in was found to contain the Rlcation, three BF anions, and some
MeCN (8 mL); a rapid color change to intense dark blue occurred. disordered CECN solvent molecules situated near a center of sym-
Addition of EtO (25 mL) precipitated a dark blue solid, which was ~Metry. In the final cycles of refinement, the non-hydrogen atoms in
collected by filtration and washed with 1. The yield was 0.104 g,
72%. A sample driedn vacuo analyzed as [R{O.CMe)(bpy)- (17) Chisholm, M. H.; Folting, K.; Huffman, J. C.; Kirkpatrick, C. {org.
(MeCN)gl(BF4). Anal. Calcd for GsHas NasBOsFRI: C, 38.69; Chem.1984,23, 1021.

. . . . (18) (a) Cotton, F. A.; Frenz, B. A.; Deganello, G.; Shaver, A.
H, 3.05; N, 8.12. Found: C, 38.67; H, 3.27, N, 8.20. IR data (KBr Organomet. Chenil973, 227. (b) Bino, A.; Cotton, F. A.; Fanwick,

(w), 760 (m), 723 (m), 698 (M), 669 (m), 517 (w). Electronic spectrum (19) TEXSAN-TEXRAY Structure Analysis package, Molecular Structure
in MeCN: 240 (18 500), 282 (21 500), 582 (15 000), 762 (3600). Corp., 1985.
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Table 1. Crystallographic Data for [ROacy(MeCN)](PFs)2,
2MeCN (6a), [RR(O,CCR)4(bpy)]-Me,CO (9), and
[Rhy(O,CPh)(tpy}(MeCN),](BF4);*MeCN (16)

6a 9 16
formulgd CaoH3aNgO4F1.P.Rh, CaiHaoN4OgF1:Rhy CaiH33B3F1NsORMy
fw, g/mol  1090.41 1030.34 1135.99
space groupP2,/a P1 P1
a, 14.433(2) 14.260(4) 11.684(4)

b, A 12.810(1) 15.375(4) 20.373(8)
c, A 22.178(3) 9.709(2) 10.451(3)
o, deg 90 105.98(2) 93.47(2)
B, deg 104.42(3) 97.49(2) 110.53(1)
y, deg 90 70.32(2) 100.03(2)
Vv, A 3971.2 1925.2 2274.1

Z 4 2 2

T,°C —-172 20 —-168
radiatio® Mo Ka MoKa MoKa

Pealo QlCT? 1.824 1.777 1.659

u, et 9.990 9.526 8.058
octants +h, +k, +l +h, £k, +I +h, £k, +l
unique data 5206 5103 5983

obsd data 3569 1657 4844

R (Ry)® 0.0695 (0.0750) 0.097 (0.118) 0.0446 (0.0452)

a|ncluding solvate molecule8.Graphite monochromatofF >
2.3%(F). @1 > 30(l). *R= 3 |Fo| — [Fd/3|Fol. Ry = [YW(|Fo| — |Fc))¥
SWIFo[2Y2 wherew = 1/0%(|Fy|).

the cation and anions were varied with anisotropic thermal parameters

Crawford et al.

better formulated as [R{O,CMe)(bpy)](O2.CMe), (5). In
order to obtain suitable crystals for firm, crystallographic
determination of the structure, more soluble forms were sought
and attained by addition of NaRlr NaBF to the reaction
mixtures; this gave a precipitate of NgCMe and an orange-
red solution, from which was subsequently isolated the (@5
CMe)(bpyp(MeCN)]2t ion as the PF (6a) and BR~ (6b)
salts. In a complementary approaéhwas dissolved slowly

in refluxing MeCN containing NaRfto give NaQCMe and

an orange-red solution, from which was isolaal (method

A). These reactions are summarized in egs 1 and 2. The one-

MeCN

_—

—MeOH

Rh,(O,CMe),(MeOH), + 2bpy
1

[ha(ozc'vle)z(gp)’)z](OzCMe)z @)

MeCN

[Rh,(O,CMe),(bpy),](O,CMe), + 2NaPF
5

[Rh,(O,CMe),(bpy),l(PF), + 2NaO,CMe (2)
6a

pot reaction involving addition of NaREmethod B) or NaBFE
is the more convenient one and has been employed in all

and the solvent atoms were refined using isotropic thermal parameterssubsequent reactions: the same procedure with phesbpgyle

and an occupancy factor. The hydrogen atoms were kept in fixed
idealized positions. The final difference map was reasonably clean;
the largest peak was 1.2 é/f the area of the disordered solvent, and
the deepest hole was-0.6 e/&. No correction was made for
absorption. FinaR (R,) values are listed in Table 1.

Other Measurements. Infrared (KBr pellets) and solution electronic
spectra were recorded on Nicolet Model 510P and Hewlett-Packard
Model 8452A spectrophotometers, respectively. Electrochemistry was
performed with a BAS Model CV-50W instrument employing a
standard three-electrode cell (glassy carbon working, Pt wire auxiliary,
and SCE reference electrodes). The supporting electrolyte wa%NBu
PFs. Potentials are quoteds the ferrocene/ferrocenium couple as an
internal standard (0.33 Ws SCE under our conditions). Controlled
potential electrolysis was performed with a Pt basket and Pt mesh
working and auxiliary electrodes'H NMR spectra were recorded on
Varian XL-300 and Bruker AM-500 MHz spectrometers. EHT
calculations were performed on [RB©,CH)(bpy)(HCN),]?>* and
[Rha(O-CH)(tpy)(HCN);]** using weightedH;'s; atomic coordinates
were taken from the structures 6& and 16.

Results and Discussion

Syntheses.In previous work, it had been shown that reaction
of [Rhy(O.CMe)y(MeOH),] (1) in Me,CO with 1 equiv of bpy
leads to precipitation in almost quantitative yield of green
Rhpy(O,CMe)(bpy), which contains an axiakequatorial (ax—
eg) bpy group®® In MeCN, the product precipitates more slowly
and in a more modest yield40%)52 In the latter solvent,
addition of a second 1 equiv of bpy does not appear to affect

the reaction, a green precipitate of the same mono-bpy product

being obtained. However, very careful examination of green
powders from the MeCN reactions reveals trace amounts of
orange specks which were suspected of being a bis(bpy) product
A search for higher yields of such a product was therefore
initiated and readily developed. It was soon realized that
reaction with a second 1 equiv of bpy does occur, but it is slow
at room temperature and is thus facilitated by elevated temper-
atures. Thus, complek was treated with 2 equiv of bpy in
refluxing MeCN for 24 h; a color change occurred with loss of
the intense violet color ofl and formation of a brick-red
precipitate with a formulation from elemental analysis of{@h-
CMe)(bpy); on the basis of the low solubility and the
subsequent identification @ (vide infra), this compound is

Phbpy, and Ppphen readily gives complexd$, 11,12, and

13, respectively; similarly, reactions of bpy with complexes
(R = Et), 3 (R = Ph), and4 (R = CF;) gives complexeg, 8,
and9, respectively. Thus, this procedure has allowed a family
of [Rhy(O2CR)(N-N);]2t complexes to be attained with a
variety of carboxylates and chelates. The preparation of
complex 14, the one-electron-reduced version6ddf, will be
described in a later section (vide infra). Crystallographic studies
were performed on complexés and9, the latter because it is
of interest to assess the structural consequences of the presence
of the strongly-electron-withdrawing GRroup.

Once certain properties of the [K®,CR)(N-N)2]2" com-
plexes had become knownide infra), it became of interest to
extend this work to complexes containing tridentate rather than
bidentate N-based chelates, and the chelate chosen was 2,2
6',2'-terpyridine (tpy). The complex [R{O.CPh)(tpy}(MeCN)]-
(BF4)3*MeCN (16) was obtained by the reaction in MeCN of
equimolar amounts of NBw(O,CPh) and [RE(tpy)(MeCN)]-
(BF4)4 (15), as summarized in eq 3. Complék was itself
[Rhy(tpy),(MeCN),J(BF), + NBU",(O,CPh)~—

15
[Rh,(O,CPh)(tpy}(MeCN)](BF,);*MeCN (3)
16

prepared by reaction of [RfMeCN)o](BF4)42° with 2 equiv

of tpy. The reaction of eq 3 provides a clean and high-yield
route to16, which was structurally characterizedl&BMeCN,;
attempts to prepar&6 in a manner analogous to that used to
prepare5 and 6 have not as yet resulted in clean yields of
product.

Description of Structures. The structures of the cation of
6a, complex9, and the cation of comple%6 are shown in
Figures 1, 2, and 3, respectively; fractional coordinates and
selected metric parameters are listed in Tableg.2

Complex6a crystallizes in monoclinic space grolg?/a,
with the asymmetric unit containing the entire cation, tw@PF
anions, and two lattice MeCN molecules; the latter four units

(20) (a) Dunbar, K. RJ. Am. Chem. S04988,110, 8247. (b) Dunbar, K.
R.; Pence, L. Elnorg. Synth.1992,29, 182.
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Figure 1. ORTEP representation of the cation of compéat the
50% probability level. Carbon atoms are numbered sequentially around
from N and O atoms.

50% probability level. Carbon atoms are numbered sequentially around
from N and O atoms, and hydrogen atoms have been omitted for clarity.

CR)(phen}Cly] (and substituted-phen derivatives) possessing
two syn-phen group®

The structure of compleftis very similar to that oba. The
conformation is again essentially eclipsed (N{Bh(1)—Rh-
(2)-N(3) = 11.6°), the bpy groups agyn, and two CECO,~
groups are bridging. The bpy groups are again splayed (dihedral
angle between the two equatorial plared.1.7°). The major
difference betweef and6ais the identity of the axial ligands,
which in 9 are two additional C§CO,~ groups; this gives a
molecular or, better, a tightly ion-paired description®fthe
axial Rh—0O,CCF; linkages not being expected to be maintained
in solution in a fairly good donor solvent.

Complex16 crystallizes in monoclinic space gro@d with
no crystallographically-imposed symmetry, but with a cation

are unremarkable and will not be discussed. The cation consistsOf idealizedC, symmetry. The two Rh centers are bridged by

of two chelating,eq—eqbpy groups attached to two Rh atoms a benzoate ligand in the familiaf:*:« binding r_nod_e which
in asyndisposition: the remaining equatorial sites are occupied SPans the RhRh bond of 2.629(1) A. The coordination at each
by two bridging MeCQ~ groups. Two MeCN groups at the metal cente_r is completed _by a tridentate tpy ligand bound in
axial positions and a RARh single bond (2.548(4) A) complete the equatorial plane, an axial MeCN molecule, and.the second
six-coordination at each metal atom. The cation has idealized Metal center. The tpy ligands are bound asymmetrically to the
C,, symmetry. The presence of two bridging Me£Qigands Rh atoms with the Rh—N bonds to the central pyridyl nitrogen
results in retention of an eclipsed conformation about the Rh ~ atoms (Rh(1)—N(23) and Rh(2)—N(44)) approximately 0.1 A
Rh single bond; for example, the N(3)—Rh(1)—Rh(2)—N(15) shorter than those RHN bonds to the outer rings (Rh(IN(12),
torsional angle is only 6°2 As expected, the axial RiN bonds ~ Rh(1)—N(29), Rh(2)-N(33), and Rh(1)}N(50)). This probably
(2.185(9), 2.228(9) A) are significantly longer than equatorial results from the small bite angle between the end py groups of
Rh—N bonds (1.984(10)—2.003(10) A). the tpy ligand (N(12)Rh(1)—N(29)= 160.70(21)and N(33)-

The eclipsed conformation, theyn disposition of the bpy ~ Rh(2)~N(50) = 161.06(21)). Additionally, the planes defined
ligands, and the RhRh separation of 2.548(4) A would result Py the two tpy ligands form a dihedral angle of only %.2
in the bpy planes being much closer than acceptable for @ssignable to the relative inflexibility of this tridentate ligand
7-stacking contacts (ca. 3.3—3.5 A) if the equatorial planes of Which prevents the splaying seen with the bidentate chelates.
the two Rh atoms remained parallel. Unfavorably shortbpy ~ The resultant unfavorably short tpytpy separations are relieved
bpy contacts are prevented, however, by a movement apart orslightly by a stretching of the RhRh bond to an unusually
splaying of the bpy groups, resulting in a dihedral angle of 15.8° long value (2.629(1) A). The presence of a single bridging
between the N(3), N(14), O(27), O(31) and N(15), N(26), O(29), carboxylate ligand is insufficient to retain the approximately
0(33) least-squares planes, with the bpy planes remainingeclipsed geometry about the RRh bond observed in [R{O,-
essentially coplanar with these equatorial planes. As a conse-CRuL2] and [Ri(O.CR):(N-N)z]?* complexes, and6 conse-
guence of this splaying, the average bpy---bpy distance is 3.47quently has a more staggered conformation with an average
A, afavorabler-stacking distance between two sutlsystems. torsion angle of 21.% Recently, the related complex [KD.-

Similar splaying has been reported in the structures of([Rh CMe)(tpyxCl;] has been reported, and it is very similart6
Pictiva EX2018
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IPR2024-01094

Figure 2. ORTEP representation of compl&x F atoms are omitted
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Table 2. Selected Fractional Coordinates (»¥)L&nd Equivalent
Isotropic Thermal Parameters {Ax 10y for
[Rha(O,CMe)(bpy)(MeCN)](PFe)»2MeCN (6a)

Crawford et al.

Table 3. Selected Fractional Coordinates (¥)l&nd Equivaleritor
Actual Isotropic Thermal Parameters¥A«10) for
[Rha(O-CCRs)4(bpy)]-Me,CO (9)

atom X y z Bq atom X y z Bso/Beq

Rh(1) 3532(1) 4977(1) 3086.7(4) 10 Rh(1) 0.2247(3) 0.4304(2) 0.1458(4) 3.0

Rh(2) 5213(1) 4956(1) 3804.4(4) 10 Rh(2) 0.2813(3)  0.2842(2) 0.2520(4) 3.2

N(3) 3730(7) 3898(8) 2477(5) 17 0o(1) 0.134(2) 0.318(2) 0.290(2) 4

c(4) 3628(8) 2873(9) 2532(6) 17 0(2) 0.089(2) 0.463(2) 0.239(3) 3

c(5) 3649(9) 2190(10) 2063(6) 21 0(3) 0.297(2) 0.379(2) 0.446(2) 4

c(6) 3813(9) 2568(11) 1520(7) 29 0(4) 0.276(2) 0.496(2) 0.347(3) 5

c() 3938(9) 3624(12) 1455(6) 28 0(5) 0.302(2) 0.172(2) 0.378(3) 6

c(8) 3881(9) 4300(9) 1941(6) 18 0(6) 0.403(3) 0.052(2) 0.239(3) 6.6(8)

c(9) 3939(9) 5411(11) 1920(6) 24 0(7) 0.156(2) 0.572(2) 0.107(3) 4

C(10) 4096(10) 5995(12) 1428(6) 28 0(8) 0.299(5) 0.602(4) 0.102(6) 16(2)

c(11) 4124(10) 7064(11) 1463(6) 25 N(1) 0.352(2) 0.393(2) 0.049(3) 3.1(7)

c(12) 3975(10) 7563(11) 1972(6) 29 N(2) 0.179(3) 0.372(2)  —0.058(3) 3

Cc(13) 3834(10) 6954(10) 2468(6) 23 N(3) 0.424(2) 0.236(2) 0.213(4) 4

N(14) 3820(7) 5901(7) 2437(5) 15 N(4) 0.276(2) 0.193(2) 0.066(3) 2

N(15) 5763(7) 4003(8) 3280(5) 17 c(1) 0.430(4) 0.421(3) 0.109(5) 6(1)

C(16) 5786(8) 2962(9) 3324(5) 15 c(2) 0.520(4) 0.388(3) 0.029(5) 6(1)

c(17) 6112(9) 2344(9) 2906(6) 23 c@3) 0.525(3) 0.336(3) —0.109(4) 5(1)

c(18) 6436(9) 2841(10) 2437(6) 21 C(4) 0.434(3) 0.314(3) —0.175(4) 3.2(9)

c(19) 6423(9) 3878(10) 2403(6) 20 C(5) 0.348(3) 0.348(3)  —0.090(4) 3.5(9)

C(20) 6122(8) 4464(9) 2830(6) 14 C(6) 0.252(3) 0.337(3)  —0.149(4) 3.0(9)

c(21) 6164(8) 5613(9) 2898(6) 14 c(7) 0.233(3) 0.296(3)  —0.293(4) 4(1)

C(22) 6556(8) 6263(10) 2521(6) 18 C(8) 0.138(4) 0.293(3) —0.338(5) 6(1)

C(23) 6592(9) 7327(9) 2655(7) 25 c(9) 0.063(3) 0.330(3) —0.236(4) 4(1)

C(24) 6240(8) 7710(9) 3116(6) 19 C(10) 0.087(4) 0.371(3)  —0.092(4) 4(1)

C(25) 5839(9) 7052(9) 3470(6) 17 c(11) 0.493(4) 0.262(3) 0.296(5) 4(1)

N(26) 5788(7) 6007(7) 3342(4) 11 c(12) 0.591(4) 0.225(3) 0.258(5) 5(1)

0(27) 3184(5) 3941(6) 3698(4) 13 Cc(13) 0.613(4) 0.166(4) 0.120(6) 8(1)

C(28) 3834(10) 3543(9) 4126(6) 18 C(14) 0.542(4) 0.131(3) 0.018(5) 5(1)

0(29) 4690(6) 3771(6) 4243(4) 21 C(15) 0.446(3) 0.177(3) 0.078(4) 3.0(9)

C(30) 3550(9) 2720(9) 4532(6) 18 C(16) 0.365(3) 0.150(3) 0.003(4) 4(1)

0O(31) 3272(6) 6134(6) 3651(4) 15 c(17) 0.373(3) 0.084(3) —0.136(4) 4(1)

c(32) 3852(8) 6402(9) 4140(5) 11 C(18) 0.282(4) 0.063(3) —0.189(4) 5(1)

0(33) 4705(5) 6051(6) 4312(3) 13 C(19) 0.195(4) 0.100(3) —0.130(5) 6(1)

C(34) 3588(10) 7242(10) 4528(6) 22 C(20) 0.189(3) 0.173(3) 0.012(4) 3.2(9)

N(35) 2008(6) 5005(8) 2548(4) 14 c(21) 0.297(3) 0.455(3) 0.447(5) 3(2)

C(36) 1276(8) 5003(10) 2203(5) 18 C(23) 0.071(3) 0.402(3) 0.275(4) 4(1)

Cc(37) 339(8) 4981(11) 1775(6) 27 C(25) 0.210(5) 0.622(4) 0.077(6) 6(1)

N(38) 6547(6) 4948(8) 4534(4) 15 c(27) 0.344(4) 0.094(3) 0.328(5) 3(1)

C(39) 7286(8) 4996(10) 4888(5) 18 C(31) 0.90(2) 0.11(2) 0.33(3) 23.8(8)

C(40) 8181(9) 4995(12) 5343(6) 29 0(10) 0.88(1) 0.09(1) 0.29(1) 17(1)

an C(30) 0.97(1) 0.076(8) 0.23(1) 10(2)

Beq = (43)2 3 Bjaiay. C(32) 0.94(1) 0.136(8) 0.45(1) 10(2)

, ) (24)  —0.039(2) 0.424(2) 0.324(3) 14.9(8)
with a Rh—Rh bond length of 2.634(1) A and a torsion angle C(28) 0.335(3) 0.020(2) 0.416(3) 20(1)
involving the tpy rings of 23away from an eclipsed conforma- C(22) 0.317(2) 0.528(1) 0.590(2) 11.1(5)
tion.21 C(26) 0.150(2) 0.731(2) 0.102(3) 16.4(8)

IH NMR Spectroscopy. The!H NMR spectrum of complex
6b in CD3sCN is as expected for retention of the solid-state
structure obaon dissolution in this solvent. Analogous spectra
were obtained and similar conclusions were reached for
complexesr—13. The representative spectrum of compBéx
is shown in Figure 4; the effectiv@,, symmetry leads to four
bpy resonances in the aromatic region and a single MeCO

resonance at 2.45 ppm. The axial MeCN ligands exchange

rapidly with bulk solvent on théH NMR time scale, and a
single resonance for free MeCN (1.93 ppm) is observed
immediately on dissolution. The complex is stable in solution,
its spectrum not changing with time; the complex is also stable
in other polar solvents (30, MeOH, DMSO, and pyridine) as
judged by’H NMR spectroscopy. The combined NMR data
are collected for convenience in Table 8.

Electrochemistry. The electrochemical properties of com-
plexes6—13have been investigated by cyclic voltammetry (CV)
and differential pulse voltammetry (DPV) in MeCN. The results
for complex6b are shown in Figure 5. There are a reversible
one-electron reduction at0.89 V and two irreversible pro-

(21) Pruchnik, F. P.; Robert, F.; Jeannin, Y.; Jeannitn&g. Chem1996,
35, 4261.

a Beq = (4/3)ZZBJa'aI

cesses, one being a second reduction-atl..8 V and the other

an oxidation at~+1.4 V. The CV scan hag/i; ~ 1 (f =
forward, r= reverse), and a plot df vs v12 gave a straight
line for the scan ratevj range 50—500 mV/s, indicating a
diffusion-controlled process. The peak separatidp)(is rather
large (~190 mV) when compared with that for ferrocene under
the same experimental conditionsX30 mV), and the return
wave is less steep than the forward wave; the latter asymmetry
is likely due to a small structural change that accompanies
reduction (vide infra). The nature and reversibility of the
reduction process were further probed by controlled potential
electrolysis (CPE) at-0.99 V: coulometry showed the reduction

to be a one-electron process £ 1.0), and the electrolysis
caused a color change from the orange-red of{(@CMe),-
(opy)]?* to a stable dark blue, indicating the reduction product
to be stable on a longer time scale. Further, the CV and DPV
of the reduced product, generated by CPE or preisolatée (
infra), now gave an oxidation process at the same potential
within experimental error. These observations suggest that the
reduced material remains dinuclear with essentially the same

structure as the parent [RD.CMe)(bpy)]?" cation. Similar
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Table 4. Selected Fractional Coordinates (x¥)L&nd Equivalent Table 5. Selected Bond Distances (&) and Angles (deg) for
Isotropic Thermal Parameters {Ax 10y for [Rhz(OCMe)(bpyh(MeCN)](PFs)2-2MeCN (6a)
[Rhy(Oo(CPh)(terpy)(MeCN)|(BF4)s*MeCN (16) (a) Bonds
e n BN BE Boen e
Rh(1 3326.7(4 2997.1(2 4403.8(5 13 : :
Rh&% 1279.0E4§ 2722.5223 4955.125; 14 EEEB:S%) 22'833?((?2)) Sﬂggjmgg %'ggjgég
o)k 3539(4 3926(2 5484(4 17 : :
cg4; 3044%63 3972%3% 6377%63 18 RN e 3aoocD)  Rh(2)~N@8) - 2185(8)
o(5) 2195(4) 3525(2) 6482(4) 19 (1)=NE5) -228(8)
C(6) 3501(6) 4599(3) 7387(6) 16 (b) Angles
C(7) 4549(6) 5064(3) 7479(7) 19 Rh(2)—Rh(1)—N(3) 98.1(3) O(2ARh(1)—N(35)  89.6(3)
C(8) 4959(6) 5636(3) 8454(7) 23 Rh(2)—Rh(1)—-N(14) 96.9(3) O(3BRN(1)-N(3) 175.7(3)
C(9) 4340(6) 5736(3) 9326(6) 22 Rh(2)—Rh(1)-N(35) 174.1(3) O(3HRh(1)—N(14) 96.7(4)
C(10) 3308(6) 5267(3) 9261(7) 21 Rh(2)—Rh(1)-0(27) 86.1(2) O(3HRh(1)—-N(35) 90.5(3)
C(11) 2875(6) 4705(3) 8279(7) 19 Rh(2)-Rh(1)-O(31)  85.2(2) N(3)Rh(1)-N(14)  80.3(4)
N(12) 2402(4) 3163(3) 2425(5) 17 Rh(1)—Rh(2)—-N(15) 95.6(3) N(3)Rh(1)—N(35) 86.4(4)
C(13) 2174(6) 3741(4) 1975(7) 22 Rh(1)—Rh(2)—-N(26) 97.2(3) N(14)Rh(1)-N(35) 87.6(4)
C(14) 1570(6) 3777(4) 581(8) 27 Rh(1)—Rh(2)—N(38) 171.4(3) O(29Rh(2)—0O(33) 91.3(3)
C(15) 1254(6) 3217(4) —367(7) 31 Rh(1)—Rh(2)—0(29) 84.2(2) O(29Rh(2)—N(15) 94.0(4)
C(16) 1508(6) 2617(4) 89(7) 26 Rh(1)—Rh(2)—0(33) 85.5(2) O(29Rh(2)—N(26) 174.5(4)
C(17) 2100(6) 2606(3) 1480(6) 21 0O(27)—-Rh(1)-0(31) 87.2(3) O(29Rh(2)—N(38)  90.3(3)
C(18) 2462(6) 1994(3) 2070(6) 20 0(27)—Rh(1)-N(3)  95.7(4) O(33)Rh(2)—N(15) 174.7(4)
C(19) 2203(6) 1346(4) 1392(7) 25 0(27)—Rh(1)—N(14) 175.2(3) O(33Rh(2)—N(26) 94.2(4)
C(20) 2653(7) 850(3) 2132(8) 29 0O(33)—Rh(2)-N(38)  88.1(3) N(15)Rh(2)—N(38)  91.4(4)
C(21) 3354(7) 988(3) 3531(8) 27 N(15)—Rh(2)—N(26)  80.5(4) N(26)Rh(2)—N(38)  88.9(4)
C(22) 3584(6) 1639(3) 4177(7) 19
N(23) 3116(4) 2117(2) 3449(5) 15 Table 6. Selected Bond Distances (A) and Angles (deg) for
C(24) 4302(6) 1895(3) 5649(7) 18 [Rhz(0,CCRs)4(bpy)]-MeCO (9)
C(25) 4990(6) 1532(4) 6604(8) 25 @ Bonds
C(26 5651(6 1835(4 7939(7 26
C(28) 4991(6) 2843(3) 7316(6) 21 RN(1)-0(2) 2.10(3) RN(2)-0(3) 2.07(2)
N(29) 4303(4) 2552(3) 6022(5) 15 Rh(1)—0(4) 2.10(3) Rh(2)—O(5) 2.30(4)
N(30) 5082(5) 3374(3) 4189(5) 18 RN(1)—0O(7) 2.19(3) RN(2)—N(3) 1.97(4)
C(31) 6042(6) 3533(3) 4108(6) 17 RNh(1)—N(1) 1.99(3) Rh(2)—N(4) 1.97(3)
C(32) 7248(6) 3724(4) 3960(7) 23 RN(1)—N(2) 2.06(3)
N(33) 344(5) 3229(3) 3427(6) 22 (b) Angles
C(34 308(6 3883(4 3492(8 25 _ _ _ _
My mp  aen  mwe o momoon mamomo-on s
C(36)  —1094(7) 3730(4) 1133(8) 33 Rh(2)-Rh(1)-O(7) 165.1(7) Rh(1)~Rh(2)-O(5)  167.5(7)
C@7n  —1071(6) 3059(4) 1071(8) 29 Rh(2)-Rh(1)-N(1)  93(1)  Rh(10)-Rh(2)-N(3) 100(1)
C(38) —370(6) 2802(4) 2212(7) 22 Rh(2-Rh(1)-N(2) 100.8(9) Rh(1)-Rh(2)-N(4)  94(1)
C(39) —315(5 2094(3) 2264(7) 20 O(2-Rh(1)-O(4)  871)  O(L)-Rh(2)-O(3)  89(1)
C(40) —907(6) 1555(4) 1217(7) 28 O(2)-Rh(1)-O(7)  83(1)  O(1)-Rh(2-O(5)  84(1)
C(41) —738(6) 916(4) 1493(7) 27 O(2)-Rh(1)-N(1) 176(1) O(1)-Rh(2)-N(3)  174(1)
C(42) —37(6) 803(3) 2777(7) 23 O(2)-Rh(1)-N(2)  96(1)  O(7)—Rh(1)—N(1) 99(1)
C(43) 546(6) 1347(3) 3809(7) 19 O(4)—-Rh(1)—0O(7)  88(1)  O(7)—Rh(1)—N(2) 89(1)
N(44) 411(4) 1969(3) 3504(5) 17 O(4)—-Rh(1)-N(1)  96(1)  N(1)-Rh(1)—N(2) 81(1)
C(45) 1316(6) 1340(3) 5266(6) 17 O(4)—-Rh(1)-N(2)  175(1)  O(1)—Rh(2)—N(4) 95(1)
C(46) 1537(6) 756(3) 5845(7) 22 O(3)-Rh(2)—0O(5)  88(1)  O(5)—Rh(2)—N(3) 91(1)
canme gmm PO 2 comug sn) obmbNe s
cus) 2453(6) 1085(3) A o O(3)—-Rh(2)-N(4)  176(1)  N(3)—Rh(2)—N(4) 81(1)
“gg% }gfél((é)) 213255(%2)) gggj((g)) 1151 electrochemical reducti6h+or y-irradiation met_hodé? Morf
c(52) —1182(6) 2523(3) 5854(6) 19 common as a route to [RR species are oxidations of [RIF
C(53) —2320(6) 2375(4) 6185(8) 30 species, especially those containimdponding ligands such as
lly th tainimgponding ligand h

CO, isocyanides, or unsaturated hydrocarlfddn&PR spectra

of such [Rh]3* species are consistent with the added electron
entering a LUMO that is RRRh o* in character, i.e., a formal
RhRh! oxidation state descriptiot¥=24 In this regard, it is
relevant to remember that RIRh bonding in the [R§** unit

Beq = (4/3)2 3 Bjaia;.

CV and DPV studies on complexés-13gave analogous results
for 7, 8, 10, and11 but slightly different ones fol2 and 13.
The results are presented in Table 9. Com@drd to only
!rreversmle processes and is rpt included; its atypical behaV|or(22) Le, J. C.: Chavan, M. Y.: Chau, L. K.: Bear, J. L.: Kadish, K. M.
is assigned to the greater lability of the 4CFO,~ groups. Am. Chem. Sod 985,107, 7195.
i idati + ; (23) (a) Eastland, G. W.; Symons, M. C. R.Chem. Soc., Dalton Trans.

Reversible OXId.atlonS. of [sz complex.es are relatively 1984 2193. (b) Pruchnik, F.; Jezierski, A.; KalecinskaP®lyhedron
common and well-investigated, with the assignment of the redox 1991,10, 2551.
process to a formally metal-based oxidation to give a;JRh (24) (a) Boyd, D. C.; Connelly, N. G.; Garcia Herbosa, G.; Hil, M. G.;

; i ; ; Mann, K. R.; Mealli, C.; Orpen, A. G.; Richardson, K. E.; Rieger, P.
unit being widely accepted and supported by a variety of #ata. H. Inorg. Chem 1994, 33, 960. (b) Hill. M. G.: Mann, K. Rinorg.

In contrast, reversible or qgasi-r.eversible reductions of[Rh Chem.1991,30, 1429. (c) Connelly, N. G.: Loyns, A. C.. Fernandez,
complexes to [RE3 species (i.e., formally at the RO M. J.; Modrego, J.; Oro, L. AJ. Chem. Soc., Dalton Tran4989,
oxidation level) are relatively rare, in part due to the difficulty 683. (d) Connelly, N. G.; Loyns, A. C1. Organomet. Cherri991,

. 411, 285. (e) Brauns, T.; Carriedo, C.; Cockayne, J. A.; Connelly, N.
of reducing the [RE** core. Such procedures have, however, G.; Garcia Herbosa, G.; Orpen, A. G. Chem. Soc., Dalton Trans.

been developed in several instances by employing, for example, 1989, 2049.
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Figure 4. H NMR spectra in CBCN at ~23 °C of complexesl4

(top) and6b (bottom).

Table 7. Selected Bond Distances (A) and Angles (deg) for
[Rhz(O,CPh)(tpy}(MeCN)](BF4)s:MeCN (16)

(a) Bonds
Rh(1)—Rh(2) 2.6286(10) Rh(2)—0(5)
Rh(1)—0(3) 2.074(4) Rh(2)—N(33)

Rh(1)—N(12) 2.050(5) Rh(2)—N(44)
Rh(1)—N(23) 1.931(5) Rh(2)—N(50)
Rh(1)—N(29) 2.043(5) Rh(2)—N(51)
Rh(1)—N(30) 2.154(5)
(b) Angles
Rh(2)—Rh(1)—0(3) 82.83(11) Rh(£Rh(2)—0O(5)
Rh(2)—Rh(1)—N(12) 93.82(13) Rh(¥Rh(2)—N(33)

Rh(2)—Rh(1)-N(23) 95.80(14)
Rh(2)—Rh(1)-N(29) 92.54(13)
Rh(2)—Rh(1)—N(30) 170.39(14)
O(3)—Rh(1)—N(12) 100.87(19)
0(3)— Rh(1)—N(23) 177.97(18)
O(3)— Rh(1)—N(30)  87.70(17)
N(12)-Rh(1)—-N(23) 80.69(22)
N(12)—Rh(1)—N(29) 160.70(21)
N(12)—Rh(1)~N(30) 89.56(19)
N(23)—Rh(1)-N(29) 80.55(21)
N(23)—Rh(1)—N(30) 93.62(19)

arises from the following electronic configuration involving Rh
d-orbital overlap: 627%926*27*4. This leads to the standard,
net Rh—Rh single bond description. A one-electron oxidation
yields ac%7*326* 27* 3 configuration and a resultant bond order
of 1.5, whereas a one-electron reduction would involve popula-
tion of the high-energy-antibonding orbital (assuming that it
is the HOMO) to yield asZ7*326* Z1*40* 1 configuration and a

Rh(Rh(2)—N(44)
Rh(2Rh(2)—N(50)
Rh(&Rh(2)-N(51)
O(5) Rh(2)—N(33)
0(5) Rh(2)—N(44)
0(5) Rh(2)—N(51)
N(33)Rh(2)—N(44)
N(33)Rh(2)—N(50)
N(33)Rh(2)—N(51)
N(44)Rh(2)—N(50)
N(44)Rh(2)—N(51)

2.060(4)
2.044(5)
1.945(5)
2.038(5)
2.181(5)

83.10(11)
92.47(14)
96.83(14)
94.25(13)
171.94(14)
98.80(21)
179.62(19)
88.98(18)
80.83(22)
161.06(21)
87.29(20)
80.80(20)
91.08(19)

Crawford et al.

Table 8. *H NMR Data for Complexess—13and 16

0
complex solvent R chelate RGO chelate
5 CD;OD Me bpy 1.90,2.60 7.44,7.95,8.00, 8.38
6b CDsCN Me bpy 2.52 7.28,7.71,7.82,8.16
7 CD:CN Et bpy 1.32,2.73 7.30,7.73,7.84,8.13
8 CDsCN Ph bpy 7.57,7.68,7.25,7.77,7.85, 8.21
8.28
9 CDsCN CFK; bpy na 7.23,7.72,7.81,8.12
10 CDsCN Me phen 2.57 7.54,7.63,8.18, 8.39
11 CD:CN Me Mebpy 2.41 2.45 (Me), 7.14, 7.64,
7.94
12 CDsCN Me Phbpy 2.52 7.39,7.48,7.61,8.17,
8.29
13 CDsCN Me Phphen 2.62 7.24,7.45,7.55, 7.60,
7.74,8.55
16 CDsCN Ph tpy 7.74,7.85,7.47,7.59, 7.95, 8.06,
8.55 8.14,8.17

a~.23 °C, na= not applicable® Shifts are in ppm and referenced
vs the protio impurity of the solvent employed.

1 1 1

0 -500 -1000
Potential (mV vs. SCE)

Figure 5. The cyclic voltammogram at 100 mV/s and differential pulse
voltammogram at 5 mV/s of compleédain MeCN containing NBU-
PFR.

the carboxylate kept constant (R Me), causes dramatic
changes to the reduction potential, fron®.89 V for L-L =

bond order of 0.5. It is thus intuitively acceptable that reversible bpy (6) to —0.61 V for L-L = Phbpy (12), a range of 280
oxidations of [Rh]*" complexes are relatively common whereas mV; and (iii) for the Phbpy (12) and Pphen (13) complexes,
reversible reductions are n®t. To discover that the [RiO,-
CR)(L-L)7]>" complexes support reversible reductions at and addition of two electrons into the orbital would give a

relatively accessible potentials was therefore of some interest.Rh—Rh bond order of 0 and effectively Rmonomers, a

Close examination of the data in Table 9, however, reveals somesituation that might intuitively be expected to make the process
interesting points: (i) the variation of the potential of the appear less reversible by electrochemical criteria. As shown
reversible reduction as a function of the carboxylate is essentiallyin Figure 6, however, the CV scan @B shows a reduction

insignificant within experimental error0.01 V); (ii) in
contrast, altering the electronic character of the chelate, with albeit with an increasedp value (~300 mV) and an increased

coulometry indicates the reduction to bena-electrorprocess,

feature that retains the overall appearance of that in Figure 5,
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Reaction of Nitrogen Chelates with the [ffh Core

Table 9. Electrochemical Dagafor [Rhy(O,CR)(N-N)2]%*
Complexes in MeCN

complex R N-N Ered nP Eox n

6a Me bpy —-0.89 1
7 Et bpy —-0.91 1
8 Ph bpy -0.87 1

10 Me phen —0.83 1

11 Me Mex-bpy —-0.95 1

12 Me Ph-bpy —0.61 2 0.68 1

13 Me Ph-phen —-0.76 2 0.89 1

a Potentials are volts vs ferrocene/ferrocenium; values were obtained
from the DPV peaks and are estimatedt#01 V. ® Electrons involved
in the redox couple.

Potential (mV vs. SCE)

1500 1000 500 0 -500
1 I 1 1

Figure 6. The cyclic voltammogram at 100 mV/s of compl&8 in
MeCN containing NBlPFs.

asymmetry between forward and reverse waves. The overall

Inorganic Chemistry, Vol. 36, No. 11, 1992369
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Figure 7. Molecular orbital energy diagram resulting from the EHT
calculation on [RKO,CH)(bpy)(HCN),]?.

splitting of both the twar and twos* orbitals owing to the
lower symmetry (G,) of the complex. The HOMO is thus a
Rh—Rhx* orbital of b; symmetry. However, the LUMO of
[Rha(O2CH),(bpy)(HCN),]2" is not theo* orbital of the [RIp]**

appearance does not change significantly at lower scan ratessystem. Between the HOMO and the orbital is a band of

Interestingly,13 also exhibits a reversible, one-electron oxidation
couple at+0.89 V assignable to the formation of the [
species (i.e., RIRh'"). The conclusion suggested by observa-
tions i—iii is that the reductions are primarily ligand- rather than
metal-based and do not therefore involve population of the Rh
Rho* orbital. As such, the potentials should be more sensitive

ligand-based orbitals, composed predominantly oftherbitals

of the bpy rings (henceforth referred to as bpyto distinguish
between these and the [RH" 7* orbitals). The most pertinent

to our discussion are the lowest two orbitals in this band, which
represent the LUMO and the second-lowest unoccupied orbital
(SLUMO) of the molecule. Because the two bpy groups are

to changes in the nature of the electron-acceptor ligands rathercoordinatedsynabout the dinuclear core, the two bpysystems

than the ancillary ligands, i.e., to the chelating groups (bpy etc.)
rather than the RC©O groups. This conclusion is consistent
with the results of EHT calculations by Pruch#fikn [Rhy(O2-
CH)2(HN(CH):NH)2X 2] (HN(CH),NH = 1,4-diazabutadiene, X

= ClI, Br) which showed the LUMO to be primarily ligand (HN-
(CH):NH) in character and allowed the prediction that reduction
of [Rhy(O.CR)(bpy)]?" would be ligand-based. To comple-
ment this previous calculation and to probe the nature of the
LUMO further, an EHT calculation has been carried out on a

are brought into close proximity and interact. As a result, the
LUMO and SLUMO are, in fact, in-phase and out-of-phase
combinations, respectively, of one of the bpYy-orbitals on
each bpy group; these two combinations are designated;)
andz* (by) and are depicted in Figure 8. The in-phas#)(
and out-of-phasentt) overlap is ofo symmetry and corresponds
to a bonding and an antibonding interaction, respectively,
between the two bpy groups, which lowers the energy of the
arf and raises the energy of th#& orbitals relative to the isolated

model complex possessing bpy rather than 1,4-diazabutadieneRh(bpy) fragment; the resultant LUMELUMO gap is 0.65

groups and neutral rather than halide axial ligands.

EHT Calculations. EHT calculations were performed on
the model complex [RAOCH)a(bpyp(HCN),]2+ of Cp, sym-
metry. The results of the calculation are summarized in Figure
7. Note the axis-labeling scheme, which placesztagis along
the Rh—Rh vector and the andy axes bisecting the metal
ligand bonds.

In an idealizedD4, system, such as R{O,CH)4(MeOH),
the 14-electron [R§}** core has the configuratiarf?d20* 2+ 4
with a net single bond owing to the high-energyorbital being
unoccupied. A similar configuration is observed for JRDy-
CH),(bpyk(HCN),]2*, as shown in Figure 7, with an energy

eV. Consideration of the atomic contributions to the molecular
orbitals indicates that the HOMO of the complex is exclusively
metalz* in character (>98%) while the LUMO and SLUMO
are predominantly bpy-based with only very small metal
character; the LUMO and SLUMO contain?7 and~9% metal
character, respectively. Additionally, the band of ligand-based
orbitals between the SLUMO of the complex and the metal
metal o* orbital is composed of 10 molecular orbitals based
predominantly on the bpy ligands or the axial nitrile molecules.
The picture that emerges from the EHT calculation is a
[Rhy(O2CH),(bpy)(HCN),]2* molecule with a HOMO that is

Rh—Rh z* in character and a LUMO that is predominantly
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In the case of the tpy-containing complex fRB,CH)(tpy)-
(HCN),J3*, EHT calculations again show a HOMO of es-
sentially pure metak*. Analogous with the bpy system, the
LUMO is again inter-tpy in character, with equal contributions
from both tpy ligands to the molecular orbital, involving in-
phase overlap of a* orbital on each tpy group; again, the
SLUMO is the out-of-phase counterpart of thisstacking
orbital. However, due to the large torsion angle and relatively
staggered conformation within the tpy complex, the overlap
between the twor -systems is much smaller than in the bpy
case, and this results in a very small LUMSLUMO gap of
only 0.10 eV. This therefore produces a system whererthe
orbitals of the tpy ligands are minimally stabilized relative to
Figure 8. Depiction of the LUMO {£) and SLUMO &*) of [Rhy(Os- the_ free ligand, in mgrked contrast to th_e_ bpy system where the
CH)x(bpy)(HCN)]2*. eclipsed conf_qrmatlon enforces significant overlap and
resultant stabilization.

Generation and Isolation of Reduced SpeciesThe cou-
lometry experiment at-0.99 V on complex6b in MeCN
confirmed the one-electron nature of the reduction and gave an
intense blue color that displayed long-term stability under an
inert atmosphere. This stimulated attempts to isolate the reduced
material. Following exhaustive electrolysis of a 0.1 mM
solution of 6b in MeCN at —0.99 V with NBU4/PFs as the
supporting electrolyte, the dark blue solution was transferred
to a Schlenk flask and treated with,Btto precipitate a dark
blue solid. For larger scale generation of the reduced material,
an orange-red MeCN solution &b was treated with a slight
molar excess of Na acenaphthylenide angOEadded to the
dark blue solution to give a dark blue solid in 72% yield.
Recrystallization from MeCN/EO gave thin blue needles that
were unfortunately not suitable for crystallographic studies.
Numerous attempts to grow suitable crystals proved unsuccess-

ligand (bpy)-based, with a HOMGLUMO gap of 1.76 eV;
the LUMO represents an inter-bpy bonding interaction. Oxida-
tion of such a molecule would thus yield a species with aRh
Rh bond order of 1.5 whereas reduction involves population of
a (bpy} bonding orbital with no change to the RRh bond
order. Extrapolation of these conclusions back to the(@
CR)(L-L),]?" complexes rationalizes the presence of a revers-
ible reduction in the electrochemical studies whereas this is not
observed in the parent [RIO.CR)(L),] complexes, which
obviously contain no bpy.

It is interesting to note that the reversible reduction process
seems to require the presence of tsym-bpy groups; not only
is such a redox couple not observed in jJRBCR}(L),]
complexes, it is also not present in the mono-bpy complexes
described elsewhere, namely, fRB,CMe)(bpy)(MeOH)](G-
CMe) and [RR(O,CMe)(bpy)(MeCN)](BF4),.8> These com-
plexes also contain eq,eg-coordinated bpy groups but display .
no reversible reduction processes, within the accessible potentiafl“' Thf same procedu[e was emp";Xed for the preparation of
range of our experiments at least. Note also that the bridging the PR, Sbks™, CR:SO;™, and WiO,¢™ salts, among others,

— but in no case were suitable crystals obtained. This was
MeCQ;~ groups of [RR(O.CMe)(bpy)]?+ can be removed . )
with a carboxylate-abstracting reagent to give 4@py)- unfortunate, because the EHT calculation predicts the LUMO

(MeCN)]**; the latter complex now shows no reversible to be ligand-based and bpy/bpy-bonding in natureg suprg,

reduction processes, which we consider to probably be due tosuggesting that the RfRh pond ir_114might_ be very similar to
the fact that free rotation about the RRh single bond is now tha_t in6aand that the bpy rings might be slightly _closer together,
possible and the bpy groups are therefore no longer locked intoWhich would presumably mean that the splaying apart of the

a syn conformation in solution, effectively destroying the PPY groups seen ia would not be as great if4. Such a
stabilizing bpy—bpy overlap: i.e., the low-lying, inter-bpst small but significant structural change could be the origin of
orbital is no longer available. ' the CV behavior being less-than-ideds-a-vis electrochemical

An additional question that springs to mind is to what extent priterjg fo.r a reversible rqduction. Further, the coulometric
the inter-bpy bonding (sF and antibonding (=¥ interactions ~dentification of the reduction of [RIO.CMe)(Phuphen)]*
and the reversibility of the reduction process are affected by (13) as being a two-electron process and the large LUMO
the eclipsedvs staggered possibilities for the twsyn-bpy SLUMO gap in the EHT calculation on [R{OCH)x(bpy)-
groups. In tetrabridged R{O.CR)L» complexes, the staggered (HCN);])2+ suggest that_t_he two added electrons _both go into
conformation is slightly preferred on steric grounds but the the LUMO, no doubt facilitated by the more extensivsystem
presence of four bridging RGO groups effectively locks in in Phyphenws bpy or phen, which can thus better accommodate
an eclipsed conformation (torsional angles typicatig®). In two electrons. 'The greater structura[ consequences of two-
the [RI(O-CR)(N-N)z]2* complexes, the two remaining RGO e!ectron redluctlon could also explain 'trmp and shape
groups appear sufficient to maintain an essentially eclipsed differences in the CV's of6éb »s 13 (Figures 5 and 6,
conformation in the solid state (torsional angle~e6° in 6a). respectively). Further conS|derat|ons.of the structural conse-
In the cation of complex6, [Ri(O.CPh)(tpyy(MeCN)]3+, quences of one- or two-electron reduction must, however, await
there is only one bridging ligand and the average torsion angle additional attempts to structurally character(‘zéor a related
is now a much larger 21°6in the solid state. Although the complex) and new attempts to similarly characterize doubly-
solutionH NMR spectrum indicates effective,, symmetry reduced12 or 13.
in solution consistent with a dynamic process involving  TheH NMR spectrum ofLl4in CDsCN is shown in Figure
rotational oscillation about the RtRh bondvia the eclipsed 4, where it can be compared with that@®f The increased line
conformation, the amplitude of this oscillation would be large widths, loss of resolution of spinspin coupling, and small
and the solution form would not approximate to eclipsed. Itis changes in chemical shifts are consistent with a paramagnetic
thus consistent with the earlier discussion to note that complex species. The overall appearance of the spectrum is consistent
16 shows no reversible reduction, in stark contrast to the with retention of the effectiveC,, solution symmetry o6 on

[Rho(O2CR)%(N-N)2]2T complexes. reduction. TheS= 1/, nature of the cation af4 was confirmed
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Reaction of Nitrogen Chelates with the [ffh Core

by an Evans determination in MeCN solution of the effective
magnetic momentuts = 2.05ug). An EPR spectrum of an
MeCN solution displayed only a very broad featureless signal
in the g &~ 2 region which looked very unlike the axial or
rhombic spectra displaying Rh hyperfine structure normally
observed for oxidized [RfP* or reduced [RE3" species where
the unpaired electron is metal-bagéd2-24 Similarly broad
signals have been reported, however, for mononucle4r Pt

complexes that possess bpy or phen groups and are reduced by

one electron, the reduction being primarily ligand-based with
only a few percent metal charactr. The spectrum ofl4
appears to be most similar, in fact, to the one-electron-reduced
version of [Pt(bpy)(MebpyH¥" (Mebpy-H = N-methyl-2,2'-
bipyridinyl-C(3),N'), which shows a broad, featureless signal
at g ~ 2 and which the authors suggest might be due to the
unpaired electron being delocalized over both the bpy and
MebpyH groups. This would be analogous to the situation in
14.

The electronic spectrum df4in MeCN is shown in Figure
9, which also contains the spectrum @ for comparison.
Intense absorption bands in the visible region are evident and
are assigned to bpybpy transitions from the singly-occupied
MO (SOMO) of14to empty bpyz* orbitals that represent the
LUMO and other low-lying empty orbitals. That the bands are
not due to MLCT transitions is supported by the essentially
unchanged electronic spectral features in a variety of solvents
of various polarities and the absence of corresponding bands in
the spectrum 06. Appearance of intense absorption bands in
the visible region is also observed on the primarily ligand-based
reductions of the [Pt(bpy)(pyf™ and related complexes
mentioned abové; the new absorption bands being assigned
to intraligandz-to-* and 2*-to-zr* transitions of coordinated
bpy~.

Complexess and 6 can also be reduced by heating alcohol
solutions to~80 °C; heating an orange-red EtOH or"©H

Inorganic Chemistry, Vol. 36, No. 11, 1992371
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Figure 9. Electronic spectra of complexés(—) and14 (— — —) in
MeCN.

under these conditions the reduction stops at th& Rivel; in
[Rhy(OACc)(bpy)(MeCN)]%", the incorporation of twasyn
bpy groups and its provision of a relatively low-lying bpy-based

solution under nitrogen leads to the appearance of a dark blueL UMO obviously make possible the donation by EtOH of an

color, which persists on cooling of the solution to room
temperature. The electronic spectrum of the dark blue solution
is identical to that of isolatedl4, confirming the product in EtOH

as being the one-electron-reduced species. Exposure of the

cooled blue solution to air causes regeneration of the orange-
red color. The use of alcohols to reduser 6 is reminiscent

of the preparative procedure for the parent complex@Ac),-
(MeOH), (1), which is prepared by reduction of RR&H,O

in refluxing EtOH containing NaOAc and acetic acid, followed
by removal of EtOH and crystallization from MeOH. Clearly,

(25) Braterman, P. S.; Song, J.-l.; Wimmer, F. M.; Wimmer, S.; Kaim,
W.; Klein, A.; Peacock, R. Dlnorg. Chem.1992,31, 5084.

additional reducing equivalent to the Rtsystem.
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