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The reactions of [Rhy(DTolF)2(CH3CN)g][BF4)2 (1) (DTolF = N,N'-di-p-tolylformamidinate) with 2,2'-bipyridine (bpy)
and 1,10-phenanthroline (phen) proceed with substitution of CHsCN molecules to give products with the N-N
ligands chelating in an equatorial—equatorial (eq—eq) fashion. Compound 1 reacts with 1 equiv of bpy to yield a
mixture of [Rhy(DTolF),(bpy)(CH3CN)s][BF4]2+(CH;3),CO (2a) and [Rhy(DTolF),(bpy)(CH3CN)4][BF 4] (2b). Compound
2a crystallizes in the monoclinic space group P2,/n with a = 13.5856(2) A, b = 18.0402(2) A, ¢ = 21.4791(3) A;
a = 90°, B = 101.044(1)°, y = 90°; V = 5167.27(12) A3, Z = 4, R = 0.0531, and R,, = 0.0948. Compound
2b crystallizes in the monoclinic space group P2:/n with a = 10.9339(2) A, b = 24.4858(1) A, ¢ = 19.4874(3) A;
a = 90°, B = 94.329(1)°, y = 90° V = 5202.38(13) A3, Z = 4, R = 0.0459, and R,, = 0.1140. The reaction
of compound 1 with 2 equiv of bpy affords [Rh,(DTolF),(bpy)2(CH3sCN)][BF4]2 (3) which crystallizes in the monoclinic
space group P2;/a with a = 19.4534(4) A, b = 13.8298(3) A, ¢ = 19.8218(5) A; o = 90°, 8 = 109.189(1)°, y
=90° V = 5036.5(2) A3, Z = 4, R = 0.0589, and R,, = 0.0860. Compound 1 reacts with 1 equiv of phen to form
[Rhy(DTolF)y(phen)(CH3CN)3][BF 4]+ 2C,HsOC,Hs (4) which crystallizes in the triclinic space group P1 with
a=12.6346(2) A, b = 13.5872(2) A, ¢ = 19.0597(3) A; o = 71.948(1)°, B = 73.631(1)°, y = 71.380(1)°; V =
2886.70(8) A3, Z = 2, R = 0.0445, and R, = 0.1207. A notable feature of the cations in 2a, 3, and 4 is the
presence of only one axial (ax) CHsCN ligand, a fact that can be attributed to the steric effect of the formamidinate
bridging ligands. Compounds 2a, 2b, 3, and 4 were fully characterized by X-ray crystallography and *H NMR
spectroscopy, whereas [Rh,(DTolF),(phen),(CH3CN),][BF4], (5) was characterized by *H NMR spectroscopy.

Introduction over, it has been recently demonstrated that the compounds

In the last few decades, dinuclear metaietal bonded ~ [RN2(Q2CCHg)a(N—N)>(H,0);]*" {N—N = 2,2-bipyridine
complexes of rhodium have been shown to exhibit ap- (PPY) or 1,10-phenanthroline (phgngxhibit higher carci-

preciable carcinostatic activity against various tumor cell (1) (a) Erck, A Rainen, L.; Whileyman, J.: Chang, I.: Kimball, A. P.:
lines. Although the exact mechanism of antitumor activity Bear, J. L.Proc. Soc. Exp. Biol. Medl974 145, 1278. (b) Bear, J.
s not know, previous research supports the conclusions that L i .3 Fenen. L Shers | L Houatd £ oer, 0+
dirhodium compounds inhibit DNA repllcatlonn vitro Howard, R. A.; Spring, T. G.; Bear, J. Cancer Res1976 36, 4402.
transcription, protein synthesis, and promote DNA photo- (d) Erck, A.; Sherwood, E.; Bear, J. L.; Kimball, A. Bancer Res.
cleavagé:? The dirhodium tetracarboxylate compounds of };?Lé;sgéiﬁoi' Eef]) F,:,?G‘J"éagjﬁgﬁ%fﬁgvgfg’. '%f) Efxaﬁ, E'.mAb.?"’
the type RB(O,CR)L, (R = Me, Et, Pr; L= solvent} (Chart Kimball, A. P. Bear, J. LCancer Res1979 39, 2568. (g) Rao, P.
1a) have been found to exhibit carcinostatic activity against

the Ehrlich ascites, sarcoma 180 and P38®#ereas the

Clin. Hematol. Oncol198Q 10, 25. (i) Bear, J. L. IrPrecious Metals

N.; Smith, M. L.; Pathak, S.; Howard, R. A.; Bear, J.J_Natl. Cancer
Inst 198Q 64, 905. (h) Hall, L. M.; Speer, R. J.; Ridgway, H. J.

mixed formamidinate/carboxylate compounds@®T olF),-

(O.,CCR)5(H20), (DTolF = N,N'-di-p-tolylformamidinate}

(Chart 1b) exhibitin zivo carcinostatic activity against
Yoshida ascites and T8 sarcoma cells comparableigo

PtChL(NHs),, but with considerably reduced toxicityMore-

1985: Proceedings of the Ninth International Precious Metals
ConferencezZysk, E. D., Bonucci, J. A., Eds.; International Precious
Metals: Allentown, PA, 1986; pp 337344.

(2) (a) Fu, P. K.-L.; Bradley, P. M.; Turro, Gnorg. Chem.2001, 40,

2476. (b) Sorasaenee, K.; Fu, P. K.-L.; Angeles-Boza, A. M.; Dunbar,
K. R.; Turro, C.Inorg. Chem2003 42, 1267. (c) Chifotides, H. T;
Fu, P. K.-L.; Dunbar, K. R.; Turro, Cnorg. Chem,. submitted for
publication, 2003.
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Chart 1.  Structure of Dirhodium MetatMetal Bonded (a)
Tetracarboxylate and (b) Mixed Formamidinate/Trifluoroacetate
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to Rh(O.CRYL, (R = Me, Et, Ph or CE L = donor
molecule). The relevant studies demonstrated the ability of
single N=N chelating ligands to interact with the dirhodium
core through several binding modes; these inclageeq
andeg—eqinteractions, and their identification has provided

| o /<g axial (ax) — : lions, an . _
B |_‘L/ position & e valuable informationis-a-vis the mechanism by which DNA
L(?RT_,(QR& - al O_/RT 7 ‘ -t bases attach to the dirhodium céfdrelated studies involv-
1 . . .
R>/OO B e;‘:;t‘i’;ﬁ’s (eq) S50 4 ing the reactions of RKDTOIF),(0.CCFs)o(H0), with bpy
CF3 Y~ and phen led to the conclusion that similar binding modes
R CF3 are possible for these compounds with—-N chelates,
(@) (b) although no solid-state structures were obtaitfed.

Herein, we describe the syntheses and single-crystal X-ray
nostatic activity than the dirhodium tetracarboxylate adducts structural determinations of compounds that contain bpy or
against human oral carcinoma KB ceitszitro;® the latter phen bound to theis[Rhy(DTolF),]2" core. These investiga-
have also been reported to be active cytostatic and antibactetions indicate that the dirhodium (I1,Il) formamidinate
rial agent$and to effectively bind to human serum alburfin. compounds preferentially forragq—eq adducts with these

Apart from the well-established preference for axat)(  N—N chelating ligands and crystallize with unoccupid
binding of adenine to the dirhodium coteecent findings  sites even in the presence of excess donor solvent molecules.
in our laboratories haveinequiocally established that  The H NMR spectroscopic and cyclic voltammetric data
equatorial €J purine interactions are also possible. Model are in accord with the solid-state structures determined by
dirhodium compounds with 9-ethylguanine and 9-ethylad- single-crystal X-ray diffraction studies.
enine revealed the presence of bridging or chelating binding
modes for the purinesia the N7/06 or N7/N6 sites,
respectivel\:?~12 Dirhodium adducts with the DNA frag-

ments d(Gp_G) ar_1d d(pGpG) have also shown adJM' (DToIF),(CH3CN)¢][BF4]2 (1) was prepared by literature proce-
to-h.e-ad purine Ilgand§ bound througN7lQ§ to cis €q durest! The reagents 2,dipyridine (bpy) and 1,10-phenanthroline
positions of the rhodium centet§.In addition, S.tUd'eS monohydrate (phen) were purchased from Aldrich. The compound
performed by mass spectrometry have established thatg.ethylguanine (9-EtGH) was purchased from Sigma, whereas
dirhodium bis-acetate units form adducts with AA and GG 9-ethyladenine (9-EtAH) was prepared by reported literature
containing DNA dodecamets. procedured! All solvents were predried fro 4 A molecular sieves
Prior to establishing that adjacent DNA nucleobases bind with the exception of acetone and acetonitrile which were predried
to the dirhodium core, bpy was used as a single bidentateover 3 A molecular sieves and distilled under a nitrogen atmosphere.

nitrogen chelate to mimic binding of two adjacent DNA bases Diethyl ether and toluene were distilled from Na/K, and methylene
chloride was distilled from s. Acetonitrile used for electro-

chemical measurements was further dried by being passed through
an activated alumina column under Ar. All manipulations were
performed under inert atmospheric conditions using standard
(6) Pruchnik, F.; Dus, DJ. Inorg. Biochem1996 61, 55. Schlenk-line techniques unless otherwise stated.
(7) (a) Pruchnik, F. P.; Bien, M.; Lachowicz, Met. Based Drug2996 Syntheses. Preparation of [RADTolF),(bpy)(CH3CN)s3 4-
3, .185_. (b) Pruchnik, F. P.; Kluczewska, G.; Wilczok, A.; Mazurek, [BF.]> (2). A green solution of [REDToIF),(CHsCN)gl[BF 4] (1)
uU.; W|Ipzok, T. J. Inorg. B|ochen_1 1997, 65, 25. (c)_ Bien, M.; 92 0.0857 Ni t 5 mL treated with uti
Pruchnik, F. P.; Seniuk, A.; Lachowicz, T. M.; Jakimowicz,JPinorg. (92 mg, O. mmol) in acetone (5 mL) was treated with a solution
Biochem 1999 73, 49. _ ) of bpy (13.4 mg, 0.0858 mmol) in acetone (2 mL). The reaction
ggg (Tr)ygda-LeleesHZ: L.; l?jruF(?:hRIkk F. Eé- Il?%gbBI%cherglﬁ)fZ 66(,: r1]87- mixture was stirred at r.t. for24 h, after which time the reaction
a) Rainen, L.; Aoward, R. A.; Kimball, A. P.; Bear, J.Inorg. em. P
1975 14, 2752. (b) Pneumatikakis, G.: Hadjiliadis, §.Chem. Soc., solvent was concentrated to half Fh_e original volume_ under redg_ced
Dalton Trans1979 596. (c) Farrell, NJ. Chem. Soc., Chem. Commun. ~ pressure. The product was precipitated from solution by addition
198Q 1014. (d) Farrell, NJ. Inorg. Biochem1981, 14, 261. (e) Rubin, of diethyl ether ¢10 mL) and collected by filtration in air to yield
J. R.; Sundaralingam, Ml. Biomol. Struct. Dyn1984 2, 525. (f) 88 mg (0.0767 mmol, 89.5% yield). Anal. Calcd foss8a7B,FsNg-

Rubin, J. R.; Haromy, T. P.; Sundaralingam, Kcta Crystallogr . i g ]
1991, C47, 1712. (g) Aoki, K.; Salam, M. Alnorg. Chim. Acta2002 ha (2aW|thout solvent). C, 4998, H, 4.29, N, 11.41. Anal. Calcd

339 427. for C4gHs0B2FsN1oRM, (2b): C, 50.28; H, 4.40; N, 12.22. Found
(10) (a) Dunbar, K. R.; Matonic, J. H.; Saharan, V. P.; Crawford, C. A for bulk powder: C, 49.99; H, 4.35; N, 11.92. Single crystals of
Christou G.J. Am. Chem. Socl994 116 2201. (b) Day, E. F,;
Crawford, C. A.; Folting, K.; Dunbar, K. R.; Christou, G.Am. Chem.
Soc 1994 116, 9339. (c) Crawford, C. A.; Day, E. F.; Saharan, V. (14) (a) Asara, J. M.; Hess, J. S.; Lozada, E.; Dunbar, K. R.; Allisod, J.
P.; Folting, K.; Huffman, J. C.; Dunbar, K. R.; Christou, Ghem. Am. Chem. So200Q 122 8. (b) Chifotides, H.; Koomen, J. M,;
Commun 1996 1113. Mijeong K.; Tichy, S. E.; Dunbar, K. R.; Russell, D. H., manuscript
(11) (a) Catalan, K. V.; Mindiola, D. J.; Ward, D. L.; Dunbar, K.IRorg. in preparation.
Chem 1997, 36, 2458. (b) Catalan, K. V.; Hess, J. S.; Maloney, M.  (15) (a) Perlepes, S. P.; Huffman, J. C.; Matonic, J. H.; Dunbar, K. R;;
M.; Mindiola, D. J.; Ward, D. L.; Dunbar, K. Rnorg. Chem 1999 Christou, G. JJ. Am. Chem. Sod 991, 113 2770. (b) Crawford, C.
38, 3904. A.; Matonic, J. H.; Streib, W. E.; Huffman, J. C.; Dunbar, K. R,;
(12) Phillips, S. L.; Christou, G.; Huffman, J. C.; Olmstead, M. Abstr. Christou, G. JInorg. Chem 1993 32, 3125. (c) Crawford, C. A;;
Pap. Am. Chem. So2001, 221, INOR—524. Matonic, J. H.; Huffman, J. C.; Folting, K.; Dunbar, K. R.; Christou,
(13) (a) Chifotides, H. T.; Koshlap, K. M.; Irez, L. M.; Dunbar, K. RJ. G. J.Inorg. Chem 1997, 36, 2361.
Am. Chem. So@003 125, 10703. (b) Chifotides, H. T.; Koshlap, K. (16) Schiavo, S. L.; Sinicropi, M. S.; Tresoldi, G.; Arena, C. G.; Piraino,
M.; Paez, L. M.; Dunbar, K. RJ. Am. Chem. So@003 125 10714. P.J. Chem. Soc., Dalton Tran$994 1517 and references therein.

Experimental Section

Starting Materials. The partially solvated compound [Rh

(4) Piraino, P.; Bruno, G.; Tresoldi, G.; Lo Schiavo, S.; ZanelldnBrg.
Chem 1987, 26, 91.

(5) Fimiani, V.; Ainis, T.; Cavallaro, A.; Piraino, PJ. Chemother.
(Florence)199Q 2, 319.
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Dirhodium Formamidinate Compounds

Table 1. Crystallographic Data for [READTolF)x(bpy)(CHCN)s][BF 4] 2+ (CHz)2CO (2a), [Rhy(DTolF)2(bpy)(CHCN)4][BF4]2 (2b),
[Rha(DTolF)(bpy)(CHCN)][BF4]2 (3), and [RR(DTolF)(phen)(CHCN)s|[BF 4] 2-2CHsOCHs (4)

2a 2b 3 4
formulgd CagHs3BoFsNgORhp CagHsoB2oFgN10Rhy CsoHagB2oFgNgRM, CseHe7B2FsNgO-Rh
fw, g/mol 1163.44 1146.42 1179.44 1277.63
crystal system monoclinic monoclinic monoclinic _ triclinic
space group P2i/n P21/n P2i/a P1
a, 13.5856(2) 10.9339(2) 19.4534(4) 12.6346(2)
b, A 18.0420(2) 24.4858(1) 13.8298(3) 13.5872(2)
c, A 21.4791(3) 19.4874(3) 19.8218(5) 19.0597(3)
a, deg 90 90 90 71.948(1)

B, deg 101.044(1) 94.329(1) 109.189(1) 73.631(1)

y, deg 90 90 90 71.380(1)

Vv, A3 5167.27(12) 5202.38(13) 5036.5(2) 2886.70(8)

z 4 4 4

T, K 173(2) 173(2) 173(2) 173(2)

D, g/cn? 1.496 1.464 1.555 1.474

Mo, CM3 0.713 0.706 0.0731 0.652
10600 5446 11822 12408

No? 6770 4267 7079 9697

Re 0.0531 0.0459 0.0589 0.0445

R, 0.0948 0.1140 0.0860 0.1207

2Including solvent molecule$.l > 20(1). R = ¥ ||Fo| — |Fell/Y|Fol. 4Ry = { T [W(Fe? — FA/ S [W(F2)} Y2

2awere grown from an acetone solution layered with ethyl acetate.
Single crystals oRb were grown from an acetonitrile solution of
the compound layered with diethyl ethéid NMR (CD3CN-d3) 6
ppm: 1.95 (saxCH3CN), 2.22 (s, tolyl CH), 2.25 (s,e¢-CHs-
CN), 6.99 (m, tolyl), 7.77 (t, bpy), 7.83 @Jrn—n = 3.6 Hz, NCHN),
8.24 (t, bpy), 8.50 (d, bpy), 9.06 (d, bpy).

The previous reaction was performed in £LHN at r.t. with the
following result: a dark orange-red solution of [RBTolF),(CHs-
CN)g][BF4]2 (1) (75.0 mg, 0.0692 mmol) in acetonitrile (4 mL)
was added via cannula to a solution of bpy (10.8 mg, 0.0691 mmol)
in acetonitrile (5 mL). The mixture was stirred until the brown-
green solution was concentratedd mL under reduced pressure
(24 h). A solid was precipitated by addition of hexanes (1 mL)
and diethyl ether (5 mL). The resulting microcrystalline material
was collected by suction filtration in air and driéd vacua The
product was identified byH NMR spectroscopy as a mixture of
2b and3 (vide infra).

Preparation of [Rhy(DTolF),(bpy)(CH3CN)][BF4. (3). A
solution of1 (105 mg, 0.0968 mmol) in C¥CN (7 mL) was treated
with bpy (30.24 mg, 0.1936 mmol) and refluxed fe#8 h. The
reaction mixture was cooled to r.t., and diethyl ether (15 mL) was
added to yield microcrystals (73 mg, 0.0620 mmol, yield 64%)
which were collected by filtration in air. Anal. Calcd for
CsHaoBoFgNgRI,: C, 52.95; H, 4.19; N, 10.69. Found: C, 53.72;
H, 4.12; N, 10.90. X-ray quality single crystals were grown by
careful layering of an acetone solution 8fwith ethyl acetate.
IH NMR (CD3CN-d3) 6 ppm: 1.95 (saxCHzCN), 2.23 (s, tolyl
CHa), 6.99 (m, tolyl), 7.29 (t, bpy), 7.79 (d, bpy), 7.86 (t, bpy),
8.17 (t,%Jrn—n = 3.6 Hz, NCHN), 8.38 (d, bpy).

Preparation of [Rhy(DTolF),(phen)(CH;CN)3][BF 4]»*2C,Hs-
OC,Hs (4). A mixture of 1 (100 mg, 0.0934 mmol) and 1,10-
phenanthroline monohydrate (18.3 mg, 0.0921 mmol) inClH
(5 mL) was stirred for-72 h at r.t. The mixture was filtered through

(t, 3Jrn-n = 3.6 Hz, NCHN), 7.92 (g, phen), 8.06 (s, phen), 8.60
(d, phen), 9.05 (d, phen).

Preparation of [Rho(DTolF),(phen)(CH3CN),J[BF 4], (5). A
mixture of 1 (75.0 mg, 0.0701 mmol) and 1,10-phenanthroline
monohydrate (27.7 mg, 0.139 mmol) in gEN (10 mL) was heated
to reflux for ~64 h. The green solution was concentrated to half
the original volume, and the product was isolated as microcrystals
after addition of diethyl ether. The microcrystals were collected
by filtration in air and dried in vacuo (0.047 mmol, 60 mg, yield
67%). Anal. Calcd for GgHsBoFgNioRh: C, 54.91; H, 4.13; N,
11.04. Found: C, 54.80; H, 4.15; N, 11.16. X-ray quality single
crystals were grown by careful layering of an acetone solution of
5 with ethyl acetate, but their poor quality did not permit full X-ray
structural characterizatioftH NMR (CDsCN-d3) & ppm: 1.95 (s,
ax-CH3CN), 2.24 (s, tolyl CH), 7.05 (m, tolyl), 7.52 (g, phen),
7.63 (s, phen), 8.16 (d, phen), 8.30%zn-n = 3.6 Hz, NCHN),
8.57 (d, phen).

Physical MeasurementsOne- (1D) and two- (2D) dimensional
IH NMR spectroscopic data were collected on a 300 or 500 MHz
Varian spectrometer. Chemical shifts were referenced relative to
the residual proton impurities of the deuterated solvent;@ND
ds). Electrochemical measurements were performed by using an
EG&G Princeton Applied Research model 362 scanning potentiostat
in conjunction with a Soltec model VP-6424S X-Y recorder. Cyclic
voltammetric experiments fdt, 3, and4 were carried out at r.t. in
CH3CN with 0.1 M tetran-butylammonium tetrafluoroborate as
supporting electrolyteE,,, values, determined a&f. + E /2,
were referenced to the Ag/AgCI electrode without correction for
junction potentials. The Gpe/[CpFe]t couple occurs at
Ei» = +0.45 V under the same conditions of the cyclic voltam-
mograms for compound® and3 in CH;CN.

Single-Crystal X-ray Diffraction Studies. X-ray data sets for
23, 2b, 3, and 4 were collected on a Bruker AXS SMART

Celite in air to remove undissolved materials and concentrated to diffractometer with graphite monochromated MaxKadiation

half the original volume. The green product was isolated after
addition of diethyl ether, dried in vacuo, and recrystallized from
methylene chloride and diethyl ether (0.0832 mmol, 94 mg, yield
90%). Anal. Calcd for GgH47BoFsNoRhy: C, 51.04; H, 4.19; N,
11.16. Found: C, 51.00; H, 4.20; N, 11.20. Single crystals were
grown by layering a methylene chloride solution of the compound
with ethyl acetate'H NMR (CDsCN-d3) 6 ppm: 1.95 (sax-CHa-
CN), 2.25 (s, tolyl CH), 2.51 (s,eq-CH3CN), 6.99 (m, tolyl), 7.51

(averagel, = 0.71073 A). A hemisphere of crystallographic data
was collected for each dib, 3, and4, whereas one-quarter of a
sphere was collected f&a. The frames were integrated with the
Bruker AXS SAINT software package, and the data was corrected
for absorption using the SADABS program in the same software
packagé’ The structures oRb and 4 were solved by Patterson
methods using the SHELXS program in the Bruker AXS SHELXTL
v. 5.05 softwaré8 The structure oRawas solved by direct methods

Inorganic Chemistry, Vol. 42, No. 26, 2003 8741
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using the same software package. The structurg whs solved Table 2. Selected Bond Distances (A) and Angles (deg) for
by Patterson methods using the SHELXS-86 program in the Texsan[Rh(DTolF)(bpy)(CHCN)s[BF 4]2:(CH3).CO (28)

software packag® All of the structures were refined by full-matrix bonds

least-squares calculations BAusing the SHELXL-97 prograrif? Rh(1)-Rh(2) 2.5783(3) Rh(2IN(2B) 1.997(2)
Crystal parameters and information pertaining to data collection  rp(1)-N(2) 2.107(3) Rh(1yN(1) 2.051(2)
and refinement for all the structures are summarized in Table 1, Rh(1)-N(1A) 2.057(3) Rh(2>-N(3) 2.028(3)
whereas detailed descriptions are provided in the Supporting Rh(2)-N(2A) 2.025(3) Rh(1rN(1) 2.035(2)
Information. Rh(1)-N(1B) 2.068(2) Rh(2}N(4) 2.025(2)

Results and Discussion angles
: . : N(1)—Rh(1)-N(1) 79.93(10) N(2)-Rh(1)-Rh(2) 177.95(7)
SynthesesCompouan reacts with 1 equiv of bpy in CH N()-Rh(1)-N(1A)  9527(10) N(2ByRh(2)-N(4)  174.36(10)
CN atr.t. to afford a mixture of products (eq 1) as discerned N(1)—Rh(1)-N(1A) 174.10(9) N(2A}Rh(2)-N(4)  91.64(10)
by 'H NMR spectroscopyzfde infra). The monosubstituted  N(X)—-Rh(1)-N(1B)  97.61(10) N(2B}Rh(2-N(3)  88.18(10)
N(1A)—Rh(1)-N(1B) 87.02(10) N(2A}Rh(2}-N(3)  175.13(10)
CH:CN N(1)—Rh(1)-N(2) 87.99(9) N(4-Rh(2)-N(3) 89.63(10)
[Rh,(DTolF),(CH,CN)(][BF,], + bpy N(1A)—Rh(1)-N(2)  94.57(10) N(4)}Rh(2)-Rh(1) 101.73(7)
N(1)-Rh(1)}-Rh(2)  89.97(7) N(3}Rh(2-Rh(1)  99.45(7)
1 N(1A)—-Rh(1)-Rh(2) 85.61(7) C(1B¥N(1B)—Rh(1) 116.89(19)
N(1B)-C(1B)-N(2B) 123.6(3) N(1A)-C(1A)—N(2A) 124.0(3
[Rhy(DTolF),(bpy)(CH,CN), J(BF], (IB)ZCUBINER) 12366)  NOAFCUANEA 12400)

r.t.

Table 3. Selected Bond Distances (A) and Angles (deg) for

2 [Rha(DTolF)>(bpy)(CHCN)4J[BF ]2 (2b)
+ bonds
Rh(1)-Rh(2) 2.638(3) Rh(BRh(2) 2.638(3)
[Rh,(DTolF),(bpy),(CH,CN)][BF,], 1) Rh(1)-N(1A) 2.023(5) Rh(2)-N(2B) 2.032(6)
Rh(1)-N(6) 2.028(8) Rh(2}N(2A) 2.039(6)
3 Rh(1)-N(1B) 2.033(8) Rh(2}N(1) 2.059(6)
Rh(1)-N(5) 2.047(6) Rh(2)N(1") 2.067(6)
bpy product preferentially forms when acetone is used as__Rh(1)-N@3) 2.316(5) Rh(2N4) 2.208(7)
the reaction solvent instead of GEN (eq 2). angles
N(1A)-Rh(1)-N(6)  178.6(3) N(2BYRh(2-N(1)  174.4(3)
_acetone N(1A)-Rh(1)-N(1B) 88.4(3)  N(2AXRh(2-N(1)  96.3(2)

[RhZ(DTOIF)Z(EH3CN)5][BF“]2+ by = N(LA)-Rh(1}-N(5)  91.9(2)  N(2A¥Rh(2)-N(1) 174.7(3)
N(1B)-Rh(1}-N(5)  177.6(3) N(I}Rh(2-N()  79.0(2)
[Rh,(DTolF),(bpy)(CH,CN), J[BF ], (2) N(IA)-Rh(1-N(3)  93.9(2)  N(2By-Rh(2-N(4)  99.4(3)
2 N(6)—Rh(1)-N(3) 85.6(3)  N(2A>Rh(2)-N(4)  96.0(3)
N(1A)-Rh(1)-Rh(2)  84.04(17) N(-Rh(2)-N(4) 83.6(2)
Compound accounts for one set of bpy resonances observed mgg;:;m&gg% gg-?g()w) NN((?SEﬁ(hZ(Q;zE(hl()l) gié?z()l@
in thc_e 1H NMR spectrum qf the solid isolated frqm the N(1A)—C(1A)~N(2A) 124_3(6) N(1B}-C(1B)-N(2B) 12'5.1(10)
reaction in CHCN at r.t. ¢ide infra). Under reflux conditions
in CH3CN, the binding of two bpy ligands to a single core to yield [RR(DTolF)x(phen}(CHsCN).][BF4]2 (5) (eq
dirhodium core results in the formation 8f(eq 3). 5) occurs only under refluxing conditions analogous to those

cheN required to prepare compourdd
[Rh,(DToIF),(CH,CN)J[BF ], + 2bpy— —
1

reflux

reflux

[Rhy(DTOIF),(CH,CN)J[BF], + 2 phem——

[Rh,(DToIF),(bpy),(CH,CN)I[BF ], (3) 1
3 [Rhy(DToIF),(pheny(CH,CN),I[BF ], (5)
5

Equation 4 summarizes the addition of 1 equiv of phen in
CH,ClI; to produce4. Reaction of2a with 9-EtAH and 9-EtGH produced X-ray
quality crystals of the previously reported compounds;{Rh
(DTolF)x(9-EtAH),(CH3;CN)][BF 4]t and [Rh(DTolF)y(9-
EtGH)(CH3sCN),][BF 4],11 respectively.

[Rhy(DTolF),(phen)(CHCN),][BF,], (4) Description of Structures. ORTEP representations of the

4 cations in2a, 2b, 3, and4 are depicted in Figures 1, 3, 4,
. _ _ . and 5, respectively. Important bond distances and angles are

The addition of a second equiv of phen to the dirhodium listed in Tables 25.

[ha(DTO'F) z(bpy)(CH 3CN)3] [BF 4] 2° (CH 3)2CO (2a) Com-

CH,Cl,

[Rh,(DToIF),(CH,CN)J[BF ], + phen
1

(17) SAINT and SADABS programs in the SHELXTL software; Bruker

AXS, Inc.: Madison, WI. pound?2a crystallizes in the monoclinic space groBgi/n
(18) (a) Sheldrick, G. MSHELXS-97University of Gdtingen: Gitingen, i - i i it
Germany. 1990, (b) Sheldrick, G. NEHELXL-97 Program for with two [BF],~ anions and one molecule of interstitial
refining “crystal structures University of Gdtingen: Gatingen, aFetone- The most notable featureZaﬁs the presence of a
Germany, 1997. singleax CHsCN molecule{ distance Rh(LyN(2) = 2.107-

19) TEXSAN-TEXRAY Structure Analysis Packddelecular Structure e e .
@9 Corporation: The Woodlands, T))/(, 1985.a?b) Sheldrick, G. M. (3) A’ Figure ]} The fact that theax position of Rh(Z) 1S

SHELXS-86University of Gdtingen: Gitingen, Germany, 1986. unoccupied is a rather unusual finding, but it is not
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Table 4. Selected Bond Distances (A) and Angles (deg) for
[Rhx(DTolF)(bpy)(CHsCN)][BF4]2 (3)

bonds
Rh(1)-N(3B) 2.024(3) Rh(2)-N(1B) 2.037(4)
Rh(1}-N(1A") 2.032(3) Rh(2)-N(1B") 2.046(3)
Rh(1)-N(3A) 2.031(3) Rh(2)-N(4A) 2.066(3)
Rh(1)-N(1A) 2.041(3) Rh(2)-N(4B) 2.075(3)
Rh(1)-Rh(2) 2.5821(5) Rh(2yN(1) 2.116(4)
angles
N(3B)—Rh(1}-N(1A") 174.28(14) N(1B—Rh(2)-N(4A) 99.07(14)
N(3B)—Rh(1)-N(3A) 88.33(14) N(4A)>Rh(2)-N(4B) 87.21(14)
N(1A")—Rh(1}-N(3A) 94.32(13) N(1ByRh(2}-N(1) 89.04(14)
N(3B)—Rh(1}-N(1A) 96.55(14) N(4AyRh(2)-N(1) 90.21(14)
N(1A")—Rh(1}-N(1A) 80.60(14) N(1B}Rh(2y-Rh(1) 94.62(10)
N(3A)—Rh(1}-N(1A) 174.55(14) N(4AyRh(2-Rh(1) 86.10(10)
N(3B)—Rh(1}-Rh(2) 85.06(10) N(1AyRh(1)-Rh(2) 98.60(10)
N(1)—Rh(2)-Rh(1) 175.71(11) N(1ByRh(2)-N(4A) 178.70(15)
N(4A)—C(7A)—N(3A) 123.5(4) N(4By-C(7B)—N(3B) 123.8(4)

Table 5. Selected Bond Distances (A) and Angles (deg) for
[ha(DToIF)z(phen)(CI-jCN)3][BF4]2-202H5002H5 (4)

bonds
Rh(1)-N(2) 2.053(1) Rh(1)yRh(2) 2.5808(2)
Rh(1)-N(1A) 2.059(1) Rh(2)-N(2B) 2.009(2)
Rh(1)-N(1) 2.060(2) Rh(2yN(2A) 2.011(1)
Rh(1)-N(1B) 2.069(2) Rh(2)-N(5) 2.028(2)
Rh(1)-N(3) 2.128(2) Rh(2)-N(4) 2.036(1)
angles
N(2)—Rh(1)-N(1A) 177.40(8) N(3)Rh(1)-Rh(2) 173.92(6)
N(2)—Rh(1)-N(1) 80.83(8)  N(2B)-Rh(2)-N(5) 175.72(8)
N(1A)—Rh(1)}-N(1) 98.11(8) N(2A)-Rh(2)-N(5) 89.51(8)
N(1A)—Rh(1)-N(1B) 87.40(8) N(2ByRh(2)-N(4) 90.77(8)
N(1)—Rh(1)-N(1B) 172.08(7) N(5y-Rh(2)-N(4) 88.61(8)
N(2)—Rh(1)-N(3) 88.55(7) N(2B)Rh(2)-Rh(1) 84.61(6)
N(1A)—Rh(1)-N(3) 93.72(7)  N(5-Rh(2-Rh(1) 99.67(5)
N(1)—Rh(1)-N(3) 84.53(8) N(2-Rh(1}-Rh(2) 91.03(5)
N(1)—Rh(1)-Rh(2) 89.41(5) N(1AyRh(1}-Rh(2) 86.58(6)
N(1A)—C(1A)—N(2A) 123.3(2) N(1ByC(2A)—N(2B) 123.4(2)

Figure 1. ORTEP representation of compou2é drawn at the 50%
probability level. Hydrogen atoms are omitted for clarity.

Figure 2. Space-filing models for the cation @a after removal of the
axial solvent molecules viewed from tlae site with (A) ax solvent, (B)

no solvent molecule, and (C and D) space-filling models for the cation of
2b viewed from theax sites after removal ofix solvent molecules.

(TiPB = triisopropylbenzoaté}j and has been attributed to
steric and electronic factof$2?The space-filling models for
the cation of2a viewed from eaclax site (Figure 2, A and
B) indicate that subtle differences in the conformations of
the [DTolF] bridging groups cause the unoccupgedsite

to be less accessible to solvent molecules. In contrast, the
space-filling models for the cation @b, which has twaax
ligands, indicate that bothx sites are equally accessible
(Figure 2, C and D).

In 2a, the Rh-Rh bond distance is 2.5783(3) A, which is
slightly longer than the corresponding bond distance of the
related compound [R{D,CCH)x(bpy)(CHCN)4]?" {2.5395-

(8) A}.1s® Compound2a possesses at—eqbpy molecule
with Rh—N bond distances of 2.035(2) A and 2.051(2) A,
which are ~0.04 A longer than that reported for [Rh
(O2CCHg)2(bpy)(CHCN),J+ {2.001(6) A ; this lengthening

is attributed to the strongdrans influence of the forma-
midinate as compared to the acetate ligalt8$he pyridyl
rings are slightly twisted by 2°8and the two [DTolF}
ligands are twisted by 14°8and 16.8 from the eclipsed
orientation as compared to L#r [Rhy(DTolF),(CHsCN)gl-
(BF4)2 (1).1* The Rh—N distances of 2.057(3) A and 2.068-
(2) A for the [DTolF]” anions coordinated to Rh(1) are longer

unprecedented for dirhodium compounds; it has been ob-than the RR-N distances for Rh(2)1.997(2) A and 2.025-

served for [RB(DTolF)x(9-EtAH),(CH;CN)][BF 4], Rhy-
(DPhF)(CH3CN) (DPhF= N,N'-diphenylformamidinate}?
[Rhy(DTolF)y(H20)]™,?* [Rhy(DTOITA) 2(bpy)(CHCN):](PFs)2
(DTolITA = di-p-tolyltriazine)?? and RB(TiPB)4(CHzCN)

(20) (a) Bear, J. L.; Yao, C.-L.; Lifsey, R. S.; Korp, J. D.; Kadish, K. M.
Inorg. Chem.1991 30, 336. (b) Piraino, P.; Bruno, G.; Schiavo, S.
L.; Laschi, F.; Zanello, Plnorg. Chem.1987, 26, 2205.

(3) A}. The differences in the RAN [DTolF]~ bond

(21) Bruno, G.; Schiavo, S. L.; Tresoldi, G.; Piraino liforg. Chim. Acta
1992 196, 131.

(22) Connelly, N. G.; Einig, T.; Herbosa, G. G.; Hopkins, P. M.; Mealli,
C.; Orpen, A. G.; Rosair G. M.; Viguri, B. Chem. Soc., Dalton Trans.
1994 2025.

(23) Cotton, F. A,; Hillard, E. A.; Liu, C. Y.; Murillo, C. A;; Wang, W.;
Wang, X.Inorg. Chim. Acta2002 337, 233.
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Figure 3. ORTEP representation of compou2th drawn at the 50%
probability level. Hydrogen atoms are omitted for clarity. Atoms C7 and

C8 are drawn as spheres of arbitrary size due to their large thermal

parameters.

distances are attributed to the presence ofrdngs bpy ligand
and theax acetonitrile coordinated to Rh(1).

[Rhy(DTolF)(bpy)(CH3CN)4][BF 4]2 (2b). Compound2b
crystallizes in the monoclinic space groi2i/n with the
asymmetric unit consisting of the entire cation and two
[BF4]~ anions. The close packing arrangement of the) BF
ions to anax CH3;CN causes the latter ligand of Rh(1) to be
at an 151(4) angle (Figure 3). The unusual binding of the
ax CH;CN molecule is also reflected by the long Rh{1)
N(3) bond distance of 2.316(5) A as compared to #xe
CH3CN solvent molecule of Rh(2)Rh—N bond distance
2.208(7) A . Theax Rh—N distances ir2b are significantly
longer than those i2a {2.107(3) A.

In the cation of2b, the chelatingeg—eq bpy ligand has
the pyridyl rings twisted by 2.2 The Rh-N bond distances
of the bpy ligand are 2.059(6) A and 2.067(6) A, which are
comparable to those ®a. As expected, thax Rh—N bond
distanceq 2.208(7) A and 2.316(5) Rare longer than the
eqRh—N bond distance§2.028(8) A and 2.047(6) R The
Rh—Rh bond distance is 2.638(3) A, which is significantly
longer than that in2a {2.5783(3) A and related com-
poundst®*< The lengthening of the RhRh bond may be
attributed to the presence of the CH;CN molecule bound
to Rh(2), a site that is unoccupied Ra. The [DTolF]
groups are twisted from the eclipsed conformation by 7.9
and 8.4, in contrast to those iBawhich exhibit significantly
larger twist angle§14.8° and 16.8}.

[Rhy(DTolF)2(bpy)2(CH3CN)][BF 4]2 (3). Compound3
crystallizes in the monoclinic space groBg,/a. As in the
case of2a, the dirhodium cation if3 possesses only orax
CH3;CN molecule with a Rh(2)N(1) bond distance of 2.116-
(4) A (Figure 4). The Rr-Rh bond distance is 2.5821(5) A,
which is longer than the metametal bond distances in [Rh
(O2CCHp)o(bpy)(CHCN)|[PFe]. { 2.548(1) A and Rh(O--
CCRy)4(bpy). {2.570(6) A .15 The cation consists of two
chelatingeg—eqgroups attached to two Rh atoms irsyn
disposition. The average RiN distance for theeg—eq

8744 Inorganic Chemistry, Vol. 42, No. 26, 2003
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Figure 4. ORTEP representation of compoudddrawn at the 50%
probability level. Hydrogen atoms are omitted for clarity.

Figure 5. ORTEP representation of compoudddrawn at the 50%
probability level. Hydrogen atoms are omitted for clarity.

bound bpy groups2.0341(4) A is comparable to the
corresponding distances Ba and 2b.>¢ The unfavorably
short bpy--bpy contacts ir8 are alleviated by a splaying of
the bpy groups away from the center of the molecule,
resulting in a dihedral angle of 14.&etween the N(1B),
N(1B'), N(4B), N(4A) and N(1A), N(1A), N(3B), N(3A)
least-squares planes; this angle is comparable to those
reported for [RB(O.,CCHg)2(bpy)(CH3CN),]?" (15.8°) and
Rhp(OCCRy)a(bpy) (11.7).1%¢
[Rh2(DTO|F)z(phen)(CH3CN)3][BF4]2‘2C2H5OC2H5 (4)
Compound4 crystallizes in the triclinic space groti with
two molecules of diethyl ether. As in the case2af the ax
site of Rh(2) is not occupied (Figure 5). Tlee—eq phen
ligand is bound to Rh(1) with RAN distances of 2.053(1)
A and 2.060(2) A. The pyridyl rings of the phen ligands are
twisted out of the plane by 1°5The Rh-Rh bond distance
of 2.5808(2) A is comparable to the analogous distance in
2a. As in the case oRa, the Rh-N bond distances of the
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Figure 7. H NMR spectrum of [RDTolF)z(phen)(CHCN)3][BF 4]2 (4)
in CD3CN-d3.

resonances are split into multiplets due to three-bond
coupling to neighboring protons of the same ring. Each of
these sets is shifted from the corresponding resonances of
the unbound ligand, indicating binding of the latter to the
dirhodium unit.

The set of bpy resonances a, b, ¢, and d at 9.06, 7.77,
8.24, and 8.50 ppm, respectively, with the expected integral
ratio, is attributed to the bpy protons of [RBTolF),(bpy)-
(CH3CN)4][BF 4]z (2) (Figure 6A). Even though the four bpy
resonances suggest that the two pyridyl rings are equivalent,
a careful inspection of the cross-peaks in the 2D NMR
spectrum reveals the presence of overlapping multiplets due
to the nonequivalent bpy rings (consistent Witlsymmetry).

The *H NMR spectrum for2 resembles that of [Rh
(O,CCH),(bpy)(CHCN)4]%t 150 in the number and splitting
pattern of the resonances, an expected finding since both
8.8 the compounds possesg—eqchelating bpy rings and differ
only in the bridging groups. The triplet labeled e at 7.83
ppm is assigned to the bridge NCHN protons of the [DTolF]

e

9.2 groups (splitting is due t8°Rh coupling) and is in a 1:1
T T ratio with each of the bpy resonances. The methyl protons
9.2 8.8 8('34 1 (F8>l;?n) 7.6 72 of the [DTolF]™ groups resonate at 2.22 ppm, whereas the

eq coordinated CBCN groups give rise to a resonance at

Figure 6. 2D COSY [H-1H] NMR spectrum in CRCN-d; depicting the 22 m. The'eH NMR rum of IREDTolF -
aromatic region of the mixture of compoungsnd3 produced during the 25 ppm. ¢ spectrum o [ E( 0 )Z(bpy)

reaction ofl with bpy in CHCN at r.t. (eq 1). The protons that belong to (CH3CN)4] ?* has been preViOUSIV rEportEd in the literattfre.
the mono- and bis-bpy dirhodium adducts are labeled a, b, c, d, eand a ~ The'H NMR spectrum of [RE(DTolF),(bpy)(CH;CN)]-

b, ¢, d, € respectively. [BF4. (3) (Figure 6B) (with effective C,, symmetry)
) accounts for the remaining set of four bpy resonantds,a

[QToIF]‘ ligandstransto the N—N chelatg are lengthened ¢, and d at 8.38, 7.29, 7.86, and 7.79 ppm, respectively, in
with respect to thos&rans to the CHCN ligands. the expected integral ratio. The triplet at 8.17 ppm (labeled

'H NMR Spectroscopy. The reaction ofl with bpy at €) is assigned to the bridge NCHN protons of the [DToIF]
r.t. in CHCN yields a mixture of2 and 3. The 'H NMR groups (splitting is due t8°Rh coupling) and is in a 1:2
spectrum of the reaction mixture initially prompted us to ratio with the bpy resonances, thus confirming that two bpy
postulate that two different mono-bpy isomers were present, ligands are bound to the dirhodium core. The [DToIF]
namely the dirhodium formamidinate adducts wéty—eq methyl protons give rise to a singlet at 2.23 ppm. Ehxe
or ax—eqbinding modes for bpy, but the 111 NMR spectra CHsCN ligands for bot2 and3 are in rapid exchange with
of pure crystals of2 and 3 allowed for the definitive  the bulk solvent on the NMR time-scale and are observed at
assignment of the 2D NMR spectrum. The 2B NMR 1.95 ppm. ThetH NMR spectrum for [RE(DTolF),(bpy)-
spectrum of the mixture in C{TN-d; depicts two indepen-  (CH;CN),]?" has been previously reported in the literatifre.
dent sets of four coupled protons (a, b, ¢, d apdvac, d) TheH NMR spectrum of [RiDTolF)x(phen)(CHCN);]-
that can be attributed to the bpy protons of two different [BF,], (4) is in accord with the solid-state structure (Figure
adducts, namely and 3 (Figure 6). The majority of the 7). The axially coordinated CJN ligands resonate at 1.95

Inorganic Chemistry, Vol. 42, No. 26, 2003 8745
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Figure 8. H NMR spectrum of [RDTolF)z(phen}(CHsCN).][BF 4]2

(5) in CD3CN-ds.

ppm (chemical shift for free CfCN-d;) due to rapid
exchange with the bulk solvent on the NMR time scale.
Unlike the mono-bpy analogug for which theeq CH;CN

Chifotides et al.

Chart 2. Proposed Sequence of Events Involved in the Reactions of
Dirhodium Bis-formamidinate Compounds with-MW Chelating
Ligands

R R N R R
NEOY R NE X R
NI A N~
N R INY
L—Rh—Rh—L — N—/Rh“ /Rh—L
d | < | step 1 L ’ X ‘
L L L L
1 N
step 2
R R R R
N N\ /N\ B N 3 /N\ /R
N |‘\\N ‘\\\N N
L.—/Rh Rh— —Rh- Rh—
N/ | L/ | step 3 L/ ‘ L/ |
\/N L N L

2 Final adduc® has the N-N chelate attached to the dirhodium core in
an eg—eq binding mode.

protons are observed at 2.25 ppm, the corresponding prOtonﬁ'able 6. Cyclic Voltammetric Data for Bis-acetate and

in 4 resonate further downfield at 2.51 ppm. The [DTolF]

Bis-formamidinate Dirhodium Compounds in @EN?

methyl and aromatic protons give rise to resonances at 2.25
and 6.99 ppm, respectively. The phen protons are observed

at 7.92 (b), 8.06 (d), 8.60 (c), and 9.05 (a) ppm.

Although it was not possible to resolve the X-ray crystal
structure of [RR(DTolF),(phen}(CHsCN),][BF.]. (5), H
NMR spectroscopy proved useful in discerning the molecular
structure. TheH NMR spectrum of5 (Figure 8) indicates
that it resembles. Four resonances at 7.53 (b), 7.63 (d),
8.15 (c), and 8.57 (a) ppm are attributed to the phen ligand,
whereas a triplet at 8.30 (e) ppm which is assigned to the
bridge NCHN protons of [DTolF], is in a 1:2 ratio with
each set of the four phen resonances. @ReCHsCN is

observed at 1.95 ppm, but no downfield resonances attribut-

able to eq CHsCN are observed. The [DTolF]methyl

=7 =7 =77 =7

compound (ox)1 (ox)2  (redy  (red)
[Rha(OAC)(bpy)(CH3CN)J2Hb —0.89
[Rhy(OAC)(phen}(CH3CN), 2+b —0.83
[Rhy(DTolF)2(CH3sCN)g]>* +1.00 —-0.4® -1.30
[Rhp(DTolF),(bpy)(CHCN)s] >+ +1.00 —-0.44 -1.17
[Rhp(DTolF),(bpy)(CHsCN)]#+ +1.02 -0.50' —1.30!
[Rhp(DTolF),(phen)(CHCN),%* +1.0# +1.5¢ -0.53 -—1.4Z
[Rha(DTolF)(pheny(CHsCN)]2* +1.05% +1.57 —-0.91 —1.47

aEy;, values in volts vs Ag/AgCI in CECN with 0.1 M tetran-
butylammonium tetrafluoroborate as supporting electroRaéalues re-
ported in ref 15¢¢ Epa value;ip dipa = 1. 9 Epc value;ip dipa = 1.

reversible oxidation aE;, = +1.0 V and a reversible
reduction atE;, = —0.44 V. A quasi-reversible reduction
process occurs &, = —1.19 V with an associated return

protons resonate at 2.24 ppm. The previous data are in accorgyaye ofEpa= —1.15V (. dipa= 1.3). The electrochemical

with a dirhodium adduct that has two phen ligands coordi-
nated in areg—eq fashion.

The single-crystal X-ray structural characterizationg of
and4 revealed the presence ofW ligands bound only in
an eg—eq fashion to the dirhodium formamidinate core,
unlike the dirhodium carboxylate derivatives for which
ax—egas well azeg—eqbinding modes of the NN ligands
have been observéel The fact that ncax—eq dirhodium

behavior of [RR(DTolF)x(bpy)(CH:CN)J?* (cation of3) is

similar to that of [RR(DTolF),(bpy)(CHCN)4]?" in CHzCN.

Compound3 exhibits two quasi-reversible reductions=g;

= —0.50 and—1.30 V with associated return wavestta
= —0.37 V (pdipa = 2) and 1.2 V (ipdipa = 2.5),

respectively.

For the cation [RE(DTolF),(phen)(CHCN);]?*" of 4, two
guasi-reversible anodic processes are observed &7 and

formamidinate adducts are observed may be attributed to the+1.50 V. In addition to the two oxidation processes, the

strongtrans influence of the formamidinate groups which
renders the CECN groups more labile, opening thus the
positions to the incoming NN ligands. It is logical to
postulate for the dirhodium formamidinate compounds a
mechanism similar to that of the carboxylatésbut it is
expected that thax—eqintermediate formed during step 2
swiftly proceeds to step 3 to produce the final prodgct
(Chart 2).

Electrochemistry of 2, 3, 4, and 5.A summary of the
half-wave potentials for the bis-formamidinate dirhodium
compounds is provided in Table 6. The cyclic voltammogram
for [Rhy(DTolF),(bpy)(CHCN)4%" in CH3CN consists of a

8746 Inorganic Chemistry, Vol. 42, No. 26, 2003

compound gives rise to two quasi-reversible reductions at
Epc= —0.53 and—-1.42 V. The return waves associated with
these processes occur B, = —0.43 and—1.36 V with
ipdiparatios of 1.7 and 1.9, respectively. The bis-phenan-
throline cation [RB(DTolF)(phen}(CH;CN),]?t in 5 ex-
hibits oxidation processes that are similardtan CH;CN.
Two quasi-reversible oxidations occurlf, = +1.05 and
+1.57 V, respectively, with the associated return waves at
Epc= +0.99 and+1.43 V andip di,  ratios of 1.5 and 1.8,
respectively. A reversible cathodic process for the cation of
5 occurs atE;, = —0.91 V, and two quasi-reversible
processes occur &, = —1.47 V andE,. = —1.89 V,
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respectively. The corresponding return wave for the first the two classes of dirhodium compounds may be attributed
reduction process is &, = —1.43 V with anip i, » ratio to the strongransinfluence of the bridging formamidinate
of 2.0. ligands which labilize theeq groups across from them. A

A comparison of the electrochemical data of the dirhodium notable feature of the majority of the adducts reported herein
formamidinate with the corresponding acetate compoundsis the presence of orax ligand only, a finding that may be
(Table 6) reveals that the presence of the formamidinate attributed to steric and electronic factors. The binding of
groups renders these compounds more easily oxidized sinceN—N chelates to the formamidinate cation JRDITOIF),(CHs-
the [Ri(O,CR)(bpy),CH:CN),]*" (R = Me, Et, Ph) adducts  CN),]2* takes place in a manner that is very similar to that
do not undergo oxidation processes, but exhibit only a single- of the dirhodium tetracarboxylate compounds and provides

electron reduction process occurringsat0.90 V. Similarly, a useful model for the binding of adjacent DNA bases to
the redox properties of the cation tare different from the dirhodium corél*25The robust nature of the forma-
those of the analogous acetate compounc(@&4CCH),- midinate compounds and their promising biological activity

(phen)(CHsCN),]**, which is reported to undergo a revers-  render them excellent candidates for further binding studies

ible reduction aEy, = —0.83 V, but no oxidation process€s. yyith DNA oligonucleotides. Such studies are underway and
Although the formamidinate bridging groups make the || pe reported in due course.

compounds more accessible to oxidation and reduction
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The reactions of the dirhodium bis-formamidinate com- crystallography and structure solutions fée, 2b, 3, and 4;
pounds with N-N ligands (bpy or phen) lead to adducts with  cryStallographic data in CIF format for compourtt; 2b, 3, and
theeq—eqsites occupied by the chelating ligands, in contrast 4. This material is available free of charge via the Internet at
to the corresponding carboxylate derivatives which form http://pubs.acs.org.
ax—eqas well aseg—eqgadducts. The different behavior of 1C0347378
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