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In this paper, we describe the enantiospecific synthesis and the complete characterization of the two hexacoordinated
ruthenium(ll) monocations [Ru(bpy)ppy]" and [Ru(bpy).quo]* (bpy = 2,2'-bipyridine, ppy = phenylpyridine-H*,
quo = 8-hydroxyquinolate) in their enantiomeric A and A forms. The corresponding enantiomeric excesses (ee’s)
are determined by *H NMR using pure A-Trisphat (tris(tetrachlorobenzenedialato)phosphate(V) anion) as a chiral
H NMR shift reagent. A complete 'H and *C NMR study has been carried out on rac-[Ru(bpy).ppy]PFs and
rac-[Ru(bpy).quo]PFe. Additionally, the X-ray molecular structure of rac-[Ru(bpy).quo]PFs is reported; this latter
species crystallizes in the monoclinic C2/c space group (a = 22.079 A, b = 16.874 A, ¢ = 17.533 A, o = 90°,

B = 109.08°, y = 90°).

Introduction
In the flourishing research in the field of polyfunctional

known in their enantiomerically pur andA forms2 They
can be obtained in optically active form, either by the

materials, we are currently investigating the rational design classical fractional diastereomeric crystallization using tar-

of optically active molecular-based magnethese materials

trate saltg,or by direct chiral chromatography technigdes.

are bimetallic oxalato-bridged anionic frameworks of the Another way proceeds through enantiomeric synthesis, by

general formuld [M""M"(C,04)3]n} ™, in which the negative

replacement of two monodentate ligands by a bidentate one,

charge is balanced by a monocationic counterpart. Further-Starting from a previously resolveior A [Ru'(bpy),L1L2]*"

more, to achieve three-dimensional (3D) structures, the chiral

template cation and the anionic block [NC,04)]3~ must
have both a quadds symmetry!2® According to these

requirements, our attention was focused on ruthenium(ll)
hexacoordinated salts. Such complexes, with three bidentate

bipyridyl ligands either substituted or not, are largely
described in the literatureAs dications, many of them are
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Figure 1. Schematic representation of [Ru(bgypyl* (1) (top) and [Ru(bpyyguo]t (2) (bottom) in theirA (left) and A (right) enantiomeric forms.

dication (bpy= 2,2-bipyridine, L1=12 = COf L1 = Cl, partial resolution of the\ and A [Ru"(bpy)ppy]" (1) and
L2 = DMSO’). Recently, von Zelewsky and Htdave A and A [Ru"(bpy)quo]t (2) monocations, using the
proposed a general elegant and efficient route to obtaffi Ru stereoselective self-assembly of a chiral 3D anionic frame-
salts having at least one substituted bypyridyl ligand, using work. Following this procedure, the resulting enantiomeric
as starting material thAa or A [Ru"(bpy)py-]?" dication excesses are, however, limited to 50%.
(py = pyridine). If the synthesis of optically active dicationic Herein we describe the synthesis of the and A
hexacoordinated ruthenium(ll) salts is very well documented, enantiomers of the monocations [Rbpy)ppy]" (1) and
in contrast, this is not the case for ruthenium(ll) monocations. [Ru' (bpy)quo]" (2) starting fromA andA [Ru"(bpy)pyz]?"
Nevertheless, some of them are described in the literature(Figure 1). In addition, we propose a complete spectroscopic
in their racemic form, as is the case fac{Ru(bpyyppy]"° H and **C NMR description ofrac-1 andrac-2 and the
andrac-[Ru(bpy)quo]t (ppy = phenylpyridine-H, quo= X-ray structure of theac-[Ru' (bpy)quo]" monocatiorrac-
8-hydroxyquinolate}® We have previously describEdhe 2. For 1 and 2, the enantiomeric excesses (ee’s) were
. measured byH NMR, using pure optically active anion
Q) ?Ff:tggg?—%sgé{; Quagliotto, M. G.; Keene, F.IRorg. Chem1995 A-Trisphat (tris(tetrachlorobenzenedialato)phosphate(V) an-

(7) (a) Hesek, D.; Inoue, Y.; Everitt, S. R. L.; Ishida, H.; Kunieda, M.; i0n),*? as chiral shift reagent.
Drew, M. G. B.J. Chem. Soc., Dalton Trari999 3701-3709. (b)
Hesek, D.; Inoue, Y ; Everitt, S. R. L; Ishida, H.; Kunieda, M.; Drew,  Experimental Section
M. G. B. Chem. Commurl999 403-404. (c) Hesek, D.; Inoue, Y.;

E\S/em:hit-&-glgéguwgggl zﬂdégsh('g?i_:;-s;g(feg,. 'le{oGuéBs(tr-aE\?grri(t)tn:s The following compounds were prepared according to literature

R.yL.; Ishida, H.; Kunieda, M.; Drew, M. G. Bnorg. Chem200Q methods: A or A [[Ru'(bpy)py2l[PFe]2],* [Ru" (bpy)Cl2]," and

39, 317-324. (e) Pezet, F.; Daran, J.-C.; Sasaki, It-tAaddou, H.;

Balavoine, G.Organometallics200Q 19, 4008-4015. (11) (a) Brissard, M.; Gruselle, M.; Mateeux, B.; Thouvenot, R.; Guyard-
(8) (a) Hua, X.; von Zelewsky, Alnorg. Chem.1995 34, 5791-5797. Duhayon, C.; Convert, OEur. J. Inorg. Chem2001, 1745-1751.

(b) Hua, X.; von Zelewsky, Alnorg. Chem.1991, 30, 3796-3798. (b) Brissard, M.; Amouri, H.; Gruselle, M.; Thouvenot, ®.R. Chim.
(9) Constable, E. C.; Holmed. M.J. Organomet. Chemi986 301, 203~ 2002 5, 53-58.

208. (12) (a) Lacour, J.; Ginglinger, C.; Grivet, C.; Bernardinelli, 8hgew.

(10) (a) Bhattacharya, $0olyhedron1993 12, 235-239. (b) Warren, J. Chem., Int. Ed. Engl1997, 36, 608-609; Angew. Chem1997, 109,
T.; Chen, W.; Johnston, D. H.; Turro, Morg. Chem 1999 38, 660-662. (b) Monchaud, D.; Lacour, J.; Coudret, C.; Frayssel. S.
6187-6192. Organomet. ChenR001, 624, 388—391.
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[N Bus(A-Trisphat)]? Other reagents are commercially available
and were used as purchased.

General Procedure.The IR spectra were recorded on a Bio-
Rad IRFT spectrometer as KBr pellets in the 46@80 cmt
region. Elemental analyses were performed at the SIARE-UPMC

Paris. Circular dichroism curves were recorded using a Jasco model

J-710 spectropolarimeter. Measurements were carried outi€lgH
solutions forA- and A-1 and for A- and A-2 (c = 8.5 x 10°°
mol-L~1) in a 1 mmcuvette. The baseline correction was performed

with the spectrum of a pure solvent prepared under the same

conditions. Spectra were recorded in the 2000 nm wavelength
range for all compounds.

NMR Spectroscopy.NMR spectra were recorded on a Bruker
Avance DMX500 spectrometer, operating at'ld resonance
frequency of 500.13 MHz. Samples were dissolved in BDMf
acetoneds or CD,Cl,, at concentrations of ca. 10 mM. Chemical
shifts are given in ppm/TMS by using the residual solvéhand

13C signals as internal references: 2.09 and 29.5 ppm in acetone-

ds, 5.32 and 54.0 ppm in C{ZIl,, respectively. Unless otherwise
indicated, al'H two-dimensional experiments were acquired in the

phase-sensitive mode with the time-proportional phase incremen-

tation of the initial pulsé32 A relaxation delay of 1.22 s was
used. There were 256100t; increments and 2048 complex data
points int, recorded for a spectral width of 2000 Hz in the two
dimensions. Prior to Fourier transform, the signal was multiplied
by a shifted square sine-bell window function. For TOCSY
experimentd3® a MLEV17 mixing scheme of different lengths
(from 10 to 80 ms) with a 10 kHz spin-locking field strength were
used in order to define direct and long-range correlations. Two-

dimensional heteronuclear experiments were performed by using

the standard Bruker software. F8C—H HSQC and HMB(3cP

sequences, delays were optimized for coupling constants around

150 and 10 Hz, respectively. One-dimensional NOE experiments

were recorded in difference mode by subtracting one spectrum with

irradiation on resonance and another one with irradiation off
resonance: in this experiment, a relaxation dela$ s was used.
NOESY experiments were carried out by using mixing times of
1.2 s and relaxation delays of 3 s.

IH NMR spectra for enantiomeric excess determination were
obtained at 300 K on an AC300 Bruker spectrometer in 5 mm o.d.
tubes. Concentration of the complex was 0.014-bndlin acetone-
ds and CIYCI, for 1PF6 and?PF6, respectively. Successive spectra
were acquired after addition of aliquots of BL4(A-Trisphat)].

X-ray Crystallographic Analysis. Accurate cell dimensions and

orientation matrix were obtained by least-squares refinement of 25 O(1)—-Ru(1)-N(1)
accurately centered reflections. Rather weak decays (10%) were N(2)—Ru(1)-N(3)

observed in the intensities of two checked reflections during data
collection; data were accordingly scaled. Absorption corrections
were applied using DIFABSTgin = 0.84 andTyax = 0.94).
Computations were performed by using the PC version of
CRYSTALSaThe data were corrected for Lorentz and polariza-
tion effects. Scattering factors were taken from the International
Table for X-ray Crystallograph¥‘° The structures were solved by

(13) (a) Marion, D.; Wthrich, K. Biochem. Biophys. Res. Commi883
113 967-974. (b) Bax, A.; Davis, D. GJ. Magn. Resonl985 65,
355-360. (c) Bermel, W.; Griesinger, C.; Kessler, H.; Wagner, G.
Magn. Reson. Cheml 987, 25, 325-326. (d) Bax, A.; Marion, DJ.
Magn. Reson1988 78, 186-191.

(14) (a) Watkin, D. J.; Prout, C. K.; Carruthers, J. R.; Betteridge, P. W.
Crystals issue 10; Chemical Crystallography Laboratory, University
of Oxford: Oxford, U.K., 1996. (b) Cromer, D. Thternational Tables
for X-ray Crystallography Kynoch Press: Birmingham, U.K.; Vol.
IV, 1974. (c) Sheldrick, G. MSHELXS-86, Program for Crystal
Structure SolutionUniversity of Gdtingen: Gitingen, Germany,
1986.
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Table 1. Crystal Data forrac-[Ru(bpykquo]PFs

formula GgH22NsORu, Pk
cryst class monoclinic
space group C2lc

a(h) 22.079(11)

b (R) 16.874(3)

c(A) 17.533(8)

o (deg) 90

p (deg) 109.08(3)

7 (deg) 90

V (A3) 6173(4)

z 8

radiation type Mo Kx
wavelength (A) 0.710690

D 151

M (g-mol~1) 702.56

w (mm1) 0.627

T (K) 295

size (mn¥) 0.4x0.4x0.3
color brown

shape parallelepiped
diffractometer Enraf-Nonius Cad-4
scan type Blw

reflns measured 6433

indep reflns 6039

Rint 0.02

Omin, Omax 1, 26.00

hminy hmax 0, 27

kmim kmax 0, 20

|min, |max *21; 20

% decay 0.104
refinement or

R-factor 0.0830
weightedR-factor 0.0842

Apmin (€/A%) -2.30

Apmax (€/A3) 1.45

reflns used 3297

o(l) limit 3.00

no. params 389

GOF 1.031

AR = J||Fo | — [Fel/ZIFol. PRy = [IW(I| Fol — [Fcl)¥YWFY2
Weighting scheme of the formv = W[1 — ((||Fo| — |F¢||)/60(Fo))?3]? with
w = 1/3AT(X) with coefficients 2.07, 1.53, and 1.51 for a Chebychev
series for whichX = FJ/F¢(max).

Table 2. Selected Interatomic Distances (A) and Angles (deg) for
rac-[Ru(bpy)rquo]PFs

Ru(1)-0(1) 2.064(6) Ru(1yN(1) 2.059(7)
Ru(1}-N(2) 2.031(7) Ru(1}N(3) 2.023(6)
Ru(1)-N(4) 2.027(7) Ru(1yN(5) 2.050(6)
O(1)-C(26) 1.305(11)

88.6(3)  N(LFRu(1-N(2)  78.0(2)

925(3)  N@3»Ru(l)-N(4)  80.8(3)
O(1)-Ru(1)-N(5) 80.1(2)  N(YRu(1)-N(5)  90.3(3)
Ru(1l)-O(1)-C(26)  112.5(5)

direct methods (SHELXS$)¢ and Fourier maps technique. Refine-
ments onF were carried out by full-matrix least-squares using
anisotropic displacement parameters for all non-hydrogen atoms.
Hydrogen atoms were introduced in calculated positions, and only
one overall isotropic displacement parameter was refined. Selected
crystallographic data and diffraction parameters are listed in Tables
1 and 2.

Preparation of rac-1PFs and rac-2PF;. rac-1PFR; was prepared
as described previoustrac-2PR; was synthesized according to a
modified procedure from ref 10. A solution of 100 mg (x9.0~*
mol) of RU'(bpy)Cl,, 60 mg of 8-hydroxyquinoline (4.%x 1074
mol), and 100 mg of sodium acetate in 30 mL of absolute ethanol
was heated to gentle reflux. AgBF5 mg (3.8x 10-* mol)] was
progressively added, and the reflux was continued for 18 h,
whereupon the solution turned red. After cooling, the solution was
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filtered on paper, and 31 mg (1.2 10~* mol) of NH4PFs in 20 Scheme 1. Enantiospecific Substitution of the Pyridine Ligands from
mL of acetone solution was added to the filtrate. After removal of 4 ©F A [Ru(bpykpy2]** with ppy(-H") or quo Ligands
the solvent, the obtained red oil was purified by chromatography S /—\ ~
on a neutral alumina columd(4 cm,L 10 cm) with, successively, 7~ | L
CH,Cl,, THF, and MeOH as eluents. After evaporation of the So” ) N/I“\ -
solvent, the residue was dissolved in ££H} and reprecipitated by /\ ¥ N \JN 9
addition of cold diethyl ether, and 116 mg (86% vyield) raic- R o
2PFs was obtained. g T\py
IR KBr pellet (cnT?): 1654(m), 1568(s), 1497(m), 1458(s), \\/” \ /\” N
1378(s), 1322(m), 842(vs), 762(s), 729(m), 557{).and 13C A-{Ru(bpy),py]** 08 N, *%
NMR: see Table 4. IS
Analysis for GgFsH22NsOPRu Calcd: C 49.58, H 3.16, N 9.97. \J
Found: C 49.66, H 3.25, N 9.80. A2

Preparation of A-, A-1PF; and A-, A-2PFs. A-1PFR;: 409 mg
(3.4 x 107* mol) of A-[Ru(bpy)py-](p) dibenzoyl-tartrate, prepared The phenylpyridine or 8-hydroxyquinoline is warmed to
according to the procedure described by von Zelewsiky10.6 120 °C in ethylene glycol in the presence of tleor A
mL of ethylene glycol and 106 mg (7.4 10~2 mol) of phenyl- [Ru" (bpy)py2]2* for 6 or 18 h to give compoundsand?,
pyridine were heated fb h at 120°C. The solution turned violet. respectively. The final compounds are recovered asBIEs

After cooling, an aqueous solution of NPIR; (44.5 mg in 20 mL) . o 0% i .
was added, and subsequent addition of 200 mL of water resulted'” 93% and 84% yield by adding an aqueous or acetone

in the precipitation of a violet powder. The precipitate was filtered, 39|Ut'0n of _NH‘PFB fpr 1 a"?O_' 2 respectively. The dramauc
and then dissolved in a minimum of GEl,. Addition of pentane difference in enantiospecificity between the two catidns
led to the precipitation of the ruthenium salt, which was filtered. @nd 2 can be correlated to the nature of the incoming
These operations were repeated until the complete elimination of chelating ligand which replaces the two pyridines in the
the unreacted phenylpyridine as checkedyNMR. After being [Ru(bpyk(py)z]?* starting material. Actually, in the case of
washed with water and diethyl ether, the powder was dried under 8-hydroxyquinoline, the abstraction of the phenolic proton

vacuum leading to 226 mg (93% yield) &f-1PF; (ee = 0.50, is easier than removing an aromatic proton from the
determined by*H NMR using [N\Bus(A-Trisphat)] as chiral shift phenylpyridine.

reagent). TheA-1PF; enantiomeric form is obtained in a similar
way starting from the\-[Ru(bpy)py.](L) dibenzoyl-tartrate (ee
0.73)8

Natural circular dichroism (NCD\-1PR; (CH.Cl,, ¢ = 8 x

X-ray Crystallographic Studies for rac-2PFs. Suitable
crystals for X-ray studies ahic-2PF; were obtained by slow
diffusion of diethyl ether into an acetonitrile solutionraic-

105 molL-1): 577(=), 488(H), 431(+), 298(), 284(+), 260¢+). 2PFs. rac-2PFK; crystallizes in the monoclini€2/c space
A-1PF; (CH.Cl,, ¢ = 8 x 1075 molL™Y): 577(+), 488(), group with Z = 8. Crystallographic data and selected
431(-), 298(+), 284(-), 260(-). distances and angles are reported in Tables 1 and 2,

Synthesis of\-2PFs: A-[Ru(bpy)py,](p) dibenzoyl-tartrate [409  respectively. The CAMERON view dt is shown in Figure
mg (3.4x 104 mol)] in 10.6 mL of ethylene glycol, 108 mg (7.5 2.
x 10~* mol) of 8-hydroxyquinoline, and 180 mg of sodium acetate  The molecular structure is in accordance with the proposed
were heated for 18 h at 12GC. The solution turned red. After  formula. The Ra-N distances [2.059 A Ru(HN(1), 2.031
cooling, a solution of NEPR; in acetone (5.6 mg/10 mL) was & Ru(1)-N(2), 2.023 A Ru(1>N(3), 2027 A Ru(1)N(4),
added. After evaporation of the solvent, the residue was purified 2.050 A Ru(1}-N(5), and 2.064 A Ru(1(1)0] indicate

by chromatography on a neutral alumina colundn4 cm, L 10 . o . )
cm). with CHCl, as eluent, by collecting the red band. After that the ruthenium atom lies in a distorted octahedral en

removing the solvent, the residue was dissolved in a minimum of
acetone, and further addition of cold diethyl ether led to the
precipitation of a red powder. The powder is dried under vacuum
to give 201 mg ofA-2PF; in 84% vyield (ee= 0.98). TheA-2PF;
enantiomeric form is obtained similarly, starting from the
A-[Ru(bpy)py.](L) dibenzoyl-tartrate (ee= 0.98)8

NCD A-2PF; (CH)Cly, ¢ = 8 x 1075 mol-L™%): 590(),
523(-), 480(+), 411¢+), 378(), 359(+), 336(-), 298(—), 277(+),
260(+), 247(). A-2PF; (CH.Cl,, c = 8 x 1075 mol-L~1): 590(),
523(), 480(), 411(), 378(), 359(), 336(), 298(t+),
277(), 260(=), 247().

Results and Discussion

Synthesis.The racemic compoundac-1 andrac-2 were
obtained according to a modified procedure from the
literature?*° The twoA andA enantiomers of and2 were
obtained starting from the pureor A forms of the dication
[Ru"(bpy)py-]?" prepared following the procedure described
previously according to Scheme 1. Figure 2. CAMERON view of the monocatiomac-[Ru(bpy)yquo]" 2.

Inorganic Chemistry, Vol. 42, No. 4, 2003 1381
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100 [ I T T T T ] Scheme 2. Carbon Atom Numbering for the Aromatic Rings of
a [Ru(bpy:ppyl* and [Ru(bpy)quo]-2
3 13
50 | E 1 2 4 7/8 9 12~ 1417 /18 19
NG c] o]
B 1 \N\ 5 6} 10 I \N\ 15 |s> 20
aclau. O F R , B
*d Ru’ Ru
50 - 4 29 28
23 28
2 24 27 29 23 24 27
-100 s f L L L ' \E | 22 /E \ 26
21 N 25 26 30 . 25
240 320 400 480 560 640 e . S
wavelength/nm \\Rn’/ \Ru',/
150 [ — - T T . . a A—B and C-D = bipyridyl, E—F = phenylpyridyl (left) or 8-hydroxy-

i quinolate (right).

100 | ; b

' ferent types of chirality: planar, chiral clusters, for exanifle.
We have previously shown that this is a good method to
determine the ee foh-1, A-1 andA-2, A-2 when patrtially
resolved by using the stereoselective self-assembly of a chiral
3D anionic framework. It is evident that the determination
of the protons affected by the chirat Trisphat anion requires

Ae/a.u.

io 320 400 400 s60 040 the complete assignment of tAd NMR spectra.
wavelength/nm IH and *C NMR studies of rac-1PFs and rac-2PFs.
Figure 3. NCD curves for the two enantiomers of (E9Fs and (b)2PFs: Complex1 was investigated many years ago by Constable
A enantiomer {7 and A enantiomer {-). et al.? they determinedH chemical shifts at 5.9 T on the

basis of homodecoupling and NOE experiments. At that field,

) =Y ; many proton resonances are overlapping, and the resulting
angles are quite similar with bond angles of 78.6(2)  45signment may be questioned. Consequently, we decided
80.8(3, and 80.1(2), respectively. _ to reconsider the problem by using a set of #Dand*3C

~ Cotton Effect for A-, A-1PF; and A-, A-2PFs. Dichro- correlation methods at higher field. Given the good dispersion

ism curves were recorded in 8:6 107° mol-L™* CHCl, of protons in acetone solutions, these studies were carried
solutions. The absolute configurations were determined by gt in this solvent.

comparison with the CD curves obtained for the starting The assignment strategy was as follows: (i) determination
or A {[Ru'(bpy)pyz][PFe]2}® complexes. This correlation ¢ hrot0n connectivities in each of the six aromatic rings
is based on the principle that related optically active fom cosy and TOCSY experiments, (i) assignment of
compounds are of the same absolute configuration if they ,athine carbons from HSQC and HSQC-TOCSY experi-
give a Cotton effect of the same sign in the absorption ants and of quaternary carbons from HMBC spectra, (iii)
wavelength region of an electronic transition common to both ring pairing (A-B, C—D, and E-F, Scheme 2) and relative

molecules® The CD curves for the\ and A enantiomers  ghaig) orientations of the three ligands from 1D and 2D NOE
of 1 and?2 are shown in Figure 3a,b. measurements.

Both complexes show optical activity and opposite signals By using TOCSY, it is easy to establish the connectivity
typical for two enantiomers. The absolute configurations sequence of the four protons (d, t, t, d) in each of the six
and A were assigned according to the sign of the intense ,rymatic rings; however, because of strong mutual ring-
MLCT transition at 301 nm foiPFs and 298 nm fo2PFs. current effects in such compact metallo complexiés,

A positive sign corresponds to tha configuration, @ chemjcal shifts cannot be directly deduced from those of the
negative sign to the one® _ free bipyridine and phenylpyridine ligands. This remains
Determination of the Enantiomeric Excess (ee)The possible for3C assignment: actually, the 113C spectrum
very deep purple color of the [Ru(bpfdpy)]” (1) and o 1 exhibits around 150 ppm five deshielded CH signals
[Ru(bpy}quo]” (2) complexes (due to the intraligand bi- \hich correspond to the methine groupsiiposition of N
pyridine transitions) prevented all attempts to measure the 510ms (G, Cuo, C11, Coo, and Gy) in the five pyridine rings
optical rotation, §]p. Therefore, the enantiomeric excesses A, B, C, D, and E. The related protons are then unambigu-
were determined usingH NMR. Since the discovery by o)y determined from HSQC spectra. At this stage, HSQC-
Lacout? of [NnBus(A-Trisphat)] as aH NMR chiral shift TOCSY experiments allow us to determine all the resonances
reagent? this method has been used to determine the ee of oorresponding to each aromatic ring and show that the four

some hexacoordinated metal cations, as well as of chargedjeshielded doublets around 8.7 ppm correspond to the
or noncharged chiral organometallic compounds with dif-

vironment. The N(1)RuN(2), N(3)RuN(4), and O(1)RuN(5)

(16) (a) Amouri, H.; Thouvenot, R.; Gruselle, M.; Maleux, B.; Vaisser-

(15) (a) Richarson, F. £hem. Re. 1979 79, 17—36. (b) McCaffery, A. mann, J.Organometallics2001 20, 1904-1906. (b) Planas, J. G.;
J.; Mason, S. F.; Ballard, R. B. Chem. Socl1965 2883-2892. (c) Prim, D.; Rose, E.; Rose-Munch, F.; Monchaud, D.; Lacour, J.
Ziegler, M.; von Zelewsky, ACoord. Chem. Re 1998 177, 257— Organometallics2001, 20, 4107-4110. (c) Ratni, H.; Jodry, J. J.;
300. Lacour, J.; Kundig, E. POrganometallic200Q 19, 3997-3999.
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“facing” protons H, Hz, Hi4, and H7 (Scheme 2). Moreover,  Table 3. *H and**C NMR Data for [Ru(bpy)ppy]* (1)

the strong NOE observed between the doublets at 8.60 and NOE HeH HMBC
8.62 ppm and the one between the doublets at8.77and 8.69 s¢c sH correlations intensify distancé correlations
ppm allow us to associate the rings{B and C-D) of the

. s Ring A
two bpy ligands ¢4-n around 2.1 A). Similarly, the strong 1 1506 7.96
NOE observed between the protons at 8.18 and 7.94 ppm isg igi-g ;-gg
in agreement with the short distance (2.08 A) between the; 1535 g0 8620 s 21
facing protons H, and Hy in the (E-F) ppy ligand. The 5 1575 H, Ha, Ha
next step is the quaternary carbons assignment by HMBC Ring B
spectra: among the corresponding resonances, five signal$ 157.2 t H
between 155 and 168 ppm are assigned to the carbon atom% 1%4313 g'gg 8.60(h) S 2.1
in the o position of N atoms (€ Cs, Ci5, Ci, and Gg). On 9 126.6 7.41
the basis of long-range coupling constants, the strongly 10 150.4 7.92
deshielded signal at 193.1 ppm corresponds4p directly Ring C
bonded to the Ru center, and the last one at 145.9 ppmll 1394 8.07 7.96(t). 7.74(H2) m.m  3.17,3.13
corresponds to £ in the same ring. 13 136.8 8.15
The relative position of the three ligands (two bpy and 14 123.6 8.77 8.69(t) s 211
one ppy) is finally inferred from the observation of inter- 15 1558 HH‘" E”
. . 13, M11
ring NOEs. Actually, according to the X-ray data, there are .
. . . Ring D
two sets of three protons belonging to different rings (A, C, 15 1583 Hy, Haa
E and B, D, F) for which the HH distances are close to His, Hao
3.2 A. This value explains the medium intensity observed 17 1239 8.9 8.77(H) s 211
for the correlations between;HH; 1, Ho; and between I, 19 126.6 7.40
Hao, Hso in the NOESY spectrum (see Table 3). Finally, the 20 154.5 8.20 6.52(k)
presence of weak NOEs between the protons at 8.77 and Ring E
7.74 ppm and between those at 8.62 and 6.52 ppm is in21 150.5 7.74 7.96(%) m 3.06
o . 8.07(Huy) m 3.13
agreement with interproton distances around 4.%4 ¢, 8.77(Huy) W 416
= 4.50 A anddy,,n,, = 4.16 A). These observations lead 22 122.7 7.06
to assign the corresponding protons and to discriminate the23 136.1 7.80
. 24 119.3 8.18 7.94 (i) s 2.08
two bpy ligands. o 25 168.0 Ha, Har
When compared to the dication [Ru(bglfy,'” all the Has, Ha1
protons (except k) of the pyridine rings in monocatioh Ring F
are shielded, and the largest negative shift§.8 to —0.6 26 1459 Hz, Hso
i . : 7 124.6 7.94 8.18(k) s 2.08
ppm) are observed for the pyridine ring E. This may be g 1511 692
explained by the different electronic distribution induced by 29 128.9 6.86
pairing with the phenyl ring F in the ppy ligand. 30 135.6 6.52 7895?&6; m gg
For complex2, the TOCSY spectrum makes evident two 8:62(H7;’ W 4.50
sequences of three coupled protons immediately assigned t®1 193.1 Heg, Ha7

the quolligand- The presence of a strong NOE and a small  achemical shifts in acetonds are given in ppm with respect to TMS
4J coupling constant<1 Hz)!® between the protons at 8.12 by using the solvent peak as reference: 2.09 ppriticand 29.5 ppm for

; 13C. Only unambiguous NOEs relevant for assignment are mentioned: the!
nd 6. m allow: ign th resonan h Yy 9 9 Yy
and 6.90 ppm allows us to assign these resonances o t %vere obtained by 2D NOESY spectra (mixing timéd @ and 1.2 s). Long-

peri protons Hs and Hs, respectively. As described previ-  ange correlations are given for quaternary carbons only and are deduced
ously, CH pairs of the pyridine rings are determined from from HMBC spectra with optimization for coupling constants around 8 Hz.

HSQC and HSQC-TOCSY spectra: again, the four facing b s = strong; m= medium; w=weak.¢ In angstroms, from X-ray dafd2
protons of the bpy ligands, 41 H;, His, and H; are
characterized by strong NOEs. However, because of theeak NOE between protons at 7.58 ppmtind 8.73 ppm

degeneracy at 8.76 ppm, it is necessary to use the three inter@/lOWs s to discriminate the two bpy ligands, according to
ring NOEs implying H, Hi,, and 1 (distances 3.2 A) to & dlsta_nce qf 4._48 A between jand Hz_l. Two other weak
associate by pairs the pyridine rings and simultaneously to NOES implying in one part k4, Hi, and in another part {4,
determine the relative orientations of the bpy and quo ligands. H17are in agreement with the X-ray distances (see Table 4).
Let us remark that the low symmetry ®fleads to different As for 1, it is worth noting that proton b is deshielded
inter-ring distances between protonsyH.o, and H7, and ~ With respect to the corresponding one in [Ru(p}f) but
consequently, only two NOEs implying these protons are this effect is more pronounced than (0.86 and 0.13 ppm,
observed (see Table 2). As in the previous description, therespectively). This may result from differences in ring current
effects. Actually, this proton 4 faces a pyridine ring in

(17) Constable, E. C.; Lewjd). Inorg. Chim. Actal983 70, 251-253. [Ru(bpy)}]?*, a phenyl ring in [Ru(bpy)(ppy)} in [Ru(bpy)-

(18) (a) Hutt, M. P.; MacKellar, F. AJ. Heterocycl. Chen1.984 21, 349- :
352. (b) Martin, R. H.; Defay, N.; Geerts-Evrard, Fetrahedronl 965 (quo)r' it may be perturbed by the presence of the oxygen
21, 2435-2440. atom.

Inorganic Chemistry, Vol. 42, No. 4, 2003 1383



Brissard et al.

Table 4. 'H and3C NMR Data for [Ru(bpyjQuo]" (2)2
NOE H-H HMBC {
0C OH correlations intensiy distancé correlations
Ring A
1 1510 810 819(H) m 3.21
758(Hy) m 3.20 w a
2 1271 7.49
3 1365 8.07 A A
4 1241 876 871( s 2.06
5 158.4 d
Ring B
6 158.5 d
7 1237 871 8760 s 2.06 w b
8 1363 8.01 A
9 1266 7.43
10 1522 7.92 8.93() m 3.50
8.19(Hy) w 4.83
8.76(t7) w 4.16
Ring C
11 1535 819 8101 m 3.21 L L ¢
758(ky) m 3.20
7.92(Hg  w. 4.83 A
12 1271 7.44
13 1356 8.02
14 1243 873 876(H) s 2.21
758(H) w 4.48
15 159.7 H1, His
Hi4, Hi7 L‘
RIngD FrrrrrrrrrrrrrryrrrrrrhT T d
16 158.1 H» 8.5 8.0 7.5 7.0 7.1 7.0
17 1239 876 873(H) s 2.21 PPM PPM
8.19(H1) w 4.83 Figure 4. 300 MHz H NMR spectra of2 in CD,Cl, solution (0.014
18 136.7 8.13 m-L~1), with expansion of the g} proton multiplet: from top to bottom:
19 1272 7.66 in the absence of [MBus(A-Trisphat)] (a), in the presence of 1 equiv of
20 1511 893 7.92(l) m 3.50 [NnBus(A-Trisphat)] forrac-[Ru(bpykquo]™ (b), A-[Ru(bpykquo]* (c), and
6.83(k7) m 3.73 A-[Ru(bpy)quo]" (d).
Ring E
21 1465 758 881-30(1') m g-gg diastereomeric excess and consequently to determine the
8:73%13 V”J 148 enantiomeric excess (ee).
22 1224 725 TheH NMR spectr& corresponding to ki for rac-2PF;,
23 1362 812 6.90(H) s 2.58 A-2PF;, and A-2PF; are shown in Figure 4.
24 1314 Ha, Hes We have already shown that using the diastereoselective
25 146.3 Ha, Ha7, Hag el V Yy Wi . using 1 (\Y]
Ring F precipitation of a homochiral 3D network leads to the
26 1705 H, Hog resolution of compounds$ and2.1* However, the ee values
3; }éﬁi g-gg 8.93(k) m 3.73 obtained for these monocations are modest, 0.44 fand
20 1104 690 81204 s 258 0.20 for2. In contrast, following the procedure described in

this paper, the ee’s are higher, 0.50 and 0.734XetPF;

a Chemical shifts are given in ppm with respect to TMS by using the and A'lPFB, respective'y, and the resolution is near'y
solvent peak as reference: 2.09 ppm ¥arand 29.5 ppm fof3C. Only uantitative forA-2PF, and A-2PF, with ee values of 0.98
NOEs relevant for assignment are mentioned: they were obtained by 2D g . X T e
NOESY spectra (mixing timesfd s and 1.2 s.). Long-range correlations ~ The difference in stereoselectivity observed between the two
are given for quaternary carbons only and are deduced from HMBC spectraincoming ligands can be related to the nature of the bonds
with optimization for coupling constants around 8 Mz = strong; m= . - .
strong; w= weak.¢ In angstroms, from X-ray datd.Strong overlap. Wh'Ch have to be bro.ken. When Sngtltu_tl_ng_ the _py”dyl

_ . ligands. The hydroxyquinoline exists in equilibrium with the

Enantiomeric Excesses fC_)A-lF’FG, A-1PF6<_':1nd A-2PF, corresponding phenolate. Therefore, the phenolate, as well
A-2PFs. Addition of 1 equiv of [NBus(A-Trisphat)] to a  as the pyridine functions, is able to substitute directly the
solution € = 0.014 moilL ™) of 1PF or 2PF induces  two pyridyl ligands. In contrast, for phenylpyridine, it is
dramatic changes in thetH NMR spectra. Among all  necessary to break heterolytically the high-energyHC
signals, those corresponding to protog hh 1 and H:in 2 bond. This process occurs probably by insertion of the
are the most affected. These two protons are located at theuthenium in the &H bond requiring a higher activation
periphery of the ruthenium complexes. Their multiplets split energy relative to the hydroquinoline. Hence, for phenyl-
in two sets of signals. One set is deshielded and assigned tgyridine, a competitive decoordination between bipyrydyl
the diastereomeric paik-1/A-Trisphat orA-2/A-Trisphat.
The other one is shielded for the diastereomeric pail/ (19) This determination was performed in @I, solutions: in these
A-Trisphat or A-2/A-Trisphat In each case, the clean conditions, the kb multiplet is well separated from the other signals.

. ) The assignment of thiH spectrum was obtained by comparison with
separation between the two sets allows us to quantify the acetoneds spectrum and quickly checked by 2D methods.
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and pyridyl occurs leading to a partial racemization. The attribution of the'H spectra. The use of the two ruthenium
difference in the ee measured far1 and A-1 may be the monocations as a chiral template in their enantiomeric forms
consequence of an uncontrolled racemization process durings now in progress for the synthesis of optically active
the synthesis. molecular-based magnets.
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