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tion of ruthenium nitrosyl complexes. The ligand substitution
reactions may be accompanied by simultaneous oxidation of
the polypyridine ligands, a case which strongly depends on the
acidity of the reaction mixture. On the basis of these observa-
tions, we also report an alternative synthesis for preparing
dicarboxy-substituted 2:bipyridine ligands.

Formation of Ruthenium Nitrosyl Complexes:
Reactions of Ru(bpy)(COX}Cl, and Its
Methyl-Substituted Analogues
Ru(4,4-dmbpy)(CO).Cl, and
Ru(6,6-dmbpy)(CO).Cl, in Oxidizing Acidic
Solutions

Experimental Section
Pertti Homanen, Matti Haukka, Markku Ahlgre"n, and

. Materials. [Ru(COX%Cl,]» was purchased from Johnson & Matthey,
Tapani A. Pakkanen* [RU(COXClz]> was p y

and 2,2-bipyridine and 4,4dimethyl-2,2-bipyridine from were pur-
chased Aldrich Chemicals. 6;Bimethyl-2,2-bipyridine was obtained
from the University of Oulu, where it was synthesized according to
the literature methot?. Ru(bpy)(CO)Cl, and its dimethyl-substituted
analogues were synthesized from [Ru(@C)], and 2,2-bipyridine
reagents by refluxing in THF as described eardiéf. HNO; (65%, J.

T. Baker) and HCI (37%, Merck) were of analytical grade and were
used as received. Ligand substitution reactions were carried out in a
Berghof 60 mL digestive pressure bomb with a PTFE IierAll
manipulations were performed in air.
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Introduction

The chemistry of ruthenium-bipyridine complexes has been

widely studied during the last few years for several reasons. o

. . . N - Characterization of the Products. Infrared spectra were measured
Monomeric and dimeric mono(Z,-Blpyrldlne)rut_henlum com- . with a Nicolet Magna FTIR spectrometer 750. X-ray diffraction data
plexes have been shown to be useful reagents in electrochemistryyere collected with a Nicolet R3m or Syntex P21 diffractometer using
as well as in some catalytic proces$es. Tris- and bis(2,2 graphite-monochromatized ModKradiation ¢ = 0.710 73 A). Cell
bipyridine) complexes have unusual photoredox properties, andparameters were obtained from 25 automatically centered reflections.
much of the recent studies in converting solar energy involve Intensities were corrected for background, polarization, and Lorentz

the use of ruthenium bis(bipyridine) complexXe$! Recently

effects. Data collection, data reduction, and cell refinement were carried

there has been a growing interest in m0d|fy|ng the properties out with the P3/P4-Diffractometer Program V 427The structures

of Ru—bpy complexes by ligand substitution reactions or by
altering the steric and electronic properties of the whole
complexes by using differently substituted polypyridine

ligands!?2-16 The main goals of these studies have been the

were solved by direct methods. The structure solution was carried out
with the SHELXS 86 program and the structure refinement with the
SHELXL 93 progrant!?? All non-hydrogen atoms, except one of the
NOs;~ oxygens in3, were refined anisotropically. The NOoxygen

was disordered in two positions with an equal occupation factor (0.5)

investigation of the reactivity of these compounds under various 4 refined isotropically. All hydrogens i 2, and4 were located

conditions as well as identifying the possible intermediates in from the difference Fourier map and refined isotropically with a fixed
different chemical processes, such as the water-gas shiftisotropic displacement parametér € 0.08 A2 for uncoordinated bD

reactiont’

hydrogens in2 and U = 0.05 A for all other hydrogens). The

In the present study, we have investigated the reactions of hydrogens of the kD ligand in3 and those of the ¥D* ions in (HO)-

monomeric ruthenium(ll) bipyridine carbonyl complexes in
oxidizing acidic solutions and solved the crystal structure of

the resulting compounds. Furthermore, we have studied the

effect of the sterically hindered bipyridine ligands'4dmethyl-
2,2-bipyridine and 6,6dimethyl-2,2-bipyridine on the forma-

* To whom correspondence should be addressed. Tel: 358-13-2513345.
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[Ru(NO)CE] could not be located from the difference Fourier map and
were therefore omitted. Both oxygens of theQH ions in (HO)-
[Ru(NO)CE] were surrounded by nine chlorines of the [Rg(®IO)]2-
anions in the range 3.338.65 A, allowing weak interactions and several
orientations of the D" ions. The crystallographic data are collected
in Table 1.

Formation of Ru(dcbpy)CI3(NO) (1) (dcbpy = 4,4-Dicarboxy-
2,2-bipyridine). A 50 mg sample of Ru(4,4mbpy)(CO)Cl,, 4 mL
of hydrochloric acid (37%), and 5@L of nitric acid (65%) were
introduced into a 60 mL Berghof pressure vessel. The reaction mixture
was heated to 240C (temperature was maintained at 24D for 2.5
h) and cooled slowly to room temperature (cooling rate aboltCl6
h). Dark red crystals (15.4 mg) formed during the cooling period were
separated from the red solution by filtration and dried in air. The solid
product was analyzed by X-ray diffraction and IR spectroscopic
measurements as well as by elemental analysis. Anal. Calctt for
C, 29.95; N, 8.74; H, 1.68. Found: C, 30.05; N, 8.46; H, 1.59. IR (in
KBr): »(NO) 1912 (vs), 1895 (s, sh) crj »(COO) 1731 (vs), 1708
(s) cntX. The poor solubility of the nitrosyl complexes studied in this
paper prevented NMR studies.

Formation of [Ru(bpy)Cl2(NO)H,O]NO3-H,0 (2) (bpy = 2,2-
Bipyridine). A 102 mg (0.27 mmol) sample of Ru(bpy)(CQ)., 3.5
mL of H;O, and 50uL of HNO;3; were placed in a 60 mL pressure
vessel, and the reaction mixture was heated to°200The temperature

(18) Homanen, P.; Haukka, M.; AhlgreM.; Pakkanen, T. A.; Baxter, P.
N. W.; Benfield, R. E.; Connor, J. Anorg. Chem.Submitted.

(19) http://www.berghofusa.com.

(20) P3/P4-Diffractometer Program V4.27Siemens Analytical X-ray
Instruments: Madison, WI, 19891991.

(21) Sheldrick, G. M. SHELXS 86: Program for Crystal Structure
Determination. University of Gtingen, 1986.

(22) Sheldrick, G. M. SHELXL 93: Program for Crystal Structure
Refinement. University of Gtingen, 1993.

S0020-1669(97)00007-4 CCC: $14.00 © 1997 American Chemical Society



Notes Inorganic Chemistry, Vol. 36, No. 17, 1998795

Table 1. Crystallographic Data for Ru(dcbpy$NO) (1), [Ru(bpy)CkLNO)(H20)](NOs)-H-0 (2), [Ru(4,4-dmbpy)Ch(NO)(H20)](NOs) (3),
and 6,6-Dicarboxy-2,2-bipyridine Hydrochloride (4HCI)

1 2 3 4HCI
empirical formula QzHgNe,OsClaRU CloH12N405C|2RU C12H14N405C|2RU C12H9N204C|
fw 481.63 456.21 466.24 280.66
space group P2i/n P2/c P2/¢ P2/,

a A 8.359(2) 10.570(2) 17.221(6) 12.062(5)
b, A 19.625(8) 11.226(1) 11.560(4) 7.982(3)
c A 10.339(4) 13.976(2) 8.940(4) 13.382(4)
B, deg 110.50(2) 101.89(1) 102.71(3) 107.78(3)
V, A3 1588.7(10) 1622.8(4) 1736.1(12) 1226.9(8)
A 4 4 4 4

T,°C 20 20 20 20

Peale, 9/C? 2.014 1.867 1.784 1.519

u, mnr? 1.52 1.33 1.24 0.32

R1 0.0466 0.0393 0.0481 0.0340
WR22 0.0923 0.0963 0.1237 0.0645

*w = U[o*(Fe) + (xP)* + yPJ; P = (F&* + 2F)3.

was maintained at 200C for 6 h, after which the reaction vessel was  Scheme 1. Reactions of Ru(bpy)(CGSlz, Ru(4,4-dmbpy)-
cooled slowly to room temperature (cooling rate abodCsh). The (COXCl, and Ru(6,6dmbpy)(CO)CI, in Oxidizing Acidic
red crystalline product (yield ca. 25 mg) was separated from the orange Solutions

solution by filtration and dried in air. The product was analyzed by H>O/HNO; Solutions

X-ray diffraction and IR spectroscopic measurements and by elemental

analysis. Anal. Calcd fo2: C, 26.33; N, 12.28; H, 2.65. Found: C, [Ru(bpy)(CO)CI,]
27.08; N, 12.58; H, 2.62. IR (in KBr)»(NO) 1891 (vs), 1878 (s, sh)

200°C

[Ru(bpy)CLINO)(H,0)I(NO3)]-H,O

cmL, [Ru(4,4-dmbpy)(CO)Cl,] 2>
Formation of [Ru(4,4'-dmbpy)Cl(NO)H,0O]NO3 (3) (4,4-dmbpy [Ru(4,4-dmbpy)CL(NO)(H,O)](NO,)

= 4,4-Dimethyl-2,2-bipyridine). The synthesis of comple8 is
similar to that of comple®, except that 95.4 mg (0.23 mmol) of Ru-
(4,4-dmbpy)(CO)Cl, was weighed into the pressure vessel. After HCI/HNO;3 Solutions
cooling of the reaction mixture, the reddish-brown solution was

separated from the brown precipitate which had formed. During the [Ru(4,4-dmbpy)(CO)Cl,]
evaporation of the aqueous solvent, orange crystals suitable for X-ray

diffraction analysis were formed (yield of the crystalline product ca. [Ru(6,8-dmbpy)(CO)CL,]

240°C

[Ru(4,4-dcbpy)CL(NO)]

240°C

(H30),[RuCI(NO)] +

20 mg). Anal. Calcd. fo8: C, 30.91; N, 12.02; H, 3.03. Found: C, 6,6-dicarboxy-2,2bipyridine hydrochloride
30.50; N, 12.17; H, 2.96. IR (in KBr)»(NO) 1902 (vs), 1890 (s, sh)
cmi,

Synthesis of 6,6Dicarboxy-2,2-bipyridine (4). A50 mgsample  Studies, we investigated the formation of ruthenium nitrosyl
of 6,6-dimethyl-2,2-bipyridine was dissolved in 4 mL of HCI, and 50 ~ COMPplexes from dimethyl-substituted derivatives of Ru(bpy)-
1L HNOz was added. The solution was heated at 200n a pressure ~ (COXCl2. 4,4-Dimethyl substitution of the polypyridine ligand
vessel for 2.5 h, after which the reaction mixture was allowed to cool does not interfere with the formation of the nitrosyl complex.
to room temperature. The colorless acidic solution was poured into The dark red crystals formed from Ru(4dimbpy)(CO)ClI,

10 mL of cool water, and the resultant solution was allowed to stand after heating at 246C in HCI/HNGQ; solution could be identified
overnight in a refrigerator. The resulting white fine precipitate was as Ru(dcbpy)G(NO) (1) (dcbpy = 4,4-dicarboxy-2,2bipy-
collected by filtration, washed with water, and dried in air. Anal. Calcd ridine) by X-ray diffraction analysis. The IR spectrum bf
;023' $h 59:O|2d’ I\; 11§7'tH' 3'3% T%UA,T; C,58.90; N, 1117 H, ghowed two peaks at 1731 (vs) and 1708 (s) tifin KBr),
0. The yleld of proclict was abou > which indicated the formation of carboxy groups in the complex.
Results and Discussion As compared with those of the corresponding’-bjpyridine
) ) nitrosyl complex Ru(bpy)G(NO), thev(NO) stretching bands

Although the monomeric Rubpy comple.xes are relatlve_ly were shifted to higher energy (1912 and 1895 &rfor 1 vs

stable, several studies have been published on the ligandigg1 and 1878 cmt for Ru(bpy)CKNO)?), due to the

substitution reactions of Ru(bpy)(C&)> and its derivatives.  gachment of the electron-withdrawing carboxy groups to the
The carbonyl ligands can be replaced by chlorine, nitrosyl, bipyridine rings.

nitrido, and water ligand&’ Ru(bpy)(CO)CI; can also be either To the best of our knowledge, ruthenium(ll) complexes
chlorinated or dechlorinated, the reactions being dependent ONcontaining 4,4dicarboxy-2,2bipyridine ligands have not been
the reaction conditions. Electrochemical dechlorination has been.paracterized by single-crystal X-ray diffraction measurements
suggested to yield the polymeric Rbpy complex, whereasin  4jthough such complexes have been synthesized, for instance,
acidic solutions with a suitable nitrosyl source the products are ¢5, sgjar cell application&: 10 As a free ligand, dcbpy is
either nitrosyl or nitrido complexe. The chlorine ligands can 5 tically insoluble in common organic solvents, alcohols, and
also be substituted by other haI(_)gen or pseudohaloger_l I}@‘"a%?ds. water, which makes it advantageous to use a more soluble
In the present study, we have investigated the reactivity of RU- gimethyl derivative of 2,2bipyridine as the starting material.
(bpy)(COXCl2 and its methyl-substituted derivatives in oxidizing The dmbpy ligand may be oxidized by strong oxidizing agents,
acidic solutions. The reactions are summarized in Scheme l.such as KMnQ or K.Cr,07,25 which, unfortunately, tend to
Reactions of Ru(4,4dmbpy)(CO).Cl and Ru(6,8-dmbpy)- decompose Rubpy—carbonyl complexes. In this case, simul-
(CO)Ll2 in HCIHNO 3 Solutions. On the basis of earlier  ane0us oxidation of the dmbpy ligand and the formation of
(23) Haukka, M.; Veriginen, T.. Anlgren. M.; Pakkanen. T. Alnorg. the nitrosyl complex are best achieved by using HCI/HNO

Chem.1995 34, 2931 and references therein. solution as a solvent.
(24) Haukka, M.; Ahigfa, M.; Pakkanen, T. AJ. Chem. Soc., Dalton
Trans.1996 1927. (25) Oki, A. R.; Morgan, R. JSynth. Commuri995 25, 4093.
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Figure 1. Structure of Ru(dcbpy)@INO) (1).

Table 2. Selected Bond Lengths (A) for Ru(dcbpy)(&NO) (1),
[Ru(bpy)CE(NO)(H,0)](NOs)H:0 (2), and
[Ru(4,4-dmbpy)CHNO)(H0)](NOs) (3)

1 2 3
Ru(1)-CI(1) 2.364(2) 2.044(3) 2.045(6)
Ru(1)-Cl(2) 2.360(2) 2.341(1) 2.354(3)
Ru(1)-CI(3) 2.392(2) 2.365(1) 2.363(3)
Ru(1)-N(1) 2.071(4) 2.078(3) 2.062(6)
Ru(1)-N(2) 2.076(4) 2.064(2) 2.071(6)
Ru(1)-N(13) 1.750(5) 1.729(3) 1.712(9)
N(13)-0(13) 1.123(5) 1.135(4) 1.134(9)
C(3)-C(41) 1.501(7) 1.480(12)
C(8)-C(42) 1.503(7) 1.496(12)
C(41)-0(411) 1.191(6)

C(41)-0(412) 1.313(6)

C(42)-0(421) 1.193(6)

C(42)-0(422) 1.323(6)

aCl(1) = O(1) for 2 and3.

Table 3. Selected Bond Angles (deg) for Ru(dcbpy)@O) (1),
[Ru(bpy)C(NO)(Hz0)I(NO3)-H:O (2), and
[Ru(4,4-dmbpy)CKNO)(H0)J(NOs) (3)

1 2 3
CI(l):Ru(l)—N(lSZ‘ 178.5(2) 178.2(1) 176.6(3) Figure 4. The structure of 6,edicarboxy-2,2-bipyridine hydrochloride
CI(1)—-Ru(1)-CI(2) 88.2(1) 86.0(1) 88.6(2) (4-HCY). CI(1)-0(622) = 2.066 A
CI(1)~Ru(1)-CI(3) 91.6(1) 88.2(1) 86.7(2) : . .
CI(1)—Ru(1)~N(1)? 86.9(1) 86.2(1) 86.3(3)
Cl(1)—Ru(1}-N(2)2 83.2(1) 84.7(1) 83.9(2) drochloride 4-HCI) by single-crystal X-ray crystallography.
N(1)—Ru(1}-N(2) 78.9(2) 79.2(1) 79.3(3) According to earlier X-ray crystallographic studies, ruthenium
Cl(2)-Ru(1)-CI(3) 90.3(1) 88.3(0) 89.5(1) is able to coordinate sterically hindering &Bnbpy, even
ﬁ;’l()lgﬁ((ll:))’z_c%l)?’) 11773(?((11)) 117736?((5’)) 1177122’((%) though the bipyridine ring system is cor?sider.ably bent in-Ru
N(2)—Ru(1)}-CI(2) 169.3(1) 169.5(1) 171.0(2) 6,6-dmbpy complexeé‘? The Ru—.2,2-b|pyr|d|ne bOﬂ(?'S. are
C(2)-C(3)-C(41) 120.4(5) reasonably stable; e.g., formation of the -Fapy nitrido
C(7)-C(8)—C(42) 117.9(4) complex?® required heating of Ru(bpy)(C&3l, at 240°C in
0O(421)-C(42)-0(422) 125.2(5) the HCI/HNQ; mixture for 12 h, under which conditions no
O(411)-C(41)-0(412) 123.5(5) severe fragmentation of the parent complex was observed.
aCl(1) = O(1) for2 and3. However, when the methyl groups in 6@nbpy were converted

The structure fod is given in Figure 1. The linear nitrosyl {0 carboxy groups, coordination to Ru was no longer possible
ligand lies trans to the axial chlorine with ReN(13) and owing to the enhanced steric hindrance, which resulted in the
N(13)-O(13) bond lengths of 1.750(5) and 1.123(5) A, brga_king of the RuN bon_ds. During th_e e\_/gporation of the
respectively. These values appear to be normal for other nitrosyl2¢idic solvent, the 6 edicarboxy-2,2bipyridine fragment

complexes having nitrosyl grougsans to chlorine ligandg? trapped HCI, which is a common featurg fqr pyri_dine-type
The arrangement of the dicarboxybipyridine ligand is nearly compounds. The electronegative nitrogens in bipyridine are able
planar, the angle between the py planes being ith equal to donate the unshared electron pairs to hydrogen, which may

Ru—N bond lengths of 2.071(4) and 2.076(4) A. The selected lead to the formation of bipyridium cr_llorid_e in_HCI solutions.

bond lengths and angles for compledes3 are given in Tables | N€ Structure for compounétHCI is given in Figure 4.

2 and 3. The crystal structure of the [Ru(NOYIA~ anion closely
The formation of Ru-nitrosyl complex was greatly altered resembles the structure reported earlier for the corresponding

when 6,6-dimethyl-substituted bipyridine (6;8imbpy) was potassium saR® with no significant structural effects due to

used instead of 4'4imbpy. Ru(6,6dmbpy)(CO)CI, formed different cations. Therefore the structural data are provided only

a dark red solution after heating at 240 in the HCI/HNG as Supporting Information, as well as the complete structural

mixture. Evaporation of the solvent mixture yielded both red data for compound-HCI.

and colorless crystalline compounds which could be identified

as (HO)[Ru(NO)CE] and 6,6-dicarboxy-2,2bipyridine hy- (26) Veal, J. T.; Hodgson, D. Acta Crystallogr 1972 B28, 3525.
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On the basis of these studies, the reaction conditions describedlanar in complex than in the methyl-substituted analoggie
above were tested for synthesizing dicarboxy-substituted 2,2 whereas the NO bond lengths are almost identicalde infra).
bipyridine from 6,6-dmbpy (see Experimental Section). A Both complexes2 and 3 exhibit octahedral coordination
simple and fast two-stage procedure was developed, the firstgeometry, with a water molecule coordinateahsto the linear
stage including the oxidation of the methyl groups and the nitrosyl ligand, the Ru-N—O bond angles being 176.0(3) and
second the precipitation of the final product. (The same 172.3(8} for 2 and 3, respectively. The Ruwater bond
procedure can be applied for synthesizing other carboxy- distances of 2.044(3) and 2.045(6) A and3 are relatively
substituted polypyridines as well.) The trapping of hydrochlo- short as compared with those of other water-coordinated Ru
ride was not observed when the ligand was precipitated from complexes ranging from 2.10 to 2.25 2A which may be
the HCI/HNG; solution with cold water, differing from the  explained by the poas-bonding ability of the opposing nitrosyl
procedure where the solvent was slowly evaporated. Without ligand. The N-O bond distances in both complexes are
further purification, the product turned out to be sufficiently identical (1.135(4) and 1.134(9) A f@ and3) but somewhat
pure for synthetic applications. Using the permanganate- or longer than that in complek, with chlorine lying trans to the
dichromate-based oxidations, the raw product usually containsnitrosyl ligand. The coordination of the polypyridine ligands
partially oxidized products which may be removed by refluxing in these complexes is rather typical for those already mentioned.
in nitric acid (50%) for several houfs. In [Ru(bpy)Ck(NO)(H20)](NO3)H,0, the arrangement of the

Reactions of Ru(bpy)(CO}Cl, and Ru(4,4-dmbpy)- polypyridine ligand is nearly planar whereas, in [Ru(4,4
(CO).Cl; in H,O/HNO3 Solutions. Ruthenium(ll) carbonyl ~ dmbpy)Ch(NO)(Hz0)](NOs), the deviations from planarity are
bipyridine complexes exchange carbonyl ligands in the HCI/ greater, most probably owing to the bulky methyl substituents
HNO; mixture to yield chlorinated nitrosyl complexes. We inthe dmbpy rings. The angles between the pyridine ring halves
tested the reactions of Ru(bpy)(GO), and Ru(4,4dmbpy)- ~ are about 1.5for 2 and 7.4 for 3.

(COXCl, in H,O/HNO; solutions to determine the effectofthe ~ Conclusions. The carbonyl ligands in Ru(bpy)(C&)l, and
reduced acidity and the lack of the chlorine ligands on the its methyl-substituted derivatives can be replaced by NO and
formation of ruthenium nitrosyl complexes. In both cases, the Cl ligands in HCI/HNQ solution using elevated temperature
carbonyl ligands were lost, followed by the coordination of the (240 °C). The ligand-substituting reactions lead to stable
nitrosyl groups to the parent complexes. In order to complete nitrosyl compounds via rearrangement of the coordination sphere
the full octahedral coordination symmetry, both complexes of the metal center. Under these conditions, the ligand exchange
coordinated a water molecule. The products could be identified reactions are accompanied by simultaneous oxidation of the
as [Ru(bpy)GI(NO)(H;0)](NO3)-H-0 (2) and [Ru(4,4dmbpy)- methyl-substituted polypyridine ligands. Ru(4@mbpy)-
Cl2(NO)(H.0)](NOs) (3) by single-crystal X-ray crystallogra- (CO)CI, forms the dicarboxy-substituted bipyridine nitrosyl
phy. complex Ru(dcbpy)G(NO), whereas 6,edimethyl substitution

The methyl groups in the methyl-substituted complex re- of the 2,2-bipyridine ligand leads to the splitting of the parent
mained intact due to the diminished oxidizing power of the COMPIex Ru(6,6dmbpy)(CO)CI; to the fragments (k0),[Ru-
solvent mixture. The attack of HCI/HNgGolutions containing ~ (NO)Cl] and 6,6-dicarboxy-2,2bipyridine hydrochloride. The
free chlorine and CINO on various compounds is more effective attachment of the nitrosyl ligand to the parent complex is crucial

than that of HN@ mainly because of the complexing function to the formation of the ligand-substituted compounds; without
of the chloride ion the added nitrosyl source, the parent complexes are not further

. . chlorinated using the same reaction conditions. On the other

fgontraryépﬂezptec;gtﬁ ns, théNO). bands in Fhe ”? St%emg”? hand, if nitrosyl ligands are available without a suitable chlorine
0 NoweielSSSl)le 31;3978“;”?9; in (éog%zzrlsog 1089(5)5111'10 source (HO/HNO; solutions), the metal center is able to
:( 3 ) _KB Tin b N Sr <an di an dab ¢ coordinate the water molecule to gain a full octahedral
orh » 1N ﬁr. € Cﬁr oxy sul stltuer?_ts t')SClgsse_ "?‘l ove sheem coordination sphere. In this case, the oxidizing power of the
to have efiects on the nitrosyl stretching bands similar to those gyent mixture is so reduced that the methyl groups in the 2,2
of the electron-donating methyl substituents in the bpy rings in ;i i : L

. i bipyridine rings remain intact.
this case. It may be noted that although® stretching bands
in IR spectra are useful in terms of preliminary qualitative  Acknowledgment. We are grateful to Assoc. Prof. Jouni
analysis, these frequencies are not necessarily sensitive toPursiainen and Phil. Lic. Riitta Laitinen at the University of
electronic alterations in the metal center of nitrosyl complexes Qulu for the preparation of the 8;@8imethyl-2,2-bipyridine

or to changes in NO bond order or bond distanéé?® ligand.
Furthermore, it has been noted that distortions ir-Bpy bonds _ _ _ o
may affect ther-acid strength of the polypyridine liganésin Supporting Information Available: X-ray crystallographic files,

this case, the arrangement of the polypyridine ligand is more in CIF format, for complexes, 2, 3, 4-HCI, and(Hs0),[RuCI(NO)]
are available on the Internet only. Access information is given on any

current masthead page.
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