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Ruthenium Complexes of a Simple Tridentate Ligand Bearing Two “Distal” Pyridine Bases
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Treatment oN,N-bis(6-methyl-2-pyridinyl)-2,6-pyridinedicarboxamid®) (H.LMe,) with RUCL(PPHR); in toluene
yields the complex Ru@(PPh)(LMex{ H} 2) (2) in which the ruthenium atom is coordinated to the nitrogen atoms
of the two deprotonated amides and the central pyridire ofhe two pendant pyridines are both protonated,

and hydrogen bonds are formed to the coordinated chloride positioned in the molecular cleft between these two

groups. Both of the chlorides idcan be replaced by other anions in simple metathesis reactions, and treatment
of 2 with excess SCN or CH;CO,~ yields the corresponding complexes R{BPh)(LMex{H},) (X: SCN-, 3;
CHsCO,, 4). Treatment of2 with NO,~ also results in displacement of the chlorides, but in this case, the
protons on the pendant pyridines are lost and the nitrosyl-containing complex RUMNPPR)(LMey) (5) is
formed. Single-crystal X-ray structure determinations have been carried out for the following compdunds:
space groufC2/c, a = 13.588(6) Ab = 11.518(2) A,c = 12.731(3) A,Z =4,V = 1826.7 B; 2, space group

P1, a = 10.482(5) A,b = 11.349(8) A,c = 15.710(4) A,Z = 2, V = 1689(2) B, 5, space group’l, a =
12.204(2) Ab = 13.065(3) A,c = 14.722(6) A,z = 2, V = 1973.9(10) R.

Introduction

A feature that is common to a number of metalloenzymes is
that the reactivity of bound substrates is modified through
interactions involving both the metal center and nearby func-
tional groups on the protein backboheln some instances
important hydrogen-bonding interactions occur between the
coordinated substrate and nearby acidic Sitétowever, there
have been relatively few reports of simple, synthetic coordina-
tion complexes that contain ligands with functional groups
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Complexes containing amidatdligands (..M —NRC(O)R)

positioned to interact directly with coordinated substrates in the have been much less studied than those containing amido

same or related ways.

Reported complexes that embody(L,M—NR,) or amine (l.M—NRj3) ligands. However, both

interactions of this type often display unusual and interesting early? and more rece#t studies have shown that amidato-
behavior? We have therefore commenced a program to design ligands can readily form very stable complexes with a wide
and study new ligands that have the appropriate architecturesrange of metals. Some important features of these ligands
in coordination compounds to interact directly with, and thereby include the good-donor properties of the coordinated nitrogen,
influence the reactivity of, one or more of the other ligands the ability to stabilize metals in high formal oxidation states,
also coordinated to the metal centers. In this paper we reportthe relatively low chemical reactivity of the amide bond, and
the results of our preliminary studies of the coordination the ease of synthesis of the free carboxamides.

chemistry of a simple example of a ligand of this typgN-
bis(6-methyl-2-pyridinyl)-2,6-pyridinedicarboxamide AHMe,)
(1).* Molecules related td@ have been utilized in the formation
of receptors, rotaxane$, catenane$,and supramolecular as-
semblies

As shown in the following conformation, doubly deprotonated
H.LMe; can coordinate to metals in a tridentate fashion through

the two amidate nitrogen atoms and the central pyridine nitrogen:
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NMR: 6 139.2 (s, G), 125.4 (s, G), 148.4 (s, ), 161.7 (s, G), 156.4
(s, G), 111.2 (s, @), 138.9 (s, &), 119.3 (s, ©, 150.6 (s, Q, 23.9 (s,
Cy).

Preparation of RuCIy(PPhg)(LMe{ H}>,) (2). (Note: “LMex{H}."
is used here to represent the ligand derived figjiN-bis(6-methyl-
2-pyridinyl)-2,6-pyridinedicarboxamide in which the two amide nitro-
gens are deprotonated and the two pendant pyridine nitrogens are
protonated.) RuG{PPh)s; (1.00 g) and HLMe; (0.38 g) were added
to dry, deoxygenated toluene (100 mL), and the mixture was heated
under reflux with stirring for 24 h. The mixture was allowed to cool,
. ) ) and the dark purple crystals of putevere removed by filtration and
Figure 1. Atom-labeling scheme used for NMR assignments. washed with hexane (0.558 g, 68%). Mp:350°C. Anal. Calcd

for Cs7/H3.ClLNsO-PRu: C, 56.86; H, 4.13; N, 8.96; Cl, 9.07. Found:

molecular cleft! In this orientation the pendant pyridines can, c, 56.97; H, 4.16; N, 8.87; Cl, 9.44. IR: 3452 (w), 3052 (w), 1638
in principle, assume a number of roles. For example, the (s), 1619 (s), 1594 (s), 1524 (s), 1404 (w), 1343 (s), 1274 (s), 1174
nitrogen atoms can act as donor groups for (i) reversible (m), 1148 (s), 1091 (m), 1042 (w), 1005 (w), 798 (m), 762 (w), 750
protonation, (ii) the coordination of another metal, (i) the (W), 700 (s), 531 (s)."H NMR: 6 7.43 (dd, 1H, H, %} = 8.7, 6.8),
interception of coordinated, reactive intermediates, or (iv) the 8:62 (d, 2H, Hp, *Jun = 8.2), 7.64 (M, 4H, gy nn), 6.78 (d, 2H,
stabilization of coordinated, electron-deficient species. In this Hii" Bhn = 7-2)1 2.63 (s,. 6H, Kk), 13.69 (s, 2H, ki), 6.85-7.20
paper ruthenium derivatives obEMe; are described in which (M 15H. PPB. *C NMR: 6 130.9 (s, @), 127.2 (s, ), 147.7 (s,

reversible protonation of the pendant pyridines plays an %B)SZZS)(Slggé (13?%2,),(51’9%)&155,(iégyg)(’s%;;-iésbggz

important role. 127.5 (d,ortho-C PPh, 2Jcp = 9.2), 133.0 (dmetaC PPh, 2Jcp =
_ . 9.4), 133.2 (dipso-C PPh, 1Jcp = 42.2)13
Experimental Section Preparation of Ru(SCNR(PPhs)(LMex{H}2) (3). RuCh(PPh)-

General Procedures. Air-sensitive manipulations were carried out (LMez{H}) (0.100 g) and KSCN (0.100 g) were added to deo>_<yger_1a_ted
under dry nitrogen using standard Schlenk techniques. Dichlo- methanol (40 mL), and the mixture was heated under reflux with stirring

romethane and acetonitrile were dried over gand distilled before ~ oF 24 . The solution was allowed to cool, and the solvent was
use, benzene and hexane were dried over and distilled from sodium/"@moved under reduced pressure. The red-brown solid was dissolved
benzophenone ketyl (under nitrogen) prior to use, and triethylamine N dichloromethane (40 mL), and the solution was washed with water
was dried over activated A4 molecular sieves. (40 mL). The organic phase was removed and methanol (20 mL) was
IR spectra (4008400 cnr?) were recorded on a Digilab FTS-7 added. The solvent volume was then reduced under low pressure to

; ive red-brown crystals, which were collected and recrystallized from
spectrophotometer as Nujol mulls between KBr platé#s.NMR and ghloroform/hexang 0 give pu2(0.088 g, 83%). Mp: %6240°C
13C NMR spectra were recorded on a Bruker AC200 or a Bruker dec. Anal. Calcd for GHwN-O P.RuS-C’HCI' .C 5(') 77 H. 3.52:
AM400 spectrometer using CDChs solvent. Chemical shifts are : ' S22 ST 2T T S

reported in ppm referenced to TM8&,= 0.00, and coupling constants N, 1263167 FoulrgGC, 5%255 H, 3'165051N’ 10'16582'6 IR: 21?1%56 (), Zf;;
(J) are given in hertz. X-ray intensity data for the crystal structures (), (), (), (), (), (), W),

were collected on an Enraf-Nonius CAD-4 automatic diffractometer. (s), 1271 (s), 1173 (m), 1155 (m), 1146 (m), 1093 (w), 816 (m), 799

Mass spectra were recorded on a VG 70-SE mass spectrometer.(m)’ 696 (m), 5303(5)'11—' NMR: ¢ 7.55 (dd, 1H, H, *Ju = 8.9, 6.3),
Analytical data were obtained by the Microanalytical Laboratory, 38'609’ 2H, Ko, *Jun = 8.9), 7.64 (M, 2H, ldy?), 7.87 (dd, 2H, ki,
University of Otago. Melting points (uncorrected) were recorded on a Jun = 7.4, 8.8), 7.17 (m, 2H, Hl) 2.86 (S_' 6H, ki), 12.89 (s, 2H,
Reichert hot-stage microscope. Ry@Ph); was prepared by the Hii), 6.85-7.25 (m, 15H, PPY). *3C NMR: 0 127.4 (s, Gp), 147.9
literature method? (s, Goe), 172.2 (s, Ga), 159.5 (s, Gr), 116.7 (S, Gg), 143.3 (S, Gn),
Preparation of N,N'-Bis(6-methyl-2-pyridinyl)-2,6-pyridinedi- 120.2.(s, G), 1556 (s, G), 20.9 (s, Gu), 129.3 (sparaC PPh),

. e : 127.9 (d,ortho-C PPh, 2Jcp = 9.1), 132.7 (dmetaC PPh, 3Jcp =
carboxamide (1) (H.LMe;). 2,6-Pyridinedicarbonyl chloride (3.00 g) ; 1. —
was added to a stirred solution of 2-amino-6-methylpyridine (3.18 g, 9.5), 131.7 (dipsoC PPR, {Jc = 43.1) (G resonance not observed).

0.0294 mol) and triethylamine (6.14 mL, 0.044 mol) in dry dichlo- ~_Preparation of Ru(OCCH3)/(PPhs)(LMeo{H}2) (4). RuClk-
romethane (50 mL). The mixture was stirred for 2 h, after which the (PPR)(LMe{H}2) (0.098 g) and TI(QCCH) (0.070 g, 2.1 equiv)
solvent was removed under reduced pressure. The resulting solid wagCautior! Toxig were placed in a Schienk tube under nitrogen. Dry
recrystallized from methanol to give puresltMe; (4.73 g, 72%). acetonitrile (20 mL) was gddgd, and_the suspension was heated under
Mp: 234-235°C. Anal. Calcd for GoHi7NsO-*H-0: C, 62.46; H, reflux for 16 h. During this time, a fine white solid precipitated and
5.24, N, 19.17. Found: C, 62.24; H, 5.21; N,19.15. IR: 3379 (m), the solution became orange. The heating was stopped, and the solution
3264 (m), 1692 (s), 1601 (s), 1579 (s), 1533 (s), 1400 (m), 1301 (m), Was allowed to cool. The TICI was removed by filtering the solution
1234 (m), 1143 (m), 1072 (m), 999 (w), 792 (m), 783 (m), 745 (m), twice through Whatman No. 4 filter paper, and the solvent was then
681 (m), 654 (w). *H and3C NMR assignments were made on the removed from the filtrate under reduced pressure. The resulting brown
basis of'H—H and®3C—'H COSY spectra, DEPT 135 spectra, and Solid was recrystallized from Gil/hexane to give puré as a brown
proton integral values!H NMR (the atom-labeling scheme used for ~ microcrystalline solid (0.90 g, 87%) Mp: 17180°C. Anal. Calcd

this and the other new compounds is shown in Figured.04 (t, for CaHsgNsOsPRU0.5GH.4: C, 60.61; H, 5.20; N, 8.03. Found: C,
1H, Ha, 3y = 7.0), 8.41 (d, 2H, Ky 3Jun = 7.2), 11.1 (s, 2H, He), 60.65; H, 4.73; N, 7.92. IR: 1616 (s), 1591 (s), 1560 (s), 1400 (m),
8.24 (d, 2H, H4- 3Jun = 8.1), 7.61 (t, 2H, K-, 3Jun = 7.9), 6.89 (d, 1346 (s), 1279 (m), 1236 (m), 1153 (m), 1092 (m), 1041 (w), 1001
2H, H.i,, 3uy = 7.5), 2.47 (s, 6H, ki), 5.30 (s, 2H, HO). 13C (w), 795 (m), 747 (m), 698 (s), 532 (m), 519 (m)H NMR: ¢ 6.9—

7.6 (m,ca. ZOH, Ha,g,g’h,h’ and PPB), 8.39 (d, 2H, I'E!,b’, SJHH = 87),

., 3 — s -

(11) Pendant arm ligands are usually designed so that in metal complexesfsc'gz1 (c:iL, 92:’ " ‘3|_‘|]HH(H Cg)‘ |2_|'51 (s, 6H, k), 1'7,[0 (bs, SH’d(H%
the pendant arm coordinates to the metal center. See, for example: ), 1.99 (s, , G1CO,) (Hir- resonances not observed):
(a) Bernhardt, P. V.; Lawrance, G. &ood. Chem. Re 1990 104, NMR: 6 133.3 (s, G), 125.8 (s, Gp?), 150.4 (s, Gc), 172.5 (or 172.9)
297. (b) Collman, J. P.; Groh, S. B. Am. Chem. S0d.982 104 (s, Gua), 162.8 (s, &), 115.7 (S, Gg), 139.6 (S, Gn), 118.4 (s, G),
1391. (c) Adams, H.; Bailey, N. A.; Dwyer, M. J. S.; Fenton, D. E.;  158.5 (s, G ), 22.4 (s, Gx), 128.5 (spara-C PPh), 127.4 (dortho-C
Hellier, P. C.; Hempstead, P. D.; Latour, J. B1.Chem. Soc., Dalton
Trans.1993 1207. (d) Bu, X. H.; An, D. L.; Chen, Y. T.; Shionoya,
M.; Kimura, E.J. Chem. Soc., Dalton Tran$995 2289. (13) 13C assignments of PRvere made according to: Maddock, S. M.;

(12) Hallman, P. S.; Stephenson, T. A.; Wilkinson,I@org. Synth197Q Rickard, C. E. F.; Roper, W. R.; Wright, L. @rganometallics1996,
12, 237. 15, 1793.
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Table 1. Crystallographic Data

HzLMe2 H,0 RUChL(PPh)(LMex{ H} ) Ru(NGy)(NO)(PPh)(LMey)-CeHs
empirical formula GoH19N503 Cs7H32ClNsOPRuU GaHzsN7OsPRuU
fw 365.39 781.62 862.83
T, K 293 193 293
a A 13.588(6) 10.482(5) 12.204(2)
b, A 11.518(2) 11.349(8) 13.065(3)
c, A 12.731(3) 15.710(4) 14.722(6)
a, deg 90.0 92.55(3) 108.62(2)
B, deg 113.54(2) 90.06(3) 112.20(2)
y, deg 90.0 115.22(3) 68.22(2)
Vv, A3 1826.7(10) 1689(2) 1973.9(10)
space group C2/c P1 P1
4 2 2
Ocale g CNT3 1.329 1.537 1.452
w, mmt 0.093 0.712 0.493
A 0.710 69 0.710 69 0.710 69
R(F) 0.0556 0.0395 0.0412
Ry (F3)P 0.1224 0.0890 0.1085

*R(F) = Z|Fo| — [Fdl/Z[Fol. ® R(F?) = {Z[W(Fo* — FA)/Z[w(Fo?)7T}2

PPh 2Jcp = 8.7), 132.4 (dmetaC PPh 3Jcp = 9.8), 131.4 (djpso-C
PPh YJcp = 43.9), 184.2, 172.9 (or 172.5) (s, @EDO), 20.7 (SCHs-
CO0O0).

Preparation of Ru(NO2)(NO)(PPhs)(LMe;) (5). RuChk(PPh)-
(LMe2{H},) (0.150 g) and NaN@(0.150 g) were placed in a Schlenk

molecule of benzene present in the lattice for each molecue thie
benzene molecules being distributed on centers of symmetry. There
is some evidence for disorder in the methyl carbon C(19%,iras
indicated by the larger thermal parameter for this atom. Programs used
were SHELXS-86 for structure solution and SHELXL-93 for refine-

tube, and methanol (30 mL) was added. The mixture was degassedment. Diagrams were produced by the SHELXTL set of programs.
placed under an atmosphere of nitrogen, and then heated under reflux

for 24 h. The resulting light brown solution was evaporated to dryness

under reduced pressure, the residue was dissolved in dichloromethane

(20 mL), and this solution was shaken with water (20 mL). The

dichloromethane solution was separated from the water and dried over

Results and Discussion

The moleculeN,N-bis(6-methyl-2-pyridinyl)-2,6-pyridinedi-

anhydrous magnesium sulfate. Hexane was added, and the solvenFarboxgmide_(bLMGZ) Is Cor_1veni§ntly pre_pared by reacti(_)r_l of
volume was lowered under reduced pressure to effect crystallization 2,6-pyridinedicarbonylichloride with 2-amino-6-methylpyridine.

of crude5. This was collected and recrystallized from dichloromethane/
hexane to give purb (0.130 g, 86%). Mp: 230C. Anal. Calcd for
CsHzoN7OsPRUCH;Cl,: C, 52.48; H, 3.71; N, 11.27. Found: C,
52.34; H, 3.45; N, 11.17. IR: 1898 (s), 1634 (s), 1603 (s), 1574 (s),
1406 (s), 1356 (s), 1317 (s), 1298 (m), 1229 (m), 1157 (m), 1094 (s),
816 (m), 791 (m), 743 (m), 696 (s), 646 (M), 525 (84 NMR: &
8.13 (t, 1H, H, %Juw = 7.8), 8.08 (d, 2H, K, 3Juw = 8.3), 7.99 (d,
2H, Hop', 33un = 7.7), 7.48 (dd, 2H, K, 3Jun = 7.4, 8.2), 6.82 (d,
2H, Hi+, 3Juy = 7.3), 7.15-7.43 (m, 15H, PP§). 13C NMR: 0 142.7

(s, G), 126.8 (s, @), 156.8 (s, Grorj), 166.1 (s, @), 156.44 (S, & or

i), 117.6 (s, @), 138.0 (s, G), 119.2 (s, @, 155.5 (s, Georr), 23.5 (S,

Cy), 131.8 (spara-C PPh), 129.1 (dortho-C PPh, 2Jcp= 10.1), 133.8

(d, metaC PPHh, 3Jcp = 10.1) (pso-C PPh not observed).

X-ray Crystallography. Unit cell parameters for all compounds
were obtained by least-squares fits to the setting angles of 25 well-
distributed reflections. Data collection was performed at room tem-
perature for HLMe; (1) and Ru(NQ)(NO)(PPh)(LMe,) (5) and at
—80°C for RUCKL(PPh)(LMex{ H},) (2). Data collection with graphite-
monochromated Mo K radiation ¢ = 0.710 69 A) employedv/26
scans, and reflections were scanned uiti{l) was 2500 or until the

scanning time had reached a maximum of 60 s. Three reflections were

Spectral data for this compound are collected in the Experi-
mental Section. The X-ray crystal structure determination of
H.LMe, (vide infra) shows that in the solid state a water
molecule is associated with,HMe, through hydrogen bonds
to the amide protons and the pendant pyridines. In the IR
spectrum (Nujol mull) a broad band centered at 3379 iw
assigned tor(OH) of the guest water molecule and a broad band
at 3264 cm! is assigned to(NH) of the amide groups. Water
appears to remain associated witbLMle, in solution, and in
theH NMR spectrum a broad resonanceda.30 ppm, which
integrates for two protons, is assigned to hydrogen-bonded
water. Only a single set of signals is seen for the two pendant
groups of HLMe; in both the'H and3C NMR spectra. This
indicates that the two “arms” of the ligand are magnetically
equivalent in solution on the corresponding NMR time scales.
Molecular Structure of H,LMe2*H20. The structure of

LMe; (1) was determined by a single-crystal X-ray diffraction
study (see Table 1 for crystallographic data for compouhds

monitored throughout data collection as a check on crystal movement 2, @nd5). The molecular structure is shown in Figure 2 and

or decomposition, no evidence of either being found. The data were
corrected for Lorentz and polarization effects, and empirical absorption
corrections, usingpy scans, were applied 1 and 5, locally written
software being used for this purpose.

Structure solution was accomplished by direct methodslfand
Patterson and difference Fourier methodsZ@nd5. The structures
were refined by full-matrix least-squares procedures using scattering
curves taken from thénternational Tables for CrystallographyAll
non-hydrogen atoms were allowed to assume anisotropic motion.
Hydrogen atoms fofl and pyridinium hydrogens fo2 were located
from difference maps and allowed to refine with a common thermal
parameter. FoR and5 the remaining hydrogen atoms were located in
calculated positions and allowed to ride at a fixed distance from the
parent atom with a 20% greater thermal parameter. SRbere were
no peaks in the difference electron density map which could be

selected bond distances and angles are given in Table 2.

The amide and pyridine nitrogen atoms are all directed toward
the center of the molecular cavity, and there is a 2-fold axis
passing through atoms C(3) and N(1). The molecule is
essentially planar, and the rms deviation from the plane of best
fit through all the atoms is 0.04 A. A water molecule that is
associated with the molecular cavity lies 0.485(6) A above the
molecular plane and is thus disordered about the 2-fold axis.
The distances of N(3)O(2) (2.789(6) A) and N(230O(2)
(2.965(6) A) indicate the water molecule forms relatively weak
hydrogen bonds to the amide hydrogens and the pendant
pyridine nitrogens. These distances come at the longer ends
of the ranges reported for the corresponding classes of hydrogen

interpreted as protons on the pyridine nitrogen atoms. There is one bonds, i.e. -H---N (2.68-2.79 A) and N-H---O (2.81-3.04
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Figure 2. Molecular structure of lLMe,-H,O. Atoms are depicted
as 50% ellipsoids.

Table 2. Selected Bond Lengths (A) and Angles (deg) for
HgLMez’Hgo

N(2)—C(4) 1.352(4) O(13C(4) 1.222(3)
N(2)—C(5) 1.402(4) C(1)}C(4) 1.506(4)
C(4)-N(2)-C(5) 129.2(2) N(2rC4)-C(1) 114.3(2)
N(1)-C(1)-C(4)  117.5(2) N(3}FC(5)-N(2)  113.5(2)
Scheme 1
|y N
o LI
a R 7 n—ku—c
=( H = /| H
N NI N
(1) (2) (L =PPhy)
NO, /MeOH X IMeOH
N =
o LI o L
N\l’ENj\ N’(Nj\
N N \ H
{ _“N—Ru—NO { “N—Ru—X
g g
(5) (X=NOy) (3) (X=S8CN)

(4) (X = CHyCO)

Redmore et al.

Figure 3. Molecular structure of RugPPh)(LMe {H},). Atoms are
depicted as 50% ellipsoids.

Table 3. Selected Bond Lengths (A) and Angles (deg) for
RUChL(PPh)(LMex{ H} ;)

Ru(1)-N(3) 1.947(4) 0(2)-C(13) 1.242(6)
Ru(1)-N(2) 2.140(4) N(2)-C(7) 1.378(6)
Ru(1)-N(4) 2.155(4) N(2)-C(6) 1.380(6)
Ru(1-P(1) 2.279(2) N(4)C(14) 1.367(6)
Ru(1)-CI(1) 2.465(2) N(4)-C(13) 1.370(6)
Ru(1)-CI(2) 2.5165(14) C(AC(8) 1.488(7)
O(1)-C(7) 1.234(6) C(12)C(13) 1.482(7)
N@)-Ru(l-N(@) 155.26(14) N(I}C(6)-N(2)  115.0(4)
N(3)-Ru(1-CI(1)  91.39(11) N(2}C(7)-C(8)  113.5(4)
N(4)-Ru(1)-CI(1)  84.54(11) N(3}C(8)-C(7)  114.4(4)
P(1}-Ru(1)-Cl(1) 175.27(4) N(3}C(12)-C(13) 114.9(4)
N(3)-Ru(1)-Cl(2) 178.68(11) N(4yC(13)-C(12) 113.4(4)
C(7)-N(2)-C(6)  118.3(4)  N(Y-C(14)-N(4) 115.1(4)
C(14)-N(4)-C(13) 117.8(4)

observed for amidatd complexed?11.16 The signal from the

two pyridinium protons is observed &t13.69 ppm in théH

NMR spectrum. Only one set of signals is observed for the
two pendant arms in thtH and3C NMR spectra, indicating
that in solution these pendant groups are magnetically equivalent
on the corresponding NMR time scales.

Molecular Structure of RuCl y(PPhs)(LMe x{H}>) (2). The
molecular structure of RugiPPh)(LMe,{ H},) was determined
by X-ray crystallography, and the molecular structure is shown
in Figure 3.

Selected bond distances and angles are given in Table 3. The
geometry about ruthenium can be viewed in terms of a distorted
octahedron. The atoms Ru(1), CI(2), N(2), N(3), and N(4) are
nearly coplanar, with the mean deviation from the plane of best

A).14 There are no significant intermolecular hydrogen bonds. fit through these atoms being 0.08 A. The angles G(1)
The separation between the two amide nitrogens is 4.537(5) A, Ru(1)-P(1) and CI(2)-Ru(1)-N(3) are close to linear, but the

and the pendant pyridine nitrogens are 5.457(5) A apart.
Synthesis of RUCk(PPhs)(LMex{H}2) (2). The complex
RuCh(PPh)(LMex{H}2) (2) is formed in good yield as dark
purple crystals upon treatment of Ry@EPh); with HoLMe;
in refluxing toluene for 16 h (see Scheme 1). The yiel@ if
not significantly improved if bases such as triethylamine are
present in the reaction mixture. Spectral date2fare collected
in the Experimental Section. In the lIRNH) of the protonated
pendant pyridines is observed at 34527 ¢mand the amide |
band® of the free ligand at 1692 cm is replaced by a lower
frequency band at 1638 cth This type of behavior is typically

(14) Greenwood, N. N.; Earnshaw, 8hemistry of the Element8ergamon
Press: Oxford, England, 1984; pp-589.

(15) Bellamy, L. J.The infra-red spectra of complex molecyl8sd ed.;
Chapman and Hall: London, 1975.

bonds to the two amidate nitrogens are not, and the angle-N(2)
Ru(1)-N(4) is 155.26(14). The distance between the two
nitrogen atoms, N(2) and N(4), is 4.196(6) A. This is consider-
ably shorter than the corresponding distance in the free ligand,
H.LMe,, where N(2)---N(2A) is 4.537(5) A. The two Ru
N(amidato) bond lengths (RuU@N(2) = 2.140(4), Ru(1)XN(4)

= 2.155(4) A) are both considerably longer than the mean value
of other reported RuN(amidato) distances (2.042 A). How-
ever, the Ru-N(pyridine) bond length of 1.947(4) A is one of

(16) (a) Nonoyama, M.; Yamasaki, khorg. Chim. Actal971, 5, 124. (b)
Barnes, D. J.; Chapman, R. L.; Sephens, F. S.; Vagg, Rdsg.
Chim. Actal981 51, 155.

(17) The mean value of RtN(amidato) distances (A) was obtained from
a search of the Cambridge Structural Database (Nobs, 21; Mean, 2.042;
SDsample, 0.050).
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the shortest that has been reportédlhe distances and angles
associated with the bonds between Ru and N(2), N(3), and N(4)
indicate that there is a minor mismatch between the arrangement
of the constrained nitrogen donor atoms and the preferred

C(35) Ci34

coordination geometry for the ruthenium atom.
The two nitrogen atoms of the pendant pyridines are both
protonated and oriented toward the molecular cavity. Close

approaches are made by both nitrogens to the chloro ligand,

CI(2), that is projected into the cavity. The distances MN¢1)
Cl(2) = 3.028(5) A and N(5)-Cl(2) = 3.019(4) A are toward
the short end of the range of lengths reported forHN--Cl
hydrogen bonds (3.063.20 A) *4indicating that the protonated
pyridine groups form relatively strong hydrogen bonds to
Cl(2). In contrast, the distances N{+CI(1) = 3.931(4) A and
N(5)-+-Cl(1) = 3.388(5) A are too long for significant hydrogen-
bonding interactions. The two pendant pyridines are both
twisted somewhat out of the plane through the remainder of
the bis(amidatdN) ligand and the torsion angles C(33)(4)—
C(14)-C(15) and C(7rN(2)—C(6)—C(5) are —32.8(7) and
—13.4(7}, respectively. Deviations from planarity for metalated

cng)

Figure 4. Molecular structure of Ru(NEXNO)(PPh)(LMe;)-CeHs.
Atoms are depicted as 50% ellipsoids.

(PPh)(LMex{H},) (4) is formed. They(CO) bands of the

amide groups can be described using the parameters originallyacetate groups are obscured by the strong amide absorptions in

defined by Dunitz and Winklé? and subsequently modified
by Collins2® The parameter can be interpreted as the angle
between the idealized positions of the prbitals on the C and

the IR spectrum oft. The resonances of the two acetate groups
are observed in th&H NMR spectrum at 1.70 and 1.99 ppm.
Other spectral data fo#4 are collected in the Experimental

N atoms of the amide group and reaches maximum values atSection.

+90°. The parametergy and yc describe the degree of
pyramidalization at the amide nitrogen and carbon atoms,
respectively, and the pyramidalization terms eqit&0° for
idealized sphybridized atom&® In compound? the parameter

7 has very low values for the two amide groups3(9(6), N(2)
amide; 0.0(6), N(4) amide), and the values for the pyramidal-
ization termsyc (0.2(8) for C(7) and 5.0(8) for C(13)) ang
(3.5(8) for N(2) and—11.4(8) for N(4)) are also very small.

Thus, N-metalation of the two amides in this compound causes source for the conversion of nitrite to nitrosyl.

very little deviation from planarity to occur for these groups.
Substitution Reactions of RuChk(PPhs)(LMe{H}2) (2).

The chloride ligands i2 can be substituted if moderately forcing

conditions are employed. For example, if a mixture2aind

Reaction of2 with sodium nitrite in methanol also results in
substitution of both chloride ligands, but the ultimate product
formed in this instance is the nitritd/ nitrosyl complex Ru-
(NOL)(NO)(PPR)(LMey) (5) (see Scheme 1). Complexes
containing nitrosyl ligands have been synthesized by a number
of different route$? and one of these involves reaction of
coordinated nitrite with acié® It is reasonable to expect that
the protonated pyridine groups Bhact as an internal proton
In the IR
spectrum ob, »(NO) appears as an intense band at 1898cm

Molecular Structure of Ru(NO 2)(NO)(PPhs)(LMe>) (5). A
single-crystal X-ray structure determination has been obtained
for Ru(NG)(NO)(PPhR)(LMey) (5), and the molecular structure

excess potassium thiocyanate is heated under reflux in methanols shown in Figure 4.

for 16 h, both chlorides are substituted and the complex
RU(SCN)(PPh)(LMex{H},) (3) can be isolated from solution
(see Scheme 1). Bands associated wif{@N) of the the

Selected bond distances and angles are collected in Table 4.
The spatial arrangement of ligands about ruthenium is similar
to that found for2. The triphenylphosphine and nitritédigands

thiocyanate groups appear in the IR spectrum at 2085 and 20775re mutuallytrans (the angle N(7¥-Ru(1)-P(1) is 174.35(8),

cmL. It is difficult to determine by IR spectroscopy whether
the thiocyanate ion is coordinated through N or S. Usually
v(CN) of S-bound thiocyanate appears closer to 2100'and
that of N-bound thiocyanate closer to 2050 ¢t Using this

and the equatorial plane is occupied by the three nitrogen donor
atoms of the bis(amidath) ligand and the nitrogen of the
coordinated nitrosyl. This latter ligand occupies the molecular
cleft formed by the two pendant pyridines. The Ru{l)6)

criterion, it appears that the thiocyanate ions are most probably gistance (1.745(3) A) is very close to the mean value of other

S-bound in3. ThelH and3C NMR spectra oB are similar to
the corresponding spectra observed #ofsee Experimental
Section). Therefore, it is likely that the structure3at similar
to that found for2.

The chloride ligands ir2 can also be replaced by acetate.
On treatment of2 with thallium(l) acetate in acetonitrile,
thallium chloride is precipitated and the complex RxQCHs),-

(18) A search of the Cambridge Structural Database reveals that only five
Ru—N(pyridine) distances less than 1.950 A have been reported (Nobs,
1164; Mean, 2.088; SDsample, 0.055).

(19) (a) Dunitz, J. D.; Winkler, F. KJ. Mol. Biol. 1971, 59, 169. (b) Dunitz,

J. D.; Winkler, F. K.Acta Crystallogr., Sect. B: Struct. Crystallogr.
Cryst. Chem1975 B13 251.

(20) (a) Collins, T. J.; Coots, R. J.; Furutani, T. T.; Keech, J. T.; Peake, G.
T.; Santarsiero, B. DJ. Am. Chem. Sod986 108 5333. (b) Anson,

F. C.; Collins, T. J.; Gipson, S. L.; Keech, J. T.; Krafft, T. E.; Peake,
G. T.J. Am. Chem. Sod 986 108, 6593.

(21) Nakamoto, Klinfrared and Raman Spectra of Inorganic and Coor-

dination CompoundsJohn Wiley and Sons: New York, 1986.

reported Ru-NO distanced* The nitrogen atom of the pyridine
coordinatedransto the nitrosyl group approaches the ruthenium
atom closely (Ru(BN(3) = 2.016(3) A), although this distance
is not as short as the corresponding distanc@.inThe two
Ru—N(amidato) bond lengths (2.106(3) and 2.124(3) A) are
slightly shorter than those found &1 Accordingly, the distance

(22) Johnson, B. F. G.; Haymore, B. L.; Dilworth, J. R.@omprehensie
Coordination ChemistryWilkinson, G., Gillard, R. D., McCleverty,

J. A, Eds.; Pergamon: Oxford, England, 1987; pp-228.

(23) (a) Halfen, J. A.; Mahapatra, S.; Wilkinson, E. C.; Gengenbach, A.
J.; Young, V. G., Jr.; Que, L., Jr.; Tolman, W. B. Am. Chem. Soc.
1996 118 763. (b) Ooyama, D.; Miura, Y.; Kanazawa, Y.; Howell,
F. S.; Nagao, N.; Mukaida, M.; Nagao, H.; Tanaka,liorg. Chim.
Acta 1995 237, 47. (c) Bessel, C. A.; See, R. F.; Jameson, D. L
Churchill, M. R.; Takeuchi, K. JJ. Chem. Soc., Dalton Tran£993
1563.

(24) A search of the Cambridge Structural Database revealed a mean value
of 1.753 A for reported ReNO distances (Nobs, 88; SDsample,
0.036).
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Table 4. Selected Bond Lengths (A) and Angles (deg) for Conclusions

RU(NG;)(NO)(PPh)(LMez)-CsHs
Ru(1)-N(6) 1.745(3) N(4)-C(14) 1.413(4) In its doubly deprotonated form, HMe, can coordinate to
Ru(1)-N(3) 2.016(3) N(6>-0(3) 1.141(4) metals in a tridentate fashion through the two amidate nitrogen
Ru(1)-N(4) 2.106(3) N(7)-O(5) 1.180(4) atoms and the central pyridine nitrogen. The two pendant
238)):“% giiigg IC\I)((?;&(;.)) iggg% pyridines form a molecular cleft with the nitrogen atoms of these
Ru(1)-P(1) 2.4374(10) o(3)C(13) 1.233(4) groups directed toward one of the coordination sites of the metal.
N(2)—C(7) 1.359(4) C(™C(8) 1.490(5) In the neutral ruthenium derivative Ru(PPh)(LMex{H}>) (2),
N(2)—C(6) 1.426(4) C(12yC(13) 1.489(5) the two pendant pyridines are protonated and hydrogen bonds

N(4)~C(13) 1.348(4) are formed to the metal-bound chloride that is held within the

N(6)—Ru(1)-N(3) 178.39(12) O(GYN(7)-Ru(l) 122.4(3) cleft of the ligand. The chloride ligands &are readily replaced
N(4)—Ru(1)}-N(2) 153.24(11) O(4yN(7)—Ru(1l) 115.9(2) by other anionic ligands such as thiocyanate or acetate in simple
N(3)—Ru(1}-N(7) ~ 86.35(11) N(1}C(6)-N(2) ~ 114.4(3) metathesis reactions. Replacement also occurs with nitrite, but
mgg:gﬂg)):gg; 1%'03%((}3%) N&gggg:gg% ﬂég% in this instance the nitritd¥/nitrosyl-containing complex
C(7)-N(2-C(6)  120.0(3) N(3}C(12-C(13) 114.6(3) Ru(NQG,)(NO)(PPh)(LMey) (5) is formed where the coordinated
C(13)-N(4)—C(14) 121.0(3) N(4yC(13)-C(12) 112.9(3) nitrosyl occupies the ligand cleft. During the formation5f
O@)-N(6)-Ru(1) 1783(3)  N(5rC(14)-N(4) 114.9@3) the protonated pyridines appear to act as sources of internal

acid that facilitate the nitrosyl ligand formation.

N(4)---N(2) (4.116(4) A) is also slightly less than the corre- o :
séo%diné gliétance(iﬁ) ) gnty The pendant pyridines in these complexes can be viewed as
' providing sites for reversible protonation. Other complexes in

Unlike 2, the pendant pyndlnes in this molecule are not which these pendant groups act as donor groups for the
protonated. However, the nitrogen atoms of these groups are,

still oriented toward the nitrosyl ligand, even though this brings mterg_ept![pn offcotc;]rdlnatetd,l rehactlveblntermt()etdl_ateds or ;ortr:he
the pyridine nitrogen lone pairs into close proximity of the coordination of other metais have been oblained, an ese

orbitals associated with the nitrosyl ligand. The distances "€Sults will be reported separately. More elaborate analogues
between the nitrosyl nitrogen and the two pendant pyridine Of HzLMe: have also been prepared, and the chemistry of metal
nitrogen atoms are very similar (N(5)---N(6) 2.695(4) A, derivatives of these species is currently under investigation.
N(1)---N(6) = 2.712(4) A) and both values are shorter than the

van der Waals contact distance of 3.00 A for two nitrogen atoms. ) _

As yet, we have not observed any chemical reactions in which  Acknowledgment. We thank the University of Auckland
interactions between the pendant pyridines and the nitrosyl groupResearch Committee for partial support of this work through
appear to play an important role. The torsion angles €(7) grants-in-aid.

N(2)—C(6)-C(5) (1.2(5%) and C(13)-N(4)—C(14)-C(15)

(27.0(5}) are slightly smaller than the corresponding angles

found in 2 (—13.4(7) and—32.8(7F). Examination of the Supporting Information Available: X-ray crystallographic files,
parameters, yc, andyn shows that there is little deviation from in CIF format, for compoundg, 2, and5 are available on the Internet
planarity for the two amide groups, as was the casg iThe only. Access information is given on any current masthead page.
values of these parameters férare t = —1.8(5), yc =

—1.1(8), andyn = 12.4(8) for the N(2) amide and= 9.2(4),

xc = 0.9(7), andyny = —2.6(7) for the N(4) amide. 1C961534X



