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The reaction of carbonylhalo[4-methyl-6-(NR-iminiomethyl)phenolato-C2,O]bis(triphenyl-
phosphine)metal(II), MII(η2-RL)(PPh3)2(CO)X (M ) Ru, Os; X ) Cl, Br; R ) Ph, p-MeC6H4),
1, with sodium carboxylates has afforded carbonyl(carboxylato)[4-methyl-6-(NR-iminometh-
yl)phenol-C2]bis(triphenylphosphine)metal(II), MII(η1-RL)(PPh3)2(CO)(η2-R′CO2) (R′ ) Me,
Ph), 2. The reaction is believed to proceed via initial associative cis attack on halide by
carboxylate. The reaction 2 f 1 occurs upon treatment of 2 with excess halide. Spectral
(UV-vis, IR, 1H NMR) and electrochemical (metal redox) data for 2 are reported. Structure
determination of Ru(η1-MeC6H4L)(PPh3)2(CO)(η2-MeCO2) and Ru(η1-MeC6H4L)(PPh3)2(CO)-
(η2-PhCO2)‚C6H6 has revealed trans (PPh3)2 geometry, the MeC6H4L ligand being bonded
via an aromatic carbon atom lying cis to the CO molecule. In the H-bonded phenol-imine
function the bond parameters for the acetate complex are as follows: O1-H, 1.14(3) Å; N‚‚‚H,
1.52(3) Å; O1‚‚‚N, 2.592(10) Å; O1-H‚‚‚N, 156(1)°. In the 1 f 2 interconversion, iminium-
phenolate to imine-phenol tautomerization and a sterically controlled change in rotational
conformation are involved.

Introduction

Recently it was demonstrated that decarbonylative
metalation of 4-methyl-2,6-diformylphenol by M(PPh3)3X2
in the presence of primary amines (RNH2) affords
organometallics of type 1 incorporating the zwitterionic

iminium-phenolato motif.1 The reactivity of these
compounds is being examined. The coordinated X-

ligand is found to be replaceable by other anions. The
present work concerns replacement of X- by carboxy-
lates R′CO2

-. New organometallics of type 2 have thus
been synthesized and their structures determined. A
route for the reverse transformation 2 f 1 has also been
worked out. Of special interest are the tautomeric and
conformational changes associated with the intercon-
version of the two species.

Results and Discussion

A. Synthesis. The complexes 1 and 2 will be
abbreviated as M(η2-RL)(PPh3)2(CO)X and M(η1-RL)-
(PPh3)2(CO)(η2-R′CO2), respectively (R ) Ph, p-MeC6H4;
R′ ) Me, Ph).

For M ) Ru, the synthetic procedure consisted of slow
addition of excess aqueous sodium carboxylate to Ru-
(η2-RL)(PPh3)2(CO)Cl in dichloromethane-acetone mix-
ture. The reaction of eq 1 took place at room temper-

ature and was associated with a color change from violet
to yellow. The Ru(η1-RL)(PPh3)2(CO)(η2-R′CO2) com-
plexes were isolated in high yields as bright yellow
crystalline solids. In the case of osmium, carboxylate
chelation occurred in poorer yields and that too under
more drastic reaction conditions like a larger excess of
carboxylate and boiling the reaction mixture.
B. Characterization. The complexes synthesized

are listed in Table 1 along with selected characterization
data. These are uniformly diamagnetic consistent with
the metal oxidation state of +2. In dichloromethane
solution 2 displays two characteristic allowed bands
near 400 and 330 nm. The CtO stretch (KBr disk)
follows the order Ru > Os. The symmetric and asym-
metric carboxyl stretches are observed near 1460 and
1520 cm-1, respectivelysthe small separation between
the two suggesting chelation.2
In 1H NMR (Table 2) the singlets due to 42-H (∼6.2

ppm), 41-Me (∼2.0 ppm), and 54-Me (∼0.7 ppm) occur
at relatively high fields. Structural work (see below)
shows that these protons lie in the shielding cones of
phosphine rings.1,3,5 The ring current shifts estimated
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Dalton Trans. 1993, 327. (b) Tocher, D. A.; Gould, R. O.; Stephenson,
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M(η2-RL)(PPh3)2(CO)X + NaR′CO2 f

M(η1-RL)(PPh3)2(CO)(η
2-R′CO2) + NaX (1)
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from crystallographic data and isoshielding F-z plots4
in the case of Ru(η1-MeC6H4L)(PPh3)2(CO)(η2-MeCO2)
are as follows: 42-H, 0.50 ppm; 41-Me, 0.42 ppm; 54-
Me, 1.26 ppm. The acetate methyl (54-Me) is subject
to especially large shielding consistent with the observed
chemical shift. In the absence of ring currents the
acetate methyl chemical shift should be around 1.7
ppm.5
Solutions of 2 in dichloromethane display a charac-

teristic quasi-reversible one-electron cyclic voltammetric
response (Table 1) presumably corresponding to MIII/
MII redox. It has however not been possible to isolate
the oxidized complexes. The E1/2 values depend on R
(alkyl < aryl) and M (Os < Ru). The values are
systematically lower than those of 1.1
C. Structure of Acetates. a. Geometrical Fea-

tures. Determination of the X-ray structure of a
representative member, viz., Ru(η1-MeC6H4L)(PPh3)2-
(CO)(η2-MeCO2), has authenticated the binding mode

shown in 2. A molecular view is shown in Figure 1, and
selected bond parameters are collected in Table 3. All
the hydrogen atoms in this structure were directly
located in difference Fourier maps.
The acetate ligand is chelated to the metal atom, and

the two PPh3 ligands lie in trans positions (P1-Ru-P2
angle, 178.0(1)°). The MeC6H4L ligand is bonded to the
metal only at C37, the phenolic oxygen lying too far
away (Ru‚‚‚01, 3.448(5) Å) for significant binding. The
coordinated carbon monoxide molecule lies cis to C37.
The RuC2P2O2 coordination sphere is severely distorted
from octahedral geometry as can be seen from the angles
at the metal center. The most deviated cis angle is O3-
Ru-O4, 58.2(2)°, which is unexceptional for an acetate
bite.5,6 The extreme acuteness of this angle makes some
other cis angles obtuse, especially O3-Ru-C52, 107.4-
(2)°. For the same reason the trans angles involving
O3 and O4 deviate considerably from 180°, the most
deviated angle being O3-Ru-C37, 156.3(2)°.
The four-membered carboxylate ring as well as the

methyl carbon lie on a plane (e.g. A) while the metalated
benzene ring along with Ru, C43, C44, O1, and Nmakes
another plane (e.g. B) (mean deviation, 0.04 Å). The
dihedral angle between planes A and B is 10.0°. The

(3) (a) Jia, G.; Meek, D. W.; Gallucci, J. C. Organometallics 1990,
9, 2549. (b) Mahapatra, A. K.; Bandyopadhyay, D.; Bandyopadhyay,
P.; Chakravorty, A. Inorg. Chem. 1986, 25, 2214.

(4) Johnson, C. E., Jr.; Bovey, F. A. J. Chem. Phys. 1958, 29, 1012.
(5) Jia, G.; Rheingold, A. L.; Haggerty, B. S.; Meek, D. W. Inorg.

Chem. 1992, 31, 900.

Table 1. Cyclic Voltammetric Reduction Potentials and IR and UV-Vis Spectral Data
IR datab

νmax, cm-1

complex
M(III)-M(II)

E1/2,a V (∆Ep, mV) CdN CtO (OCO)sy (OCO)asy
UV-vis datac

λmax, nm (ε,d M-1 cm-1)

Ru(η1-PhL)(PPh3)2(CO)(η2-MeCO2) 0.61 (180) 1585 1920 1460 1530 410 (5952), 330 (18 214)
Ru(η1-MeC6H4L)(PPh3)2(CO)(η2-MeCO2) 0.60 (170) 1580 1920 1450 1525 400 (4875), 330 (19 501)
Ru(η1-PhL)(PPh3)2(CO)(η2-PhCO2) 0.63 (170) 1585 1920 1480 1510 400 (3333), 330 (14 666)
Ru(η1-MeC6H4L)(PPh3)2(CO)(η2-PhCO2) 0.63 (160) 1590 1920 1480 1510 400 (2970), 330 (14 258)
Os(η1-PhL)(PPh3)2(CO)(η2-MeCO2) 0.55 (160) 1590 1910 1470 1530 395 (3385), 330 (14 948)
Os(η1-PhL)(PPh3)2(CO)(η2-PhCO2) 0.54 (160) 1590 1910 1480 1510 400 (4097), 330 (18 753)
Os(η1-MeC6H4L)(PPh3)2(CO)(η2-PhCO2) 0.54 (180) 1590 1910 1485 1510 400 (4208), 330 (20 692)
a Conditions: solvent, dichloromethane; supporting electrolyte, TEAP (0.1 M); working electrode, platinum; reference electrode, SCE;

solute concentration, ∼10-3 M; E1/2 ) 0.5(Epa + Epc) at scan rate 50 mV s-1, where Epa and Epc are the anodic and cathodic peak potentials
respectively; ∆Ep ) Epa - Epc. b In Kbr disk. c Solvent is dichloromethane. d Extinction coefficient.

Table 2. 1H NMR Data in CDCl3a,b

δ, ppm

compd 42-Hs 44-Hs O-Hs 41-Mes 48-Mes 54-Mes

Ru(η1-PhL)(PPh3)2(CO)(η2-MeCO2) 6.18 8.06 12.69 2.03 0.66
Ru(η1-MeC6H4L)(PPh3)2(CO)(η2-MeCO2) 6.17 8.07 12.79 2.02 2.39 0.66
Ru(η1-MeC6H4L)(PPh3)2(CO)(η2-PhCO2) 6.23 8.08 12.70 2.03 2.39
Os(η1-MeC6H4L)(PPh3)2(CO)(η2-PhCO2) 6.18 8.07 12.71 2.02 2.39

a Atom numbering is as in Figures 1 and 2. b Aryl protons, 6.90-7.70m; s ) singlet and m ) multiplet.

Figure 1. ORTEP plot (40% probability ellipsoids) and
atom-labeling scheme for Ru(η1-MeC6H4L)(PPh3)2(CO)(η2-
MeCO2).

Table 3. Selected Bond Distances (Å) and Angles
(deg) and Their Estimated Standard Deviations

for Ru(η1-MeC6H4L)(PPh3)2(CO)(η2-MeCO2)
Distances

Ru-O3 2.258(4) Ru-O4 2.215(4)
Ru-P1 2.387(2) Ru-P2 2.373(2)
Ru-C37 2.060(6) Ru-C52 1.822(6)
O2-C52 1.150(7) N-C44 1.286(8)
O3-C54 1.256(7) O4-C54 1.250(7)
O1-H 1.14(3) O1‚‚‚N 2.592(10)

Angles
P1-Ru-P2 178.0(1) P1-Ru-O3 92.0(1)
P1-Ru-O4 84.6(1) P1-Ru-C37 89.4(2)
P1-Ru-C52 93.7(2) P2-Ru-O3 87.0(1)
P2-Ru-O4 93.5(1) P2-Ru-C37 90.8(2)
P2-Ru-C52 88.2(2) O3-Ru-C37 156.3(2)
O3-Ru-O4 58.2(2) O3-Ru-C52 107.4(2)
O4-Ru-C37 98.4(2) O4-Ru-C52 165.3(2)
C37-Ru-C52 96.2(3) Ru-C52-O2 173.6(6)
Ru-O3-C54 89.7(3) Ru-O4-C54 91.8(3)
O3-C54-O4 120.3(5) O1-H‚‚‚N 156(1)
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mean deviation of plane through Ru, C37, C52, O3, and
O4 is 0.04 Å. The P1-Ru-P2 axis is nearly perpen-
dicular to plane B. Otherwise at least one phenyl ring
of each PPh3 approaches plane B too closely.7
b. Bond Lengths. From covalent radii values the

RuII-C(sp2) length is estimated to be 2.06 Å.8 Observed
values span the range 1.96-2.16 Å.9 In our complex
the Ru-C37 distance is 2.060(6) Å. In the Ru(η2-
MeC6H4L)(PPh3)2(CO)Cl precursor the corresponding
length is slightly shorter, 2.043(6) Å.10 The RuII-CO
length, 1.822(6) Å, is normal9a,11 and is consistent with
Ru-CO back-bonding and the trend of carbon radius
C(sp2) > C(sp). Due to the trans effect of the carbanionic
C37 site the Ru-O3 bond is longer than the Ru-O4
bond by 0.04 Å (Table 3). In chelated acetates the
RuII-O lengths usually lie in the range 2.14-2.28 Å.5,6
There is a contact of length 3.332(5) Å between

carbonyl O2 of one molecule and the p-tolyl C49 of an
adjacent symmetry-related molecule. The CH‚‚‚O length,
2.36 Å, is significantly shorter than the sum of van der
Waals radii (2.60 Å)8 suggesting the presence of weak
hydrogen bonding.
c. Imine-Phenol Motif. A notable feature of the

structure is the presence of the phenolic hydrogen, the
O-H distance being 1.14(3) Å corresponding to the
imine-phenol motif 3. The H‚‚‚N length is 1.52(3) Å.

The hydrogen bonding is thus very unsymmetrical. The
O‚‚‚N length and O-H‚‚‚N angle are respectively 2.592-
(10) Å and 156(1)°. Certain spectral features charac-
teristic of 3 will be noted in a later section.
D. Structure of Benzoates. The benzene solvate

Ru(η1-MeC6H4L)(PPh3)2(CO)(η2-PhCO2)‚C6H6 afforded
satisfactory single crystals. A molecular view (without
C6H6) is shown in Figure 2, and selected bond param-
eters are listed in Table 4. The gross features of the
structure are similar to those of the acetate complex.

The benzene of crystallization occurs in a general
position and does not display any bonding with any
other group in the complex.
The RuC2P2O2 coordination sphere is again a highly

distorted octahedron, the benzoate bite angle being 59.1-
(3)°. The trans-coordinated phosphine ligands make the
angle P1-Ru-P2 ) 174.8(1)°. The P1-Ru-P2 axis is
nearly perpendicular to the metalated aromatic ring,
which along with Ru, C43, C44, O1, and N1 makes a
good plane (mean deviation 0.04 Å). The carboxylate
chelate ring is nearly perfectly planar (mean deviation
0.003 Å). In this structure hydrogen atoms were not
resolved in difference Fourier maps. However the N1‚‚‚
O1 length, 2.607(20) Å, is the same within the experi-
mental error as that in the acetate complex implying
the presence of the imine-phenol motif 3.
The close similarity of spectral and other features

(vide infra) of the various type 2 complexes is consistent
with the presence of the same gross structure irrespec-
tive of M, R, and R′.
E. Phenomena Related to the Transformation

1 f 2. The gross process in this transformation is the
displacement of the M-X and M-O(phenol) bonds due
to R′CO2

- chelation. There are certain subtle but
noteworthy structural differences between 1 and 2.
a. Tautomerization. In 2 the uncoordinated sali-

cylaldimine (imine-phenol) function 3 is present while
1 contains the zwitterionic iminium-phenolate function

(6) (a) Sanchez-Delgado, R. A.; Thewalt, U.; Valencia, N.; Andriollo,
A.; Marquez-Silla, R.-L.; Schollhorn, H.; Klein, H.-P.; Fontal, B.
Inorg. Chem. 1986, 25, 1097. (b) Skapski, A. C.; Stephens, F. A. J.
Chem. Soc., Dalton Trans. 1974, 390. (c) Clark, G. R.; Waters, J. M.;
Whittle, K. R. J. Chem. Soc., Dalton Trans. 1975, 2556. (d) Boyar, E.
B.; Harding, P. A.; Robinson, S. D.; Brock, C. P. J. Chem. Soc., Dalton
Trans. 1986, 1771. (e) Ashworth, T. V.; Nolte, M. J.; Singleton, E. J.
Chem. Soc., Dalton Trans. 1976, 2184.

(7) In Ru(η1-MeC6H4L)(PPh3)2(CO)(η2-MeCO2) the distance between
the centroid of the metalated benzene ring with the centroids of
phosphine phenyl rings are as follows: P(1)Ph3, 4.15, 5.99, 7.23 Å; P(2)-
Ph3, 4.28, 5.72, 7.22 Å.

(8) (a) Pauling, L. The Nature of the Chemical Bond and the
Structure of Molecules and Crystals, 3rd ed.; Cornel University Press:
Ithaca, NY, 1960. (b) Rappe, A. K.; Casewit, C. J.; Colwell, K. S.;
Goddard, W. A., ; Skiff, W. M. J. Am. Chem. Soc. 1992, 114, 10024.

(9) (a) Mcguiggan, M. F.; Pignolet, L. H. Inorg. Chem. 1982, 21, 2523.
(b) Fryzuk, M. D.; Montgomery, C. D.; Rettig, S. J. Organometallics
1991, 10, 467. (c) Jameson, G. B.; Muster, A.; Robinson, S. D.;
Wingfield, J. N.; Ibers, J. A. Inorg. Chem. 1981, 20, 2448. (d) Reveco,
P.; Schmehl, R. H.; Cherry, W. R.; Fronczek, F. R.; Selbin, J. Inorg.
Chem. 1985, 24, 4078. (e) Partrick, J. M.; White, A. H.; Bruce, M. I.;
Beatson, M. J.; Black, D. St. C.; Deacon, G. B.; Thomas, N. C. J. Chem.
Soc., Dalton Trans. 1983, 2121.

(10) Bag, N.; Choudhury, S. B.; Pramanik, A.; Lahiri, G. K.;
Chakravorty, A. Inorg. Chem. 1990, 29, 5013.

(11) (a) Sahajpal, A.; Robinson, S. D.; Mazid, M. A.; Motevalli, M.;
Hursthouse, M. B. J. Chem. Soc., Dalton Trans. 1990, 2119. (b) Brown,
L. D.; Barnard, C. F. J.; Daniels, J. A.; Mawby, R. J.; Ibers, J. A. Inorg.
Chem. 1978, 17, 2932.

Figure 2. Perspective view and atom-labeling scheme for
Ru(η1-MeC6H4L)(PPh3)2(CO)(η2-PhCO2)‚C6H6 (excluding
C6H6).

Table 4. Selected Bond Distances (Å) and Angles
(deg) and Their Estimated Standard Deviations
for Ru(η1-MeC6H4L)(PPh3)2(CO)(η2-PhCO2)‚C6H6

Distances
Ru-O3 2.214(9) Ru-O4 2.222(7)
Ru-P1 2.404(4) Ru-P2 2.381(4)
Ru-C37 2.091(16) Ru-C52 1.827(11)
O2-C52 1.143(14) N1-C44 1.273(17)
O3-C59 1.279(14) O4-C59 1.280(19)
N1‚‚‚O1 2.607(20)

Angles
P1-Ru-P2 174.8(1) P1-Ru-O3 90.2(2)
P1-Ru-O4 85.5(2) P1-Ru-C37 90.8(4)
P1-Ru-C52 93.0(4) P2-Ru-O3 86.7(2)
P2-Ru-O4 89.4(2) P2-Ru-C37 90.9(4)
P2-Ru-C52 91.7(4) O3-Ru-C37 163.1(3)
O3-Ru-O4 59.1(3) O3-Ru-C52 102.0(5)
O4-Ru-C37 104.2(4) O4-Ru-C52 161.0(5)
C37-Ru-C52 94.7(6) Ru-C52-O2 171.2(13)
Ru-O3-C59 91.9(8) Ru-O4-C59 91.5(6)
O3-C59-O4 117.5(10)
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4 in which the metal is bonded at the oxygen site. In

Ru(η2-MeC6H4L)(PPh)2(CO)Cl,10 the relevant param-
eters of 4 are as follows: N-H, 0.99(6) Å; O‚‚‚H, 1.75-
(5) Å; N‚‚‚O, 2.665(12) Å; N-H‚‚‚O, 144(1)°. Between
motifs 4 and 3 the proton shifts from azomethine
nitrogen to phenolic oxygen as the latter gets detached
from the metal.
The motifs 3 and 4 have distinctive IR and 1H NMR

(Table 2) features. Thus the CdN stretching frequency
in 3 (∼1590 cm-1; Table 1) is significantly lower than
that in 4 (∼1620 cm-1)1 as expected.12,13 Also expected
is the large low-field shift of the aldimine CH resonance
in the 1H NMR of 3 (∼8.1 ppm; Table 2) compared to
that in 4 (∼7.5 ppm).1 The O-H resonance of 3 occurs
near 12.7 ppm (Table 2) as a relatively sharp peak
(width at half-height ∼0.1 ppm) compared to the nitro-
gen-quadrupole broadened (width at half height ∼0.5
ppm) N+-H resonance of 4 at ∼13 ppm.1
b. Conformation. In both 1 and 2 the carbon

monoxide molecule lies cis to the metalated carbon.
However, it is positioned trans and cis to the phenolato
oxygen in 1 and 2, respectively. Between the two
structures the RL fragment is effectively rotated by
∼180° around the M-C axis. Scrutiny of structural
modes has revealed that imposition of conformation 1
on the carboxylate complex affords motif 5 with an

estimated O1‚‚O4 distance of ∼2.3 Å. This is a strongly
repulsive situation since the van der Waals radius of
oxygen is 1.4 Å.8 The conformation 5 is thus precluded.
A plausible pathway14 for the conversion of 1 to 2

consists of cis attack of halide by carboxylate as depicted
in 6. The anchored carboxylate as in 7 displaces the

phenolic oxygen achieving the carboxyl chelation with

concomitant tautomerization and conformational ad-
justments leading to 8.
c. Reverting 2 to 1. The above mechanism suggests

that it should be possible to go in the reverse direction
via halide attack on 8. This has been demonstrated in
the case of Ru(η1-MeC6H4L)(PPh3)2(CO)(η2-MeCO2). Upon
treatment of it with excess tetraethylammonium chlo-
ride in acetone-alcohol mixture, Ru(η2-MeC6H4L)(PPh3)2-
(CO)Cl is produced. The interconversion reaction is
stated in eq 2. The forward reaction is especially
favored in acid media, and the acetate is best converted
to the chloride by hydrochloric acid treatment.

The tautomerization between the imine-phenol (3)
and the iminium-phenolato (4) functions and confor-
mational reorganization of the kind noted earlier are
inherent in the processes of eq 2. Interestingly, this can
be considered to be a distant analog of the imine-
iminium tautomerization and olefinic geometrical isomer-
ization in rhodopsins.12

Concluding Remarks

It is demonstrated that M(η2-RL)(PPh3)2(CO)X (M )
Ru, Os), 1, undergoes facile substitution of halide (X )
Cl-, Br-) by aliphatic and aromatic carboxylates (R′CO2;
R′ ) Me, Ph) affording a new family of organometallics,
M(η1-RL)(PPh3)2(CO)(η2-R′CO2), 2. Representative struc-
ture determination has revealed that in going from 1
to 2 the hapticity of RL changes from η2 to η1 as the
iminium-phenolate function tautomerizes to the imine-
phenol function. Further, steric repulsion between
carboxylate and phenolic oxygen atoms enforces a
conformational change of the Ru(PPh3)2(CO)(η2-R′CO2)
fragment with respect to RL. These transformations
can be reversed by treating 2 with excess halide
whereupon 1 is regenerated. An associative reaction
mode involving attack of the entering group cis to the
leaving group is consistent with the observed intercon-
version.

Experimental Section

Materials. The starting materials Ru(PPh3)3Cl2,15 Os(PPh3)3-
Br2,16 and M(η2-RL)(PPh3)2(CO)X1 were prepared by reported
methods. The purification of dichloromethane and the prepa-
ration of tetraethylammonium perchlorate (TEAP) for elec-
trochemical work were done as described in the previous
work.17 All other chemicals and solvents were of analytical
grade and used as received.
Physical Measurements. Electronic and IR spectra were

recorded with Hitachi 330 and Perkin-Elmer 783 IR spectro-
photometers. For 1H NMR spectra a Bruker 270-MHz FT
NMR spectrometer was used (tetramethylsilane is the internal
standard). Magnetic behavior was examined on a PAR 155

(12) Sandorfy, C.; Vocelle, D.Mol. Phys. Chem. Biol. 1989, IV, 195.

(13) Bohme, H.; Haake, M. Advances in Organic Chemistry; Bohme,
H., Viehe, H. G., Eds.; Interscience Publication: New York, 1976; Part
1, Vol. 9, p 1.

(14) Serpone, N.; Bickley, D. G. Inorg. Chem. 1972, 17, 391.
(15) Stephenson, T. A.; Wilkinson, G. J. Inorg. Nucl. Chem. 1966,

28, 945.
(16) Hoffman, P. R.; Caulton, K. G. J. Am. Chem. Soc. 1975, 99,

4221.
(17) Ghosh, P.; Pramanik, A.; Bag, N.; Lahiri, G. K.; Chakravorty,

A. J. Organomet. Chem. 1993, 454, 237.

Ru(η1-MeC6H4L)(PPh3)2(CO)(η
2-MeCO2) {\}

Cl-

MeCO2
-

Ru(η2-MeC6H4L)(PPh3)2(CO)Cl (2)
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vibrating-sample magnetometer fitted with aWalker Scientific
magnet. Microanalyses (C, H, N) were done by using a Perkin-
Elmer 240C elemental analyzer. Electrochemical measure-
ments were performed under nitrogen atmosphere on a PAR
370-4 electrochemistry system as reported earlier.17 All
potentials reported in this work are uncorrected for junction
contribution. Solution (∼10-3 M) electrical conductivities were
measured with the help of a Philips PR 9500 bridge.
Preparation of Complexes. The acetates M(η1-RL)-

(PPh3)2(CO)(η2-MeCO2) were synthesized by reacting M(η2-RL)-
(PPh3)2(CO)X with NaMeCO2‚3H2O. The benzoates M(η1-
RL)(PPh3)2(CO)(η2-PhCO2) were similarly prepared using
NaPhCO2. Yields were generally 80-85% on the basis of M(η2-
RL)(PPh3)2(CO)X for M ) Ru and 50-60% for M ) Os. Details
are given for representative cases.
Carbonyl(acetato)[4-methyl-6-(N-p-tolyliminomethyl)-

phenol-C2]bis(triphenylphosphine)ruthenium(II), Ru(η1-
MeC6H4L)(PPh3)2(CO)(η2-MeCO2). To a vigorously stirring
solution of Ru(η2-MeC6H4L)(PPh3)2(CO)Cl (50 mg, 0.05 mmol)
in dichloromethane (20 mL) and acetone (20 mL) was added
dropwise an aqueous solution of NaMeCO2‚3H2O (50 mg, 0.35
mmol). The mixture was stirred until the original violet color
became yellow. The organic solvents were then removed under
reduced pressure leaving an aqueous suspension of a yellow
residue, which was isolated by filtration, washed repeatedly
with water, and dried in vacuo. Anal. Calcd for RuC54H47-
NO4P2: C, 69.19; H, 5.06; N, 1.49. Found: C, 69.12; H, 5.08;
N, 1.57.
The complex Ru(η1-PhL)(PPh3)2(CO)(η2-MeCO2) was simi-

larly prepared. Anal. Calcd for RuC53H45NO4P2: C, 68.95; H,
4.92; N, 1.52. Found: C, 69.01; H, 4.89; N, 1.47.
Carbonyl(benzoato)[4-methyl-6-(N-p-tolyliminometh-

yl)phenol-C2]bis(triphenylphosphine)ruthenium(II), Ru-
(η1-MeC6H4L)(PPh3)2(CO)(η2-PhCO2). This complex was
prepared by the same procedure as above using NaPhCO2 in
place of NaMeCO2‚3H2O. Anal. Calcd for RuC59H49NO4P2: C,
70.91; H, 4.95; N, 1.40. Found: C, 70.85; H, 4.85; N, 1.47.
The complex Ru(η1-PhL)(PPh3)2(CO)(η2-PhCO2) was simi-

larly prepared. Anal. Calcd for RuC58H47NO4P2: C, 70.70; H,
4.81; N, 1.42. Found: C, 70.75; H, 4.88; N, 1.47.
Carbonyl(acetato)[4-methyl-6-(N-phenyliminomethyl)-

phenol-C2]bis(triphenylphosphine)osmium(II), Os(η1-
PhL)(PPh3)2(CO)(η2-MeCO2). To a solution of Os(η2-PhL)-
(PPh3)2(CO)Br (50 mg, 0.05 mmol) in dichloromethane (20 mL)
and acetone (20 mL) was added an aqueous solution (10 mL)
of NaMeCO2‚3H2O (200 mg, 1.4 mmol). The reaction mixture
was then heated to reflux (6-7 h) until the violet solution
turned yellow. The organic solvents were removed under
reduced pressure. The aqueous suspension of the yellow
residue was filtered out, washed repeatedly with water, and
dried in vacuo. The yield was 60% on the basis of the bromo
precursor. Anal. Calcd for OsC53H45NO4P2: C, 62.87; H, 4.48;
N, 1.38. Found: C, 62.80; H, 4.52; N, 1.34.
Carbonyl(benzoato)[4-methyl-6-(N-phenyliminometh-

yl)phenol-C2]bis(triphenylphosphine)osmium(II), Os(η1-
PhL)(PPh3)2(CO)(η2-PhCO2). This complex was prepared by
the same procedure as above using NaPhCO2 in place of
NaMeCO2‚3H2O. Anal. Calcd for OsC58H47NO4P2: C, 64.83;
H, 4.41; N, 1.30. Found: C, 64.89; H, 4.44; N, 1.23.
The complex Os(η1-MeC6H4L)(PPh3)2(CO)(η2-PhCO2) was

similarly prepared. Anal. Calcd for OsC59H49NO4P2: C, 65.09;
H, 4.54; N, 1.29. Found: C, 65.01; H, 4.53; N, 1.35.
Conversion of Ru(η1-MeC6H4L)(PPh3)2(CO)(η2-MeCO2)

to Ru(η2-MeC6H4L)(PPh3)2(CO)Cl. To a stirred solution of
Ru(η1-MeC6H4L)(PPh3)2(CO)(η2-MeCO2) (10 mg) in acetone (5
mL)-dichloromethane (2 mL) mixture were added two drops
of 0.3 N HCl solution in acetone. The solution immediately
changed from yellow to violet. Stirring was continued for
another 10 min. The solvent was then removed under vacuo,
water was added to the violet residue, and the suspension was
stirred. This solid was collected by filtration. It was washed
repeatedly with water and dried in vacuo. The yield was 7.5

mg (80%). Anal. Calcd for RuC52H44NO2P2Cl: C, 68.35; H,
4.85; N, 1.53. Found: C, 68.31; H, 4.80; N, 1.50. The complex
was characterized with the help of spectra and other features.1

X-ray Structure Determination. A single crystal (0.28
× 0.12 × 0.36 mm3) of Ru(η1-MeC6H4L)(PPh3)2(CO)(η2-MeCO2)
grown (at 298 K) by slow diffusion of hexane into benzene
solution was used. The Ru(η1-MeC6H4L)(PPh3)2(CO)(η2-
PhCO2) compound was initially nonsolvated, but the single
crystals grown by slow diffusion of hexane into benzene
solution contain one molecule of benzene as a solvent of
crystallization. A single crystal of size 0.10 × 0.22× 0.38 mm3

for this compound was used. Cell parameters were determined
by least-squares fit of 30 machine-centered reflections (rotation
photo) for both the cases. Data were collected by the ω-scan
technique in the range 2° e 2θ e 50° on a Siemens R3m/V
four-circle diffractometer with graphite-monochromated Mo
KR radiation (λ ) 0.710 73 Å). Two check reflections measured
after every 98 reflections showed no significant intensity
reduction in any cases. All data were corrected for Lorentz-
polarization effects, and an empirical absorption correction18
was done on the basis of an azimuthal scan of six reflections
for each crystal. Of the 9051 (Ru(η1-MeC6H4L)(PPh3)2(CO)-
(η2-MeCO2)) and 10 012 (Ru(η1-MeC6H4L)(PPh3)2(CO)(η2-
PhCO2)‚C6H6) reflections collected, 8571 and 9404 were re-
spectively unique of which 4531 and 2975 satisfying I > 3σ(I)
were respectively used for structure solutions and refinement.
There were no systematic absences, and the structures were
successfully solved in the space group P1h.
In each case the metal atom was located from Patterson

maps, and the rest of the non-hydrogen atoms emerged from
successive Fourier synthesis. The structures were refined by
full-matrix least-squares procedures. All the non-hydrogen
atoms of Ru(η1-MeC6H4L)(PPh3)2(CO)(η2-MeCO2) were refined
anisotropically, and the hydrogen atoms were located by
difference maps and refined with a fixed U ) 0.08 Å2 using a
riding model. All the non-hydrogen atoms except two PPh3

(18) North, A. C. T.; Phillips, D. C.; Mathews, F. A. Acta Crystallogr.,
Sect. A 1968, A24, 351.

Table 5. Crystal, Data Collection, and Refinement
Parameters for

Ru(η1-MeC6H4L)(PPh3)2(CO)(η2-MeCO2) and
Ru(η1-MeC6H4L)(PPh3)2(CO)(η2-PhCO2)‚C6H6

Ru(η1-MeC6H4L)-
(PPh3)2(CO)(η2-MeCO2)

Ru(η1-MeC6H6H4L)-
(PPh3)2(CO)(η2-PhCO2)‚

C6H6

mol formula C54H47NO4P2Ru C65H55NO4P2Ru
mol wt 936.9 1077.1
cryst syst triclinic triclinic
space group P1h P1h
a, Å 11.079(2) 13.308(9)
b, Å 12.349(5) 14.638(8)
c, Å 18.486(8) 15.446(9)
R, deg 96.99(4) 100.61(5)
â, deg 94.10(3) 113.86(4)
γ, deg 101.82(3) 90.94(5)
V, Å3 2445(1.6) 2691(2.5)
Z 2 2
Dcalcd, g cm-3 1.273 1.329
temp, °C 22 22
radiation Mo KR (graphite

monochromated)
Mo KR (graphite
monochromated)

λ, Å 0.710 73 0.710 72
scan technique ω ω
µ, cm-1 4.32 4.01
transm coeff 0.8262-0.9063 0.8052-0.9122
R,a % 4.81 6.44
R,b % 5.09 6.65
GOFc 1.04 1.30

a R ) ∑||Fo| - |Fc||/∑|Fo|. b Rw ) [∑w(||Fo| - |Fc|)2/∑w|Fo|2]1/2;
w-1 ) σ2|Fo| + g|Fo|2; g ) 0.0005. c The goodness of fit is defined
as [∑w(|Fo| - |Fc|)2/(no - nv)]1/2, where no and nv denote the
numbers of data and variables, respectively.
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carbons of the Ru(η1-MeC6H4L)(PPh3)2(CO)(η2-PhCO2)‚C6H6

were refined anisotropically, and the hydrogen atoms were
added at calculated positions with fixed U ) 0.08 Å2. The
highest residuals were 0.54 e Å-3 (Ru(η1-MeC6H4L)(PPh3)2-
(CO)(η2-MeCO2) and 0.66 e Å-3 (Ru(η1-MeC6H4L)(PPh3)2(CO)-
(η2-PhCO2)‚C6H6). All calculations were done on a MicroVaxII
computer using the SHELXTL-PLUS program package.19
Significant crystal data are listed in Table 5.
Computer Generation of Motif 5. The relative positions

of CO and the carboxylate chelate are retained as in Ru(η1-
MeC6H4L)(PPh3)2(CO)(η2-MeCO2) and Ru(η1-MeC6H4L)(PPh3)2-
(CO)(η2-PhCO2)‚C6H6, but the phenolic oxygen (O1) (the phe-
nolic C-O lengths are 1.369 and 1.362 Å for the respective
complexes) is shifted so as to correspond to the relative position
in 1. The O1‚‚‚O4 distances are then found to be 2.16 and
2.45 Å for the acetate and benzoate motifs, respectively.
Computation of Chemical Shift Due to PPh3 Ring

Currents. The parameters taken from the crystallographic
data for Ru(η1-MeC6H4L)(PPh3)2(CO)(η2-MeCO2) are (i) dis-
tance of the concerned proton from the centroid (G) of each
PPh3 phenyl ring and (ii) the angle between each distance
vector and the normal to the plane of the phenyl ring at G.
From these parameters the cylindrical coordinates20 F and z

of the concerned proton were calculated in units of the radius
of the benzene hexagon.4 The F and z values were then used
to compute the shift with the help of available isoshielding
plots.4 The net shift was calculated by summing up individual
contributions.
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