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of phenolic Schiff bases by ruthenium(III)
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Abstract

The reaction of Ru(PPh;);X, (X =Cl, Br) with the Schiff base condensate of 4-substituted benzaldehyde (RC,H,CHO) and
2-aminophenol under aerobic conditions affords the complexes Ru™(RLXPPh ), X in which RL is the Schiff base ligand bound to
the metal centre at the phenolic oxygen (deprotonated), azomethine nitrogen and an ortho carbon atom (deprotonated) of the
benzaldehyde fragment. The complexes behave as one-electron paramagnets; and give rhombic EPR spectra, that have been
analysed to furnish values of axial and rhombic distortion parameters as well as the energies of the two expected ligand field
transitions within the t, shell. One of the transitions has been experimentally observed in the predicted region. The complexes are
electroactive and display ruthenium(IID-ruthenium(ID (E; , —0.5 to —0.8 V vs. SCE) and ruthenium(IV)-ruthenium(I1D) (£, ,,
0.4 to 0.8 V) couples. The El/2 values vary linearly with the Hammett constant of the substituent R. The role of phenolato-coordi-

nation in stabilizing the trivalent state of ruthenium is noted.

1. Introduction

Trivalent ruthenium has a vast coordination chem-
istry but organometallics incorporating this paramag-
netic ion are scarce [1]. Until very recently, a few
carbonyl species [2-9] were virtually the only authentic
examples of ruthenium(I1I) organometallics. In the last
few years, a small number of noncarbonylic systems
having the Ru'-C o-bond have been characterized,
such as azophenolates [10], porphyrinates [11-13] and
polypyridyls [14].

We describe below a new family of ruthenium(III)
organometallic complexes of tridentate (C,N,0O) coordi-
nating Schiff base ligands derived from substituted
benzaldehydes and 2-aminophenol. The spectra, mag-
netism, and electrochemistry of the complexes are re-
ported.

2. Results and discussion

2.1. Synthesis and characterization of the complexes
Ten complexes (general abbreviation Ru(RL)

(PPh,),X, X =Cl, Br) have been synthesised; 1-5,

1a-5a. The Schiff bases were isolated as yellow solids
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by condensing substituted benzaldehydes with 2-
aminophenol in ethanol. When these are treated with
Ru(PPh;);X, (X =Cl, Br) in the mole ratio 1.5:1 in
boiling ethanol in air, dark violet solutions are formed
from which Ru(RL)XPPh,), X separates as a dark solid.
The oxidation of the metal on going from the starting
material to the product is brought about by aerial
oxygen (see below). The complexes are very soluble in
benzene and dichloromethane, affording electrically
non-conducting violet solutions. Elemental analysis
data are set out in Table 1.
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TABLE 1. Analytical and 1R spectral data

S Paranmagnetic organometallics

Compound Elemental analysis€ @) ¢ IR spectrat duta
¢ H N e{RuCT) HC=NY P
fem (em My

1 67.6467.75) $.67(4.63) 1.54(1.58) 240 IS8OC1H10)
2 69.11(69.00) 1.69(4.71) 1.59(1.61) REIH 157001615
3 68.64068.72) 4 514500 1.67¢1.6d) 230 [37501062t0)
4 063.8966.06) 4. 2804.27) 1.53(1.57} 330 FSTO01620)
5 65.32(65.20) 4.29(4.22) REIVREED: i3 FA6S(1620)
1a 04.63(64.51) JAd A1) 14701 31 PS70(161H)
2a 63.7763.64) 4.47(4.49) 1570153 1375016150
3a 65.47(63.33) 4230433 1.6201.50) PRS0 E620)
da 62.61{62.91) 4.0204.07) 1510150 PRTSCI620)
Sa 62, 31((\’ ) J01102) 2 87(2.96)

FARS(1624)

¢ Calculated values arce in uunhum S

2.2. IR and UV-uis spectra

The chloro-complexes show a single sharp Ru-Cl
streteh in the region 330-340 ecmc ' which is absent for
the bromo analogues (Table 1). The C=N stretches in
the complexes display a significant shift (~ 40 ¢m !,
Table 1) to lower frequencies compared with those for
the free ligands. in accord with coordination of the
azomethine function to the metal atom {15). The OH
stretch in the free ligands is observed as a prominent
band in the region %1()0»43()() cm ' This band is
absent in Ru(RLYPPh.) as expected.

The complexes dhsmb moderately strongly in the
visible region, with charge transfer bands in the regions
500-700 nm and 400--600 nm. Spectral data are listed
in Table 2 and representative spectra arc shown in Fig.

1.

2.3, Magnetism, EPR and near-IR spectra

The complexes are uniformly paramagnetic, with
moments corresponding to one unpaired electron
(low-spin d7) (Table 3). Their X-band EPR spectra in a
glassy 1:1 dichloromethane—toluene solution (77 K) is
rhombic, with three distinet signals. Representative

TABLE 2. Electronic spectral data in dichloromethane solution

Compound I’V vis and near-IR spectral data

A () L€ (dm* mol™ P em ™ ')

1 2200062), 1100 *(57). S45(4800). 325(500()
2 2200044, 1000 *(41), 555(2800). 330(300(H)
3 20500461, 1050 #(41). 565(3500), 34K 3500)
4 2200¢50), 1150 %(39), 'm(’mm. 343038000
5 2100062, 1050 X(87), 625(4700), 300 *{7100)
la 2050443, FES0 *(33), 340(3500). 32043700)
2a 21S0048), L1530 "(23), 365(3600), 343(3400}
3a 20500541, FEOD #(43), S65(3400). 3HK3IS0tH
4a 21000321, 1150 *(40). 56540001, 3434 Hun
Sa 2050057), TES0 “(60). 625¢4200), 405 17300}

* Shoutder.

" The values of free ligands are in parentheses.

Fig. 1. Electronic spectra of 3 (o) and 4a (- — —) in
dichloromethane at 298 K

spectra of a chloro- and bromo-complex are shown in
Fig. 2. and g values are listed in Table 3.

The EPR spectra were analysed using the g-tensor
theory of low-spin d” ions [10.16—18]. Distortion from
octahedral symmetry is expressed in the form of axial
() and rhombic (1) components. The axial compo-
nent can be assumed to be tetragonal (rrans-Ru(PPh ),
configuration, see below). resulting in splitting of the

TABLL 3. Bulk magnetic moments in solid state at 298 K and EPR
¢ values in 101 dichloromethane Stoluene glass at 77 K

( umpmmd o By <, T [
1 1.y 2 1.933
2 fud 2. 1.936
3 1.Y3 2 1.933
4 195 s 1,927
3 1.9t 2. 1.929
fa 190 2. 1.933
2a |94 2. 1.937
3a 193 2 1.933
4a {93 >, 1,936
193 ) 1933
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Fig. 2. X-band EPR spectra and t, splittings of (a) 4 and (b) 4a in
dichloromethane /toluene (1:1) glass (77 K).
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octahedral t, shell into e + b. The superimposed rhom-
bic distortion then splits e further into two non-degen-
erate components. This is shown in Fig. 2. Two ligand
field transitions v, and v, among three Kramer’s dou-
blets are expected. Their energies, along with values of
4 and V calculated from the g parameters with the
help of theory [10,16-18], are listed in Table 4. The
value for the spin-orbit coupling constant of ruthe-
nium(III) was taken as 1000 cm™! [19,20].

The calculated values of v, and v, are ~ 5000
cm~! and ~ 12000 cm !, respectively. The », band is
observed in the expected region, 4500—4900 cm ™! (Ta-
bles 2 and 4, Fig. 1). In view of the approximations
involved in the theory, the agreement between experi-
mental and theoretical v, values is excellent. Owing to
the onset of strong absorption in the visible region, the
v, band is not clearly observed, but the weak shoulder
near 1000 nm (Table 2, Fig. 1) may actually be a part of
V2.

In summary, the Ru(RL)XPPh;),X complexes be-
have as model ruthenium(ITI) complexes possessing
rhombic symmetry. The effective valence electron count
of the coordinated metal ion is 17.

2.4. Electrochemistry

The redox behaviour of Ru(RL)X(PPh;), X was exam-
ined voltammetrically in dichloromethane solution at a

TABLE 4. Distortion parameters and transition energies

Compound Afem™) Viem™) v, *(m™ D)  wvy(ecm™ D
1 9039 8379 4951(4550) 13348
2 8833 7585 5136(4550) 12748
3 8576 7295 5026(4880) 12350
4 8175 6885 4834(4540) 11750
5 8347 7108 4893(4760) 12030
1a 9106 8529 4943(4880) 13490
2a 9090 8060 5156(4650) 13239
3a 8819 7572 5128(4880) 12728
4a 8903 7672 5162(4760) 12861
Sa 8657 7441 5034(4880) 12502

2 Experimental values are given in parentheses.

TABLE 5. Electrochemical data for dichloromethane solution at 298
K

Compound Ru'V~Ru! Ru'—Ru"

E,,, AE, n* E., AE, n,°

V) (mV) V) (mV)
1 048 180 098 —081 160 0.96
2 051 180 097 -080 160 0.95
3 057 200 099 —076 180 0.98
4 0.60 170 101 069 170 0.97
5 077 300 099 —057 300 1.02
1a 049 260 .02 —081 160 0.97
2a 050 150 0.98 —080 150 0.96
3a 0.56 260 096 —0.78 250 1.01
4a 0.61 210 101 -067 190 0.97
5a 072 200 099 —055 210 0.98

=Q/Q’, where Q' is the calculated coulomb count for le
transfer and Q is the coulomb count found after exhaustive coulo-
metric oxidation at +0.9 V. P n,=Q/Q’, where Q' is the calcu-
lated coulomb count for le transfer and Q is the coulomb count
found after exhaustive coulometric reduction at —1.0 V.

platinum electrode. Halfwave potential data (uvs. SCE)
are summarized in Table 5 and representative cyclic
voltammograms are shown in Fig. 3. Two quasi-revers-
ible responses (peak-to-peak separation AE, 100-300
mV) were observed, and the separation between the
two E, , values was ~ 1.3 V. The one-electron nature
of each couple was confirmed with the help of constant
potential coulometry. Representative results are shown
in Table 5.

The responses at negative (—0.5 to —0.8 V) and
positive (0.4 to 0.8 V) potentials are respectively as-
signed to ruthenium(III)-ruthenium(Il) and ruthe-
nium(I1D)-ruthenium(IV) couples, as in eqns. (1) and
(2). The free ligands do not display any redox activity

Ru'(RL)(PPh,),X + ¢~

Ru"(RL)(PPh;), X~ (1)

—

Ru'V(RL)(PPh;),X "+ ¢~
Ru''(RL)(PPh;),X (2)

08 Ru'v-ru"cOUPLE

s 0 Ru"-ru" couPLE
w -05

/

-0.9 T RS B

-02 02 06 10

-0.7

00z 08 12
E (V) vs. SCE O
(a) (b)

L L L
-1.2 -08 -04

Fig. 3. (a) Cyclic voltammograms of 1a ¢ ) and Sa (— — —)in
dichloromethane (0.1 M TEAP). (b) Least-squares fit of E; ,, vs. og
for species with X = Cl.
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in the above potential ranges. The halfwave potentials
are sensitive to the substituent R, and a plot of L
vs. oy is linear (Fig. 3), where o is the Hammett
constant of the substituent R.

The low reduction potentials of the ruthenium(IiD-
ruthenium(Il) couple account for the fact that the
trivalent complexes are formed when Ru''(PPh;), X, is
treated with the Schiff bases under aerobic conditions.
The bivalent complex, if formed initially, will be oxi-
dized by acrial oxygen to the trivalent state. Thus when
the coulometrically generated red solution  of
Ru"(RLXPPh,),X s exposed to air. rapid oxidation

to stable Ru™(RLXPPh ), X occurs.

2.5. Comments on structure

We were unable to obtain suitable single crystals for
X-ray characterization of any of the Ru(RLXPPh,), X
complexes. The complexes appear to be very crys-
talline, but the crystals arc invariably twinned and
several attempts at structure solution met with failure.

Elemental analyses and all other physical data are in
agreement with the gross formulations 1-3. Strong
support for this is provided by the existence of azo
analogues of Ru(RLXPPh;), X, onc of which has been
structurally characterized [10], revealing the geometry
6. Wc suggest that Ru(RLXPPh,), X has a similar
geometry, 7. The trans disposition of two PPh, ligands

PPh PPh,
H.C —o Br o! X
\W My
/}Elu

N

N HC \__J/>W R
PPh.
(6) (7)

in complexes incorporating the Ru'(PPh;), fragment
is a general structural feature, and can be rationalized
in terms of steric effects [21-24].

The EPR and clectrochemical properties of
Ru(RLXPPh), X are analogous to those of the azo
species (type 6). It is believed that the coordinated
phenolate function plays an important role in making
the ruthenium(IID-ruthenium(ID £ ,, values low,
which is crucial for the stability of the trivalent com-
plexes under ambient conditions [10].

3. Experimental details

Commercial ruthenium trichloride (Arora Mathey,
Calcutta, India) was purified by repeated evaporation
to dryness with concentrated hydrochloric acid [25].
Ru(PPh;),Cl, and Ru(PPh;),Br, were prepared by a

reported procedure [2]. All ligands were prepared by

refluxing  the  substituted  benzaldehyde with 2-
aminophenol in ethanol. The purification of dichloro-
methane and the preparation of tetraethvlammonium
perchlorate for electrochemical /spectroscopic work
were as described previously [18.22]. All other chemi-
cals and solvents were of reagent grade and used
without further purification.

UV-vis—near-IR spectra were recorded on a Hitachi
330 spectrophotometer and IR (4000-300 cm ™ 1) spec-
tra (as KBr discs) on a Perkin-Elmer 783 spectropho-
tomcter. The magnetic susceptibilities were measured
on a PAR 155 vibrating-sample magnetometer. Elce-
trochemical measurements were done with the PAR
model 370-4 clectrochemistry apparatus. The three-
electrode measurements were carrted out with a planar
Beckman model 39273 platinum-inlay working elec-
trode, a platinum wire auxiliary clectrode, and an
agueous saturated calomel reference clectrode (SCE).
Tetracthylammonium perchlorate was the supporting
clectrolyte, und the solute concentration was ~ 10 °
mol dm . The halfwave potential £, ., is set equal to
05CE,, + £, where £, and [ are anodic and
cathodic cyclic voltammetric peak potentials, respec-
tively. The scan rate used was uniformly 50 mv s ' A
platinum wire-gauze working electrode was usced in
coulometric experiments. All experiments were carried
out under dinitrogen and the reported potentials are
uncorrected for junction contribution. EPR measurc-
ments were made with a Varian model 109C E-line
X-band spectrometer fitted with a quartz Dewar for
measurcments at 77 K Uiquid nitrogen). All spectra
were calibrated by use of diphenylpicrylhydrazyl (dpph)
(g = 2.0037). Microanalyses (C,H.N) were carried out
with a Perkin-Elmer model 240C elecmental analyser.
The following Hammett o values for para substituents
were used: H, 0.0: Me, —0.17: OMe. —0.27. Cl,
+0.23; NO.. =0.78 [26].

3.1. Svathesis

Complexes were all made in yields of 80-85% by
the same general procedures. Details are given for a
representative example.

3.1.1. Chloro[2-(4 -methylbenzaldimine)phenolato-
C7 N, O)]bis-(triphenylphosphine ) ruthenium (1), (2)

A suspension of Ru(PPh,),Cl, (0,10 g, 0.10 mmol)
in 30 cm” of ethanol was warmed and 2-(4’-methylben-
zaldimine)phenolate (0.30 g, 0.14 mmol) was added.
The mixture was heated under retlux for | h then
allowed to cool. A crystalline solid scparated, and was
filtered off and washed thoroughly with ethanol and
then dried in racuo over P,O . 1t was then dissolved
i a small volume of dichloromethane and chro-
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matographed on an alumina column prepared in ben-
zene. Elution with benzene gave a deep violet band,
and evaporation afforded the crystalline complex in
84% yield.
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