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Abstract.

Reactions of ruthenium(ll) complexes [RuHX(CO)(EPhg),(B)] (X =H or Cl; B = EPhs, pyri-

dine (py) or piperidine (pip); E =P or As) with bidentate Schiff base ligands derived by condensing o-
hydroxyacetophenone with aniline, o- or p-methylaniline have been carried out. The products were cha-
racterized by analytical, IR, electronic and *H-NMR spectral studies and are formulated as [Ru(X)(CO)
(L)(EPhg)(B)] (L = Schiff base anion; X =H or Cl; B = EPhs, py or pip; E=P or As). An octahedral
structure has been tentatively proposed for the new complexes. The new complexes were tested for their
catalytic activities in the oxidation of benzyl alcohol to benzaldehyde.
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1. Introduction

There has been considerable current interest in the
chemistry of ruthenium,* primarily because of the
fascinating electron-transfer, photochemical and cata-
lytic properties exhibited by the complexes of this
metal. As the coordination environment around the
central metal ion directs properties of the complexes,
complexation of ruthenium by ligands of different
types has been of significant importance. Ruthenium-—
Schiff base complexes, particularly those containing
oxygen and nitrogen as donor atoms were found to
be very efficient catalysts in the oxidation of alcohols
using N-methylmorpholine-N-oxide as co-oxidant.>

As apart of our continuing efforts to synthesis and
characterise ruthenium chelates using simple and in-
expensive Schiff base ligands, in this paper, we de-
scribe the synthesis, characterisation and catalytic
studies of stable ruthenium(l1) complexes. The generd
structure of the Schiff base ligands used in this
study is shown in scheme 1.

2. Experimental

RuCl3.3H,0 was purchased from Loba-Chemie and
used as supplied. Solvents were purified according
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to standard procedures.® Elemental analyses were per-
formed at Central Drug Research Institute, Lucknow,
India. IR spectra were recorded in KBr pellets with
a Shimadzu FT-IR spectrophotometer in the 4000—
450 cm™ range. Electronic spectra were recorded in
CH,CI, solution with a Systronics spectrophotome-
ter in the 800—200 nm range. *H-NMR spectra were
recorded on a Bruker WM 400 instrument using
tetramethyl silane (TMS) as internal standard. Melt-
ing points were recorded on a Boetius microheating
table and are uncorrected.

The precursor complexes [RUHCI(CO)(PPhs)],’
[RuH,(CO)(PPhs)s],” [RUHCI(CO)(AsPhs)],® [RUHCI
(CO)(PPhs);(py)]” and [RUHCI(CO)(PPhs);(pip)]° and
the Schiff base ligands'® were prepared according to
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[R = Ph (Hohyac-an); 2-MeCsH, (Hohyac-oman);
4-MeCg¢H, (Hohyac-pman)]

Scheme 1. General structure of the Schiff base ligand.
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published procedures. The procedure for catalytic
oxidation is similar to that reported in our earlier

paper.™*

2.1 Preparation of new ruthenium(l1) complexes,
[Ru(X)(CO)(L)(EPhs)(B)]

To a solution of [RuUHX(CO)(EPh3),(B)] [X =H or
Cl; B =EPh, pyridine (py) or piperidine (pip);
E=P or Asg] (04 g, 04-043 mmol) in benzene
(25 ml), was added the appropriate Schiff base
(0%021-0%51 g, 04—043 mmol) (molar ratio of ruthe-
nium complex: Schiff base was 1:1). The solution
was heated under reflux for 6 h. Then, it was con-
centrated to a small volume (3ml) and the new
complex [Ru(X)(CO)(L)(EPhz)(B)] (L = Schiff base
anion) was separated from it by the addition of a
small quantity (6 ml) of light petroleum (60-80°C).
The product was filtered, washed with light petroleum
and recrystallised from CH,Cl,/light petroleum (60—
80°C) mixture and dried in vacuo (Yields: 71-80%).

3. Resultsand discussion

New hexa-coordinated ruthenium(ll) complexes of
the type [Ru(X)(CO)(L)(EPhg)(B)] (L = Schiff base
anion; X =H or Cl; B = EPhs, py or pip; E=Por As)
have been prepared from the reaction between
[RUHX(CO)(EPh3),(B)] and the respective Schiff
bases (molar ratio 1: 1) in dry benzene as shown in
scheme 2.

The analytical data of the new complexes (table
1) agree very well with the proposed molecular for-
mula. The catalytic activity of the complexes in the
oxidation of benzyl alcohol was tested in the pres-
ence of N-methylmorpholine-N-oxide as co-oxidant

OH
Benzene
[RUHX(CO)(EPh 3)5(B)] + Reflux, 6 h
HsC R
EPhg
O X
NP
A
_N\ co
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(R = Ph, 2-MeCg¢H, or 4-MeC¢H4; B = EPhg, py or pip;
E=PorAs; X=HorCl)

Scheme 2. Formation of new ruthenium(l1) complexes.
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and CH,CI, as solvent. There is no detectable oxida-
tion of acohol in the presence of N-methylmorpho-
line-N-oxide alone. All the synthesised ruthenium—
Schiff base complexes were found to catalyse the
oxidation of alcohol to aldehydes but the yield and
the turnover were found to vary with the different
catalysts used. The percentage yield of product and
turnover number range from 046-5% to 16-55%%
respectively. The catalytic efficiency of the new ru-
thenium(I1) complexes is lower compared to that of
already reported ruthenium(l1)-Schiff base comple-
XeS.S'll

3.1 IR spectra

In order to study the binding mode of the Schiff bases
to ruthenium in the new complexes, the IR spectra
of the free ligands were compared with the spectra
of the ruthenium complexes. A strong band is ob-
served at 1620-1610 cm™ in the infrared spectra of
the free Schiff bases which is characteristic of the
azomethine group. If the Schiff bases coordinate
through the nitrogen atom, it is expected that there
must be a reduction in the azomethine frequency
due to the lowering of electron density upon coordi-
nation. In the spectra of all the new complexes, this
band is shifted to the region 1620-1590 cm ™ indi-
cating the coordination of the Schiff bases through
nitrogen atom.™* A strong band observed around
1270-1260 cm™ in the free Schiff bases has been
assigned to phenolic C-O stretching. On complexation,
this band has been shifted to higher frequency
(1320-1300 cm™) showing that the other coordination
is through the phenolic oxygen atom.*® The strong
absorption around 1950-1940 cm™ has been assigned
to the terminally coordinated carbonyl group in the
new ruthenium complexes. In the complexes con-
taining coordinated pyridine,” a weak band is obser-
ved at about 1020 cm™. The n(Ru-H) and n(Ru—Cl)
absorption bands appear around 2020 cm™ and
320 cm™ respectively. All other characteristic bands
due to triphenylphosphine and arsine are also present
in the expected region.

3.2 Electronic spectra

The new ruthenium(Il) Schiff base complexes are
diamagnetic, indicating the presence of ruthenium in
the +2 oxidation state. The electronic spectra of all
the complexes in CH,Cl, show a band in the 260-
280 nm region. This band has been assigned to the
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Tablel1l. Physical characterization and analytical data of the ruthenium(l1) complexes.
Found (calculated) (%)
Complex Colour  m.p./decomp.* (°C) C H N
[RUCI(CO)(PPhs),(ohyac-an)] Green 153 6818 (6802) 460 (482) 1565 (1245)
[RUCI(CO)(PPhs),(ohyac-oman)] Brown 182 67505 (6887) 442 (485) 125 (1563)
[RuUCI(CO)(PPhz),(ohyac-pman)] Green 162 68x18 (68>87) 461 (485) 15 (1563)
[RUH(CO)(PPhsz),(ohyac-an)] Green 147 67°66 (67°08) 39906 (483) 123 (1>68)
[RUH(CO)(PPhs),(ohyac-oman)] Brown 176 69X78 (7105)  4¥6 (546) 127 (1569)
[RUH(CO)(PPhs),(ohyac-pman)] Green 162 6985 (7105) 498 (546) 527 (546)
[RUCI(CO)(AsPhs),(ohyac-an)] Green 153 6189 (6240) 47 (449) 146 (1742)
[RUCI(CO)(AsPhs),(ohyac-oman)] Brown 168 6248 (62:87) 447 (442) 1%6 (1:89)
[RUCI(CO)(AsPhs),(ohyac-pman)] Green 176 628 (62>87) 409 (442) 102 (1>39)
[RuCI(CO)(PPhs)(py)(ohyac-an)] Green 210 6370 (6300) 408 (487) 3¥8(3%92)
[RuCI(CO)(PPhs)(py)(ohyac-oman)] Brown 143 648 (6444) 461 (469) 367 (3*80)
[RuCI(CO)(PPhs)(py)(ohyac-pman)]  Green 180 6369 (6444) 482 (469) 3385 (380)
[RUCI(CO)(PPhs)(pip)(ohyac-an)] Green 205 6301 (6328) 5%1 (547) 3%0 (3:88)
[RUCI(CO)(PPhs)(pip)(ohyac-oman)] ~ Brown 142 6346 (6361) 547 (547) 3%5 (3:80)
[RuCI(CO)(PPhs)(pip)(ohyac-pman)]  Green 172 6345 (6361) 5%9 (547) 3%66 (3:80)
*Decomposition
EPhg On the basis of elemental analyses, IR, electronic,
o) | X and 'H-NMR spectral data, the following octahedral
\Ru/ structure (scheme 3) has been tentatively proposed
_N/ |\CO for all the new ruthenium(Il) complexes.
\
HsC RB

(R = Ph, 2-MeCgH, or 4-MeCsH,4; B = EPhg, py or pip;
E=PorAs; X=HorCl)

Scheme 3. Proposed structure of ruthenium(l1) complexes.

charge-transfer transition arising from the excitation
of an electron from the metal t,, level to the unfilled
molecular orbitals derived from the p* level of the
ligands, in accordance with the assignments made
for other similar octahedral ruthenium(ll) comple-
Xes.13—15

3.3 'H-NMR spectra

Coordination of the Schiff bases in the new ruthe-
nium(l1) complexes is further confirmed by H-
NMR spectra. The peak observed at 165 ppm has
been assigned to the methyl group of the Schiff base
ligands. The signal for aromatic protons appears as
multiplets in the 849-6502 ppm region in all the
complexes. In the hydrido complex, [RuH(CO)
(PPhs),(ohyac-an)], the metal hydride signal corres-
ponding to one proton has been observed as a
singlet in the very high upfield region (—=12°04 ppm).

4. Conclusion

Ruthenium(Il) complexes containing monobasic bi-
dentate Schiff bases and triphenylphosphine/tripheny-
larsine were synthesized and characterized by
analytical and spectral techniques. These complexes
exhibited catalytic activity in the oxidation of alcohols
using N-methylmorpholin-N-oxide as co-oxidant.
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