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The synthesis of the new complexes of 1-phenylacetyl-4-phenyl-3-thiosemicarbazide (H,papts) and 1-phe-
noxyacetyl-4-phenyl-3-thiosemicarbazide (H,p,apts); [Ru(HL),(H,0),], [Rh(HL),], [Ag(H,L)(H,0),](NO,), trans-
[UO,(HL)(bipy)(AcO)(H,0),] (H,L=H,papts, H,p,apts; bipy=2,2"-bipyridyl), [Ag(H,papts)(bipy)]" and [Pd-
(Hpapts)(bipy)]* is described. Characterization of these complexes by IR, electronic and 'H-NMR spectra, con-
ductometric titrations and thermal analysis is included. The complexes [Ru(HL),(H,0),] were found to be effi-
cient catalysts for the oxidation of primary alcohols to aldehydes and acids, secondary alcohols to ketones and
aryl halides to aldehydes and acids in the presence of NalO, as co-oxidant.

Key words

Complexes of thiosemicarbazide and 1,4-substituted thio-
semicarbazides are of general interest as models for bioinor-
ganic processes.' > In our laboratory, many studies on tran-
sition metal complexes with thiosemicarbazide derivatives
have been reported.* ? As a part of continuing work on O,
N'% and O, N, $**'V donor ligands, complexes of 1-phenyl-
acetyl-4-phenyl-3-thiosemicarbazide (H,papts; Fig. la) and
I-phenoxyacetyl-4-phenyl-3-thiosemicarbazide ~ (H,p,apts;
Fig. 1b) with some second row transition elements are now
reported.

We have earlier reported first row transition metal com-
plexes of Hypapts” and H,p,apts'" in which they behave as
neutral or mononegative bidentate and binegative tetradentate
ligands. Here we report the synthesis of the new complexes
of H,papts and H,p,apts with a number of second row transi-
tion elements. We also report their vibrational, electronic,
'H-NMR spectral data, conductometric titrations and thermal
analysis. The catalytic oxidation of alcohols and aryl halides
by ruthenium complexes, [Ru(HL),(H,0),] (HL=Hpapts,
Hp,apts), in the presence of NalO, as co-oxidant is also dis-
cussed.

Experimental

H,papts and H,p,apts were prepared by the reported methods.

Instrumentation IR spectra were measured using KBr discs on a Matt-
son 5000 FT-IR spectrometer. The electronic spectra were measured on Uni-
cam UV2-100 UV-VIS spectrophotometer. Microanalyses were carried out
by the Microanalytical Unit, Cairo University, Egypt. 'H-NMR spectra were
measured on a Varian Gemini (200 MHz) spectrometer in National Research
Centre, Cairo. Thermogravimetry (TG) measurements were made in a nitro-
gen atmosphere between 20 and 800 °C with a rate of 10 °C min ' using o-
Al,O, as a reference on a Shimadzu thermogravimetric analyzer TGA-50 by
The Analytical Unit, Mansoura University. Conductometric measurements
were carried out at room temperature on YSI Model 32 conductance meter.

Preparation of Complexes [Ru(HL),(H,0),]-»H,0 (HL=Hpapts,
n=0; HL=Hp,apts, n=1): Hydrated ruthenium trichloride (0.065g, 0.25
mmol) in EtOH (25ml) was added with stirring to H,papts (0.285g, 1
mmol) or H,p,apts (0.301g, 1 mmol). The reaction mixture was boiled
under reflux for 2h and 1M AcONa (5ml) was added. The fine brown
(H,papts) or pale brown (H,p,apts) complexes were filtered off, washed with
H,0, EtOH, Et,0 and air-dried.

[Rh(HL);]-2H,0 (HL=Hpapts, Hp,apts): Hydrated rhodium trichloride
(0.105g, 0.4mmol) in EtOH (10ml) was added to H,papts (0.43g, 1.5
mmol) or Hyp,apts (0.452 g, 1.5mmol) in EtOH (20ml). The mixture was
boiled under reflux for 2h to produce the yellow (H,papts) or orange

9,11)

OTo whom correspondence should be addressed.

1-(phenylacetyl or phenoxyacetyl)-4-phenyl-3-thiosemicarbazide; complexes; oxidation; spectra

(H,p,apts) precipitates. These were filtered off, washed with EtOH, Et,0 and
dried in vacuo.

[Ag(H,L)(H,0),]J(NO;)-H,0 (H,L=H,papts, H,p.apts): Silver nitrate
(0.087 g, 0.5 mmol) in H,O (1 ml) was added to H,papts (0.143 g, 0.5 mmol)
or Hyp,apts (0.151 g, 0.5 mmol) in EtOH (10 ml) to give yellow (H,papts) or
orange-brown (H,p,apts) solids. These were left in the dark for 3 h, filtered
off, washed with little H,O, EtOH, Et,O and dried in the dark in vacuo.

Trans-[UO,(HL)(bipy)(AcO)(H,0),]-»H,0 (HL=Hpapts, n=3; HL=
Hp,apts, n=0; bipy=2,2'-bipyridyl): Hydrated uranyl acetate (0.21g, 0.5
mmol) in MeOH (10ml) was added to a MeOH solution of 2,2'-bipyridyl
(0.078 g, 0.5mmol) and H,papts (0.143 g, 0.5 mmol) or H,p,apts (0.151 g,
0.5 mmol). The resulting solution was boiled under reflux for 3 h in a steam
bath. The red-orange (H,papts) or yellow (H,p,apts) solutions were reduced
in volume until the precipitates separated out. These were filtered off,
washed with little MeOH and dried in a desicator over silica gel.

[Ag(H,papts)(bipy)]BPh,: AgNO; (0.087 g, 0.5mmol) in H,0O (0.5ml)
was added to 2,2’-bipyridyl (0.078 g, 0.5 mmol) in MeOH (25 ml) to form a
colorless solution, to which H,papts (0.143 g, 0.5 mmol) in MeOH (10 ml)
was added to produce a red-brown solution. NaBPh, (0.17 g, 0.5 mmol) in
MeOH (5 ml) was added and the precipitate was separated out. This was fil-
tered off, washed with a little H,0, MeOH, Et,O and dried in the dark in
vacuo.

[Pd(Hpapts)(bipy)]BPh,: The complex [Pd(bipy)Cl,] was prepared by the
literature method.'” To a stirred suspension of [Pd(bipy)Cl,] (0.17 g, 0.5
mmol) in acetone (10 ml), H,papts (0.143 g, 0.5 mmol) and KOH (0.056 g, 1
mmol) in MeOH (10ml) was added. The mixture was stirred overnight.
NaBPh, (0.17g, 0.5mmol) in MeOH (5ml) was added to the resulting
brown solution. The complex was filtered off, washed with MeOH, Et,0 and
dried in vacuo.

Catalytic Oxidation For the catalytic oxidation by [Ru(HL),(H,0),]
(HL=Hpapts, Hp,apts) complexes, the organic substrate (1.0 mmol) was
added to NalO, (2.5 mmol) in CCl,~CH;CN-H,O (1:1:2; 20ml) and the
catalyst (0.02 mmol). The reaction mixture was stirred under reflux at 70 °C,
then cooled and extracted with diethyl ether (3X20ml). The etheral layer
was then dried with anhydrous Na,SO, and the aldehyde or ketone content
quantified as its 2,4-dinitrophenylhydrazone derivatives. The aqueous layer

a  R=Ph-CH,-  (Hapapts)
b R = Ph-0-CH.- (H:peapts}

Fig. 1. Structure of 1-(Phenylacetyl and Phenoxyacetyl)-4-phenyl-3-
thiosemicarbazide
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Table 1. Analytical and Spectroscopic Data of H,papts, H,p,apts and their complexes
Compound Found (Calcd) % IR data (cm™})
C H N S v(C=0) V(C=8)+ W C—N) & »(C=Y)
H,papts 1687 1230, 760
[Ru(Hpapts),(H,0),] 51.03 4.66 11.63 8.93 — 2125,730
(51.06) (4.54) (11.91) (9.08)
[Rh(Hpapts),]- 2H,0 55.00 4.50 12.61 9.56 — 1230, 760
(54.54) (5.65) (12.73) (9.70)
[Ag(H,papts)(H,0),]NO;-H,0 36.59 3.78 11.30 6.30 1649 1240, 745
(36.66) (3.87) (11.41) (6.52)
[UO,(Hpapts)(bipy)(AcO)(H,0),] - 3H,0 37.53 3.95 8.06 3.80 — 1230, 750
(37.72) (4.07) (8.15) (3.70)
[Ag(H,papts)(bipy)]BPh, 67.71 4.78 8.00 3.71 1650 1235, 750
(67.74) (4.95) (8.06) (3.69)
[Pd(Hpapts)(bipy)]BPh, 67.90 4.79 8.01 3.73 — 1215, 750
(67.95) (4.85) (8.09) (3.70)
H,p,apts 1670 1225, 747
[Ru(Hp,apts),(H,0),]- 2H,0 47.63 4.51 11.10 8.50 — 1230, 745
(47.68) (4.50) (11.13) (8.48)
[Rh(Hp,apts),]-2H,0 51.54 4.47 12.05 9.34 — 1225, 740
(51.98) (4.43) (12.13) 9.24)
[Ag(H,p,apts)(H,0),]NO,-H,0 35.50 3.75 10.81 6.08 1650 1235, 748
(35.50) (3.75) (11.04) (6.31)
[UO,(Hp,apts)(bipy)(AcO)(H,0),] 39.42 3.86 8.59 3.85 — 1230, 760
(39.46) (3.76) (8.53) (3.90)
'H-NMR data (&/ppm)®
Compound vC=N) »C-0) Vv(N-N) vM-0) v(M-N) CH, Ph-ring N'H N°H N*H
(s) (m) (s) ) G
H,papts — — 990 — — 355 7115 10.15 9.85 9.75
[Ru(Hpapts),(H,0),] 1610 1080 1000 530 400 3.60 7.1—75 — 10.0 9.85
[Rh(Hpapts),]-2H,0 1600 1080 1010 520 340 355  7.15—7.6 — 995 9.85
[Ag(H,papts)(H,0),]NO,;-H,0 — 1380° 1020 490 410 380 7.2—7.6 10.60 10.2  10.0
[UO,(Hpapts)(bipy)(AcO)(H,0),] - 3H,0 1600 1065 1015 910¢ 330
[Ag(H,papts)(bipy)]BPh, — — 1020 495 415 3.74 d 10.40 10.2  10.05
[Pd(Hpapts)(bipy)]BPh, 1610 1067 1020 515 350 3.63 d — 10.0 9.9
H,p,apts — — 970 — — 350 69—74 10.25 9.7 9.6
[Ru(Hp,apts),(H,0),]-2H,0 1605 1070 1020 500 355 7115 — 9.9 9.65
[Rh(Hp,apts);] - 2H,0 1610 1075 1020 500 415 3.68 7.1—-76 — 9.9 9.7
[Ag(H,p,apts)(H,0),]NO,-H,0 — 1383° 1020 495 372 7.0—74 1043 10.1 9.8
[UO,(Hp,apts)(bipy)(AcO)(H,0),] 1260 1060 1005 900¢ 400

a) "H-NMR spectra in CDC solution.  5) WNO,). ¢) v*(UO,) and d) 'H-NMR band interferes with the tetraphenyl protons (complicated multiplet).

was acidified with 5m H,SO, to pH 2, extracted with diethyl ether (3X20
ml), dried and evaporated to give the acid.

Conductometric Titration To determine the stoichiometric ratios of
some of the studied complexes, conductometric titrations were carried out at
room temperature. 25cm’® of 107* M RuCl; or RhCl, in EtOH, AgNO, or
AgNO;-bipy (1:1) in 99% EtOH , and K,PdCl,~bipy (1:1) in 80% EtOH
were titrated against 1072m H,papts or H,p.apts in EtOH. The titrations
were carried out twice to test the reproducibility.

Results and Discussion

Preparations The ruthenium complexes [Ru(HL),(H,0),]
(HL=Hpapts, Hp,apts) were prepared from hydrated ruthe-
nium trichloride and the corresponding ligand in EtOH under
basic conditions while the rhodium complexes [Rh(HL),]
(HL=Hpapts, Hp,apts) were obtained from the reaction of
hydrated rhodium trichloride and H,L in EtOH. The com-
plexes  [Ag(H,L)(H,0),](NO;) (H,L=H,papts, H,p,apts)
were produced from very concentrated aqueous solu-
tion of AgNO, and H,L in EtOH while the trans-
[UO,(HL)(bipy)(AcO)(H,0),] complexes were prepared
from the reaction of uranyl acetate, bipy and H,L in MeOH.
The [Ag(H,papts)(bipy)]” complex was made from AgNO;,

bipy and H,papts in aqueous-EtOH solution while
[Pd(Hpapts)(bipy)]* was isolated from the reaction of
[Pd(bipy)Cl,] and H,papts in acetone—-MeOH solution in the
presence of KOH.

Vibrational Spectra The IR spectral data of H,papts
and H,p,apts and a number of their complexes have been re-
ported.”'V In Table 1, the IR spectra of H,papts, H,p apts
and their complexes are listed with provisional assignments
of selected vibrations. As expected, the free ligands exhibit
broad absorption bands near 2200 and 1950 cm ™' assigned to
the stretching and bending vibrations of intramolecular hy-
drogen bonding V(N(2)H.......... 0);'? these are not observed
in the spectra of any of the complexes, indicating the involve-
ment of the N(2) center in coordination.**!" This view is
further supported by the slight shift of the bands at ca.
3300—3150cm ' region and 990cm ™! in the free ligands
and complexes owing to V(NH) and V(N-N) vibrations, re-
spectively.”)

In the case of Ag(I) complexes, [Ag(H,L)(H,0),]" (H,L=
H,papts, H,p.apts) and [Ag(H,papts)(bipy)]”, the strong
bands near 1680cm™' in the free ligands arising from
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Fig. 3. Structure of [UO,(HL)(bipy)(AcO)(H,0),] (HL=Hpapts, Hp,apts)
Complexes

V(C=0) are affected upon coordination and shifted to lower
wave number, as expected since the carbonyl oxygen centers
are involved in coordination.'*'> This means that both
H,papts and H,p,apts behave as neutral bidentate ligands as
shown in Fig. 2. In the other reported complexes, the stretch-
ing vibrations V(C=0) of the free ligands are missing in the
complexes indicating the participation of the deprotonated
enolic carbonyl oxygen (=C-0") in coordination. This fea-
ture is further supported by the observation of new bands
near 1600 and 1075cm™! due to W(C=N)'® and w(C-0)!”
vibrations, respectively. In the uranyl complexes, trans-
[UO,(HL)(bipy)(AcO)(H,0),] (HL=Hpapts, Hp,apts), (Fig.
3) two extra bands are observed near 1540 and 1400 cm ™! at-
tributed to v*(OCO) and v*(OCO) of the acetato group, re-
spectively, indicating asymmetric bidentate coordination of
the acetato group'® (A(OCO) between v*(OCO) and
VS (OCO) is in the 140 cm ™! region'®). Also, the uranyl com-
plexes show strong IR bands near 900cm ™' assigned to
v®(UO,) of the trans-O=U=,0 group.'*'” When the hydro
complexes, [Ru(HL),(H,0),], [Ag(H,L)(H,0),]* and trans-
[UO,(HL)(bipy)(AcO)(H,0),] (HL=Hpapts, Hp,apts) were
heated up to 120 °C, no water molecules were removed indi-
cating their presence in the coordination sphere.” The IR
band near 750 cm™! in the free ligands arising from W(C=S)
vibrations remain more or less in the same position in the
complexes indicating that the thione group is not taking part
in complexation.”

Vol. 48, No. 2

Table 2. Electronic Spectral Data for H,papts and H,p,apts Complexes

Compound

Electronic spectra®
/nm (&, dm® mol~!' cm™")

(/1

‘max’

H,papts
[Ru(Hpapts),(H,0),]
[Rh(Hpapts),]-2H,0
[Ag(H,papts)(H,0),]NO,
[Ag(H,papts)(bipy)]
[Pd(Hpapts)(bipy)] "
H,p.apts
[Ru(Hp,apts),(H,0),]- H,O
[Rh(Hp,apts)3]-2H,0
[Ag(H,p,apts)(H,0),]NO,

518 (532), 430 (885), 305 (7075)
610 (490), 520 (5636), 410 (15760)
520 (661), 315 (18352)

515 (338), 308 (6916)

480 (225), 330 (20067)

525 (437), 428 (1195), 310 (6877)
595 (65), 490 (250), 400 (1755)
534 (207), 300 (14010)

a) Spectra in DMSO solutions.

Most of the reported complexes show new bands near 510
and 380cm™' which may arise from w(M-0)"*2*2) and
V(IM-N)!%2223)  stretching, respectively. The complexes,
[Ag(H,L)(H,0),](NO,) (H,L=H,papts, H,p,apts) show new
strong band at 1385cm™!, which may be assigned to
W(NO;") proving the presence of NO, ™ as a free ion in these
complexes.’¥

Electronic Spectra The electronic spectra in dimethyl
sulphoxide for some complexes are given in Table 2.
The electronic spectra of [Ru(HL),(H,0),] (HL=Hpapts,
Hp,apts) show three bands near 520, 430 and 300 nm which
may arise from 'A,,~'T,,, 'A;,~'T,, and ligand (7—d7) to
metal transitions, respectively, this indicates a low-spin octa-
hedral arrangement around the diamagnetic Ru(II).**> The
electronic spectra of [Rh(HL),] (HL=Hpapts, Hp,apts) ex-
hibit three bands observed in the regions 610—595, 520—
490 and 410—400 nm which may be assigned to 'A, - 3T1g,
'Aj,~'T,,and 'A - 'T,, transitions, respectively, due to the
octahedral geometry around Rh(III).'*?%*”) The electronic
spectra of [Pd(Hpapts)(bipy)]* shows two bands at 480 and
330nm due to 'Aj,~'B,, and 'A}, ~'E,, transitions, respec-
tively, in a square planar configuration.”??® The electronic
spectra of silver(I) complexes show bands in the 540—510
and 330—300 nm regions, which may be attributed to square
planar stereochemistry.>

"H-NMR Spectra The 'H-NMR spectroscopic data of
H,papts and H,p,apts and some of their complexes in CDCI,
are given in Table 1, and are in close agreement with the re-
ported data.”!" In the free ligands, the aromatic protons ap-
pear in the § 7.1—7.5 ppm region.”>*? The CH, protons give
a singlet at § 3.55 ppm while the N(1)H, N(2)H and N(4)H
protons appear as singlets in the regions § 10.40—10.15,
10.2—9.85 and 10.05—9.75 ppm, respectively; similar fea-
tures have been observed for the I-morpholineacetyl-4-
phenyl-3-thiosemicarbazide (MPTSC).*"

In the complexes, the resonance arising from the N(1)H
proton disappears, whereas that arising from the N(2)H pro-
ton shifts to downfield” values indicating the chelation of the
ligands through the deprotonated enolic carbonyl oxygen
(=C-0") and the N(2) centers to the metal ion. The 'H-
NMR of [Ag(H,L)(H,0),](NO;) (H,L=H,papts, H,p,apts)
and [Ag(H,papts)(bipy)]" are of particular interest since the
N(1)H and N(2)H protons are shifted downfield indicating a
decrease in the electron density caused by the withdrawing of
electrons by Ag(I) from the coordinating centers.'”

Conductometric Titrations The conductance of a solu-
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Fig. 4. Conductograms of the Metal Salts with H,papts

tion, at a certain temperature, is affected by the mobility of
the ions present. Thus, the formation of a complex in a solu-
tion can be characterized by using conductometric titra-
tions.*” The composition of the complexes can be deter-
mined by studying the relation between the conductance
measured and the volume of ligand added to the metal ion
solution. The plots consist of some lines with different
slopes, each intersection gives a certain molar ratio of com-
plex formation.*®

Figures 4 and 5 show the relation between the conductance
of Ru(Ill), Rh(IlI), Ag(I), Ag(D)-bipy (1:1) and Pd(II)-bipy
(1:1) and the added volumes of H,papts and H,p,apts, re-
spectively. It is clear that, the molar ratios M:L, M: 2L are
formed in all cases as well as M:3L in the case of Rh(III)
with both ligands and Ru(Ill) with H,papts. The continuous
increase in the conductance of the solution in successive ad-
ditions of the ligand may be owing to the liberation of highly
conducting hydrogen ions from the enolised hydroxyl center
during complex formation®**> as supported from the IR
spectral data. The decrease in the conductance of metal ions

solutions with the ligand additions may be attributed to the
replacement of hydrogen ions of high conductivity by an-
other species with low conductivity.

Thermal Studies The thermal decompositions of
the complexes, [Ru(Hpapts),(H,0),], [Rh(Hp,apts);]-2H,0
and trans-[UO,(Hp,apts)(bipy)(AcO)(H,0),] were studied
using the TG technique. The thermogram of the [Ru
(Hpapts),(H,0),] complex shows firstly a weight loss en-
dothermic step between 170 and 312 °C, which may be cor-
responding to the release of the coordinated water molecules
and a phenylthiourido (C,H,N,S) fragment’>® (Found:
27.26; Calcd: 26.52%). The second weight loss step (Found:
22.93; Calcd: 21.42%) between 321 and 410 °C may be at-
tributed to elimination of the phenylthiorido fragment from
the second ligand species while between 410 and 451°C, a
weight loss (Found: 16.88; Calcd: 16.59%) may arise from
the elimination of the phenylethylimio (CgH,N) fragment'"
from one ligand species. The last decomposition step at
521°C may consist of the formation of mixed carbide-
RuO, residue (Found: 28.34%). The TG curve of [Rh
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(Hp,apts);]- 2H,O shows the first weight loss between 80 and
170 °C, which may be due to the release of water molecules
(Found: 3.38; Calcd: 3.47%) while the endothermic weight
loss between 170 and 308 °C, which may be due to the re-
lease of two phenylthiourido fragments®*® (Found: 29.63;
Caled: 29.07%). There are two other TG inflections
in the ranges 308—332 and 351—404 °C, the first weight
loss in these inflections may arise from the release of the
third phenylthiourido (Found: 14.95; Calcd: 14.53%). The
last decomposition step may consist of the elimination of
two phenoxyethylimio fragments'? (Found: 25.63; Calcd:
25.60%), leaving Rh,0; representing (Found: 22.79; Calcd:
24.43%).9 The thermogram of trans-[UO,(Hp, apts)(bipy)
(AcO)(H,0),] shows three TG inflections in the ranges
161—345, 345—406 and 406—497 °C. The first weight loss
may arise from the release of the coordinated water mole-
cules and the phenylthiourido fragment!!® (Found: 22.46;
Calcd: 22.77%) while the second step is attributed to the re-
moval of the acetate species’’*® (Found: 6.98; Calcd:
7.18%). The last TG inflection may be corresponding to the
release of a half of the bipy molecule® (Found: 9.08; Calcd:
9.50%) followed by mixed carbide-U,Oq residue formation at
505 °C (Found: 63.70%) of the initial weight of the complex.

Vol. 48, No. 2

Table 3. Catalytic Oxidations by [Ru(HL),(H,0),] (HL=Hpapts, Hp,apts)
Complexes®

[Ru(Hpapts),(H,0),] [Ru(Hp,apts),(H,0),]

Substrate Yield % Turn Over Yield % Turn Over

824 19% 52
7324 14% 51

Benzyl alcohol 6029, 14% 40.5
3,4-Dimethoxybenzyl alcohol 68%¢, 12% 40

o-Tetralol 90k 455 93k 47
Benzohedrol 64« 33 70% 36
Benzylchloride 4284 14 29 467 10 29

p-Methoxybenzylchloride 80U 16 49 84U 6% 51

a) Oxidation of alcohols were carried out for 3 h, those of aryl halides for 4 h, all at
70°C by using 0.02mmol of catalyst, 2.5mmol of NalO, (co-oxidant) in CCl,—
CH,CN-H,0 (1:1:2,20cm?), Weorresponding aldehyde, “corresponding acid, “corre-
sponding ketone

Catalytic Oxidations We reported that the [Fe™
(papts)CI(H,0)] complex could oxidize primary alcohols
to aldehydes and secondary alcohols to ketones stoichiomet-
rically in dichloromethane at room temperature.” The cat-
alytic oxidation of alcohols by [Ru'Cl,(NQ)(EPh,),] (E=P,
As)*” and [Ru™Cl,(acac)(PPh,),]*" using N-methylmorpho-
line-N-oxide (NMO) as co-oxidant in dichloromethane have
been reported. Furthermore, the catalytic oxidation of lower
valent ruthenium complexes in the presence of NMO*
or hydroquinones—Co(salophen)(PPh,) (H,salophen=N,N'-
bis(salicylidene-o-phenylenediamine)*® as co-oxidants to-
wards the oxidation of primary and secondary alcohols has
been investigated. It was found that primary and secondary
alcohols were oxidised to the corresponding carbonyl com-
pounds. We tested the reported ruthenium complexes
[Ru(HL),(H,0),] (HL=Hpapts, Hp,apts) for possible or-
ganic catalytic oxidations by taking 0.02 mmol of the catalyst
in CCl,—~CH,CN-H,O (1:1:2) solution with NalO, (2.5
mmol) as co-oxidant with 1.0 mmol of substrate, the reac-
tions being carried out for 3 h in the case of alcohols and 4 h
in the case of aryl halides, all at 70 °C. Aldehydes and ke-
tones were detected and quantified as 2,4-dinitrophenylhy-
drazone derivatives and acids isolated and weighed as such,
as shown in Table 3. Blank experiments were conducted
under similar conditions, but in the absence of complexes; in
all cases very small amounts of oxidation products were
found.

References
1) West D. X., Carlson C. S., Galloway C. P, Liberta A. E., Daniel C. R.,
Transition Met. Chem., 15, 91—95 (1991).
2) Williams D. R., Chem. Rev., 72, 203—213 (1972).
3) West D. X., Carlson C. S., Liberta A. E., Daniel C. R., Transition Met.
Chem., 15, 341—344 (1990).
4) Bekheit M. M., Elewady Y. A., Taha F. 1., Mostafa S. 1., Bull. Soc.
Chim. Fr., 128, 178—183 (1991).
5) Bekheit M. M., Synth. React. Inorg. Met.-Org. Chem., 20, 1273—1284
(1990).
6) Bekheit M. M., Ibrahim K. M., Abu El-Reash G. M., Bull. Soc. Chim.
Fr., 1988, 631—634.
7) Khalifa M. E., Rakha T. H., Bekheit M. M., Synth. React. Inorg. Met.-
Org. Chem., 26, 1149—1161 (1996).
8) Abu El-Reash G. M., Bekheit M. M., Ibrahim K. M., Transition Met.
Chem., 15, 357—360 (1990).
9) Mostafa S. 1., Bekheit M. M., El-Agez M. M., Synth. React. Inorg.
Met.-Org. Chem., to be submitted.
10) Mostafa S. 1., Abd El-Maksoud S. A., Monatsh. Chem., 129, 455—
466 (1998).
11) Rakha T. H., Mostafa S. 1., El-Agez M. M., 5th International Confer-
ence on Chemistry and its Role in Development, Chem. Dept., Man-



February 2000

12)
13)

14)
15)
16)
17)
18)

19)
20)

21)

22)
23)

24)
25)
26)
27)

28)

soura University, April (1999).

Griffith W. P, Mostafa S. L., Polyhedron, 11, 871—877 (1992).

Abu El-Reash G. M., Ibrahim K. M., Bekheit M. M., Bull. Soc. Chim.
Fr., 128, 149—154 (1991).

Mostafa S. 1., Transition Met. Chem., 23, 397—401 (1998).

Jha N. K., Joshi D. M., Polyhedron, 4, 2083—2087 (1985).

Aggarwal R. C., Singh N. K., Prasad L., Indian J. Chem., 14A, 325—
327 (1976).

Biradar N. S., Patil B. R., Kulkarni V. H., J. Inorg. Nucl. Chem., 37,
1901—1904 (1975).

Lal R. A., Singh M. N,, Das S., Synth. React. Inorg. Met.-Org. Chem.,
16, 513—525 (1986).

Griffith W. P, Mostafa S. 1., Polyhedron, 11, 2997—3005 (1992).
Hingorani S., Singh K., Agarwala B. V,, J. Ind. Chem. Soc., 71, 183—
186 (1994).

Leovac V. M., Jovanovic L. S., Bjelica L. J., Ceslijevec V. 1., Polyhe-
dron, 8, 135—141 (1989).

El-Hendawy A. M., Polyhedron, 10, 2137—2143 (1991).

Siddiqi Z. A., Qidwai S. N., Mathew V. J., Synth. React. Inorg. Met.-
Org. Chem., 23, 709—722 (1993).

Gutierrez M. D., Lopez R., Romero M. A., Salas J. M., Cand. J
Chem., 66, 249—255 (1988).

Prabhakar B., Reddy K. L., Lingaiah P., Indian J. Chem., 27A, 217—
221 (1988).

Franchini G. C., Giusti A., Preti C., Tassi L., Zannini P., Polyhedron, 4,
1553—1558 (1985).

Sengupta S. K., Sahni S. K., Kapoor R. N., Indian J. Chem., 19A,
810—812 (1980).

Lever A. B. P, “Inorganic Electronic Spectroscopy,” Elsevier, New
York, 1984.

29)
30)
31)
32)
33)
34)
35)
36)
37)
38)
39)
40)
41)
42)

43)

271

Dengel A. C., El-Hendawy A. M., Griffith W. P, Mostafa S. I,
Williams D. I., J. Chem. Soc. Dalton Trans., 1992, 3489—3495.
Mookkerjee M. N., Singh R. N., Tandon J. P, Indian J. Chem., 21A,
388—390 (1982).

Dhumwad S. D., Gudasi K. B., Goudar T. R., Indian J. Chem., 33A,
320—324 (1994).

Pungor E., “A Practical Guide to Instrumental Analysis,” CRC Press,
Boca Raton, 1995.

Srivastava A. K., Jain P. C., “Chemical Analysis”; An Instrumental Ap-
proach, S. Chand and Company Ltd., New Delhi, 1986.

Abd El-Wahed M. G., El-Metwally S. M., Manakhly K. M. A., Mat.
Chem. Phys., 47, 62—67 (1997).

Abd El-Wahed M. G., Manakhly K. A., El-Metwally S. M., Hammad
H. A., Mat. Lett., 23, 325—330 (1995).

Zayed M. A., Nour El-Dein E. A., Thermochim. Acta, 114, 359—371
(1987).

Rakha T. H., Ibrahim K. M., Khalifa M. 1., Thermochim. Acta, 144,
53—63 (1989).

Abu El-Reash G. M., Ibrahim K. M., Rakha T. H., Transition Met.
Chem., 14, 209—212 (1989).

Perlepes S. P, Garoufis A., Sletten J., Bakalbassis E. G., Plakatouras
G., Katsarou E., Hadjiliadis N., Inorg. Chim. Acta, 261, 93—102
(1997).

El-Hendawy A. M., Polyhedron, 10,2511—2518 (1991).

El-Hendawy A. M., El-Shahawy M. S., Polyhedron, 8, 2813—2816
(1989).

Sharpless K. B., Akashi K., Oshima K., Tetrahedron Lett., 9, 2503—
2506 (1976).

Backvall J. E., Chowdhury R. L., Karlsson U., J Chem. Soc., Chem.
Commun., 1991, 473—475.



