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Abstract 

A number of mono and binuclear complexes of 
Ru(II), Ru(III), Pd(I1) and Cu(I1) with Schiff base 
ligands NJ’-bis(benzoylacetylacetone) ethylenedi- 
amine (H4(BAA)sen) and N,N’-bis(pyvolylacetyl- 
acetone)ethylenediamine (H,(PAA),en) have been 
synthesized and characterized by elemental analysis, 
magnetic properties, absorption and vibrational 
spectra. The complexes [Ru(H,(BAA),en)(PPh&] - 
[Ru(H,(BAA),en)(PPh,)Cl] and [Ru(Hz(PAA)aen)- 
Cl*HsO] *Hz0 all have an octahedral environment 
around the metal ions, Schiff bases behaving as tetra- 
dentate Nz02 donors and two ambidentate ligands 
occupying tram positions. The two binuclear species, 
[Pdz(BAA)sen] and [PdCu(BAA)2en] have a square 
planar arrangement of ligands around the metal 
ions. 

Introduction 

The ethylenediamine derivatives of polyketones 
particularly those of triketones are an interesting 
and versatile class of ligands. The Schiff bases have 
been termed as compartmental ligands since these 
are capable of coordinating with two metal atoms 
(different or alike) in successive steps [l]. The 
complexation studies of such ligands have mostly 
been reported with 3d transition metals [2,3]. 
However, a few complexes of these Schiff bases with 
heavier metals such as Pd’+ and uranyl (UO,*‘) ion 
have also been reported [4-61. These multinuclear 
complexes present some interesting problems such 
as magnetic superexchange, mixed valence metal 
interactions, reactivity and existence of photo- 
chemically accessible excited states for investigations. 
The complexes of heavier elements with such ligands 
are specially suited for photochemical reactivity 
studies. Therefore it was considered appropriate to 
synthesize a series of mono and binuclear complexes 
of heavy metals such as Ru(II), Ru(III), and Pd(II) 
with NJ’-bis(benzoylacetylacetone)ethylenediamine 
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or NJ’-bis(pyvolylacetylacetone)ethylenediamine 
and characterize them. 

We wish to report the synthesis of three mono- 
nuclear ruthenium and two binuclear (Pd2, Pd-Cu) 
complexes of ethylenediamine derivatives of tri- 
ketones. These complexes have been character- 
ized by elemental analysis, magnetic and spectral 
studies. 

Experimental 

Materials and L&and Synthesis 
The ligands benzoylacetylacetone (HsBAA) and 

pyvolylacetylacetone (H2PAA) were prepared by 
the method of Miles et al. [7]. The Schiff bases, 
NJ”-bis(benzoylacetylacetone)ethylenediamine (H4- 
(BAA)sen) and NJ’-bis(pyvolylacetylacetone)ethyl- 
enediamine (H,(PAA),en) were prepared from 
respective triketones by an earlier reported method 

PI. 
The complexes Pd(H*(BAA)*en), Ru(PPh&C12 

and Ru2(OAc).&1 were synthesized by literature 
methods [6,9, lo]. 

Mononuclear Chelates 

N,N’-Bis(benzoylacetylacetonato)ethylenediamine- 
bis(triphenylphosphine)ruthenium(H) [Ru(H2(BA- 
A)2en(PPh,121 
0.432 g (1 mmol) of the ligand H4(BAA)*en was 

suspended in 300 ml of ethanol (95%). The mixture 
was stirred, brought to boiling, a slight excess (0.22 
g, 2 mmol) of EtsN was added and heating con- 
tinued. When most of the ligand was dissolved, 
0.95 g (1 mmol) of solid Ru(PPhs),C12 was added 
to the solution and stirring continued. The mixture 
was refluxed for nearly 3 h and then filtered while 
hot. The filtrate was concentrated under reduced 
pressure to nearly 100 ml and left overnight. The 
red precipitate formed was removed and washed 
with water to remove EtsNHCl. The product was 
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recrystallized from ethanol. Yield 56%. Anal. Calc. 
for Ru(C~~H~~N~O~)(C~~H~~P)~: C, 70.52; H, 5.30; 
N, 2.65; P. 5.87. Found: C, 70.36; H, 5.46; N, 2.55; 
P, 5.76%. 

Chloro-N,N’-bis(benzoylacetylacetonato)ethylene- 
diamine-triphenylphosphineruthenium(III) (Ru- 
(Hz(BAAJ~enl(PPh3)Cll 
Equimolar quantities of H4(BAA)*en and Ru- 

(PPh3)aC12 (1 mmol) were reacted in 25 ml of ben- 
zene. The solution was brought to boiling and a slight 
excess of EtaN (2.1 mmol) was added. The resulting 
mixture was refluxed for 5 h and filtered. About 
100 ml of methanol was added to the filtrate and 
refluxing continued for another 4 h. A dark red 
precipitate formed upon cooling to room tempera- 
ture, was separated, washed with portions of ethanol, 
acetone and dried. This red complex analyzed for 
Ru(Hz(BAA)sen)(PPh&.HCl. Anal. Calc. for Ru- 
(Cz6H26Nz04XC1sH1SP)2.HC1: C, 68.16; H, 5.22; 
N, 2.56; P, 5.67; Cl, 3.25; Ru, 9.26. Found: C, 67.76; 
H, 5.22; N, 2.45; P, 5.38; Cl, 3.00; Ru, 9.57%. 

The red compound was dissolved in 25 ml of 
dry benzene and slowly evaporated in an open 
beaker. The residue was again dissolved in benzene 
and evaporated at room temperature. This process 
was repeated four times till the red complex was 
completely converted into a green product. The 
green complex was recrystallized from benzene. 
Anal. Calc. for Ru(C~~H~~N~O~)(C~~H~~P)CI: C, 
63.73; H, 4.95; N, 3.38; P, 3.74; Cl, 4.28. Found: 
C, 63.62; H, 4.9; N, 3.24;P, 4.35; Cl, 4.75%. 

Chloro-N,N’-bis(pyvolylacetylacetonato)ethylene- 
diamine-aquoruthenium(IH) hydrate [Ru(H2(PA- 
Al2en)Cl(HzO)lH20 
Equimolar quantities of H4(PAA)2en and Ru2- 

(OAC)~CI (1 mmol) were placed in a three neck 500 
ml reaction flask equipped with nitrogen inlet, con- 
densor and a dropping funnel. About 300 ml of 
methanol was added and the mixture slowly brought 
to boiling under nitrogen atmosphere. A clear red 
solution was obtained in a short time. The solution 
was refluxed with stirring for 60 h when it was 
changed to greenish black. The solution was cooled 
to room temperature and filtered. The filtrate was 
evaporated to dryness at room temperature. The 
dark residue was dissolved in CHCla and loaded on 
a silica gel column saturated with CHCla. The column 
was first washed with chloroform and then eluted 
with methanol. The complex slowly moved down 
the column as a dark band and was collected. A 
brown black solid was obtained after removal of the 
solvent. Yield 80%. Anal. Calc. for [Ru(C~~H~~N~- 
04)C1.H20] .H20: C, 46.93; H, 6.75; N, 4.98; Cl, 
6.30; Ru, 17.97. Found: C, 46.45; H, 6.10; N, 4.58; 
Cl, 6.15; Ru, 17.96%. 

Binuclear Chelates 

N,N’-Bis(benzoylacetylacetonato)ethylenediamine- 
dipalladium(II) acetic acid hydrate [Pd2(BAA)2- 
en]CH3COOH*H20 

The mononuclear complex Pd(H2(BAA)2en) 
(0.536 g, 1 mmol) was dissolved in 250 ml acetone 
under reflux conditions. An equimolar quantity of 
Pd(OAc)2 (0.244 g) dissolved in a minimum volume 
of acetone water (2: 1) was slowly added to a boiling 
solution of the complex. The solution turned to 
red. It was refluxed for 6 h during which time an 
orange precipitate (small amount) was formed. The 
precipitate was separated and rejected. The filtrate 
was allowed to concentrate at room temperature 
when a reddish orange complex separated. This was 
filtered, washed with ether and dried in air. Yield 
62%. Anal. Calc. for Pd2(C26H24N204).CHaCOOH- 
H20: C, 46.74; H, 4.17; N, 3.90; Pd, 29.60. Found: 
C,46.85;H,4.09;N, 3.98;Pd,29.53%. 

N,N’-Bis(benzoylacetylacetonato)ethylenediamine- 
palladium(II) copper (PdCu(BAAJ2en] 
Pd(H2(BAA)2en) (0.536 g, 1 mmol) was sus- 

pended in 150 ml of methanol and brought to boiling 
under reflux and constant stirring for an hour. A 
methanol solution of CU(OAC)~*~H~O (1 mmol) 
was slowly added to the boiling suspension of the 
mononuclear complex. The reaction mixture was 
refluxed with stirring for nearly 20 h, then slowly 
cooled to room temperature and a greenish yellow 
product was removed. It was further purified by 
boiling with three 400 ml portions of acetone and 
filtering the solvent away from the solid. Yield 85%. 
Anal. Calc. for PdCu(C26H24Nz04): C, 52.18; H, 
4.01; N, 4.68; Pd, 17.79; Cu, 10.62. Found: C, 
52.83; H, 4.21; N, 4.77; Pd, 17.44; Cu, 10.03%. 

Physical Measurements 
The elemental analyses were obtained from 

Galbraith Laboratories, Inc. Knoxville, TN. Melting 
points were taken with a Thomas-Hoover Unimelt 
by capillary method and reported uncorrected. 
Infrared spectra of the solid compounds were re- 
corded on a Perkin-Elmer model 283 B spectropho- 
tometer using KBr discs. Each spectrum was cali- 
brated with polystyrene. The solution spectra were 
recorded on Carry model 17B spectrophotometer 
using a matched pair of 1 cm quartz cuvettes. The 
concentrations of complexes in THF or chloroform 
solution were of the order of lop3 M. Magnetic 
measurements were made on solid complexes using 
Faraday’s method. Crystalline Hg[Co(SCN)e] was 
used as a calibrant. The molecular susceptibility 
values were corrected for diamagnetic effects of 
various atoms and bonds. 
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TABLE 1. Colour, Decomposition Temperature, Solubility, Magnetic Moments and Absorption Spectra of Mono and Binuclear 
Chelates 

Complex 

[Ru(H2(BAA)2en)(PPh3)21 

Colour 

dark red 

Decomposition/ Magnetic 
melting point moments 
(“C) (BM) 

210 diamagnetic 

Absorption 
spectra 
(nm) 

460(sh) 
370 
290 

Solubilitya 

EtOH 

[Ru(H2(BAA)zen)PPh3Xl] 

[ Ru(H2(PAA)2en)Cl-H20] *Hz0 

[Pd2(BAA)2en)]CH$O2H-Hz0 

[PdCu(BAA)zen)] 

dark green 

dark brown 

orange, 
micro- 
crystalline 

greenish 
yellow 
powder 

180 

190 

213 

243 

1.91 

2.27 (295 K) 
2.31 (77 K) 

diamagnetic 

1.89 (295 K) 
1.84 (77 K) 

400 
295 

benzene 

MeOH, CHCl3 

acetone (sp) 
WC13 bpl 

acetone (sp) 
CHC13 (sp) 

asp = sparingly soluble. 

Results and Discussion 

Three new mononuclear and two binuclear com- 
plexes of ruthenium(H), ruthenium(III), palladium- 
(H) and copper(H) with ethylenediamine derivatives 
of two triketones H2BAA and H2PAA have been 
synthesized. These compounds have been charac- 
terized by their elemental analyses, magnetic mea- 
surements, infrared and solution spectra. The ele- 
mental analyses fit well to the proposed formulae 
of these compounds. Their characteristic colours, 
decomposition points, solubility, magnetic and 
spectral data are reproduced in Table 1. 

in these systems may be due to a contribution from 
orbital angular momentum which becomes apprecia- 
ble in 4d and 5d transition elements. 

The complex [Ru(H2(BAA)2en)(PPh3)2] was syn- 
thesized from two different solvents and one of 
these preparations is associated with a molecule of 
hydrogen chloride as solvent of crystallization. Both 
compounds have the same infrared and absorption 
spectra. The dark red [Ru(H2(BAA)2en)(PPh3)2] * 
HCl is slowly oxidized in air to a green Ru(II1) 
complex and chloride ion takes the position of the 
PPh3(TPP) ligand in its coordination sphere. Similar 
behaviour has already been observed for another 
Ru(II) complex by Murray et aZ. [ 111, who reported 
that Ru(Salen)(PPh3X in methanol solution instan- 
taneously converted to a green oxidized form. How- 
ever, our studies reveal that air oxidation of this 
complex occurs slowly and complete oxidation is 
achieved only after repeating the evaporation pro- 
cess several times. 

A number of mononuclear complexes of other 
metal ions such as Cu(II), Ni(II) and Pd(II) with 
these ligands have been reported. The metal ions 
in such systems have a square planar arrangement of 
N202 donor atoms of ligands (I). Such complexes 
have two more oxygen donor atoms in appropriate 
positions to accommodate a second metal ion form- 
ing binuclear species. In certain cases, metals prefer 
to coordinate with four oxygen donor atoms of 
the ligand leaving a vacant N202 site on the ethylene- 
diamine side of the molecule (II). The 02-02 bonding 
is observed for complexes of V02+, Cu2+, and UOz2+ 
ions with such ligands while both types of mono- 
nuclear complexes have been isolated for [Pd(H2- 

M:Ni2’, Cu2’,Pd2* ti:vo2*, CU2’, uo22’ 

“yJy” 

I I 

/“\ ,“\ 
,J&i..+& 

t&02+,Fe2’, Co2’, 

c”+Jo22’, etc 

I II III 

The Ru(I1) complexes are diamagnetic while The prominent infrared absorption bands assigned 
those of Ru(II1) are paramagnetic with magnetic to various vibrational modes for these complexes 
moments between 1.91-2.27 BM. These values are are reproduced in Table 2. The general features of 
higher than expected for systems with an unpaired spectra of these mononuclear chelates are very much 
electron. The higher values of magnetic moments similar to those of the ligands and quite different 
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from those of binuclear species. One can easily 
identify the mono and binuclear complexes by com- 
paring their infrared spectra. It is also possible to 
differentiate these Nz-O2 and 02-O2 bonded 
mononuclear chelates from their infrared spectra. 
The Nz-O2 bonded mononuclear complexes have 
two uncoordinated carbonyl groups which exhibit 
a strong and sharp band near 1700 cm-‘. This band 
either shifts to lower energy or completely disappears 
in 02-O2 bonded mononuclear or binuclear species. 
This carbonyl band is invariably observed near 
1650-80 cm-r in the IR spectra of Ru(II) and 
Ru(II1) chelates, indicating uncoordinated carbonyl 
(-C=O) sites. The three strong bands in the regions 
1455-1500, 1052-l 110 and 3410-20 cm-’ may 
be assigned to stretching vibrations of ketoimine 
and N-H groups bonded to metal atoms. In addition, 
a number of bands observed at 3010, 1440, 750 and 
700 cm-’ have been assigned to phenyl groups 
present in the coordinated TPP molecule. The P-G 
stretching is observed at 1080-1090 cm-‘. The 
complex [Ru(Hz(PAA)sen)C1.HzO] *Hz0 has an ad- 
ditional medium intensity triplet band at 2960 cm-’ 
due to the t-butyl group and a broad band at 3400 
cm-’ indicative of coordinated water. These spec- 
tral studies indicate the ruthenium atoms in these 
mononuclear complexes are bonded through NzOs 
donor atoms of the ligands. 

In ruthenium complexes, the metal atom is usually 
surrounded by six donor atoms and maintains an 
octahedral geometry. This trend is retained in the 
present series of complexes as well. In these com- 
plexes the Schiff base multidentate ligands occupy 
four planar positions on the octahedron while two 
ambidentate ligands such as TPP, chloride or water 
occupy two trans positions as shown in IV. The 
Schiff base diamine still has two more uncoordinated 
oxygen atoms. It should be possible to incorporate 
another metal ion in the remaining donor sites of 
these mononuclear complexes as has been observed 
for analogous Ni(I1) and Pd(l1) chelates of this 
series. 

Rvn’ 

ii 

RU 

,$Jj,_,j,, 

1. X=i=TPP 
2. XzTPP,X ZCI 
3. X-Cl, X.H20 

Iv 

The two binuclear chelates have been synthesized 
by interaction of metal acetates with mononuclear 
[Pd(HDAA),en)l in methanol. [PdP(BAA),en)] 
can also be prepared by reacting 2 mol of Pd(OAc)2 
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with 1 mol of H4(BAA)2en. These are insoluble in 
a number of organic solvents. At room temperature, 
[Pdz(BAA)sen] is diamagnetic while [PdCu(BAA)s- 
en] is paramagnetic with a magnetic moment of 
1.89 BM which is slightly decreased to 1.84 BM at 
77 K. A similar decrease in magnetic moment with 
temperature has been reported for an analogous 
compound [NiCu(BAA)aen] [3]. These values are 
explainable by assuming that the Pd(II) ion is co- 
ordinated in a square planar environment and should 
be diamagnetic. The paramagnetism in [PdCu- 
(BAA)*en] may be arising from the Cu(I1) ion also 
present in a square planar environment. 

The infrared spectra of these two chelates are 
typical of binuclear complexes and comparable to 
that of other reported systems of this series. The 
carbonyl stretching vibrational bands present in the 
mononuclear precursor disappear upon coordination 
of a second metal atom. 

These two metal ions (i.e. Pd(I1) and Cu(I1)) 
prefer to coordinate with four donor atoms in a 
square planar environment. It seems that both of the 
binuclear complexes have a square planar array of 
donor atoms around these metal ions as in III. [Pdz- 
(BAA),en] is also associated with an acetic acid and 
a water molecule outside its coordination sphere. 

The two analogous complexes [NiHz(BAA)zen] 
and [Pd(Hz(BAA)*en)] greatly differ in their reac- 
tivity towards other bivalent metal ions. The com- 

plex ]Ni(H2(BAA)2)1 readily accommodates a 
number of metals such as VO’+, Mn2+, Fe2+, Co’+, 
Cu2+, Zn2+ or U02’+ ions forming heterobinuclear 
species. On the other hand, attempts to incorporate 
a number of ions like V02+, Mn2+, Co’+ or Ni2+ 
in [Pd(H2(BAA),en)] completely failed. However, 
this complex easily reacts with Cu2+, U02’+ or 
Pd2+ ions to form binuclear species. The difference 
in reactivity of these two mononuclear species may 
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be due to different ionic radii of the metal ions. 
It is interesting to note that Pd’+, Mn2+ and U6+ 
have the same ionic radii (0.8 A) yet [Pd(H2(BAA)- 
en] reacts with Pd2+ and U022+ ions forming bi- 
nuclear species but not with Mn2+ ion. On the other 
hand Co’+, Cu2+ (0.72 A) and Ni2+ (0.69 A) have 
nearly the same radii, considerably smaller than 
that of Pd2+ ion but Cu2+ reacts to form [PdCu- 
(BAA)2en] while Co 2+ and Ni2+ do not react. It 
seems that the radii of the metallic ions play a less 
important role in these binucleation reactions. There 
should be some other yet unknown factors respon- 
sible for metal addition in these systems. The reasons 
for the difference in reactivity of the two mono- 
nuclear complexes [Ni(H2(BAA)2en] and [Pd(H,- 
(BAA)2en] are not well understood. 
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