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Synthetic procedures are described that allow access to cis-[Mo2O5(cdhp)2]
2�,

cis-[W2O5(Hcdhp)2], trans-[OsO2(cdhp)2]
2�, trans-[UO2(Hcdhp)2], [ReO(PPh3)(Hcdhp)2]X

(X¼Cl, I), [ReO2(cdhp)2]
�, [M(PPh3)2(cdhp)], [M(bpy)(cdhp)] (M(II)¼Pd, Pt),

[Ru(YPh3)2(Hcdhp)2] (Y¼P,As), [Rh(Hcdhp)2Cl(H2O)], [Rh(PPh3)2(Hcdhp)2]ClO4 and
[Ir(bpy)(cdhp)Cl2], where Hcdhp, cdhp are the deprotonated monoanion of 5-chloro-3-
hydroxypyrid-2-one and dianion of 5-chloro-2,3-dihydroxypyridine, respectively. These
complexes were characterized by their Raman, IR, 1H NMR, electronic and mass spectra,
conductivity, magnetic and thermal measurements. H2cdhp, cis-K2[Mo2O5(cdhp)2],
[Pd(bpy)(cdhp)] display a significant antineoplastic activity against Ehrlich ascites tumor cells
(EAC).
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1. Introduction

This report is a continuation of our research program on coordination chemistry

of hydroxypyridines, reporting earlier on transition metal complexes of 1,2-dimethyl-3-

hydroxy-4-pyridinone [1] and 2-amino-3-hydroxypyridine [2]. Hydroxypyridines

have attracted interest in areas such as pesticide design [3–5], therapeutics,

pharmacology [6–8] and as analytical reagents [9]. 2-Hydroxypyridines exist in different

hydroxy-ketone forms [10]; in the solid state, 2- and 4-hydroxypyridines are

predominantly in the pyridone form [11]. Hydroxypyridine, 2,3-dihydroxypyridine

and substituted 2,3-hydroxylpyridines have two hydroxy groups in the ortho position

relative to each other, and can undergo tautomerization with 2-pyridones scheme 1.

The deprotonation constant (pKa) of 2,3-dihydroxypyridine is 10.98 while that of

3-hydroxypyridine is 8.72 from involvement of the 3-hydroxy proton in a strong

H-bond with the neighboring 2-carbonyl oxygen [12]. They have several coordination

sites and can easily form cationic, anionic or neutral complexes, although relatively few

2,3-dihydroxypyridine complexes have been reported [12–15]. Iron(III) complexes of

polydentate ligands containing the 2,3-dihydroxypyridine moiety are known [16, 17].
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The X-ray crystal structure of Fe(HL)3 [18] and Al(HL)3 [13] are the only reports in the

literature.
In this report the coordination chemistry of 5-chloro-2,3-dihydroxypyridine (H2cdhp,

scheme 2(A); 2H are the dissociable hydroxy protons) with some second and third row
transition elements are explored. These complexes have been further characterized on

the basis of spectral (Raman, IR, 1H NMR, electronic and mass), conductivity,

magnetic and thermal measurements. In addition, we report the antineoplastic activity
of H2cdhp, cis-K2[Mo2O5(cdhp)2], [M(bpy)(cdhp)] and [M(PPh3)2(cdhp)] (M¼Pd, Pt)

against Ehrlich ascites tumor cells (EAC).

2. Experimental

2.1. Materials and methods

All manipulations were performed under aerobic conditions using 5-chloro-2,3-dihy-
droxypyridine and all other reagents (Merck) used as received. Trans-K2[OsO2(OH)4]

[19], [ReO2(PPh3)2I] [20], [ReO(PPh3)2Cl3] [21], [M(PPh3)2Cl2] [22, 23], [M(bpy)Cl2]

(M¼Pd, Pt) [24], [Ru(PPh3)3Cl2] [25, 26] and [Ru(AsPh3)2Cl3MeOH] [26] were
synthesized by literature methods.

Caution! Perchlorate salts of metal complexes are potentially explosive. Only small

amounts of materials should be prepared, and they should be handled with caution.
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Scheme 1. 2,3-Dihydroxypyridine.
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Scheme 2. 5-Chloro-2,3-dihydroxypyridine.

1554 S. I. Mostafa

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
1
9
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



The cells of Ehrlich ascites (EAC) tumor were obtained from the National Cancer
Institute, Cairo, Egypt. After harvesting and preparation of the cells, their total number
and viability were determined by counting using Trypan blue [27].

2.2. Instrumentation

Microanalyses were determined by the Micro Analytical Unit of Cairo University.
Magnetic moments at 25�C were recorded using a Johnson Matthey magnetic
susceptibility balance with Hg[Co(SCN)4] as calibrant. Electronic spectra were recorded
using a Unicam UV2–100 UV–vis spectrometer. IR spectra were measured as KBr discs
on a Matson 5000 FT-IR spectrometer. Raman spectra were recorded as spun discs on
a KBr matrix. 1H NMR spectra were measured on a Varian Gemini WM-200
spectrometer (Laser Centre, Cairo University). Thermal analysis measurements were
made in the 20–800�C range at a heating rate of 10�C min�1, using �-Al2O3 as a
reference, on a Shimadzu Thermogravimetric Analyzer TGA-50. Conductometric
measurements were carried out at room temperature on a YSI Model 32 conductivity
bridge. Mass spectra were recorded on a Matson MS 5988 spectrometer.

2.3. Synthesis of complexes

2.3.1. Cis-K2[Mo2O5(cdhp)2] . 2H2O (1). An aqueous solution (5 cm3) of potassium
molybdate (0.23 g, 1mmol) was added to an ethanolic solution (15 cm3) of H2cdhp
(0.146 g, 1mmol). The resulting yellow-orange precipitate was filtered off, washed with
ethanol and diethyl ether and dried in vacuo. Conductivity data (10�3M in DMF):
�M¼ 153.0Ohm�1 cm2mol�1.

2.3.2. Cis-Y2[Mo2O5(cdhp)2] (Y¼PPh4 (2), nBu4N (3)). Ammonium molybdate,
(NH4)2[MoO4], (0.24 g, 1mmol) in water (3 cm3) was added to H2cdhp (0.146 g,
1mmol) in water (30 cm3). The resulting yellow-orange solution was filtered and an
aqueous solution (10 cm3) of PPh4Cl (0.76 g, 2mmol) or nBu4NCl (0.56 g, 2mmol) was
added to the filtrate. The yellow (PPh4

þ) or beige (nBu4N
þ) precipitate was filtered off,

washed with water and air-dried. Conductivity data (10�3M in ethanol): �M¼ 46.0 for
(2) and 54.0 for (3) Ohm�1 cm2mol�1.

2.3.3. Cis-[W2O5(Hcdhp)2] . 4H2O (4). A solution of Na2[WO4] (0.33 g, 1mmol) in
water (5 cm3) was added to H2cdhp (0.146 g, 1mmol) in ethanol (15 cm3). The pale,
green-brown precipitate was filtered off, washed with ethanol and diethyl ether and
dried in vacuo. Conductivity data (10�3M in DMSO): �M¼ 4.0Ohm�1 cm2mol�1.

2.3.4. Trans-K2[OsO2(cdhp)2] (5). K2[OsO2(OH)4] (0.1 g, 0.25mmol) in water (2 cm3)
was filtered into a solution of H2cdhp (0.073 g, 0.5mmol) in ethanol (10 cm3) with
stirring. The resulting brown solution was left to stand for 2 h, during this time a brown
complex formed. It was filtered off, washed with ethanol and diethyl ether and dried
in vacuo. Conductivity data (10�3M in DMF): �M¼ 148.0Ohm�1 cm2mol�1.
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2.3.5. Trans-[UO2(Hcdhp)2] . H2O (6). Trans-[UO2(NO3)2] � 6H2O (0.25 g, 0.5mmol)
in methanol (10 cm3) was added to H2cdhp (0.146 g, 1mmol) in methanol (20 cm3). The
red mixture was refluxed for 2 h on a steam bath. Upon reducing the volume followed
by cooling, a red-brown complex separated out. It was washed with ice-cold methanol
and dried in vacuo. Conductivity data (10�3M in DMSO): �M¼ 5.0Ohm�1 cm2mol�1.

2.3.6. [ReO(PPh3)(Hcdhp)2]Cl (7). To a stirred suspension of [ReO(PPh3)2Cl3] (0.15 g,
0.18mmol) in ethanol (30 cm3) was added H2cdhp (0.053 g, 0.36mmol). The resulting
suspension was warmed and stirred under reflux for 3 h. Pale green microcrystals were
isolated, washed with ethanol and dried in vacuo. Conductivity data (10�3M in
DMSO): �M¼ 64.0Ohm�1 cm2mol�1.

2.3.7. [ReO(PPh3)(Hcdhp)2]I (8). This complex was prepared in a similar fashion to
[ReO(PPh3)(cdhp)2]Cl but with [ReO2(PPh3)2I] in place of [ReO(PPh3)2Cl3] and using
methanol as a solvent. Conductivity data (10�3M in DMSO):
�M¼ 49.0Ohm�1 cm2mol�1.

2.3.8. (PPh4)[ReO2(cdhp)2] (9). To a stirred suspension of [ReO(PPh3)2Cl3] (0.17 g,
0.2mmol) in ethanol (10 cm3) was added H2cdhp (0.073 g, 0.5mmol) and Et3N (0.1 cm3,
0.07mmol). The resulting green suspension was stirred under reflux for 4 h and a brown
solution obtained. PPh4Cl (0.075 g, 0.2mmol) in ethanol (5 cm3) was added to the cold
reaction mixture. Over 60 h refrigeration, a brown complex was obtained, filtered off,
washed with ice-cold water and air-dried. Conductivity data (10�3M in DMSO):
�M¼ 28.0Ohm�1 cm2mol�1.

2.3.9. [Pt(PPh3)2(cdhp)] (10) and [Pt(bpy)(cdhp)] (11). To a stirred suspension of
H2cdhp (0.146 g, 1mmol) in methanol-benzene (3 : 2, V/V) (30 cm3) was added a
methanolic solution of KOH (0.11 g, 2mmol) and [Pt(PPh3)2Cl2] or [Pt(bpy)Cl2]
(1mmol). The resulting suspension was stirred overnight and yellow and pale yellow
complexes were obtained, respectively. These were filtered off, washed with water and
methanol and air-dried. Conductivity data (10�3M in DMSO): �M¼ 4.0 for (10) and
2.0 for (11) Ohm�1 cm2mol�1.

2.3.10. [Pd(PPh3)2(cdhp)] (12) and [Pd(bpy)(cdhp)] (13). A similar procedure as for the
platinum analogue was applied, [Pd(PPh3)2Cl2] and [Pd(bpy)Cl2] replacing their Pt(II)
analogues to produce a deep-beige and brown precipitate, respectively. Conductivity
data (10�3M in DMSO): �M¼ 6.0 for (12) and 7.0 for (13) Ohm�1 cm2mol�1.

2.3.11. [Ru(PPh3)2(Hcdhp)2] (14) and [Ru(AsPh3)2(Hcdhp)2] (15). The complex
[Ru(PPh3)3Cl2] (0.25 g, 0.25mmol) or [Ru(AsPh3)2Cl3(MeOH)] (0.21 g, 0.25mmol)
was added to methanolic solutions of H2cdhp (0.058 g, 0.4mmol) and Et3N (0.05 cm3,
0.03mmol) was added to the reaction mixture. The reaction mixture was refluxed for
2 h during which shiny green microcrystals (PPh3) or deep green (AsPh3) product was
isolated, washed with methanol and diethyl ether and dried in vacuo. Conductivity data
(10�3M in DMSO): �M¼ 4.0 for (14) and 5.0 for (15) Ohm�1 cm2mol�1.
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2.3.12. [Rh(Hcdhp)2Cl(H2O)] . H2O (16). Hydrated rhodium trichloride (0.12 g,
0.45mmol) was added to a solution of AcONa (0.62 g, 7.5mmol) in water (30 cm3)
and heated gently with stirring under reflux while H2cdhp (0.22 g, 1.5mmol) was added.
The mixture was refluxed for 6 h and a yellow-beige precipitate formed, which was
removed while hot, washed with hot water and air-dried. Conductivity data (10�3M in
DMSO): �M¼ 6.0Ohm�1 cm2mol�1.

2.3.13. [Rh(PPh3)2(Hcdhp)2]ClO4 (17). A hot ethanolic solution (15 cm3) of H2cdhp
(0.12 g, 0.8mmol) was added to a solution of HClO4 (3mol dm�3) in water (10 cm3)
containing RhCl3 � 3H2O (0.104 g, 0.4mmol). The resulting solution was kept under
reflux for 3 h and PPh3 (0.22 g, 0.82mmol) in hot ethanol (10 cm3) was added to the
reaction mixture. After 1.5 h of continuing reflux, a red-brown product was isolated,
filtered off while hot, washed with hot water, hot ethanol and dried in vacuo.
Conductivity data (10�3M in DMSO): �M¼ 154.0Ohm�1 cm2mol�1.

2.3.14. [Ir(bpy)(cdhp)Cl2] . 2H2O (18). To Na2[IrCl6] (0.113 g, 0.25mmol) in water
(5 cm3) was added a solution of H2cdhp (0.11 g, 0.75mmol) and KOH (0.084 g,
1.5mmol) in water (15 cm3). The brown solution was kept under reflux for 2 h, then
2,20-bipyridine (0.156 g, 1mmol) in hot ethanol (10 cm3) was added. The reaction
mixture was refluxed for an additional 4 h and the shiny brown precipitate washed with
hot water and hot ethanol and dried in vacuo. Conductivity data (10�3M in DMSO):
�M¼ 8.0Ohm�1 cm2mol�1.

2.4. Antineoplastic activity against Ehrlich ascites carcinoma in mice

Ehrlich ascites tumor cells (EAC) (2� 106 cells/mice) were implanted intrapritonial
(i.p.). The tumor-bearing mice were divided into three groups; standard received the
5-florouracil (5-fu) for comparison, the second received H2cdhp and its complexes and
the third group is the control one (does not receive any treatment). Each group consists
of seven mice. All the compounds were screened for their antitumor activity by
dissolving samples in minimum amount of water, DMF or DMSO and diluting with
phosphate buffered saline (PBS; pH¼ 7.2). H2cdhp and cis-K2[Mo2O5(cdhp)2],
[M(bpy)(cdhp)] and [M(PPh3)2(cdhp)] (M¼Pd, Pt) complexes were injected (100 ppm
solution) daily i.p. from the second day of incubation. The control group was treated
with the same volume of 0.9% sodium chloride solution while the standard one by
5-florouracil (5-fu) [28]. All the treatments started 24 h after inoculation for 45 days.

3. Results and discussion

3.1. Synthesis of complexes

Hydroxypyridines undergo tautomerization with pyridones with equilibrium favoring
the pyridine isomer for 2- and 4-hydroxypyridines [29]. This may make the electron-
withdrawing effect of the oxygen more pronounced in the coordinated ligand and thus

A study of 5-chloro-2,3-dihydroxypyridine transition metal complexes 1557
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further stabilize back-bonding [11]. In basic solution, this tautomerization is less
favorable [11].

The Experimental Section lists new complexes of 5-chloro-2,3-dihydroxypyridine.
Elemental analyses table 1 of the isolated complexes agree with the assigned formula.
The oxo-molybdenum complexes cis-[Mo2O5(cdhp)2]

2� were prepared by reaction of
H2cdhp with [MoO4]

2�; similar reaction using trans-K2[OsO2(OH)4] gave
K2[OsO2(cdhp)2], while using Na2[WO4] produced cis-[W2O5(Hcdhp)2]. Trans-
[UO2(Hcdhp)2] was obtained by the reaction of uranyl nitrate and H2cdhp in methanol.
The [M(PPh3)2(cdhp)] and [M(bpy)(cdhp)] (M¼Pd, Pt) were made from [M(PPh3)2Cl2]
and [M(bpy)Cl2] and H2cdhp in benzene-methanol in the presence of aqueous base. The
complexes [ReO(PPh3)(Hcdhp)2]X (X¼Cl, I) were made from H2cdhp and
[ReO(PPh3)2Cl3] or [ReO2(PPh3)2I] in ethanol or methanol, respectively, while
[ReO2(cdhp)2]

� was made from [ReO(PPh3)2Cl3] in the presence of Et3N in ethanol.
The ruthenium complexes were made from [Ru(PPh3)3Cl2] or [Ru(AsPh3)2Cl3MeOH]
and H2cdhp in basic methanol to yield [Ru(YPh3)2(Hcdhp)2] (Y¼P or As).
[Rh(Hcdhp)2Cl(H2O)] was obtained from RhCl3 � 3H2O and H2cdhp under aqueous
basic conditions. [Rh(PPh3)2(Hcdhp)2]ClO4 was prepared by the reaction of hydrated
RhCl3 with H2cdhp in the presence of PPh3 and HClO4 in ethanol. Finally, the complex
[Ir(bpy)(cdhp)Cl2] was obtained by refluxing Na2[IrCl6] and the ligand in aqueous base
in the presence of bpy. The sequence of reagent addition in most procedures is critical.

The complexes are microcrystalline or powder-like, stable in normal laboratory
atmosphere and soluble in water (Mo,Os), DMF and DMSO. I had hoped to
structurally characterize one of the complexes by single X-ray crystallography, but was
thwarted on numerous occasions by very small crystal dimensions. Thus, the
characterizations of the complexes were based on physical and spectroscopic
techniques.

3.2. Vibration spectra

The characteristic Raman and IR bands observed and vibration assignments of
5-chloro-2,3-dihydroxypyridine (H2cdhp) and its reported complexes are detailed in
table 1. The IR spectra of some dihydroxypyridines show their existence in different
hydroxy-ketone forms [1] scheme 1. In the solid state, H2cdhp is predominantly in the
pyridone form (form B, scheme 2) [10]. There are characteristic vibration bands of
�(NH) and �(C¼O) at 3240 and 1675 cm�1, respectively [10, 11], and the in-plane
�(NH) band at 1603 cm�1. The broad �(OH) absorption at 3265 cm�1 arises from
strong intra and intermolecular hydrogen-bonding of the free ligand [11, 30].

In spectra of [W2O5(Hcdhp)2], [UO2(Hcdhp)2] �H2O, [Rh(Hcdhp)2Cl(H2O)],
[Rh(PPh3)2(Hcdhp)2]ClO4, [ReO(PPh3)(Hcdhp)2]Cl, [ReO(PPh3)(Hcdhp)2]I,
[Ru(PPh3)2(Hcdhp)2] and [Ru(AsPh3)2(Hcdhp)2] the stretching vibration �(OH) in the
free ligand is missing. The band at 1675 cm�1 arising from �(C¼O) in the free ligand
shifts to lower wave number upon complexation. The stretching vibration �(NH) in the
free ligand remains more or less in the same position in the complexes [11]. The bands at
1613 and 1566 cm�1, mixed �(C¼C) and �(C¼N) modes, also shift to lower wave
numbers in the complexes [1, 31]. The band near 1240 cm�1 in both ligand and
complexes is probably due to �(C–O). Thus H2cdhp is a mononegative bidentate chelate
through the ketonic oxygen and the ortho hydroxy group (form B, scheme 2); similar
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features have been observed for the tropolonato [32, 33], maltolato [33, 34],
3-hydroxypyridin-2-one [1, 12] and N-substituted-3-hydroxypyridin-2-one [35, 36]
complexes.

In the other complexes, the stretching vibrations �(NH), �(C¼O) and �(OH) in the
free ligand are missing in the complexes, indicative of deprotonation and bidentate
coordination of the ligand; these features are similar to those observed for catecholato
and related catecholato complexes [24, 37–39]. Coordinated catechols typically show
strong bands attributed to the ring stretch of the C–C bond between the two oxygen
donor atoms and the C–O stretches near 1480 and 1250 cm�1, respectively [24, 38, 39].
In the halo substituted catecholato complexes the (C–C) stretching frequencies are
considerably lower [40]. In the spectra of complexes, these features are supported by
bands near 1435 and 1245 cm�1, attributed to �(C–C) and �(C–O) stretches,
respectively.

In [Mo2O5(cdhp)2]
2� and [W2O5(Hcdhp)2] the symmetric cis-dioxo stretches,

�s(MO2), are seen around 910 cm�1 as strong bands in the Raman, weaker in the IR,
with asymmetric cis-dioxo stretches, �as(MO2), strong in the IR and weaker in the
Raman around 880 cm�1. These complexes contain a bridging oxo-ligand [41] observed
in the IR near 730 cm�1 assigned to �as(M2O). Both trans-[UO2(Hcdhp)2] �H2O and
trans-K2[OsO2(cdhp)2] show strong IR bands at 945 and 840 cm�1, respectively, not
observable in the Raman spectra assigned to �as(MO2) of trans-O¼M¼O [1, 2, 42].
Strong Raman bands observed at 879 and 865 cm�1, respectively, are assigned to
�s(MO2); in accord with trans geometry these bands are very weak in the IR [2, 24, 43].
The [ReO(PPh3)(Hcdhp)2]I and [ReO(PPh3)(Hcdhp)2]Cl complexes show a new very
strong band in both Raman (959 cm�1) and IR (943 cm�1) spectra, from �(Re¼O)
[40, 44]. In [Pd(bpy)(cdhp)], [Pt(bpy)(cdhp)] and [Ir(bpy)(cdhp)Cl2], the band of
2,20-biyridine at 740 cm�1 in the free ligand is shifted to higher frequencies in the
complexes (767 cm�1) [45]. Also, bands at 440 and 520 cm�1 are assigned to �(M–O) and
�(M–N) stretches, respectively [46, 47]. In [Ru(PPh3)2(Hcdhp)2], [Ru(AsPh3)2(Hcdhp)2]
and [Rh(PPh3)2(Hcdhp)]ClO4, strong vibrations are observed near 750, 700 and
530 cm�1, attributed to PPh3 and AsPh3 [48–50]. The spectrum of
[Rh(PPh3)2(Hcdhp)2]ClO4 exhibits two bands at 1096 cm�1 (strong) and 690 cm�1

(medium) due to �3(F2) and �4(F2) of uncoordinated ClO�
4 , respectively [51, 52].

3.3. Electronic spectra

The electronic spectra of H2cdhp in both nujol and ethanol show three absorption
bands near 210, 240 and 305 nm [12]. The electronic spectra of the complexes in H2O,
DMF or DMSO in the 200–900 nm region contain intense bands due to ligand to metal
charge transfer (LMCT) transitions and weaker bands assigned to d–d transitions [53].
Transitions below 400 nm are assigned to intra-ligand charge transfer (n!�* and
�!�*).

The electronic spectra of palladium(II) and platinum(II) complexes in DMSO are
indicative of square-planar geometry. In the visible region of the square-planar
complexes of Pd(II) and Pt(II), three spin-allowed singlet-singlet d-d transitions are
predicted [54, 55]. The ground state is 1A1g and the excited states corresponding to
three transitions are 1A2g, 1B1g and 1Eg in order of increasing energy. Strong
charge transfer transitions interfere and prevent observation of the expected bands.
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The absorption band near 365 nm is assigned to combination of charge transfer
from platinum or palladium to the �* orbital of 2,20-bipyridine or PPh3 and d–d bands
[56, 57], while the band near 480 nm is due to a combination of ligand (�) to metal
charge transfer and M(II) d–d bands [57].

The electronic spectra of the ruthenium(II) complexes show shoulders near 850 nm
and intense transitions near 560 (1A1g!

1T1g), 400 (1A1g!
1T2g) and 350 (ligand

(�–d�)) nm [58–60]. These features indicate a low-spin octahedral geometry around
Ru(II) [60]. Similar spectral data are reported for [Ru(PPh3)2LCl2] and [Ru(PPh3)2L2]

þ

(L¼ 2-(arylazo)pyrimidines) complexes [58, 59].
The electronic spectra of the rhodium(III) complexes display bands near 600, 500 and

410 nm similar to those of other six-coordinate Rh(III) complexes, assigned to
1A1g!

3T1g,
1A1g!

1T1g and
1A1g!

1T2g transitions, respectively [44, 61].
The electronic spectra of [MoO2]

2þ (in water or ethanol) and [WO2]
2þ (in DMSO)

display bands near 465 and 350 (shoulder) nm assigned to MLCT in octahedral
geometry [62, 63].

The electronic spectrum of trans-[UO2(Hcdhp)2] in DMSO shows bands at 470 and
385 nm due to �g

1þ
!

2�u and n!�* charge transfer, respectively [64].

3.4. 1H NMR spectra

The 1H NMR spectrum of H2cdhp in d6-DMSO shows singlets at � 6.88 and 7.06 ppm
arising from H4 and H6, respectively (see scheme 2 for numbering scheme). The proton
of the hydroxy group appears as a broad singlet at � 11.89 and the NH1 proton gives
a singlet at � 9.65 ppm. In the complexes table 2, the proton of the hydroxy group is not
observed while the resonances arising from H4 and H6 shift to lower field [65], probably
due to decrease in the electron density caused by electron withdrawal of the metal in
the pyridine ring coordination centers. Similar features are observed for catecholate
and 1,2-dimethyl-3-hydroxypyridin-4-one complexes [1, 24, 40]. In cis-[W2O5(Hcdhp)2],
[Ru(AsPh3)2(Hcdhp)2], [Rh(PPh3)2(Hcdhp)2]ClO4, [Rh(Hcdhp)2Cl(H2O)] and
trans-[UO2(Hcdhp)2] �H2O, the NH1 resonance shifts downfield confirming that

Table 2. Electronic and 1H NMR spectral data of H2cdhp and its complexes.

IH NMR Spectra (ppm)

Compounds Electronic spectra (nm) H(4) H(6) NH(1) OH

H2cdhp 305, 240, 201 6.88 7.06 9.65 11.89
Cis-K2[Mo2O5(cdhp)2] � 2H2O 465, 348 (sh)a 7.07 7.26 – –
Cis-[W2O5(Hcdhp)2] � 4H2O 462, 350 (sh)a 7.06 7.23 9.70 –
Trans-[UO2(Hcdhp)2] 470, 385 7.05 7.22 9.71 –
[Pt(PPh3)2(cdhp)] 470, 352 7.12 –b – –
[Pt(bpy)(cdhp)] 477, 356 7.00 7.14 – –
[Pd(PPh3)2(cdhp)] 480, 371 6.95 7.13 – –
[Pd(bpy)(cdhp)] 473, 365 6.92 7.11 – –
[Ru(AsPh3)2(Hcdhp)2] 850 (sh)a, 555, 348 7.01 7.13 9.69 –

7.08 7.21 9.77
[Rh(Hcdhp)2Cl(H2O)] 595, 510, 410 7.09 7.29 9.71 –
[Rh(PPh3)2(Hcdhp)2]

þ 600, 505, 415 6.99 7.23 9.70 –
7.04 7.30 9.79

ash¼ shoulder, binterference of H(6) with PPh3 proton signals.
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H2cdhp is mononegative bidentate through the ketonic oxygen and the ortho hydroxy
group (form B, scheme 2). For the other complexes, the resonance arising from the NH1

proton is not observed confirming coordination through two deprotonated hydroxy
groups.

The 1H NMR spectrum of [Rh(Hcdhp)2Cl(H2O)] should show the presence of
fac and mer isomers since Hchhp� is an unsymmetrical bidentate ligand (carbonyl
and hydroxy oxygen atoms are non-equivalent). In the fac isomer, the Hcdhp� are
equivalent while in the mer they are different [44, 65]; one peak is observed for the NH1

at � 9.71 ppm, showing the presence of pure isometrical form. Protons H4 and H6 giving
only two resonances can be assigned in a similar manner [66].

The 1H NMR spectrum of [Rh(PPh3)2(Hcdhp)2]
þ shows two resonances for each

proton (NH1, H4 and H6) assigned to cis-PPh3 and cis-Hcdhp� configuration
(scheme 3) as the metal to phosphine �-donation is more effective in the cis
stereochemistry than trans [67]. The PPh3 protons appear as a bulky multiplet within
7.3–7.7 ppm. The X-ray crystal structure of [Rh(PPh3)2(damo)2]

þ showed a cis
geometry [67].

In the 1H NMR spectrum of [Ru(AsPh3)2(Hcdhp)2], the bulky AsPh3 has an inherent
disadvantage in the cis-configuration due to steric crowding. There are two competing
forces; the steric crowding between AsPh3 � � �AsPh3 and �-back bonding between t2Ru
and � (AsPh3, Hcdhp). The latter effect predominates in the cis-geometry [58].

3.5. Mass spectra

The mass spectra of the complexes [Pt(PPh3)2(cdhp)], [Pd(bpy)(cdhp)],
[Rh(Hcdhp)2Cl(H2O)] and [Ir(bpy)(cdhp)Cl2] are determined by FAB analysis. The
mass spectrum of [Pt(PPh3)2(cdhp)] shows fragmentation patterns corresponding to the
successive degradation of the molecule. The first signal is at m/e 864 (Calcd 862.6), in
agreement with the molecular ion of the complex, [Pt(PPh3)2(cdhp)]

þ, with 6.6%
abundance. The second and third signals represent the loss of cdhp and PPh3 fragments,
indicating stepwise ligand loss to [Pt(PPh3)2]

þwithm/e 721 (Calcd 719.1) and [Pt(PPh3)]
þ

with m/e 458 (Calcd 457.1), respectively [24]. The mass spectrum of [Pd(bpy)(cdhp)]
shows a signal at m/e 408 (Calcd 405.9) representing the molecular ion of the complex,
[Pd(bpy)(cdhp)]þ, with 3.2% abundance. The spectrum exhibits one more signal at m/e
264 (Calcd 262.4), which represents [Pd(bpy)]þ. The mass spectrum of
[Rh(Hcdhp)2Cl(H2O)] �H2O shows a signal at m/e 464 corresponding to
[Rh(Hcdhp)2Cl(H2O)]þ with 16.2% abundance. The spectrum shows signals at 410,

Rh

PPh3 PPh3

PPh3PPh3

3O

3O

2O

2O

2O

2O

3O

3O

Rh

Scheme 3. Possible cis-configurations of [Rh(Hcdhp)2(PPh3)2]
þ.
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393 and 249 corresponding to [Rh(Hcdhp)2(H2O)]þ [68], [Rh(Hcdhp)2]
þ and

[Rh(Hcdhp)]þ fragments, respectively. The mass spectrum of [Ir(bpy)(cdhp)Cl2] � 2H2O
shows a signal at m/e 601 (Calcd 598.7) with 13.25% abundance. The fragmentation
patterns indicate the stepwise ligand loss to [Ir(bpy)(cdhp)]þ (494), [Ir(bpy)]þ (350) [24].

3.6. Thermal analysis

Thermal decompositions of [Ir(bpy)(cdhp)Cl2] � 2H2O, [Pd(bpy)(cdhp)],
[Rh(Hcdhp)2Cl(H2O)] �H2O, [Ru(AsPh3)2(Hcdhp)2] and [ReO(PPh3)(Hcdhp)2]Cl were
studied using thermogravimetry (TG). The thermogram of [Ir(bpy)(cdhp)Cl2] � 2H2O
shows the first step weight loss of 5.9% between 32 and 170�C, which corresponds to
the release of two mol of H2O per mol of complex (Calcd 6.0%); the relatively low
temperature shows crystal lattice water [51, 61]. Another endothermic decomposition
occurs between 171 and 449�C; this weight loss is attributed to loss of Cl2 and C5H2NCl
fragments (Calcd 30.5, Found 30.3%) [63, 69]. There are two other TG inflections in the
ranges 450–509 and 510–649�C, from elimination of two halves of the bpy (Calcd 13.0,
Found 13.0%) [61], leaving IrO2 representing (Calcd 37.4, Found 37.3%). The data for
[Pd(bpy)(cdhp)] show two TG inflections in the ranges 272–434 and 444–498�C. The
first from release of C5H2NCl (Calcd 27.5, Found 27.5%) and bpy (Calcd 38.4, Found
38.5%) fragments, respectively [70], followed by the formation of PdO at 590�C (Calcd
30.2, Found 30.3%). The thermogram of [Rh(Hcdhp)2Cl(H2O)] �H2O is characterized
by steps at 41–110, 280–410, 411–490 and 491–643�C regions. The elimination of crystal
lattice water (Calcd 3.9, Found 4.0%) [61], coordinated water, half Cl2, C5H3OCl
fragments (Calcd 36.3, Found 36.8%) [69], C5H3Cl species (Calcd 21.2, Found 20.9%)
and N2 (Calcd 6.0, Found 6.0%) leaving Rh2O3 residue at 670�C (Calcd 32.6, Found
34.1%). The TG of [Ru(AsPh3)2(Hcdhp)2] shows the first endothermic weight loss
between 129 and 277�C, corresponding to the release of four Ph groups (C24H20) (Calcd
30.7, Found 30.2%). The second weight loss (Calcd 22.4, Found 21.9%) between 278
and 347�C is from elimination of two C5H3NCl fragments. The third TG inflection in
the 416–516�C range may arise from release of two AsPh fragments (Calcd 30.3,
Found 31.6%), followed by mixed Ru2O3–RuO2 residue (21.1%). The thermogram of
[ReO(PPh3)(Hcdhp)2]Cl shows an endothermic step between 185 and 325�C, which may
correspond to release of half Cl2 and three Ph groups (C18H15) (Calcd 33.8, Found
34.0%) [69]. The second weight loss (Calcd 18.2, Found 18.5%) between 326 and 370�C
may be attributed to elimination of P and C5H3NCl species. The third TG inflection lies
in the 420–580�C range from release of O2 and C5H3NCl fragments (Calcd 18.3,
Found 18.8%), followed by a residue of Re-oxide (26.7%).

3.7. Antineoplastic activity

Reliable criteria for judging the value of any anticancer drug are prolongation of life
span, improving the clinical, haematological, biochemical profile and reduction in
viable tumor cell count in the host [71, 72]. It is known that available anticancer drugs
inhibit the haematological and biochemical parameters (haemoglobin (Hb), red blood
cell counts (RBCs) and white blood cell counts (WBCs); blood picture). The target of
this study is to find a drug effective against cancer without side effects on the
haematological and biochemical parameters. Schiff bases derived from substituted
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o-hydroxyacetophenone-glycine (L) and their complexes [ML2] (M¼Pd, Pt) in DMF

exhibit potent cytotoxic activity against Ehrlich ascites tumor cells [73, 74]. Also, the

cytotoxicity of 2-acetylpyridine-N-substituted-thiosemicarbazones and 2-acetylpyrazine

have been reported with their Cu(II) and Fe(II) complexes [73, 75].
In order to detect the influence of H2cdhp and its complexes on the haematological

status of EAC-bearing mice, a comparison study was made among three groups of

mice from the 14th day after inoculation. The three groups are tumor-bearing

mice treated with 5-fu (standard [28, 76]), H2cdhp and its complexes and control mice.

The antitumor effect of H2cdhp, cis-K2[Mo2O5(cdhp)2], [M(bpy)(cdhp)] and

[M(PPh3)2(cdhp)] (M¼Pd, Pt) shows efficacy against cancer manifested by survival,

activity and reduction in the tumor size; these features were not observed for the other

complexes. The haematological parameters including haemoglobin (Hb), red blood cell

counts (RBCs) and white blood cell counts (WBCs) data are reported in table 3. It is

clear that the haematological parameters of tumor-bearing mice treated with H2cdhp,

cis-K2[Mo2O5(cdhp)2] and [Pd(bpy)(cdhp)] exhibits significant improvements over

those treated with the standard (5-fu).
The haematological parameters are recorded for the tumor-bearing mice in

the control group (Hb 7.8 g dl�1; RBCs 4.7milmm�3; WBCs 24100milmm�3) and

tumor-bearing mice treated with 5-fu (Hb 10.2 g dl�; RBCs 6.0milmm�3; WBCs

7600milmm�3). The haematological parameters of tumor-bearing mice treated

with H2cdhp (Hb 10.8 g dl�1; RBCs 6.49milmm�3; WBCs 9840milmm�3),

cis-K2[Mo2O5(cdhp)2] (Hb 10.7 g dl�1; RBCs 6.39milmm�3; WBCs 8200milmm�3)

and [Pd(bpy)(cdhp)] (Hb 11.4 g dl�1; RBCs 6.29milmm�3; WBCs 10150milmm�3) are

near to the normal figures.
Complexes containing cyclic nitrogen atoms display significant antitumor activity

[77, 78]. Also, the presence of chloro substituent in the 5-position may increase electron

withdrawing from the ring and activate the metal ion to bind the tumor DNA [79].
[M(bpy)(cdhp)] (M¼Pd, Pt) complexes are more effective as antitumor agents than

their PPh3 analogues, perhaps from steric crowding of the PPh3, preventing approach to

the tumor DNA [80]. The antitumor activity of [Pd(bpy)(cdhp)] is more than that of

[Pt(bpy)(cdhp)], as observed for efficacy and selectivity of Pd mono-dione complex

towards A-427 lung cancer being higher than the Pt mono-dione [81].
To investigate the mechanism of action of Pd(II), Pt(II) and MoO2(II) complexes

in the binding of the tumor DNA, in a DNA viscosity assay, the complexes interacted

Table 3. Haematological and biochemical parameters.

Parameter
Compound

Hba

(12–16 g dl�1)
RBCsb

(4.0–6.0milmm�3)
HCTc

(35.0 – 50.0%)
WBCsd

(4000 – 11000mm�3)

H2cdhp 10.8 6.49 42.5 9840
K2[Mo2O5(cdhp)2] 10.7 6.39 30.3 8200
[Pd(bpy)(cdhp)] 11.4 6.29 41.9 10150
[Pd(PPh3)2(cdhp)] 9.3 5.72 26.3 22400
[Pt(bpy)(cdhp)] 8.1 4.76 21.4 13600
[Pt(PPh3)2(cdhp)] 9.9 5.93 29.3 16500
5-fu(5-florouracil) 10.2 6.0 29.9 7600
Control (0.9% NaCl) 7.8 4.72 22.2 2400

aHb¼ hemoglobin, bRBCs¼ red blood cell counts, cHCT¼hemato crate value, dWBCs¼white blood cell counts values in
normal mice are in parentheses.
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with DNA and caused viscosity greater than the normal unbound DNA. This showed
that Pd(II), Pt(II) and MoO2(II) complexes intercalate in the DNA by making the
DNA coil. The Pd(II), Pt(II) and MoO2(II) complexes attach between base pairs,
extend the DNA ladder, and probably disturb the structure of DNA so it could not
replicate [81]. Also, the presence of bpy in the complexes possess a multiring planar area
with nitrogen bases and hence higher hydrophobicity, which would lead to intercalation
more deeply into the tumor DNA [82].

The influence of solvent in cytotoxicity of H2cdhp, cis-K2[Mo2O5(cdhp)2],
[M(bpy)(cdhp)] and [M(PPh3)2(cdhp)] (M¼Pt, Pd) show, as expected, the water
soluble H2cdhp and cis-K2[Mo2O5(cdhp)2] are less kidney toxic and act on DNA of the
tumor by a mechanism different from water insoluble compounds [56, 79].

Regarding the tumor size, the control group tumor size was (1.0� 1.2mm2), reduced
by 5-fu to (0.6� 0.7mm2) while reduced by [Pd(bpy)(cdhp)] to (0.6� 0.5mm2),
indicating the efficacy of the complex.

Regarding the survival time (life span) of the three groups of the above discussed
bearing-mice, the group treated with 5-fu, five out of the seven mice died after one week
from treatment. The group treated with H2cdhp (four out of seven mice died after
two weeks), K2[Mo2O5(cdhp)2] (two out of seven mice died after one week) and
[Pd(bpy)(cdhp)] (three out of seven mice died after two weeks) while in the control
group (six out of seven mice died after two weeks).

The side effects and toxicity
The side effects and toxicity of H2cdhp, K2[Mo2O5(cdhp)2] and [M(bpy)(cdhp)]
(M¼Pd, Pt) on the mice under study have been detected. After the first week of
treatment, the mice show flu-like attack and in the third week spot dropping on the hair
(alopecia). Fortunately, the solid organs have not been affected.

Details of the in vivo antineoplastic screens (phases II & III) will be published
elsewhere.
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