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Summary. The new complexes cis-Mo,Os(ahp),, trans-UO,(ahp),, ReO(PPhs)(ahp),1, M(ahp),,
and M'(ahp); (M =Co, Cu, Pd; M’ =Fe, Ru, Rh; ahp =2-amino-3-hydroxypyridine) have been
prepared. The ligand binds via the deprotonated hydroxy oxygen atom and the amino nitrogen atom
to the central ion. Infrared, Raman, '"H NMR, and electronic spectra of the complexes have been
recorded. 2-Amino-3-hydroxy pyridine was found to behave as an inhibitor with respect to the
corrosion of aluminum and copper in acidic solutions.
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Synthese und Charakterisierung einiger Ubergangsmetallkomplexe von 2-Amino-3-hydroxy-
pyridin sowie dessen Anwendung als Korrosionshemmer

Zusammenfassung. Die neuen Komplexe cis-Mo,Os(ahp),, trans-UO,(ahp),, ReO(PPh3)(ahp),],
M(ahp), und M'(ahp); (M = Co, Cu, Pd; M’ =Fe, Ru, Rh; ahp = 2-Amino-3-hydroxypyridin) wur-
den hergestellt. Die Liganden binden iiber den deprotonierten Hydroxylsauerstoff und den Amin-
stickstoff an das Zentralatom. Infrarot-, Raman-, UV- und 1H-NMR-Spektren der Verbindungen
wurden aufgenommen. 2-Amino-3-hydroxypyrimidin wirkt als Korrosionshemmer fiir Aluminium
und Kupfer in sauren Losungen.

Introduction

2-Amino-3-hydroxypyridine (Hahp, Fig. 1; H is the dissociable hydroxy proton) is
of interest since its anion chelates metal ions as a bidentate N,O donor forming five
membered rings like that of 2-aminophenol [1, 2] (Fig. 2). 2-Amino-3-hydroxy-
pyridine is biologically important in the preparation of clinical antiinflammatory
analgesics [3]. There are only few known transition metal complexes [4,5] or
crystal structures [6] of 2-amino-3-hydroxypyridine: [Cp,Zr(ahp)]™ [4],
[RuCl,(AsPhs),(ahp)] [5], and [(abhp),Cu,Bre - 2H,0] ([6]; abhp = 2-amino-4-
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Fig. 1. 2-Amino-3-hydroxypyridine
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Fig. 2. Five-membered ring formed by chelation of 2-amino-3-hydroxypyridine with a metal ion

bromo-3-hydroxypyridine). Also, the complexes of 2-amino-3-hydroxypyridine-
salicylaldehyde Schiff base with M(II) (Co, Ni, Cu, Pt) and VO** have been
reported [7]. The most efficient acid inhibitors in cleaning solution for industrial
equipment are organic compounds containing nitrogen and sulfur atoms and
contain multiple bonds through which they are adsorbed on the metal surfaces.
Hydrazines [8], substituted hydrazines [9], ethyl amine [10], substituted phenols
[11], and hydrazones [12] have been reported as effective corrosion inhibitors for
aluminum and copper.

Here we report the synthesis of new complexes of 2-amino-3-hydroxypyridine
with a number of transition elements and their vibrational, '"H NMR, and electronic
spectra. The inhibition behaviour of 2-amino-3-hydroxypyridine towards the
corrosion of aluminum and copper in acidic solutions have been studied as well.

Results and Discussion

Preparations

The molybdenum oxo complex cis-Mo,Os(ahp), was obtained by addition of
ammonium molybdate to 2-amino-3-hydroxypyridine in aqueous solution. Trans-
UOy(ahp), was formed by reaction of uranyl acetate and the ligand in aqueous
methanolic solution. The complex ReO(PPh3)(ahp),l was synthesized by mixing
ReO,(PPh3),I and the ligand in methanol. The tris-M(ahp);(M =Fe, Ru, Rh)
complexes were obtained by reaction of the hydrated metal chloride with the ligand
in methanolic (Ru) or basic aqueous (Fe, Rh) solutions. The palladium complex
Pd(ahp), was prepared from an aqueous solution of K;[PdCly] and the ligand,
whereas M(ahp),(M = Co, Cu) complexes were formed from the hydrated metal
acetate and the ligand in methanol.

Vibrational spectra

Infrared and Raman spectroscopic data for the free ligand and its complexes are
shown in Table 1. The stretching vibration of the free ligand (v(OH), 3250 cm™!) is
not observed in the complexes, suggesting deprotonation of the hydroxy group and
formation of M-O bonds [4,13]. Bands near 3440 and 3310cm™" in the free ligand
are assigned to Vaeym(NH») and vy (NHy), respectively; these bands are shifted to
lower wave numbers in the complexes due to the coordination of the amino group
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nitrogen atom to the metal ion [4]. The strong band at 1600 cm~! assigned to
8(NH,) in the ligand is shifted near 1620 cm™! in the complexes [5]. In the spectra
of ligand and complexes, the bands observed near 1290 and 1210cm ™' probably
arise from v(C-N) and v(C-O) stretching vibrations, respectively [4, 5, 13].

In cis-Mo,Os(ahp),, the symmetric stretch vy, (MO,) is observed at 960 cm™!
as a strong band in the Raman spectrum, and as a weaker band at 980 cm™! in the
IR spectrum. v,om(MO,) values (IR, 906 cm~ !, strong; Raman, 880 cm™!, weak)
are close to those observed for reported complexes containing the cis-MoO, moiety
[14]. Also, the IR spectrum of cis-Mo,Os(ahp), shows a broad band at 700 cm ™!
assigned to v(Mo,0O) of the bridging oxo ligand [13, 15]. The trans-UO,(ahp),
complex has a strong IR band at 902 cm~! not observable in the Raman spectrum
assigned to Vasym(UO») of the frans-O = U = O moiety [13, 16], whereas the strong
Raman band at 890cm~! is assigned to Veym(UO2) [13]. The complex
ReO(PPhs)(ahp),)l shows a new strong band at 967cm~! (IR) and 983 cm™!
(Raman) which arises from the v(ReO) stretch [17]. The complexes M(ahp), (M
= Co, Cu, Pd) show a new band near 500 cm~"' in both the IR and Raman spectra
which may arise from v(M-O) stretches [18,19]. New bands can be been found near
470 cm~! in the IR and Raman spectra of all reported complexes, probably arising
from v(M-N) modes [4, 5, 20, 21].

"H NMR spectra

The '"H NMR spectroscopic data for 2-amino-3-hydroxypyridine and its complexes
Mo, Os(ahp),, Rh(ahp)s, and Pd(ahp), in DMSO-dg are given in Table 1. The 'H
NMR spectrum of the free ligand shows a triplet at 6 = 6.39 ppm and two doublets
at 6 =6.81 and 7.40 ppm, arising from Hs, Hy, and Hg respectively (see Fig. 1 for
numbering scheme). The protons of the hydroxy and amino groups appear as
singlets at 6=9.47 (broad) and 5.41 ppm, respectively. For the complexes, the
resonance arising from the hydroxy proton disappears, whereas that arising from
the amino protons is shifted to lower field indicating chelation of the ligand via the
deprotonated hydroxy oxygen atom and the amino nitrogen atom to the metal ion
[4]. Also, the resonances arising from Hy, Hs, and Hg are shifted to higher field,
probably due to electron withdrawal by the metal causing decreased electronic
density in the pyridine ring [22].

The '"H NMR spectrum of cis-Mo,Os(ahp), (Fig. 3) reveals the presence of two
isomeric products A and B in a ratio of approximately 4:1, with most of the minor
isomer peaks downfield from the major isomer counterpart. In the major isomer A,
the amino group nitrogen atoms attached to C, and C) are trans to the molybdenum
oxo ligand [23] as shown in Fig. 4a. This feature is supported by the X-ray crystal
structure of [MoO,(Hamp),] [1], [MoOx(trop),] [24], and [MoO,(2, 3-dhb),] [25].
In the minor isomer B, the oxygen atom attached to C and the nitrogen atom
attached to C, are trans to the molybdenum oxo ligand (Fig. 4b). The first isomer
has three further resonances corresponding to the protons of isomer B [20].
The triplet resonances observed at 6.29 and 6.64ppm arise from Hs and HE,
respectively; the doublets at 6.66, 7.11, 6.38, and 7.37 ppm are due to Hy and HQ,
Hs, and Hg, respectively.
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Fig. 4. Expected isomers (A, B) of cis-Mo,Os(ahp),

Electronic spectra and magnetic studies

Electronic spectroscopic data in dimethyl sulfoxide and magnetic moments for
M(ahp);, (M = Co, Cu) and M'(ahp); (M’ =Fe, Ru) are given in Table 1.

The electronic spectrum of Co(ahp), shows two bands at 600 and 495 nm
which may be assigned to 4T1g—>4A2g and 4T1g—>4T1g(P), respectively, similar to
those reported in octahedral structures [26, 27]. The magnetic moment of Co(ahp),
is 3.6 BM, close to the spin-only value for octahedral Co(II) complexes [28, 29].

The electronic spectrum of Cu(ahp), shows two absorption bands, one at
556 nm (broad) and the other one at 410 nm, which are characteristic of a square-
planar structure [30, 31]. The magnetic moment value of 1.78 BM confirms the
square planar geometry for Cu(Il) (d° electronic configuration with one unpaired
electron) [32]. In the electronic spectrum of Ru(ahp);, two bands are observed at
560 and 430nm which may arise from *Tp,—?Tas, *E, and *Tpy—2Tis Aj,
transitions, respectively [21, 33]. The magnetic moment for Ru(ahp); (1.8 BM) is
lower than the normal value (2.1 BM), may be due to the low symmetry of the
ligand field around the metal ion [34, 35]. The complex Fe(ahp); is found to be
paramagnetic with e = 2.2 BM which may indicate a low spin ground state of the
iron (IIT) complex [21, 36].
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Fig. 5. Galvanostatic polarization of aluminum in 2 M HCl in the absence and presence of different
concentrations of 2-amino-3-hydroxypyridine at 303 K

Polarization and weight loss measurements

Polarization of aluminum and copper was carried out under galvanostatic
conditions in 2M HCI and 2 M HNO3;, respectively, in the absence and presence
of different concentrations of 2-amino-3-hydroxypyridine as shown in Fig. 5 and 6.
Tables 2 and 3 show the effect of inhibitor concentration on the corrosion potential
(Ecorr), Tafel slope (B,, B.), corrosion current density (i.o), and the degree of
percentage inhibition for aluminium and copper, respectively. The inhibition
efficiencies (%P) were calculated using the equation

%P = 100(icorr — i%.)/icorr

where i and i, . are the corrosion current density in the absence and presence of
the inhibitor.

Figures 7 and 8 show the weight loss (mg-cm™2) vs. time of immersion
relationship for aluminum in 2M HCI and copper in 2M HNO;, respectively,
indicating that at increasing inhibitor concentration the corrosion rate decreases.
Tables 4 and 5 show the inhibition effeciency values obtained from the weight loss
measurements in the presence of different concentrations of the inhibitor. The
inhibition percentage (%P) is calculated by the equation

%P = 100(W; — W1)/W,

where W, and W, are the weight loss in the absence and presence of the inhibitor,
respectively.

From the polarization and weight loss measurements, it is evident that 2-amino-
3-hydroxypyridine is an effective inhibitor of the corrosion of aluminum and
copper in acidic solutions. The corrosion rate was found to decrease with increas-
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Fig. 6. Galvanostatic polarization of copper in 2 M HNOj in the absence and presence of different
concentrations of 2-amino-3-hydroxypyridine at 303 K

Table 2. The effect of inhibitor concentration on corrosion current density, Tafel slopes, and
percentage inhibition for aluminum in 2 M HCI at 303K

Conc. E° Leorr B. B, Inhibition
(mol-171) (mV) (LA/cm?) (mV/decade) (mV/decade) (%)

0.0 931 252.5 149 152 -
2%x107 931 216.2 165 155 14.4
1x10~* 936 149.3 167 164 40.9
2x1074 940 122.2 170 169 51.6
1x1073 942 95.1 171 169 62.3

Table 3. The effect of inhibitor concentration on corrosion current density, 7Tafel slopes, and
percentage inhibition for copper in 2 M HNOs; at 303K

Conc. E° fcorr B B, Inhibition
(mol-171) (mV) (uA/cmZ) (mV/decade) (mV/decade) (%)

0.0 52 20.3 170 36 -

2%x107? 56 17.0 166 37 16.2
1x10~* 46 13.9 171 38 31.3
2x107* 45 9.6 177 40 52.9

1x1073 42 1.7 174 40 62.2
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Fig. 8. Weight loss vs time curves of copper in 2 M HNO;

ing inhibitor concentration. The adsorption of the inhibitor on the surface of the
metal takes place through the lone pair electrons on the amino and pyridine
nitrogen atoms; the presence of the hydroxy group favours the possibility of
adsorption. The polarization data (Tables 2 and 3) show that 2-amino-3-
hydroxypyridine acts as a mixed type inhibitor.
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Table 4. Weight loss (mg/cm?) for aluminum in 2 M HCI at different concentrations of 2-amino-3-
hydroxypyridine at 303 K

Time (days) 0.0 2x107° M I1x10™*M 2x107* M Ix1073M
1 28.7 159 13.7 7.9 52
2 75.4 35.7 24.5 16.1 11.5
3 125.6 60.0 40.4 26.3 18.1
4 179.7 87.8 59.6 36.4 27.0
5 245.8 116.2 71.3 43.8 33.7
6 297.2 181.6 80.9 50.8 36.6

Table 5. Weight loss (mg/cm?) for copper in 2 M HNOs at different concentrations of 2-amino-3-
hydroxypyridine at 303 K

Time (days) 0.0 2x107° M I1x107*M 2x1074 M I1x1073M
1 7.2 4.1 3.1 2.1 2.0

2 15.2 9.0 7.0 6.0 4.9

3 21.9 14.3 10.5 8.7 6.5

4 30.3 19.9 13.5 10.5 8.3

5 38.8 24.8 17.7 14.7 10.3

6 47.2 324 22.4 17.4 13.2
Experimental

2-Amino-3-hydroxypyridine was bought from Aldrich and used without further purification;
ReO,(PPhs),I was synthesized by the literature method [37].

cis-M0205(ahp)2 . 3H20

Ammonium molybdate (NH4);[MoO,] (0.23 g, 1 mmol) in water (5cm?®) was added to an aqueous
solution of 2-amino-3-hydroxypyridine (0.11 g, 1 mmol). A yellow solution was obtained which was
left at room temperature for one hour. The yellow precipitate was filtered off, washed with water and
methanol, and air dried.

trans-UO;(ahp),

Uranyl acetate dihydrate U(CH;COO), - 2H,0 (0.21 g, 0.5 mmol) in methanol (5 cm?®) was added to
a solution of 2-amino-3-hydroxypyridine (0.11 g, 1 mmol) in methanol-water (10cm?, 2:1). The
orange mixture was refluxed for two hours on a steam bath. The orange precipitate was filtered,
washed with methanol and ether, and dried in vacuo.

ReO(PPh;)(ahp)>1

To a stirred suspension of ReQ,(PPh3),I (0.22¢g, 0.25mmol) in methanol (10cm?®), 2-amino-3-
hydroxypyridine (0.055 g, 0.5 mmol) was added. The resulting mixture was refluxed for two hours
with stirring. The brown solution was filtered after cooling. After two days in the fridge, the shiny
brown-green precipitate formed was filtered off, washed with cold methanol, and dried in vacuo.
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Ru(ahp); - 3H,0

Hydrated ruthenium chloride (0.13 g, 0.5 mmol) in methanol (10cm?®) was added to 2-amino-3-
hydroxypyridine (0.22 g, 2 mmol) in methanol (15 cm?). The resulting mixture was refluxed for three
hours, and a blue solution was obtained. The blue-black product formed upon reducing the volume to
one half was filtered off and dried in a desicator over silica gel.

Rh(ahp)g . 4H2 (0]

Hydrated rhodium trichloride (0.08 g, 0.25 mmol) was added to a solution of sodium acetate (0.2 g,
1.7 mmol) in water (15cm?) and 2-amino-3-hydroxypyridine (0.165 g, 1.5 mmol) with stirring. The
yellow suspension was refluxed for two hours. The green precipitate formed was filtered while hot,
washed with hot water, and dried on air.

Fe(ahp); - 3H,0

To FeCl;-6H,0 (0.27g, 1mmol) in water (10cm?), a solution of 2-amino-3-hydroxypyridine
(0.33 g, 3 mmol) and NaOH (0.12 g, 3 mmol) in water (10 cm®) was added. The dark brown solution
was reduced to half of its volume, and the deep brown solid was filtered off, washed with water, and
dried over silica gel.

Pd(ahp),

To an aqueous solution of K,[PdCly] (0.16g, 0.5mmol) 2-amino-3-hydroxypyridine (0.11g,
1 mmol) was added. The suspension was stirred for five hours, and a yellow precipitate was obtained.
It was filtered off, washed with water, and dried on air.

Co(ahp), - 2H,0

Hydrated cobalt acetate (0.25 g, 1 mmol) in methanol (10 cm?) was added to a solution of 2-amino-3-
hydroxypyridine (0.22 g, 2 mmol) in methanol (10 cm?). The reaction mixture was refluxed for two
hours. The deep brown precipitate formed was filtered off, washed with methanol and ether, and
dried in vacuo.

Cu(ahp),

A similar method to that for the preparation of Co(ahp), - 2H,O was used, replacing copper acetate
by cobalt acetate.

Polarization and weight loss measurements

Cylindrical pieces of aluminum (99.54% purity) or copper (99.74% purity) were sealed to a glass
tube with Araldite and used as electrodes in the galvanostatic polarization measurements. For weight
loss measurements, sheet with dimensions 20x20x 1 mm were used. The metal surface was polished
with emery paper, cleaned with distilled water, degreased [38, 39], washed with distilled water, and
dried with filter paper. Analytical grade 2 M HCI (for aluminum) and 2 M HNOj (for copper) were
used. Saturated calomel and platinium electrodes were used as reference and auxiliary electrodes,
respectively. All experiments were performed at 30£0.2 °C.
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Instrumentation

Infrared spectra were measured as KBr discs on a Matson 5000 FTIR spectrometer. Raman spectra
were recorded on a Perkin-Elmer 1760 X FT-IR instrument fitted with a 1700 X NIR-FT-Raman
accessory (spectron Nd-YAG laser, 1064 nm excitation). Proton NMR spectra were measured on a
Bruker WM-250 spectrometer. The magnetic susceptibilities were measured at room temperature on
a Johnson Matthey magnetic susceptibility balance. The electronic spectra were measured on a
Unicam UV2-100 UV/Vis spectrometer. Microanalyses were catried out by the Micro Analytical
Unit, Cairo University, Egypt. Galvanostatic polarization measurements were carried out using an
Amel potentiostat-549.
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