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Synthesis and Complexation Behaviour of
1,3-Bis(2-pyridylimino)isoindole with Nickel(II)
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The synthesis and complex behaviour of 1,3-bis(2-pyridyl-
imino)isoindoline (2) with nickel(II) is reported. The new com-
pounds were characterized by elemental analysis, FT-IR, 13C NMR,
1H NMR and via mass spectrometric analysis. Electrochemical
properties of the [(4,5-bis(hydroxyethylmercapto)-bis(2-
pyridylimino)-isoindoline)Ni(OAc)(H2O)] was also studied by
cyclic voltammetry.
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INTRODUCTION

Nitrogen donor ligands have been widely used in the transition metal
catalyzed oxidation of hydrocarbons1. Among the acyclic polydentate
ligands, bis(pyridylimino)isoindole (BPI) derivatives have been the focus
of interest in oxidation chemistry, ever since their use in the cobalt and iron
catalyzed aerobic oxidation of cyclohexane to cyclohexanone, a key
intermediate in the production of polyamides1,2. The BPI-transition metal
catalyzed oxidations generally tend to be unselective and it is therefore of
interest whether the modification of the ligands by variation of their
peripheral substitution pattern and the variation of the oxidizing agent may
enable more selective transformations3-12.

The protonated neutral precursors of the formally anionic BPI ligands
are readily accessible in a one-step condensation reaction of a phthalonitrile
derivative with two molar equivalents of 2-aminopyridine13. Since the
synthesis of these systems follows the classical condensation of suitably
substituted phthalonitriles, the preparation of substituted phthalonitriles
with different groups on the aromatic system is very important14,15. The
aim of the present paper has been to introduce bis(pyridylimino)isoindole
containing S-donor groups and its Ni(II) complex. Electrochemical char-
acterization of the [(4,5-bis(hydroxyethylmercapto)-bis(2-pyridylimino)-
isoindoline)Ni(OAc)(H2O)] has also been investigated.



EXPERIMENTAL

1,2-Bis(hydroxyethylmercapto)-4,5-dicyanobenzene (1) was prepared
according to the published procedure16. IR spectra were recorded on a
Perkin-Elmer Spectrum One FT-IR (ATR sampling accessory) spectropho-
tometer. Nuclear magnetic resonance (NMR) spectra were obtained on a
GE QE-300 spectrometer using DMSO-d6 as the solvent. Mass spectra were
obtained on a Ultima Fourier Transform and Varian 711 mass spectrom-
eter. Elemental analyses were performed on a Carlo Erba EAGER 200.
Melting points were determined on an Electrothermal Gallenkamp appara-
tus. All reagents and solvents were obtained from commercial suppliers
and were of reagent grade quality.

All electrochemical techniques were carried out with a Princeton
Applied Research versastat II potentiostat/galvanostat controlled by an
external PC utilizing a three-electrode configuration at 25ºC. A Pt wire
served as the counter electrode. A saturated calomel electrode (SCE) was
employed as the reference electrode and separated from the bulk of the
solution by a double bridge containing saturated KCl adjacent to SCE and
solvent and carrier adjacent to the solution. Ferrocene/Ferrocenium was
used as universal reference. The working electrode was a Pt plate with an
area of 0.10 cm2. The surface of the working electrode was polished with a
H2O suspension of Al2O3 before each run. The last polishing was done with
a particle size of 50 nm. Electrochemical grade tetrabutylammoniumperchlo-
rate (TBAP) in extra pure DMSO was employed as the supporting electro-
lyte at a concentration of 0.1 moldm-3. High purity N2 was used for deaera-
tion and to maintain a nitrogen blanket for at least 15 min prior to each run.

Synthesis of 4,5-bis(hydroxyethylmercapto)-BPI (2): 1,2-Bis(hydro-
xyethylmercapto)-4,5-dicyanobenzene (1, 0.500 g, 1.70 mmol),
2-aminopyridine (0.401 g, 4.26 mmol) and CaCl2 (0.048 g, 0.43 mmol)
were suspended in 1-hexanol (16 mL) and heated at reflux for 20 h. After
cooling to room temperature the reaction product was isolated as a yellow
solid washed with water and dried over P4O10. The product was crystal-
lized from ethanol. Yield: 0.450 g (55 %); m.p.: 229°C. FT-IR (νmax, cm-1):
3184, 3060, 2992, 2879, 1614, 1570, 1551, 1456, 1430, 1359, 1208, 1055,
788. 1H NMR (200 MHz, DMSO-d6): δ 8.67 (dd, 2H, H-12), 7.89 (m, 2H,
H-10), 7.79 (s, 2H, H-6), 7.43 (d, 2H, H-9), 7.25 (dd, 2H, H-11), 5.12 (t,
2H, OH), 3.69 (q, 4H, HOCH2-), 3.25 (t, 4H, -CH2S-), NH not seen. 13C
NMR (50 MHz, DMSO-d6): δ 160.2 (C-8), 152.8 (C-7), 148.8 (C-12), 141.7
(C-10), 139.4 (C-5), 132.7 (C-1), 123.6 (C-6), 121.4 (C-11), 119.9 (C-9),
60.1 (HOCH2-), 35.6 (-CH2S-). FAB-MS: m/e 452 [M]+. Anal. (%) calcd.
for C22H21N5O2S2: C, 58.51; H, 4.68; N, 15.50. Found: C, 58.40; H, 4.63;
N, 15.63.
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[(4,5-Bis(hydroxyethylmercapto)-BPI)Ni(OAc)(H2O)] (3): 4,5-
Bis(hydroxyethylmercapto)-BPI (0.063 g, 0.13 mmol) was dissolved in
ethanol (10 mL). A solution of Ni(CH3COO)2.4H2O (0.069 g, 0.27 mmol)
in ethanol (10 mL) was added to the solution with stirring. The mixture
was boiled for 24 h and filtered. All volatiles were removed in vacuo and
the residue was dissolved in toluene. The resulting reddish brown precipi-
tate was filtered off and dried in vacuo. Yield, 0.075 g (92 %). FT-IR (νmax,
cm-1): 3600-3200, 2971, 1565, 1520, 1411, 1349, 1152, 1046, 784. 1H NMR
(200 MHz, DMSO-d6): δ 7.90-7.12 (m, 10H, aromatic H), 5.10 (br, 2H,
OH), 3.83-3.21 (m, 10H, CH2 and H2O), 2.25 (s, 3H, CH3). FAB-MS: m/e
589 [M+2]+. Anal. (%) calcd. for C24H25N5O5S2Ni: C, 49.08; H, 4.29; N,
11.92. Found: C, 49.60; H, 4.15; N, 12.09.

RESULTS AND DISCUSSION

Bis(2-pyridylimino)isoindole (BPI) ligand 2, has been prepared by a
one step reaction of 1,2-bis(hydroxyethylmercapto)-4,5-dicyanobenzene
with the 2-aminopyridine. Conversion of bis(2-pyridylimino)isoindole
derivative 2 into corresponding metal complex 3 was accomplished by
reaction with nickel(II) acetate in ethanol (Scheme-I).
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Scheme-I  Synthesis of 4,5-bis(hydroxyethylmercapto)-BPI (2) and its nickel complex (3).
  (i) CaCl2, 1-hexanol, 20 h reflux; (ii) Ni(CH3COO)2.4H2O, ethanol, 24 h reflux
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All of these new compounds were characterized by elemental analyses
together with FT-IR, 1H NMR, 13C NMR and MASS spectroscopic tech-
niques. Elemental analyses correspond closely with the values calculated
for 2 and 3. In compound 2, the strong band observed at 3184 cm-1 can be
attributed to the NH group vibration. Aliphatic and aromatic CH stretching
vibrations are observed at 3060-2879 cm-1. The characteristic bands of the
pyridine ring are observed at 1570-1430 cm-1. In 1H NMR spectrum of 2
aromatic protons appear at 8.68-7.23 ppm. The OH proton is observed 5.12
ppm and CH2 protons are observed 3.71-3.22 ppm. The 13C NMR signals
are found to be at 160.2 (C-8), 152.8 (C-7), 148.8 (C-12), 141.7 (C-10),
139.4 (C-5), 132.7 (C-1), 123.6 (C-6), 121.4 (C-11), 119.9 (C-9), 60.1
(HOCH2-), 35.6 (-CH2S-) ppm. FAB-MS spectrum of 2 the molecular ion
peak appeared at m/e 452.

In compound 3, broad band in the 3600-3200 cm-1 range may be
assigned to ν(H2O) of coordinated water molecule and OH stretching
vibrations. After conversion of the 2 into the 3, the strong peak for the NH
vibration around 3184 cm-1 disappeared. Aromatic and aliphatic CH stretch-
ing vibrations are observed at 3074-2971 cm-1. The observed bands at 1565-
1411 cm-1, ascribed to pyridine rings. In the complex these bands shifted to
the lower frequencies, indicating that the nitrogen atom of the pyridine
rings is coordinated to the metal ion. 1H NMR investigation of compound
3 provided the characteristic chemical shifts for the structure expected.
Aromatic protons appear at 7.90-7.12 ppm. The OH proton is observed
5.10 ppm as a broad peak. CH2 protons are observed 3.83-3.21 ppm and
CH3 protons are observed 2.25 ppm. In the MS spectrum, a [M+2]+ peak is
observed at 589 for 3.
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Fig. 1. Cyclic voltammograms of 3 in DMSO solution at different scan rates. Inset:

Differential pulse voltammogram of 3 in DMSO solution at different scan rates
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The redox properties of [(4,5-bis(hydroxyethylmercapto)-BPI)Ni(OAc)
(H2O)] were studied in DMSO solution containing TBAP (0.1 mol dm-3).
As shown in Fig. 1, the complex exhibits a quasi-reversible and an
irreversible ligand based reduction processes at -0.890 and -1.210 V vs.
SCE. The anodic and cathodic peak currents for the first reduction couple
are equal, but the peak potential separation (ca. 0.500 V) is larger than the
expected 58 mV for a reversible one-electron process. Controlled potential
coulometry measurement at potentials anodic of the both reduction
processes verify that these are one-electron processes with n = 1.0 ± 0.10.
Differential pulse voltammetry measurements support the processes
recorded with cyclic voltammetric measurements.
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