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Abstract: The coupling of diazotized 1-aminonaphthalene with 1,3-dicarbonyl
compounds (acetylacetone, methylacetoacetate and acetoacetanilide) yielded a
new series of bidentate ligand systems (HL). Analytical, IR, TH-NMR and mass
spectral data indicate that the compounds exist in the intramolecularly hyd-
rogen bonded keto-hydrazone form. With Ni(Il), Cu(ll) and Zn(l1), these po-
tential monobasic bidentate ligands formed [ML,] type complexes. The IR, 1H-
-NMR and mass spectral data of the complexes are consistent with the repla-
cement of the chelated hydrazone proton of the ligand by a metal ion, thus
leading to a stable six-membered chelate ring involving the hydrazone nitrogen
and the hydrogen bonded carbonyl oxygen. The Ni(ll) and Zn(ll) chelates are
diamagnetic, while the Cu(ll) complexes are paramagnetic. In the metal com-
plexes of the naphthylazo derivatives of acetylacetone and methylacetoacetate,
the acetyl carbonyl is involved in coordination, whereas in the chelates of the
naphthylazo derivative of acetoacetanilide, the anilide carbonyl is bonded with
the metal ion.

Keywords. naphthylhydrazones; Cu(ll), Ni(ll) and Zn(Il) complexes; IR, mass
and NMR spectra.

INTRODUCTION

Coupling of 1,3-dicarbonyl compounds with the electrophile aryldiazonium
ion provides the synthetic basis for a large number of technically important dye-
stuffs.l These arylazo derivatives have gained considerable importance in recent
years because of their application in the laboratory as acid-base, redox, metallo-
chromic and other indicators,24 as stains for bacteriological and histological in-
vestigations,3-6 in the study of acid-base equilibrium and acidity constant va-
lues37 and in the preparation of a large number of biologically important hete-
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1274 KRISHNANKUTTY, UMMATHUR and UMMER

rocyclic compounds.8 Many variations in the dicarbonyls as well as the diazo-
nium salt have been studied in attempts to improve the colour, solubility and
stability of the resulting dyes.® The patent literature discloses seemingly endless
combination of these arylazodicarbonyls and their metal complex dyestuffs.
However, the structural aspect of many of these products and their metal deri-
vatives has received only scant attention. In continuation of studies on arylazo
derivatives of 1,3-dicarbonyl compounds and their metal complexes,10-15 the
synthesis and characterization of 1-naphthylazo derivatives of three 1,3-dicar-
bonyl compounds: acetylacetone, methylacetoacetate and acetoacetanilide, is re-
ported herein. Typical Cu(ll), Ni(ll) and Zn(Il) complexes of these compounds
were a so synthesized and characterized.

EXPERIMENTAL
Methods, instruments and materials

The carbon, hydrogen and nitrogen contents were determined by microanayses (Heraeus
elemental analyzer from CDRI, Lucknow, India) and the metal contents of the complexes by
AAS (Perkin Elmer 2380). The electronic spectra of the compounds in methanol (104 mol/L)
were recorded on a 1601 Shimadzu UV—-Vis spectrophotometer, the IR spectra (KBr discs) on
an 8101 Shimadzu FTIR spectrophotometer, the 1H-NMR spectra (CDCl3 or DMSO-dg) on a
Varian 300 NMR spectrometer and the mass spectra on a Jeol/SX-102 mass spectrometer
(FAB using Argon and meta-nitrobenzyl acohol as the matrix). The molar conductance of the
complexes was determined in DMF (=103 mol/L) at 28+1 °C. The magnetic susceptibilities
were determined at room temperature on a Guoy type magnetic balance. Corrections for dia-
magnetism of the constituents were realised using Pascal’ s constants.16

Acetylacetone, methylacetoacetate, acetoacetanilide, 1-aminonaphthalene, methanol, urea
and metal acetates used were of Merck AR grade, Germany.

Synthesis of naphthyl hydrazones, Hnaa, Hnma and Hnan

1-Aminonaphthalene was diazotized as reported.1” After destroying the excess nitrous
acid with urea, the diazonium salt solution (0.010 mol) was added drop wise with stirring to
an ice-cold methanolic solution of the required 1,3-dicarbonyl compound (0.010 mol, 50 mL).
Concentrated sodium acetate solution was simultaneously added to maintain the pH of the
solution at around 6. The formed precipitate was filtered, washed with cold deionized water
and recrystallized from hot ethanol to obtain chromatographically pure material (TLC — silica
gel, chloroform).

Synthesis of the Ni(l1), Cu(I1) and Zn(Il) complexes

A solution of the metal salt (0.010 mol) in a minimum amount of water was added to a
solution of the ligand in methanol (0.020 mol, 25 mL). The mixed solution was refluxed on a
boiling water bath for ~ 12 h. The pH of the solution was maintained around 8 by the addition
of sodium acetate. The volume was reduced to half and the remaining solution cooled in an
ice bath. The formed crystals were filtered, washed with water, recrystallized from hot ethanol
and dried under vacuum.
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TRANSITION METAL COMPLEXES OF NAPHTHYLHYDRAZONES 1275

RESULTS AND DISCUSSION

The elemental analytical data of the naphthylhydrazones (Table I) indicate
that coupling between diazotized 1-aminonaphthalene and the 1,3-dicarbonyl
compounds occurred in a 1.1 molar ratio. All the compounds were crystalline in
nature and were soluble in common organic solvents. They formed stable com-
plexes with Ni(I1), Cu(ll) and Zn(l1) ions. Their analytical data (Table I) together
with their non-electrolytic nature in DMF (specific conductance < 10 S cmr1; 103
M solution) suggest [ML 5] stoichiometry of the complexes. The Ni(l1) and Zn(11)
chelates were diamagnetic, while Cu(l1) complexes showed normal paramagnetic
moments (uef, 1.75-1.80 ug). The observed electronic, IR, IH-NMR and mass
spectral data are in conformity with the structures of Hnaa and Hnma and of their
complexes given in Figs. 1 and 2, respectively. The analytical and spectral data
of Hnan and its complex are in agreement with the structure given Figs. 3 and 4,
respectively. These data of the compounds are discussed separately.

TABLE |. Physical and analytical data of Hnaa, Hnma, Hnan and their metal complexes

Compound Yield M.p. Elemental analysis. Found (Calculated), %

% °C C H N M
Hnaa?, CisH14N50, 80 110 70.71(70.87) 5.44 (5.51) 11.08 (11.02) -
HNMaP, Ci5H14N,05 75 140 66.80(66.67) 5.17 (5.19) 10.45 (10.37) -
Hnan®, CxoH17N50; 80 150 72.67(72.51) 5.12(5.14) 12.71(12.69) -

[Ni(naad),], CoHsN4NiO, 70 270 63.59 (63.75) 4.62(4.60) 9.84(9.92) 10.34(10.40)
[Ni(nmad),], CoHsN4NiOs 72 204 60.24 (60.33) 4.33(4.36) 9.28(9.38)  9.92(9.83)
[Ni(nan®),], CsHz:NgNiO, 75 210 66.91 (66.79) 4.42 (4.45) 11.54 (11.69) 8.12(8.17)
[Cu(nad),], CxpH6CUN,O, 65 190 63.30(63.21) 4.51(4.57) 9.64(9.83) 11.25(11.16)
[Cu(nma),], C3oH26CUN4,Os 70 180 59.72(59.84) 4.32(4.32) 9.26(9.31) 10.48 (10.56)
[Cu(nan),], C4H3CuNgO, 75 200 66.52 (66.34) 4.36 (4.42) 11.54 (11.61) 8.60(8.78)
[Zn(naa),], CsoH26N404ZN 68 182 63.10(63.00) 4.53(4.55) 9.70(9.80) 11.50(11.44)
[Zn(nma),], CsHsN4OsZn 70 160 59.54 (59.66) 4.32(4.31) 9.19(9.28) 10.78 (10.84)
[Zn(nan),], C4oHNgO4ZNn 65 180 66.32(66.17) 4.44 (4.41) 11.50 (11.58) 9.02(9.01)
a1-ngphthylazo(acetylacetone); P1-naphthylazo(methylacetoacetate); ©1-naphthylazo(acetoacetanilide); naa, nma,
nan = deprotonated ligands

t;? rfi

Fig. 1. Structure of Hnaa and Hnma; R = Fig. 2. Structure of the metal complexes of
—CH3 and —OCHj3 for Hnaa and Hnma, Hnaa and Hnma (M = Ni(I1), Cu(ll), Zn(l1)).
respectively.
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Fig. 4. Structure of the metal complexes of
Fig. 3. Structure of Hnan. Hnan (M = Ni(ll), Cu(ll), Zn(I1)).

Characterization of Hnaa, Hnma and their complexes

IR Soectra. The IR spectra of Hnaa and Hnma in the 1600-1800 cm—2 region
both showed strong bands at 1678 and 1722 cn due to the stretching of the free
acetyl and ester carbonyls, respectively.13.14 The spectra also showed a strong
band at 1630 cm1 and a medium intensity band at =1620 cm1, assignable to
the stretching of intramolecularly hydrogen bonded acetyl carbonyl and C=N
vibrations, respectively1819 (Fig. 1). The broad band in the range 2500-3500
cm1 indicates the existence of strong intramolecular hydrogen bonding in these
compounds. In the spectra of all the complexes, the free carbonyl and C=N bands
remained almost unaffected, suggesting that they were not involved in the co-
ordination. However, the band due to the hydrogen bonded acetyl carbonyl at
~1630 cm1 of the ligands disappeared and a new strong band assignable to the
stretching of a metal bonded carbony! group appeared at ~1570 cmL. The spec-
tra showed several medium intensity bands in the range 1580-1600 cm— due to
various C=C vibrations. The broad band in the range 2500-3500 cm1 of the li-
gands disappeared in the spectra of al the complexes and bands due to various
v(C—H) vibrations appeared. This strongly supports the replacement of the che-
lated proton of the ligands by a meta ion, as shown in Fig. 2. The prominent
band present at ~1525 cm2 of the ligands, due to v(N—H) vibration, disappeared
in the spectra of all the complexes as the consequence of the replacement of the
hydrazone NH proton with a metal ion. The hydrazone nitrogen and the intra-
molecularly hydrogen bonded carbonyl oxygen participate in coordination, as
evidenced by the two additional medium intensity bands at <420 and =550 cm 2,
assignable to v(M—-0) and v(M—-N) vibrations, respectively,20in the spectra of the
complexes. Important bands in the IR spectra are given in Table 1.

1H-NMR Spectra. The IH-NMR spectra of Hnaa and Hnma are both charac-
terized by the presence of alow field, two proton signal at = ¢ 15 ppm due to the
N—H---O=C group.2122 The integrated intensities of all the signals agree well
with the representation of the compounds given in Fig. 1. In the 1H-NMR spectra
of the diamagnetic Ni(ll) and Zn(I1) complexes, the low field signa due to the
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TRANSITION METAL COMPLEXES OF NAPHTHYLHYDRAZONES 1277

TABLE Il. Characteristic IR stretching bands (cml) of Hnaa, Hnma, Hnan and their metal
complexes (abbreviationsasin Table )

Compound Free (C=0) Chelated (C=0) (C=N) (M-N) (M-0)
Hnaa 1678 1632 1618 - -
[Ni(naa)] 1675 1574 1612 562 428
[Cu(nad),] 1672 1568 1614 548 428
[Zn(naa),] 1670 1565 1615 550 425
Hnma 1722 1628 1615 - -
[Ni(nma),] 1718 1575 1617 545 432
[Cu(nma),] 1718 1568 1618 534 420
[Zn(nma),] 1720 1564 1616 530 420
Hnan - 1645, 1635 1620 - -
[Ni(nan),] - 1562, 1635 1618 560 426
[Cu(nan),] - 1568, 1635 1614 548 425
[Zn(nan),] - 1556, 1635 1616 558 420

chelated hydrogen disappeared, indicating the replacement of the hydrazone
proton with ametal ion during coordination.23 The positions of the methyl proton
signals indicate that the acetyl carbonyl is involved in the coordination. The
integrated intensities of all other protons are in agreement with the schematic
view presented in Fig. 2 (Table lll).

TABLE III. *H-NMR spectral data (5/ ppm) of Hnaa, Hnma, Hnan and their Ni(ll) and Zn(11)
complexes (abbreviationsasin Table )

Compound CH3CO RCO Naphthy| NH

Hnaa 256(3H,s) 244 (3H,s) 7.14-7.87 (7TH, m) 15.82 (1H, s, br)
[Ni(naa),] 2.86(6H,s) 2.38(6H,s) 7.10-7.82(14H, m) -

[Zn(naa),] 2.90(6H,s) 2.33(6H,s) 6.98-7.77 (14H, m) -

Hnma 248 (3H,s) 3.88(3H,s) 7.12-7.95(7H, m) 15.05 (1H, s, br)
[Ni(nma),] 2.82(6H,s) 3.84(6H,s) 7.14-7.92(14H, m) -

[Zn(nma),] 2.88(6H,s) 3.82(6H,s) 7.04-7.90 (14H, m) -

Hnan 2.65(3H,s) 7.05-8.122 (m) 15.85 (1H, s, br), 11.78 (1H, s)

[Ni(nan),] 2.67 (6H, s) 7.08-8.022 (m) 11.62 (2H, s)
[Zn(nan),] 2.62 (6H, s) 7.02-8.122 (m) 11.66 (2H, s)

@Due to anilide and naphthyl groups

Mass spectra. The formulation of the compounds asin Fig. 1 is clearly sup-
ported by the presence of an intense molecular ion peak in the mass spectra
Since peaks due to the elimination of ArN,,2425 a characteristic feature of the
azo tautomer, were not observed in the mass spectra indicates the existence of the
compounds in the hydrazone form. Other important peaks resulted from the €li-
mination of CH3CO, RCO, etc. from the molecular ion or subsequent fragments.
The FAB mass spectra of the Cu(ll) complexes showed molecular ion peaks of
appreciable intensity corresponding to [CuL ] stoichiometry. Peaks correspond-
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1278 KRISHNANKUTTY, UMMATHUR and UMMER

ing to the elimination of CH3CO, RCO, dicarbonyl moieties etc. from the mole-
cular ion were also present in the spectra. The spectra of al the chelates possess a
number of fragments containing copper in the natural 3:1 abundance of the 63Cu
and 65Cu isotopes (Table V).

TABLE 1V. Mass spectral data of Hnaa, Hnma, Hnan and their Cu(ll) complexes (abbre-
viationsasin Tablel)

Compound mz

Hnaa 254, 211, 168, 142, 127

Hnma 270, 227, 211, 168, 142, 127

Hnan 331, 288, 211, 168, 142, 127

[Cu(naa),] 571, 569, 528, 526, 485, 483, 442, 440, 429, 427, 399, 397, 386,
384, 318, 316, 287, 285, 254, 244, 242, 211, 201, 199, 142

[Cu(nma),] 603, 601, 560, 558, 517, 515, 544, 542, 485, 483, 461,

459, 442, 440, 402, 400, 399, 397, 343, 341, 334,
332, 319, 317, 270, 168, 142
[Cu(nan),] 725, 723, 682, 680, 639, 637, 633, 631, 605, 603, 583,
581, 497, 495, 485, 483, 441, 439, 395, 393, 355,
353, 343, 341, 331, 288, 168, 127, 120

Electronic spectra. The UV spectra of Hnaa and Hnma show two absorption
maxima at ~380 nm and ~250 nm due to various n—n* and t—n* transitions. In
the spectra of the complexes, these absorption maxima were shifted to appre-
ciably lower wave numbers. The Cu(ll) complexes had a broad visible band with
a maximum at =~15000 cm—L. This fact, together with the ues values (1.75-1.80
ug) were ascribed to the square-planar geometry of the complexes. The observed
diamagnetism and the broad medium-intensity band at ~17600 cm1 in the spec-
tra of the Ni(ll) chelates also suggested their square-planar geometry. Moreover,
the spectra of the chelates in pyridine solution (10-3 mol/L) showed three bands
corresponding to a configurational change to octahedral due to the association of
pyridine.26

Characterization of Hnan and its complexes

IR Spectra. The IR spectrum of Hnan in the 1650-1800 cm2 region had no
band assignable to free carbonyl groups. However, there were two strong bands
at 1645 and 1635 cm1 due to the stretching of intramolecularly hydrogen bond-
ed anilide and acetyl carbonyl groups, respectively.13.14 There was also a me-
dium intensity band at 1620 cm1, assignable to the C=N stretching vibra-
tion.18.19 The broad band in the range 2500-3200 cm—1 indi cates the existence of
strong intramolecular hydrogen bonding in the compound, as shown in Fig. 3. In
the spectra of al the complexes, the acetyl carbonyl and C=N bands remained
amost unaffected, indicating that they were not involved in the coordination.
However, the band due to the hydrogen bonded anilide carbonyl at 1645 cmrl
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TRANSITION METAL COMPLEXES OF NAPHTHYLHYDRAZONES 1279

disappeared and instead a new strong band appeared at ~1560 cm—1, assignable to
the stretching of a metal bonded carbonyl group. The spectra showed several me-
dium intensity bands in the range 1580-1600 cm— due to various C=C vibra-
tions. As in the spectrum of the ligand, the complexes showed a band at 3380
cm1 due to the NH group of the anilide moiety in their structure. A prominent
band present at 1528 cm1 in the spectrum of the ligand due to the hydrazone
v(N—H) vibration was absent in the spectra of al the complexes. These indicate
that the hydrazone NH proton had been replaced by the metal ion, while the ani-
lide NH proton remained unchanged. It is evident that the hydrazone nitrogen
and the intramolecularly hydrogen bonded carbonyl oxygen were involved in the
complexation from the appearance of two additional medium intensity bands at
=420 and =550 cm1, assignable to v(M—-0) and v(M—-N) vibrations,20in the spec-
traof the complexes. Important bands found in the spectra are given in Table II.

IH-NMR Spectra. The IH-NMR spectrum of Hnan is characterized by the
presence of two low field signals corresponding to one proton at ¢ 15.85 and
11.78 ppm due to intramolecularly hydrogen bonded hydrazone and anilide NH
protons.21.22 The integrated intensities of all the signals are in accordance with
the compound presentation in Fig. 3. In the IH-NMR spectra of the diamagnetic
Ni(Il) and Zn(ll) complexes, the low field signal due to the chelated hydrazone
proton disappeared while the anilide proton remained unchanged, indicating the re-
placement of the hydrazone proton with a metal ion during coordination, whereas
the anilide NH was excluded from the coordination.23 The position of the methy!
proton signals indicates that the acetyl carbonyl does not participate in coordi-
nation. The integrated intensities of all other protons are in agreement with the
presentation in Fig. 4 (Table l11).

Mass spectra. The structure of the compound shown in Fig. 3 is clearly sup-
ported by the presence of an intense molecular ion peak at m/z 331 in the mass
spectrum. Since the peak due to the elimination of ArN»,2425 a characteristic fea-
ture of the azo tautomer, was not observed in the mass spectrum; thus the exis-
tence of the compound in the hydrazone form was assumed. The other important
peaks found were due to the elimination of CH3CO, CgHsNHCO, etc. from the
molecular ion or subsequent fragments. The FAB mass spectrum of the Cu(ll)
complex showed the molecular ion peak of appreciable intensity corresponding
to [CuLo] stoichiometry. Peaks corresponding to the elimination of CH3CO,
CsHsNHCO, dicarbonyl moieties, etc. from the molecular ion are al'so present in
the spectrum. The spectrum of the chelate had a number of fragments containing
copper in the 3:1 natural abundance of 63Cu and 65Cu isotopes (Table 1V).

Electronic spectra. The UV spectrum of Hnan showed two absorption ma
xima at 370 and 260 nm due to the various n—n* and n—n* transitions. In the
complexes, these maxima were shifted to appreciably lower wave numbers. The
Cu(ll) complex showed a broad visible band, with a maximum at 14850 cm1.
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1280 KRISHNANKUTTY, UMMATHUR and UMMER

This, together with the ugs value (1.77 ug), suggests a square-planar geometry.
The observed diamagnetism and broad medium-intensity band at 17,650 cm1 in
the spectrum of the Ni(ll) chelate suggested square-planar geometry. In addition,
the spectrum of the chelate in pyridine solution (10—3 mol/dm3) showed three
bands, corresponding to a configurational change to octahedral due to the asso-
ciation of pyridine.26 The three well-separated absorption maxima at 8230, 13570
and 24360 cm! corresponded to the transitions 3Azg — 3Tag; 3Azg — 3T1g(F)
and 3Aoq — 3T14(P), respectively.

CONCLUSIONS

A new series of bidentate ligands were prepared by the coupling of diazo-
tized 1-aminonaphthalene with acetylacetone, methylacetoacetate and acetoacet-
anilide (HL). The analytical, IR, TH-NMR and mass spectral data revealed a 1:1
product in which one of the carbonyl group of the dicarbonyl compound was
involved in intramolecular hydrogen bonding with the hydrazone hydrogen. The
analytical, physical and spectral data of their [MLo] complexes with Cu(ll),
Ni(I1) and Zn(11) showed monobasic bidentate N,O coordination involving one of
the hydrazone nitrogen atoms and the carbonyl oxygen. In the metal complexes
of the naphthylazo derivatives of acetylacetone and methylacetoacetate, the ace-
tyl carbonyl was involved in the coordination, whereas in the chelates of the na-
phthylazo derivative of acetoacetanilide, the anilide carbonyl was bonded with
the metal ion.

U3BO/I

1-HA®TWIA30 JIEPUBATHA HEKUX 1,3-IUKAPBOHWIXUX JEAUHEBHA
1 IUXOBU Cu(l1), Ni(I) ¥ Zn(11) KOMIUIEKCH

K. KRISHNANKUTTYl, MUHAMMED BASHEER UM MATHURZPI PERUMPALLI UMMER1

1Department of Chemistry, University of Calicut, Kerala-673635 u 2Department of Chemistry,
Unity Women's College, Manjeri, Kerala-676122, India

KymioBamweM auazoroBaHor l-amuHonadranena ca 1,3-qukapOOHMIHUM jequmberbuma (are-
THJIALIETOHOM, METHJIAIETOAleTaTOM M aleTOAaleTaHIINA0M) I00ujeHa je HOBa cepuja OueH-
tatHux juranaga (HL). Ananutuaxw, IR, "H-NMR u macenn CIEKTpaJTHU MOJALH yKa3yjy 1a je-
JHMBCHHA [IOCTOj€ Y HHTPAMOJICKYJICKH BOJAOHUYHO-BE3aHOM KETO-XHIPa30HCKOM obmuky. OBH T0-
TeHuujanHo MonoOa3Hu Oumenrtarau snuranau ca Ni(ll), Cu(ll) u Zn(Il) rpage [ML,] tun xom-
mwiekca. IR, "H-NMR u macenn CHEKTPAJIHH M01all KOMILIEKCA Cy Y CKJIaJy ca 3aMEHOM XeJIaTHOT
XHUIPa30HCKOT IPOTOHA METATHUM jOHOM, IIPH Y€MYy HacTaje CTaOWaH IMECTOWIAHH XeJIaTHU Hpc-
TEH KOJU YKJbyUyje XHUAPA30HCKH a30T U BOJOHUYHO Be3aH kapOonwnau kuceonuk. Xemaru Ni(ll) u
Zn(l1) cy mujamarserndnn, ok cy Cu(ll) xoMmruekcn mapamarHeTHIHH. Y METalTHHM KOMILICK-
cuMa HaTHIIA30 JeprBara aleTUIAeTOHa U METHIAIIETOANeTaTa, aleTHII KapOOHUIT je YKIbYUYCH Y
KOOpAMHALI]Y, AOK je y XeJdaTiMa HadTHia30 nepuBaTa aleTOAleTaHWINIA aHWINAHN KapOOHMIT
BE€3aH 32 METAJIHH jOH.

(Mlpumibeno 16. mapra, pesuaupano 12. jyna 2009)

Available online at www.shd.org.rs/JSCS/

2009 Copyright (CC) SCS




©No O

10.
11

12.
13.
14.
15.
16.
17.
18.
19.
20.
21.

22.
23.

TRANSITION METAL COMPLEXES OF NAPHTHYLHYDRAZONES 1281

REFERENCES

a) E. V. Shchegol’kov, Y. V. Burgart, V. I. Saloutin, J. Fluor. Chem. 128 (2007) 779; b)
O. G. Khudina, Y. V. Burgart, V. |. Saloutin, O. N. Chupakhin, J. Fluor. Chem. 125
(2004) 401; c) O. G. Khudina, N. V. Murashova, Y. V. Burgart, V. Saloutin, Mendeleev
Commun. 13 (2003) 228; d) E. V. Dontsova, V. V. Lukov, V. A. Kogan, L. D. Popov,
Russian J. Coord. Chem. 29 (2003) 639; €) O. G. Khudina, Y. V. Burgart, N. V. Mura
shova, V. |. Saloutin, Russian J. Org. Chem. 39 (2003) 1421; f) W. H. Hegazy, Monatsh.
Chem. 132 (2001) 639

C. S. Sdlazar, M. I. Tord, J. Chilean Chem. Soc. 49 (2004) 169

M. S. Masoud, G. B. Mohamed, Y. H. Abdul-Razek, A. E. Ali, F. N. Khairy, J. Korean
Chem. Soc. 46 (2002) 99

J. J. Arias, F. Jiménez, A. |. Jiménez, F. G. Montelongo, Anales de Quimica 79 (1983)
248

F. G. Montelongo, V. G. Diaz, C. R. T. Gonzalez, Microchem. J. 27 (1982) 194

M. I. Toral, P. Richter, N. Lara, M. T. Escudero, C. Soto, Anal. Lett. 33 (2000) 93

V. G. Diaz, C. R. T. Gonzdlez, F. G. Montelongo, Anales de Quimica 79 (1983) 83

I. V. Kravtsov, P. A. Belyakov, S. V. Baranin, V. A. Dorokhov, Russ. Chem. Bull. 56
(2007) 1561

E. Bishop, Indicators, International Series of Monographs in Analytical Chemistry, Vol.
51, Pergamon Press, Oxford, 1972

K. Krishnankutty, M. B. Ummathur, D. K. Babu, Inorg. Chem., Indian J. 4 (2009) 83

a) K. Krishnankutty, P. Sayudevi, M. B. Ummathur, J. Indian Chem. Soc. 85 (2008) 48;
b) K. Krishnankutty, P. Sayudevi, M. B. Ummathur, J. Indian Chem. Soc. 84 (2007) 518;
¢) K. Krishnankutty, P. Sayudevi, M. B. Ummathur, J. Indian Chem. Soc.84 (2007) 337;
d) K. Krishnankutty, P. Sayudevi, M. B. Ummathur, J. Serb. Chem. Soc. 72 (2007) 1075
K. Krishnankutty, D. K. Babu, J. Indian Chem. Soc. 73 (1996) 379

K. Krishnankutty, V. T. Rema, Synth. React. Inorg. Met.-Org. Chem. 25 (1995) 243

a) K. Krishnankutty, J. Michael, J. Indian Chem. Soc. 70 (1993) 238; b) K. Krishnan-
kutty, J. Michael, J. Coord. Chem. 28 (1993) 259; 22 (1990) 327

a) K. Krishnankutty, P. Ummer, J. Indian Chem. Soc. 66 (1989) 194; b) K. Krishnan-
kutty, P. Ummer, J. Indian Chem. Soc. 65 (1988) 213

E. Konig, Magnetic Properties of Coordination and Organometallic Transition Metal
Compounds, Springer-Verlag, Berlin, 1966

K. H. Saunders, R. L. M. Allen, Aromatic Diazo Compounds, 3 ed., Edward Arnold,
London, 1985

L. J. Bellamy, The Infrared Spectra of Complex Molecules, Chapman and Hall, London,
1980

C. N. R. Rao, Chemical Applications of Infrared Spectroscopy, Academic Press, London,
1963

N. Nakamoto, Infrared Spectra and Raman Spectra of Inorganic and Coordination
Compounds, Wiley, New Y ork, 1997

A. Mitchell, D. C. Nonhebel, Tetrahedron 35 (1979) 2013

A. Lycka, J. Jirman, A. Cee, Magnetic Resonance Chem. 28 (1990) 408

A. G. Evans, J. C. Evans, B. A. El-Shetary, C. C. Rowlands, P. H. Morgan, J. Coord.
Chem. 9 (1979) 19

Available online at www.shd.org.rs/JSCS/

2009 Copyright (CC) SCS




1282 KRISHNANKUTTY, UMMATHUR and UMMER

24. H. Budzikiewicz, C. Djerassi, D. H. Williams, Mass Spectrometry of Organic Com-
pounds, Holden Day, San Francisco, 1967

25. a) K. Kobayashi, K. Kurishara, K. Hirose, Bull. Chem. Soc. Jpn. 45 (1972) 3551; b) D.
Betteridge, D. John, Talanta 15 (1968) 1227; c) H. Nakata, A. Tatematsu, Bull. Chem.
Soc. Jpn. 42 (1969) 1678

26. K. C. Joshi, V. N. Pathak, Coord. Chem. Rev. 22 (1977) 37.

Available online at www.shd.org.rs/JSCS/

2009 Copyright (CC) SCS





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




