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ABSTRACT

The coupling of diazotised 2-aminopyridine with acetylacetone yielded a
new type of tridentate ligand. Analytical, IR, *H NMR, *C NMR and mass
spectral dataindicate the existence of the compound in the intramolecularly
hydrogen bonded azo-enol tautomeric form. Monobasic tridentate coordi-
nation of the compound inits[CuL (OAc)] and [ML ] complexes[M = Ni(ll),
Zn(I1) and Pd(11)] has been established on the basis of analytical and spec-

tral data. © 2009 Trade Sciencelnc. - INDIA

1.INTRODUCTION

Metd dyecomplexesplay avery important rolein
dyestuff technol ogy!™ and find applicationin many other
fidds especidlyinandyticd chemistry?. Themetd ions
alter the properties of the dye, both qualitatively and
quantitatively®. Complexesderived fromtridentate azo
compoundsrepresent the single most important class
of metal complex dyestuffs. Inrecent yearssignificant
number of tridentate azo compounds containing
heteroaryl ring systems have been developedin order
toimprovethecolouring properties, andto achievemore
specificity and selectivity in chemical andysis®. How-
ever metal complexesof these dyestuffsdo not received
as much attention asthey deserve. In continuation of
our studieson arylazo derivativesof 1,3-diketonesand
their metal complexes>t, wereport herein the syn-
thesisand characterization of anew typeof tridentate
azodye obtained by coupling diazotized 2-aminopyridine
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with acetylacetone. Typica metad complexesof thecom-
pound were a so synthes zed and characterized.
2.EXPERIMENTAL

2.1. Materialsand methods

Carbon, hydrogen and nitrogen percentageswere
determined by microanayses (Heraeus Elementd ana
lyzer) and metd contentsof complexesby AAS (Perkin
Elmer 2380). The IR spectra (KBr discs) were re-
corded on a8101 Shimadzu FTIR spectrophotometer,
'H NMR spectrain CDCI, or DMSO-d, on aVarian
300 NMR spectrometer and mass spectraon aJeol /
SX-102 mass spectrometer (FAB using Argon and
meta-nitrobenzyl alcohol asthe matrix). Molar con-
ductance of the complexeswasdeterminedin DMF at
28+1°C using solution of about 10 M concentration.
M agneti c suscepti bilitiesweredetermined at room tem-
perature on aGuoy type magnetic balance.
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TABLE 1: Physcal and analytical data of Hpaaand itsmetal complexes

Compound/Empirical Yield

Elemental analysis.Found (Calculated)%

0,
formula % mp.°C C H N M
[Ni (paa)s] CooHaoNeNiO, 65 202 5146(51.42)  4.33(428) 18.03(18.00) 12.65(12.58)
[Cu(pag)(OAQ)] CpoHisCUN:O, 65 286 4420(4410)  3.90(398) 12.95(12.86) 19.54(19.46)
[Zn(paa)s] CagHaoNeOsZN 70 240 50.78(50.70)  4.28(422) 17.60(17.74) 13.75(13.81)
[Pd(pag)s] CaoHaoNePAO, 70 238 4656(46.66)  3.83(389) 16.43(16.33) 20.75(20.65)

2.2. Synthesisof pyridylazoacetylacetone, Hpaa

An agueous solution of pyridine-2-diazoniumion
was prepared by standard method™ After destroying
the excess nitrous acid with urea, the solution (0.01
mol) was added drop by drop with stirringto anice-
cold (< 5°C) solution of acetylacetone (0.01 mol, 20
mL absoluteethanal). The paered solution so formed
waskept for 15 days. Thepaleye low crystalsformed
during thistimewerethenfiltered, washed with water
and recrystallized twicefrom hot methanol to get chro-
matographicaly (TLC) purecompound.

2.3. Synthesisof Ni(l1), Cu(ll), Zn(l1) and Pd(l )
complexes

To amethanolic solution of theligand (0.02 mal,
30 mL) aconcentrated aqueous sol ution of metal (11)
acetate (0.01 mol) in minimum amount of water was
added and stirred for ~2 h on amagnetic stirrer. The
precipitated complex wasfiltered, washed with water
andrecrystalized from hot chloroformto get chromato-
graphically (TLC) pure compound.

3.RESULTSAND DISCUSSION

The observed elemental analytical data of the
pyridylazoacetyl acetoneindicatethat diazo-coupling
reaction hasoccurredinthel:1ratio(TABLE1). The
compoundiscrysdlinein natureandissolubleincom-
mon organi ¢ solvents. It formed stablecomplexeswith
Ni(11), Cu(ll), Zn(I) and Pd(I1) ions. The analytical
data(TABLE 1) together with non-electrolytic nature
in DMF (specific conductance <10Qcm; 103 M so-
lution) suggest [ML,] stoichiometry of the complexes
except for the Cu(ll) complex which has[ CuL(OAc)]
stoichiometry. TheZn(11) and Pd(11) chelatesaredia-
magnetic whileNi(ll) and Cu(ll) complexes showed
normal paramagnetic moment. The observed IR, *H
NMR, C NMR and mass spectra dataarein confor-
mity with figure 1 of the pyridylazoacetyl acetoneand

HsC
0]
— N
N H-O
Figurel: Sructureof Hpaa
— HsC
L=
N N
AN cH

0
M =Ni(ll),Zn(11), PA(Il)
Figure2: Sructureof themetal complexesof Hpaa

ay
\\

C

\

Figure3. Sructureof theCu(ll) complex of Hpaa

figure 2 of the complexes. The Cu(ll) complex con-
formtofigure3.

3.1.Infrared spectra

ThelR spectrum of Hpaain theregion 1600-1800
cmt show two strong peaks at 1680 and 1639 cm'?
assignablerespectively to the stretching of free conju-
gated and enolised acetyl carbonyl groups*? of figure
1. Inthe spectrum of the compound two medium inten-
sity bandsare observed at 1280 and 1440 cm assign-
ableto C-O-H in-plane bending and vN=N respec-
tively*419, Thearomatic vC=C vibrations appeared at
~1580 cnt and pyridinering vC=N isobserved at 1610
cm't, Spectrum of the compound showed abroad band
ranging from 2350 to 3500 cm* dueto strong O-H...N
hydrogen bonding. The presence of two strong bands
at 995 and 710 cmtisindicative of the presence of
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TABLE 2: CharacterigticIR stretching bands(cn?) of Hpaaand itsmetal complexes

Compound Free (C=0) Chelated (C=0) (C=N) (N=N) (M-=N) (M-0)
Hpaa 1680 s 1639 s 1610 m 1440 m - -
[Ni(pad),] 1685 s 1542 s 1582 m 1410 m 545 m 418 m
1682 s, 1626
[Cu(paa)(OAC)] s 1312m 1540 s 1580 m 1413 m 542 m 422 m
[Zn(paa),] 1680 s 1542 s 1584 m 1410 m 546 m 420 m
[Pd(paa),)] 1684 s 1548 s 1582 m 1412 m 540 m 424 m

In the case of copper complex two additional bands given under C=0 are due to acetate group

TABLE 3: *H NMR sectral data(8,ppm) of HpaaanditsZn(l 1)
and Pd(I1) complexes

Compound OH Pyridyl CHs
Hpaa 14.12(1H,s) 7.25-8.15(4H, m) ;gi g: 3
2.52 (6H, s)
[Zn(pad),] - 7.18-8.05(8H, m) 265 (6H. 5)
2.54 (6H, s)
[Pd(paa),] - 7.16-8.08(8H, m) 2,69 (6H. 5)

m = multiplet, s = singlet
TABLE 4: C NMR spectral data (8, ppm) of Hpaaand its
Zn(I1) complex

Compound  C=0 CHs C-N Pyridyl
138.463

Hpaa 197587 31.737 154.635 133.894
196.284 26.515 148472 120.516

109.250

140.841

[Zn(paz),] 195611 33.413 160.077 133.276
194.836 28.017 144.947 121.673

110.752

pyridinering®. Thusthe IR spectrum strongly support
theexistence of the compound intheintramolecularly
hydrogen bonded azo-enol tautomeric form.

In the IR spectraof al the complexesthe broad
freeligand band in the region 2350-3500 c'* disap-
peared indicating thereplacement of theenol proton by
metal ionduring complexation™®. Several mediumin-
tensity bands are present in the region of the spectra
dueto various vC-H vibrations. The absence of the
freeligand band at 1280 cnm? dueto C-O-H bending
al so supports the replacement of the enol proton by
meta ion. Thefreeconjugated acetyl carbonyl band of
Hpaaisonly margindly shiftedindicatingitsnon-involve-
ment in coordination. However the band due to the
hydrogen bonded carbonyl group disappeared and in-
stead anew band appeared at ~1550 cm* inthe spec-
traof al thecomplexessupporting theinvolvement of
theenolised carbonyl inbondingwith themetal ion. In
the spectraof al the complexes, theband at 1440 cmr
! dueto vN=N and the band dueto ring vC=N (1610

cm?) of thefreeligand shifted appreciably to low wave
number (~20-30 cm?) indicating theinvolvement of
thesegroupsinbonding withthemeta ionasinfigure
2. In the IR spectrum of the Cu(ll) complex acom-
paratively strong band at 1626 cm ™t and amediumin-
tensity band at 1312 cmi* appeared due to antisym-
metric and symmetric stretching of monodentate ac-
etate group” asinfigure 3. The presence of new me-
diumintensity bands at ~420 and 540 cm* assignable
to vM-O and vM-N in the spectra of all the com-
plexes'™ dso support figures 2 and 3. Important bands
that appeared inthe spectraaregivenin TABLE 2.

3.2. NMR spectra

The!H NMR spectrum of Hpaais characterized
by the presence of alow field one proton signal at 6
14.12 ppmwhichisconsiderably lower than that re-
portedfor arylazo derivativesof 1,3-diketonesthat exist
inthe hydrazoneform>9., Since azo-enal protonsshow
signal intherange 6 10-14 ppm, thesignal at 6 14.12
ppm can be assigned to theintramol ecul arly hydrogen
bonded enol proton>18, The spectrum showed two
methyl proton signalsof equal intensity at 6 2.48 and
2.61 ppmindicating that thetwo arein different elec-
tronic environments. Thearyl protonsare observedin
theranged 7.25-8.15 ppm asacomplex multiplet. In
the 'H NMR spectra of the diamagnetic Zn(I1) and
Pd(I1) complexes, thelow field signal dueto thein-
tramolecularly hydrogen bonded OH proton disap-
peared indicating itsreplacement by metal cation dur-
ing complexationl?¥, Theintegrated intensitiesof vari-
oussignasagreewell withthe[ML ] stoichiometry of
thecomplexes(TABLE 3).

The®C NMR spectrum of Hpaaclearly indicates
itsexistencein theazo-enol form. That thetwo carbo-
nyl groupsareindifferent e ectronic environmentisevi-
dent from thelarge separation of the carbonyl carbon
signals. Theinvolvement of the enolate oxygen and
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TABLE5: Massspectral dataof Hpaaand itsNi(l1) and Cu(l1)
complexes

Compound M ass spectral data (m/z)
Hpaa 205, 177, 162, 119, 106, 99
[Cu(paa) 328, 326, 285, 283, 269, 267, 250, 248,
(OACQ)] 226, 224, 207, 205, 162, 119, 106, 99
. 467, 424, 389, 381, 346, 311, 303, 268,
[Ni(paa),]

263, 225, 205, 177, 162, 119, 106, 99

hetero nitrogen aominbondingwiththemetd ionisevi-
dent from the positions of thevarioussigna '™ inthe
BC NMR spectrumof itsZn(11) complex (TABLE 4).

3.3. Mass spectra

Theformulation of thecompound asinfigurelis
clearly supported from the presence of intense molecu-
lar ion peak inthe mass spectrum at myz205. Presence
of peak at m/'z99 dueto the elimination of ArN, from
molecular ion, characteristic of tautomers?°2, inthe
Spectrum support the azo structure. Fragmentsdueto
theelimination of CH,CO, pyridinegroup, etc. aretypi-
cal of the spectrum. Theorigin of the peak at m/z 119
of Hpaacan beexplained by theformation of theion
radical Py-N,CH]* (Py = pyridinering) through the
elimination of both CH,CO groupsfrom P*. Had the
compound existed inthe hydrazoneform, themost fac-
ilereactioninvolvesthecleavage of N-N bond! and
theion of m/z 119 would not haveoriginated. Thusthe
mass spectrum supportsthe existence of the compound
in the azo-enol form rather than the keto-hydrazone
form. The FAB mass spectraof the Cu(ll) and Ni(l1)
complexes showed molecul ar ion peaks correspond-
ingto [CuL(OAc)] and [NiL,] stoichiometries. Pesks
correspond to [P— CH,CQOJ]* [CH,CQOJ*, [ML]*, L*
and fragmentsof L* area so present inthe spectra. The
spectrum of the Cu(ll) complex a so showed peaks
dueto [P — CH,COQ]" and a number of fragments
containing copper inthe 3:1 natura abundance of #Cu
and ®Cuisotopes(TABLEDS).

3.4. Electronic spectra

TheUV spectrum of Hpaashowed two broad bands
with maximaat 380 nm and 250 nm due to various
n—7* and n—7* transitions. In complexesthese ab-
sorption maximashifted gppreciably to low wave num-
bers. The Cu(ll) complex showed abroad band cen-
tered at 15,200 cnt. This, together with the measured
1, vaue(1.74 BM) suggeststhe square-planar geom-

etry??d. The Ni(ll) chelateis paramagnetic (u, value
2.80 BM) and show three well-separated absorption
bandsinthespectrumat 2. __ 8,100, 13,300 and 24,400
cm® corresponding to thetransitions; 3A2g —>3ng; *A,

—°T (F)and®A, —°T, (P) respectively. Sothe metal
ionwill beinan octahedra environment.

4. CONCLUSIONS

Pyridylazoacetyl acetone has been prepared by the
coupling of diazotized 2-aminopyridinewith acetyl ac-
etone. Analytical, IR, *H NMR, *XC NMR and mass
spectral datarevealed a1:1 product in which one of
the carbonyl group of the diketoneisenolized andin-
volvedinintramolecular hydrogen bonding with oneof
theazonitrogens. Analyticd, physica and spectra data
of the [ML,] complexes of Ni(ll), Zn(l1) and Pd(l1)
showed the monobasic tridentate N, O coordination
involving one of the azo nitrogen, ring nitrogen and
enolized carbonyl oxygen. The Cu(ll) complex con-
formto [ CuL (OAC)] stoichiometry.

5.REFERENCES

[1] K.Venkataraman; ‘Chemistry of Synthetic Dyes’,
Academic Press, New York, 5, (1977).
R.R.Myers, J.L.Long; ‘Pigments’, Part |, Marcel
Dekker; New York, (1975).
0.GKhudina, Y.V.Burgart, N.V.Murashova, V.I.
Saloutin; Russian J.Org.Chem.39, 1421 (2003).
T.Yasui, N.Komatsu, K.Egami, H.Yamada, A.
Yuchi.; Anal.Sci., 23, 1011 (2007); M.GB.Drew,
B.Vickery, GR.Willey; J.Chem.Soc., Perkin Trans,,
[, 10, 1297 (1982).
K.Krishnankutty, P.Sayudevi, M.B.Ummathur;
J.Indian Chem.Soc., 84, 518 (2007).
K.Krishnankutty, V.T.Rema; Synth.React.Inorg.
Met.Org.Chem., 25, 243 (1995).
K.Krishnankutty, J.Michael; J.Indian Chem.Soc.,
70, 238 (1993); J.Coord.Chem., 24, 259 (1993);
J.Coord.Chem., 22, 327 (1991).
K.Krishnankutty, PUmmer; J.Indian Chem.Soc.,
66, 194 (1989); J.Indian Chem.Soc., 65, 213
(1988).
[9] N.Thankargjan, K.Krishnankutty; Indian J.Chem.,
23A, 401 (1984).
[10] K.Krishnankutty, P.Sayudevi, M.B.Ummathur;
J.Indian Chem.Soc., 85, 48 (2008); J.Indian

[2]
(3]
[4]

[5]
[6]
[7]

8]

Tnorganic CHEMISTRY
A Tndian W



ICAIJ, 4(2) June 2009

Muhammed Basheer Ummathur et al. 87

Chem.Soc., 84, 337 (2007); J.Serb.Chem.Soc., 72,
1075 (2007).

[11] K.Krishnankutty, D.K.Babu; J.Indian Chem.Soc.,
73, 379 (1996).

[12] R.C.Elderfield; ‘Heterocyclic compounds’, John
Wiley; New York, 1, (1950).

[13] K.Krishnankutty, M.B.Ummathur; J.Indian
Chem.Soc., 83, 639 (2006); K.Nakamoto,
H.Ogoshi; J.Chem.Phys., 45, 3113 (1966).

[14] L.J.Bellamy; ‘The Infrared Spectra of Complex
Molecules’, Chapman and Hall, London, (1980).

[15] C.N.R.Rao; ‘Chemical Applications of Infrared
Spectroscopy’, Academic Press; London, (1963).

[16] V.D.John, K.Krishnankutty; Appl.Organometal.
Chem., 20, 477 (2006).

—= Fyl] Paper

[17] N.Nakamoto; ‘Infrared Spectra and Raman Spec-
traof Inorgani c and Coordination Compounds’, John
Wiley & Sons; New York, (1997).

[18] A.Lycka, J.Jirman, A.Cee; Magnetic Res.Chem.,
28, 408 (1990).

[19] D.C.Nonhebel; Tetrahedron, 24, 1869 (1968).

[20] H.Budzikiewicz, C.Djerassi, D.H.Williams; ‘Mass
spectrometry of organic compounds’, Holden Day,
San Francisco, (1967).

[21] K.Kobayashi, K.Kurishara, K.Hirose; Bull.Chem.
Soc.Jpn., 45, 3551 (1972).

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

== [H01jANIC CHEMISTRY

Au Tudian Journal



