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ABSTRACT

In the present investigation, 4-Hydroxy-8-methylcoumarin derivatives and
metal complexeswere synthesized and studiesfor chelate formulation with
a metal ion Zn (1) using spectrophotometric method. 4-Hydroxy-8-
methylcoumarin cha cones|[ 1-(4’-hydroxy-8’-methyl coumarin-3’-yl)-5-phe-
nyl-2, 4-pentadiene-1-one] with Zn (1) complex was determined by mole
ratio and job’s method of continuous variation. The complexes of metal
formed with coumarin derivative were compared with standard reagents.
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INTRODUCTION

Thetheory of metal based mixed vaencecomplexes
(MBMV) iswell documented®2. The synthesisof hy-
droxy coumaring® remainsof great interest duetothe
wide application as chel ating agentsto metal ion. Hy-
droxy coumarin derivativesformscomplex withV, Ti
(IV), Zr (IV), Ca, Pr, Na, Sm, Gd, etci*9,.

Thephysico chemica sudiesof thecoumarinswith
chelaing groupsat gppropriaepostionsandtheir metd-
complexesreved that theligandscould be potentia ana-
Iytica reagentg®3,

The present communi cation ded swith synthesisof
HM CPP[1-(4’-hydroxy-8’-methyl coumarin-3’-yl)-5-
phenyl-2, 4-pentadiene-1-one], HM CPP complex with
metal ion, thismay be used asan analytical reagent. It
bel ongsto chal cone seried?¥. Chal conesarethe com-
poundswhich are obtained by the condensation of aro-
matic ketonewith an aldehyde; thisisreactingwith Zn
(M. Theligandisfound to form complexeswith above
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meta ionindifferent pH ranges. The absorbtion spec-
traof thecomplex wererecorded and the effects of pH
on the absorbtion valueswere studied. The composi-
tion of complex wasdetermined by Yoeand Jonesmole
ratio and job’smethod of continuousvariaion>¢. This
has also been supported from thermo gravimetric
andysigt.

The structure of the synthesized compounds and
complexeswereassigned onthebasisof *H NMR, IR
spectradataand spectrophotometric study.

EXPERIMENTAL

All chemicalsused throughout thiswork were of
analytical grade. The absorbance measurementswere
done on a Shimadzu-UV-160-A Spectrophotometer.
The pH of the solutions were measured on EQUIP
TRONICS 614 pH meter and sol utions of required pH
were obtai ned using sodium-acetate-acetic acid, so-
dium acetate-HCI, NH,_-NH,Cl or Borax-HCI buffer
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of suitableconcentration. The stoichiometric ratios of
metal to reagent in the complexeswere determined by
Job’smethod of continuousvariation, Yoeand Jones
mol eratio method and gravimetric method. Theentire
practical were done at room temperature.

Prepar ation of 4-hydr oxy-8-methyl coumarin*¢2

O-Cresol (10.89, 0.01mol) andmaonicacid (10.4
g, 0.1mol) wereadded to amixtureof phosphorus oxy-
chloride (40 ml) and anhydrous zinc chloride (30 g).
Thereaction mixturewas heated on awaterbath at 70°C
for 18-20 hrs. The content was cooled and decom-
posed withice-water giving solid, which wasfiltered
and washed with water. It was then treated with so-
dium carbonate solution and filtered. Thefiltratewas
acidified with dilutehydrochloric acid. Theprecipitate
was washed with water and crystallized from metha-
nol. Yield 75%, M.P. 225°C.

Synthesis of 3-Acetyl-4-hydroxy-8-methyl cou-
marin(2>34

4-Hydroxy-8-methyl coumarin (1.56 g, 0.01mol)
wasdissolvedinmixtureof acetic acid (5 ml) and phos-
phorusoxychloride (4 ml) and refluxed it on waterbath
for haf an hour. Thereaction mixturewas poured into
ice-cold water; the product wasisolated and crystal -
lized from ethanal. Yield 85%, M.P. 110°C.

Synthesisof 1-(4’-hydr oxy-8’-methyl coumarin-3’-
yD)-5-phenyl-2, 4-pentadiene-1-one (HM CPP)

A mixtureof 3-acetoacetyl-4-Hydroxy coumarin
(2.989g, 0.01moal), cinnamal dehyde (1.06g, 0.01mol)
and piperidine (1 ml) asacatayst in chloroform (50
ml) wasrefluxed for 6 hrson awater bath. The excess
chloroformwasditilled off and theres duewaswashed
with methanol and crydtdlized from dioxane. Yid d 68%,
M.P.120°C. *H-NMR (CDCl,), ppm: 2.41(s, 3H, Ar-
CH,), 6.41-8.00 (m, 8H, Ar-H); IR (KBr, cm™): 3112,
3030, 2939, 2839, 1724, 1604, 1442, 1342, 1261,
1195, 760; Molecular Formula: C_H. O

21" 16— 4°
Prepar ation of standard solution of Zn (1)

Stock solution of Zn (11) (0.05 M) was prepared
by dissolving 3.208 g of ZnSO,.5H,0Oindistilled water
and hydrochloricacidand dilutingitto 250 ml. This
solution was standardized volumetrically usng EDTA.
Experimenta solutionsof required concentrationwere
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prepared by appropriate dilution of the above stock
solution.

Reaction of HM CPPwith Zn (1)

1.0 % solution of the reagent in dioxane was used
indl detection and gravimetric determination. IR (KBr,
cnmrt): 3049, 3028, 2924, 2852, 1732, 1593, 1442,
1339, 1261, 1203, 773.

Reaction of HM CPPwith Zn (1) at different pH
values

5 ml HM CPP sol ution was added to 2 ml of stan-
dard 0.05M Zn (l1) solution at different pH. There-
sultsaretabulatedin TABLE 1.

Sability of chelate

Thebuff colour Zn (1) chelateisinsolubleinwater
and ethanol, whileit issolublein chloroform, dioxane,
DMPF, ethyl acetate. The solution of the chelate was
stable and could be kept for long timewithout any de-
composition.

Gravimetricdetermination of Zn (1) with HM CPP

A 1.0%solution of thereagent in dioxanewas used.
Zincsulphatesolution (0.05M, 10 ml) takeninaclean
beaker wasdiluted to about 100 ml with distilled water
and pH of the solution was adjusted to 3.0to 4.0 by
using sodium acetate— hydrochloric acid buffer. The
solution waswarmed at 60°C and small excessof re-
agent HM CPPwas added (1%, 25 ml). A light green
preci pitate obtai ned was digested on water bath for 60
minutesat 60°C. The preci pitatewasfiltered through a
previously welghed sintered glass crucible (G4) and
washed with warm water, followed by dioxanetore-
move excess of the reagent which might have precipi-
tated on dilution. The chelate was dried to constant
weight at 110-115°C in hot air oven, cooled and

TABLE 1: Reactionwith Zn (11) at deferent pH values

pH Buffer Observation

2.0 HCI + CH;COOH Colouration

25 HCl + CH;COOH Buff precipitate
3.0 HCl + CH;COOH Buff precipitate
40 CH3;COOH + CH;COONa Buff precipitate
50 CH3;COOH + CH;COONa Buff precipitate
6.0 CH3COOH + CH;COONa Buff precipitate
7.0 CH3COOH + CH;COONa Buff precipitate
8.0 NH; + NH,4CI Buff precipitate
9.0 NH; + NH,4CI Buff precipitate
10.0 NH; + NH,4CI Buff precipitate
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TABLE 2: Gravimetricestimation of Zn (11) usngHM CPP
ligand (Cu: 0.03200g)

H Zn (1) Zn (1) Error

P complexin (g) foundin (g) In(g) %

25 0.1595 0.3129 -0.0071 221
25 0.1604 0.3147 -0.0053  -1.65
3.0 0.1612 0.3162 -0.0038  -1.18
3.0 0.1619 0.3176 -0.0024  -0.75
35 0.1626 0.3190 -0.0010 -0.31
35 0.1632 0.3203 +0.0003  -0.09
4.0 0.1641 0.3219 +0.0019 +0.59
4.0 0.1648 0.3233 +0.0033  +1.03
45 0.1657 0.3251 +0.0051 +1.59
45 0.1666 0.3268 +0.0068  +2.12
5.0 0.1674 0.3284 +0.0084 +2.62
5.0 0.1684 0.3300 +0.0100 +3.12

TABLE 3: Verification of Beer ’slaw at 410 nm
Zn (11) on taken

Zn (I1) solution

. . Absorbance
taken in ppm. in ppm.

0.3 3.14 0.051
0.6 6.24 0.102
0.9 9.36 0.151
1.2 12.48 0.203
15 15.60 0.250
1.8 18.72 0.300
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Figure1: Absor ption spectraof Zn (11)-HM CPPcomplex
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Figure2: Verification of Beer’slaw

weighed.

The experiment was repeated at different pH of
solution. Theexperiment wasa so repeated with differ-
ent aliquots keeping the optimum pH to evaluateits
applicability. TheresultsaregiveninTABLE 2.

—— Fyll Peper
Spectrophotometric study of Zn (11) complex

TheZn (1) - HMCPP chelate has been found to
be solublein chloroform, dioxane, benzene, carbon tet-
rachloride, DMF, ethyl acetate. Thisenabled to verify
the Beer’slaw and its application for spectrophoto-
metric determination.

Absor ption spectra

To record the absorption spectra, 5 mg of chelate
was dissolvedin 25 ml of dioxane and absorbance of
thissolution was measured at different wavelengthin
therange of 350-600 nm.

The absorbance was plotted against wave length
to get absorption spectra. It was observed that the ab-
sorbance of the col oured solution of chelateincreases
continuoudy towardsthe shorter wavelength. A shoul-
der isobserved at 410 nm and henceall the measure-
mentswerecarried out at 410 nm. Absorption Spectra
of Zn (I1)-HMCPP complex isshownonfigure 1.

Verification of Beer’slaw

To5ml of solution (0.01 M) of thereagent HM CPPR,
varying amounts of the metal ion solution (0.005 M)
were added and the pH was adjusted to 5.0 using
CH,COONa+ CH,COOH buffer. Theinsoluble com-
plex precipitated wasextractedin chloroformusing three
5ml portionsof chloroformandfind volumeof thechlo-
roform extract was adjusted to 25 ml. The absorbance
of these solutions were measured at 410 nm against
chloroform asthe blank. Absorbanceva ueswereplot-
ted agai nst the metal concentration expressed in ppm.
A graight line passing throughtheorigin, indicating the
obeyance of Beer’slaw aswas obtained up to 30.22
ppmof Zn(l1). The standard graph thus obtained may
be used for the determination of Zincin an unknown
solution using HM CPP reagent. Theresultsaretabu-
lated in TABLE 3. Thegraphisshownonfigure 2.

Molar absorptivity cal culated from Beer’slaw plot
was found to be 10.01x10? lit mol-*cm for Zn (I1)-
HMCPP reagent at 410 nm.

Composition of chelate

Thecomposition of Zn (I1) chelatewith thereagent
HM CPP has been determined on the basis of Job’s
method of continuousvariaionand Yoeand Jonesmole
ratio method.
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TABLE 4: Dataobtained from Job’smethod of continuous
verification

M e‘?" lon L|gand Cm/Cm +CL Absorbance
solution ml  solution ml

1. 11 0.08 0.350

2. 10 0.17 0.371

3. 9 0.25 0.388

4, 8 0.33 0.410

5. 7 0.42 0.490

6. 6 0.50 0.432

7. 5 0.58 0.408

8. 4 0.66 0.397

9. 3 0.75 0.382

10. 2 0.83 0.361

11. 1 0.91 0.338

TABLE 5: Dataobtained from Yoeand Jonesmoler atiomethod
Metal ion Ligand Cm
solution ml. solut?on ml. +CL Absorbance

1. 6 0.17 0.225
2. 6 0.33 0.234
3. 6 0.50 0.260
4, 6 0.66 0.265
5. 6 0.83 0.265
6. 6 1.00 0.265
7. 6 1.16 0.265
8. 6 1.33 0.265

Composition of Zn (11)-HM CPPcomplex by Job’s
method of continuousvariation

A 0.005 M solution of Zn (1) was prepared by
suitabledilution of the standard solution. The solution
of reagent (0.005 M) was prepared in dioxane. The
solution of metal salt and the reagent were mixedin
varying proportionsasunder:
Medionsolution: 0,1,2,3,----11,12ml
Reagentsolution :  12,11,10,9,----1,0ml

pH of the solution was adjusted to 5.0. The pre-
cipitated complex was extracted with three5 ml por-
tionsof chloroformand find volumeof chloroform ex-
tract was adjusted to 25 ml. The absorbance of chlo-
roform extractsweremeasured at 410 nm. Theresults
aretabulatedin TABLE 4.

Fromthegraphisshownonfigure6, it hasbeen
found that maximum occursat 0.4 ratio of metal ion
concentration to thetotal metal and ligand concentra-
tionindicating theformationof 1:2 (M : L) complex.

Yoeand Jonesmoleratio method

Inthismethod, equimolar solutionsof the Zinc (11)
and thereagent (0.005 M) were used. A seriesof solu-
tionswere prepared, keeping the reagent solution (6.0
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Figure3: Result of Job’smethod of continuousverifica-

tion
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ml) constant whilevarying theamount (from1to 7.0
ml) of 0.005M meta solution.

pH of the solutionswere adjustedto 5.0. There-
aulting precipitatewasextracted in chloroformand fina
volume of chloroform extract was adjusted to 25 ml.
Absorbance were recorded at 410 nm and plotted
against theratio of concentration of metal ionto re-
agent. Theresultsaretabulated in Table-V and Graph
shown onfigure3.

Itisevident from the graph that absorbance gradu-
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ally increases up to molar composition of metal tothe
reagent and after that it becomes constant indicating
1:2 soichiometry of thecomplex.

RESULT AND DISCUSSION

Inthecurrent paper, 4-Hydroxy-8-methylcoumarin
was synthesi zed by the condensation of o-cresol with
mal onic acid. 4-Hydroxy-8-methyl coumarin wasacety-
lated and subjected to fries migration to give 3-ac-
etoacetyl-4-hydroxy-8-methylcoumarin. The acetyl
coumarinwas condensed with o-nitro benzal dehydeto
yielded compound 1-(4’-hydroxy-8’-methyl coumarin-
3’-yl)-5-phenyl-2, 4-pentadiene-1-one.

Inthe present study the reagent HM CPPform com-
plexeswith Zn (1) inthe variousrange of pH.

The composition of complexesdetermined by mole
ratio and job’s method of continuous variation, was
foundtobe1:2 (M: L), thishasa so supported by gravi-
metricanayss. Thesynthes zed reagentsarequitestable
at roomtemperaturefor long timewithout showing any
sign of decomposition. Thereagentsarewel | suited as
gravimetric reagents.

CONCLUSION

Fromthefinding, weare concluded that, coumarin
derivativesasan andytica reagent hasfound extensvely
usedinandytical determination of variousmetd ions.

ACKNOWLEDGMENTS

Authorsarethankful to Department of Chemistry
for providinglaboratory facilities. Theauthorsarethank-
ful for facilitiesand grants given under UGC-SAPfor
Department Research Support (DRS) and Department
of Scienceand Technology (DST) New Delhi for Fund
for Improvement of Scienceand Technology (FIST).

REFERENCES

[1] N.S.Hush; Prog.Inorg.Chem., 8, 391 (1967).

[2] T.J.Meyer; Acc.Chem.Res., 11, 94 (1978);
C.Creutz; Prog.Inorg.Chem., 30, 1 (1980).

[3] R.Anschtz; Chem.Ber., 36, 465 (1903).

[4] H.B.Singh; Ph.D.Thesis, Delhi University, (1966).

—— Fyll Peper

[5] M.Katyal, H.B.Singh; Talanta, 15, 1054 (1968).

[6] GS.Manku; Ph.D.Thesis, Delhi University, (1970).

[7] A.K.Kdara Ph.D.Thesis, Delhi University, (1972).

[8] N.Kohli; Ph.D.Thesis, Delhi University, (1974).

[9] K.Jagnadha, K.L.Omprakash; J.Indian Chemical
Soc., L12, (1985).

[10] A.K.Kara, R.PSingh; JI.C.S, 1, 49 (1972).

[11] H.B.Singh; J.Inst.Chemists, India, 54, (1982).

[12] GPPokhariyal; J.Indian.Chem.Soc., 74, (1997).

[13] K.B.Gudasi, T.R.Goudar; J.I.C.S., 74, (1997).

[14] K.H.Popat, K.S.Nimavat, S.L.Vasoya, H.S.Joshi;
Indian Journal of Chemistry, 42B, 1497-1501
(2003).

[15] R.S.Bakry, O.A.Razak, A.F.Wadlily, S.F.Belal; J.
Pharma Biomed Anaal., 17(1), 95-101 (1998).

[16] A.K.Madlik, K.N.Kaul, B.S.Lark, W.Faubel, A.L.J.
Rao; Turk J.Chem., 25, 99-105 (2001).

[17] S R.Mwelase, J.Bariyanga; Journa of Molecular
Structure, 60(2-3), 235-244 (2002).

[18] (&) R.Anschutz; Ann., 367, 169 (1909).
(b) 1.M.Helborn, D.W.Hill; J.Chem.Soc., 1704

(1927).

(c) K.C.Ghosh; J.Ind.Chem., 24, 321 (1947).

[19] H.Kneyuki; Bull.Chem.Sac., Japan, 35, 579 (1962).

[20] A.Sonn; Ber., 50, 129 (1917).

[21] K.G.Baner, F.Scholder; Arch.Pharma., 53, 259
(1929).

[22] K.Howsch; Ber., 48, 1122 (1915).

[23] (&) S.Iguchi; J.Pharma.Soc.Japan, 72, 122 (1952).
(b) S.Iguchi; N.Utshugi; J.Pharma.Soc.Japan, 73,

1290 (1953).

[24] J.F.Garden.N.F.Hafes, R.H.Thomson; J.Chem.
Soc., 3315 (1956).

[25] E.Ziegler, H.Junkek; Montch, 86, 29 (1955); C.A.,
50, 256 (1956).

[26] K.Ziegler, H.Junkek; Montch, 87, 212 (1956); C.A.,
51, 7365 (1957).

[27] V.R.Shah, J.L.Bose, R.C.Shah; J.Org.Chem., 25,
677 (1960).

[28] F.Dallaeker, PKratzer, M.Lip; Ann., 643, 97-109
(1961).

[29] V.N.Dholakia, M.G.Parekh, K.N.Trivedi;
Aust.J.Chem., 21, 2345-7 (1968).

[30] H.R.Eisenhaur, K.PLink; JAm.Chem.Soc., 75,
2044 (1953).

[31] R.Anschtz; Ber., 36, 465 (1903).

[32] H.Pauly, K.Lockmann; ibdi., 48, 28 (1915).

[33] A.Sonn; ibdi., 50, 1292 (1917).

[34] M.A.Stahmenn, |.Wolff, K.PLink; J. Am.Chem.
Soc., 65, 2285 (1943).

—— a%a['yttaa[’ CHEMISTRY
A ndian W



