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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 Mn(l1) using spectrophotometric method. 4-Hydroxy-8-
methylcoumarin chalcones[1-(4’-hydroxy-8’-methyl coumarin-3’-yl)-3-o-
nitrophenyl-2-propene-2-one] with Mn(l1) 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, etc,“*.

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

The present communi cation ded swith synthesisof
HMCNP[1-(4’-hydroxy-8’-methyl coumarin-3’-yl)-
3-o-nitrophenyl-2- propene-2-one], HMCNP complex
with metal ion, thismay be used asan analytical re-
agent. It belongsto chal cone seried?4. Chalconesare
the compoundswhich are obtained by the condensa-
tion of aromatic ketone with an aldehyde; thisisreact-
ingwithMn(ll). Theligandisfound toform complexes
with above meta ion in different pH ranges. The
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absorbtion spectraof the complex wererecorded and
the effects of pH on the absorbtion valueswere stud-
ied. The composition of complex wasdetermined by
Yoeand Jonesmoleratio and job’s method of continu-
ousvariation>1, Thishasalso been supported from
thermo gravimetricandysis’.

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

EXPERIMENTAL

All chemicalsused throughout thiswork were of
analytical grade. The absorbance measurements
were done on a Shimadzu-UV-160-A Spectropho-
tometer. The pH of the solutionswere measured on
EQUIP TRONICS 614 pH meter and solutions of
required pH were obtai ned usi ng sodium-acetate-
acetic acid, sodium acetate-HCI, NH_-NH,Cl or
Borax-HCI buffer of suitable concentration. Thesto-
ichiometricratiosof metal to reagent inthecomplexes
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were determined by Job’s method of continuous
variation, Yoeand Jones moleratio method and gravi-
metric method. The entire practical were done at
room temperature.

Prepar ation of 4-hydr oxy-8-methyl coumar in(&2l

0-Cresol (10.8g,0.01mol) and maonicacid (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
coumariniz-34

4-Hydroxy-8-methyl coumarin (1.56 g, 0.01mol)

—— Fyll Peper

wasdissolved inmixtureof acetic acid (5 ml) and phos-
phorusoxychloride (4 ml) and refluxedit on waterbath
for half an hour. Thereaction mixturewas poured into
ice-cold water, the product wasisolated and crystal -
lized from ethanol. Yield 85%, M.P. 110°C.

Synthesisof 1-(4’-Hydroxy-8’-methyl coumarin-
3’-yl)-3-o-nitr ophenyl-2- propene-2-one(HM CNP)

A mixtureof 3-acetoacetyl-4-Hydroxy coumarin
(1.98g, 0.01moal), o- nitrobenzaldehyde (1.06g,
0.01mol) and piperidine (1 ml) asacatalyst in chloro-
form (50 ml) wasrefluxed for 6 hrson awater bath.
Theexcesschloroformwasdistilled off and theresidue
waswashed with methanol and crystallized from diox-
ane.Yield 68%, M.P.120°C. *H-NMR (CDCl,), 5ppm:
2.46(s, 3H, Ar-CH,), 7.11-8.45 (m, 7H, Ar-H); IR
(KBr, cmt): 3402, 3112, 2950, 2850, 2337, 1724,
1604, 1442, 1384, 1261, 1195, 771; Anaytical Cal-
culated for C H,.O.N: C, 64.95; H, 3.70; N, 3.99 ;
Found: C, 64.91; H, 3.69; N, 3.95%.

CHs CHj
OH )COOH 70 °C POCI (@) (0] POCI3
+ —_—
HOOC Anhy. ZnCl, gl. acetic acid
GHa CHO
O ° NO, CHCls
* piperidine, D
COCH;
OH
Scheme 1

Preparation of standard solution of Mn(I1)

Manganesesulphate2.113 gwasdissolvedinlittle
acid and doubledistilled water and diluted to 250 ml.
Thissolution was standardized volumetrically using
EDTA. Experimental solutionsof required concentra-
tion were prepared by appropriatedilution of theabove
stock solution.

Reaction of HMCNP with Mn(l1)

1.0 % solution of thereagent in dioxanewasused
indl detection and gravimetric determination. IR (KB,
cm?): 3058, 3030, 2950, 2853, 1716, 1605, 1441,
1385, 1341, 1261, 1200, 770.

Reaction of HM CNP with Mn(l1) at different pH
values

5ml HMCNP solution was added to 2 ml of stan-
dard 0.05M Mn(ll) solution at different pH. There-
sultsaretabulatedin TABLE 1.

Sability of chelate

Dark greenMn(ll) chelateisinsolubleinwater and
ethanol, whileitissolubleinchloroform, dioxane, DMF,
ethyl acetate. The solution of the chelate was stable
and could be kept for long timewithout any decom-
position.
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TABLE 1: ReactionwithMn(l1) at deferent pH values

pH Buffer Observation
7.0 NaOH + KH,PO,  Green opalescene

7.5 NaOH + KH,PO,  Green colouration

8.0 NH3 + NH,CI Dark green precipitate
8.5 NH3 + NH,CI Dark green precipitate
9.0 NH3 + NH,CI Dark green precipitate
9.5 NH3 + NH,CI Dark green precipitate
10.0 NH3 + NH,CI Dark green precipitate
105 NH3 + NH,CI Dark green precipitate

Gravimetricdetermination of Mn(l1) with HMCNP

A 1.0% solution of thereagent in dioxanewas used.
Manganese sul phate solution (0.05 M, 10 ml) takenin
aclean beaker wasdiluted to about 100 ml with dis-
tilled water. A small excess of reagent HMCNPwas
added to (1%, 14ml). Then the pH was adjusted to
8.50t0 9.0 using ammoniaand ammonium chloride
buffer. Thedark green preci pitates of manganese che-
lateformed werekept a room temperaturefor 24 hours.
Theprecipitatewasfiltered through aprevioudy weighed
sintered glassfunnel (G4) and washed withwarmwa:
ter, followed by the dioxaneto remove excess of the
reagent. The chelate wasdried to constant weight at
80-85°Cinhot air oven, cooled and weighed.

The experiment was repeated at different pH of
solution. Theexperiment wasa so repeated with differ-
ent aliquotskeeping theoptimum pH toevauateitsap-
plicability. Theresultsaregivenin TABLE 2.

TABLE 2: Gravimetricestimation of Mn(I1) usngHM CNP
ligand (Cu: 0.02750q)

Mn (11) Mn (I1) Error
pH Complex found
In (g) In (g) (@) %

75 0.1495 0.02684 -0.00074 -2.68
75 0.1506 0.02695 -0.00063 -2.28
8.0 0.1512 0.02701 -0.00057 -2.06
8.0 0.1523 0.02712 -0.00046 -1.66
85 0.1536 0.02758 +0.00008 +0.29
85 0.1544 0.02766 +0.00016 +0.58
9.0 0.1551 0.02773 +0.00023 +0.83
9.0 0.1558 0.02780 +0.00930 +1.08

Spectrophotometric study of Mn(l1) complex

TheMn(Il) - HMCNP chelate has been found to
be solublein chloroform, benzene, carbon tetrachl o-

ride, DMF, ethyl acetate. This enabled to verify the
Beer’s law and its application for spectrophotometric
determination.

Absor ption spectra

To record the absorption spectra, 5 mg of chelate
wasdissolved in 100 ml of dioxane and absorbance of
this solution was measured at different wavelengthin
therange of 340-600 nm.

The absorbance was plotted against wave length
to get absorption spectra. It was observed that the ab-
sorbance of the coloured solution of chelateincreases
continuoudy towardsthe shorter wavelength. A shoul-
der isobserved at 520 nm and henceall the measure-
mentswerecarried out at 520 nm. Absorption Spectra
of Mn(I1)-HMCNP complex isshown on Figure 1.
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Figurel1: Absorption spectraof M n(l1)-HM CNP complex

Verification of Beer’sL aw

To 8 ml of solution (0.01 M) of the reagent
HMCNP, varying amounts of the metal ion solution
(0.001 M) were added and the pH was adjusted to
9.0usngNH,—NH,Cl buffer. Theinsoluble complex
precipitated wasextracted in chloroform using three5
ml portions of chloroform and final volume of the
chloroform extract was adjusted to 25 ml. The absor-
bances of these solutionswere measured at 520 nm
against chloroform asthe blank. Absorbance values
were plotted against the metal concentration expressed
in ppm. A straight line passing through the origin,
indicating the obeyance of Beer’s law as was obtained
upto 15.4 ppm of Mn(l1). Thestandard graph thus ob-
tained may be used for the determination of Manga-
nesein an unknown solution using HM CNP reagent.
Theresultsaretabulated in TABLE 3. Thegraphis
shownonFigure?2.
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TABLE 3: Verification of Beer’slaw at 520 nm
Mn (11) on

Mn (11) solution

taken in ppm. taken in ppm. Absorbance
0.3 22 0.112
0.6 4.4 0.195
0.9 6.6 0.295
12 8.8 0.362
15 11.0 0.454
18 132 0.558
21 154 0.594
0.8

; 04
_S: o /
0 ‘ T ‘
22 4.4 6.6 88 11 132 154
Verification of Beer's Law: Mn (II) - HMCNP
Complex

Figure?2: Verification of Beer’slaw

Molar absorptivity ca culated from Beer’s law plot
was found to be 9 x 10? lit mol-cm? for Mn(I1)-
HMCNP reagent at 520 nm.

Composition of chelate

The composition of Mn(Il) chelate with the reagent
HMCNP has been determined on the basis of Job’s
method of continuousvariation and Yoeand Jonesmole
ratio method.

Composition of Mn(I1)-HM CNPcomplex by Job’s
method of continuousvariation

A 0.001 M solution of Mn(Il) was prepared by
suitabledilution of thestandard solution. The solution
of reagent (0.001 M) was prepared in dioxane. The
solution of metal salt and the reagent were mixedin
varying proportionsasunder:

Metd ionsolution 0,123,----11,12ml
Reagent solution 12,11, 10,9,----1,0ml

pH of the solution was adjusted to 9.0. The precipi-
tated complex was extracted with three 5 ml portions
of chloroformand final volume of chloroform extract
was adjusted to 25 ml. Theabsorbance of chloroform
extractsweremessured at 520 nm. Theresultsaretabu-
latedinTABLE 4.

Fromthegraphisshownon Figure 3, it hasbeen

—= Fyll Paper

TABLE 4: Data obtained from Job’smethod of continuous
verification

Metal ion Ligand Cm/Cm

solution ml.  solution ml. +CL Absorbance
1 11 0.08 0.703
2. 10 0.17 0.753
3. 9 0.25 0.762
4. 8 0.33 0.895
S, 7 0.42 0.79
6. 6 0.50 0.770
7. 5 0.58 0.764
8. 4 0.66 0.758
9. 3 0.75 0.699
10. 2 0.83 0.647
11. 1 0.91 0.632

found that maximum occursat 0.33 ratio of metal ion
concentration to thetotal metal and ligand concentra-
tionindicating theformationof 1:2 (M : L) complex.

1

0.8

0.6

Absor bance

0.4 A

0.2

O T T T T T T T T T T
0.08 0.17 0.25 0.33 042 0.5 0.58 0.66 0.75 0.83 0.91

Cm/Cm+CL
Figure3: Result of Job’smethod of continuousverification

Yoeand Jonesmoleratio method

Inthismethod, equimolar solutionsof theManga-
nese (11) and the reagent (0.001 M) were used. A se-
ries of solutionswere prepared, keeping the reagent
solution (5.0ml) congtant whilevaryingtheamount (from
1t05.0ml) of 0.001 M metal solution.

pH of the solutionswere adjusted to 9.0. There-
aulting precipitatewasextracted in chloroformand fina
volume of chloroform extract was adjusted to 25 ml.
Absorbance were recorded at 520 nm and plotted
against theratio of concentration of metal ionto re-
agent. Theresultsaretabulated in TABLE 5 and Graph
shownonFigure4.

Itisevident from the graph that absorbance gradu-
aly increasesupto molar composition of metal to the
reagent and after that it becomes constant indicating
1.2 stoichiometry of the complex.
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TABLE 5: Data obtained from Yoe and Jones moleratio
method

Metal ion Ligand Cm Absor bance
solution ml. solution ml. +CL
1. 6 0.17 0.575
2 6 0.33 0.610
3 6 0.50 0.622
4 6 0.66 0.632
5 6 0.83 0.632
6 6 1.00 0.632
7 6 1.16 0.632
8 6 1.33 0.632
0.64
0.62 -
8
5 06
i
0.58
.<c‘z: &
0.56 -
0.54 T T T T T T T
017 033 05 066 08 1 116 133

Composition of Mn (I1) - HM CNP Complex of mole
ratio method

Figure4: Result of Yoeand Jonesmoleratio method

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)-3-o0-nitrophenyl-2- propene-2-one.

Inthe present sudy the reagent HM CNPform com-
plexeswith Mn(ll) inthe variousrange of pH.

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

CONCLUSION

Fromthefinding, weare concluded that, coumarin

derivativesasan analytical reagent hasfound exten-
svely usedinanaytica determination of variousmeta
ions.
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