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(aBsTRACT ) (KeYwoRrns D

In this work, two effective and low-cost spectrophotometric methods Lisinopril;

(A and B) for the determination of lisinopril are proposed in its pure Spectrophotometry;

and pharmaceutical preparations. The both methods depend on the Microwave oven;
charge-transfer reaction between lisinopril as n-electron donor with 2,3- Pharmaceutical preparations;
dichloro-5,6-dicyano-1,4-benzoquinone (DDQ)) in methanol medium and Charge-transfer reactions.
7,7,8,8-tetracyanoquinodimethane (TCNQ) ) in methanol-acetonitrile

medium as p-acceptor to give a colored complex, which absorb maxi- 7

mally at 475 nm and 740 nm respectively. These reactions were acceler-
ated by irradiating the reaction mixtures with microwave energy (1100
W) during 45 seconds in method A and two minutes in method B. Beer’s
law is obeyed in the concentration ranges 0.5-60 U mg/mL with molar
absotptivity of 1.2 X 10°L mole! cm™ and 0.5-15 J mg/mL with molar
absorptivity of 8.3 X 10 L. mole’ cm™ respectively. The optimal reac-
tion conditions values such as reagent concentration, heating time and
stability of the reaction product were determined. The analytical results
obtained by applying the proposed method compare very favorably with
those given by the British Pharmacopocia standard procedure. 7

[0 2006 Trade Science Inc. - INDIA

INTRODUCTION active metabolite of enalapril. It is a long-acting,

nonsulfhydryl angiotensin-converting enzyme (ACE)

Lisinopril (25)-1-[(25)-6-amino-2-[[(15)-1- inhibitor that is used for the treatment of hyperten-
carboxy-3-phenylpropyllamino]hexanoyl] pyrrole-2- sion and congestive heart failure in daily dosages of
carboxylic acid, is a lysine analog of enalaprilat, the 10-80 mg!". Pharmacological activity of lisinopril has



32 Determination of lisinopril

ACAIJ, 3(1) August 2006

Full Paper e

been proved in previous experimental and clinical
studies®l.

Owing to the importance of lisinopril salt in phar-
maceuticals and its widespread use, efforts have been
made towards the development of simple and reli-
able analytical methods. Several analytical methods
are reported for the determination of lisinopril in
dosage forms including spectrophotometric measure-
mentsi*? UV.IPl liquid chromatography!®*l gas
chromatography™, spectrofluorimetryl®”'"® deriva-
tive Spectrophotometry™, and polarography®*. The
official methods for the assay of lisinopril in the pure
form and dosage forms are potentiometric acid base
titration and high performance liquid chromatog-
raphy™®l. On the other hand more sensitive
fluoroimmunoassay®®¥, radioimmunoassay® and GC
with mass detection®® methods have been reported
for the pharmacological and pharmacokinetic stud-
ies of lisinopril. Plasma level of lisinopril can be es-
timated by these methods. Furthermore, HPLC
method with UV detection®! and with fluorimetric
detection™! has been developed for the determina-
tion of the drug in urine samples and liquid chro-
matographic-mass spectromettic (LC/MS) method
for the determination of lisinopril in human plasma
is also reported. However, most of these methods
are costly, tedious and time consuming.

It is well known that electron donors and elec-
tron acceptors can interact in solution to form in-
tensively colored charge-transfer complexes. These
complexes are usually characterized by absorption
bands, not present in either reagents, assigned to an
intermolecular charge-transfer transition®*?. There-
fore, charge-transfer complexation reactions have
been extensively applied to the spectrophotometric
determination of several important drugs such as
methyldopa®], fluoxetineP®¥, sertralineP!, famotidine

B3 perindopril® and some 4-adrenergic blocking

agentst’l.

During the systematic method development study
of lisinopril™ it was found that lisinopril reacts with
certain p-acceptors (DDQ and TCNQ) to give col-
ored complex. Although near recently Nafis-ur-
Reahman e7 a/ reported the spectrophotometric
method™ for the determination of lisinopril in phat-

maceutical preparations using TCNQ. But the for-

mation of complex was slow and the sensitivity of
the method is low.

The use of microwave oven for analytical pro-
cedures was first demonstrated three decades agoP®l.
Since that time several papers have described the
applications of microwave ovens for sample disso-
lution®*4 and more recently for organic synthesist*l.
The purpose of this study was to develop a simple,
rapid, sensitive, precise, accurate and low cost
method for determination of lisinopril in pure form
and in pharmaceutical preparations assisted by mi-
crowave. The proposed method was successfully
applied to the determination of lisinopril in bulk
pharmaceutical formulations. The results obtained
by the proposed method were in excellent agreement
with those given by the official method®, proving
that the methods are a reliable alternative for the
analysis of lisinopril in pure form and in pharma-
ceutical preparations.

EXPERIMENTAL

Apparatus

A UV-Visible spectrophotometer (U 1100
Hitachi, Japan) with 1.00 cm glass cells was used.
All absorbance measurements were carried out at 25
T 1 °C. Officially calibrated Pyrex glassware was used
throughout this study. For lisinopril tablets, the stan-
dard procedure of British Pharmacopoeia is based
on a potentiometric titration in glacial acetic acid
media was used. All potentiometric measurements
were carried out using a pH meter (Orion). A do-
mestic microwave oven, Panasonic 1100 watts was
used for heating. The distribution of radiation in the
oven cavity was performed similarly to the literature
procedurel*#1.

Materials, reagents and solutions

All reagents used were of analytical reagent
grade. For the preparation of the solutions and
samples, double distilled water was used through-
out. Pure sample of lisinopril was supplied by Werrick
pharmaceuticals (Pvt.) Ltd. Islamabad, Pakistan.
Lisinopril tablets were purchased from the local mar-
ket. For method A stock solution of lisinopril was
prepared by dissolving 100 mg powder in sufficient
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amount of methanol then diluted with same solvent
up to 100 ml. Standard lisinopril solutions were pre-
pared from stock solution by appropriate dilution with
methanol. 5 mg mL" solution of 2,3-dichloro-5,6-
dicyano-1,4-benzoquinone (DDQ), Fluka, Hong
Kong , was also prepared in methanol. For method
B Stock solution of lisinopril was prepared by dis-
solving 100 mg powder in sufficient amount of
methanol then diluted with acetonitrile solvent up
to 100 ml. Standard lisinopril solutions were prepared
from stock solution by appropriate dilution with ac-
ctonitrile. 1 mgml” solution of 7, 7, 8, 8-tetracyano
quinodimethane (TCNQ), Fluka, Austria, was also
prepared acetonitrile.

Proposed procedure

Method A: General procedure and analytical
curve

To different aliquots of lisinopril (0.5-60 mg/
ml) in 10 ml measuring flask, add 1.5 ml 5 mg ml"
solution of 2,3-dichloro-5,6-dicyano-1,4-benzo-
quinone (DDQ). Heat the mixture in the microwave
oven for 15 seconds at “low” power output (1100
W). Afterwards, the beakers were cooled at room
temperature. The working solutions were prepared
transferring quantitatively the content inside the bea-
ker in 10 ml volumetric flask and completing to vol-
ume with methanol. Finally, the absorbance was mea-
sured at 475 nm (b=1cm) against corresponding re-
agent blank. The analytical curve was obtained by
plotting absorbance against lisinopril concentration
and the corresponding linear least square equation
was used to convert absorbance into lisinopril con-
centration, for all analyzed samples.

Procedure for the assay of lisinopril in pharma-
ceutical formulations

Twenty tablets were accurately weighed and pow-
dered. A portion equivalent to 100 mg of lisinopril
was stirred with 30 ml methanol. The residue was
filtered with Whatman filter paper # 1 and washed
with methanol. The filtrate and washings were di-
luted to 100 ml using methanol and an aliquot from
this filtered solution was analyzed using the recom-
mended procedure.

Method B: General procedure and analytical

—==> Full Paper

curve

To different aliquots of lisinopril (0.5-15 mg ml™)
in 10 ml measuring flask, add 2 ml 1 mg ml" solution
of 7,7,8,8-tetracyanoquinodimethane (TCNQ). Heat
the mixture in the microwave oven for 25 seconds at
“low” power output (1100 W). Afterwards, the bea-
kers were cooled at room temperature. The working
solutions were prepared transferring quantitatively
the content inside the beaker in 10 ml volumetric
flask and completing to volume with methanol. Fi-
nally, the absorbance was measured at 740 nm
(b=1cm) against corresponding reagent blank. The
analytical curve was obtained by plotting absorbance
against lisinopril concentration and the correspond-
ing linear least square equation was used to convert
absorbance into lisinopril concentration, for all ana-
lyzed samples.

Procedure for the assay of lisinopril in pharma-
ceutical formulations

Twenty tablets were accurately weighed and pow-
dered. A portion equivalent to 100 mg of lisinopril
was stirred with 30 ml methanol. The residue was
filtered with Whatman filter paper # 1 and washed
with acetonitrile. The filtrate and washings were di-
luted to 100 ml using acetonitrile and an aliquot from
this filtered solution was analyzed using the recom-
mended procedure.

RESULT AND DISCUSSION

DDAQ is Ttelectron acceptors as a result of the
strong electron withdrawing halo and cyano groups
conjugated with the Tesystem1. DDQ reacts instan-
taneously with basic nitrogenous compounds to form
charge-transfer complexes of n-Tt type. The absorp-
tion spectrum of DDQ in methanol shows a charac-
teristic band peaking at 360 nm. The addition of
lisinopril solution to this solution causes an immedi-
ate change in the absorption spectrum, with a new
characteristic band peaking at 470 nm. This band
may be attributed to the formation of DDQ radical
anions, which probably resulted from the dissocia-
tion of the donor-acceptor complex in a highly polar
solvent like methanol. The mole ratio method sug-
gested a donor to acceptor ration 1:2 confirming the
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presence of two n-donating center in the lisinopril
molecule (SCHEME 1).

TCNQ is also used for quantitative determina-
tion of pharmaceutical drugs in dosage forms by
chatrge-transfer complex formation*®#1. Interaction
with TCNQ in acetonitrile solution was found to
yield a deep color causing characteristic long wave-
length absorption band. The predominant chromagen
with TCNQ is blue colored radical anion, which
probably resulted through the dissociation of an origi-
nal donor-acceptor complex with the drug, This com-
plex is formed by the lone pair of electron donated
by the lisinopril as n-donor and the charge-transfer
reagent as an electron acceptor, which a partial ionic
bond (D+ A-) is assumed to be formed.

D+A —> [D —= A] D" + A~
Donor Acceptor Donor-accptor complex Donor Anion

The dissociation of the complex was promoted
by the high ionizing power of acetonitrile solvent?"l.

Optimization of variables

The spectrophotometric properties of the col-
ored species formed with DDQ and TCNQ as well
as different parameters affecting the color develop-
ment, were extensively studied. The optimum con-
ditions for the assay procedures (Method A and B)
have been established by studying the reaction as

function of the concentration of the reagent, the
nature of the solvent, heating time and stability of
the colored species.

Effect of color producing reagent and time

For method A, the effect of volume of 5 mg/
mL DDQ solution was studied over the range of
0.2-2.0 mL, in a solution containing 5.0 mg/mlL
lisinopril. The results revealed the fact that 1.5 mL
of DDQ solution was required to achieve the maxi-
mum intensity of the color. Therefore 1.5 ml. was
the optimum value and maintained throughout the
experiment. The reaction gets stabilized with in the
15 seconds of heating the reaction mixture at low
power output (1100 W) in microwave oven.

For method B, the effective variables are the con-
centration of TCNQ and temperature. To study the
influence of the volume of 1mg/mL TCNQ solu-
tion, we pipetted an aliquot of the drug solution
containing 5.0 mg/mlL into a series of 10 mL volu-
metric flasks, followed by varying volumes of 1mg/
mL TCNQ solution (0.2-2.0 mL). The contents were
diluted to the volume with acetonitrile. The highest
absorbance was obtained with volume 2 mL of 1mg/
mL TCNQ solution. Further addition of TCNQ so-
lution cause no change in the absorbance, so 2 mL
was selected the optimum volume for all determina-
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tions. The intensity of the color formed on mixing
the reagent reached maximum with in 25 seconds
heating the mixture at low power output (1100 W)
in microwave oven.

Effect of solvent

The polarity of the solvent used in the reaction
between p-acceptors with n-donors can influence on
the formation of charge transfer complexes. There-
fore, investigations were carried out to establish the
most favorable solvent for the formation of the col-
ored product. The solvents studied were: ethanol,
methanol, acetonitrile and isopropanol.Lisinopril was
found to yield a colored product with DDQ and
TCNQ when all these solvents were used. However,
methanol was the choice solvent since that it gave
maximum intensity and stability of color faster than
the others in method A and acetonitrile in method
B.

Microwave oven settings and effect of heating
time

Radiation absorbed by samples in the oven de-
pends on their position in its cavity. The distribution
of microwave radiation was determined as described
in the literaturet**! and the samples were strategi-
cally positioned on the center of the oven cavity,
point where the microwave energy is more intense.
Different heating times and power settings on the
microwave oven were investigated to determine the
optimal reactions conditions. In this study were used
medium” and “high” power and the best re-

2 <<
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“low
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sults were obtained using a “low” power output set-
ting on the microwave because when higher powers
were used occurred boiling and loss of the solution.
Since set up the “low” power different heating times
were studied (from 5 to 30 seconds) and 27 seconds
of heating provided a temperature around 40 °C,
which was sufficient for the complete color devel-
opment without boiling start.

Optical stability of reaction product

The stability of the colored product in methanol
reaction medium was verified by the absorbance mea-
surements (470 nm) to each 5 min and it was ob-
served that the colored product obtained was stable
for 90 min. While in acetonitrile medium it was stable
for two hours.

Analytical evaluation

DDQ and TCNQ were evaluated as a chromoge-
nic reagent for spectrophotometric determination of
lisinopril. Under the proposed experimental condi-
tions a linear response between absorbance and
lisinopril concentration was verified. For method A,
Beer’s law was obeyed in a concentration range from
0.5-60 mg/mlL with correlation coefficient 0.998.
The spectrophotometric method showed a molar
absorptivity of 1.2X10° L mole’ cm’, indicating a
good sensitivity for the samples analyzed.

While for method B, Beer’s law was obeyed in a
concentration range from 0.5-15 mg/mL with corre-
lation coefficient 0.9997 and molar absorptivity of
8.3 10* L mole cm™.The regression equations for

TABLE 1: Optical characteristics and statistical data for the regression equation of the proposed method

Parameter Values for Method A Values for Method B
A max (nm) 475 740
Beet’s law verification range (lg/mL) 0.5-60 0.5-15
Molar absorptivity (L mole! cm™) 1.2x 105 8.3 X 104
Sandell’s sensitivity (Mgml?! per 0.001 A) 3.4 %107 5.3 X 1073
Regression equation (Y*)

Slope (b) 2.278 X 103 1.8 x 10!
Intercept (a) 1.238 X 10+ -9.9 X 103
Cortrelation coefficient (t) 0.998 0.9997
RSD** (%) 0.846 0.56
Limit of Detection (Ug/mL) 0.142 0.26
Limit of Quantification (Pg/mL) 0.486 0.88

Y* =a+ bC; Where C is the concentration of analyte (mg/mL) and Y is absorbance unit
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the described procedures were derived using the least-
square method. The limit of detection (3.SD"*/
slope of analytical curve) and limit of quantifica-
tion (10.SD"**/slope of analytical curve) are shown
in TABLE 1. The analytical parameters and the op-
tical characteristics for the spectrophotometric de-
terminations of lisinopril by the proposed method
are given in TABLET.

Interference study

To study the potential interference problems
from the commonly used excipients and other addi-

tives such as microcrystalline cellulose, talc, lactose,
sodium starch glycolate, povidone, gelatin, starch and
magnesium stearate, recovery studies were carried
out. Under the experimental conditions employed,
to a known amount of drug (lisinopril 5.0 mg/mL),
excipients in different concentrations were added and
analyzed. Results of the recovery analysis are pre-
sented in TABLE 2. Excipients up to the concentra-
tions shown in the TABLE 2 do not interfere with
the assay. In addition recoveries in most cases were
around 100% and the lower values of the RSD indi-
cate the good precision of the method.

TABLE 2: Determination of lisinopril in the presence of excipients (5 mg/mL) of lisinopril was taken for

interferences studies)

Excipient Amount Taken % Recovery * RSD % Recovery £ RSD
(Mg/mL) (N =5)Method A (N =5)Method B
1 Talc 50 99.7 £ 0.30 99.7£0.30
2 Microctrystalline cellulose 300 99.6 £ 0.25 99.6 £0.25
3 Sodium starch glycolate 100 99.5%0.25 99.5+0.25
4 Hydroxry propyl methyl cellulose 50 100.1 £0.30 100.1 £0.30
5 Lactose 300 99.8 £ 0.40 99.8 £ 0.40
6  Magnesium Stearate 50 99.4%0.45 99.4 £ 0.45
7 Starch 200 99.9 £ 0.25 99.9+0.25
8  Calcium phosphate 50 99.1£0.30 99.1 £0.30
TABLE 3: Determination of lisinopril in pharmaceutical formulations by the proposed and referencel*!!
method
Method A Method B Reference method
Formulation Rec((:/\;)e ry* I({oi? t- value F-value Rec(((:/\;;: v I({oi? t- value F-value Rec((:/\;;: ry* I({;g
Zestril 99.70 0.52  0.17 2.98 99.26 0.48  0.13 3.96 99.75 0.30
Lispril 100.07 0.66  0.41 3.02 99.34 0.78 033 2.65 99.88 0.45
Lisopril 99.60 048  0.32 3.12 101.56 039 023 2.26 99.23 0.56

*Average of 3 independent analysis

TABLE 4: Comparison of proposed method with existing spectrophotometric methods.

S.No An. Reagent Beer’s law limit Molar absorptivity (mollcm™) RSD (%) References

1 356.5 FDNB 4.5-27.2 x 10°M - 0.35 9

2 346 Chloranil - - - 7

3 225 - 3-30 (Ug/ml) - - 12

4 - 2,4,6- Trinitrobenzoic acid - - - 8

5 485  NQS - - - 10

0 600  Ninhydrin(Basic media) 10-150 (ug/ml) 4.083% 10 0.868 11

7 743 TCNQ 2-26 (Pg/ml) 1.432 x 104 12
8@ 475 DDQ 0.5-60 (Mg/ml) 1.2 x 10 This Work
8®b) 740 TCNQ 0.5-15 (Mg/ml) 8.3 x 104 This Work
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Application

The applicability of the proposed methods for
the determination of lisinopril in commercial dos-
age forms was examined by analyzing marketed prod-
ucts. The results of the proposed methods were sta-
tistically compared with reference method P! and
summarized TABLE 3. It is evident from the table
that the calculated t and F values P! are less than the
theoretical ones at 95 % confidence level, indicating
no significant difference between the methods com-
pared. The proposed methods are sensitive, simple,
and accurate and are successfully applied for the
quality control of pure lisinopril in pharmaceutical
dosage forms. The proposed methods are favorable
compared with other existing spectrophotometric
methods as shown in TABLE 4.

CONCLUSION

The spectrophotometric methods proposed are
simple, sensitive, rapid, low-cost, does not involve
any pre-treatment or extraction steps and gives pre-
cise and accurate results. Significant improvements
in the time of analysis could be attained using the
microwave energy (1100 W) for 15 and 25 seconds
respectively for method A and B. The proposed meth-
ods were successfully applied to analysis of lisinopril
in tablets suggesting its use as a reliable and advan-
tageous alternative to other previously reported meth-
ods for routine analysis of lisinopril in these samples.

REFERENCES

[1] S.G.Lancaster, PA.Todd; Drugs, 35, 646 (1988).

[2] JE.Rush, D.D.Merrill; J.Cardiovasc.Pharm., 9, 99
(1987).

[3] H.J.Gomez, S.G.Smith, FMoncloa; Am.].Med., 85,
35 (1988).

[4] A.El-Gindy, A.Ashour, L.Abdel-Fattah, M.M.
Shabana; J.Pharm.Biomed.Anal., 25, 923 (2001).

[5] JH.Kumar, R.K.Agrawal; Indian Drugs, 37, 196
(2000).

[6] A.El-Gindy, A.Ashour, L.Abdel-Fattah, M.M.
Shabana; J.Pharm.Biomed.Anal., 25, 913 (2001).

[71 FA.El-Yazbi, H.H.Abdine, R.A.Shaalan; J.Pharm.
Biomed.Anal., 19, 819 (1999).

—==> Fyl| Paper

[8] S.Atmaca, S.Tatar, G.Iskender; Acta Pharm.Turc., 36,
13 (1994).

[9] G Paraskevas, ].Atta-Politou, M.]. Koupparis; ] Pharm.

Biomed.Anal., 29, 865 (2002).

G.Iskender, B.Yarenci; Acta Pharm.Turc., 37, 5

(1995).

A.Raza, T.M.Ansari, A.Rehman; Journal of the Chi-

nese Chemical Society, 52, 1055 (2005).

N.Rahman, N.Anwar, M.Kashif; I1. Farmaco, 60, 605

(2005).

P.D.Pnzade, L.R.Mahadik; Indian drugs, 36, 321

(1999).

F.Barbato, PMorrica, F.Quaglia; IL. Farmaco, 49, 457

(1994).

D.Bonazzi, R.Gotti, V.Andrisano, V.Cavrini; J.Pharm.

Biomed.Anal., 16, 431 (1997).

A.B.Avadhanulu, A.R.R.Pantulu; Indian Drugs, 30,

646 (1993).

S.Esra, Aktas, E.Lale, S.Olcay; 1L Farmaco, 58, 165

(2003).

C.K.Zacharis, P.D.Tzanavaras, D.G. Themelis, G.A.

Theodoridis, A.Economou, P.G.Rigas; Anal.Bioanal

Chem., 379, 759 (2004).

C.V.N.Prasad, R.N.Saha, PParimoo; Pharmacy and

Pharmacology Communications, 5, 383 (1999).

O.Abdel Razak, S.F.Belal, M.M.Bedair, N.S.Barakat,

R.S.Haggag; J.Pharm.Biomed.Anal., 31, 701 (2003).

[21] N.El-Enany, EBelal, S.Al-Ghannam; Microchimica
Acta, 141, 55 (2003).

[22] ‘British Pharmacopoeia’y HM Stationery Office, Lon-
don, (2003).

[23] ‘United States Pharmacopoeia’, 24 revision, Asian
Edition, United States Pharmacopoeial Convention,
Inc., Twinbrook Parkway, Rockville, MD, (2000).

[24] A.S.Yuan, ].D.Gilbert; J.Pharm.Biomed.Anal., 14,773
(1996).

[25] PJ.Wortland, B.Jarrott; ] Pharm.Sci., 75, 512 (1986).

[26] H.]J.Leis, G.Fauler, G.Raspotnig, W.Windishhofer;
Rapid Commun. Mass Spectrom, 13, 650 (1999).

[27] Y.Wong, B.G.Chatles; J.Chromatography, 673, 306
(1995).

[28] O.Sagitli, L.Ersoy; J.Chromatogr.B Analyt. Technol.
Biomed.Life Sci., 809, 159 (2004).

[29] B.M.Tashtoush, F.Q.Alali, N.M.Najib; Pharmazie, 59,
21 (2004).

[30] R.S.Mulliken; J.Am.Chem.Soc., 72, 600 (1950).

[31] R.S.Mulliken; J.Am.Chem.Soc., 74, 811 (1952).

[32] R.S.Mulliken; J.Phys.Chem., 56, 801 (1952).

[33] M.A . Korany, M.A.Wahby; Analyst, 104, 146 (1979).

[34] L.I.Bebawy, N.El-Kousy, J.K.Suddik, M.Shokry;

[10]
(1]
[12]
[13]
[14]
[15]
[16]
[17]

[18]

[19]

[20]

i a?na[ytiaa[ CHEMISTRY
A Indéan W



38 Determination of lisinopril

ACAIJ, 3(1) August 2006

Full Paper e

J.Pharm.Biomed.Anal., 21, 133 (1999).

[35] B.V.Kamath, K.Shivram, S.Vangani; Analytical Let-
ters, 25, 2239 (1992).

[36] H.E.Abdellatef; J.Pharm.Biomed.Anal., 17, 1267
(1998).

[37] H.Salem; J.Pharm.Biomed.Anal., 29, 527 (2002).

[38] A.Abu-Samra, ].S.Morris, S.R.Koirtyohann; Anal.
Chem., 47, 1475 (1975).

[39] L.A.Fernando, W.D.Heavner, C.C.Gabrielli; Anal.
Chem., 58, 511 (1986).

[40] L.B.Fischer; Anal.Chem., 58, 261 (1986).

[41] ESmith, B.Cousins, J.Bozic, W.Flora; Anal.Chim.Acta,
177, 243 (1985).

[42] H.M.Kingston, LB Jassie; Anal.Chem., 58,2534 (1986).

[43] T.Hirose, B.G.Hopek, Z.Wang, R.Yusa, B.W.Baldwin;
Tetrahedron Lett., 44, 1831 (2003).

[44] H.M.Kingston, P.J.Walter, S.Chalk, E.Lorentzen,
D.Link; in: H.M.Kingston, S.]. Haswell (Eds.), ‘Micro-
wave - Enhanced Chemistry - Fundamentals, Sample
Preparation and Applications’, ACS, Washington, 772
1997).

[45] A.Morales-Rubio, J.Cerezo, A.Salvador, M.De la
Guardia; J.Microchem., 47, 270 (1993).

[46] S.Gorog; “Ultraviolet-Visible Spectrophotometry in
Pharmaceutical Analysis’, CRC Press Inc., Florida,
188 (1995).

[47] R Foster; ‘Organic Charge-Transfer Complexes’, Aca-
demic Press, London, New York (1969).

[48] S.M.Al-Ghannam; Microchimica Acta, 138, 29 (2002).

[49] Y.M.Issa, EM.F.Abou-Attia, M.Abdel-Gawad, S.M.
Abdel-Hamid; Analytical Letters, 35, 451 (2002).

[50] W.Liptay, G.Briegleb, K.Z.Schindler; Electrochem.,
66, 331 (1962).

[51] G.D.Christian; ‘Analytical Chemistry’, 4™ Ed., John
Wiley & Sons, Singapore, 35 (1994).

Hnalytical CHEMISTRY o
A Jndian Journal



