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A simple and express method for the quantitative determination of zopiclone in model solutions of
the substance and in “Zopiclone” tablets, 7.5 mg, by the kinetic-spectrophotometric method accor-
ding to 3,3’,5,5-tetramethylbenzidine oxidation has been developed. It is based on the system of two
coupled reaction: 4-methyl-1-piperazineperoxycarboxylic acid generated in zopiclone perhydrolysis
reacts with the excess of hydrogen peroxide in the weak alkaline medium with formation of coloured
3,3’,5,5-tetramethyldiphenylquinone diimine (A, = 420 nm, pH = 8.4). The reaction is performed
spectrophotometrically by measuring the rate of change of the absorbance at 420 nm. The method
was used for constructing the calibration graph. The initial rate of the reaction was obtained from the
linear site of the slope of the initial tangent to the absorbance-time curve. In the pH range of 8.2-8.5
the rate of the coloured product formation becomes maximum. The calibration graph for zopiclone has
a linear dependence in the range of 6-36 mg/l with the limit of detection (LOD) and quantitation (LOQ)
of 1.81 and 6.04 mg/l, respectively. For five determinations of 18, 24 and 30 mg/| of zopiclone RSD is
1.81, 1.46 and 1.69%, respectively. The analytical performance of the method was validated statisti-
cally with respect to LOD, LOQ, accuracy, precision and linearity for zopiclone estimation in a pure
substance and the results were satisfactory. “Zopiclone” tablets compared to the reference method
contain 99.83+1.19% of C,,H,,CIN,O, (RSD = 0.96% , & = -0.17%). The assay of zopiclone in the pre-
sence of its hydrolysis products without preliminary separation is an important advantage of the method.
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Zopiclone (6-(5-chloro-2-pyridyl)-6,7-dihydro-7-oxo-
SH-pyrrolo-[3,4-b]pyrazin-5-yl-4-methylpiperazine-1-
carboxylate) is an ester with similar sedative, anxiolytic,
muscle relaxant, amnestic, and anticonvulsant proper-
ties to those of benzodiazepines. It is used as a hypnotic
in the short-term treatment of insomnia [10]. Zopiclone
is the subject of the British Pharmacopoeial monographs.
The B.Ph. describes a non-aqueous titrimetric method
for its determination in its bulk and liquid chromatogra-
phy for tablets [4].

Some analytical procedures have been described for
zopiclone determination in bulk, pharmaceutical formula-
tions and/or biological fluids, which include liquid chro-
matography coupled with different highly sensitive detec-
tors [5-8, 12], gas chromatography [9], capillary elec-
trophoresis [11].

A simple kinetic method of the zopiclone determi-
nation by its perhydrolysis product with p-phenetidine
as a chromogenic substrate was previously proposed [1].
The assay of zopiclone in the presence of its hydroly-
sis products and sensitivity is a distinctive advantage of
this method.

The aim of this work was to develop a new kinetic
method of the quantitative determination of zopiclone us-
ing the indicator reaction of 3,3°,5,5 -tetramethylbenzidi-
ne (TMB) oxidation by hydrogen peroxide in the weak
alkaline medium.

Materials and Methods

97% 3,3’,5,5’-tetramethylbenzidine dihydrochloride
hydrate (Aldrich, Germany), 96% ethyl alcohol (Dubo-
vyazivskiy distillery, Ukraine), 30% solution of hydro-
gen peroxide prepared from 50% hydrogen peroxide of
medical quality (“Inter-Synthesis” LLC, Borislav, Uk-
raine), double-distilled water (DDW). “Zopiclone” tab-
lets, 7.5 mg, No. 10 (“Lubnypharm” JSC, Ukraine), batch
No. 10313 (quality certificate No. 316) were used for the
analysis.

To create and maintain the pH required 0.2 M phos-
phate buffer with pH 8.4 prepared according to Green
was used. For this purpose 12 g of NaH,PO, was dis-
solved in 450 ml of DDW and 50.6 ml of 1.9 mol/l NaOH
was added, pH was monitored potentiometrically.

Preparation of TMB working solution with the mo-
lar concentration of 1x107 mol/l. Dissolve 0.313 g of
the accurately weighed portion of TMB in a 100 ml volu-
metric flask in 50 ml of 96% ethanol. Dilute to the volume
with DDW at 20°C and shake thoroughly.

Preparation of zopiclone working standard solution
(WSS), 0.3 mg/ml (c =7.7x10* mol/l). Dissolve 0.0300 g
of the zopiclone substance in 96% ethanol in a 100 ml
volumetric flask, dilute the solution to the volume with
the same solvent and mix thoroughly.

All the chemicals and reagents were of analytical
grade and the solutions were freshly prepared.
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Fig. 1. Chemistry of zopiclone perhydrolysis and coupled TMB peroxyacid oxidation.

All spectrophotometric measurements were made
on a SF-46 spectrophotometer (LOMO, USSR) with 1 cm
matched quartz cells. The pH of the solutions was moni-
tored by a glass electrode of ESL 43-07 type (the re-
ference electrode — a silver/silver chloride electrode of
EVL-1M3.1 type) on a laboratory I-130 ionometer (“Ana-
lytpribor”” Research and Production Association).

The method of obtaining the data for the calibra-
tion curve. Transfer consistently 10 ml of 0.2 mol/l buf-
fer solution (pH = 8.4) into a 25 ml volumetric flask
adding from 1 to 5 ml of 0.3 mg/ml WSS, 6.0 ml of
1x102 mol/l TMB solution, 2 ml of 5,6 mol/l H,O,, dilute
to the volume with DDW at 20°C and shake thoroughly
for 30 sec. Measure the optical density of the solution
obtained at 420 nm vs. blank solution (without the sub-
stance to be examined). Control the time from the mo-
ment of mixing the solution with the stop-watch.

The results obtained were processed according to
the recommendations of the International Union of Pure
and Applied Chemistry (IUPAC) [3] and the State Phar-
macopeia of Ukraine (SPhU) [2] using mathematical
statistics methods. Accuracy verification was performed
by “input-output” analysis of the model solution. The
content of the active substance in “Zopiclone” tablets,
7.5 mg, was determined by the method of standard.

Results and Discussion

The reaction involved in the present study is based
on the perhydrolysis reaction of zopiclone with the ex-
cess of hydrogen peroxide in the weak alkaline medium
forming 4-methyl-1-piperazinepercarboxylic acid (PA).
Then PA formed reacts with TMB to give coloured
3,3’,5,5 -tetrametyldiphenoquinone diimine derivative,
which exhibits absorption maxima at 420 nm, pH = 8.4
(Fig. 1).

The present study was devoted to the involvement
of this colour reaction in the determination of zopiclone.

It has been shown that hydrolytic cleavage products
that are present do not interfere the zopiclone determi-
nation. The maximal rate of the coloured product for-
mation was observed in the pH range of 8.2-8.5. The
initial rate of the reaction was obtained from the linear
site (3-10 min) of the slope of the initial tangent to the
absorbance—time curve (Fig. 2).
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Fig. 2. Absorbance-time curves

of 3,3,5,5-tetrametyldiphenoquinone diimine accumulation
for the reaction of different concentrations of zopiclone

with TMB (2.4x10-® mol/l) and H,0, (0.448 mol/l) at pH=8.4.

As can be seen from Fig. 2, the initial rate increases
with the increase of zopiclone concentration. Since the
concentration of TMB and hydrogen peroxide is much
higher than the analyte concentration, the course of the
indicator reaction became of the pseudo first order with
respect to zopiclone, therefore, its perhydrolysis is the
limiting stage of the process. The calibration curve ob-
tained by plotting the conditional initial rate of the reac-
tion versus the final concentration of zopiclone under
the optimum conditions showed a linear relationship in
the range of 6-36 mkg/ml (Fig. 3).
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Fig. 3. The calibration curve of the zopiclone determination.
¢ (TMB) = 2.4x10® mol/l; ¢ (H,0,) = 0.448 mol/l; pH = 8.4.
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Table 1
The data of regression analysis
Parameters Data
Beer’s Law Limit (mg/ml) 0.006-0.036

Regression equation® tga = 0.5058xC — 0.0004

S, 0.013224
S. 0.000309
Correlation coefficient (r) 0.9986
LOD (mkg/ml) 1.81
LOQ (mkg/ml) 6.04

*tga = b x C+ a where Cis the concentration of zopiclone, mg/ml,
tga is the conditional initial reaction rate, min™.

The method of least square was used to estimate
the regression characteristics of the calibration curve
obtained (Tab. 1).

The results of the analysis of zopiclone in model
solutions and in tablets are shown in Tab. 2 and Tab. 3,
respectively.

The linearity of the method proposed was estimated
in the normalized coordinates (r=0.9998). The values
a and |b-1] do not exceed the confidence intervals of
their uncertainty (the requirement of statistical insig-
nificance), a < t(95%, n-2) x s, (-3.20 < 8.01) and |b-1|
<t(95%, n-2) x's, (0.00023 < 0.08222).

The assay for the active substance in tablets. Shake
carefully the accurately weighed portion of the tablet
powder equivalent to 7.5 mg of zopiclone with 10 ml
of 96% ethyl alcohol, filter to a 25 ml volumetric flask,
dilute to the volume with the same solvent, wash the
precipitate and mix thoroughly.

Transfer consistently 10 ml of 0.2 mol/I buffer solu-
tion (pH = 8.4) into a 25 ml volumetric flask adding 2
ml of the test zopiclone solution and then continue as
when plotting the calibration curve. Similarly perform
the experiment with WSS.

The zopiclone content in one tablet, X (g), was cal-
culated by the formula:

~ C,-1ga.-25-25-m
~ 1go -2-1000-m,,

2

where C,, — is the concentration of zopiclone in WSS,
mg/ml; tga — is the tangent of the angle slope in the ex-
periment with the test solution of zopiclone, min™'; tgo,, —
is the tangent of the angle slope in the experiment with
WSS, min''; 25 —is the volume of the volumetric flask, ml;

Table 2

Metrological characteristics of the results
of the kinetic determination of zopiclone
in model solutions (n =5, P =0.95)

Metrological Amount taken, mkg/ml
characteristics 0.018 0.024 0.030
% 0.0183 0.0243 0.0303
S 3.31x10* 3.54%x10* 5.12x10*
Sy 1.48x10* 1.58x10* 2.29x10*
Ax 411x10* | 439x10* | 6.36x10"
RSD, % 1.81 1.46 1.69
g, % 2.24 1.81 2.10
S, % 1.79 1.24 1.04
Table 3

Metrological characteristics of the results
of the kinetic determination of zopiclone
in tablets (n = 5, P = 0.95)

Thciﬁ(:gﬁl?nne Recovery Metrological
one tablet, g g % characteristics
0007513 | 100.17 x =0.007487 (99.83%)
. . - s
., 00075131 100.17 i_‘ 37 '223::118_5
+7.5% — .
0.00759* "1 2r | 0.007386 | 98.485 A .64%10°
0.007576 | 101.01 RSD = 0.96%
0.007449 | 99.33 PSR
€=1.19%; 6 =-0.17%

Note: *determined by the current QC method.

m,, — is the amount of zopiclone in a tablet, g; m — is the
avarage tablet weight, g.

CONCLUSIONS

1. A simple and express kinetic spectrophotometric
method for determination of zopiclone has been pro-
posed.

2. The assay of zopiclone in the presence of its hy-
drolysis products without preliminary separation is an
important advantage of the method described.

3. The analytical method for quantitative determi-
nation of zopiclone in the substance has been validated
statistically according to the criteria of LOD, LOQ), ac-
curacy, precision and linearity. The results obtained are
satisfactory; LOQ is 6.04 mg/l.

4. Zopiclone tablets compared to the reference me-
thod contain 99.83+1.19% of C,,H,,CIN,O, (RSD =
0.96%, 6 =-0.17%).
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PO3POBKA KIHETUKO-CMEKTPO®OTOMETPUYHOI METOAUKMU KINIbKICHOIO
BU3HAYEHHSA 30MIKINOHY B TABNIETKAX 3A PEAKUIEIO NEPrigPoONI3y
M.€.Bbnaxeeecbkul, J1.C.Kpucbkie

Knroyoei crioea: 30riKioH; nepaidporis; criekmpogomomMempisi; KiflbKiCHe 8U3HaYEHHS;
3,3’,5,5-mempamemunbeH3uduH

Po3spobrieHa npocma 3a anapamypHUM O0QOPMIIEHHSIM Ma eKcripecHa MemoouKa KiflbKiCHO20 8U3Ha-
YeHHS1 30MIKITOHY y MOOEIIbHUX pO34UHax cybcmanuii i mabremkax «30riKroH» ro 7,5 Me KiHemuKo-CrieK-
mpoghomomempuyHUM MemodoM 3a iHOUKaMOPHOK peaKuiero OKUCHEHHS 3,3°,5,5-mempamemunben-
3uUluHy. B ii ocHosy noknadeHo cucmemMy 080X CripsiXeHUX peakuili: 2eHeposaHa 8 peakuii nepaioporisy
(3 Hadnuwkom eidpozeHy nepokcudy) 30MiKIoHy 4-memuri-1-ninepa3uHnepokcukapboHosa Kucrnoma
peaeye 3 iHOUKamOpPHOK PEYOBUHOK 3 YmMBOPeHHSIM 3abapereHoeo 3,3’,5,5-mempamemurnducgheHoxi-
HOHOIIMIHY, A,,,,=420 HMm ripu pH=8,4, 3a ceimnosbupaHHsM K020 i 30ilICHIOIMb 8U3HaYEHHS]. TaHeeHC
Haxury fiHitHoI dinsiHku (3-10 x8) 3anexHocmi 3pocmaHHsi roanuHaHHs y Jaci 6yr1o 83mo 3a YMO8HY
rnodyamkosy weudkicms peakuii. MakcumarnbHa weudkicms ymeopeHHs 3,3’,5,5-mempamemunducpe-
HOXiHOHOIiIMIHY criocmepieanack 8 iHmepsarni pH 8,2-8,5. [padyrogarnbHull epachik niHitHUU 8 Mexax
6-36 mra/Ms. Mexxa susisrieHHs1 ma KirbKiCHo20 8u3Ha4eHHs cmaHosums 1,81 ma 6,04 mke/mn eidrio-
8iOHO. [Qns1 mamupa3os8ux su3HaqeHb 18, 24 i 30 mke/mi 3oniknoHy RSD cmanosumb 1,81, 1,461 1,69%
gidrosidHo. 3dilicHeHa eanidauisi aHanimu4yHoi Mmemoouku 3a kpumepismu MB, MKB, npasunsHocmi,
36iKHOCMI | NiHIGHOCMI Npu 8U3HaYeHHI 30MiKMIoHy y cybecmaHuii. Bmicm ditoqoi peyosuHu y mabnem-
Kax «30r1iKioH» no 7,5 Me y rMopieHsIHHI 3i 3HalideHHUM (o020 3Ha4yeHHsM 3a YuHHor MKA cmarnosums
99,83+1,19% (RSD = 0,96%, 6 = -0,17%). Baxiiugoto repegazolo, sika 8U2iOHO 8iOpi3HSIE HO8OOrpa-
ubosaHy MemoOuKYy, € MOXrugicmb 30iUCHEHHS 8U3HAYEHHST 8MiCMY CXUTbHO20 00 2i0poIimu4yHO20
po3KnadeHHs rpernapamy 8 rpucymHocmi rnpodyKmig 020 2i0porizy 6e3 nornepedHb020 PO30irIeHHS.

PA3PABOTKA KWNHETUKO-CMEKTPO®OTOMETPUYECKOW METOAUKU
KOINMMYECTBEHHOI'O OMNMPEOENEHUNA 30MUKITOHA B TABJIETKAX MO PEAKLIUU
NEPTMOPONIU3A

H.E.Bbnaxeeeckull, J1.C.Kpbicbkue

Knroveenble crioea: 30MUKIIOH; Nepaudposus; criekmpogpomomMempusi; KOu4ecmeeHHoe
onpedeneHue; 3,3',5,5-mempamemunbeH3uduH

PaspabomaHa npocmasi u sKcripeccHasi MemooOuKa KOflu4ecmeeHHO20 ornpedesieHus 30MUK/I0Ha 8
modernbHbIX pacmeopax cybecmaryuu u mabnemkax «30MuKioH» 7,5 Ma KUHEMUKO-CeKmpoghomo-
mempuyeckum memodom no uHAUKamopHoOU peakyuu okucneHus 3,3’,5,5-mempamemunbeH3uduHa.
B ocHosy ee nonoxeHa cucmema 08yX COMPSXKEHHbIX peakyuli: 2eHepuposaHHasi 8 peakyuu nepau-
Oposusa 30ruKioHa 4-memurn-1-nunepasuHnepokcukapboHos8as Kucrioma peaaupyem ¢ UHOUKamop-
HbIM geuwjecmeom ¢ obpa3osaHuem okpaweHHo2o 3,3’,5,5-mempamemunoucheHOXUHOHOUUMUHA, A,
=420 Hm nipu pH = 8,4, no ceemonoanoweHuUo Komopoao U ocywecmearsitom onpederneHue. TaH2eHe
HakJioHa fuHelHoz0 y4acmka (3-10 MuH) 3agucumocmu pocma ro2s0WeHUs1 80 8peMeHU ObirT MPUHSM
KaK ycriogHasi HadarbHasi CKopocmb peakyuu. MakcumarnbHas ckopocmbs obpasosaHusi 3,3’,5,5-mem-
pamemundugpeHoxuHoHOUUMUHa Habntodanack 8 uHmepsasne pH 8,2-8,5. [padyupo8oyHbil epathuk
JNUHeUHbIU 8 npedenax 6-36 mka/mn. [Npederr obHapyXeHUs1 U Koru4ecmeeHHo20 orpedeneHusi co-
cmaensiem 1,81 u 6,04 mke/Mr coomeemcmeeHHO. Lrisi nsmukpamHbix onpedeneHuli 18, 24 u 30 mka/mn
3oruknoHa RSD cocmaensiem 1,81, 1,46 u 1,69% coomeemcmeeHHo. OcyuwecmerieHa ganudayusi aHa-
Jiumudeckol MemoOuUKU Mo Kpumepusiv ripederna obHapyXeHus, rnpederna Konu4yecmeeHH020 oripe-
dereHusi, npasusibHOCMU, CX0OUMOCMU U JIUHelUHocmu rpu onpedesieHuU 30MuKIoHa 8 cybecmaHyuu.
ColepxaHue Oelicmeyrouiezo sewecmsa 8 mabnemkax «30MuKknoH» 7,5 M2 8 cpasHeHUU ¢ HalideH-
HbIM e20 3HadyeHuUM o deticmeyroweti MKK cocmasnsem 99,83+1,19% (RSD = 0,96%, 6 = -0,17%).
BaxkHbIM npeumMywecmeoM, Komopoe 8bi200HO omiiudaem pa3pabomaHHyro MemoOuUKy, s8rsemcsi
B03MOXHOCMb OrpederieHuUs1 cCo0epxaHusi CKITOHHO20 K 2uOpOIUMUYeCKOMY pasfioxXeHuro npenapama
8 rnpucymcmeuu rnpodykmos e20 audpornu3a be3 npedeapumeribHO20 pas30eieHus.



