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ABSTRACT: The reaction of thiols with
2,6-dichloroquinone-4-chlorimide (DQC) at pH
7-8 was applied to the quantitative determination
of 9 thiol compounds related to different classes
(aliphatic, aromatic and heterocyclic). The
aliphatic thiols yielded a yellow color (N ... 435
nm) aromatic thiols yielded an orange color
(\, .. 498-503 nm), sulphathiourea,
2-thiobarbituric acid and thiacetazone yielded
violet colors (N, 540-550 nm). Job’s plots
indicate a 1:1 ratio of thiol 1o reagent.
Beer-lambert’s law is adhered to over the
following ranges 2-4 ug ml” (for 2-thiobarbituric
acid), 3-6 ng ml* (for thiosalicylic acid), 4-18
ug mil' (for thiomersal), 2-14 pg mi’ (for
thiacetazone) 10-70 ng mI™ (for captopril), 5-25
ug ml' (for dimercaprol), 10-40 pg mi™ (for
thioglycerol) and 5-30 pg mi* (for tiopronin).
Common tablet excipient as well as additives i
parenteral solutions were found not to interfere.

The results of analysis of pure drugs and their

dosage forms by the proposed method are in
good agreement with those obtained by official
and reported methods.

INTRODUCTION

A number of drugs which contain thiol or
an another group that gives thiol on tautomerism
or hydrolysis are commercially available and are
utilized in various therapeutic applications such
as antibacterial!, antithyroid®, antidote to metal
poisoning®, antihypertensive', preservative’,

e —— el S I

hepatoprotectant®, antirheumatic’, and
tuberculostatic agents’.

Numerous methods are available in the
literature for the quantitative analysis of thiol
drugs. These methods include titrimetry*®,

TLC?, GLC?, HPLC>", fluorimetry'*'°, spectro-
photometry!”®°, potentiometry*’, polaro-
graphy®? and coulometry™>.

The present investigation was undertaken to
develop a spectrophotometric method for the
quantitative analysis of nine thiol derivatives of
pharmaceutical interest, based on the interaction
of the thiol group with DQC to yield colored

quinone sulfenimines.
EXPERIMENTAL

Instruments:

- Perkin-Elmer Lambda-38, UV/VIS spectro-
photometer connected with Perkin-Elmer R
100 A recorder (USA).

- APW 9418 pH meter (Pye Unicam
Cambridge, UK).

Reagents and materials:
2,6-Dichloroquinine-4-chlorimine  (DQC)
was obtained from Fluka AG, CH-9470 Buchs
England. Stock solution (0.5 % w/v) in absolute
ethanol (spectroscopic grade) was prepared. This
solution was stable for 4 weeks at about 4°C.
Captopril and hydrochlorothiazide were
obtained from Squib-Egypt. Thiosalicylic acid,
dimercaprol, thioglycerol and tiopronin were
obtained from Aldrich Co., USA. Thiacetazone
and thiomersal were obtained from Sigma, USA.

*  Accepted for oral presentation in XXIII Conference of Pharmaceutical Sciences , Cairo,

February, 1993.



Thiobarbituric acid was obtained from BDH
Chemicals Ltd, Poole, England. Sulphathiourea
was obtained from Bayer Co., Germany. They
are analyzed according to some reported
methods and their purities are listed in Table 4.

Dosage forms:

1- Capoten tablets, Squib-Egypt, contain 235
mg of Captopril per tablet.

2- Capozide tablets, Squib-Egypt, contain 50
mg of captoprii and 25 mg of
hydrochlorothiazide per tablet.

3- Bendonal tablets, Alex. Co., contain 500
mg Sulphathiourea per tablet.

4- Hydrocare soaking solution, Allergan,
Westport, Co. Mayo, Ireland contains 0.002
% wiv thiomersal and 0.003 % w/v alkyl
triethanolammonium chloride.

Synthetic mixtures:

1- Simulated tablet preparations were made for
both thiacetazone and tiopronin. Equal
quantities of each drug, together with gum
acacia, gum tragacanth, magnesium stearate
and lactose were mixed and finely
powdered.

2- Simulated dimercaprol 1njection was
prepared according to BP 1985,

All other chemicals and solvents were of

analytical grade reagent.

Solutions:

1- Buffer Solutions: Phosphate butter of pH 7
and 7.5; tetraborate butfer of pH 8, 3.5, 9
and 9.5 were prepared”’.

2- Preparation of standard solution: A stock
solution (I mg mlYotf each drug was
prepared in ethanol. This solution was
diluted quantitatively to obtain the specitied
concentration range (Table 2) for each drug.

3- Tablet or synthetic mixture sample
solution: Weigh and powder 20 tablets. Into
100 ml volumetric flask transfer an
accurately weighed quantity ot the powdered
tablets or synthetic mixture, equivalent to
100 mg of the drug. Shake with 30 ml
ethanol and complete to volume with the
same solvent. Filter and discard the first 10
ml of the filtrate, dilute each solution

132

M.E.El-Kommos et. al.

quantitatively to obtain the {following
concentrations: 6 ug/ml for sulphathiourea;
20 pg/ml  captopril; 10 ug/ml  for
thiacetazone or 20 pug/ml for tiopronin.

4- Preparation of dimercaprol injection
sample: Extract 2.0 ml of simulated
dimercaprol injection two times each with 5
ml of distilled water. Dilute the collected
extracts to 100 ml with ethanol. Transfer
1.0 ml of this solution to 10 ml volumetric
flask and complete to volume with ethanol.

General assay procedure:

Into 10 ml volumetric tlask, transter 1 ml of
the assay solution, add the appropriate quantities
of water, buffer and reagent (Table 1), heat in a
water bath at 60°C for about 8 minutes or leave
for the optimum reaction time. Complete to
volume with the suitable solvent (Table 1).
Measure the absorbance of the resulting solution,
within 30 min, at the specific A, (Table 1)
against a reagent blank prepared similarly. For
Hydrocare solution transter 3 ml into 10 ml
volumetric flask, continue as described and
prepare a standard aqueous solution of
thiomersal containing 2 ug/ml. Use 3 ml of the
last solution for color development as previously
described.

RESULTS AND DISCUSSION

It has been reported that some substituted
heterocyclic thiol compounds: thiouracil, propyl
thiouracil and methimazole were
spectrophotometrically determined via the
reaction with DQC**. One of these methods
involved the extraction of the formed yellow dye
with chloroform and measuring the absorbance
at 410 nm*. Other method involved the
formation of charge transfer complex™.

In the present work, DQC was used for the
spectrophotometric determination of nine drugs
which contain thiol or another group that gives
thiol on tautomerism or hydrolysis. The drugs
investigated belong to different classes (aliphatic,
aromatic and heterocyclic). This reaction was
found to proceed via the formation of quinone
sulfenimines®. Accordingly; the suggested
mechanism is illustrated in scheme 1.
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Pathway of the reaction of thiols with DQC to form quinone sulfenimines

A g | « Thiasusal 3/M
0.6 0.6 2. Thlamdinde scid 6 ¥ /a1
| a § - Thimbicyie acid S X /A7
| | § o« Thisstazon 10 & /d'”
0.8 | - Captoprii 20 ¥ /Mt 0.3 s b Sukiiourn 8 ¥ /A//

2 . Thioglycercl 20 ¥ /!
. Tiopronin 20 ¥ /A/{

0.4
- 4. Dimercaprot 20 ¥ /Af¢ E
- 2
2 2
: 3 0.3
<
0.2 \\
OJ"¢""
a0 40 40 20 %0 BOO . 640 680 . 440 480 520 ‘:50 00 60 80
2
(a) (b)

Fig. 1: Absorption spectra of the chromophores resulting from the interaction ot (a) aliphatic thiols, (b)
aromatic thiols, with DQC.
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Table 2: Spectral characteristics and quantitative parameters for the reaction products of thiols

with DQC.

Compound

Sulphathiourea 545

2-Thiobarbituric 542
acid

Captopril 435

Thiomersal 502

Dimercaprol 435

Thioglycerol 435

Tiopronin 435

Thiosalicylic 502
acid

Thiacetazone 345

* a= Intercept, b= Slope and r= Correlation coefficient.

The absorption curves of the resulting
chromophores are shown in Figures 1 (a and b).
The absorption maxima of the chromophores
were found to be different according to the type
of compounds: aliphatic compounds yielded a
yellow colored chromogen (A, 430-440 nm),
aromatic compounds yielded an orange colored
product (A, 499-503 nm); sulphathiourea,
2-thiobarbituric acid and thiacetazone yielded
violet colors (A, 545-550 nm). This
chromophore classification agrees with previous
reports®>. The apparent molar absorptivities are
in the range of 10* to 3x10* L.mol"* ¢cm™ (Table
2).

By application of Job’s plot of continuous
variation to three representative compounds (one
aliphatic monothiol, one aliphatic dithiol and an
aromatic thiol compounds) a molar ratio of 1:1
was obtained 1n all cases.

Optimization of Variables:

Five factors were found to affect the
intensity and stability of the resulting colors;
reagent concentration, pH, solvent, temperature,
order of addition of reagent and bufter. As
shown 1n Table 1, the optimum concentration ot
reagent solution, required for maximum color

intensity, differs according to the compound
analyzed (0.05-0.5 % w/v). This may be
explained by differences in the linear
concentration ranges and the production of
different colored compounds having different
absorption maxima. The use of reagent
concentration higher than 0.5 % w/v leads to the
formation of an intensely colored blanks.

In general, the reaction takes place in a
butfered neutral or slightly alkaline medium (pH
7-8), (Table 1), while in acidic medium no color
was observed. With the exception of captopril
(no butter was needed), all other compounds
were analyzed in presence of phosphate or
tetraborate buffers, which increase the color
intensity. Buffer solution with pH > 8 is not
recommended owing to the formation of dark
colored blanks. Butfer solution must be added
and mixed with the sample before reagent
addition, otherwise less intense colors were
obtained. In addition; ammonia buffers must not
be used since it reacts with the reagent™.

In most cases, a red shift and improved
stability of the chromophore were observed in
presence of a suitable organic solvent. In some
cases, 1t was necessary to add 2 ml of water
betore addition ot buffer or after reaction time
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Table 3: Effect of solvent on the absorption colour intensity of the reaction
products of thiols with DQC.

sopropano

Sulphathiourea
2-Thiobarbituric acid
Captoprnil

Thiomersal

Dimercaprol
Thioglycerol

- Tiopronin _
Thiosalicylic acid
Thiacetazone

Table 4: Analysis of the investigated thiols in bulk drug and dosage forms.

Compound
(Dosage form)

Captopril

buik drug
(Capoten tablet)
(Capozide tablet)

Sulphathiourea
bulk drug
(Bendonal tablet)

- Thiomersal
bulk drug
(Hydrocare solution)

Dimercaprol
bulk drug
(Dimercaprol 1njection)

Thiacetazone
bulk drug

(Stmulated Thiacetazone
tablet)

Tioproin
bulk drug
(Simulated Tiopronin

tablet)

50
500/tab

50
0.02/ml

100

50/ml

100
10/tab

100
20/tab

* Mean of 5 determinations.

** Reference 34,37 for Captopril, 35 tor Sulphathiourea, 36, 37 for Thiomersal, 37
for Dimercaprol injection, 38 tor Thiacetazone and 39 tfor Tiopronin.

***  Tabulated value of t(8, 0.05)=3.83; F(4,4,0,05)
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% Found™ + SD

98.84 +0.67
99.421+0.90
99.68 +0.76

101.56 +0.73
101.76+0.86

98.77+0.33
100.46 £1.19

08.204+0.35
97.201+0.66

99.22+0.42
100.98 +£0.638

98.44 +£0.34
98.46+1.16

98.92+0.35
100.25+0.62
99.22 +0.81

101.324+0.46
102.8+1.17

93.2440.32
99.68+1.01

98.1440.55
96.27+0.50

97.96+0.69
101.02 +0.62

08.01+0.18
97.3011.81

=0.39.

'

15
2.31
1.13

2.52
1.85

1.4 |
1.36

2.4
1.78

2.77
1.20

3.65
1.25




to prevent precipitation of buffer salts. The
effect of different solvents on the color develop-
ment and stability was presented in Table 3.

With the exception of 2-thiobarbaturic acid,
(heating is needed), all thiol compounds
investigated react with DQC fairly rapidly on
cold (Table 1). In these cases heating of the
reaction mixture leads to the formation of
unstable colors and dark blanks. In general the
reaction product was found to be stable for at
least 30 min. The optimum conditions for the
reaction, color development and stability are
summarized in Table 1.

A linear correlation was found between the
absorbance and concentration for each
compound. The concentration ranges, correlation
coefficients, intercepts and slopes for the
investigated thiols are presented in Table 2.

Application to bulk drugs and dosage forms
analysis:

Table 4 shows the results obtained from the
determination of thiol drugs in pure forms and 1n
some of their dosage forms by adopting the
proposed and the reported methods. Comparison
with the reported methods revealed that the
proposed method is equally accurate. The
proposed method showed a good precision, the
relative standard deviation observed for the
analysis of the thiols listed in Table 4, do not
exceed + 1.8 %.

In conclusion, the method offers a relatively
simple, sensitive and rapid means of analysis of
pharmaceutical thiols comparable to
pharmacopeial and reported methods.
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