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interest with a carbonyl group in the 3-
position have been determined by a modif-
tecation of the Koenig's reaction without

interferences from the 2-and 4-subetituted
180mers.

Nicotinie acid,nicotinamide, and niketha-
mide in a strongly alkaline medium  were
reacted with chlorbutol in absolute ethanol
on a steam bath for 5 minutes. The reacti-
on mixture was cooled in ice bath and the pH
was adjusted. The chromogen was developed
by the use of a solution of thiobarbituric
acid, barbituriec acid or benzidine dthydr-
ochloride where a stable color was formed
ghowing a prominent absorption peaks at
036 4 680 , and 525 nm respectively., The relatio-
nship between absorbance and concentration
18 linear in the range of 0.005 - 0.05 mg
per ml for nicotinic acid, and 0.01 - 0.1g
rer ml for nicotinamide and nikethamide.
The selectivity of the method within the
3-substituted members was also investigated

One of the frequently used colorimetric methods for drugs con-

1,2

tanining a pyridine ring is the Koenig's reaction . This reaction

1s based on ring fission by cyanogen bromide followed by condensa-

tion of the resulting dialdehyde with various arylaminess_g, or

7,8

"barbituric and thiobarbituric acids . A number of other active halo-

gen compounds have been used to affect ring fission such as cyanogen

chloride7, 2,4=-dinitrochloro- or fluorobenzenegﬂlz,phosPhorus tri-

chloride J,and many~othersz'

These reagents vary with regard to ring opening capability

for various substituted pyridines. Thus the cyanogen halides are
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capable of ring splitting of 3-, 4- and some 2-substituted Pyri-

dines , while 2,4-dinitrochlorobenzene does not react at all with

the 2-substituted derivativesg.

lOwing to the special handling required for the cyanogen ha-
~lides, their relative toxicity and practical difficulty in their

in situ preparation 1, it was though worthwhile to investigate some

other gem-polyhalogenated derivatives as ring openers to investi-

gate their relative selectivity, sensitivity of the method, and
practicabllity ,f the agsay. The present work is aimed at invest-
igating chlorbutol as a reagent for the colorimetric determination

of various ©pyridine drugs.

L
Y

Experimental
. Spectra were made on two spectrophotometers using 1 cm path

cells: _
1~ A single beam spectrophotometer (Spektromom 203, Mom ,

Budapest, Hungary).

2- Jean and Constant Spectrophotometer(nodel 5886, visible

range , (Prolabo, Paris).

Materials

Pharmaceutical grade nicotinic acid, nicotinamide and nike-
thamide have been analyzed aalpurchésed'and were used as working
standards. Pharmaceutical grade nicotinyl alcohol, methyl nico-
tinate, a-tocopherol nicotinate, inositol nicotinate, N-hydroxy-

methylnicotinamide and metyraponé were obtained as gifts from

various manufacturers and also used as working standards without

further treatment. _
Nicotine and other chemicals used were reagent grade. Solve-

nts used were spectrograde or rendered so by the proper treat-

mentzs.

_DosaEe Forms ¢

The following commercial preparations were analyzed :
1- Nicotinic acid ampoules (Mgdimpex); 25 mg per ampoule.
2~ Nicyl-papaverine ampoules (Lematle); 40 mg nicotinic acid ,

and 45 mg papaverine hydrodhloride per ampould.
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3~ Nicotinamide ampoules (Misr); 50 mg per ampoule.

4- Genosal tablets (Cid); 20 mg nicotinamide, 250 mg sodium
gentisate, 250 mg salicylamide, 50 mg vitamin C, and 5 mg
vitamin B1 per tablet .

5= Inhibex tablets (Misr); 5 mg nicotinamide, 50 mg isoniazed,
and 5 mg pyridoxine hydrochloride per tablet.,

6~ Coracid ampoules (Cid)} 375 mg nikethamide per ampoule.

7- Coramine-—~ephedrine ampoules (Ciba); 250 mg nikethamide, and
15 mg ephedrine hydrochloride per ampoule.

Reagents

1- Chlorbutol solution, 5 per cent w/v in absolute ethanol.

2~ Sodium hydroxide solution, 50 per cent w/v in distilled water.

3- Acetic acid solution, 80 per cent w/v of analytical reagent
glacial acetic acid in distilled water.

4- Benzidine dihydrochloride, 1 per cent w/v in 0,005 N hydro-
chloric acid.

5- Thiobarbituric acid, saturated solution in absolute ethanol.

6- Barbituric acid, saturated solution in absolute ethanol.

7- Phosphoric acid (syrupy).

Standard Solutions

Stock solutions of nicotine, nicotinyl alcohol, 3-amino-
pyridine, nicotinie acid, benzyl nicotinate, N-ﬁydroxymethyl—
nicotinamide, nicotinamide and nikethamide were prepared using
q:ﬁﬁe wdrking standards in concentration of 1 mg per ml in distil-

" 1Ted water. Stock solution of inositol nicotinate was prepared
in concentration of 1 mg per ml in dilute hydrochloric acid.

'Stock solution of a=-tocopherol nicotinate and metyrapone were

'prépared in concentration of 1 mg per ml in ethanol.

The standard solutions were prepared by dilution of the
stock solutions with distilled water so as to contain 0.005-
0.05 mg per ml of nicotinic acid or 0.01 = 0.1 mg of either ni-
cotinamide or nikethamide per ml.

Sample Solutionss
a) Injections—~An aliquot was diluted to give a concentration of

0.005 - 0.05 mg per ml of micotinic acid or 0.01 - 0.1 mg

}

of either nicotinamide or nikethamide per ml
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b) Nicotinamide tablets— An aliquot of one tablet from compo-
site of ten finely powdered tablets was dissolved in distil-
led water and diluted to the concentration of 0.01-01 mg
nicotinamide per ml,

Basic Procedure :

a) Using Thiobarbituric acid as Cﬁromogen Developer :

Two millilitres of the prepared solution was transferred
into a 10 ml1 volumetric flask, 1 ml of cﬁlorbutol solution was
added followed by 1 ml of sodium hydroxide solution. The mix-
ture was shaken thoroughly and placed on a boiling water bath
for 5 minutes. At the end of heating time,tﬁe mixture was
cooled in an ice bath .and phosphoric acid was added to a pH of
about 1.5. One millilitre of thiobarbituric acid solution
was added and the reaction mixture was again heated on a:
boiling water bath for 15 minutes, At the end of heating
time the mixture was cooled and diluted to volume with disti-

1led water, The absorbance of this sqlution was taken at 535

. nm against a reagent blank similarly treated .
b) Using Barbituric acid as Chromogen Developer :
The same procedure as described under thiobarbituric
acid was followed but instead of heating on a water bath, the
chromogen was formed at room temperature by allowing to stand

for 15 minutes, after which the absorbance of solution was

determined at 580 nm against the proper blank.

c) Using Benzidine as Chromogen Developer :
The same procedure as described under thiobarbituric acid

was followed, but instead of adéling phosphoric acid, acetic
acid solution was added to adjuét the pH to about 5 then 2.0

ml of benzidine solution was added and completed to 10 ml with

absolute ethanol. The absorbance of the solution was read at

525 nm against blank reagent similarly treated.




' Assay of 3-Subetztuted Pyridines

through Fuazwara Reaction . 63

RESULTS AND DISCUSSION

A previous investigation from this laboratory14 has develo-

ped a method for the estimation of polychloro compounds via the
modified Fujiwara reaction using 3-substituted pyridines. In
the present investigation, the inverse mode of this reaction

has been utilized for the determination of the 3-substituted

pyridines using chlorbutol.

llllllll

'02t1m1zdt on of Varlables

1) Effect of Concentration of Sodium Hydroxide
Optimum concentration of sodium hydroxide leadlng to the
maximum intengsity of color was found to be 5% w/v final
dilution ( corresponding to 1 ml of 507 NaOH reagent per 10
""ml reaction mixture)., Higher concentrations did -not cause
singificafit increase in the color intensity whilé"lower .conoen-
trations were obviously insufficient to induce ring opening.
ii) Effect of Reaction Time :
. Davelopment of the chromogen was eﬁﬁanced by heating
where the optimum heating time was found to be 5 minutes ,

Longer periods resulted in a decrease of color intensity .

With barbituric acid or benzidine, the corresponding chromogen

was' formed on the ¢old and color intensities reached maximum
within 15 minutes, after which time no further increase was
observed. Heating for 15 minutes on a boiling water bath
was found to be essential in the case of thiobarbituric acid
since the color did not form on the cold, In all cases no
significant changes in the readings were observed for at
least 10-15 minutes after reaching maximum intensity thus
allowing sufficient time for convenient measurament. After

this period color 1nten51t% was found to decrease slowly .

1i1) Effect of pH
With thiobarbituric or ﬁarbituric acid, the pH was adjus-
ted by the addition of phrnuplhoric acid where the optimum pH
was found to be 1.5. On thélother hand} pH 5 is recommended

for optimum development of color in the case of benzidine,

Excess acidity decreased color intensity .
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Different 3-substituted pyridine drugs (Table I), have been
examined in order to gain information about the selectivity of
the proposed method using thiobarbituric acid. The results sug-
gested an added element of selectivity of chlorbutol reagent as
ring-opener, Thus, while cyanogen halides interact with 3-,4-,
and some 2-substituted %pyridines as well as certain quinolinesz;’2
chlorbutol interacted with certain and not all. 3-substituted
derivatives, The following compounds known to give measurable
chromogens with cyanogen bromide1’2wgre tested and gave a nega-
tive response : 2-methylpyridine, a, o -dipyridyl, pyridoxine ,
chloroquine, INH , and chloropheniramine .

Data of Table I-suggests that only pyridine drugs substi-
tuted at 3-position with substituents having ~I-effect (speci-
fically a carbonyl function) give a final chromogen in accord

with the following general mechanism

~ AN =
@ + B ¢ — H |
- —’—\
N N
| | B I‘\]\B
R R R

Thus, any group which acts as: an electron acceptor to red-
uce the electron density of the pyfidine ring facilitates attack
by the basel ., Therfore cleavage of the pyridine ring in alkaline
medium will be readily achieved by prior quatermnization with
compounds such as thionyl chloride, chlorosulphonic acid, phos-
phorus oxychloride, cyanogen halides and others

It may be assumed that quaternization with gem—-dihalides
does not alone activate the pyridine ring for attack by the base
unless a -I substituent is present in the 3-position to enhance

susceptibility for ring fission.
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Table I .- 3-Substituted Pyridine Drugs Subjected to. Analysis .
Mﬁ% . h | .

Compound . Substituent | Reepense e
...... e -'iﬁduati_ge ef‘fecf ’_"_emc‘m A ?cm
Nicotine + T - -
Nicotinyl alcohol ) + I - -
J-Aminopyridine I + I - -
Nicotinic acid - T 9400 760
Methyl nicotinate - I 4600 301
Benzyl nicotinate - 1 4000 127
Tocopherol nicotinate - T 3600 67
Inositol nicotinate. - I 6500 81
“Nicotinamide - I 5700 | L68
N—ﬁydroxymethylnicotinamide - I 1900 125
Nikethamide | - 1 11900 570
Metyrapone B 200 137

llllllll

‘ACCurath"recisidnt'an“Sensitivitv :
Accuracy and precision of the presented method were tested
by analyzing aliquots of different batches of standard solutions

of nicotinic aicd, nicotinamide, and nikethamide. Absorbance

values obeyed Beer's law and calibration curves were found lin-

ear with high correlation coefficinets (Table 1I).
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-------

...................

llllllll

Compaundu_J”“””“”HMean#”.L'.S,D,%H”_”ﬁ““p”“””.gﬁ??mqg?n“”““”.“
T . | s, Devezc)pep .....
Nicotinic Acide 100.93 2.26 0.988 A

100.75 2.61 0.940 B

Nicotinamide 100.50 1,06 0.997 A
| 101.17 1.95 0.960 B

Nikethamide 100.95 2.23 0.990 A
B

'100.58 ... .0,96.........0.,990.

||||||||||||||||||||||||||||||||

* Average value of at least five determinations.
A: Using thiobarbituric acid as chromogen developer -
B: Using benzidine as chromogen developer
Application to Dosage Forms:
The applicability of the method to commercial doéage forms was
checked by analyzing seven different relatively simple preparatioms
representing nicotinic acid, nicotinamide, and nikethamide. The
amount of the substrate in the preparation was calculated by refe-

rence to corrosponding calibration curve.
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