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Abstract A chemical method for determining the amount of ni- 
acinamide in multicomponent preparations was developed. Nei- 
ther niacin resulting from the degradation of niacinamide nor vita- 
min A, thiamine hydrochloride, riboflavin, ascorbic acid, ergocalci- 
ferol, or calcium pantothenate interferes. The method is based on 
the reaction of niacinamide with l-chloro-2,4-dinitrobenzene, fol- 
lowed by the spectrophotometric measurement of the colored solu- 
tion obtained after treatment with sodium hydroxide. The pro- 
posed method is a t  least as accurate as the methods currently in 
use. A structure is proposed for the colored product, and its route 
of formation is outlined. 
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Niacinamide (I) is a common ingredient in numer- 
ous multicomponent pharmaceutical preparations. 
Its degradation product, niacin, is undesirable in 
multivitamin preparations because it produces un- 
pleasant physiological reactions in some patients. 
Most analytical methods give positive results with 
niacin, unless i t  is removed prior to  the determina- 
tion as in some recent chromatographic procedures 
(La. 

Most photometric methods are based on the Koe- 
nig reaction (3), including the method of the Associa- 
tion of Official Agricultural Chemists (4). A microbi- 
ological procedure using Lactobacillus arabinosus (5 )  
was described for the determination of I plus niacin. 
When using Leuconostoc mesenteroides (6), it is pos- 
sible to determine the amount of niacin alone. This 
method has the disadvantage of poor precision. 

The purpose of the present research was to find a 
method for the accurate determination of I in the 
presence of niacin and other common components in 
multivitamin preparations. The proposed method is 
simple, specific, and at least as accurate as current 
methods. It has at least two advantages over the Koe- 
nig reaction: ( a )  it avoids the use of the toxic, unsta- 
ble, cyanogen bromide; and ( b )  it does not give posi- 
tive results with niacin, the principal degradation 
product of I. 

EXPERIMENTAL' 

Reagents-l-Chloro-2,4-dinitrobenzene (11) (p.a. grade) was 
crystallized from ethanol, mp 53'. l-Fluoro-2,4-dinitrobenzene 
(p.a. grade) was distilled under reduced pressure, bp 122' (1 mm 
Hg). A niacinamide USP reference standard was used without fur- 
ther purification. Acetone (p.a. grade) was distilled. Pure methanol 
was made anhydrous by the Lund and Bjerrum method (7). 

Benzene was stored over sodium strings for at least 3 days and 
then distil!led over them. Chloroform was shaken with concentrat- 

' A Beckrnan DU-2 spectrophotometer with 1-cm path length quartz cells 
was used for spectrophotometric measurements. 

ed sulfuric acid, washed with water, dried over calcium chloride, 
and distilled. Pure chloroform was kept in the dark. All other re- 
agents were ACS grade or equivalent and were used without fur- 
ther purification. 

Sample Preparation-In the absence of ascorbic acid, weigh, 
powder, and mix 20 tablets or the contents of 20 capsules. Accu- 
rately weigh a portion of the sample equivalent to approximately 
10 mg of I and extract it with 50 ml of acetone (using four portions 
of nearly 10 ml of acetone each time and washing the residue with 
the remainder of the acetone). Then filter, collecting the filtrate in 
a 100-ml round-bottom flask. Add 1.0 g of I1 to the solution and 
evaporate the solvent under reduced pressure. 

When ascorbic acid is present, proceed in the same way but ex- 
tract I with 100 ml of chloroform or benzene. Add 1.0 g of 11, re- 
move about one-half of the solvent under reduced pressure, trans- 
fer quantitatively to a 100-ml round-bottom flask, and evaporate 
to dryness. 

Syrups and elixirs also were determined by this method, with a 
previous partial elimination of the solvent and extraction with 
chloroform or benzene. Niacinamide in one-drug injectables was 
determined by a previous complete elimination of the solvent 
under reduced pressure, addition of a small amount of acetone and 
of 1.0 g of 11, and complete removal of the acetone under reduced 
pressure. 

Color Development-Close the flask containing the solid resi- 
due with a ground-glass stopper and heat a t  80' for 2 hr with con- 
stant stirring. The holder illustrated in Fig. 1 permits the process- 
ing of six samples at the same time2. The holder is attached to a 
suitable stirrer, and the flasks are immersed in a thermostated 
bath. 

Remove the flasks from the bath, add 10 ml of benzene to each, 
shake to assure dissolution of the unreacted 11, and extract with 
four portions of about 20 ml of distilled water, collecting the aque- 
ous extracts in a 100-ml volumetric flask. Dilute to volume with 
water. Transfer a 2.0-ml aliquot to a 50-ml volumetric flask, add 
about 45 ml of 96% ethanol and then 2.0 ml of aqueous 1 N sodium 
hydroxide, and dilute to volume with ethanol. 

Monitor the absorbance of the sample a t  504 nm, using 96% eth- 

Figure 1-Holder that allows six determinations of niacinamide 
at the same time (Scheme I ) .  

Neoprene filter adapters, tapered collar type, are inserted in each hole of 
the plates to assure firm support of the flasks. 
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Table 111-Influence of Niacin 

c1 q C O N H 2  c1- 

I NO, 

I1 VII 
Scheme I 

Niacin- 
amide 

Added, 
mg 

50.0 
47.5 
47.5 
45.0 
40.0 
35.0 

Niacin 
Added, 

mg 

Niacin- 
amide Recovery 

Found, Values, 
mg % 

- 
3.5 
4.4 
6.3 

11.0 
17.0 
47 .O 

100.0 

50.0 1 0 0  
47.4 99.8 
47.4 99.8 
44.9 99.8 
40.2 100.5 
35.2 100.6 

0.0 0.0 
0.0 0.0 

anol as a reference, until the highest absorption value is reached, 
i.e., 5-6 min after the addition of the alkaline solution. The con- 
centration of I present in the sample is calculated by comparison 
with the absorbance of a known amount of I treated in the same 
way. This value is then converted by the usual calculation to the 
basis of I declared in the sample and expressed as a percentage of 
the declared value. 

Table IV-Effects of Various Vitamins on 
Recovery of Niacinamide 

Niacin- Niacin- 
amide amide 

Added, Found, 
mg Vitamin Added, mg mg 

RESULTS AND DISCUSSION 

A procedure similar to the one described is given in NF XI11 (8) 
as a qualitative assay for niacin but not for niacinamide (I). The 
NF procedure is more useful for the identification of I since it pro- 
duces an unmistakable deep-violet color instead of the red one ob- 
tained in the assay with niacin. With the conditions described 
under Experimental, niacin does not give a measurable reaction. 

Investigation of Parameters-Different experimental condi- 
tions were tested for the reaction of I with I1 (Scheme I) and for 
the reaction of the preceding reaction mixture with sodium hy- 
droxide (Scheme 11). 

The influence of each of the following variables on the reaction 
shown in Scheme I was tested: solvent, temperature of the reac- 
tion, reagent (by using l-fluoro-2,4-dinitrobenzene instead of 11, no 
better results were obtained), time of reaction, and temperature 
and time of elimination of the solvent. The following solvents were 
used: anhydrous methanol, methanol-water (l:l),  acetone, ace- 
tone-water (l:l), benzene, hexane, and dimethylformamide. No re- 
action was observed in any case, except for acetone in which about 
5% of the reaction occurred. Acetone must be removed prior to the 

Table I-Solvents for Reaction Shown in Scheme I1 

Amax, tnl,,, Absorb- 
Solvent nm min ance 

- Anhydrous methanol 510 7 0  
96% ethanol-4% water 508 30 0.402 
92% ethanol-8% water 507 20 0.438 
88% ethanol-12% water 504 5 0.483 
80% ethanol-20% water 502 -1 0.522 
Water 490 91 

Table 11-Determination of Niacinamide 

Niacin- 
amide 
Added, 

m@ 
Absorb- 

ance 

Niacin- 
amide 
Found, 

mg 

10.0 0.485 10.0 
20.0 0.980 20.2 
31.5 0.605 31.2 
35.0 0.684 35.3 
40.0 0.780 40.2 
45.0 0.870 44.8 
47.5 0.920 47.4 
50.0 0.970 50.0 
63.0 1.220 61.9 

126.0b 1.235 127.3 
___ 

=When the amount  of nidcinamide WAS >31 5 mg, the aqueous 
extracts were collected i n  A 2 5 0  ml volumetric flask. b An  aliquot of 
1 0 ml  wds used instead of 2 0 ml. 

50.0 Niacin. 100 50.5 - I ~ - -  - ... . . ._ ... 

50.0 Vitamin A, 5000 IU 49.5 
50.0 Thiamine hydrochloride, 59.0 49.8 
50.0 Riboflavin. 2 0.0 51.0 
50.0 Ascorbic acid, 50.0 17.5 
50.0 Ergocalciferol, 5000 IU 51.0 
50.0 Calcium pantothenate, 50.0 50.0 

reaction in Scheme I1 to avoid the known reaction between I1 and 
acetone in alkaline media (9). 

It is possible that most of the reaction in Scheme I occurred 
while the solvent was removed, and this may be also the reason 
that the temperature and the time of evaporation of the solvent 
seemed to influence the extent of the reaction. After several trials, 
it was concluded that fused I1 was by far the best solvent for the 
Scheme I reaction, since the reaction was less than 5% complete in 
all other media investigated. 

For the Scheme I1 reaction, the following parameters were stud- 
ied: solvent, sodium hydroxide concentration, ionic strength, time, 
and wavelength at  which the maximum of absorbance is reached. 
Table I shows some solvents tested. Each increment of water in the 
ethanol-water mixture used as solvent had a hyperchromic effect 
accompanied by a small hypsochromic shift (Table I) and by an in- 
crease in the rate of the reaction. This effect became a disadvan- 
tage at over 12% of water because of the instability of the color. 
Changes in the concentration of sodium hydroxide from 0.02 to 0.2 
N and of the ionic strength from 0.05 to 1 N did not modify the de- 
velopment of the color. 

The linearity of the method was examined by performing the 
assay with different amounts of I, from 0.010 g (0.083 mmole) to 
0.126 g (1 mmole). In all cases, 1.0-1.045 g of I1 was used (Table 
11). In addition, 12 determinations were performed with 10.0 mg of 
I and the standard deviation of the method was obtained; the 
mean value was 9.92 f 0.06 mg. 

It is possible to determine as little as 2 mg of I using the method 
described by extracting the Scheme I reaction mixture with 50 ml 
of water, taking a 4.0-ml aliquot, and using absolute ethanol for 
dilution prior to the Scheme I1 reaction. 

Influence of Niacin (111)-Because niacin is the principal deg- 
radation product of I, the reaction of niacin under the same condi- 
tions used to determine I was performed. There was no develop- 

, T ""*' 
NH 

OH- 

A H+ 
VII + O H -  - &NO, = 

&'02 
NO, NO,- 

Scheme I I  
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Table V-Recovery of Niacinamide from Synthetic Formulations 

Added Vitamins,  m g  

Thiamine Calcium Niacinamide 
Mix- Vitamin Hydro- F ibo -  Pyri- Ascorbic Ergocal- panto- 
tu re  A chloride ilavin doxine Acid ciferol thenate  Added F o u n d  

10 5 5 
- 100 10 10 

1 
2 
3 5000 IU 10 5 5 

- 

10 5 5 - 4 

ment of color. To prove that this method could be used to follow 
hydrolytic degradation of I, mixtures containing it and small 
amounts of niacin in proportions slightly greater than expected 
from various degrees of deterioration of I were determined. Table 
111 shows that the recovery of I was unaffected by the presence of 
niacin in the simulated degraded mixtures. 

O the r  Interferences-Because I is usually formulated with 
other vitamins, the influence of vitamin A, thiamine hydrochloride 
(vitamin Bl), riboflavin (vitamin Bz), ascorbic acid (vitamin C), er- 
gocalciferol (vitamin DT), and calcium pantothenate (IV) was de- 
termined (Table IV). Only ascorbic acid (V) interfered. No exact 
correlation was observed between the content of ascorbic acid and 
the response. Ascorbic acid also interfered in the Scheme I reac- 
tion, because when it was added after the reaction was performed, 
the absorbances corresponded to  the expected value in its absence. 
Oxidation to dehydroascorbic acid or neutralization with ammonia 
did not eliminate the interference. Extraction of I with chloroform 
or benzene, instead of acetone, gave satisfactory results since 
ascorbic acid was insoluble in these solvents. A 99.5% recovery was 
found using chloroform, and a 98.8% recovery was found using 
benzene. 

Finally, Table V shows the amounts of I determined by the pro- 
posed method in synthetic mixtures. In the absence of ascorbic 
acid, extraction with acetone was performed; but when ascorbic 
acid was present, I was extracted with chloroform. The results 
shown are the averages of a t  least four determinations. 

The proposed method was applied to authentic commercial mul- 
tivitamin samples containing I with satisfactory results. 

Mechanism-Niacinamide seems to be similar to pyridine in its 
reaction with 11. When pyridine is added to an acetone solution of 
11, slightly colored crystals of 2,4-dinitrophenylpyridiniurn chlo- 
ride, mp 195-195.5O, are formed (10). This compound, when treat- 
ed with sodium hydroxide, develops a violet color which has a 
maximum absorbance at 540 nm (11) in 90% ethanol. The color is 
probably due to the anionic form of 5-(2’,4’-dinitrophenyl)amino- 
2,4-pentadienal (VI). Compound VI was prepared by an indepen- 

CONH, CONH, 

+ CNBr - @f 
N+ Br- 

I 
C N  

IX 
Scheme III  

II 
N- 

Scheme I V  

50 - 10 10.0 10.0 _ _  ~. 
- 100 50 10.0 9.80 

10 5000 IU 10 10.0 9.95 - - 10 10.0 10.05 

dent method (12), mp 179O, and its UV and visible spectra in the 
same media were identical with those obtained from the reaction 
of 2,4-dinitrophenylpyridinium chloride with sodium hydroxide. 

In the case of I, the deactivation of the heterocyclic nucleus by 
the amido group is responsible for the more drastic conditions re- 
quired to produce the pyridinium compound (VII), although it is 
not clear why it is formed more rapidly in the absence of solvent. 
When a carboxyl group is located at position 3, as in niacin, the nu- 
cleus is so deactivated that formation of the pyridinium complex is 
not possible under the conditions described. 

The reaction in Scheme I1 probably occurs in the same way as 
that with the 2,4-dinitrophenylpyridinium chloride, since the com- 
plex formed has UV-visible spectra very similar to its pyridine an- 
alog, and its dependence on the ethanol-water ratio is also similar 
to that reported for the pyridine derivative (11). 

Finally, it may be useful to point out that  the parallelism be- 
tween the reactions involved in this method and the mechanism 
accepted for the Koenig reaction (13) (Scheme 111) can be postu- 
lated for the addition of cyanogen bromide (VIII), and it has been 
shown (14) that the condensation product (IX) of I with VIII has 
an  open chain structure a t  pH 9 in water (Scheme IV) instead of 
the usual formulation as N-cyanopyridone. 

REFERENCES 

(1) M. T.  Jeffus and C. T. Kenner, J. Pharm. Sci., 58, 

(2) H. Brunink and E. J. Wessels, Analyst ,  97,258(1972). 
(3) R. Strohecker and H. M. Henning, “Vitamin Assay Tested 

Methods,” Verlag Chemie GmB.H., Weinheim, Bergstr., Germany, 
1965, p. 189. 

(4) “Official Methods of Analysis,” 10th ed., Association of Of- 
ficial Agricultural Chemists, Washington, D.C., 1965, p. 763. 

(5) S. C. Barton-Wright, Riochem. J . ,  38,314(1944). 
(6) B. C. Johnson,J.  Biol. Chem., 159,227(1945). 
(7) A. Vogel, “A Text-book of Practical Organic Chemistry,” 

(8) “The National Formulary,” 13th ed., Mack Publishing Co., 

(9) R. J. Pollit and B. C. Saunders, J .  Chem. Soc., 1965,4615. 
(10) A. F. Vompe and N. F. Turitsyna, Zh. Obsch. Khim., 27, 

(11) L. LBgradi, Acta Chim. Acad. Sci. Hung., 52,7(1967). 
(12) N. E. Grigoreva and A. A. Pechka, Zh. Obsch. Khim., 28, 

(13) A. Mosher, HeterocycL Comp., 1,425(1950). 
(14) S. Creyf and L. Roosens, Meded. Vlaam. Chem. Ver., 19. 

749(1969). 

3rd ed., Longman, New York, N.Y., 1964, p. 169. 

Easton, Pa., 1970, p. 475. 

3282(1957). 

1677(1958). 

l(1957); through Chem. Abstr., 51,16303d(1957). 

ACKNOWLEDGMENTS AND ADDRESSES 

Received August 8, 1974, from the Znstituto Nacional de Far- 
rnacologia y Rromatologia and Facultad de Ciencias Exactas 
(Depto. Quimica Orghnica), Uniuersidad de Buenos Aires, Argen- 
tina. 

Accepted for publication April 11, 1975. 
To whom inquiries should be directed (reprints are not avail- 

able). 

Vol. 65, No.  1, January 1976 I 6 7  




