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primarily on the amino radical. Since both the methyl and the hydroxymethyl groups 
are capable of donating electrons to the imidazole ring, the formation of the tan 
z-methyl derivative is not simply due to an electropositive substituent at the 2- 

position. With a methyl group on the z-position of the imidazole ring, hyperconjuga- 
tion could occur to form a negative center on the adjacent ring nitrogen(s), thereby 
decreasing the relative electronegativity of the amino group (VI)1‘1, The effect of 
hyperconjugation would be greater than the inductive effect of the amine; and for 
this reason, the tan color observed may represent an attack of the diazonium cation 
at the negative ring nitrogen to form an N-azo derivative. 

Substitution of an alkyl group on the ring nitrogen in the above compounds did 
not alter the observed diazo reaction when the amine was located on the s-position. 
Thus I-substituted-5-aminoimidazoles and I-substituted-z-hydroxymethyl-s-amino- 
imidazoles reacted purple with this reagent, indicating that the reaction also occurred 
primarily on the amino group. On the other hand, I-substituted-2-methyl-s-amino- 
imidazoles were observed to give a tan reaction. In the latter compounds C-substitu- 
tion is effectively inhibited due to the effect of hyperconjugation and also because the 
4-position is meta to the z-methyl group. However, in the I-substituted-z-hydroxy- 
methyl compounds coupling at the 4-position can occur since the directive influence 
of the amino group is greater in these compounds than it is in those with a z-methyl 
substituent. 

When the amine was located on the 4-position in N-alkyl imidazoles a yellow 
color was observed with diazotized sulfanilic acid, and the reaction was useful in 
differentiating 4- from 5-aminoimidazoles. Substitution of the amine in the 4-position 
limits ring resonance, giving these compounds aliphatic properties. Therefore, this 
reaction appears simply to involve a condensation of the diazonium ion on the amine 
to form I-substituted-4-arylazo derivatives that are yellow in color. Reaction at the 
adjacent g-position probably does not occur since ring resonance is inhibited. 
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$-Dimetl~ylaminobenzaldel~yde reacted with 4(s)-aminoimidazoles in an acid 
medium to form derivatives that were yellow to red in color. This reaction apparently 
involves an attack of the aldehyde anion on the electropositive NH,+ radical to form 
a Schiff base by the splitting out of a molecule of water (IX)lO. Due to the influence 
of the strong electron donating properties of the dimethylamino group, the primary 
condensate undergoes electron rearrangement forming an active methylene group on 
the 4-ring position (X) . The reaction proceeds to completion by the addition of another 
molecule of the reagent at the active -CH,-center (XI). 

The rate of formation of the quinoidal structure was observed to depend upon 
the nature of other substituents on the aminoimidazole ring, especially the substituent 
on the z-position. When 4(s)-aminoimidazole was coupled with p-dimethylamino- 
benzaldehyde, the color sequence was observed to proceed slowly from yellow to 
orange to red. Substitution of a hydroxymethyl group in the 2-position did not alter 
the sequence of color formation, but the reaction was observed to take place at a 
faster rate. However, a 2-methyl group further increased the rate of reaction so that a 
faint yellow color was folio\ “‘cd by an immediate formation of the reel quinoidal 
structure. This increased rate of reaction may be related to hyperconjugation of the 
methyl group which would increase the relative positivity of the amino group and 
thereby enhance the reaction rate. 

N-substituted-5-aminoimidazoles reacted with $-dimethylaminobenzaldehycle 
to give the same color sequence, and the rate of reaction was also founcl to be depend- 
ent upon the nature of the 2-substituent. N-substituted-4-aminoimidazoles, however, 
reacted with this reagent to give a yellow color similar to that observed with aliphatic 
amines. This reaction apparently involves formation of only the primary Schiff base, 
since further substitution at the s-ring position would be inhibited by the bulk of the 
adjacent substituents. 

When the chromatograms containing the colored Ehrlich derivatives were 
made alkaline by dipping the strips or spraying the plates with ammonia or soclium 
methylate solution, the colors immediately changed from reel to yellow and then 
slowly disappeared. The yellow +amine derivatives also were observed to disappear 
slowly in the basic medium. When the chromatograms were then made acidic the 
reaction proceeded at the same rate and in the same color sequence to form the red 
quinoidal structure as observed initially. This observation inclicatecl that the red 
quinoidal cation is apparently stable in acid but that the reaction is reversed in an 
alkaline medium to form the Schiff base. The Schiff base should be more stable in an 
alkaline medium but in the presence of strong base hydrolysis apparently takes place 
to yield the free aldehyde ancl amine, 

Since only 2-methyl-4(g)-nitroimidazoles gave a green color with ninhydrin, 
the formation of this color was considered to be tentative proof of a methyl group on 
the 2-position. A green color obtained with ninhydrin is unusual since amino acids 
and aromatic amines characteristically yield a blue-purple color with this reagent. 
The mechanism for the ninhydrin reaction is not completely known, but condensation 
either directly with the aromatic nucleus or with a breakdown product has been 
reported to occur. The nuclear reaction involves a primary condensation on a ring 
imino group to form a yellow derivative, followed at higher temperatures by further 
substitution on the aromatic ,nucleus to give a purple color, In compounds containing 
a free amino group, the reaction involves oxidative-deamination of the amino group 
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followed by reaction of ninhydrin with the liberated ammonia ,to give a blue violet 
dye? 

Certain conclusions regarding the mechanism of reaction of ninhydrin with 
z-methyl-q(s)-nitroimidazoles were reached from the fol1owin.g observations, When 
z-methyl-4(s)-nitroimidazole was heated for 30 min at Go” in an acid medium con- 
taining ninhydrin, the solution turned light green. Addition of zinc to the reaction 
medium turned the solution dark green, Chromatograms of this solution in several 
solvent systems on thin layer plates revealed that a single green derivative had 
formed which was basic in nature. Further heating of the solution at acoo for one 
hour turned the solution black. Chromatograms of this solution showed that in 
addition to the green derivative, a small amount of purple dye had now formed which 
had acidic properties. &)-Nitroimidazole, when treated in the same manner, failed 
to react with ninhydrin at Go”, but did yield a purple color after reduction and heating 
to IOOO for I 11. On chromatograms this purple color was found to be a single substance 
and was similar to the acidic derivative obtained with z-methyl-q(5)-aminoimidazole. 

The colors observed with ninhydrin were found to depend upon the amount of 
heat added to the reaction medium. In the case of z-methyl-q(s)-nitroimidazole a 
weak reaction took place in solution without reduction of the nitro group to the 
amine, This reaction appears to depend upon hyperconjugation of the methyl group 
followed by condensation of the ninhydrin molecule on the resulting -CH,- radical. 
Since the nitro group would facilitate hyperconjugation the reaction could occur to 
some extent, but the strong electronegative nitro group would prevent the loss of a 
proton from the -CH,- group and would thereby tencl to limit the reaction. Reduction 
of the nitro group and formation of the NH,-+ radical would also facilitate hyperconju- 
gation due to the electron withdrawing effect of this radical on the imidazole ring 
(XIII). This group would, however, enhance the overall reaction since resonance into 
the amino radical would not occur as with the nitro group, and condensation on the 
-CR,- group could readily take place by the splitting out of two molecules of water 
(XV). This latter reaction should require less energy, and on chromatograms amine 
formation was observed to be necessary for the reaction to occur at the low tempera- 
tures involved. 

WI) (X111) 

The formation of the purple dye in solution observed with z-methylq.(g)- 
aminoimidazole or &)-aminoimidazole and ninhyclrin depended upon both the 
addition of heat ancl the presence of the amine. The reaction apparently involves 
oxiclative-deamination of the free amine as described above. 
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SUMMARY 

A method is described for the separation and characterization of certain sub- 
stituted nitroimidazoles by paper and thin layer chromatography. The calorimetric 
reaction of these compounds with p-dimethylaminobenzaldehyde, diazotized sulfa- 
nilic acid, and nmhydrin are discussed and a plausible mechanism for each reaction has 
been proposed. z-Methyl-&)-nitroimidazoles reacted with ninhydrin to yield a 
characteristic green color. This is a new color reaction for this reagent and appears to 
involve condensation of the ninhydrin molecule on an active methylene group on an 
imidazole ring. 
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