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ABSTRACT 

The mechanism of reaction of N-(2,4-dinitrophenyl) 

pyridinium chloride with sodium hydroxide in aqueous solu

tion was studied via spectrophotometry methods. The 

intermediates in this reaction, 5-(2,4-dinitroanilino)-

2,4-pentadienal and its enolate, glutacondialdehyde and 

its enolate, and 2,4-dinitroaniline, were identified by 

chemical and physical methods. 

Glutacondialdehyde sodium enolate and 5-(2,4-

dinitroanilino)-2,4-pentadienal were synthesized and the 

kinetics of their reactions with hydroxide were also 

studied. The kinetics of basic hydrolysis of the mono-

anil and its enolate agree with a proposed mechanism vrfiich 

involves two parallel pathways. The products of this 

hydrolysis are 2,4-dinitroaniline and glutacondialdehyde 

or its enolate. The amine reacts further with hydroxide 

to give 2,4-dinitrophenol. Glutacondialdehyde enolate is 

converted to 5-hydroxy-2-pentenoic acid via a Cannizzaro 

reaction at high base concentrations (pH 13-14) and con

denses with itself or glutacondialdehyde in aldol-type 

reactions at low base concentrations (pH 10 or lower). 

At base concentrations between pH 11-12, both Cannizzaro 

and aldol-type reactions occur. 

xi 



At pH 13-14, the reaction of glutacondialdehyde 

enolate with sodium hydroxide follows first order kinetics 

with respect to both enolate and hydroxide concentrations. 

A positive salt effect was also observed. The rate-

controlling step in this reaction was assumed to be a 

hydride ion transfer via a cyclic transition state complex. 

The high negative entropy of activation (-30.0 cal deg"^" 

mole"''") supports this cyclic mechanism. 

The aldol condensations that predominate below 

pH 10 yield products which can undergo further condensa

tions to give polymeric products eventually. 

At pH 11-12, the combined mechanism of Cannizzaro 

and aldol reactions give a rate equation which contains 

both first and second order functions for glutacondialde

hyde enolate concentration and complex functions for sodium 

hydroxide concentration. After integration and application 

of boundary conditions, the equation was put in linear form 

by conversion to an exponential function. The slope and 

intercept of this linear equation eventually led to values 

for the rate constants for both aldol-type condensations. 

xii 



INTRODUCTION 

The ring-opening reaction vfoich occurs when nucleo-

philic reagents are added to certain pyridinium salts was 

first reported by Zincke and his collaborators (Zincke, 

Hauser and Moller 1904). These workers found that addi

tion of strong sodium hydroxide (5-6 M) to N~(2,,4~dinitro-

phenyl) pyridinium chloride yields a red compound5 presumably 

a monoanil, for which the following structures were proposed: 

NH ^0 

o o 
' 2  L ^ 2  

Shaw (1961) in a recent review, maintained that 

the red compound is the sodium enolate of the monoanil: 

N ^0 Na 

o 



However, Mosher (1950), in an earlier review, 

acknowledged the structures postulated by Zincke and 

co-workers. 

Acidification with concentrated hydrochloric acid 

and addition of aniline to the monoanil yields dinitro-

aniline and glutacondialdehyde dianil. Zincke and his 

co-workers did not investigate the reaction of the mono

anil with sodium hydroxide. 

At this same time, Konig (1904) was studying the 

reaction of a different pyridinium salt with organic bases. 

N-cyanopyridinium bromide, which was prepared by addition 

of cyanogen bromide to pyridine, reacts with aniline to 

yield dinitroaniline and glutacondialdehyde dianil. 

Konig did not study the reaction of this salt with 

aqueous sodium hydroxide. 

About twenty years later, Baumgarten (1926) 

studied the ring-opening reaction of another pyridinium 

salt, pyridinium sulfonic acid, which is prepared by 

addition of chlorosulfonic acid to pyridine in carbon 

tetrachloride solution. Baumgarten studied the reaction 

of this salt with 5 M sodium hydroxide. He also isolated 

one intermediate (IV), as well as the final products 

(V and VI). The following reaction sequence was postu

lated: 
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( I )  

NaOR 
.OH 

N^H 

S03"Na+ 

(II) 

NaOR 

S03 Na1 

(III) 

NaOfl. 
, H90 

ND"Na+ Z 

S03"Na+ 

+ H2N-S03Na+ 

'0~Na+ 

(IV) (V) (VI) 

Baumgarten also observed several color changes 

which occur during the reaction. Addition of sodium 

hydroxide immediately produces a yellow-colored solution, 

which, upon being heated, turns red, and then yields a 

yellow precipitate. The yellow intermediate was isolated 

and analyzed. The analysis corresponded to the empirical 

formula: C^H^0^NSNa2 (IV). However, addition of sodium 

hydroxide to this compound yields a deep red solution 

which then turns brown and solidifies. The brown solid 

was recrystallized from methanol. The elemental analysis 

corresponded to the empirical formula: C^H^02Na (V). This 

compound was further characterized by reaction with benzoyl 

chloride to form the benzoate ester. 

The significance of Baumgarten's work lies not 

only in the ease of the ring-opening reaction of pyridine 
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but also in the color changes which are observed. It is 

possible that the yellow compound could correspond to 

structure (III) instead of (IV). Removal of a proton by 

base to give (IV) from (III) should lead to a more highly 

conjugated system. This increased conjugation would cause 

the compound to absorb more strongly in the visible region 

of the spectrum. 

An equal amount of pyridine hydrochloride is also 

formed during the preparation of pyridinium sulfonic acid. 

Addition of strong sodium hydroxide to pyridine hydro

chloride also yields a yellow color. Therefore, the yellow 

color resulting from addition of sodium hydroxide to pyri

dinium sulfonic acid may be due to impurities. 

Baumgarten did not study further reactions of the 

enolate (V) with sodium hydroxide. However, Malhotra and 

Whiting (1960) report "In acid or even neutral aqueous 

solutions the 'dialdehyde' rapidly resinifies, but it is 

stable in alkaline solution at moderate temperatures." 

Further work on ring-opening reactions of pyridinium 

salts was not undertaken until 1949. Vompe and Turitsyna 

(1949, 1958) investigated the reaction of aromatic bases 

with various substituted pyridinium compounds. These 

workers were interested in the effect that substituents 

on the pyridine ring had on the reaction. They studied 

compounds with the following basic structure: 
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N+ CI 

o 
NO, 

NO, 

R = -CH3, -O-CH3 

0 
II 

-NHC-CH3, -NH2 

-N , -OH 
^CH0 

These salts were reacted with aniline in ethanol solution. 

Vompe and Turitsyna showed that the reaction, 

depending on the nature of the substituents, was able 

to proceed in two different directions; 

Q 
R 

N+ cr (»..NH2 

Q 

NH, 

o -NO, 

NO. 

+ HCL 

For instance, if R is dimethylamino, reaction proceeds 

completely via pathway 2. However, if R is methyl, then 
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reaction follows both pathways: dinitroaniline is recovered 

in 337. yield vfriile 2,4-dinitrodiphenyl amine is obtained 

in 30% yield. 

These workers also reported other reactions of 

aromatic bases with pyridinium salts. For instance, 

(4-pyridyl)-pyridinium chloride hydrochloride, when 

reacted with aniline, yields glutacondialdehyde dianil 

and cx-phenylaminopyridine. In another reaction with this 

same pyridinium salt, potassium phenoxide produces a-phenoxy-

pyridine. Hence, it appears that the nucleophile first 

attacks the a-carbon of the pyridine ring and then the 

phenyl carbon-ring nitrogen bond is broken. 

These workers did not study the reaction of aqueous 

solutions of pyridinium salts with sodium hydroxide. 

In 1957, Dunghen and co-workers (Dunghen, Nasielski, 

and Laer 1957) studied the reaction of aniline and N-(2,4-

dinitrophenyl)pyridinium chloride in 507o aqueous ethanol. 

They postulated four steps in the reaction: 1) 

direct combination of the salt with aniline; 2) reaction 

of this product with hydroxide ion to give water; 3) open

ing of the C-N bond in the pyridine nucleus; 4) reaction 

of the resulting compound with a proton to give glutacondi

aldehyde dianil. Due to the color of the products, it was 

possible to study the rate of reaction via spectrophoto-

metric methods. The formation of products was followed 
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at 460 mn. These workers reported that the reaction was 

first order for both salt and amine. Purification and 

characterization of products were not achieved. 

Most of the recent work involving addition of 

nucleophiles to pyridinium salts has been performed by 

Grigoreva, Gintse, and their co-workers in Russia. They 

prepared various tnonoanils of glutacondialdehyde (Grigoreva 

and Pechka 1958) and then studied the effect of solvent 

medium on their color (Grigoreva and Gintse 1958). 

The list of monoanils includes 5-(2,4-dinitro-

anilino)-2,4-pentadienal, vrtiich was obtained from N-(2,4-

dinitrophenyl)pyridinium chloride by the method of Zincke. 

However, these workers recrystallized this monoanil from 

dichloroethane whereas Zincke recrystallized from acetone. 

The Russians reported a melting point of 159° as opposed 

to Zincke's value of 179°. On the other hand, their 

analysis for nitrogen corresponded to the correct empirical 

formula, C^-^HgO^N^. Hence, the value of 159° may be a 

misprint. 

The solvents employed by these workers were methyl, 

ethyl, and n-butyl alcohols; acetone, pyridine, dioxan, 

acetic acid, dichloroethane, benzene, bromobenzene, nitro

benzene, and various mixtures of these solvents. They 

also utilized solutions of methyl, ethyl, and n-butyl 

alcohols, dichloroethane and acetone, which contained 

excess sodium hydroxide. 
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Grigoreva and Gintse were primarily interested 

in the change in absorption maxima created by a change 

in polarity of the medium. However, their results did 

not indicate any correlation between color and solvent 

polarity. 

In studying the interaction of monoanils with 

acid and base, they found that the 2,4-dinitromonoanil 

is not sensitive to acid. The absorption maximum is 

about the same in ethanol as in acetic acid. However, 

the color changes considerably v^ien excess sodium hydroxide 

is present: 

The color of this compound is strongly intensified 
in the presence of base and changes with transition 
from one solvent to another. Although the absorp
tion maxima are displaced in proportion from one to 
another, the principal bands remain in one region; 
therefore, the change in color requires unlike 
species in solutions of different polarity. 
(Translated from Grigoreva and Gintse 1958) 

In other words, addition of sodium hydroxide causes 

formation of the sodium enolate of the monoanil. This 

anion, because of mobility of the two electrons over the 

highly conjugated system, yields a deeper color. Hence, 

the absorption maximum is shifted from 375-425 m[i for the 

monoanil to 525-575 m\i for the sodium enolate (see Fig. 1). 

The subsequent reaction of basic solutions of the monoanil 

in alcohols was not discussed. 

These workers postulated three tautomeric structures 

for monoanils: 
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o 

1 

600 300 400 500 
\ , mn 

Fig. 1.—Solutions of 5-(2,4-Dinitroanilino)-2,4-
pentadienal: Visible and Ultraviolet Spectra. 

1 ——— in ethyl alcohol, 2 in n-butyl 
alcohol, 3 in ethyl alcohol + sodium 
hydroxide, 4 ////// in n-butyl alcohol + 
sodium hydroxide. 
(From Grigoreva and Gintse 1958) 



? 
Ar 

^OH 
H. 

Ar 
0' 

(VIII) (IX) 

They assumed that addition of base removes a proton from 

either the nitrogen or oxygen atom. To study formation 

of this enolate further, the following monoanils were 

synthesized: 

' ki 
I 
9 
(X) 

f"-CH3 0 

9 
(XI) 

Grigoreva and co-workers then studied the color changes 

of these monoanils in various solvents. They found that 

the change in absorption maxima in transition from one 

solvent to another was less for (XI) than for (X). Sodium 

hydroxide displays no effect on the absorption maxima of 

(XI) in contrast to the change exhibited in (X). 

Grigoreva and co-workers have recently studied 

the spectra of glutacondialdehyde dianils (Grigoreva, 

Kruglyak, and Shcherbakova 1961) and thermal reactions 

of these dianils (Grigoreva, _et al. 1962). These workers 

did not report or discuss any reactions between aqueous 

solutions of pyridinium salts and strong sodium hydroxide. 
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Much conflict occurs in the literature in regard 

to the melting points and absorption maxima of glutacondi

aldehyde dianil and its hydrochloride salt. 

For the free dianil, Grigoreva and co-workers 

(Grigoreva, Kruglyak, and Shcherbakova 1961) reported a 

melting point of 85-86° and ^max at 410 m|i in n-butyl 

alcohol. Shimidzu (1927) reported a melting point of 

95-96°. 

For the hydrochloride salt, Dormael and Nys (1952) 

reported a melting point of 165-167°, with lowering upon 

repeated recrystallization^ and ^max at 485 mn in ethanol. 

Ficken and Kendall (1959) reported a melting point of 

153-154°, Shimidzu (1927) reported 158-159°, while 

Baumgarten (1924) reported 139-140°. Fisher and Hamer 

(1933) did not report a melting point but found ^max at 

440 mp. in an undisclosed solvent. Dunghen and co-workers 

(Dunghen, et al. 1957) reported ̂ max at 460 mp. in ethanol. 

In other recent studies on ring-opening reactions 

of pyridinium salts, Ficken and Kendall (1959) reacted 

H3C CH3 

aniline with indoleninylpyridinium chloride: * 

CL~ 

Glutacondialdehyde dinail was isolated from the reaction 

mixture. 

In the summer of 1959, Kelley (1959) observed 

that a mixture of benzenesulfonyl chloride, pyridine, and 
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sodium hydroxide yields a deep red color, which, over a 

period of time, fades to a yellow color. Since the benzene-

sulfonyl adduct of pyridine was not available, Kelley studied 

the well known N-(2,4-dinitrophenyl)pyridinium chloride. 

He found that addition of a dilute solution of this salt 

to 0.1 N sodium hydroxide yields a violet color (530 mn), 

which soon fades to yellow (365 m|i). The yellow solution 

then slowly becomes colorless. Because of these color 

changes Kelley was able to follow this series of reactions 

via spectrophotometric methods. (It was assumed that each 

change in color represents an organic reaction.) 

On the basis of his preliminary kinetic studies, 

Kelley established the rate of decrease of the violet 

peak as first order with respect to the violet compound. 

This first order reaction is also independent of ionic 

strength. From his exploratory work, Kelley was unable 

to draw any conclusion in regard to the mechanism of the 

overall reaction, or to the nature of the intermediates 

and products. 



STATEMENT OF PROBLEM 

Very little work has been done on the mechanism 

of reaction of N~(2,4-dinitrophenyl)pyridinium chloride 

with aqueous sodium hydroxide. The dependence of reaction 

on sodium hydroxide concentration has not been ascertained 

nor have the intermediates and products of this reaction 

been identified. The following investigation was initiated 

to determine the nature of the intermediates and products 

and the mechanism of the overall reaction. The following 

procedure will be utilized to accomplish this goal: 

1) The intermediates and products will be identi

fied by chemical and physical methods. 

2) Key intermediates will be synthesized. 

3) The kinetics of reaction of starting material 

and intermediates with sodium hydroxide vail be studied via 

spectrophotometry methods. 

4) The reaction orders of all reactants will be 

elucidated by varying one parameter and maintaining all 

others constant. 

5) All kinetic and synthesis data will be cor

related to an overall mechanism. 

13 



EXPERIMENTAL 

Materials 

Potassium acid phthalate (Mallinckrodt A. R.) was 

dried at 110° for twelve hours and used without further 

purification. 

2,4-Dinitrochlorobenzene (Eastman) was used with

out further purification. 

Picryl chloride (Eastman) was recrystallized from 

chloroform, m. p. 82°, lit. 83° (Heilbron and Bunbury 1953, 

vol. IV, p. 208). 

Aniline (Mallinckrodt A. R.) was distilled through 

a 30-cm column of Podbielniak Heli-Pak helices, b. p. ITS-

ISO0, lit. 184° (HeiIbron and Bunbury 1953, vol. I, p. 174). 

Chlorosulfonic acid (Matheson, Coleman, and Bell), 

was purified by distillation, b. p. 148-150°, lit. 151° 

(Fieser 1957, p. 309). 

Anhydrous ether (Mallinckrodt A. R.) was used with

out further purification. 

3-Picoline (Matheson, Coleman, and Bell) was used 

without further purification. 

Pyridine (Mallinckrodt A. R.) was purified by drying 

over sodium hydroxide and distilling through a 30-cm column 

of Heli-Pak helices (Sisler and Audrieth 1946), b. p. 112-113°, 

lit. 115° (Heilbron and Bunbury 1953, vol. IV, p. 275). 

14 
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N-(2,4-Dinitrophenyl)pyridinium chloride was pre

pared by the method of Fisher and Hamer:; m. p. 200° with 

decomposition, lit. 200° (Fisher and Hamer 1933), ̂ max = 

235 itvi in water. 

N-Picrylpyridinium chloride was prepared by the 

reaction of picryl chloride with pyridine. Picryl chloride 

(5 g.) was dissolved in anhydrous ether and 10 ml. of 

pyridine was added with vigorous stirring. The precip

itated salt was filtered and washed with acetone and with 

ether. The crystals were dried under reduced pressure for 

one hour; m. p. 115-116°, ^max = 225 mji. Attempts to 

prepare this compound by the method of Okon (1958) were 

unsuccessful. However, he also reported a melting point 

of 116°. N-Picryl-0-picolinium chloride was prepared by 

this same method; m. p. 121°, lit. 118° (Okon 1958). 

5-(2,4-Dinitroanilino)-2,4-pentadienal was pre

pared by the method of Zincke, Hauser, and Moller (1904); 

m. p. 179°, lit. 180°. However, Grigoreva and Pechka 

(1958) report 159°. 

Anal. Calcd. for C-^^HgN^O^: C, 50.20; H, 3.42; 

N, 15.97. Found: C, 50.54; H, 3.96; N, 15.55. 

The infrared spectrum of this compound shows 

characteristic peaks \rtiich can be attributed to any of 

the following structures: 



^ N - ^ O  

The first structure was assumed on the basis of 

the deep red color of the crystals; ̂ max = 425 m^ in water. 

Mosher (1950) also makes this assumption. 

Pyridinium sulfonic acid was prepared by the method 

of Baumgarten (1926) as modified by Sisler and Audrieth 

(1946). 

the method of Baumgarten (1926) and purified by the method 

of Schopf, Hartmann and Koch (1936); m. p. 400°, ^max = 

365 mn, log e = 4.8. Scheibe, Bruck, and Dorr (1952) 

report *-max = 365 mp., log e = 4.7. Malhotra and Whiting 

(1960) report ^max = 365 mn, log e = 4.75. Sodium gluta-

condialdehyde enolate was identified via its benzoate 

ester derivative; m. p. 115-117°, lit. 116-118° (Baum

garten 1926). 

Heating sodium glutacondialdehyde enolate over 

a period of time causes it to turn red. This color change 

Sodium glutacondialdehyde enolate was prepared by 
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may be caused by condensation (resinification) to poly

meric material (Malhotra and Whiting 1960). 

Solutions 

The water used in preparing most of the solutions 

and reagents was deionized via ion-exchange resin and 

decarbonated by boiling for 15 minutes. The water was 

then stored in a large polyethylene bottle for future use. 

Sodium perchlorate solutions (3 M) were prepared 

by weighing out the appropriate amount of salt and dissolv

ing it in water. This solution was then filtered into a 

volumetric flask and diluted to the correct volume, 500 

ml. usually being prepared each time. 

Solutions of the pyridinium and picolinium chloride 

salts at 0.01 M were prepared by weighing out the appropriate 

amounts and diluting to 100 ml. The solutions were stored 

in volumetric flasks at room temperature or at 15° in a 

refrigerator. 

A 0.005 M solution of 5-(2,4-dinitroanilino)-2,4-

pentadienal was prepared by weighing out the appropriate 

amount and dissolving it in bis-2-(2-methoxyethoxy)-ethyl 

ether to give a volume of 100 ml. The monoanil is stable 

for months in this solvent. 

Solutions of glutacondialdehyde enolate at 0.01 

M were prepared by weighing out the appropriate amount 

and diluting with standard buffer (pH 10-11) to 100 ml. 
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These solutions were stored at 15°. After 6 weeks, the 

color of the solution had changed from yellow to orange 

and the relative peak height at 365 mn had diminished by 

25 percent. 

Sodium hydroxide solutions were standardized by 

the potassium acid phthalate method as described by Blaedel 

and Meloche (1957). 

To determine the concentration of 1.0 M solutions, 

a 25 ml. aliquot was diluted to 250 ml. to give an approxi

mately 0.1 M solution for titration. The normality obtained 

was multiplied by 10 to give the true value for the 1.0 M 

solution. The solutions were stored in polyethylene bottles 

and opened only when an aliquot was taken. Further pre

cautions were not needed, as restandardization of the 

solutions after three and six months showed no change 

in the previously obtained normality values. 

Identification of Intermediates and Products 

Reaction Products From N-(2,4-Dinitrophenyl)pyridinium 

Chloride and Sodium Hydroxide 

5-(2.4-Dlnitroanilino)-2«4-pentadienal.--This 

monoanil is obtained when sodium hydroxide is present at 
Q / 

low concentrations (10 to 10" M). A saturated solution 

_ 3 
of this monoanil in 10 M sodium hydroxide has a concen

tration in the range 2.5-5.0 x 10" 5 M. Precipitation 



occurs at concentrations of 5 x 10"^ M or greater. Hence, 

addition of N-(2,4-dinitrophenyl)pyridinium chloride to 

_ 3 
10 M sodium hydroxide solution yields almost pure mono-

anil. Increasing the sodium hydroxide concentration to 

0.1 M changes the color to deep violet. This color change 

is due to conversion of monoanil to its sodium enolate 

(Grigoreva and Gintse 1958). This enolate was not isolated 

in cyrstalline form. 

10"3 M 

NaOH 

o 
OH 10"1M 

NaOH 

O o 

Sodium Glutacondialdehvde Enolate.--This product 

results from hydrolysis of 5-(2,4-dinitroanilino)-2,4-

pentadienal or its sodium enolate. 

NH, 

NaOH 

•0"Na+ 
o 
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Efforts to isolate glutacondialdehyde from the 

reaction of pyridinium salts with sodium hydroxide were 

unsuccessful. Isolation as its dianil was also unsuccess

ful. However, comparison of the spectrum of sodium 

glutacondialdehyde enolate with the spectrum resulting 

from hydrolysis of the monoanil shows that both peaks are 

at 365 m|i. Their respective peak heights are within 

reasonable agreement, also. 

To identify this peak as glutacondialdehyde enolate, 

the pyridinium salt was allowed to react with 1.0 M sodium 

hydroxide until the solution became yellow. It was then 

extracted with n-butyl alcohol to remove 2,4-dinitroaniline, 

acidified with concentrated hydrochloric acid, and reacted 

with aniline. Extraction of this mixture with n-butyl 

alcohol yields a red alcoholic solution with ^max = 4-85 m|i. 

Known sodium glutacondialdehyde enolate in water 

was acidified with concentrated hydrochloric acid, and 

treated with aniline. The resulting solution was extracted 

with n-butyl alcohol. The red alcoholic solution gives 

^max = m*1' D°rniael and Nys (1952) attribute this peak 

to glutacondialdehyde dianil hydrochloride. 

2.4-Dinitroaniline.—Reaction of the pyridinium 

salt with sodium hydroxide yields not only glutacondialde

hyde enolate but also 2,4-dinitroaniline. 
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If the reaction of pyridinium salt with sodium 

hydroxide is allowed to proceed until most of the violet 

peak has disappeared, then it is possible to prove the 

presence of 2,4-dinitroaniline via spectral methods. 

Addition of concentrated hydrochloric acid shifts the 

enolate peak to 300 mp- (Grigoreva and Gintse 1958). The 

remaining peak, 345 mn, corresponds to that of known 

2,4-dinitroaniline. 2,4-Dinitrophenol could also be a 

product in the reaction. Basic and neutral solutions of 

2,4-dinitrophenol show a peak at 360 m^i; however, acid

ification with hydrochloric acid eliminates this peak. 

2,4-Dinitroaniline was isolated from the reaction 

mixture as follows: 20 g. of sodium hydroxide was dis

solved in four liters of water and heated to 5 0°. A 2.8 g. 

portion of N-(2,4-dinitrophenyl)pyridinium chloride was 

added, and the solution was allowed to stand for 45 minutes 

at 50°. It was then extracted with n-butyl alcohol, and 

this extract was steam-distilled to remove n-butyl alcohol. 

Precipitation of greenish-yellow crystals began to occur 

during this distillation. After all alcohol was expelled 

from the solution, it was then cooled and filtered. 

Recrystallization from acetone-water gave yellow crystals, 

m. p. 174-175°; pure 2,4-dinitroaniline (Matheson, Coleman, 

and Bell) m. p. 175-176°; a mixture of the two, m. p. 174-

175°. (Melting point of 2,4-dinitrophenol: 111°). 
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2.4-Dlnltrophenol.—2,4-Dinitroaniline reacts -with 

sodium hydroxide to yield ammonia and 2,4-dinitrophenol 

(Heilbron and Bunbury 1953, vol. I, p. 362). 

Q OH' O + NH3 

Control experiments were undertaken to confirm 

this reaction. A solution 5 x 10"^ M in 2,4-dinitroaniline 

and 0.1 M in sodium hydroxide was held at a temperature of 

50° while aliquots were removed and their visible spectra 

obtained, first in the basic solution and then after acid

ification. As the reaction proceeds, the peak at 345 nvi 

changes to 360 rrvi. This 360 mp. peak disappears upon acid

ification which indicates the presence of 2,4-dinitrophenol, 

After 8 hours reaction, the 345 mn peak has completely 

shifted to 360 mn. 

Reaction Products from Sodium Glutacondialdehyde Enolate 

and Sodium Hydroxide 

Condensation Products.--Glutacondialdehyde enolate 

can react with itself or its free aldehyde form to yield 

condensation products. 
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1) 

2 )  

Both reactions yield products tfiich can undergo 

further condensation to eventually produce resinous 

materials (Malhotra and Whiting 1960). 

3) 

-(n-l)H20 

This condensation reaction yields products which 

are more highly conjugated than glutacondialdehyde or 

its enolate. Therefore, products from the reaction should 

exhibit a different visible and ultraviolet spectrum as 

compared to starting material. To test this, 1 g. of 

glutacondialdehyde enolate was reacted in 500 ml. of water 

at 70°. Aliquots were withdrawn after 0, 8, 18, and 30 

hours reaction time and the ultraviolet spectrum was 
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obtained for each. At zero reaction time, the spectrum 

displays a peak at 365 nvi (starting material) and also 

shows residual background, with optical density of 0.390 

units, between 250-300 nvi. After 8 hours a peak begins 

to form at 265 nvi with optical density of 0.820 units. 

After 18 hours, this same peak has increased to 1.050 units. 

After 30 hours, the peak at 265 remains at 1.050 units 

while the peak at 365 my. has completely disappeared. 

Hence, the increase at 265 nvi (0.660 optical density units) 

can be attributed to formation of conjugated products via 

aldol condensation of glutacondialdehyde enolate with itself 

or its free aldehyde form. This solution was too dilute to 

observe the formation of conjugated products at 510 nvi. 

A more concentrated solution of enolate (0.01 M) 

in water produces a deep red solution, ̂ max = 510 nvi. 

Acidification of this red solution casues it to turn 

yellow, with peaks in its ultraviolet spectrum at 310 

and 225 ny. and a shoulder at 255 nvi. Upon extraction 

of the yellow solution with ether, the yellow color is 

taken into the organic layer. The ultraviolet spectrum 

of this ether solution indicates peaks at 300 and 225 nvi 

and a shoulder at 250 nvi. These solutions were too dilute 

to allow detection of the shift of the 510 nvi peak. Hence, 

one can assume that ether removes a neutral condensation 

product from the aqueous acid solution. For proof, the 
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ether layer was shaken with 5 M sodium hydroxide. The 

aqueous layer rapidly became deep red in color. The 

spectrum of this solution exhibits peaks at 265 and 510 

mn. Hence, it is assumed that the deep red solution 

contains the enolate of the condensation product, while 

the yellow color of the acid solution can be attributed 

to the neutral enol form: 

OH 

0 (red) 

In another trial experiment 4 g. of enolate was 

heated in 250 ml. of water at 70° for one hour. Acid

ification of the reaction mixture gave a brown precipitate. 

After filtration, this precipitate was dried and tested 

for its solubility in various solvents. It was insoluble 

in acetone, carbon tetrachloride, benzene, cyclohexane, 

water, sodium hydroxide solution, and concentrated hydro

chloric acid solution. The insoluble solid was assumed 

to be mixed resinous products (Malhotra and Whiting 1960) 

which result from polymerization of starting material. 

Further characterization of this solid was not attempted. 
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5-Hvdroxv-2-pentenoic Acid.--Glutacondialdehyde 

enolate can also undergo an internal Cannizzaro reaction 

in the presence of 0.1-1.0 M sodium hydroxide. 

OH 
>> 

A solution 2.5 x 10" M in enolate and 0.1-1.0 

M in sodium hydroxide gives no colored products and has 

no peaks in its visible or ultraviolet spectrum. 

In another trial experiment, 2.5 x 10"^ M enolate 

was reacted in 1.0 M sodium hydroxide at 70°. At zero 

reaction time, the residual background peak at 265 mp. 

amounts to 0.530 optical density units. After 7 hours 

reaction time, the 365 mji peak is completely gone while 

the 265 mn peak has increased to 0.590 units. This small 

increase, 0.060 units, can be attributed to the condensa

tion reaction which has been discussed previously. How

ever, this condensation material does not represent a 

major product in the reaction of enolate with strong base. 

5-Hydroxy-2-pentenoic acid (HO-C^C^CHsCHCX^H) 

has never been prepared. However, Haynes and Jones (1946) 

prepared the 6-lactone and the ethyl ester of this acid. 

Both ester and lactone have no peaks in their ultraviolet 

spectra in ethanol solution. 
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Attempts were made to isolate this acid as its ester 

or lactone. A solution of 400 g. of sodium hydroxide in 

one liter of water was placed in a 3-liter, 3-neck flask, 

equipped with stirrer, dropping funnel, and thermometer. 

A solution of 28 g. of N-(2,4-dinitrophenyl)pyridinium 

chloride in 100 ml. of water was slowly added from the 

dropping funnel. The reaction mixture was stirred and 

maintained at 70° for four hours, then cooled and acidified 

by slow addition of one liter of concentrated hydrochloric 

acid. The resulting mixture was filtered, then extracted 

with n-amyl alcohol. The alcohol layer was distilled under 

reduced pressure. Since water was not removed from the 

alcohol layer before distillation, the initial distillate 

consists of water and any organic material which is steam 

distillable. The aqueous layer was separated and discarded. 

An infrared spectrum of the organic solution shows peaks at 

1720 and 1250 cm"^ corresponding to an ester or a lactone. 

Upon fractional distillation of this solution, two portions 

of distillate were obtained: 0.5 ml. at 50-55°/100 mm. and 

35 ml. of n-amyl alcohol at 65-70°/100 mm. An infrared 

spectrum of the initial fraction taken up in carbon tetra

chloride again shows the presence of an ester or a lactone. 

No further characterization of this fraction was made. 

In another experiment, the same reaction was carried 

out except the acidified solution was steam-distilled before 

extraction. The distillate was then extracted with n-amyl 



alcohol and the alcoholic solution was distilled under 

reduced pressure. Again, the first fraction yielded 

evidence, from the infrared spectrum, for the presence 

of an ester or a lactone. Hence, 5-hydroxy-2-pentenoic 

acid either cyclized to form the 6-lactone or reacted 

with n-amyl alcohol to yield the amyl ester. 

Dissociation Constant for Glutacondialdehvde 

to establish the dissociation constant for glutacondialde 

hyde. This constant was obtained via spectrophotometric 

methods. Since the peak height (365 nvi) in distilled 

water is the same as in 0.1 M sodium hydroxide, it was 

assumed that all of the aldehyde is in the enolate form 

in these solutions. It is also known that the free alde

hyde shows an absorption peak at 300 m^ (Grigoreva and 

Gintse 1958). Hence, the peak height at 365 mji represent 

the amount of enolate present. Therefore, if the peak 

height is determined at various pH values, then the 

equilibrium constant for dissociation of glutacondialde-

hyde to its enolate can be calculated. 

During the course of this work it was necessary 

K 

+ H 
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The peak heights were determined in 0.1 M sodium 

hydroxide, distilled water, and buffer solutions of pH 5 

and 6 at 70°. The concentration of enolate was determined 

from Beer's Law and the concentration of free aldehyde was 

obtained by subtracting the enolate concentration from the 

total amount of enolate added. 

Kinetic Methods 

Apparatus 

All kinetic runs were performed via spectrophoto-

metric methods. A Gary model 11 spectrophotometer (Applied 

Physics Corporation) equipped with a thermostated cell 

compartment was used. Water was circulated through this 

compartment from a water bath by means of a circulating 

pump. The water bath was maintained at constant tempera

tures with Lo-Temp Bath (Wilkens-Anderson Co.) or YSI 

Thermistemp model 71 (Yellow Springs Instrument Co.). The 

former was used at low temperatures (10-30°) while the 

latter was employed at high temperatures (40-70°). The 

tenjperature was controlled to + 0.07°. All measurements 

of time were made with Time-It (Precision Scientific Co.). 
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The thermostated cell compartment was placed in 

the sample compartment of the spectrophotometer and water 

circulation was maintained at least 1 hour before a run 

was started. The spectrophotometer was warmed up for at 

least 20 minutes before use. 

A half-inch layer of mineral oil was placed on 

top of the water in the bath when temperatures greater 

than 50° were maintained, in order to decrease evapora

tion of water from the bath. 

Procedure 

N-(2.4-Dinitrophenvl)pvridinium Chloride and Sodium 

Hydroxide.—An appropriate aliquot of standard sodium 

hydroxide solution was pipetted into a 100 ml. volumetric 

flask. This solution was diluted within 1-2 ml. of the 

mark and then placed in the water bath. At least 30 min

utes was allowed for temperature equilibrium between flask 

and water bath. 

A 250 |il. aliquot of 0.01 M pytidinium salt solu

tion was added to the sodium hydroxide solution. Distilled 

water, which was also kept at constant temperature in the 

water bath, was added to give 100 ml. of solution. This 

solution was 2.5 x 10~^ M in pyridinium salt. 

After shaking the flask, an aliquot was removed 

and pipetted into a quartz cell. This cell was then 
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replaced in the thermostat of the spectrophotometer. The 

reference cell contained sodium hydroxide solution. The 

timer was engaged and the spectrum was scanned from 750 

to 350 mn. About 150 seconds is required for adding 

pyridinium salt aliquot, diluting with water, mixing of 

solution, pipetting into quartz cell, replacing the cell 

in the thermostated compartment, up to the beginning of 

the initial scan, which was taken as the zero time. 

The scanning procedure is repeated for each con

stant increment of time, this increment being dependent 

on the speed of reaction. The optical densities at 530 

and 365 m|i were recorded after each scan. A typical 

experiment is shown in Fig. 2 with accompanying data and 

calculations given in Table 1. In most cases, the reaction 

was observed until 80-90% of the 530 tip peak had disappeared. 

Kinetic runs were made for 0.05, 0.08, 0.10, 0.16, 

0.20, 0.24, 0.30, 0.32, 0.40, 0.48, and 0.50 M sodium 

hydroxide at 20°, 30°, 40°, and 50°C. 

A few kinetic runs were also made at 5 x 10~"* M 

pyridinium salt concentration. 

This same procedure was followed for the other 

pyridinium and picolinium salts. 

5-(2.4-Dinitroanilino)-2.4-pentadienal and Sodium 

Hydroxide.--The same procedure was used as described for 

pyridinium salts, except the optical densities recorded 
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Fig. 2.--Experiment 61. Visible Spectrum Showing 
Changes of 530 and 365 mp. Peaks with Time. 
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TABLE 1.--Experimental Kinetic Data for Decrease of 530 mpi 
Peak.a 

time 
sec hi 

h2 
hj^ at t 

= 7000 sec 

hl " h2 

2 + 

log(h-^ - h2) 

Experiment No. 61 

000 1.210 0.500 0.710 1.851 
500 1.135 0.465 0.670 1.826 

1000 1.065 0.440 0.625 1.796 
1500 1.000 0.415 0.585 1.767 
2000 0.940 0.390 0.550 1.740 
2500 0.885 0.365 0.520 1.716 
3000 0.830 0.345 0.485 1.686 
3500 0.775 0.325 0.450 1.653 
4000 0.725 0.310 0.415 1.618 
4500 0.680 0.290 0.390 1.591 
5000 0.640 0.270 0.370 1.568 
5500 0.600 0.260 0.340 1.532 
6000 0.560 0.240 0.320 1.505 
6500 0.530 0.230 0.300 1.477 
7000 0.500 0.215 0.285 1.455 
7500 0.465 0.205 0.260 1.415 
8000 0.440 0.190 0.250 1.398 
8500 0.415 0.180 0.235 1.371 
9000 0.390 0.175 0.215 1.332 
9500 0.365 0.165 0.200 1.301 
10000 0.345 
10500 0.325 Y — f-
11000 0.310 

A - t 

11500 
12000 

0.290 
0.270 

Y = 2 + logOv - h2) 

12500 
13000 

0.260 
0.240 

-k! EXEY - n2XY 12500 
13000 

0.260 
0.240 2.303 ~ 9 9 

(£X)Z - rCOT 13500 0.230 
2.303 ~ 9 9 

(£X)Z - rCOT 
14000 0.215 
14500 0.205 where n = number of experimental 
15000 0.190 points (20). 
15500 0.180 

points 

-1 
16000 0.175 k' = 1.33 x 10 sec 
16500 0.165 

aSodium hydroxide concentration: 0.24 M, pyridinium 
salt concentration: 2.5 x 10" 5 M, temperature 1b°. 
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were at 425 mn and the timer was started when the monoanil 

was added to the sodium hydroxide solution. The data was 

extrapolated back to zero time to obtain the peak height 

at the time of mixing. 

Sodium Enolate of Glutacondialdehvde and Sodium 

Hydroxide.--An aliquot of standard sodium hydroxide was 

pipetted into a 100 ml. volumetric flask and sodium per-

chlorate was added in an appropriate amount to maintain 

the ionic strength at 1.0. The solution was made 2.5 x 10"^ 

M in enolate. The decrease of the peak at 365 m^i was 

recorded until 60-90% of this peak had disappeared. After 

one week, the 365 mn peak had completely disappeared. Hence, 

the base line was used in subsequent experiments as a measure 

of the concentration at infinite time. 

Kinetic runs were made at various sodium hydroxide 

_ 3 
concentrations which range from 1 x 10 to 1.0 M. For 

low concentrations, the reaction was studied between 50-

70°, vrtiile at high concentrations the reaction was studied 

between 20-70°. 

Calculations 

All slopes and intercepts were calculated by the 

method of least squares (Steinbach and King 1950, p. 14). 
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Rate Constants 

All rate constants for the disappearance of the 

530 ni|i peak were obtained by the method of Guggenheim 

(Frost and Pearson 1961, p. 49). A plot of log(h^-h2) 

vs time will yield a straight line with slope of -k/2.303. 

In this equation, h^ and are peak heights obtained at 

constant increments of time. Multiplication of this 

equation by -2.303 gives the first order rate constant. 

A typical plot is shown in Fig. 3. 

This method is especially convenient as it elim

inates the necessity of determining the initial concen

tration (at pre-zero time) or the peak height at infinite 

time. The time interval between h^ and h£ is at least 

one half-life period of the reaction. Guggenheim recom

mends two or three half-lives; however, this larger 

increment is impractical for these kinetics. If two 

or three half-lives were used, then the rate constant 

would be calculated for points obtained from zero to 207.. 

reaction and after 707# reaction. In most kinetic studies 

dealing with first order reactions, the best experimental 

points are obtained between 20-60% reaction. 

This method was checked by plotting the data in 

the usual manner, log(h^ - h^) vs time, which yields a 

rate constant agreeing with that obtained by the Guggen

heim method. In this equation, h^ is the peak height at 
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Fig. 3.—Experiment 61, Guggenheim Plot for 
Decrease of 530 mp. Peak and Increase of 365 rnn 
Peak at 0.24 M Sodium Hydroxide and 20°. 
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various time increments while hQO is the peak height at 

infinite time. 

Rate constants for the reaction of glutacondialde-

hyde enolate at 365 m|i were calculated by the usual first 

order plot. Extrapolation back to the pre-zero time of 

mixing was unnecessary because the velocity of this reaction 

is of such low magnitude that the initial reading is an 

adequate measure of hQ (peak height at zero time). There

fore, l°g(h^-h00) vs time yields a straight line with 

slope of -k/2.303. 

Equilibrium Constant for Glutacondialdehyde 

Experimentally determined constant: 

K„ . 

0^ 

a ,N 

"̂ OH 0 

+ H 

AH 
a 
± A" + H+ 

K _ 
a " (AH) 

Desired equilibrium constant: 

OH" 

0 

K 
eq % 

OH 

+ h2O 
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eq > _ 
OH + AH < A + H20 

( A ~ )  
m(on-) 

Now, 

<A">Kw 
= (AH)(OH-) 

(A-)(H;>(OH-) 
(AH)(OH") 

or, 

Energy of Activation 

Activation energies were obtained from the Arrhenius 

equation (Frost and Pearson 1961, p. 23): 

In k = In A - Ea/RT 

where A = Arrhenius frequency factor, R = gas constant, 

k = rate constant at temperature T, and Ea = experimental 

activation energy. A plot of log k vs 1/T yields a straight 

line with slope of -E /2.303 R. Multiplication by -2.303 R 
3. 

gives Ea. 

Entropy of Activation 

reaction rates (Glasstone, Laidler, and Eyring 1941, p. 

185; Hill 1960, p. 194), the following equation for the 

rate constant was derived: 

or log k = log A - Ea/2.303 RT 

From the statistical thermodynamics treatment of 
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k = IKT e-AHT/RT eAST/R 

where y = transmission coefficient (usually assumed to be 

unity), K = Boltzmann's constant, h = Plank's constant, 

AH*^ = enthalopy of activation, AS^ = entropy of activation, 

and k = rate constant. Taking logarithms of this equation: 

In k = ln(KT/h) - AH^/RT + AS*/R 

2.3031og k = 2.303 log(KT/h) - AH*/RT + AS*/R 

and setting AH^" = E and rearranging: 

± 
AS = 2.303 R log k + E_/T - 2.303 R log(KT/h). 

t 
When k, Ea, T, K, R, and h are all known, then AS can be 

calculated. 

Mechanisms 

Mechanism for Reaction of N-(2.4-Dinitrophenvl)-

pyridinium Chloride with Sodium Hydroxide.--On the basis 

of preliminary experiments in this investigation, three 

mechanisms were proposed for this reaction: 

I) 

"3H<±(3iF 

Py. salt 

R-NH, 

K, 

>0H-
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O2N 

R  -  ~ N 0 ;  

Py. salt 
k (fast) Ki K. k^(slow) 

rate = k^(M0H ) 

II) 

-> MH ^—> M" ^—> MOH — > products 

H HO N OH 0 

R-NH 

Py. Salt HOMH 

K. ic (f^St) ix -i\. 1 
Py. salt -x > MH —-> HOMH* ^Vj'n '> products 

k0(slow) 

h2O 

rate = k2(HOMH") 

III) A combination mechanism, in which reactions I and II 

are proceeding simultaneously from the same common starting 

materials, Py. salt and MH. 

rate - k1(M0H=) + k2(H0MH~) 

Equilibrium constants: 

Ki - k2 = (m-kSH-) '• k3 = (®(OH-) • 

In this kinetic study, it is assumed that the 

two peaks in the visible spectrum, at 530 mn and 425 mji, 
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are due to compounds M" and MH, respectively. Therefore, 

all rate equations must be written in terms of M~ or MH. 

Experimentally, ono obtains a pseudo-first order 

rate constant which may or may not be a function of sodium 

hydroxide concentration: 

d W 
" Tt = k' W 

where W is any reaction species whose concentration can 

be determined at any time during the reaction, and k' is 

the experimentally determined rate constant. 

For the disappearance of the peak for compound 

. dip = k. oo 

The rate equation for mechanism I is 

* = kL K2 (OH")(M") 

therefore, 

k' = kL K2 (OH") 

For mechanism II: 

-d(M~^ k2 K3 <M"> 

dt K. 

and 
k2 K3 
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For mechanism III: 

= [k! K2 (0H~) + ̂ 2] (M-) 

and 

k' = kL K2 (OH") + 2
r^3 

In mechanism I, k' is a linear function of (OH"). 

A plot of k1 vs (OH") should give a straight line with 

slope of k^ which passes through the origin. 

In mechanism II, k1 is independent of (OH"). 

Hence, a change in (OH") should not alter the value of k'. 

In mechanism III, k1 is again a linear function 

of (OH"). However, a plot of k' vs (0H~) should give an 

intercept of k2 as well as a slope of k^ K2. 

If the concentration of (MH) is measured, then 

the three mechanisms will give different rate equations 

as compared to those derived for (M"). 

For (MH), 

- = k'' (MH) 

where k1' is the experimentally determined rate constant. 

For mechanism I: 

- dff^ = kL KL K2 (OH")2 (MH) 

and 

k" = kL Kl K2 (OH")2 



For mechanism II; 

" = k2 K3 (0H_) (MH) 

and 

k" = k2 K3 (OH") 

For mechanism III; 

- = [kL Kx K2 (OH")2 + k2 K3 (OH")] (MH) 

and 

k" = kL Kx K2 (OH")2 + k2 K3 (OH") 

In mechanism I, k'• is a quadratic function of 

(OH"); k'' vs (OH")2 should give a straight line with 

slope of k^ K2. 

In mechanism II, k'1 is a linear function of (OH") 

k'1 vs (OH") should give a straight line with slope of 

k2 K3. 

In mechanism III, k'' is a complex function of 

(OH"); k*' vs (OH") should give a parabolic plot. 

Mechanism for Reaction of Sodium Enolate of Gluta-

condialdehvde with Water and Sodium Hydroxide.—Glutacon-

dialdehyde undergoes two types of reactions: an internal 

Cannizzaro reaction, IV, and a condensation reaction of 

the aldol type, V and VI. 
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(IV) 

0 

K r  K/ 

<—~T - JfH «L <—> JcH L <*tF U? 
q*"+OH O'^OH "O" "O OH x0 "" 0"^0H 0 

H 

0^0" H' 

X 

H 

H 
H rl 

0'*;uh H^TT (slow) 0 

A 

OH ./N) 

AOH" 

Rate = (Y) 

Equilibrium constants: 

K5 " (A-)(0H-) ; K6 
SU 

Since (A~) is measured, the rate equation must be 

written in terms of its concentration: 

= "h K5 K6 (0H"> <A"> 

k" ' = ̂  K5 K6 (oh~) 

now let k3 - kn K5 K6 

then k»" = k3 (OH") 
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(V) 

slow 

0 0 

A-A" 

0 

Rate = k, (A-)' 

="$P - MO2 
k" ' = k, 

This dimeric product may also react further, as 

in polymer formation or, possibly, cyclization: 
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o cr 
<-—> 

+rt+ 

o -H„0 

^ HI 

eq^ 
OH + 

OH ^ 

kcl (slow) 

+ H2O 

+H 
-H20 

0 OH 

H 

>H )H OH 

0^ 

OH 

Rate = k^(A")(AH) 

Equilibrium constant: 

Keq = (AH)(^H-) 

A-A-H 
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Therefore 

d(A"> k5(A)2 

" dt " Keq(OH-J 

k*1' - — 
Ke<,(OH") 

Combining both condensation mechanisms: 

" ilO = + (A*)2 

Complete mechanistic equations for all reactions of gluta-

condialdehyde enolate: 

- Kea 
AH + 0H <==> A + H20 

ko 
A + OH ——> AOH 

k4 A + A —=-> A-A 

A + AH ——> A-AH 

Rate = k^COH'HA") + k^(A")^ + k^(A~)(AH) 

Rewriting this equation in terms of (A"): 

kc - v 2 

- ̂ dP = k3(0H")(A"> + [k4 + Keq(6H-^ <A"> 

and setting k̂ (OH ) = k̂ , and k̂  -f  ̂(0h~)' = 

then "^t ^ = ki(A~) + kj(A~) 

or 
d(A") 

eq 

- n 2  

(A")[ki + kj(A-)] 
dt 
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integrating 

I k
t + k.(A-) 

In [ • J = t + constant 

at t = 0, (A") = (Ao") 

therefore, 

1 <V> .ki + MA">., 

k^ ln [ ̂  + kj(Ao") ' TA=^~" ] - = 

Rearranging and converting to exponential form: 

ek.t _ r 
(Ao > kl , 1 (Ao ̂  k1 

e 1 " \ kjCAq") W7 + kt + kj(V) 

At low aldehyde concentrations (10""* M) and high 

base concentrations (0.1-1.0 M), vfaen the Cannizzaro 

reaction predominantes, k11• vs (OH") should give a 

straight line with slope of k^. From this value of k^, 

k^ can be calculated for any base concentration. Hence, 

e^*" is a linear function of 1/(A") with slope, S, equal 
<(A ') k ( A  ' )  k 

" • k.(Ap-)• and Percept, I, equal to ̂  • 

Since S, I, and k^ a^re known or can be calculated, then 

kj can be determined from the following relationship: 

• k  Kj S 

Returning to the original equation for ky 

k5 
kj = k4 + Keq?0H-) 



or 
k5 

k .(OH ) = k, (OH ) + *-*-
J eq 

Therefore, kj is a linear function of 1/(0H") with slope 

of kjj/Keq and intercept of k^, or kj(OH~) is a linear 

function of (OH") with slope equal to k^ and intercept 

equal to k^/Kg^. Since (OH"), kj, and Keq are known or 

can be calculated, then k^ and k^ can be determined. 



RESULTS AND DISCUSSION 

The following data should clarify any questions 

regarding various compounds and their absorption maximum 

in the visible or ultraviolet spectrum: 

N-(2,4-dinitrophenyl)pyridinium chloride, X 
max 

= 235 mn; 5-(2,4-dinitroanilino)-2,4-pentadienal, ^max 

= 425 m^i; 5-(2,4-dinitroanilino)-2,4-pentadienal sodium, 

enolate, *-mav = 530 m|a; glutacondialdehyde, ^ = 300 
ulax uiax 

m|i (weak); glutacondialdehyde sodium enolate, = 
nicix 

365 m^. 

Kinetics and Reaction of N-(2.4-Dinitrophenvl)Dvridinlum 

Chloride and Sodium Hydroxide 

Irreversibility of Initial Ring-opening Reaction 

The initial rapid reaction tdhich occurs when 

N-(2s,4-dinitrophenyl)pyridinium chloride is added to sodium 

hydroxide is irreversible. Zincke, Hauser, and Moller 

(1904) added concentrated hydrochloric acid to the mono-

anil and obtained 2,4-dinitroaniline. Glutacondialdehyde 

was also identified as its dianil. No evidence was found 

for the presence of N-(2,4-dinitrophenyl)pyridinium chlor

ide. Grigoreva and Gintse (1958) also report that addition 

of hydrochloric acid to the monoanil yields glutacondialdehyde 

50 
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and 2,4-dinitroaniline. In the present research, N-(2,4-

dinitrophenyl)pyridinium chloride and aqueous sodium 

hydroxide were mixed, giving a violet solution, which was 

immediately acidified with concentrated hydrochloric acid. 

The visible and ultraviolet spectrum of the resulting 

solution gives peaks which are attributed to 2,4-dinitro-

aniline and glutacondialdehyde. The peak for pyridinium 

chloride at 235 mp. was not observed. In addition, the 

monoanil was dissolved in 0.1 M sodium hydroxide and 

immediately acidified with concentrated hydrochloric 

acid. Again, the visible and ultraviolet spectrum gave 

evidence for 2,4-dinitroaniline and glutacondialdehyde 

only. 

Comparison of Rates for N-(2,4-D}.nitrophenyl)pyridinium 

Chloride and 5-(2,4-Dinitroanilino)-2,4-pentadienal 

Since the initial ring-opening reaction is irre

versible and extremely rapid, then the rate constant for 

the pyridinium salt should be the same as for the mono-

anil. As shown in Table 2, good agreement is obtained. 

Effect of Ionic Strength on Rate Constant 

In preliminary work which was performed prior to 

this research, Kelley (1959) established the absence of 

ionic strength effects on the rate of disappearance of 

the 530 m|i peak. He carried out parallel kinetic runs 

using 4 x 10"5 M pyridinium salt and 0.1025 M sodium 
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hydroxide at 30°. However, the medium for one of the 

runs was also 0.899 M in sodium perchlorate. This added 

salt increased the ionic strength from 0.1025 to 1.0015. 

The rate constant at |i = 0.1025 is 2.22 x 10"^ sec"*" 

'  - 4 - 1  
while the constant at n = 1.0015 is 2.16 x 10 sec 

< 

The difference in the two rate constants is well within 

the limits of experimental error. Since the reaction 

is assumed to be attack of hydroxide ion on the monoanil 

enolate, then an increased ionic strength would increase 

the rate constant if there is a significant salt effect. 

-4 
At a sodium hydroxide concentration of 5 x 10 

M, the monoanil predominates (425 ri^t peak) and the enolate 

peak (530 rrp) is almost eliminated. Ionic strength 

studies at this base concentration again show the absence 

of any salt effect. (This will be discussed further 

under the section on kinetics and reaction of the mono

anil.) 

Experimental Rate Constant as a Function of Pyridinium 

Salt and Sodium Hydroxide Concentrations 

Change in Concentration of N-(2.4-Dinitrophenv1)-

pyridinium Chloride.--Changing the pyridinium salt concen

tration does not alter the first torder rate constant. 

As shown in Table 3, increasing the salt concentration 

from 2.5 x 10"^ to 5 x 10"*' M gives the same rate constant 

within experimental error. 
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TABLE 2.--Comparison of Rate Constants for N-(2,4-Dinitro-
phenyl)pyridinium Chloride and 5-(2,4-Dinltroanilino)-2,4-

pentadienal.3 

(OH') 

M 

k sec"^" 
py. salt, 

x 10* 
^monoanil fec 

x 104 

o.i 2.44 2.46 

0.2 3.04 2.99 

0.3 3.66 3.69 

o _ l"\ 

Temperature 30°, 2.5 x 10 M pyridinium salt and 
monoanil concentrations, 

TABLE 3.--Effect of N-(2,4-Dinitrophenyl)pyridinium Chloride 
Concentration on Rate Constant at 30°. 

(OH") 

M 

k' sec"*" x 104 

(2.5 x 10"5 M py. salt) 

k' sec"^ x 104 

(5.0 x 10"5 M py. salt) 

0.05 2.01 1.89 

0.08 2.28 2.32 

0.10 2.44 2.47 

0.16 2.83 2.90 

0.20 3.04 3.20 

0.24 3.44 3.45 
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Change in Concentration of Sodium Hydroxide.— 

Increasing the sodium hydroxide concentration, increases 

the value of the rate constant. Kinetic runs were carried 

out at II different concentrations ranging from 0.05 to 

0.50 M sodium hydroxide. The results for these runs are 

given in Table 4. The rate constants were obtained from 

the following rate equation: 

- f  - k .  w  

where W  is the compound with absorbs at 530 rip. In this 

equation, k' is the first-order rate constant which is 

some function of sodium hydroxide concentration. 

Log k' vs log (0H~) gives a parabolic plot while 

k' vs (OH") gives a straight line with an intercept. 

Therefore, 

k« = m (OH") + B 

where m is the slope and B is the intercept. A plot of 

the data obtained at 20° is shown in Fig. 4. Graphs for 

the data obtained at other temperatures also give linear 

plots. 

These data support mechanism III, vhich is a 

combination of mechanisms I and II. In mechanism III, 
k2 Ko 

m is k^ and B is . At any temperature, B/m should 

be reasonably constant. Values of B, m, and B/m are given 

in Table 5. 



TABLE 4.--Effect of Sodium Hydroxide Concentration on 
Rate Constant for Decrease of 530 m|i Peak.® 

(OH") 

M 

-1 4 
k' sec x 10 (OH") 

M 

0
 
o
 

C
M
 

u>
 
o
 

o
 

4>
 

O
 
o
 

50° 

0.05 0.79 2.01 4.78 10.73 

0.08 0.96 2.28 5.57 12.05 

0.10 0.97 2.44 5.58 12.85 

0.16 1.13 2.83 6.54 14.73 

0.20 1.23 3.04 -- 16.76 

0.24 1.33 3.44 7.36 18.64 

0.30 1.51 3.66 8.42 20.04 

0.32 1.53 3.82 8.60 21.07 

0.40 1.80 4.24 8.48 24.26 

0.48 1.96 4.78 10.49 

0.50 2.05 4.84 10.72 26.41 

a -5 
Pyridinium salt concentration: 2.5 x 10 M. 



56 

2 . 0 -

1.0" 

0 . 1  0 . 2  0.4 0.3 0.5 

(OH"), M 

Fig. 4.--Rate Constant as Function of Sodium Hydroxide 
Concentration for Decrease of 530 Peak at 20°. 



57 

TABLE 5.--Slopes, Intercepts, and Their Ratio from (OH") vs 
k' Plot of Data for N-(2,4-Dinitrophenyl)pyridinium Chloride. 

Temp. 
°C. 

20 

30 

40 

50 

B sec"1 x 104 

0.70 

1 . 8 0  

4.45 

8 . 2 8  

m sec"1 x 104 

2 . 6 8  

6.19 

12.74 

36.30 

B/m 

0 . 2 6  

0.29 

0.29 

0.23 

TABLE 6.--Activation Energies for Decrease of 530 m|j Peak. 

(OH") 
M 

0.05 0.08 o
 

t-
* 
o
 

0.16 0.20 0.24 0.30 0.32 0.40 0.48 0.50 

Ea 
/Kcalx 
Amole' 

16.1 15.7 15.9 15.8 1.6.1 16.2 15.9 15.6 14.9 15.2 15.0 

TABLE 7.--Entropy of Activation for Decrease of 530 m^ Peak 
at 0.10 M Sodium Hydroxide Concentration. 

Temperature 

O
 

O
 

C
N

l 

30° 

o
 

O
 50° 

AS 

/ cal \ 
deg mole' 

-23.2 -23.3 -23.3 -23.5 
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Since both intercept, B, and slope, m, are products 

or quotients of various rate and equilibrium constants, 

then a plot of their logarithms vs 1/T should be linear. 

For example, if m is k^ K2, then 

In m = In + In K2 

and 

d In m = d In k^ + d In K2 

Dividing by d(l/T) 

, , d In k, d In Ko 
d In m _ 1 L 
d(1/T) ~ d(l/T) + d(l/T) 

now, it is known that 

d In kL Ea 

d(l/T) = " T = constl 

and 

d ln K2 AH 
d(l/T) " ' R " const2 

where E0 is the activation energy for the reaction which a 

involves k^ and AH is the enthalpy change for the reaction 

which involves K2. Since both Ea and AH are constants, 

then 

j 1 n m 

D(1/T) = CONSTI + const2 

= constant 

Hence, this plot should be linear. Plots of ln m and ln B 

vs 1/T are shown in Figs. 5 and 6. 
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2.0-1 

1.5' 

E 

00 
o 

r—I 

+ 

1.0-

0.5-

3.1 3.2 3.4 3.3 

1/T x 103 

Fig. 5.—'Correlation of Slopes for Rate Data 
Obtained for Decrease of 530 mn Peak. 
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2.0-1 

i.r 

PQ 

00 
O 

+ 
m 

1.0-

3.1 3.2 

1/T x 10 

3.3 
3 

3.4 
I 

3.5 

Fig. 6.--Correlation of Intercepts for Rate Data 
Obtained for 530 m|i Peak. 
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Energy of Activation for Decrease of 530 mn Peak 

From the data given in Table 4, an energy of activ

ation can be obtained for each sodium hydroxide concentra

tion. A plot of log k' vs 1/T is linear with slope of 

- E /2.303 R. A representative plot is shovm in Fig. 7. 
Cl 

Results for the other ten plots are shown in Table 6. 

Entropy of Activation for Decrease of 530 mn Peak 

The entropy of activation was calculated by util

izing an average activation energy of 15.7 Kcal mole"*", 

and rate constants obtained at 20, 30, 40, and 50° in 

0.10 M sodium hydroxide. These results are shown in 

Table 7. 

The entropy of activation is the difference between 

the entropy of the transition state complex and the sum of 

the entropies of the reactants (Amis 1949, p. 108). This 

entropy change is a measure of the difference in total 

complexity of the transition state complex as opposed to 

the reactants. This complexity is dependent on the net 

change in degrees of freedom between the transition state 

complex and the reactants. For instance, if formation of 

the transition state complex decreases the total number of 

degrees of freedom, then the entropy of activation will 

be negative. 

As shown in Table 7, the reaction of sodium hydrox

ide and monoanil or monoanil enolate in aqueous solution 
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2 . 0 -

<30 
o 
r—4 

+ 

1.0-

3.1 3.2 3.3 3.4 3.5 

1/T x 103 

Fig. 7.--Activation Energy for Decrease of 530 mpi 
Peak at 0.10 M Sodiurji Hydroxide. 
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gives an entropy of activation of -23.3 cal deg"^" mole"^". 

Hence, from the above discussion, the transition state 

complex contains fewer degrees of freedom as compared 

to reactants. This result is reasonable for a rate-

controlling step in which two particles (hydroxide ion 

and monoanil or monoanil enolate) come together in form

ing the transition state complex. 

Comparison of Rate Constants for N-Picrylpyridinium and 

N-Picryl-3-picolinium Chloride with N-(2,4-Dinitrophenyl) 

pyridinium Chloride 

N-Picrvlpvridinium Chloride and N-(2.4-Dinitro-

phenvDpvridinium Chloride.--As shown in Table 8, addition 

of another nitro group to the benzene ring increases the 

rate of reaction. This increase is expected because the 

nitro group withdraws electrons from the ring and side 

chain via resonance and inductive effects. Withdrawal 

of electrons from the side chain will make the alpha 

carbon atom more deficient in electron density and it 

will be more susceptible to attack by hydroxide ion. 

N-Picrvl-P-picolinium Chloride and N-Picrylpyri-

dinium Chloride.--A methyl group on the side chain of the 

monoanil increases the rate of reaction. This rate 

enhancement must be attributed to a more favorable 

entropy situation as shown in Table 8. 



TABLE 8.—Comparison of Kinetic Results for N-Picrylpyridinium, 
N-Picryl-0-picolinium, and N-(2,4-Dinitrophenyl)pyridinium 

Chlorides.a 

k' sec - 1 *  104 
Kinetic Thermodynamic 

Relations 

Compounds 

10° 20° 30° 
Ea 

(Seal) 
mole' 

AS* AF* 

/kcalx 
kmole; 

(2,4-Dinitro-
phenyl) 
pyridinium 

0.97 2.44 15.7 -23.3 22.8 

Picryl 
pyridinium 

1.97 4.25 10.95 15.9 -19.7 21.9 

Picryl-3-
picolinium 

3.16 7.60 19.65 16.8 -15.5 21.5 

Sodium hydroxide concentration: 0.10 M, organic compound 
concentration: 2.5 x 10"^ M. 



Kinetics and Reaction of 5-(2.4-Dinitroanilino)-2.4-penta 

dienal 

Good kinetic results were unobtainable at the 

wavelength at which this compound absorbs (425 mji). The 

change in peak height from zero time to infinite time was 

much smaller as compared to the peak height changes at 

365 and 530 However, in all cases the reaction 

follows first order kinetics with respect to the monoanil 

A typical plot is shown in Fig. 8. 

Effect of Ionic Strength on Rate Constant 

As mentioned in a previous section, the reaction 

of monoanil and hydroxide ion is not altered by a change 

in the ionic strength of the medium. A change in ionic 

strength by a factor of 21 did not alter the value of the 

first prder rate constant, as shown in Table 9. This was 

expected because the reaction involves an ion and a mole

cule. Laidler (1950, p. 132) points out that no ionic 

strength effect will occur if the reactants are suffi

ciently dilute. However, more concentrated solutions 

will display a small increase in reaction rate when the 

ionic strength of the medium is increased. 

Experimental Rate Constant as a Function of Sodium 

Hydroxide Concentration 

Increasing the sodium hydroxide concentration 

increases the experimentally determined rate constant. 



0.8T 

8 JC 
o 

M 0.7-

0.6. 

0.5" 

2400 1200 1800 3000 600 
t, sec 

Fig. 8.—Experiment 143. First Order Rate Plot 
for Decrease of 425 mp. Peak at 5 x 10~3 M Sodium 
Hydroxide and 50°. """ 



TABLE 9.--Effect of Ionic Strength on Rate Constant for 
Hydrolysis of 5-(2,4-Dinitroanilino)-2j4-pentadienal.a 

Temperature k' 1 sec"^ x 104 k' ' sec"^" x 104 

°C. (li = 5 x 10'4) (p. = 1.05 x 10"2) 

50 1.16 1.04 

60 2.01 1.98 

7 0  3.52 3.40 

a A 
Sodium hydroxide concentration: 5 x 10 M, 

monoanil concentration: 2.5 x 10""' M, n = (NaClO^) 

+ (NaOH). 
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A plot of k'' vs (OH") is complex and does not correspond 

to any of the proposed mechanisms. This plot is parabolic 

with a downward curvature. In mechanism III, the plot 

would also be parabolic but with an upward curvature. 

The poor results obtained at this wavelength could 

be due to the low solubility of the monoanil in aqueous 

solutions at pH 11-12. As the hydroxide concentration 

is increased, more of the monoanil is converted to enolate. 

This changes the initial peak heights and would have some 

effect on the observed rate constant. This problem could 

be eliminated if a dioxan-water solvent was used instead 

of water alone. A mixed solvent would increase the 

solubility of the monoanil and give a larger peak height 

change from zero time to infinite time. 

Kinetics and Reactions of Glutacondlaldehvde and Its 

Sodium Enolate 

Effect of Ionic Strength on Rate Constant 

At sodium hydroxide concentrations of 0.1-1.0 M, 

a positive salt effect is observed. These results are 

shown in Table 10. The postulated reaction at these high 

hydroxide concentrations involves two similarly charged 

ions; hence a positive salt effect is expected. (A 

typical first order plot is shown in Fig. 9.) 



TABLE 10.--Effect of Ionic Strength on Rate Constant for 
Reaction of Sodium Glutacondialdehyde Enolate and Sodium 

Hydroxide.a 

(OH") 

M 

k^ sec ^ x 104 

M- = (OH") 

k^ sec"^" x 104 

H  =  1 . 0  

rr z— 
k^ sec x 10 

(OH") 

n =  1 . 0  

0 . 1  0 . 3 0  0 . 4 2  4 . 2 0  

0 . 3  0 . 9 5  1 . 1 7  3 . 8 8  

0 . 5  1 . 7 3  1 . 9 8  3 . 9 5  

0 . 8  2 . 9 7  3 . 0 5  3 . 8 1  

1 . 0  3 . 9 5  3 . 9 5  3 . 9 5  

aTemperature 70°, n = (NaClO^) + (NaOH), enolate 
concentration: 2.5 x 10"5 M. 

TABLE 11.--Peak Height Measurements of Sodium Glutacondi 
aldehyde Enolate at Various pH Values.3 

pH Peak Height (A~), M x 105 (AH), M x 105 

12 1.580 2.33. 

7 1.610 2.37 

6 1.010 1.49 0.86 

5 0.250 0.37 1.98 

aTemperature 70°, e = 67,900 for 365 m|i peak. 
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1.2-
Glutacondialdehyde enolate 

0.10 M Sodium Hydroxide 

/""N 

8 

r-l JC 
00 
o 

I—t 

+ 
1-4 

1 2 3 4 5 6 7 8 

t', hrs. 

Fig. 9.—Experiment 192. First Order Plot for 
Decrease of 365 m|i Peak at 70°. 
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Equilibrium Constant for Glutacondialdehyde 

The ionization constant for glutacondialdehyde 

was determined via spectrophotometry methods. The peak 

height at 70° was obtained in 0.01 M sodium hydroxide, 

distilled water, and buffer solutions of pH 5 and 6. 

The results are shown in Table 11. 

Since the dialdehyde is completely in the enolate 

form in water and sodium hydroxide, then the total amount 

of organic compound can be calculated from the peak heights 

obtained for these solutions. Therefore, from the data 

in Table 11, the total concentration is 2.35 x 10"^ M 

organic compound. The peak heights obtained at pH 5 and 

6 represent the amount of enolate present. Subtraction of 

this amount from 2.35 x 10~~* M gives the amount of free 

dialdehyde present. Hence, in the equation: 

K . 
a " (AH) 

(H+) is known, and (AH) and (A") have been determined 

spectrophotometrically. Therefore, Ka can be calculated. 

- 6  
From the data obtained at pH 5, K„ = 1.87 x 10" 

a 
fi 

and at pH 6, Ka - 1.73 x 10" . Averaging the two experi-

- 6 
mentally determined values gives K = 1.8 x 10 

The desired equilibrium constant is 

K = K„/K 
eq a' w 
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-13 
Therefore, dividing K& by Kw, 1.6 x 10 , gives Ke^ = 

1.12 x 107at 70°. 

Kinetic Proof that Sodium Glutacondialdehyde Enolate 

Corresponds to 365 mp. Peak 

Since it is assumed that hydrolysis of the monoanil 

yields 2,4-dinitroaniline and sodium glutacondialdehyde 

enolate, then these products are responsible for the 365 

mn peak. To study this further, kinetic runs were carried 

out with 2,4-dinitroaniline, 2,4-dinitroaniline and sodium 

glutacondialdehyde enolate, and the compounds which result 

from hydrolysis of the monoanil and absorb visible light 

at 365 m|i. All runs were made at 50° in 0.50 M sodium 

hydroxide and all organic compounds were initially present 

at 2.5 x 10"5 M concentration. 

The peak height changes at 365 mp. were recorded 

for 2,4-dinitroaniline and a combination of 2,4-dinitro-

aniline and sodium glutacondialdehyde enolate. By sub

tracting the peak height changes for 2,4-dinitroaniline 

from the values for the combination, the changes due to 

sodium glutacondialdehyde enolate only are obtained. 

Plotting these resultant peak heights in the usual manner, 

log(peak height) vs t, gives a straight line. The slope 

of this line gives a rate constant of 4.40 x 10"^ sec"*". 

In another run, N-(2,4-dinitrophenyl)pyridinium 

chloride was reacted until the 530 m|i peak had disappeared 
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and the 365 peak had reached a maximum. The decrease 

of the 365 mn peak was then observed as a function of time. 

The previously determined peak height changes for 2,4-

dinitroaniline were subtracted from these peak heights 

and the resulting peak heights were plotted in the usual 

manner. The first order rate constant obtained from this 

plot is 4.39 x 10"5 sec"''", vhich compares very favorably 

with the value of 4.40 x 10" sec"*" for the decrease of 

absorption by sodium glutacondialdehyde enolate in the 

synthetic mixture. A determination of the rate constant 

for glutacondialdehyde enolate in the absence of 2,4-

dinitroaniline gave a value of 3.85 x 10" sec"*". Hence, 

it has been proved from kinetic measurements alone that 

the sharp peak at 365 mp. is due to sodium glutacondialde

hyde enolate. 

Kinetic Results at Various Sodium Hydroxide Concentrations 

Rate Constant as a Function of Sodium Hydroxide 

Concentration Between pH 13-14.--At sodium hydroxide 

concentrations between 0.1-1.0 M, the Cannizzaro 

reaction predominates. Therefore, the rate equation is 

first order with respect to both enolate and hydroxide 

concentrations: 

igl . MA-) 

where k^ = kg(0H") 
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Experimentally, is obtained. Therefore, a plot of 

vs (OH") will give a straight line which passes through 

the origin with slope of k^. This plot'is shown in Fig 

10. The slope is 3.96 x 10"^ 1. mole""*" sec"*". This 

relationship is also verified by dividing k^ by hydroxide 

concentration: 

k./(0H") = k3 

A reasonably constant value is obtained as shown in the 

last column of Table 10. 

Energy of Activation at pH 13-14.--The logarithms 

of rate constants obtained at 20°, 30°, 40°, and 50° in 

0.30 M sodium hydroxide were plotted against 1/T. (See 

Fig. 11.) The activation energy calculated from this plot 

is 16.0 Kcal mole"*". 

Entropy of Activation at pH 13-14.--Using an 

activation energy of 16.0 Kcal mole"*", the entropy of 

activation was calculated at four temperatures. The 

results are compiled in Table 12. The high negative 

entropy of activation indicates that the transition state 

complex is more ordered as compared to reactants. An 

internal Cannizzaro reaction requires a cyclic transition 

state complex which would contain fewer degrees of freedom 

and be more ordered as compared to reactants. 
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Fig. 10.— Rate Constant as a Function of Sodium 
Hydroxide Concentration for Decrease of 365 mn 
Peak. 
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3.1 3.2 3.3 3.4 3.5 

1/T x 103 

Fig. 11.—Activation Energy for Decrease of 365 
Peak at 0.3 M Sodium Hydroxide. 
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TABLE 12.—Entropy of Activation for Reaction of Gluta-
condialdehyde Enolate and Sodium Hydroxide.3 

Temperature, °C. 20 30 40 50 

&S(cal deg"^" mole"*") -30.0 -29.9 -30.1 -30.0 

aSodium hydroxide concentration: 0.30 M, Ea = 

16.0 Kcal mole"*". 

TABLE 13.—Rate Constant for Reaction of Glutacondi-
aldehyde Enolate and Sodium Hydroxide at pH 11-12.a 

(OH"), M x 103 1 2 3 5 8 

k. 1. mole"''" sec"*" 
J T 

x 10L 9.69 8.32 7.80 7.57 7.14 

aTemperature 70°, ̂  = 1.0. 



~ Constants .2.§. !! Function .2f. Sodium Hydroxide 

Concentration Between~ 1!-ll.--At sodium hydroxide 

concentrations of l,lO·x lo- 3 ,tl, first· and second .. order 

rate equation plots of peak height changes obtained at 

365 m~ are non-linear. Therefore, glutacondialdehyde 

and its enolate must be reacting via Cannizzaro and 

aldol-type reactions simultaneously. The Cannizzaro 

reaction is first··order with respect to hydroxide and 

enolate concentrations while the aldol reactions are 

second·order with respect to enolate or enolate and 

dialdehyde concentrations and complex with respect to 

hydroxide concentration. 

The rate equation for the combined mechanism 

d(A-2 = k. (A-) + k. (A-)2 
dt ~ J 

where ki k3 (OH-) and k. k4 + 
ks 

= = Keq(oH-) . 
J 

is 

The rate constant for the Cannizzaro reaction, k3 , was 

obtained from kinetic studies at sodium hydroxide con

centrations of 0.1-1.0 ,tl. Its value is 3.96 x 10-4 1. 

-1 -1 mole sec . Using this constant, k. can then be cal-
~ 

culated for any sodium hydroxide concentration. There-

f . h f . k. t b d . d ore, at any t~me t, t e unct~on, e ~ , can e eterm~ne , 

and a plot of ekit vs 1/(A-) will give a straight line with 

(A -)k. (A -) k. 
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1 S f 0 l d . t t I f 0 i s ope, , o k. + k. (A -) , an ~n ercep , , o k· + k. ( _). 
~ J 0 ~ J 0 

This plot is shown in Fig. 12. 
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1.151 

1 . 1 0 -

70° 

1.00-

5.0 6 . 0  7.0 8 . 0  9.0 10 .0  

1/A" M"1 x 10"4 

Fig. 12.—Experiment 216. Rate Plot for Mixed Order 
Reaction for Decrease of 365 m|a Peak. 
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Since k^, I, and S are known or have been determined, 

then k. can be calculated from the relationship: 

k. T 

k = 1 1 

J S 

The values of kj which were obtained at five sodium hydrox

ide concentrations are compiled in Table 13. 

From the proposed mechanism, k. is inversely pro-
J 

portional to sodium hydroxide concentration: 

kj = k4 + Keq(0H~) 

Hence, k^ vs 1/(0H") gives a straight line with slope of 

ks/Keq and intercept of k^. This plot is shown in Fig. 13. 

The slope of this line is 2.81 x 10~4 1. mole"^" sec"'*" 

while the intercept, which is equal to k^, is 6.89 x 10"^ 

1. mole"*" sec~^". Since the slope is equal to k^/Keq, and 

K has been determined, then kr can be calculated. The 
eq ' j 

3 -1 -1 
value of kj is 3.16 x 10 1. mole sec . Also, 

k.(OH') = k4(0H~) + k5/Keq. 

Therefore, a plot of kj(0H~) vs (0H~) gives a straight 

line with slope of k^ and intercept of k^/Keq. This 

plot is shown in Fig. 14. The slope of this line, k^, 

-1 -1 -1 
is 6.80 x 10 1. mole sec , and the intercept, k,-/K , 

J CV| 

is 3.09 x 10"4 1. mole"^" sec"*". Multiplication of this 

3 -1 
intercept by Kgq gives a value of 3.46 x 10 1. mole 
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1.0-1 

0.9-

l/(OH") M"1 x 10"2 

Fig. 13.—Correlation of Data for Combination 
Mechanism for Decrease of 365 mp. Peak at pH 
11-12; kj vs 1/(0H~) plot. 



5-

x 
o 

(OH") % x 103 

Fig. 14.—Correlation of Data for Combination 
Mechanism for Decrease of 365 nv Peak at pH 
11-12; kj (OH") vs (OH") Plot. 



sec"*- for k^. As was expected, the two different plots 

give the same values for k^ and k^ within the limits of 

error for the least squares method. 



SUMMARY 

The reaction of N-(2,4-dinitrophenyl)pyridinium 

chloride with sodium hydroxide in aqueous solution is 

complex and yields many products. The initial ring-opening 

reaction which gives 5-(2,4-dinitroanilino)-2,4-pentadienal 

is extremely rapid and irreversible. In sodium hydroxide 

concentrations greater than 0.05 M, the monoanil is imme

diately converted to its enolate. 

The rapidity of the ring-opening reaction is due 

to the combination of a negative ion (hydroxide) with a 

positive ion (pyridinium). Conversion of the monoanil to 

its enolate simply involves the removal of a proton by 

hydroxide ion. The subsequent reactions of the monoanil 

and its enolate with hydroxide involve an ion and a mole

cule or similarly charged ions. Therefore, these reactions 

will be slower as compared to formation of the monoanil and 

its enolate from N-(2,4-dinitrophenyl)pyridinium chloride 

and sodium hydroxide. 

Identification of the monoanil by infrared spectral 

studies and elemental analysis clears up some of the con

flicts in the literature regarding its chemical composition. 

Shaw (1961) claims that the red compound is the sodium 

84 
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enolate of the monoanil; however, the results of this 

research show it to be the monoanil. 

Isolation of the monoanil enolate was unsuccess

ful. Grigoreva and Gintse (1958) studied the monoanil in 

alcohols and alcohols which contained sodium hydroxide. 

They observed a spectral shift from 375-425 mp. for the 

alcohol solutions to 525-575 mn for the alcohol solutions 

which contained sodium hydroxide. They assumed that the 

shift was caused by formation of the monoanil enolate 

from the monoanil by reaction with sodium hydroxide. This 

shift was also observed in this research. 

Hydrolysis of the monoanil or its enolate with 

aqueous sodium hydroxide yields 2,4-dinitroaniline and 

glutacondialdehyde or sodium glutacondialdehyde enolate. 

The amine was isolated by extraction with butyl alcohol 

and steam distillation of the alcohol extract. After 

recrystallization, it was identified by a mixture melting 

point test with pure 2,4-dinitroaniline. 

Glutacondialdehyde was trapped as Lts. dianil in 

butyl alcohol. The visible spectrum of this solution was 

the same as the spectrum of the dianil obtained from known 

glutacondialdehyde. 

The kinetics of the compound viiich absorbs in the 

visible spectrum at 530 m|i support a mechanism in which 

the monoanil is hydrolyzed via two parallel pathways. 
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The first pathway involves hydrolysis of the enolate 

vtfiich results from reaction of monoanil and sodium 

hydroxide. The second pathway consists of direct 

hydrolysis of the monoanil. The products of this 

hydrolysis, 2,4-dinitroaniline and glutacondialdehyde 

or its enolate, undergo further reactions in basic and 

neutral solutions. 

In sodium hydroxide concentrations of 0.1-1.0 tj, 

glutacondialdehyde enolate is converted to 5-hydroxy-2-

pentenoic acid via an internal Cannizzaro reaction. 

Formation of this acid was verified with information 

obtained from infrared spectra data. However, the acid 

was not isolated. 

The Cannizzaro reaction is further supported by 

kinetic data. The reaction is first order with respect 

to both sodium hydroxide and glutacondialdehyde enolate 

concentrations. A normal Cannizzaro reaction is first> 

order in hydroxide but second-order with respect to 

aldehyde concentration. However, glutacondialdehyde 

has two aldehyde functions on the same molecule; there

fore, the reaction is first order in dialdehyde concen

tration. 

The rate determining step in this Cannizzaro 

reaction is postulated as a hydride ion transfer from one 

part of the molecule to another via a cyclic mechanism: 
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"H 

.  H  

r \  [ v . ^ H i n  H  

C T T ) H  H ^ 0 ~  TsTowJ O^iQH H\)~ 

The entropy of activation for this reaction is -30.0 cal 

deg"*" mole"''". This large negative entropy change is 

indicative of a cyclic transition state complex (Gould 

1959, p. 181). 

In solutions at pH 11-12, the Cannizzaro and 

aldol reactions occur simultaneously. The proposed 

mechanism includes a complex rate equation which contains 

first and second order coefficients for the glutacondi-

aldehyde enolate concentration. This rate equation 

includes the Cannizzaro reaction and two aldol-type 

reactions. The first aldol reaction involves a direct 

condensation of two enolate ions while the second involves 

condensation of the dialdehyde with its enolate. The 

products from these reactions can participate in further 

condensations to eventually yield polymeric products. 

The rate constant for condensation of two enolate 

ions is 6.85 x 10"^ 1. rnole"^" sec~\ v^iile the rate 

constant for the condensation of enolate and dialdehyde 

3  - 1  - 1  
is 3.31 x 10 1. mole sec . The reaction between 

dialdehyde and enolate ion is much faster than the reac

tion between two enolate ions because an ion and molecule 
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will react much faster than two similarly charged 

ions. 

In solutions of pH 10 or lower, glutacondialde-

hyde and its enolate undergo aldol-type reactions 

exclusively. 

All of the kinetic and synthesis data can be 

correlated to an overall mechanism. The initial reaction 

of N-(2,4-dinitrophenyl)pyridinium chloride with sodium 

hydroxide in aqueous solution yields 5-(2,4-dinitroanilino)-

2,4-pentadienal. The next step involves hydrolysis of this 

monoanil or its enolate to 2,4-dinitroaniline and gluta-

condialdehyde or its enolate. This hydrolysis step pro

ceeds via two parallel pathways. 

At high sodium hydroxide concentrations (pH 13-14) 

the enolate is converted to 5-hydroxy-2-pentenoic acid. 

At low hydroxide concentrations (below pH 10), the enolate 

condenses with itself or glutacondialdehyde in aldol-type 

reactions. At intermediate hydroxide concentrations (pH 

11-12), both Cannizzaro and aldol-type reactions occur. 

The complete scheme is shown in Fig. 15. 
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Fig. 15.--Complete Mechanism for Reaction 
of N-(2,4-Dinitrophenyl)pyridinium Chloride 
with Sodium Hydroxide. 
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