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I. INTRODUCTION 

Statement of Problem 

Most of the investigations of the acid catalyzed benzidine 

rearrangement pertain to hydrazobenzene or its derivatives. Rela

tively little has been done in the hydrazonaphthalene series. 

Meisenheimer and Witte (1) reported the first acid catalyzed re

arrangement of 2,2*-hydrazonaphthalene in 1903, Hodgson et al. 

(2) have rearranged some halogenated derivatives of hydrazonaphtha

lene by acid catalysis. Krolik and Lukashevich (3) reported a ther

mal rearrangement of 2,2*-hydrazonaphthalene in neutral benzene and 

ethanol solution. Shine (4) showed that the thermal rearrangement 

was catalyzed by the alcohol molecule, probably the hydroxyl proton. 

Various investigators (5-7> have reported the acid depen

dence of the rate of rearrangement of hydrazobenzene as second or

der. Orders of 1.6 and 1.5 have been reported for o-hydrazoto-

luene and substituted hydrazobenzenes (8) (9). 

A kinetic investigation of the acid catalyzed benzidine re

arrangement of 2,2*-hydrazonaphthalene was proposed. Since 2,2»-

hydrazonaphthalene was only slightly soluble in aqueous ethanol and 

the rate of rearrangement exceedingly rapid at 0°» the kinetic work 

was done in 75% aqueous acetone. 

Also several attempts were made to synthesize N-heterocyclic 

hydrazo compounds, such as hydrazoquinoline and hydrazopyridine, in 
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the hope that their properties during rearrangement could be deter

mined. 

Survey of the Literature 

The Acid Catalyzed Benzidine Rearrangement 

In 1903, Meisenheimer and Witte (1) reported the benzidine 

rearrangement of 2,2•-hydrazonaphthalene to 2,2*-diamino-l,l*-di-

naphthyl by acetic acid catalysis. At the same time a base cata

lyzed rearrangement of 2,2*-hydrazonaphthalene in ethanolic solu

tion was thought to have been observed. But as Krclick and Luka

shevich (3) subsequently proved, the rearrangement, which also took 

place in neutral benzene and ethanolic solutions at 95°, was ther

mally induced. Shine (4) showed that the rate of rearrangement in 

ethanol was decreased by the presence of a base, such as pyridine, 

indicating an acid catalyzed rearrangement with competition for the 

hydroxyl proton of ethanol. 

In 1904, Van Loon (10) reported the first attempt to estab

lish the acid dependence of the rate of rearrangement. Van Loon pre

sented data, T/*iich roughly stated that the rate of rearrangement of 

hydrazobenzene by hydrochloric acid catalysis was proportional to the 

square of the concentration of the acid. It was also shown that the 

reaction rate, in solutions of ionized acids, was directly propor

tional to the first order concentration of the hydrazo compound. 

Since then, various proposed mechanisms of the rearrangement (11-13) 

assumed a first order dependence on acid concentration. But in 1950, 

Hammond and Shine (5) definitely proved the second order dependence 



of the acid. The rate of rearrangement of hydrazobenzene was measured 

in 75% aqueous ethanol solution and at constant ionic strength. It 

was also found that doubling of the ionic strength at a constant hydro

chloric acid concentration, resulted in approximately a two-fold in

crease in the rate. This indicated that it was the second conjugate 

acid of hydrazobenzene that rearranged. The following mechanism was 

proposed: 

C^H5NH-NH-C^H5 + H* ^) Ĉ H5Nfi2NH C^H5 (1) 

C6H5NS2NH C6H5 + ir^ ^ — ^ C6H5Nfi2l^2C6% <2) 

k.2 

C6H5NS2NS2C6H5 T — ^ H2N-C5H4C6H4.NH2+2H* (3) 
•̂3 

Carlin, Nelb, and Odioso (6) obtained similar kinetic results in 95% 

aqueous ethanol and at constant ionic strength. Croce and Gettler (7) 

determined that the rate was second order with respect to hydrogen-ion 

concentration for hydrazobenzene in 70% aqueous ethanol and for sub

stituted hydrazobenzenes in 90% aqueous ethanol. 

In the above investigations (5-7) the rates of rearrangement 

were determined by measuring the disappearance of the hydrazo compounds. 

Since the hydrazo compounds were instantaneously and quantitatively ox

idized by Bindschedler's Green, the rate is proportional to the amount 

of the dye remaining. The excess Bindschedler's Green was determined 

by titration with a titanium trichloride solution. 

The intramolecularity of the benzidine rearrangement was par

tially established in 1933 by Ingold and Kidd (14) who found no crossed 

products for a rearranging mixture of 2,2*-dimethoxy- and 2,2*-diethoxy-

hydrazobenzene. In 1952, Smith, Schwartz, and Wheland (15) definitely 

proved the intramolecularity by rearranging 2,2*-dimethylhydra20benzene 



in the presence of radioactive 2-methyIhydrazobenzene. The amount of 

radioactive 3,3*-dimethylbenzidine formed was negligible, 

Carlin and Odioso (8) reported a kinetic order of 1,6 in acid 

for o-hydrazotoluene in 95% aqueous ethanol. The expected value of 

2 was obtained for m^ and p-hydrazotoluene in 95% aqueous ethanol (16) 

(17). Dewar and McNicoll (9) found that 4-methyl-4*-chlorohydrazo-

benzene and 4-t-butyl-4*-chlorohydrazobenzene, in 75% aqueous ethanol 

at constant ionic strength, gave kinetic orders of 1,58 and 1.51, 

respectively, in acid, Carlin and Odioso explained the deviation from 

a kinetic order of two by the formation of the mono acid salt due to 

the greater basicity of o-hydrazotoluene, A lower kinetic order is 

possible, according to Carlin and Odioso (8) if during the reaction 

the storage of the hydrazo compound as its first conjugate acid is 

considerable. 

Dewar and McNicoll (9) cited the fact that the basic dissocia

tion constants of the o-, m-, and p-hydrazotoluenes suggest that both 

the meta and para should be stronger bases than the ortho isomer. This 

would lead to a greater conversion to their respective salts and, there

fore, the meta- and para-hydrazotoluene should show a lower acid depen

dence, 

Dewar (13) proposed an alternative explanation for the variation 

in acid dependency, A 7f-complex intermediate is formed reversibly 

from the mono acid salt of the hydrazo compound, viAiich then undergoes 

reaction with a second proton to give the products. Hydrazo compounds 

carrying two bulky para groups should exhibit a steric effect in the 'Tf-

complex intermediate and a lower acid dependency should result. Dewar 



and McNicoll*s (9) results appear to confirm this possibility. 

Bunton, Ingold, and Mhala (18) raised the question of whether 

the kinetic dependence on acidity should be referred to the Hammett 

function, H^, instead of to the hydrogen-ion concentration. The re

arrangement of hydrazobenzene by perchloric acid catalysis in 60% 

aqueous dioxane at 0°.was investigated. The rate at low acidities 

follows the square of the acid concentration, but near 0,2 M the rate 

begins to rise faster than the square of the acid concentration. If 

the Hammett function is used, the rate rises linearly up to the high

est acid concentration. These authors concluded that the rearrange

ment does involve the second conjugate acid of hydrazobenzene. 

Cohen and Hammond (19) have shown that the rate of the acid 

catalyzed benzidine rearrangement, at a constant pH meter reading and 

ionic strength, varies with concentration and the nature of the un-

dissociated acid. They concluded that the rearrangement was subject 

to general acid catalysis involving a transition state consisting of 

an hydrazobenzene molecule, two protons and an anion. 

Recently, Lukashevich (20) raised some objections to the as

sumed transition state complex formed from a molecule of the hydrazo 

compound and two protons, Lukashevich and Krolik (21) had shown that 

when hydrazobenzene and its analogs were heated to 110° with amine 

hydrochlorides, they disproportionated rapidly with the formation of 

insignificant amounts of rearrangement product. Apparently traces of 

hydrochloric acid combined with the Jiydrazo compound, after nhich the 

following reaction took place. 

2(RNH-Nfi2R)Cr ^ RN • NR + 2RNft3Cr (4) 



Therefore, the monoprotonated molecule has the ability to undergo 

reduction and oxidation. The tendency toward spontaneous rearrange

ment as proposed by Blackadder and Hinshelwood (22) to explain the 

low acid dependency of o-hydrazotoluene, is invalid. 

Lukashevich (20) also cited the stability of salts of hydrazo 

compounds, which suggest that they can be thought of as diacidic bases 

with regard to their behavior toward acids. In those cases where the 

salts were not formed, the difference in the rates of monoprotoniza-

tion and subsequent rearrangement would be so small that the acid de

pendency of the rearrangement would approach the expected order of 

two, only accidently. Also weak bases, such as 2,2*-dichlorohydrazo

benzene, did not form salts even under the most vigorous conditions, 

but rearranged very rapidly. Since only insignificant amounts of the 

doubly protonated hydrazo compound could be present, Lukashevich con

cluded that double protonization is not required for rearrangement. 

Lukashevich confirmed this conclusion by a comparison of 2,2*-

dimethoxyhydrazobenzene and 3,3'-dichlorohydrazobenzene, The former 

rearranged rapidly in glacial acetic acid at 20°, but the latter was 

inactive at 110°. Thus even single protonization of the 3,3*-dichloro-

hydrazobenzene prodeeds with difficulty. Since the difference in basi

city of the original and monoprotonated hydrazo compounds is large and 

the two hydrazo compounds, themselves, are not greatly differentiated 

in basicity, the requirement for double protonization of 2,2**dimethoxy-

hydrazobenzene is invalidated. 

The proposal of Blackadder and Hinshelwood (22) in which the 

monoprotonated hydrazo compound rearranges on the approach of another 



proton would allow the consideration of kinetic orders of less than 

two. 
+ 

(R-NH-NH-R) S ^ (R-NS2NH-R) + H* > Products (5) 

N-Heterocyclic Hydrazo Compounds 

Interest in the N-Heterocyclic hydrazo compounds centered, 

mainly, on the preparation of 6,6*-hydrazoquinoline, 2,2*-hydrazo

quinoline, and 2,2*-hydrazopyridine. The f irs t step was the pre

paration of their respective azo compounds. 

Badger and Buttery (23) prepared 6,6'-azoquinoline by the 

sul f i te reduction of diazotized 6-aminoquinoline. This method was 

adapted from that of Cohen and Oesper (24) for l,l*-azonaphthalene, 

Knueppel (25) obtained 6,6*-azoquinoline as a by-product in the re

duction of 6-nitro- to 6-aminoqulnoline by iron powder and calcium 

chloride. The yields were too small for the preparation to be any 

value. 2,2*-Azoquinoline was readily prepared by the Badger and 

Buttery modification (23) of a procedure reported by Marckwald and 

Meyer (28). The 2,2*-azoquinoline was obtained by the oxidation of 

the hydrazo compound, which was formed as a by-product in the pre

paration of 2-quinolylhydrazine from 2-chloroquinoline and hydrazine 

hydrate. 

Oxidation of 2-aminopyridine by sodium hypochlorite solution 

was reported by Kirpal and Reiter (33) to yield 2,2*-azopyridine melt

ing at 81°. Kirpal and Bohm (34) prepared 2,2*-azopyridine melting at 

87° by reduction of 2-nitropyridine with alkaline arsenious oxide. 

Kirpal (35) reported that in the sodium hypochlorite oxidation of 
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2-aminopyridine, some 5-chloro-2,2*-azopyridine was formed along with 

the 2,2*-azopyridine, thus accounting for the lower melting point. 

The two products were separated by partition chromatography on silica 

gel (36), It was eventually shown that 2,2*-azopyridine existed as 

cis-trans isomers. The cis-2,2*-azopyridine melted at 87° and formed 

a eutectic with the trans compound at 56°, 

The preparation of 4,4*-azopyridine as reported by Hertog and 

Combe (37) was adapted for 2,2*-azopyridine, 2-Nitropyridine was re-

ductively coupled by stannous chloride in sodium hydroxide solution. 

The 2-nitropyridine was prepared by oxidation of 2-aminopyridine ac

cording to a procedure reported by Wiley and Hartman (38), 

The usual method for the preparation of hydrazo compounds is 

the reduction of the azo compound with zinc dust and aqueous ammonium 

chloride solution, Beyer et al, (26) recently reported a method for 

the preparation of 2,2*-hydrazopyridine using formamidine sulfinic 

acid. The 2,2*-hydrazopyridine appeared as fine white crystals melt

ing at 167°-168° (26). In 1910, Barnett (27) first prepared formami

dine sulfinic acid by the action of 6% aqueous hydrogen peroxide on 

thiourea. Marckwald and Meyer (28) reported a zinc dust and acetic 

acid reduction of 2,2*-azoquinoline for the preparation of 2,2*-

hydrazoquinoline. Modifying Werner and Stiasny*s method (29), Khalifa 

(30) prepared hydrazo compounds by adding a saturated solution of 

ammonium sulfide to a boiling ethanolic solution of the azo compound. 

Khalifa (30) reported a variation of the Jacobson and Steinbrenk re

duction (31) with zinc dust and acetic acid, Risaliti and Monti (32) 

reported the preparation of 2,2*-hydrazoquinoline by reaction of 2,2'-



azoquinoline with benzyl magnesium chloride, Colonna and Pentimalli 

(39) prepared 2,2*-hydrazopyridine by treating the azo compound with 

hydrobromic or hydrochloric acid. The resulting salt was treated with 

base and 2,2*-hydrazopyridine separated, Colonna and Risaliti (40) 

reported the preparation of 2,2*-hydrazopyridine and 2,2*-hydrazoquino

line by reaction of the azo compound with diazomethane. The product, 

2,2*-hydrazodimethylpyridine or quinoline, was hydrolyzed by dilute 

acid and the hydrazo compound separated on the addition of ammonia. 



II. EXPERIMENTAL 

Preparations 

2.2*-AzonaDhthalene 

The method for the preparation of 2,2*-azonaphthalene was 

adapted from the procedure of Cohen and Oesper (24) for l,l»-azo-

naphthalene. Thirty-five grams of 2-naphthylamine hydrochloride 

was stirred into 50 ml, of water in a liter beaker. Then 17.5 ml. 

of concentrated hydrochloric acid was added to the solution, which 

was cooled to 0° in an ice bath. Twenty-one milliliters of concen

trated sulfuric acid in 200 ml. of water was added. The suspended 

amine salt was diazotized by slowly adding a cold solution of 14 g. 

of sodium nitrite dissolved in 100 ml. of water. The reddish-brown 

solution of the diazonium salt was allowed to stand for five minutes 

and then filtered. The filtrate was received in a pre-cooled filter 

flask surrounded by an ice bath. The cold filtrate was then trans

ferred to a 2 liter beaker. A cold solution of 66 g. of anhydrous 

sodium acetate in 300 ml. of water was slowly added to the stirred 

solution. The temperature was kept between 0° and 5°. A cold solu

tion of 31 g, of sodium sulfite in 200 ml. of water was added, re

sulting in a vigorous evolution of nitrogen and the separation of 2, 

2*-azonaphthalene. After the addition of the sulfite solution, the 

stirring was continued for five minutes. The suspension was taken 

from the ice bath and warmed on the drying oven, to induce coagulation. 

10 
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The tan or orange precipitate was filtered, washed, and dried. The 

yield of crude 2,2*-azonaphthalene was 64 g.; m.p. 187°-200°. The 

crude material was recrystallized twice from chloroform. The yield 

was 9,93 g, (37%); m.p. 205°-206°. 

Azobenzene 

A mechanically stirred mixture of 200 ml.of 95% ethanol, 15 g. 

of sodium hydroxide in 35 ml. of water and 25 ml. of nitrobenzene was 

heated to 75° on the steam bath. Then 50 g. of zinc dust was added 

in small quantities. The reaction was controlled by occasional cool

ing in ice. The dark red solution was then refluxed on the steam 

bath until yellow. About 60 ml, of 95% ethanol was added and the so

lution filtered into a hot Buchner funnel. On cooling, yellow cry

stals of crude hydrazobenzene formed. They were dissolved in ether 

and sodium hypobromite added. On shaking the separatory funnel, the 

ether layer became a deep red. The ether layer was separated, concen

trated to 25 ml. and diluted with 35 ml, of ethanol. With heating on 

the steam bath, water was added to the solution until slightly cloudy. 

On cooling, there appeared bright orange crystals of azobenzene, which 

were recrystallized from an ethanol-water mixture. The total yield 

was 14.8 g. (67%); m.p, 67°-68.5° (Lit, 68°) (41), 

2^2*-Hydrazonaphthalene and Hydrazobenzene 

The azo compound was dissolved in refluxing acetone and the 

flask cooled to room temperature. An aqueous solution of ammonium 

chloride and small portions of zinc dust were added until the solu

tion was colorless. The solution was then filtered into de-gassed 
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aqueous ammonia, where a white precipitate appeared. The solid was 

coagulated with magnetic stirring, filtered, washed with water and 

placed into the desiccator to dry. The hydrazo compound was protected 

from the light by covering with aluminum foil. The final product was 

usually a pale orange color, 

p-Nitroso-N.N-dimethvlaniline Hydrochloride 

The method described by Vogel (42) was used for the prepara

tion of p-nitroso-N,N-dimethylaniline hydrochloride. Thirty grams 

(31,5 ml.) of N,N-dimethylaniline in 105 ml, of concentrated hydro

chloric acid was placed in a 500 ml. beaker, equipped with a mechani

cal stirrer and a thermometer. Small slivers of ice were added to the 

beaker until the temperature was well below 5°. A solution of 18 g. 

of sodium nitrite in 30 ml, of water was slowly added, below the sur

face, by means of a dropping funnel. The mixture was allowed to stand 

for one hour before filtering. The filtered product was triturated 

twice with a cold 1J1 hydrochloric acid-water solution and once with 

cold absolute ethanol. The orange material was dried in a vacuum 

desiccator over calcium chloride. The yield was 41.8 g. (93%). 

Bindschedler's Green 

Bindschedler's Green was prepared according to the method of 

Wieland (43). A slurry, containing 4.2 g, of p-nitroso-N,N-dimethyl-

aniline hydrochloride in 15 ml, of water, was warmed on a water bath 

at 60°-70°. Meanwhile, a 500 ml., three-neck, round-bottom flask con

taining 28 ml, of 30% hydrochloric acid was cooled in an ice bath 

while being mechanically stirred. The p-nitroso-N,N-dimethylaniline 
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hydrochloride solution was then added to the flask and cooled to 5°, 

Then 14 g, of zinc dust was added in small portions with the tempera

ture remaining below 30°, After addition of the zinc dust, the solu

tion Tvas cooled to 0° and filtered. The filtrate was colorless or 

slightly violet. The solution was placed in a 400 ml. beaker and 

cooled with stirring. A few drops of concentrated hydrochloric acid 

and 2.69 g, (3 ml.) of N,N-dimethylaniline were added to the filtrate. 

A solution of 2.3 g, of sodium dichrornate dihydrate in 5 ml. of water 

was added very slowly with the temperature remaining below 10°. The 

precipitating leaflets were filtered and triturated with absolute 

ethanol until the filtrate was colorless. For efficient washing, the 

precipitate was removed from the funnel each time. A last washing 

with anhydrous ether gave a product of lustrous green leaflets, which 

were dried in a vacuum desiccator over calcium chloride. The yield 

was 4,6 g, (88%). 

6-Nitroquinoline 

The procedure used for the preparation of 6-nitroquinoline was 

that of LeFevre and LeFevre (44), A mixture of 116 g, of arsenic 

acid, 120 ml, of concentrated sulfuric acid, 112 g, of p-nitroaniline 

and 191 ml, of glycerol was introduced into a 5 liter, three-neck 

flask equipped with a mechanical stirrer and a reflux condenser. The 

flask was heated very slowly for about one hour, thus avoiding any 

vigorous exothermic reaction, Refluxing of the dark reddish brown 

solution continued for 2,5 hours, after which the mixture was diluted 

with 300 ml, of water and allowed to stand overnight. The solution 

was filtered and made alkaline with sodium hydroxide solution. The 



14 

dark brown precipitate was separated, dissolved in hot, dilute hydro

chloric acid and charcoaled. Filtration, followed by saturation of t 

the filtrate with ammonia gas precipitated crystalline 6-nitroquino

line, Two recrystallizations from a mixture of ethanol and water gave 

a 41% yield of 6-nitroquinoline; m.p, 150°-151° (Lit, 149°-150°) (44), 

6-Aminoquinoline 

This preparation was adapted from that of Keneford et al. (45) 

for 4,6-diaminoquinoline, A solution of 10 g, of 6-nitroquinoline in 

51 ml. of glacial acetic acid was added over a five minute interval, 

to one of 48 g. of stannous chloride hydrate in 72 ml. of concentrated 

hydrochloric acid and 18 ml. of water. After mechanically stirring 

the solution for thirty minutes at 60°-70°, the yellow-white suspen

sion was treated with excess 20% sodium hydroxide solution. Extrac« 

tion with five portions of ether gave a clear yellow solution, vrtiich 

was concentrated to induce crystallization. The fine yellow crystals 

were recrystallized from ether. The yield was 4.5 g. (55%) of 6-

aminoquinoline; m.p. 112°-114° (Lit, 114°) (45). 

6.6'-Azoquinoline 

The procedure of Badger and Buttery (23) was used for the pre

paration of 6,6'-azoquinoline, A mechanically stirred solution con

taining 5 g, of 6-aminoquinoline in 15 ml. of concentrated sulfuric 

acid and 100 ml, of water was cooled to 0°, Diazotization was accom-

plished by adding a solution of 2.5 g. of sodium nitrite in 20 ml. of 

water. To the reddish brown solution was added a cold solution of 

50 g. of sodium sulfite in 40 ml, of water. The crude 6,6'-azoquinoline 
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was heated slightly to induce coagulation, filtered and dried. Re-

crystallization, first from benzene and then from acetic acid, gave 

1.0 g. (15%) of 6,6'-azoquinoline; m.p. 247°-248° (Lit. 248°-248.5°) 

(23). 

2.2'-Azoquinoline 

2,2'-Azoquinoline was prepared according to the Badger and 

Buttery (23) modification of Marchwald and Meyer's procedure (28). 

A solution containing 15.5 ml, of 2-chloroquinoline and 5,5 ml, of 

100% hydrazine hydrate was heated, under reflux, for four hours. The 

resulting reddish orange solid was washed with water and then taken 

up in 50% acetic acid (500 ml.). Oxides of nitrogen, obtained by the 

action of nitric acid on copper turnings, were bubbled through the so

lution unti3 it became a deep red and a precipitate appeared. The so

lution was cooled and excess aqueous ammonia was added, resulting ir 

a red precipitate and a cream-colored solution. The crude 2,2'"azo-

quinoline was filtered, washed with water and dried. The yield of 

the crude material was 10,7 g.; m,p. 160^-185°. Recrystallization 

from benzene gave crystals melting at 227°-232°. Further recrystalli

zation from 95% ethanol yielded 1.4 g, (8%) of 2,2'-azoquinoline melt

ing at 235^-236° (Lit. 232^-233°) (23). 

2-Nitropyridine 

The method used for the preparation of 2-nitropyridine was es

sentially that of Kirpal and Bohm (34). A few modifications were 

adapted from the procedure by Wiley and Hartman (38) for the prepara

tion of 2-nitro-4-methylpyridine. A solution of 25 ml, of 30% hydrogen 
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peroxide in 50 ml, of 30% fuming sulfuric acid was added to a solu

tion of 2.65 g. of 2-aminopyridine in 10 ml. of concentrated sulfuric 

acid. The addition was carried out slowly in an ice bath at 20°-25°. 

For the next 3-4 hours, the reaction was exothermic and the color 

gradually changed from a bright green to a pale yellow. The solution 

was set aside at room temperature for 48 hours and then neutralized 

with approximately 125 ml, of 50% sodium hydroxide solution. The tem

perature was maintained at 20°-25°, The salt formed during the neu

tralization was filtered and discarded. The clear yellow solution 

was extracted with six portions of ether. The combined pale yellow 

extracts were concentrated to about 10 ml. and set aside to crystal

lize. The yield was 2,3 g, (65%) of 2-nitropyridine melting at 67°-

68° (Lit, 71°) (46). 

2.2'-Azopyridine 

Sodium Hypochlorite Oxidation of 2-Aminopyridine.—The procedure of 

Kirpal and Reiter (33) was used for the preparation of 2,2'-azopyri-

dine. Two grams of 2-aminopyridine was dissolved in 30 ml. of water 

and a large excess of 5.25% sodium hypochlorite (Chlorox) solution 

was added over a period of one hour. The solution was mechanically 

stirred and the temperature maintained at 10°-15°. The colorless so

lution gradually became dark orange with the addition of the sodium 

hypochlorite solution. After allowing the solution to stand overnight, 

it was extracted with seven portions of ether to give a bright orange 

solution, which was dried over magnesium sulfate. The magnesium sul

fate was filtered, washed with ether, and the filtrate concentrated 
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to approximately 15 ml. On standing, a gummy solid appeared, which 

could not be induced to crystallize. 

When mole for mole proportions of 2-aminopyridine and freshly-

prepared sodium hypochlorite solution (11,6%) were used, the resulting 

dark brown viscous solid was easily dissolved in petroleum ether, which 

consequently yielded a few red needles of 2,2'-azopyridine. Ligroin 

substituted for petroleum ether yielded brownish orange needles melt

ing at 56°-60° (Lit. 87°) (36), A Beilstein test on the crude 2,2'-

azopyridine indicated the presence of chlorine. In an atten9)t to 

separate the 5-chloro-2,2'-azopyridine (35) (36) from the 2,2'-azo-

pyridine, an alumina adsorption column was used. The first band was 

eluted with ethanol and yielded crude yellow crystals of the chloro 

compound melting at 98°-105° (Lit, 136°) (35) (36), The second band, 

also eluted with ethanol, resulted in a gummy brown solid after con

centration of the solvent. Similar attempts with adsorption columns 

packed with silicic acid were not successful. 

Hydrazine Hydrate and 2-Chloropyridine,—This method was adapted from 

the Badger and Buttery (23) preparation of 2,2'-azoquinoline. A solu

tion of 11 ml, of 2-chloropyridine and 5,5 ml* of 100% hydrazine hy

drate were refluxed for four hours. No solid appeared and, on stand

ing, the solution remained a light yellow. 

A similar preparation, in which the reactants were sealed in a 

glass tube and put into an oil bath at 150°-152° for 20 hours, was at

tempted. The resulting brown solid was eventually dissolved in ether, 

which was washed with dilute hydrochloric acid. The ethereal solution 

was dried over magnesium sulfate and the subsequent filtrate concentrated 
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The concentrated yellow solution had the characteristic odor of 2-

chloropyridine and would not crystallize. The same yellow solution 

was obtained when the tubes were sealed under reduced pressure. But 

the accompanying orange-yellow solid, insoluble in ether, easily dis

solved in 50% acetic acid. Oxides of nitrogen were bubbled through 

the acid solution giving a deep red coloration. However, on the addi

tion of aqueous ammonia, no precipitate was obtained. 

Stannous Chloride Hydrate and 2-Nitropyridine.—The procedure of 

Hertog and Combe (37) for the preparation of 4,4'-azopyridine was 

utilized for 2,2'-azopyridine. To a solution of 1.86 g. of stannous 

chloride hydrate in 15 ml. of 10% sodium hydroxide solution was added 

0,48 g« of 2-nitropyridine and the mixture refluxed for two hours. 

The initial addition of the reactants resulted in a cloudy yellow 

solution with a black deposit on the bottom of the flask (metallic 

tin). At the end of two hours, the solution was a vivid red with a 

dark red oil on the surface. Extraction with three portions of ether 

gave a red solution which was dried over magnesium sulfate, filtered 

and concentrated. At room temperature, red needles of 2,2'-azopyri-

dine began to appear. The yield was 0.16 g. (46%) of the material 

melting at 75°-78° (Lit, 87°) (36). 

When larger amounts (2-3 g.) of the starting material were 

used, only a viscous red-brown solid was obtained from the ethereal 

solutions, 

Hydrazo Compounds 

Reduction with Zinc Dust and Ammonium Chloride.—Approximately 0.5 g. 
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of 6,6'-azoquinoline was dissolved in about 150 ml. of boiling acetone 

and cooled to room temperature. An aqueous solution of ammonium chlo

ride was then added, resulting in an opaque yellow-orange solution, 

l^on the addition of zinc dust in small portions, the solution became 

a pale yellow, after vigorous shaking of the flask. Constant shaking 

of the flask for a period of one hour and the addition of more zinc 

dust did not produce a colorless solution. The pale yellow solution 

was filtered into de-gassed dilute ammonium hydroxide solution. Im

mediately, the ammonium hydroxide solution became yellow. On standing, 

yellow-orange needles appeared, vftiich melted at 234°-246°, thus indi

cating the recovery of 6,6'-azoquinoline. 

The above procedure was also used for the reduction of 2,2'-

azoquinoline, which was dissolved in ethanol and then in acetone. But 

after the addition of aqueous ammonium chloride solution and zinc dust, 

only a slight decolorization of the solution took place. When the so

lution was filtered into de-gassed aqueous ammonia, no precipitate ap

peared. 

Reduction with Formamidine Sulfinic Acid.—Reduction of 6,6*-azoquino

line by the method of Beyer et al, (26) was used. Approximately 0.5 g. 

of the azo compound was dissolved in methanol on a water bath. A few 

milliliters of aqueous ammonia were added to the warm solution followed 

by the addition of formamidine sulfinic acid in small amounts. The so

lution was decolorized from a brilliant orange to a pale yellow. Pro

longed heating and the addition of excess formamidine sulfinic acid 

did not produce a colorless solution. After the solution was cooled, 

white crystals would appear. The white crystals gave a positive 
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Bindschedler's Green test, did not melt below 310°, burned completely 

in a flame test and did not undergo oxidation with 30% hydrogen per

oxide solution. When dissolved in aqueous sodium hydroxide solution 

and heated, ammonia was given off. The White crystals appear to be 

the ammonium salt of formamidine sulfinic acid. 

Water, added to the clear yellow filtrate from above, preci

pitated a pale yellow to yelloi'-orange solid, which turned orange at 

220°-225° and did not melt below 325°. After a sodium fusion on the 

yellow solid, a test for sulfur was negative. If the yellow solid was 

dissolved in methanol and sodium hydroxide solution was added, a floc-

culent yellowish vAiite precipitate appeared. The precipitate, on fil

tering, became orange. This orange solid melted at 247°-249°, indica

ting the recovery of 6,6*-azoquinoline. 

The preceding method was used for the reduction of 2,2'-azo

quinoline. About O.l g. of 2,2'-azoquinoline was dissolved in ethanol 

with heating on a water bath. Approximately one milliliter of aqueous 

ammonia was added, followed by several small portions of formamidine 

sulfinic acid. The resulting solution was decolorized to a pale yel

low, which on cooling, yielded bright red crystals of 2,2'-azoquino

line. 

On one occasion the 2,2'-azoquinoline was dissolved in acetic 

acid and then formamidine sulfinic acid was added. No change in the 

solution was observed. But on the addition of aqueous ammonia, a 

fluffy pink precipitate separated. The pink solid melted at 229°-230.5° 

and was also obtained without the use of the formamidine sulfinic acid. 

The formamidine sulfinic acid reduction was applied to 0.1 g, 

samples of 2,2»-azopyridine, r̂tiich were dissolved in about 4-5 ml. of 
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water, A few drops of aqueous ammonia and small portions of formami

dine sulfinic acid were added. The solution was heated on the water 

bath until colorless. On cooling, a white solid appeared, which gave 

a positive Bindschedler's Green test and was oxidized to a yellow-

orange solution by a stream of air. The melting point of the 2,2'-

hydrazopyridine was 167°-168° (Lit. 168°) (26). 

Reduction with Zinc Dust and Acetic Acid.—The reduction reported by 

Marckwald and Meyer (28) was used. A small amount of 6,6'-azoquino

line was dissolved in glacial acetic acid with slight heating. To the 

resulting bright red solution, zinc dust was added, in small portions, 

accompanied by shaking of the flask. The solution was filtered, re

sulting in a dark yellow filtrate. When an equal volume of water was 

added to one-half of the filtrate, the solution remained clear, even 

on cooling. To the remaining filtrate, ammonia was added until a gray 

solid appeared in the colorless solution. Filtration of this solid, 

showed it to be zinc dust. 

The above method was also applied to 2,2'-azoquinoline, vrtiich 

was dissolved in acetic acid. Small portions of zinc dust were added 

accompanied by shaking of the flask. Gradually, the solution was de

colorized from a dark brown to a yellow. Addition of aqueous ammonia 

to the solution produced a yellow solid, which turned orange at 160°-

170° and did not melt below 300°. The yellow solid gave a positive 

test for zinc. Excess aqueous ammonia added to the solution, resulted 

in a bright orange-red precipitate, which also gave a positive test 

for zinc. Addition of excess glacial acetic acid to the alkaline so

lution reproduced the yellow solid. 
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When an aqueous solution of zinc acetate was added to a solu

tion of 2,2'-azoquinoline in glacial acetic acid, a fluffy pink solid 

appeared. It was similar in properties to that obtained when aqueous 

ammonia was added to the same solution. 

The method of Khalifa (30) for a modified zinc dust and acetic 

acid reduction of azo compounds was also used. In this case, the 2,2'-

azoquinoline was dissolved in ethanol and zinc dust added. With shak

ing of the flask, the solution became a dark reddish brown. Glacial 

acetic acid was added, dropwise, until the solution was yellow. On 

standing, a yellow solid appeared. The addition of water to the above 

filtrate gave an orange solid. Neither the yellow nor orange solid 

melted below 280°, but both gave positive tests for zinc. The melting 

point recorded in the literature for 2,2'-hydrazoquinoline is 229° 

(28). 

Ammonium Sulfide Reduction.—The method of Khalifa (30) was used for 

this reduction. To a solution of 6,6'-azoquinoline, which was sus

pended in boiling ethanol, approximately 15 ml. of a saturated solution 

of ammonium sulfide was added. The mixture darkened to a deep orange-

red and boiling of the solution was continued for about 6 minutes. 

When water was added to a portion of the solution, it turned a cloudy 

yellow and gave cream-colored crystals, on cooling. These crystals 

turned orange at 117° and melted at about 200°. Light tan crystals, 

filtered from the original solution, melted at 97°-104.5°, 

The preceding method was applied to 2,2'-azoquinoline. To a 

boiling solution of the azo compound in ethanol, approximately 15 ml. 

of a saturated solution of ammonium sulfide was added, resulting in a 
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dark red-brown solution. If 2 or 3 ml. of ammonium sulfide were used, 

a dark yellow solution resulted. Boiling was continued for 6 minutes, 

after which a pinkish yellow solid separated. This solid melted over 

the range 113°-118° and gave a positive test for sulfur. A yellow 

solid, having a melting point of 119°-120°, was separated from a mix

ture of only ethanol and ammonium sulfide. The above filtrate, on 

standing or on the addition of water, yielded a bright red-orange pre

cipitate, which gave a negative test for sulfur and melted at 224°-

230°. 

Sodium Hypochlorite Solution 

A procedure from Inorganic Synthesis, (47) was used for the 

preparation of sodium hypochlorite solution. Approximately 1500 g. 

of cracked ice was added to a solution of 320 g. of sodium hydroxide 

in 1500 ml. of water. The container was placed in an ice-salt bath 

and chlorine gas was slowly introduced until the solution had absorbed 

210-245 g. (corresponding to 6-7 g. atoms of chlorine). Ice must be 

present in the solution at all times to insure a temperature of 0°, 

If the temperature rises much above 0°, some of the hypochlorite will 

undergo auto-oxidation to the chlorate. This method yielded a 7.4% 

solution of sodium hypochlorite. 

Formamidine Sulfinic Acid 

According to the procedure of Barnett (27), formamidine sul

finic acid was prepared by adding, over a period of one hour, 15 g, 

of finely-powdered thiourea to 230 ml, of 6% aqueous hydrogen peroxide. 
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The flask was surrounded with ice and the temperature maintained at 

25°, while the thiourea dissolved. The formamidine sulfinic acid 

crystallized in colorless needles, which were washed with boiling 

ethanol and dried in a vacuum desiccator. The product weighed 8.7 g. 

(39.6%) and melted at 140° (Lit. 144°) (27), 

Kinetic Method 

Procedure 

The kinetic method for following the rate of rearrangement was 

similar to that of Dewar (13) and Hammond and Shine (5) for the acid 

catalyzed rearrangements of hydrazo compounds. 

A solution of approximately 0.0025 M 2,2'-hydrazonaphthalene 

in 75% aqueous acetone (by volume) was prepared and placed in an ice 

bath for one hour. The required amount of 0.8657 N aqueous hydrochlo

ric acid was pipetted into a 25 ml. volumetric flask and the appro

priate amount of anhydrous lithium chloride was then added to give 

a constant ionic strength of 0.02 M. Then distilled water was pi

petted into the flask to give 25% water by volume. The solution was 

diluted to the mark with anhydrous acetone and set aside in the ice 

bath for one hour. Twenty-five milliliter aliquots of Bindschedler's 

Green solution, which contained approximately 1.3 g. in 1250 ml. of 

distilled water, were pipetted into 125 ml. Erlenmeyer flasks. A so

lution of 5 ml. of 20% titanium trichloride in 2000 ml. of distilled 

water was prepared and stored in an automatic buret under a nitrogen 

atmosphere. 
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At zero time, the hydrazonaphthalene and acid solutions were 

mixed in a pre-cooled flask. At appropriate time intervals, 10 ml. 

aliquots of the rearranging solution were pipetted into the flasks 

containing the Bindschedler's Green solution. Benzene was added to 

extract any azonaphthalene from the aqueous layer, so that it would 

not interfere with the titanium trichloride titration. Then the ex

cess Bindschedler's Green was back-titrated with titanium trichloride 

under a stream of nitrogen until the disappearance of the green color 

indicated the end-point. 

Since the 2,2'-hydrazonaphthalene reacts instantly with Bind

schedler's Green, the amount of the hydrazo compound remaining after a 

certain time interval is proportional to the difference between a 

titration of a blank Bindschedler's Green aliquot and one containing 

a sample from the rearranging hydrazo solution. This difference will 

be referred to as Blank-Titer, (B-T). The[H^ concentration of the re

arranging solution was determined by titration with standard base. 

Calculation of the Rate Constant 

The log of the recorded (B-T) values were plotted against time 

and a straight line was obtained. The slope of the plot is equiva

lent to -k/2.303, which Is derived from equation (1). 

2.303 log (B-T) o -tk (1) 

Solving for k, the rate constant, gave a tentative value for the rate 

of rearrangement. Since t is equal to ti when (B-T) is equal to one-

half of its value at zero time, the half-life may be obtained from 

the plot. The rate constant may then be obtained from equation (2), 
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k = In 2/tj (2) 

Accurate rate constants were calculated for all experimental 

rates by the method of least squares. The slope of the above plot was 

calculated by means of the following equation: 

slope « S x Ev - n S (xv) 

(Sx)2 - nrx2 

where x represents time, y represents log(B-T) and n is the number of 

samples for the rate. The rate, k, was then calculated from the equa

tion: 

k = (slope) (2.303) (4) 

A Sample Rate Determination 

A solution of 2,2'-hydrazonaphthalene was prepared by dissolv

ing 0.1632 g.(0^0025 M) of the hydrazo compound in 75% aqueous acetone 

and set in the ice bath at 0° for one hour. Into a 25 ml. volumetric 

flask was placed 4.25 ml, of 0,8657 N aqueous hydrochloric acid, 2 ml. 

of water and 0,0339 g, (0.0035 M) of anhydrous lithium chloride. The 

solution was diluted to the mark with anhydrous acetone and cooled in 

an ice bath for one hour, A Bindschedler's Green solution was prepared 

by dissolving 1.3114 g, of the green solid in 1250 ml, of water. The 

acid and hydrazo solutions were mixed and aliquots added, at timed in

tervals, to the Bindschedler's Green solution. The excess dye was 

back-titrated with a titanium trichloride solution. ThetH"^:oncentra

tion of the rearranging solution was determined to be 0.0165 N. The 

Bindschedler's Green blanks and the titanium trichloride titers were 

recorded as shown in Table 1, 



27 

TABLE 1 

SAMPLE RATE IN 75% AQUEOUS ACETONE 

Time 

CmJBi) 
1.5 
3.0 
4,5 
6,0 
7.5 
9.0 
10.5 
12.0 
13,5 
15.0 

Titer 
(ml.) 

36,15 
37.30 
38.50 
38,95 
39,70 
40,30 
41,00 
41,40 
41,80 
42,30 

Blank-Titer 
(ml.) 

8.30 
7,15 
5,95 
5,50 
4.75 
4.15 
3.45 
3,05 
2,65 
2,15 

log (B-T) 

0.919 
0.854 
0.774 
0.740 
0,676 
0.618 
0.537 
0.484 
0.423 
0.332 

Blank 
(ml.) 

44.45 
at 
zero 
time 

,̂  

A plot nf the log (B-T) values versus time gave a straight line 

(Pig.l), The (B-T) value at zero time (y-intercept) is equal to 

0,990, The value at J(B-T)Q is 0,495 and corresponds to a value of 

11,47 minutes for the half-life. The slope was calculated from the 

graph and a tentative rate constant of 9.67 x 10~2 rain."^ was calcu

lated from equation (4). 

Calculation:of Kinetic Order with Respect 
to Acid Concentration 

The order with respect to acid concentration was calculated for 

the rate of rearrangement of hydrazobenzene in 75% aqueous acetone. 

The concentration of the hydrazo compound was O.Ol M. and the ionic 

strength was constant at 0,4 M, The log k and log [H]* values for 

each rate are tabulated in Table 2, 

Prom the proposed mechanism for the benzidine rearrangement, 

the equilibrium constant, K , for the monoprotonization is given by 
eq. 

equation (5). 
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Fig, L—Plot of log (B-T) versus time for the rate of rearrange
ment of 2,2'-hydrazonaphthalene in 75% aqueous acetone at 0°, . 
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TABLE 2 

ACID CATALYZED REARRANGEMENT OF HYDRAZOBENZENE 
IN 75% AQUEOUS ACETONE 

Run 
No. 

25 
31 
29 
32 
27 
30 
33 
26 
28 

[Hi , 
(mole I-'-); 

0.408 
0 .410 
0 .350 
0 .308 
0 .303 
0 .256 
0 .208 
0 .203 
0 .104 

LiCl 
(mole 1"^) 

.aatwaiHlB 

. . . . . . 

0.050 
O.IOO 
0.100 
0.150 
0.200 
0.200 
0 .300 

k X 10 ' ' ,min ,"^ 

2 1 . 4 1 
19.89 
14.30 
11.79 
11,51 

7 .64 
5 .40 
4 .60 

1 0-^^ 

log [H*] 

- 0 , 3 9 0 
- 0 . 3 8 8 
-0 .456 
- 0 . 5 1 2 
-0 ,519 
-0 .592 
- 0 . 6 8 2 
- 0 , 6 9 3 

[ - 0 . 9 8 3 

log k 

- 1 . 6 7 0 
- 1 , 7 0 2 
- 1 . 8 4 5 
- 1 . 9 2 9 
- 1 . 9 3 9 
- 2 . 1 1 7 
- 2 , 2 6 8 
-2 ,338 
- 3 , 0 4 1 

[R^Nfe2NH-Rl^ 
^eq, " pl-NH-NH-R] [Ĥ ] * (5) 

The rate for the second step in the mechanism is given by equation 

(6). 

rate = k2 [RNH2NH R ] ^ [ H ^ ̂  (6) 

Solving for [R-NHgNH-R]^ in equation (5) and substituting in equation 

(6), the following equation results, 

rate « k2Kgq^ [R-NH-NH-R] [ H * ] ^ tO"" (7) 

Combining the constants, the rate constant, k, is given by equation 

(8). 

k « K CH^]^' (8) 

Solving for x' the kinetic order with respect to acid, equation (9) 

results. 

i o g ^ 
+ log K (9) 

log [Hi 

A plot (Fig. 2) of log fc versus log [H*] resulted in a 

straight line with a slope of 2,23 as calculated by the method of 

least squares. The order of the rearrangement of hydrazobenzene in 

y 
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- J . 2 

-3 .1 

-3 .0 

-2 ,9 

-2,8 

-2.7 

-2.6 

-2.5 

-2 ,4 
log k 

-2.3 

— 

— 

^m* 

1% 
-2 ,2 

-2 ,1 

-2 ,0 

-1 .9 

-1 .8 

-1.7 

-1.6 

- . 2 - . 3 - . 4 - . 5 - . 6 - . 7 - . 8 - . 9 - l.O -1 ,1 -1,2 
l°g [H*] 

Pig. 2—Plot of log k versus log [jf*] for the rearrangement 
of hydrazobenzene in 75% aqueous acetone at 0 ° . 
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75% aqueous acetone with respect to acid concentration is 2,23, 

A similar plot was made for the rearrangement of 2,2'-hydrazo*-

naphthalene in 75% aqueous acetone. The values of log [H+] and log k 

are given in Table 3, The concentration of the hydrazo compound was 

0.0025 M. and the ionic strength was constant at 0.02 M. 

TABIE 3 

ACID CATALYZED REARRANGEMENT OF 2,2'-HYDRAZO
NAPHTHALENE IN 75% AQUEOUS ACETONE 

Run 
No, 

46 
49 
52 
58 
53 

50 
54 
51 
55 
59 

43 
56 
44 
57 
60 
45 

(mole l,~l) 

0,0203 
0,0205 
0.0190 
0,0177 
0,0165 

0.0151 
0,0140 
0.0127 
0.0117 
0.0118 

0.0106 
0.0092 
0,0081 
0,0068 
0.0068 
0.0055 

LiCl 
(mole 1,-1) 

•» •»•••••»«* 

0.0010 
0,0025 
0.0035 

0.0050 
0.0060 
0,0075 
0,0085 
0,0085 

0.0100 
0.0110 
0.0125 
0.0135 
0.0135 
0,0150 

k X 10**̂ ,min,-l 

14.41 
13,47 
10.89 
12.57 
9.60 

7.73 
8.49 
5.61 
6.95 
5,20 

4,83 
4.74 
4.37 
4.28 
4.35 
2.99 

l°g M 
-1.693 
-1.689 
-1.722 
-1.753 
-1.783 

-1.822 
-1,845 
-1.897 
-1.932 
-1.929 

-1,975 
-2.037 
-2.092 
-2.168 
-2.168 
-2.260 1 

log k 

"0.842 
-0,871 
-0.963 
-0.901 
-1.018 

-1.112 
-1.072 
-1.252 
-1.159 
-1,284 

-1,317 
-1.325 
-1.360 
-1.369 
-1.362 
-1.525 

The slope of the plot (Fig. 3) of log k versus log [H*] was 

calculated by means of the method of least squares. The order of the 

rate of rearrangement of 2,2'-hydrazonaphthalene with respect to acid 

concentration is 1.053. 
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III. DISCUSSION AND INTERPRBTATICM4 OF RESULTS 

Rate Determination 

Several investigators (5-7) have reported that the rate of 

rearrangement of hydrazobenzene is second order with respect to acid 

concentration. Carlin and Odioso (16) obtained similar results for 

m- and p-hydrazotoluene. These results appear to be consistent with 

the mechanism proposed by Hammond and Shine (5), 

C6H5NH-NH-C6H5+ H* ^ ^ ) C6H5NH2NH C6H5 

C^H5NH2NH-C^H3* H* ^ ^̂  > C^H5NH2NH2C^H3 (1) 

^6^5^2^^2^t^5 ^ H2N-C6H^C^N^NH2 + 2H* 

Either the second or third step is rate determining. The following 

mechanism proposed by Carlin and Wich (17) is also consistent with 

the second order acid dependence. 

C^H3NH.NHC^H3 * H* ̂  » C^H^NS^NHC^H^ ^̂ ^ 

C.H^NHoNHC.H^ + H* — ^ Products + 2̂ *" 
0 5 2 6 5 slow 

The reaction of the monoprotonated hydrazo compound in sequence (2) 

with the second proton to yield the products would be the rate deter

mining step. The data reported in the Experimental for the rearrange

ment of hydrazobenzene in 75% aqueous acetone confirms the second order 

acid dependence. 

Deviations from second order acid dependence have been reported 

by Carlin and Odioso (8) and Dewar and McNicoll (9). Orders of 1.6 and 

1.5 for o-hydrazotoluene and substituted hydrazobenzenes were reported. 

33 
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A similar deviation is reported in the Experimental for the rearrange

ment of 2,2'-hydrazonaphthalene in 75% aqueous acetone. This rearrange

ment was found to show first order acid dependence. 

The following possible mechanism may be proposed for the first 

order acid dependence of the rearrangement. The monoprotonated mole

cule is easily and quickly formed. Since the monoprotonated hydrazo 

molecule is less basic than the original hydrazo compound the diproton-

ization would be difficult. Therefore the monoprotonated molecule may 

rearrange directly to the products by the following sequence. 

C1QH.NH-NHC10H7 + H* > C10H7NH2NHC10H7 

* . (3) 
CIQH7NH2NHC^QH7 ^̂ ^̂  > Products + H* 

The rate equation for sequence (3) would take the form: 

rate = k [CJ^QH^H-NHCJ^QHJ [H*^ 

where k includes the equilibrium constant for the monoprotonation. 

On the basis of the results reported in the Experimental it is 

possible that hydrazobenzene is sufficiently more basic than 2,2*-hydr

azonaphthalene so that it would undergo sequence (1) or (2) while 2,2'-

hydrazonaphthalene would prefer sequence (3). However the basic ioni

zation constants of aniline and ^-naphthylamine are 3.83 x 10"^^ and 

1.29 X 10"^^. Since the difference in basicity is rather slight, the 

possibility that this effect is totally responsible for the deviations 

is doubtful. 

Another possible explanation is the formation of Dewar's T^-com-

plex, v^ere the monoprotonated hydrazo molecule is unstable and rear

ranges to give the products. This would show first order acid depen

dence. In some cases the monoprotonated TT-complex may be so stable 
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that the attack of another molecule of acid is required for the re

arrangement thus leading to second order acid dependence. The factors 

which might influence the stability of the monoprotonated TT-complex 

are unknown. 

Hydrazo Compounds 

The N-heterocyclic hydrazo compound, 2,2'-hydrazopyridine has 

been prepared (26), As noted in the Experimental, a small amount of 

2,2'-hydrazopyridine was easily prepared by the formamidine sulfinic 

acid reduction. 

The synthesis of 6,6'-hydrazoquinoline has not been recorded in 

the literature. Several methods given in the literature (26) (28) (30) 

for the preparation of hydrazo compounds were adapted. 6,6'-Azoquino

line was recovered from the zinc dust and ammonium chloride reduction. 

With a zinc dust and acetic acid reduction, a slight color change was 

observed, but no precipitate appeared. An ammonium sulfide reduction 

yielded tan crystals melting at 97°-104.5°.which appear to be sulfur 

(Lit. m.p. 119°-120°) (48). On the addition of water, cream-colored 

crystals separated which turned orange at 117° and melted at 200°. 

They were probably a mixture of sulfur and impure 6,6'-azoquinoline. 

The literature melting point for 6,6'-azoquinoline is 248^-248.5° (23). 

Reduction of 6,6'-azoquinoline with formamidine sulfinic acid yielded, 

upon the addition of water, a yellow solid that did not melt below 

325°. This solid is probably a salt complex. When dissolved in meth

anol and sodium hydroxide solution added, a flocculent yellow-white 

solid appears. This solid on filtering turns orange and gave the melting 
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point of 6,6'-azoquinoline. The flocculent yellow-white solid could 

be the hydrazo compound, which is very unstable to air oxidation. 

The preparation of 2,2'-hydrazoquinoline has been recorded. 

Risaliti and Monti (32) reported the preparation of 2,2'-hydrazoquino

line by reaction of the azo compound with benzyl magnesium chloride, 

but neglected to give a melting point. The authors referred to an in

vestigation by Colonna and Pentimalli (39), who also attempted to pre

pare the hydrazo compound, Colonna and Pentimalli reported that the 

action of hydrobromic or hydrochloric acid on 2,2'-azoquinoline yielded 

a salt-like product. In base the salt gave an unstable compound, which 

was quantitatively converted to 2,2*-azoquinoline by nitrous acid. 2, 

2'-Hydrazoquinoline was not claimed to have been prepared and no melting 

points were cited. 

Marckwald and Meyer (28) claimed to have prepared 2,2'-hydrazo-

quinoline and gave a melting point of 229°. The hydrazo compound was 

used for the preparation of 2,2'-azoquinoline. Colonna and Risaliti 

(40) also reported the preparation of 2,2'-hydrazoquinoline from 2,2'-

azoquinoline and diazomethane, but did not cite a melting point. A 

reference to Colonna and Pentimalli (39) was given again for 2,2'-hy-

drazoquinoline. The evidence reported by the Italian workers for the 

preparation of 2,2'-hydrazoquinoline is insufficient. 

The zinc and ammonium chloride reduction of 2,2'-azoquinoline was 

unsuccessful. Only 2,2'-azoquinoline was recovered from a formamidine 

sulfinic acid reduction. The ammonium sulfide reduction gave a pinkish 

yellow solid melting at 113°-118°. This solid is probably a mixture of 

sulfur and 2,2'-azoquinoline. On addition of water to the filtrate, 2, 

2'-azoquinoline was recovered. 
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When 2,2'-azoquinoline was dissolved in acetic acid and ammonia 

added, a fluffy pink solid appeared, which melted at 229°-230.5°, The 

literature melting point of 2,2'-azoquinoline is 232^-233° (23), The 

change in color is due to precipitation from an alkaline medium rather 

than the usual acidic solvent. However, when zinc dust was added to 

the azo compound in acetic acid, a yellow solid separated, which turned 

orange at 160^-170° and did not melt below 300°. A test for zinc was 

positive. In excess ammonia, the solid was bright orange-red and con

tained zinc. The yellow solid appears to be a zinc salt of 2,2'-azo

quinoline, which changes color in a basic or acidic medium. 



IV. SUMMARY AND CONCLUSIONS 

1. The rate of rearrangement of 2,2'-hydrazonaphthalene in 

75% aqueous acetone at 0° is first order with respect to acid concen

tration. It appears that the formation of the monoprotonated inter

mediate is the rate determining step of the rearrangement. 

2. The rate of rearrangement of hydrazobenzene in 75% aqueous 

acetone at 0° is second order with respect to acid concentration. Ap

parently, the rate determining step involves the diprotonization of 

the hydrazo compound. 

3. The rate of rearrangement of 2,2'-hydrazonaphthalene is 

faster than that of hydrazobenzene in 75% aqueous acetone. 

4. The N-heterocyclic azo compounds were prepared in good 

yield, except for 2,2'-azopyridine, which was difficult to purify. 

5. Several methods, such as the zinc dust and ammonium chlo

ride, formamidine sulfinic acid, zinc dust and acetic acid, and ammon

ium sulfide reductions of the azo compounds were attempted for the 

preparation of 2,2'-hydrazoquinoline and 6,6'-hydrazoquinoline. None 

of these methods were successful. However, a small amount of 2,2'-

hydrazopyridine was prepared by a formamidine sulfinic acid reduction 

of the azo compound. 
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