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INTRODUCTION 

State'Tient of Problem 

Although the acid catalysed rearrangement of hydrazo-

benzenes has been studied very extensively, studies in the 

naphthalene series have been relatively few. In 1903 

Meisenheiraer and Witte (1) reported the acid catalyzed 

rearrangement of 2,2*-hydrazonaphthalene to 2,2*-diamino-

1,l*-dinaphthyl. After observing that the rearrangement 

occured, not only in acid environment, but also in a re-

fluxing ethanolic solution containing aqueous sodium 

hydroxide, these investigators concluded that the rearrange

ment was also base catalyzed. 

This idea of base catalysis went unchalleged until 

Krolik and Lukashevich (2) showed that 2,2*-hydrazonaph-

thalene underwent rearrangement in neutral ethanolic and 

benzene solutions at 95^C, with rearrangement being slower 

in the latter solvent. They concluded that the rearrange

ment was thermally induced. Shine (3) showed that in re-

fluxing acetone, 2,2*-hydrazonaphthalene was quantitatively 

oxidized to 2,2*-azonaphthalene under the influence of a 

small quantity of aqueous sodium hydroxide, while in ethanol 

solutions containing this base at 80-90°C, not only did 

oxidation occur, but also rearrangement to 2,2*-diamino-

l,l*-dinaphthyl, If a weak base such as pyridine were pre

sent in the ethanolic solution, the rate of reaction was 

decreased, thus suggesting an acid catalyzed rearrangement 



with pyridine competing for the hydroxyl proton of ethanol. 

Although, from these observations, one can dismiss 

the possibility of base catalysis, it cannot be concluded 

that the rearrangement in benzene and ethanol is strictly 

thermal. 

It was the purpose of this investigation to study 

the rearrangement of 2,2*-hydrazonaphthalene in various 

solvents at elevated temperatures. From rate data and 

product analyses data obtained, it is hoped that more can 

be understood about the precise nature of the benzidine 

rearrangement. 

Survey of Literature 

The Benzidine Rearrangement and Rearrangement Products 

The terra "benzidine rearrangement" is used custom

arily to denote a rearrangement of aromatic hydrazo com

pounds to products under the influence of an acid catalyst. 

The first observed product of rearrangement, benzidine (I), 

was obtained by Zinin (7) in 1845 from the acid reduction 

of azobenzene (II). The intermediate product, hydrazoben-

zene (III), formed initially in the acid reduction of 

azobenzene, was isolated in 1863 by Hofmann (8). Azoben

zene, upon reduction with hydrogen sulfide in anammoniacal 

alcoholic solution, was observed to form a considerable 

quantity of an isomer of benzidine if the reaction were 

stopped at an early stage. The isomer of benzidine. 



termed "hydrazobenzene", was demonstrated by Hofmann to 

isomerize to benzidine under the influence of a strong min

eral acid. 

Benzidine was shown by Fittig (9) to be a diamino-

diphenyl, and the positions of the amino groups were 

determined by Schultz (10). In addition to benzidine, 

Schultz and Schmidt (11) showed that a second deamino-

diphenyl, diphenyline (IV), was formed in small quantities 

in the acid catalyzed rearrangement of hydrazobenzeue. 

These investigators along with Strasser (12) determined the 

positions of the amino groups in diphenyline. With sub

stituted hydrazobenzenes, other products such as ortho-

semidines (VI) and para-semidines (VII) are often found. 

Credit for the investigation of substituted hydrazobenzene 

rearrangements is due chiefly to Jacobson, who published 

many articles on the subject with a summarizing article 

published in 1922 (13). Carlin and co-workers (14-15) reported, 

for the first time, an example of a hydrazobenzene 

Q-"0 
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rearranging to an ortho-benzidine (V) type product. Until 

recently, all five rearrangement product types were never 

isolated from the rearrangement of any one hydrazo com

pound. Recently, however, Vecera, Petranek, and Gasparic 

(16) reported the observance of all five possible products 

from the acid catalyzed rearrangement of hydrazobenzene. 

The separation of the five products was effected by paper 

chromatography. 

Substituents play a large role in determining the 

product types that are formed in a given acid-catalyzed 

benzidine transformation. The most favorable reaction 

route seems to be the formation of the benzidine type 

product, and as a general rule, a benzidine type is always 

formed as the major product if the two para positions are 

free of substituents (17), 

A single para substituent, if not ejected during 

rearrangement, prevents the formation of benzidine and may 

cause the formation of diphenylines, ortho-semidines, or 

para-semidines as the major product (17), Groups such as 

-CO^H and -SO3H are easily ejected, -CI and -OAc less 

easily, -OR less easily still, and -NRAc, -NR2 and -Alkyl, 

not at all. For example, hydrazobenzene-4-carboxylic acid 



and hydrazobenzene-4-sulfonic acid give almost quantitative 

yields of benzidine, while 4-acetoxyhydrazobenzene gives 

benzidine in very low yield with the diphenyline being the 

major product, Jacobson (13) has classified single para 

substituents such as -rMe2t "Hal, and -OAc as favoring 

diphenyline formation, -OR and -Me as favoring para-

semidine formation. In the formation of ortho-semidines 

and diphenylines from singly para substituted hydrazoben

zenes, the phenylamino group can be thought of as migrating 

and substituting at the ortho position to the amino group 

of the para substituted ring. Thus, the nitrogen atom in 

the phenyl amino group substitutes to form ortho-semidines 

and the para-carbon atom substitutes to form the dipheny

lines. In para-semidines, however, the phenylamino group 

can be thought of as receiving a substituent in the para 

position due to migration of the substituted phenylamino 

group with the nitrogen atom from this group doing the 

substituting. 

With 4,4*-disubstituted hydrazo compounds, only 

ortho-semidines are formed in the benzene series and ortho-

benzidines in the naphthalene series (18). 

Substituents in ortho and meta positions tend to 

increase the yield of benzidine and reduce the yield of 

minor products. These groups produce the same effect 

whether they are acidic, basic, or neutral in character. 

In the naphthalene series an analogous acid cata

lyzed rearrangement exists, but studies have been much 



less extensive than those of hydrazobenzenes. In this 

series ortho-benzidine type products are frequently en

countered but no diphenyline type product has been reported. 

With 2,2'-hydrazonaphthalene (VIII), the predominant product 

is the ortho-benzidine type product, 2,2*-diaraino-l,l*-

dinaphthyl (IX) (1), while 1,l*-hydrazonaphth3lene (X) 

rearranges to give a mixture of the ortho-benzidine type 

product, l,l'-diaraino-2,2*-diriaphthyl (XI), and the benzi

dine type product, 4,4*-diamino-l,l*-dinaphthyl (XIT) (19), 

Carbellini i;nd Debenedetti (20) observed the forme-

tion of 3,4:5,6-dibenzocei b^zole (XIII) aloncj with the 

usual rearrangement product, 2,2*-diamino-l,1*-dinaphthyl, 

in the zinc-acetic acid reduction of 2,2*-azonaphthalene. 

Meisenheimer and Vitte (1) observed that a small amount 

of the carbazole was formed in the acid catalyzed rearrange

ment of 2,2'-hydrazonaphthaleLe. The carbazole was be

lieved to have oricjinoted from the major product, 2,2*-

diamino-l,l*-dinaphthyl, since the acid salt of this 

diamine was shown to yielu the carbazole on heating. 

Curaraing and Howie (̂ 1) found that a small amount of 1,2:7,8-

dibenzocarbazole (XIV) was formed from the zinc-hydrochloric 

acid reduction of 1,l*-azonaphthalene. 

NH2 Nrtz 

VIII IX 
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Hodgson, Habeshaw, and Murti (22) showed that in the 

stannous chloride-hydrochloric acid reduction of l,l*-dihalo-

2,2*-azonaphthalene, where the halogen is Br or CI, the rear

ranged product is probably 1,1•-dihalo-2,2*-diamino-3,3*-

dinaphthyl. This type of rearrangement has not been observed 

elsewhere. In contrast, Nalting, Grandmaugin, and Freimann 

(23) found that l-ethoxy-2-benzeneazonaphthalene, under the 

same conditions, formed l-anilino-Lf-naphthylaraine (an ortho-

semidine type product) with ejection of the ethoxy group. 
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Catalysts for the Benzidine Rearrangement 

Strong mineral acids such as hydrochloric acid or 

sulfuric acid are very effective in catalyzing the benzi

dine rearrangement. The acids may be employed in aqueous 

solutions or aqueous-alcoholic solutions. Hydrogen chloride 

in an organic solvent is sometimes used (17). Some rear

rangements can be effected by weak acids as such acetic 

acid (24), while others require much stronger acids such as 

2:1 sulfuric acid (14). 

Mechanism of the Benzidine Rearrangement 

One of the first mechanisms proposed for the acid 

catalyzed benzidine rearrangement was that of Tichwinsky (25) 

in 1903. The mechanism proposed, as interpreted by Ingold 

(17), assumes the homolytic fission of the N-N bond into two 

free radical fragments which, after transformation of the odd 

electrons to ortho and para positions, recombine to form the 

observed rearrangement products. Jacobson (13) strongly 

objected to this type of mechanism, since in approximately 

60 examples of benzidine and related rearrangements of unsym-

metrical hydrazo compounds, he did not encounter a sincjle case 

of a symmetrical product, which should be produced if this 

intennolecular process obtained. Another objection that 

Jacobson raised to this mechanism was t'̂e fact that the free 

radical dissociation of tetraphenylhydrazine did not give rise 

to rearrangement products, vvieland (26) al<;o rejected this 



mechanism because the free radical dismutation of hydrazo

benzene had been shown to yield azobenzene and aniline. 

The second type of mechanism proposed assumed that 

the N-N bond is broken hetrolytically; that is, bond fission 

where one nitrogen atom receives both electrons involved in 

the original bond. This type was first proposed by Stieglitz 

(27) with the basic idea formulated as follows: 

C^HgNHNHC^Hg -^* (C^HgNH)* + NH^C^H^ — > products 

Jacobson*s objection to the homolytic intermolecular rear

rangement is not applicable here since substituent groups 

would favor heterolysis in a specific direction and recom

bination of groups with like charge would not be probable. 

By rearranging a mixture of 2,2*-diraethoxy-and 2,2*-

diethoxyhydrazobenzene Ingold and Kidd (28) showed that no 

crossed product could be found, thus indicating that the 

rearrangement was intramolecular. Smith, Schwarz, and 

Wheland (29) showed unequivocally that the rearrangement was 

intramolecular by rearranging 2-methyl--*-^C-hydrazobenzene in 

the presence of ortho-hydrazotoluene and finding that the 

ortho^tolidine produced was not radioactive. These two com

pounds were chosen since the products could be completely 

separated, the two rates of rearrangement were comparable, 

and Jacobson had shown that the major product in each case 

was the benzidine type product. 

If one accepts the intranolecularity of the process, 

the next most important consideration is the role of the 
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acid catalyst in the rearrangement mechanism. Although 

van Loon (30) indicated, by somewhat crude results, that the 

rate determining step involved two protons, mechanisms 

proposed for the rearrangement until 1950 (31-33) assumed a 

first order dependence on acid concentration. 

The mechanism of the benzidine rearrangement took 

on new meaning after Hammond and Shine (34) proved conclu

sively that the rate of rearrangement was second order with 

respect to acid. The mechanistic scheme was represented 

as 

C^HgNHNHC^Hg + H* ^=^ C^HgNH^NHC^Hg 

C^Hgi^H^NHC^Hs + H^ ; ^ C^HgNHgNH^C^Hg 

C^HgisiHgNHgC^Hg —!il->. products 

where either the second or third reaction may be rate deter

mining. 

Cohen and Hammond (24) showed that the rate was sub

ject to general acid catalysis, such as acetic acid, and 

concluded that two protons and an anion must be present in 

the transition state. Thus, the slow rate determining step 

is probably the second proton transfer. 

By substituting deuterium in the para positions of 

hydrazobenzene, H'lramond and Grundmeier (35) were able to 

show that the rate determining step does not involve the re

moval of a proton from the para position. Also the product 

ratios were not altered by this deuterium substitution. It 

can be concluded from tnis that the product determining step 
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is in the transition state. 

That the rearrangement is second order in acid was 

confirmed by Croce and Gettler (36) and by Carlin, Nelb, 

and Odioso (37). The latter workers showed that the benzi-

dine-diphenyline ratio was 70:30 regardless of temperature, 

acid concentration, and total ionic strength. Also, it was 

observed that the formation of both benzidine and diphenyl

ine, where the rate was followed by spectroscopic methods, 

showed a dependence on the second power of acid concentration. 

These results suggest that an identical mechanism is involved 

in benzidine and diphenyline formation. Recently Bunton, 

Ingold, and Mhala (38) showed that in the rearrangement of 

4,4*-dimethylhydrazobenzene, where the ortho-seraidine is the 

major product, the rate is also dependent on the square of 

the hydrogen ion concentration. 
ft 

Meisenheimer and Witte (1) observed that 2,2*-hydrazo-

naphthalene rearranged to 2,2'-diamino-l,1*-dinaphthyl when 

refluxed with aqueous sodium hydroxide in ethanol. Thus, 

these investigators concluded that they had, for the first 

time, observed a benzidine rearrangement that was base cata

lyzed instead of the usual acid catalysed rearrangement. 

This conclusion was shown to be erroneous by Krolik and 

Lukashevich (2), who showed that rearrangement took place 

in neutral benzene and ethanol solutions. Shine (3) showed 

tiiat in refluxinij acetone, 2,2*-hydrazonaphthalene was quan

titatively oxidized to 2,2*dzondphthalene under the influence 

of a small quantity of aqueous sodium hydroxide, wiiile in 
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ethanol solutions containing this base at 80-90*̂ C, not only 

did oxidation occur, but also rearrangement to 2,2*-diamino-

l,l*-dinaphthyl. 

A thermally induced rearrangement was proposed by 

Krolik and Lukashevich (2) after they showed that rearrange

ment of hydrazonaphthalenes occured in neutral solutions such 

as ethanol and benzene at temperatures of 95^C. However, 

Shine (3) showed that the rate of rearrangement in ethanol at 

80^C was decreased in the presence of a base such as pyridine. 

He concluded that the rearrangement was acid catalyzed with 

pyridine competing for the hydroxyl proton of ethanol. 

Vecera, Gasparic, and Petranek (6) reported a rear

rangement of some hydrazobenzenes and 1,l*-hydrazonaphthalene, 

both with and without solvent at 150*̂ 0. The product ratios 

were different, however, from those reported for the acid 

catalyzed rearrangements. In each case semidine type products 

were predominant, except for 1,l*-hydrazonaphthalene, where 

all five products were encountered. These investigators con

cluded that they had encountered a truly thermal rearrangement 

and presumed that the following mechanism was representative 

of the process: 

Q M O 
PRODUCTS 
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The process was shown to be intramolecular by the failure 

to find a crossed product in the rearranging of 4-methyl-

hydrazobenzene. 

It is interesting to note that all previously re

ported cases of thermal effects in hydrazobenzenes show 

that dismutation t^kes place to the corresponding azobenzene 

and aniline, Hofmann (8) reported the exothermic dismuta-

tî on of solid hydrazobenzene to azobenzene and aniline, while 

other investigators (4,5) have reported thermal dismutation 

in solution. 



EXPERIMENTAL 

Materials 

2-Naphthylamine Hydrochloride 

Twenty-five grams of 2-naphthylamine was dissolved 

in boiling hydrochloric acid solution (50% by volume) in 

a 10(X) ml, Erlenraeyer flask. The solution was decolorized 

by boiling with charcoal. The colorless solution was fil

tered while hot into a clean filter flask. White crystals 

of 2-naphthylaraine hydrochloride deposited upon cooling. 

The product was filtered and allowed to dry in the atmos

phere. This dry material was used in the preparation of 

2,2*-azonaphthalene, 

2.2*-Azonaphthalene 

The procedure was similar to that used by Cohen and 

Oesper (39) for the preparation of l,l*-azonaphthalene. 

Thirty-five grams of 2-naphthylamine hydrochloride was 

stirred into 500 ml. of water in a one liter beaker. To 

this was added 17.5 ml, of concentrated hydrochloric acid 

and the solution cooled to O^C in an ice-salt bath while 

being stirred with a mechanical stirrer. After adding 

21 ml. of concentrated sulfuric acid in 200 ml. of water, 

the suspended amine salt was stirred vigorously and 

diazotized by slowly adding, below the surface, a cold solu

tion of 14 g. of sodium nitrite. The reddish brown solution 

14 
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of the diazonium salt was allowed to stand 5 min. and then 

filtered at the pump, the filtrate being received in a 

pre-cooled filter flask standing in an ice bath. The cold 

solution was transferred to a 2 liter beaker in an ice bath 

and a cold solution of 66 g. of anhydrous sodium acetate in 

300 ml. of water was added while the system was kept between 

O^C and 5^C. A cooled solution of 31 g. of sodium sulfite 

in 200 ml, of water was slowly added below the surface 

causing nitrogen evolution and the separation of the crude 

2,2*-azonaphthalene. After addition was complete, the system 

was stirred for 5 rain., removed from the ice-salt bath, and 

warmed on a steam bath to induce coagulation. The tan pre

cipitate was filtered off, washed and dried in a vacuum desic

cator over calcium chloride. The crude product melted at 

180-184OC. 

The crude and dry product was extracted with chloro

form in a Soxhlet apparatus until the extract was almost 

colorless. The chloroform solution was charcoaled with 

Nuchar "C* and concentrated to induce crystallization. The 

orange crystals obtained, were dissolved in benzene and the 

charcoaling process was repeated. The light colored orange 

crystals obtained, melted at 208-209OC, This purified 

product was used in the preparation of 2,2*-hydrazonaph-

thalene. 
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2.2*-Hvdrazonaphthalene 

Approximately 2 g. of 2,2*-azonaphthalene was 

dissolved in approximately 250 ml. of refluxing acetone in 

a 500 ml. Erlenraeyer flask. This solution was cooled in 

an ice bath and reduced with a cold concentrated solution 

of ammonium chloride and zinc dust, the quantity of these 

two reagents being unimportant as long as enough was 

added to produce a colorless solution. This reduced solu

tion was allowed to cool in an ice bath for approximately 

fifteen minutes and was filtered through a sintered glass 

funnel, under a stream of nitrogen, into a large filter 

flask. The filter flask contained 1000 ml. of cold, dilute 

ammonium hydroxide solution, prepared from de-gassed water. 

This served to form a soluble complex with any zinc that 

may have come through the filter. The white hydrazonaph-

thalene suspension was coagulated by evacuating the system 

while stirring with a magnetic stirrer. The white, coagu

lated precipitate was filtered under a stream of nitrogen 

and dried in a vacuum desiccator over calcium chloride. 

The material was protected from light by covering with 

aluminum foil after filtration. The yield was approxi

mately 90%. The final product was very slightly yellow in 

color. The melting point was 136*̂ C. 

p-Nitrosodimethylaniline Hydrochloride 

p-Nitrosodimethylaniline hydrochloride was prepared 
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according to the procedure described by Vogel (40), with 

slight modifications. Thirty grams (31,5 ml,) of technical 

dimethylaniline was dissolved in 105 ml. of concentrated 

hydrochloric acid in a 500 ml, beaker. The beaker was 

equipped with a mechanical stirrer and a thermometer. 

Finely crushed ice was added, with stirring, until the 

temperature was well below 5^C, A solution of 18 g. of 

sodium nitrite in 30 ml, of water was placed in a small 

dropping funnel and added below the surface of this cold 

solution over a period of 10 minutes. Additional ice was 

added from time to time in order to keep the temperature 

below 5^C, After addition of the sodium nitrite solution, 

the mixture was allowed to stand for one hour before fil

tering. The filtered product was triturated twice with a 

cold 1:1 hydrochloric acid-water solution and once with 

cold absolute ethanol. The dark orange product was dried 

in a vacuum desiccator over calcium chloride. The yield 

was 80%, based on the quantity of dimethylaniline used. 

Bindschedler*s Green 

Bindschedler*s Green was prepared according to 

Wieland (41) with slight modifications. A slurry, con

sisting of 4,21 g. of p-nitrosodimethylaniline hydro

chloride in 15 ml, of water, was warmed in a water bath at 

60-70®C, A 500 ml, three-neck, round-bottom flask, 

containing 28 ml. of 30% hydrochloric acid, was cooled in 
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an ice bath while stirring with a mechanical stirrer. The 

p-nitrosodiraethylaniline hydrochloride suspension and 14 g. 

of zinc dust were added, slowly, in portions, separately 

and alternately to this acid solution. After addition was 

complete, the undissolved zinc dust was filtered off and 

the slightly violet filtrate was cooled in a 400 ml. beaker 

equipped with a mechanical stirrer and a thermometer. A 

few drops of concentrated hydrochloric acid and 2.69 g. of 

dimethylaniline were added to this filtrate and the system 

was cooled to O^C, A solution of 2,3 g, of sodium dichromate 

dihydrate in 5 ml. of water was added very slowly with the 

temperature remaining below lO^C. The lustrous green leaf

lets that formed were filtered off and triturated twice with 

anhydrous ether. The ether filtrate was colorless. A fluffy 

green powder was obtained upon drying in a vacuum desiccator 

over calcium chloride. The yield of Bindschedler*s Green 

was 1.67 g, (32%), 

An alternate procedure consisted in a modification 

of the reduction of p-nitrosodimethylaniline hydrochloride. 

Instead of adding p-nitrosodimethylaniline hydrochloride 

alternately with zinc to the hydrochloric acid solution, all 

the p-nitrosodimethylaniline hydrochloride was added at one 

time and the suspension cooled to approximately 5^C. Zinc 

was then added very slowly with the temperature remaining 

below 30<>C. After addition of zinc the system was allowed 

to cool to lO^C and filtered. The filtrate was colorless. 
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With this modified procedure it was noticed that 

after three triturations of the final product with absolute 

ethanol a colorless filtrate was obtained. The yield was 

unaffected by this modification of procedure. However, the 

equivalent weight was changed from 250 to 236 by the modi

fication; this will be discussed later. 

Bindschedler*s Green (Red Form) 

To a concentrated solution of Bindschedler*s Green 

from the previous preparation was added a concentrated 

solution of zinc chloride until precipitation of red-brown 

crystals occured. After filtering, triturating with water, 

and refiltering, bright red crystals were obtained. The 

material was dried in a vacuum desiccator over calcium 

chloride. 

3.4:5.6-Dibenzocarbazole 

3,4:5,6-Dibenzocarbazole was prepared by the zinc-

acetic acid reduction of 2,2*-azonaphthalene as reported by 

Carbellini and Debenedetti (20). Three grams of 2,2*-azo-

naphthalene was dissolved in 40 ml. of glacial acetic acid 

and the solution was heated to boiling. Zinc dust was added 

slowly until a colorless solution was obtained and the mix

ture was refluxed gently for one hour with occasional shakincj. 

The hot acetic acid solution was filtered into water con

taining ammonium hydroxide. Excess ammonium hydroxide was 

added to insure neutralization of all acetic acid and the 
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precipitation of all 2,2*-diamino-l,l*-dinaphthyl which is 

the major product. The precipitate was filtered off, dried 

and dissolved in benzene. The benzene solution was extracted 

twice with 10% hydrochloric acid solution to remove 2,2*-

diamino-1,1'-dinaphthyl. 

The benzene solution after acid extraction was dried 

over anhydrous sodium sulfate until the solution became clear. 

After filtering off the drying agent the benzene solution was 

evaporated to dryness and the residue recrystallized several 

times from acetic acid. The product melted at 157.5-158®C. 

An alternate purification procedure consisted in 

"charcoaling" the crude carbazole in ethanol. After filter

ing off the charcoal, water was added until the ethanol solu

tion became cloudy. The solution became clear upon heating 

once more and snow white crystals deposited upon cooling. 

The crystals melted at 157.5-158**C. This pure 3,4:5,6-diben-

zocarbazole was used in the ultra-violet spectra work which 

is discussed in a later section. 

Anhydrous Ethanol 

Two liters of absolute ethanol and 14 g. of finely cut 

sodium metal were introduced into a three liter, three-neck 

flask. The flask was equipped with a mechanical stirrer, two 

reflux condensers protected with calciu.n chloride tubes and 

an electric heating mantle. After dissolution of the sodium, 

50 g, (44,6 ml,) of diethylphthalate was added, the stirrer 

started and the solution refluxed for two hours. One condenser 
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was then arranged for downward distillation by way of a 

Vigreaux column and a Claisen head. The middle fraction of 

1,5 liters was collected in a pre-dryed bottle protected from 

moisture by a calcium chloride tube. 

In an alternate method of preparation aluminum foil 

activated with a trace of mercuric chloride was added to the 

absolute ethanol. No diethylphthalate was added. Both 

methods seemed to give the same quality of alcohol. 

Constant Boiling Ethanol 

Three liters of 95% ethanol was placed in a 5 liter 

round bottom flask and refluxed for 5 hrs. with potassium 

hydroxide and silver nitrate. A silver mirror deposited on 

the wall of the flask. The solution was distilled through an 

insulated 7 ft. helices-packed column. The middle fraction 

was collected in a clean bottle. About 2 liters of 95.56% 

ethanol was obtained. 

1.4-Dioxane 

Four liters of technical 1,4-dioxane was refluxed for 

18 hrs. with 60 ml. of concentrated hydrochloric acid and 

300 ml. of water. The system was allowed to cool and the 

solution was shaken with potassium hydroxide pellets until no 

more would dissolve. The layers that formed were separated 

and the dioxane layer was refluxed overnight with sodium. 

The dioxane was distilled and stored until needed in a 

distilling flask which contained lithium aluminum hydride. 
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When needed the solvent was distilled and used directly. In 

other preparations the solvent was stored in brown bottles 

which were sealed with paraffin, 

Tetrahydrofuran 

Four liters of technical tetrahydrofuran was refluxed 

over sodium overnight. The solvent was distilled and stored 

until needed in a distilling flask over lithium aluminum 

hydride. When needed the solvent was distilled and used 

directly. In other preparations the solvent was stored in 

brown bottles which were sealed with paraffin. 

Acetone 

Four liters of acetone was refluxed with potassium 

permanc^anate for 4 hrs. and distilled. The distillate was 

refluxed with 1 lb, of "Drierite" for 4 hrs. and distilled 

through a 4 ft. glass-helices packed column. Three liters of 

acetone was collected in a clean, dry bottle, protected from 

the atmosphere by a calcium chloride tube. The bottle was 

stoppered with a clean rubber stopper and stored. 

Cyclohexane 

Three liters of cyclohexane was refluxed for several 

hours over zeolite molecular sieve. Type 4A, 8 x 12 beads. 

The solvent was left in the presence of the molecular sieve 

and distilled as needed. A coluiui of the molecular sieve 

was placed between the pot and the receiving, flask. 
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Other Solvents 

Other solvents such as carbon disulfide, carbon tetra

chloride, and pyridine were obtained from the stock room as 

reagent grade solvents. No further purification was consid

ered necessary. 

Kinetic Method 

General Procedure 

In following the rate of rearrangement of 2,2*-hydrazo-

naphthalene in various solvents, a method similar to that 

reported by Dewar (31) for the acid catalyzed rearrangement 

of hydrazobenzene was used. 

A solution of approxinately 0.01 M 2,2'-hydrazonaph-

thalene in the proper solvent was prepared in a dry, nitrogen 

flushed volumetric flask. Aliquots were pipetted into dry, 

nitrogen flushed ampules and sealed. With ethanol or aqueous 

ethanol the ampules were sealed directly, but where other 

solvents were employed ampules were sealed under vacuum after 

being degassed by the usual freezing and thawinc, process. 

This process is discussed in a leter section. 

A stock solution of Bindschedler* s Green v*'as prepared 

by dissolving approximately 0.8 g. of Bindschedler* î  Green 

in 250 ml. of distilled wcter. Aliquotc of 20 ml. each v.ere 

pipetted into 250 ml, Erlenraeyer flriks. 

An rpproximately 0.01 N titaniu'n trichloridr solution 

was prepared by diss^olving 8 "il. of 20/- titanium trichloride 
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solution in 1000 ml. of distilled water. This solution was 

stored, under nitrogen, in an automatic buret. 

The sealed ampules containing 2,2*-hydrazonaphthalene 

were placed in a constant temperature bath at the desired 

temperature. At appropriate time intervals ampules were re

moved, chilled quickly under running water and opened. The 

contents of an ampule were added to a 20 ml, aliquot of 

Bindschedler*s Green solution with swirling under a stream of 

nitrogen. The empty ampule was rinsed twice with ethanol to 

insure the transfer of all contents to the Bindschedler*s 

Green solution. Excess Bindschedler*s Green was back titra

ted under a stream of nitrogen with freshly prepared titanium 

trichloride solution. The end-point of the titration was 

indicated by the disappearance of green color. 

The quantity of 2,2*-hydrazonaphthalene remaining 

after a given time is proportional to the difference between 

the blank titration of a Bindschedler*s Green aliquot and 

the titration of a Bindschedler*s Green aliquot containing 

sample. This difference will be referred to later as 

(Blank-Titer). 

Rate Expression 

Shine (3) reported that the rearrangement of 2,2*-

hydrazonaphthalene in ethanol was first order with respect 

to the hydrazo compound. For this first order reaction the 

integrated rate equation can be given as 

1^ (HN)t .^ r,x 
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where (HN)^ represents the concentration of 2,2*-hydrazo-

naphthalene at time t, (HN)^^ the initial concentration of 

2,2*-hydrazonaphthalene at time zero, and k the pseudo 

first order rate constant. The rate constant k is termed 

pseudo since the process might not be truly first order. 

This is important only if the rate is proportional to 

solvent concentration in addition to being proportional to 

the concentration of the hydrazo compound. The solvent 

concentration is raised to a power characteristic of the 

order of solvent in the process. Since the concentration 

of solvent is very large with respect to the concentration 

of hydrazo compound, it may be considered to remain constant. 

The pseudo first order rate constant then is the product of 

the specific rate constant and the concentration of solvent 

raised to some power. 

Since the ratio (HN)^/(HN)^ is equal to the ratio 

(Blank-Titer)^/(Blank-Titer)^, equation 1 assumes the form 

-In {|EY)^ = k(t) (2) 

Then from equation 2 it can be shown that 

log(B-T)t=^ -2.303kt - log(B-T)^ (3) 

A plot of log(B-T)^ versus t from equation 3 gives 

a straight line with a slope of -k/2.303. 

Since t is equal to the half-life t^ when (B-T)|^ is 

equal to ^^(B-T)^, the half-life ti;. can easily be obtained 

from the plot by observing the time corresponding to 
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î (B-T)̂ j. Then from equation 2, the rate constant can be 

calculated by the expression 

k =r In 2/t,/ (4) 

A fiepresentstive Pate Determination 

A standard solution of 2,2*-hydrazonaphthalene was 

prepared by dissolving 0.1423 g, of the hydrazo compound at 

room temperature in 50 ml. of constant boiling ethanol. A 

Bindschedler*s Green solution was prepared by dissolving 

0.8001 g. of the green dye in 250 ml. of distilled water. 

Samples were prepared as described previously and 

placed in the constant temperature bath at 80^C. The sam

ples were removed and analyzed as described and the tita

nium trichloride titers were recorded as shown in Table I. 

TABLE I 

SAMPLE RATE IN CONSTANT BOILING ETHANOL 

Time 
(rain.) 

15 
30 
45 
60 
75 
90 
105 

Titer 
(ml.) 

15.45 
16.50 
17.26 
18.02 
18.62 
19.15 
19.55 

Bl ank-Titer 
(ml.) 

7.15 
6.10 
5.34 
4.58 
3.98 
3.45 
3.05 

Blank 
(ml.) 

22.60 at 3 rain. 
22.60 at 5 min. 
22.57 at 100 min. 
22.60 at 115 min. 

A plot was made of log(B-T) versus time (Fig.l) 

and a straight line was obtained. The (B-T)^^ value or the 
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y-intercept was observed to be 8,20. The value of ^̂ (B-T)̂ ^ is 

4,10 which corresponds to a half-life of 72 minutes. Then 

from equation 4 a preliminary value of 9,63 x 10"^ rain,''^ was 

calculated for the rate constant. 

Treatment of Kate Data by tne Method of Least Squares 

A plot was made for each run in order to verify the 

fact that the rate was first order with respect to 2,2*-

hydrazonaphthalene, and in order to obtain prelimary rate 

constants, '\11 of the reported values for k, however, were 

calculated by the method of least squares. For each rate the 

slope of equation 3 was calculated by the method of least 

squares from 

Slopes "^^y • P^y (5) 
^ nrx - (xx) 

where x represents time, y represents log(B-T), and n repre

sents the number of samples. Since the slope is equal to 

-k/2.303 from equation 3, the value for k was calculated from 

k = -(Slope)(2.303) (6) 

Rate Data in Aqueous Ethanol Solutions 

Rates were carried out in ethanol solutions of various 

water concentrations at 80^C. The results obtained are 

tabulated in Table II. 
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TABLE II 

RATE DATA IN AQUEOUS ETHANOL SOLUTIONS 

Rate 
Number 

61 
62 
59 
60 
75 
76 
63 
64 
48 
55 
65 
68 
66 
67 
81 
82 
83 
79 
80 

Percent 
Ethanol 
i)y Weiî ht 

99,96 
99.96 
99.91 
99.91 
99.75 
99.75 
97.49 
97.49 
95.56 
95.56^ 
92.490 
92.49b 
90.15 
90.15 
85.36^ 
85,36b 
80,64b 
75,36b 
75.36b 

K« X 10 ̂  
(min,) 

7,02 
6.76 
6.72 
7.14 
7.09 
6.96 
8.27 
7.71 
9.50 
9.76 
11.76 
11.66 
12.97 
12.80 
16.34 
16.19 
21.22 
28.05 
26.07 

a. Values for k were calculated from the rate data by 
the method of least squares. 

b. These values represent in each case an average of 
two values from Table IV. 

The Effect of Water on the Rate of Rearrangement 

An attempt was made to correlate the rate of rearrange

ment of 2,2*-hydrazonaphthalene and the quantity of water in 

aqueous ethanol solutions. This was accomplished by comparing 

rate constants with the so called "ionizing power" of the 

aqueous ethanol solutions. 

The ionizing power concept was introduced in a 
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quantitative sense when Grundwald and Winstein (42) assigned 

to each of several solvents a number, Y, which was a measure 

of the solvent*s ionizing power as related to its effect on 

the rate of solvolysis in SNj type reactions. 

Fainberg and Winstein (43) plotted Y versus mole 

fraction, N, for various solvent-pairs and by the method of 

least squares fitted the curves obtained to the power series 

Y - a 4. bN 4- CN2 ^ dN3 (7) 

where a, b, c, and d are adjustable parameters, the values of 

which are dependent on the solvent. For ethanol containing 

0 to 40% water these parameters have values of -2.042, 6.086, 

-6,209, and 6.024 respectively, N is the mole fraction of 

the faster component of the binary pair, which is water in 

the case of aqueous solvents. 

The mole fraction of water for each aqueous ethanol 

solution used in this work was calculated by the relation 

percent water 
N - 18-02 (8) 

percent water percent ethanol 
18,02 46,07 

where 18.02 is the molecular weight of water and 46.07 is 

the molecular weight of ethanol. 

Mole fraction values, Y factor values, and percent 

ethanol for aqueous ethanol solutions are listed in Table III 
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TABLE III 

Y FACTORS FOR AQUEOUS ETHANOL SOLUTIONS 

Percent 
ethanol 
by weight 

99.87*̂  
97,49 
95.56 
92.49c 
90,15 
85.36C 
80,64C 
75,36C 

Mole 
fraction 
(water) 

0,003 
0,062 
0.106 
0,172 
0,218 
0,304 
0,380 
0.455 

ya 

•2,022 
•1,689 
•1,459 
•1.149 
•0.946 
•0.595 
•0.294 
0.011 

a. Calculated from the equation N ^ -2.202 + 6.086N 
-6.209N^ + 6.024N3. 

b. Average of four anhydrous ethanol percentages. 
c. Average of two determinations, 

A plot was made of log k from Table II versus Y from 

Table III and an almost straight line was obtained (Fig. 2). 

The significance of this relation will be discussed in a 

later section. 

Determination of Water in Aqueous Ethanol Solutions 

In order to investigate the effect of water on the rate 

of rearrangement of 2,2*-hydrazonaphthalene in ethanol, 

numerous rates were carried out in aqueous ethanol solutions 

of varying water concentration. The percent water in the 

ethanol solutions was obtained by determining the density of 

the ethanol solution and reading the percent ethanol directly 

from the tabulated density tables (44). 
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Density Determinations 

An aqueous ethanol solution was prepared by pipetting 

a known volume of water into a 50 ml. volumetric flask and 

diluting with anhydrous ethanol to the graduated mark on the 

flask. 

A sample of the prepared solution was placed in a 

tared "U" shaped pycnometer, having a graduated section at the 

top of each arm, and the pycnometer was weighed. The 

pycnometer was placed in a constant temperature bath at 20<̂ C, 

allowed to reach equilibrium, and the liquid level read for 

each arm. By knowing the volume per division for each arm 

and the volume of the volumetric part of the pycnometer, the 

volume of the solution was determined. The density of the 

solution was determined frora the relation 

Densitv • Apparent wt. of Soln. Bouyancy Correction /o\ 
^ Vol. of Soln. 

Data for water determinations in the aqueous ethanol 

solutions used are tabulated in Table IV. 
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TABLE IV 

RELATION BETWEEN DENSITY AND PERCENT ETHANOL IN 
ANHYDROUS AND AQUEOUS ETHANOL SOLUTIONS 

W
a
t
e
r 

(
m
l
.
/
5
0
m
l
,
 

s
o
l
n
.
)
 

0.0 
0.0 
0.0 

a 
...b 
3.0 
3.0 
4.0 
4.0 
6.0 
6.0 
8,0 
8.0 
10.0 
10.0 

A
p
p
a
r
e
n
t 
w
t
.
 

of
 
e
t
h
a
n
o
l 

s
o
l
n
.
 
(g
.)
 

3.9659 
3.9698 
3.9797 
4.0062 
4.0470 
4.0800 
4.0979 
4.1084 
4.1060 
4.1608 
4.1896 
4.2486 
4.J175 
4.2858 
4.2868 

B
o
u
y
a
n
c
y 

C
o
r
r
e
c
t
i
o
n 

(g
.)
 

0.0054 
0.0054 
0.0054 
0.0054 
0.0055 
0.0054 
0.0054 
0.0054 
0.0054 
0.0055 
0.0055 
0.0055 
0.0054 
0.0054 
0.0054 

<M O 
0 c 

CO /"s 
• JS • 

<4J 4J 0» 

3.9713 
3.9752 
3.9851 
4.0116 
4.0525 
4.0854 
4.1033 
4.1138 
4.1114 
4.1663 
4.1951 
4.2541 
4.2229 
4.2912 
4,2922 

Vo
l.
 
o
f
 

e
t
h
a
n
o
l 

(
m
l
.
)
 

5.0293 
5.0362 
5.0436 
5.0333 
5.0489 
5.0363 
5.0576 
5.0317 
5.0290 
5.0183 
5.0551 
5.0544 
5.0151 
5.0190 
5.0226 

D
e
n
s
i
t
y 

(g
./
ra
l.
)
 

0,78963 
0,78948 
0,79013 
0.79701 
0.80265 
0.81119 
0.81113 
0.81758 
0.81754 
0.83022 
0.82987 
0.84166 
0.84204 
0.85449 
0.85458 

P
e
r
c
e
n
t 

e
t
h
a
n
o
l 

99.91 
99.96 
99.75 
97.49 
95.56 
92.50 
92.47 
90.15 
90.15 
85.29 
85.43 
80.72 
80.57 
75.27 
75.45 

a. A stock solution was prepared by adding an un-
raeasured amount of water to a 100-ral. volumetric flask and 
diluting to the mark with anhydrous ethanol. 

b. Constant boiling ethanol. 

A plot was made of water (ml./50ml. soln.) versus 

percent ethanol (Fig. 3) and a straight line was obtained. 

This allowed for the determination of percent ethanol in a 

solution whose density was not measured. This procedure 

was used for determining the percentage of ethanol in 

solutions containing 2.5 ml. and 3.5 ml. of water in 50 ml. 

of solution. The percentages were observed to be 93.74% 

and 91.30% respectively. 
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Calibration of Pycnometer 

The graduated arm sections of a "U" shaped 5-ml. pyc

nometer were calibrated with a small quantity of clean mercury. 

The mercury was pulled into each arm by applying gentle suc

tion on the opposite arm. The length of the piece of mercury 

was recorded in arm division units for numerous positions on 

each arm. The mercury was weighed and its volume determined 

by dividing the weight by the known density of mercury. From 

a knowledge of the volume of the mercury sample the volume per 

arm division was calculated for each arm. 

The volume of the volumetric part was determined with 

a sample of doubly distilled water. The sample of water was 

placed in the pycnometer and the pycnometer was weighed. The 

water filled pycnometer was placed in a constant temperature 

bath at 20*̂ C and the liquid level read for each arm. The 

volume of the volumetric part was found by substracting the 

volume of water in each arm from the total volume of the water 

sample. The total volume of the water sample was determined 

frora the weight of the sample and the density of water at 20*̂ C. 

The Degassing Process 

Sample tubes were prepared by sealing 16 x 150 ram. 

test tubes onto 19/38 inner joints and then shrinking the 

resulting tube at two positions just below the point of at

tachment. The top constriction allowed for easy sealing under 

vacuum while the bottom constriction allowed later for easy 
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opening of the sealed sample tube. 

The sample tubes were filled according to the method 

described for ethanol solutions. The tubes contlining sam

ples were connected to 19/38 outer joints equipped with stop

cocks which in turn were connected by way of a manifold with 

twelve outlets to a high vacuum system. The stopcocks were 

connected to the manifold by way of rubber connections. All 

standard taper joints were lubricated with "Apiezon-N" vacuum 

grease. 

The high vacuum system consisted of a standard oil-

diffusion pump backed by a fore pump. The pressure of the 

system was determined by an upright McLeod gauge. 

After connecting the sample tubes to the system the 

stopcocks were closed, the tubes immersed in liquid nitrogen, 

and the fore pump started. The stopcocks were opened and the 

sample tubes with their frozen contents evacuated. The diffu

sion pump was started after the fore pump had reached maximum 

vacuum. When the pressure reached approximately 10""̂  mm, of 

mercury the stopcocks were closed and the sample tubes removed 

from the liquid nitrogen. The samples were allowed to thaw 

and return to room temperature. This process was then repeated 

until the samples had been degassed three times. 

After the final degassing the tubes were sealed and 

placed in the deep-freeze until the time of introduction into 

the constant temperature bath. 

Several dioxane solution samples were degassed using 

a dry ice-acetone mixture as the freezing agent. 
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The same procedure was used for degassing solutions 

for product analyses. 

Rates of Rearrangement in Other Solvents 

Rates of rearrangement of 2,2*-hydrazonaphthalene in 

ethanol, 1,4-dioxane, tetrahydrofuran, and pyridine were 

carried out at 80*̂ , 90®, and 98®C. 

Runs carried out in all solvents other than ethanol 

were degassed as described in the preceding section. De

gassing was necessary since, where the rate of rearrangement 

was very slow, oxid.̂ tion of hydrazonaphthelene in non-degassed 

solutions was great enough to interfere with the determination 

of rearrangement rates. 

The reaction was found to be first order with respect 

to hydrazonaphthelene in all solvents employed. This was 

demonstrated by plotting log (Blank-Titer) versus time for the 

data from each solvent. 

Rates in solvents other than ethanol usually required 

many hours of study. Rates were usually followed for a period 

of time approximately equal to the half-life of the particular 

rearrangejnent. With pyridine at 80<̂ C, for example, this time 

was approximately 250 hours. In order to follow the reaction 

for a reasonable length of tine tubes were pulled from the 

bath and analyzed in the usual method. A separate preparation 

of Bindschedler*s Green solution was necessary for each tube 

since the Bindschedler*s Green solution was usually unstable 

after a period of a few hours. This method of analysis 



39 

required the standardization of titanium trichloride solution 

against standard potassium dichromate solution for each sample 

analyzed. When the run was finished, often after a period of 

a week, the value of (Blank-Titer) was corrected to 0.01 N 

titanium trichloride solution and plotted against time. After 

several rates had been run it was found that the tubes might 

be pulled at intervals and stored in the deep-freeze until all 

tubes had been removed; at which time all samples were analyzed 

using the same Bindschedler*s Green solution. 

The rate constant for each run was calculated by the 

method of least squares. Data frora various solvents at 80®C 

are listed in Table V. Since rate data were not consistent 

in the non-hydroxylic solvents, an attempt was made to inves

tigate factors influencing the rate. With this idea in mind 

a number of rates were carried out at 90®C in 1,4-dioxane at 

various hydrazonaphthelene concentrations. Results listed in 

Table VI show that there is no correlation between the concen

tration of hydrazonaphthelene from 0.005 M to 0.02 M and the 

rate constant. Rates were carried out in sample tubes that 

had been washed with soap and water instead of the usual 

chromic acid cleaning process, but no difference in rate was 

noticed. Also, one set of sample tubes was flushed with 

nitrogen dried with magnesium perchlorate until degassing 

time and again no noticeable difference in rate was observed. 

Rate constants for rearrangement in other solvents at 90**C are 

listed in Table VII. 

Rate constants for rearrangements in all solvents 
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mentioned were also obtained at 98<̂ C as shown in Table VIII, 

Analysis of Samples frora Rearrangements in Pyridine 

The method of removing sample tubes and analyzing the 

samples was discussed in the preceding section, A modifica

tion was necessary for sample analysis, however, where pyridine 

was used as the solvent. 

Since pyridine is a relatively strong base, the oxida

tion-reduction titration of Bindschedler*s Green solution with 

titanium trichloride solution was affected. It was virtually 

impossible to detect the end-point of the titration due to the 

dark color produced when pyridine was present in the 

Bindschedler*s Green solution. This difficulty was overcome 

by neutralizing the pyridine with hydrochloric acid. 

An aqueous hydrochloric acid solution was prepared by 

diluting 40 ml. of the concentrated acid to a volume of 100 ml. 

with distilled water. It was found that 10 ml. of this acid 

solution was sufficient to neutralize a sample containing 4 ml. 

of pyridine. Acid was added only after the 4 ml. sample had 

been added to the Bindschedler*s Green solution; thus, elimi

nating the possibility of acid catalyzed rearrangement of the 

remaining hydrazonaphthalene. After neutralization of pyridine 

the titration was carried out as described previously. Sharp 

end-points resulted frora this method of analysis. 

Blanks were also titrated where the Bindschedler*s 

Green solution contained 4 ml. of pyridine and 10 ral. of the 

hydrochloric acid solution. It was observed that a sharp 
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end-point resulted frora this type of blank titration even 

though the Bindschedler*s Green aliquot gave a slightly 

colored end-point without pyridine and acid. 

TABLE V 

FIRST ORDER HATE CONSTANTS FROM REARRANGEMENTS 
IN VARIOUS SOLVENTS AT 800C 

Run 
No. 

90 
91 
59 
60 
61 
62 
88 
89 
84 
86 
86 

Solvent 

Dioxane 
Dioxane 
Ethanol 
Ethanol 
Ethanol 
Ethanol 
Pyridine 
Pyridine 
Tetrahydr 
Tetrahydr 
Tetrahydr 

of\ 
ofi 
ofi 

jran 
jran 
Liran 

k« X 10^ 
(min."l) 

6.48 
7.25 

672 
714 
702 
676 

4.69 
4.38 
4.20 
4.91 
5.05 

a. Values were calculated by the method of least 
squares. 
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TABLE VI 

RELATION BETWEEN CONCENTRATION OF HYDRAZO COMPOUND 
AND RATE CONSTANT FRa! REARRANGEMENTS 

IN 1,4-DIOXANE AT 90^0 

Run^ 
No. 

Molarity 
of Hjcirazo 

k» X 
min. 

10' 
-1 

92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 

0.0109 
0.0113 
0.0099 
0.0101 
0.0105 
0.0113 
0.0100 
0.0100 
0.0200 
0.0'200 
0.0100 
0.0100 
0.0200 
0.0050 

27.41 
2<i:.45 
18.56 
16.11 
2*^.43 
22.00 
31.51 
30.-^0 
22.55 
20.55 
30.15 
29.35 
27.40 
21.13 

a. Samples for runs 100 and 101 were frora the same 
stock solution. Similerly samples for runs 102 and 103 
were from the same stock solution. 

b. Values were calculated by the method of least 
squares. 
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TABLE VII 

FIRST ORDER RATE CONSTANTS FROM REARRANGEMENTS 
IN VARIOUS SOLVENTS AT 90®C 

Run 
No. 

106 
107 
108 
109 
113 
114 
110 
111 
112 

a. 
squares. 

Solvent 

Ethanol 
Ethanol 
Ethanol 
Ethanol 
Pyridine 
Pyridine 
Tetrahydrofuran 
Tetrahydrofuran 
Tetrahydrofuran 

ks X 10^ 
rain,~l 

170 
188 
177 
177 
15.46 
14,03 
17.00 
12.05 
14.10 

Values were calculated by the method of least 

TABLE VIII 

FIRST ORDER RATE CONSTANTS FROM REARRANGEMENTS 
IN VARIOUS SOLVENTS AT 98®C 

Run 
No, 

115 
116 
120 
121 
118 
119 
117 
122 

Solvent 

Dioxane 
Dioxane 
Ethanol 
Ethanol 
Pyridine 
Pyridine 
Tetrahydr 
Tetrahydr 

ofuran 
ofuran 

k^ X 105 
rain."l 

54.93 
53.23 

3206 
3292 
35.78 
38.43 
24.99 
24.78 

a. Values were calculated by the raethod of least 
squares. 
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Thermodynamic Treatment of Rate Data 

Energy of Activation 

The energy of activation. Eg, was determined for the 

rearrangement in each of the solvents used in rate work. 

This was accomplished by fitting the rate data frora Tables V, 

VI, VII, and VIII to the logarithmic form of the Arrhenius 

equation 

log k » -Ea/2,303RT •*• log A (10) 

where k is the rate constant, R is the gas constant equal to 

1.987 cal/deg mole, T is the absolute temperature and log A 

is the y-intercept. This amounted to calculating the slope of 

equation 10 from the rate data by the method of least squares. 

The activation energies were then calculated frora the slope 

of the equation according to 

Eg = -(slope)(2.303)(R) (11) 

Energies of activation are listed in Table IX. 

Plots were made of log k versus reciprocal temperature 

to show that equation 10 was obeyed. Figure 4 represents 

log k versus recriprocal temperature for rearrangements in 

ethanol. Similar plots for rearrangement in other solvents 

are shown in Figure 5. 

Entropy of Activation 

From a knowledge of the activation energy and rate 
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constant the entropy of activation for each reaction was cal

culated from the transition state theory equation 

k r k*T/h e-Ea/RT e^*/^ (12) 

where k* is Boltzraan*s constant with a value of 1.3804 x 

lO^l^ erg/deg, h is Planck*s constant with a value of 

6,6252 X 10~27 erg/sec, and AS* is the entropy of activation. 

Equation 12 was rearranged to 

AS* - (In kh/k'T + E3/RT)(R) (13) 

Values were calculated for As"̂  at 90^C from equation 13 and 

are listed in Table IX. Entropies of activation are only 

relative since pseudo rate constants were used instead of 

specific rate constants, 

TABLE IX 

ENERGIES AND ENTROPIES OF ACTIVATION FOR 
REARRANGEMENTS IN VARIOUS SOLVENTS 

Solvent E | As*b 
(kcal/raole) ( ca l /deg raole) 

12.63 
6.00 

12.13 
3.37 

a. Values calculated by method of least squares. 
b. Since pseudo first order rate constants were 

used in the calculations, the entropy values obtained 
are only relative. 

Dioxane 
Ethanol 
Pyridine 
Tetrahydrofuran 

30.41 
22.45 
30.41 
24.30 
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Association of 2.2*-Hydrazonaphthalene with Solvent 

N-H Bond Association 

Carbon disulfide solutions of the solvents used in rate 

work were prepared by dissolving a known quantity of the sol

vent in a definite volume of carbon disulfide. The solutions 

contained 0.5 to 6% by volume of the particular solvents. A 

sample, 0,1420 g,, of 2,2*-hydrazonaphthalene was dissolved 

in 50 ml. of each of the solutions giving solutions that were 

0.01 M in the hydrazo compound. The concentration of the 

particular solvent was unimportant as long as it was in excess 

of the hydrazonaphthalene concentration. Usually, however, if 

the concentration of the solvent exceeded 6% by volume, spec

troscopic measurements were hindered since the solution became 

opaque in the near infrared region causing the reference energy 

to drift. 

A sample of a given hydrazo solution was placed in the 

sample compartment of the Beckmann DK-II Spectrophotoraeter. 

The corresponding solvent used in preparing the hydrazo solu

tion was placed in the reference compartment. By scanning 

the near infrared region frora 3200-2650 mmicrons, curves were 

obtained for each solution as percent transraittance (% T) 

versus wave length (Fig. 6-9). 

Since the instrument is double-beamed no background 

was present. Only the spectrum of the hydrazo compound was 

obtained in each case; the solvent absorption being canceled. 

A comparison of the absorption wave length of the N-H 
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bond in each solvent is shown in Table X. A spectrum was 

obtained for hydrazo in carbon disulfide alone as shown in 

each of the Figures 6-9 for comparison purposes. The funda

mental N-H stretching frequency in carbon disulfide solution 

was observed at 2970 mmicrons which compares favorably to 

that reported for the N-H bond (2900-2950 raraicrons) in 

secondary amines (45). 

TABLE X 

ABSORPTION WAVE LENGTHS FOR THE N-H BOND OF 2,2*-HYDRAZ0-
NAPOTHALENE IN VARIOUS SOLVENTS 

Solvent^ 
in 

Carbon disulfide 

Carbon disulfide 
6% Dioxane 
0.6% Ethanol 
3% Pyridine 
3% Tetrahydrofuran 

N-H 
(mmicrons) 

2970 
3010 
3000 
3090 
3010 

Shift^ 
(mmicrons) 

^.. „ 

40 
30 

120 
40 

a. Percentages are by volume 
b. Shift from 2970 mmicrons. 

0-H Bond Association 

A 0.1% by volume ethanol solution was prepared by dis

solving 0.05 ral. of ethanol in 50 ral, of reagent grade carbon 

disulfide, A curve was obtained in the 3200-2650 raraicron 

range using carbon disulfide as the reference solvent (Fig, 10), 

The fundaraental 0-H stretching frequency occured at 2766 

raraicrons, 

i>:\\s rK(:n: 
LUHB.,cl TL!;̂ '̂ '"'̂ "̂ *'- '̂ "'•'̂ Ê K ^uami 
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A 0,02 M 2,2*-hydrazonaphthalene solution was prepared 

by dissolving 0.2840 g. of the hydrazo compound in 50 ral. of 

reagent grade carbon disulfide. A 10 ral. aliquot was placed 

in each of two volumetric flasks. To one flask was added 

10 ral, of a 0.2% by volume ethanol in carbon disulfide solu

tion. To the other flask was added 10 ral, of carbon disulfide. 

The ethanol containing solution was then analyzed with the 

hydrazonaphthalene solution serving as the reference solvent 

(Fig, 10). No shift was noticed for the 0-H stretching fre

quency. The significance of this observation is discussed in 

a later section. 

Product Analyses 

Product analyses were carried out on rearrangements in 

anhydrous ethanol, aqueous ethanol, acetone, tetrahydrofuran 

and glacial acetic acid solutions. 2,2*-Diaraino-l,l*-dinaph-

thyl and 3,4:5,6-dibenzocarbazole were isolated as the rear

rangement products in each of the solvents. The primary data 

for each analysis are tabulated in Table XI. The percentages 

of products isolated from each rearrangement are tabulated in 

Table XII. 

Preparation of Solutions 

Approximately 1.5 g. of 2,2*-hydrazonaphthalene was 

placed in a dry, nitrogen flushed 500-ml., round-bottom flask 

at room temperature and dissolved in 200-300Iral. of the 

appropriate solvent. Where ethanol or aqueous ethanol was 
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employed as the solvent the flask was usually sealed directly. 

One ethanol solution, however, was degassed by the freezing 

aiid thcwinij procecs which served to remove most of the oxygen 

dissolved in the solution. A side reaction which consisted 

in the oxidation of 2,2*-hydrazonc^phthalene to 2,2*-azonaph-

thalene was mostly eliminated by using degassed solutions. 

The degassing process was used where rearrangements were 

carried out in acetone and tetrahydrofuran. After sealing, 

the reaction flask was placed in a constant temperature bath 

at 80®C. 

Reaction Time 

The reaction time was estimated frora the half-life of 

the rearrangement in a given solvent. This relationship can 

be represented as 

•|„ = N (14) 

where n represents the number of half-lives required for 

complete reaction and N represents the weight ratio of 

hydrazo corapound reraaining at the finish to the weight of 

hydrazo compound at the beginning, A ratio of =10" was arbi

trarily chosen as a maximum for N so that the quantity of 

hydrazo compound remaining at the finish was always too small 

to be determined. The minimum value of n was then calculated 

to be 13 for samples containing 1.6 g. or less of 2,2*-hydrazo-

naphthalene. The reaction time was determined from the rela

tion 
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t^ X 13 = minimum reaction time (16) 

After sufficient time was allowed for virtually complete reac

tion the flask was removed from the bath, cooled and opened 

for product analysis. 

Rearrangements in Ethanol and Aqueous Ethanol Solutions 

The reaction time for three rearrangements in anhydrous 

ethanol solutions was estimated to be approximately 25 hours 

according to the half-life of the reaction and equation 15. 

In an aqueous ethanol solution containing 75.36% ethanol the 

estimated reaction time was approximately 5 hours. 

After opening the reaction flask a qualitative test 

was made for 2,2*-hydrazonaphthalene. This test consisted in 

placing a drop of the solution in a sraall volurae of very 

dilute Bindschedler's Green solution and observing for possi

ble decolorization of the green solution. All tests for 

2,2*-hydrazonaphthalene from rearrangements in ethanol or 

aqueous ethanol solutions were negative. 

The contents of the flask were poured into approxi

mately 1000 ral. of water with the rearrangement products 

forming a finely divided suspension. The suspension was 

allowed to stand until the products coagulated. The precipi

tate was then filtered off and washed several times with dis

tilled water. On other occasions the contents of the reaction 

flask were evaporated to dryness on the steam bath with a 

stream of air instead of being precipitated with water. 
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2.2^-Diamino-l.l*-dinaphthyl. The precipitate or res

idue described above was dissolved in benzene and 2,2'-

diamino-1,1'-dinaphthyl was extracted by washing twice in a 

separatory funnel with two 300-500 ml, quantities of 10% 

hydrochloric acid solution. Upon neutralization of the com

bined aqueous acid layers with concentrated ammonium hydroxide 

solution, 2,2*-diamino-l,l*-dinaphthyl forraed a finely 

divided white suspension. This suspension was usually allowed 

to stand overnight to insure coagulation. 

This coagulated diamine was filtered off in a tared 

Hirsch funnel and washed thoroughly with distilled water. 

The funnel and its contents were dried in a vacuum desic

cator over calcium chloride and weighed. The melting point 

of the diamine in most cases was 190-191*^0. The diamine 

percentages found were 72.4, 81.3, and 86.4 for rearrangements 

in anhydrous ethanol and 74.1 for a rearrangement in aqueous 

ethanol solution. These percentages are based on the weight 

of the starting material. When based on the quantity of 

hydrazo corapound actually rearranging, which is the quantity 

of original hydrazo corapound less the quantity of hydrazo 

compound converted to azo corapound by oxidation, the percent

ages of diamine were 77,9, 87.3, 86.4 and 80.3 respectively, 

^.2*-Azonaphthalene, The benzene solution remaining 

frora the acid extraction of diamine was evaporated to dry

ness and the residue dissolved in absolute ethanol. The 

ethanol solution was concentrated by evaporation on the steara 

bath and allowed to cool slowly. 2,2*-Azonaphtnalene then 
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crystallized out in the form of small orange colored plates. 

The material was filtered off in a tared Hirsch funnel, dried 

and weighed. The melting point of the 2,2*-azonaphthalene 

was usually observed to be from 205-208<>C with a 1® range in 

the melting point. 

Azo percentages were 7.2, 7.0, and 0.4 for rearrange-

nts in anhydrous ethanol solutions and 9.2 for rearrange-

nt in aqueous ethanol solution. These percentages are based 

on the weight of the starting material. The rearrangement 

which resulted in only 0,4% of azo compound was carried out 

in a degassed solution. 

3.4;5.6-Dibenzocarbazole. The solution remaining after 

the removal of 2,2*-azonaphthalene contained essentially 

3,4:5,6-dibenzocarbazole with a trace of the azo compound. 

This solution was evaporated to dryness in a tared Erlenraeyer 

flask and the dark colored residue weighed. This dark residue 

was reported as crude carbazole. The raelting point of the 

residue was usually in the range 152-157^0. 

Carbazole percentages frora rearrangements in anhydrous 

ethanol solutions were 19.7, 11.9, and 13.1. Frora rearrange-

raent in the aqueous ethanol solution the carbazole percentage 

was 17.9. These percentages are based on the weight of the 

starting raaterial. When based on the weight of the hydrazo 

corapound actually rearranging the percentages were 21.2, 

12.9, 13.1 and 19.4 respectively. 

In most analyses an attempt was made to recrystallize 

the crude cabazole frora aqueous ethanol solution or petroleum 
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ether, but results were never satisfactory. The carbazole 

that did crystallize practically always had a reddish appear

ance; unlike the previously discussed snow-white carbazole 

from the zinc-acetic reduction of 2,2*-azonaphthalene. Also, 

the recrystallizations were so tedious that when the isola

tion was finished much of the product had been lost. This 

difficulty of isolating the pure carbazole was overcome when 

it was found that the compound could be determined quantita

tively in mixtures containing small amounts of azo compound 

by analysis in the ultra-violet region of the spectrum using 

the Beckmann DK-II Spectrophotometer. This method is dis

cussed in the following section. 

In attempting to recrystallize the carbazole from 

petroleuii ether, small white plates occasionally formed that 

melted at 120-121*^0. A new compound was believed to have 

been isolated until it was shown that the ultra-violet spec

trum of the compound was identical to that of 3,4:5,6-dibenzo-

carbazole. It was observed also that the 120-121^ raaterial 

could also be converted to the 166-157*̂  raaterial by recrys-

tallization of the former froin aqueous ethanol. A raixture 

of the two raaterials melted at 156-157**, thus, showing no 

depression in melting point of pure 3,4:5,6-dibenzocarbazole. 

Quantitative Spectroscopic Measurements 

Solutions of pure 2,2*-azonaphthalene and pure 3,4:5,6-

dibenzocarbazole in ethanol were prepared with molarities of 

2.98 X 10""̂  and 2.66 x 10"^ respectively. The solutions were 



61 

analyzed in the ultra-violet region of the spectrum with the 

Beckmann DK-II Spectrophotometer. Curves (Fig, 11) were re

corded automatically by the instrument as optical density 

versus wave length. An extinction coefficient expressed as 

optical density divided by molarity was calculated for each 

compound at both 332 mmicrons and 277 mmicrons. Values ob

tained were 2.50 x 10^ and 2.01 x 10^ respectively for 2,2*-

azonaphthalene and 0.90 x 10^ and 3.72 x 10^ respectively for 

3,4:5,6-dibenzocarbazole, 

From this information a scheme was divised from which 

the molarities of 2,2*-azonaphthalene and 3,4:5,6-dibenzo-

carbazole could be determined in a solution containing 

unknown quantities of the two compounds. The following 

discussion illustrates the method of molarity determination. 

The two standard solutions above were mixed in equal 

volumes and the optical densities measured at 332 mmicrons 

and 277 raraicrons were found to be 0.47 and 0.79 respectively 

(Fig. 1L»-A). The molar concentrations of 2,2'-azonaphthalene 

and 3,4:5,6-dibenzocarbazole were found by solving the simul

taneous equations 

2.50A + 0 .90C = 0 . 4 7 X 10"^ ( 1 6 ) 

:2.01A 4- 3.72C = 0 . 7 9 x 10"'* ( 1 7 ) 

where A represents the molar concentration of azo compound 

and B represents the molar concentration of carbazole. A 

was found to be 1.20 x 10"^ M as compared to the calculated 

value 1.49 x 10"^ M. C was found to be 1.38 x 10"^ as 
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compared to the calculcted value 1.28 x lo"^ M. 

This method was applied in the deternination of azo 

compound and carbazole from rearrangements in acetone and 

tetrahydrofuran. 

Rearrangement in Acetone 

Since the time calculated for complete reaction in 

acetone was npproxiraately 2300 hours, according to the reac

tion half-life and equation 16, it was desirable to stop the 

reaction short of completion. 

Since 2,2*-hydrnzonaphthalene is extremely sensitive 

to oxidation an attempt was made to convert the reraaining 

hydrazo compound quantitatively into 2,2*-azonnphthalene. 

This oxidation was accomplished by cooling the reaction raix

ture to 0*̂ C in an ice bath, adding a small quantity of aqueous 

sodium hydroxide solution, and bubbling -̂ir slowly throuth the 

solution for five or six hours. 

2.2*-Diamino-l.1*-dinaphthyl. After oxidation the 

acetone solution was evaporated to dryness and the organic 

part of the residue dissolved in benzene. The diamine was 

extracted with 10% hydrochloric acid as in the ethanol re

arrangements. The aqueous acid solution containing the 

diamine was neutralized with concentrated aramoniura hydroxide 

solution. The product which precipitated was allowed to 

coagulate and was filtered in a tared Hirsch funnel which was 

dried with its contents and weighed. The yield of diamine 

was 17.0% based on starting raaterial and 76.1% based on the 
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quantity of hydrazo corapound actually rearranging. The 

raelting point of the diamine was 189-190*>C. 

2.2*-Azonaphthalene. The benzene solution frora the 

diamine extraction was evaporated to dryness and the residue 

dissolved in ethanol. The ethanol solution was concentrated 

and 2,2*-azonaphthalene crystallized out in the form of 

orange plates that melted at 207-208*^0, The azo compound 

remaining in the ethanol solution with carbazole was deter

mined spectroscopically as described next in the determination 

of carbazole. The total percentage of azo corapound frora this 

rearrangement was 77.4 based on starting material, 

3.4:5.6-Dibenzocarbazole. A stock solution was pre

pared by placing the solution resulting from the crystalli

zation of 2,2*-azonaphthalene in a 250-nil. volumetric flask 

and diluted to the mark with absolute ethanol. A 2 ml, 

ali iuot of this solution was removed and diluted 50-fold, 

The resulting solution was found to have a concentration 

range sufficient for analysis with the Beckmann DK-II Spectro

photoraeter. 

Optical densities of 0.180 and 0.595 were recorded at 

332 mmicrons and 277 mmicrons respectively (Fig. 12-B). Equa

tions 16 and 17 then take the form 

2.50A + 0.90C = 0.180 x 10"^ 

2.01A -I- 3.72C = 0.595 x 10"^ 

The simultaneous equations were solved with values of 0.16 x 

10"^ M and 1.53 x lO"^ M being obtained for A and B 
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Fi - 12. Ultra-violet absorption spectra: A, a solution 
containing eaual volumes of 2.93 x 10-^ V 2,2t-azonaphtha-
lene and 2.5^ x 10-^ V 3,ij.:5,6-dibenzocarbazolc- in absolute 
ethanol. :̂, an ethmol solution containin.̂ r, 2,2'-azonaph-
thalene and 3,lj.:5,6-dibenzocarbazole as useĉ  in the product 
analvsis from the rearran-̂ i-ement in acetone. 
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respectively. 

The molarities of azo and carbazole in the analyzed 

solution were 1/25 of those in the stock solution. The 

molarities of ??zo and carbazole in the stock solution were 

then (0.16 x 10"^)(25) and (1.53 x 10"^)(25) respectively. 

The product of molarity in the stock solution, molecular 

weight, and 0.260 for each corapound represents the weight of 

each compound remaining after azo crystallization. The per

centage carbazole was found to be 4.4 based on the weight of 

starting material as compared to 19.5 based on the weight of 

hydrazo compound actually rearranging. The percentage azo 

determined spectroscopically was found to be 0,49, The prod

ucts isolated frora the rearrangement in acetone accounted for 

98.8% of the starting raaterial. 

Oxidation of 3.4;6.6-Dibenzocarbazole 

Before 2,2*-hydrazonaphthalene was subjected to oxida

tion as described in the preceding section it was desirable 

to check the stability of the rearrangement products under 

such conditions. A sample, 0.1803 g., of 3,4:5,6-dibenzocarba-

zole was then dissolved in acetone, the solution made basic 

with a small quantity of aqueous sodium hydroxide solution, 

and air bubbled through the resulting solution for 4 hours. 

The basic acetone solution was evaporated to dryness 

and the residue dissolved in benzene. The benzene solution 

was washed throughly with water and again evaporated to dry

ness. This residue was dissolved in aqueous acetone and 
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evaporated to dryness in a tared Erlenraeyer flask. The re

covery was 99.4% based on weight of starting material. The 

product consisted of white flakes which melted at 120-121*^0. 

The 120-121 material corresponds to the alternate crystal

line form of carbazole described previously since re-evapora

tion to dryness from ethanol resulted in a residue raelting 

at 166-167**C. This experiraent showed that carbazole was 

stable under conditions used for the oxidation of the hydrazo 

compound. 

A similar experiment was carried out for 2,2*-diamino-

l,l*-dinaphthyl by Snell (46). The diamine was recovered in 

almost quantitative yield and the melting point was 189-190**C. 

It was concluded, therefore, that the diamine was also stable 

under conditions used for the oxidation of the hydrazo com

pound. 

Rearrangement in Tetrahydrofuran 

Where the rearrangement for product analysis was 

carried out in tetrahydrofuran it was also found desirable to 

terminate the reaction before completion since complete reac

tion time was more than 3200 hours as calculated frora the 

half-life and equation 15. The reaction flask was removed 

from the constant temperature bath after 160 hours. 

A 10-ml. aliquot of the tetrahydrofuran solution was 

removed and placed in a 20-ral. aliquot of Bindschedler*s Green 

solution and titrated with titanium trichloride solution which 

had been standardized against 0.01 N potassium dichromate 
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solution. The product of (Blank-Titer) and the normality of 

the titanium trichloride solution represent the milliequiv-

alents of 2,2*-hydrazonaphthalene in the 10-ml. aliquot of 

tetrahydrofuran solution. From this information the quantity 

of hydrazo compound remaining at reaction termination time 

was calculated to be 70,1% of the starting material. Thus, 

the reaction was 29,9% complete. 

The quantity of hydrazo compound remaining was then 

converted into 2,2*-azonaphthalene and the azo compound iso

lated. As in the acetone rearrangement this oxidation was 

effected by bubbling air at 0®C through the solution that 

had been made basic by adding a sraall quantity of an aqueous 

sodium hydroxide solution. Oxidation was carried out over 

a period of five to six hours. 

2.2*-Diamino-l.l*-dinaphthyl. The determination of 

diamine was carried out in exactly the same way as described 

for the rearrangeraent in acetone. The percentage of diaraine 

was 22 based on the weight of starting raaterial as compared 

to 78,2 based on the weight of hydrazo compound actually re

arranging. The melting point was 189-190*^0. 

2.2*-Azonaphthalene. The determination of azo com

pound was also carried out as described for the rearrangement 

in acetone, Azo compound was isolated in 70,1% based on the 

weight of the starting material. This percentage includes 

that determined spectroscopically along with the carbazole. 

The melting point of azo corapound was 207-208^0, 

3.4;5.6-Dibenzocarbazole, The percentage of carbazole 
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was determined spectroscopically as described previously. The 

percentage carbazole based on weight of starting material was 

6,3 as compared to 21,7 based on the weight of hydrazo cora

pound actually rearranging. 

Diamine, azo compound, and carbazole accounted for 

98,3% of the unrecovered starting material. 

Rearrangement in Glacial Acetic Acid 

A sample consisting of 1.2272 g. of 2,2*-hydrazonaph-

thalene was dissolved in 60 ml, of glacial acetic acid in a 

500-ml. round bottom flask and heated to boiling. The system 

was refluxed for 30 minutes and then cooled. The rearrange

ment products were precipitated by pouring the solution into 

water that had been made basic with concentrated ammonium 

hydroxide. Enough aramoniura hydroxide was present to neutral

ize all of the acetic acid. After coagulation, the products 

were filtered off and washed with distilled water. The pre

cipitate was dissolved in benzene and the resulting solution 

washed with 600 ml, of 10% aqueous hydrochloric acid solution. 

The acid extractable material precipitated upon 

neutralizing the aqueous acid layer with concentrated amraoni-

um hydroxide solution. The precipitate, after coagulation, 

was filtered off, dried and weighed. This product, raelting 

at 175-186**C, accounted for 63,2% of the starting raaterial. 

It was decided that this product was essentially 2,2*-diaraino-

l,l*-dinaphthyl with a trace of raono-acetylated 2,2*-diaraino-

l,l*-dinaphthyl. 
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This decision was substantiated by completely acetyla-

ting the acid extractable portion of the products. The 

acetylation consisted in heating the material in aqueous 

acetic acid with 25 ral, of acetic anhydride for a few rainutes 

and then allowing the system to stand overnight (47). The 

product was precipitated with water and ammonium hydroxide 

and worked up in the usual manner. A raelting point of 237-

238*>C was obtained for the product which corapared favorably 

with the reported raelting point of 236-237^0 for the diacetyl 

derivative of 2,2*-diamino-l,l*-dinaphthyl (48). The product 

was obtained in 96.5% yield based on the assuraption that the 

acid extractable fraction consisted of diaraine only. 

The non-acid extractable benzene soluble portion was 

evaporated to dryness and the residue was dissolved in aqueous 

ethanol. The aqueous ethanol solution was evaporated to dry

ness in a tared Erylenraeyer flask. The residue raelted at 

146-153*^0 corresponding to 3,4:5,6-dibenzocarbazole and was 

obtained in a 36.3% yield based on the weight of the starting 

material. The combined yield of diaraine and carbazole was 

99,6%. 

Reaction of 2.2*-diaraino-l,l*-dinaphthyl with Zinc-Acetic Acid 

A sample, 3.4686 g., of 2,2*-diamino-l,1*-dinaphthyl was 

dissolved in acetic acid. A sraall quantity of zinc dust was 

added, and the mixture refluxed for 36 hours. 

The reaction mixture was precipitated and worked up as 

described for 2,2*-diaraino-l,l*-dinaphthyl. The product raelted 
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at 229-235*^0, After several recrystallizations frora aqueous 

ethanol solution the melting point was not greatly affected. 

The reported melting point for the diacetyl derivative of 

2,2»-diamino-l,l'-dinaphthyl is 236-237*>C (48). A nitrogen 

analysis (49) showed the corapound to contain 7,36% nitrogen 

as compared to 7,6% nitrogen calculated theoretically for the 

diacetyl derivative of 2,2*-diaraino-l,l*-dinaphthyl, 

TABLE XI 

PRIMARY PRODUCT ANALYSES DATA FRCM REARRANGEMENTS 
IN VARIOUS SOLVENTS AT 80*>C 

Run a 
No. 

1 
2 
3 
4 
5 
6 
7 

2,2*-Hydra-
zonaph-
thalene 
(g.) 

1.5000 
1.3445 
1.3077 
1.4607 
1.1789 
0.9963 
X , iSt^ t M 

2,2*-Di-
araino-1,1*-
dinaphthyl 

(g.) 

1,0878 
1,0940 
1.1258 
1,0822 
0,2008 
0,2286 
0,4454 

3,4:5,6-Di-
benzo-
carbazole 
(g.) 

0.2885^ 
0.1567'> 
0,1662. 
0.2646** 
0.0500*̂  
0.0693*̂  
0.7749 

2,2*-Azo-
naph-
thalene 
(g.) 

0.1074 
0.0938 
0.0061 
0.1239^ 
0.9131*̂  
0.6790* 

" ' " 

a. Runs 1, 2 and 3 were frora anhydrous ethanol, 4 
from aqueous ethanol, 5 from acetone, 6 frora tetrahydro
furan, and 7 from glacial acetic acid. 

b. Weight of carbazole was determined by subtracting 
the weight of diamine and azo corapound frora the weight of 
hydrazo compound. 

c. Determined spectroscopically. 
d. Weight includes 0,9073 g. obtained frora crystalli

zation and 0.0058 g. obtained frora spectroscopic raeasureraent. 
e. Weight includes 0,6658 g. obtained from crystalli

zation and 0.0132 g, determined spectroscopically. 
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TABLE XII 

COMPARISON OF PRODUCT PERCENTAGES FROM REARRANGEMENTS 
IN VARIOUS SOLVENTS AT 80*>C 

Run 
No. 

Solvent^ 2,2*-diamino- 3,4:5,6-di- 2,2*-azo-
1,1'-dinaphthyl" benzocarbazole'^ naphthalene 

1 
2 
3 
4 

5 
6 

7 

Ethanol 
Ethanol 
Ethanol 
Aqueous 
ethanol^ 
Acetone 
Tetrahydro
furan 
Acetic Acid 

72,4(77,9) 
81.3(87,3) 
66,4(86,4) 

74,1(80,3) 
17,0(76.1) 

22.0(78,2) 
63.2 

19,7(21,2) 
11,9(12,9) 
13,1(13,1) 

17,9(19,4)^ 
4.4(19.5)« 

6.3(21.7)** 
36.3 

7.2 
7.0 
0.4 

9.2 
77.4* 

70,0® 
^•~"" 

a. All solvents were anhydrous except the aqueous 
ethanol solution, 

b. The first figure in the column for each analysis 
represents the weight percentage of product based on that 
theoretically possible from the original quantity of 2,2*-
hydrazonaphthalene. The figures in parentheses represent 
the weight percentages of products based on the quantity of 
2,2*-hydrazonaphthalene rearranging. This quantity was 
found by subtracting the weight of 2,2*-azonaphthal6ne frora 
the weight of the starting material, 

c. Percent ethanol was 75.36. 
d. Determined by the ultra-violet spectrum method. 
e. This represents the small amount (if any) of 

azonaphthalene forraed during the rearrangeraent period and the 
azonaphthalene obtained subsequently by base catalyzed oxida
tion. That is, this figure actually represents the unrear-
ranged hydrazonaphthalene. 
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Bindschedler*s Green 

Bindschedler*s Green was prepared as described for use 

in kinetic studies. Before a particular sample of the green 

dye was used it was necessary to demonstrate that a solution 

of the compound, when reduced with titanium trichloride solu

tion, became completely colorless. Otherwise, the end-point 

of titrations encountered in rate work would be difficult to 

see. The color of the end-point seemed to be a function of 

the equivalent weight of the dye. As long as the equivalent 

weight was equal to or less than 270 the raaterial was found 

to be usable. The ideal equivalent weight was 260 or less. 

Equivalent V̂eiqht Determination 

A sample of Bindschedler*s Green, 0.8000, was dissolved 

in 250 ral, of distilled water. Aliquots of 20 ml. each were 

removed and titrated with titanium trichloride solution that 

had been standardized with 0.01 N potassium dichromate solu

tion. Calculations were carried out as follows: 

«T T4ri N K>Cro07 
^ ^^^^3 - ral. KoCroOr x ml. TiCls 

N B G - N TiCl'^ X ral. TiCl3 
^ ^'^' - ral. B.G. 

Eq. Wt. B.G. = Wt. B.G. 
N B.G. X 0.250 

Elemental Analysis 

Samples of the green form and red form of Bindschedler*s 
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Green with equivalent weights of 262 and 196 respectively 

were sent for elemental analysis (49). Results obtained are 

tabulated in Table XIII. 

TABLE XIII 

ELEMENTAL ANALYSIS OF BINDSCHEDLER*S GREEN 

Element 

Carbon 
Chlorine 
Hydrogen 
Nitrogen 
Zinc 

Green form 
Percent 
by weight 

41.49 
30.67 
4.46 
8.78 
14.16 

Red form 
Percent 
by weight 

63.47 
19.78 
5.33 
11.56 
.....a 

a. Not determined. 

The structure of each form is discussed in a later 

section. 



DISCUSSION AND INTERPRETATION OF RESULTS 

Rate Studies 

Meisenheimer and Witte (1) stated that the rearrange

raent of 2,2*-hydrazonaphthalene in hot aqueous ethanolic 

solutions of sodium hydroxide was base catalyzed. Krolik 

and Lukashevich (2) stated that the rearrangement was ther

mally induced in neutral solutions, and Shine (3) suggested 

that the rearrangement in alcoholic solutions was really acid 

catalyzed with the hydroxyl proton of the alcohol acting as 

the catalyst. Although it is agreed that the rearrangeraent 

is not base catalyzed, controversy still exists over whether 

the rearrangeraent is acid catalyzed or thermally induced. 

Shine*s suggestion that a hydroxyl proton catalyzed process 

prevailed, was substantiated by the decrease in reaction rate 

observed when a competing base such as pyridine was present, 

and by the increase in rate when water was present. 

The present research has dealt with the effect in a 

quantitative manner in an attempt to determine whether the 

reaction in ethanol solutions proceeds by an ionic or free 

radical raechanisra, 

A number of rates was carried out in aqueous ethanol 

solutions of varying water concentrations. The first order 

rate constants were then related to the ionizing power, Y, of 

the solutions as shown in Figure 2, This relationship is im

portant in the sense that it is indicative of a truly ionic 

process. The basis for this relationship is discussed in the 

76 
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following paragraph, 

Grundwald and Winstein (42) plotted log k for a series 

of SNj type reactions in various solvents versus log k for the 

rate of solvolysis of t-butyl chloride in the same solvents 

and a linear relationship was obtained. An 80% ethanol-water 

solution was chosen as the reference solvent and a Y value of 

0,(X) was assigned to it. Y values were assigned to other 

solvents in such a way that log k for the solvolysis of 

t-butyl chloride versus Y yielded a straight line with a slope 

of 1.00. The measure of the sensitivity of a given reaction 

to the ionizing power of a solvent is designated as the slope 

(m) of the plot, log k versus Y. 

The Grundwald-Winstein relationship has not been re

stricted to solvolysis reactions only. Bartlett and Storey 

(50), for example, showed that the relationship was applicable 

to the ionic decomposition of t-butyl aryl persulfates in 

which the bond being broken was the oxygen-oxygen bond of the 

peroxide. The value of m was 0.44 for decompositions in 

aqueous methanol solutions indicating that the reaction was 

0,44 as sensitive to solvent variation as the solvolysis of 

t-butyl chloride. Similarily the ionic intramolecular rear

rangement of 9-decalyl perbenzoate was observed to follow 

the log k versus Y relationship with an m value of 0.67. The 

ionic raechanisra for each reaction was also demonstrated by 

product analyses. 

The plot in Figure 2 has a slope of approximately 0.30. 

The reaction rate is then approximately 0.30 times as 
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sensitive to solvent changes as the solvolysis rate of t-butyl 

chloride. Since according to the preceding discussion the 

Grundwald-Winstein relationship may be utilized to designate 

ionic reactions which consist in breaking bonds other than 

carbon-halogen bonds it is concluded that rearrangeraent of 

2,2*-hydrazonaphthalene in aqueous ethanol solutions is ionic 

as far as the rate determining step is concerned. 

From a qualitative view point, ionic reactions are 

more sensitive to changes in polarity of the solvent than 

corresponding radical reactions (61). For example, the decom

position of p-raethoxy-p*-nitrobenzoyl peroxide changes from a 

radical decomposition to an ionic decomposition on going to 

more polar solvents (52). In non polar solvents where products 

frora radical type reactions were formed the reaction rate was 

insensitive to solvent changes. On the other hand, when the 

reaction was carried out in a more polar solvent, products 

frora the ionic type reaction were formed and the rate was ranch 

faster. 

A large change was observed in the rate of rearrange

raent of 2,2*-hydrazonaphthalene on going frora ethanol solution 

to dioxane, pyridine and tetrahydrofuran solutions. The rates 

were so slow in the last solvents that the oxidation of hydrazo

naphthalene to azonaphthalene, which had been negligible for 

rearrangements in ethanol, became a matter of concern. It was 

found that rate data obtained were unreliable until the oxida

tion reaction was eliminated. This was accomplished by using 

degassed samples. 
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From rate data obtained for the rearrangement at three 

temperatures in ethanol, dioxane, pyridine and tetrahydrofuran, 

energies and entropies of activation were calculated as listed 

in Table IX. It is seen that energies of activation. Eg or 

Arf*̂ , become larger as one proceeds frora ethanol to the other 

solvents. Frora Figure 6 it is noticed that the three points 

plotted for the rearrangement in tetrahydrofuran do not repre

sent a straight line. However, if one neglects the point 

corresponding to a temperature of 98*̂ C, the AH"*" value, as cal

culated frora the two remaining points, falls in line with those 

calculated for dioxane and pyridine. This elimination is 

reasonable in the sense that tetrahydrofuran and dioxane are 

very similar in nature as solvents, both being ethers, and 

would be expected to have a similar effect on the rate of rear

rangement. 

A trend is noticed in AH* and AS^. This type of 

parallelism is very important in comparing the transition 

states for the rearrangeraent in the different solvents. The 

trend indicates that a raore rigid transition state exists in 

the case of ethanol as shown by the lower value of AS^. This 

rigidness, due possibly to restrictions caused by solvation, 

gives rise to lower values of A H . Thus, at a cost of some 

freedora of raoveraent in the transition state the process in 

ethanol occurs at a lower energy than in the other solvents. 

This type of reasoning was used by Bartlett and Hiatt 

(63) in studying the decomposition of t-butyl acyl peroxides. 

As an exaraple, the peroxide ester of benzoic acid decomposes 



79 

with a lower AS^ and AH'*'than the corresponding peroxide 

ester of acetic acid. This is explained by the fact that the 

benzoate radical must become planar in the transition state 

to achieve resonance energy with rotation of the bond con

necting the phenyl and carboxylate groups becoming rigid; thus, 

causing a lowering of AH^ and AS"̂ . A parallelism was pointed 

out between AH and AS^ and the number of bond rotation 

restrictions in the transition state for a number of similar 

decompositions. 

A precise picture of the transition state for the re

arrangement of 2,2*-hydrazonaphthalene is not possible but 

it seems certain that the differences observed for AH* and 

AS for rearrangements in different solvents are caused by 

differences in the part played by solvent in the transition 

state. 

Two types of associations are possible between ethanol 

and hydrazonaphthalene while only one type of association can 

be imagined for the other solvents. 

In ethanol and the other solvents association exists 

between the nucleophilic oxygen or nitrogen of the solvent 

and the hydrogens of he hydrazine bridge in hydrazonaph

thalene as illustrated by 
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where E represents the nucleophilic atom in tlie solvent; 

oxygen in ethanol, dioxane and tetrahydrofuran, and nitrogen 

in pyridine. 

In addition to this type of association it is almost 

certain that another type of association exists where ethanol 

is employed as the solvent. This type of association is 

represented as 

R-0 0-R 

where the hydroxyl protons from the alcohol are associated 

with the lone pairs of electrons on the nitrogens of hydrazo

naphthalene. 

The occurrence of the first type of association has 

been proven beyond a reasonable doubt. Figures 6-9 show the 

shift of the nitrogen-hydrogen absorption peak for hydrazo

naphthalene in the near infrared region of the spectrum to 

longer wave lengths caused by associations of the hydrogens 

of the hydrazine bridge with solvent. Although the near 

infrared work represents associations in the ground state, it 

seems likely that the same sort of associations are possible 

in the transition state. 

The second type of association has not been proven in 



the scope KJI this researcli, us it; shewn by Fit,ure 10, How

ever, shifti> of the oxygen-deuteriuii ubsoiptioL i.cok in 

wcthanol-D have beeu affected Ly ULIU.J 0,1 cm, cell^ and 

straight pyridine as the solveut (54), This concentration 

relatiunship of hydrazonaphthalene to ethanol was impossible 

in this laboratory since only 1 cm. cellt; were available. 

With 1 cm, cells, solutions became opaque in the near infra

red region as concentration increased. 

Since Shine (3) noticed that the presence of pyridine 

caused a decrease in the rate of rearrangement, and also that 

hydrogen-bond associations have been shown to exist between 

the hydrogens of the hydrazine bridge in hydrazonaphthalene 

and the nucleophelic solvent, it is possible that this type of 

association inhibits the rate while the other type of associa

tion catalyzes the reaction. This idea is supported by the 

fact that the rates of rearrangement in dioxane, pyridine, and 

tetrahydrofuran are slower than the corresponding rate in 

cyclohexane (56) by a factor of 4 to 6. In cyclohexane no 

hydrogen bonding is conceivable, Snell (55) also observed 

rates in benzene to be comparable to those in cyclohexane and 

again, there seems to be no possibility of hydrogen bonding. 

Product Analyses 

In any study of mechanism of a chemical reaction it is 

very essential to isolate all possible reaction products and 

determine the relative quantity of each product found. Prod

uct analyses were carried out for the rearrangement of 
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2,2*-hydrazonaphthalene in various solvents under conditions 

used in rate studies where possible. 

Products were isolated from rearrangements in ethanol, 

76% aqueous ethanol, acetone, and tetrahydrofuran; the per

centages of products found being listed in Table XII, The 

striking similarity of percentages obtained for each product 

in each of the above mentioned solvents suggests that the 

product determining step is the same for each rearrangement. 

Also the transition is probably very similar for the rear

rangement in each solvent. The two rearrangeraent products, 

2,2*-diaraino-l,l*-dinaphthyl and 3,4:6,6-dibenzocarbazole, 

form separately since diamine cannot be converted into car

bazole under rearrangement conditions. The diamine was puri

fied from ethanol and aqueous ethanol on several occasions 

and at no time was carbazole ever encountered. It is con

cluded then that the two products arise frora the same transi

tion state with the diaraine product always being predorainant. 

Where glacial acetic acid was used as a solvent the 

diamine-carbazole ratio was changed. Whereas in the above 

mentioned solvents the diamine percentages were always frora 

76-86%, the diaraine frora the rearrangement in glacial acetic 

acid was formed in only 63% yield. Carbazole was found in 

approximately 12-20% yield in the above mentioned solvents as 

compared to 36% in glacial acetic acid. 

This difference is significance in the sense that it 

indicates a different transition state for rearrangements in 

hot glacial acetic acid as corapared to ethanol, aqueous 
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ethanol, acetone and tetrahydrofuran. Again the carbazole 

does not arise frora the diamine since on heating in glacial 

acetic acid over a long period of time the diaraine is only 

acetylated. Snell (66) reported the normal diamine-carbazole 

ratio frora rearrangements in glacial acetic acid at room 

temperature and confirmed the above results in hot glacial 

acetic acid. This indicates a possible change of raechanisra 

in acetic acid by going from room teraperature to the boiling 

point of the solvent which is 118*̂ C. 

Accepting the idea of constant product percentages in 

solvents other than hot glacial acetic acid, it is hard to 

imagine intramolecular homolytic dissociation of the nitrogen-

nitrogen bond in solvent as was proposed by Vecera, Petranek, 

and Gasparic (6). Since the process requires aromatic 

substitution of one aromatic ring on another it seems unlikely 

that radical substitution should be exclusively oriented to 

the 1-position of the naphthalene ring. It is known that 

radical substitution is not influenced by the usual directing 

effects that accompany electrophilic aromatic substitution (62). 

In cases where substitution is oriented, it is to the para 

position. 

Bindschedler*s Green 

The use of Bindschedler*s Green as an analytical re

agent in following the rate of rearrangeraent of aroraatic 

hydrazo compounds was first developed by Dewar (31). By adding 

an alcohol or acetone solution of the hydrazo corapound to an 
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aqueous solution of Bindschedler*s Green oxidation of the 

hydrazo compound to the corresponding azo corapound occured. 

Occasionally a Bindschedler*s Green preparation gave 

off-colored end-points, either brown or yellow, when solutions 

were titrated with titaniura trichloride solution. This colored 

end-point made accurate titrations difficult. In order to 

prevent this from occuring, an attempt was made to learn raore 

about the nature of Bindschedler*s Green, 

After the reduction step, in the preparation of 

Bindschedler*s Green, it was found advisable to add hydro

chloric acid after filtration of unused zinc. In sorae cases 

where the acid was added before filtration, as in Wieland*s 

directions (42), a product was obtained that did not give 

clear end-points when titrated with titaniura trichloride solu

tion. The best explanation seems to be that the acid needed 

in the oxidation step was partially neutralized by undissolved 

zinc. 

In the oxidation step, Wieland (42) used a one-third 

mole ratio of dichromate, based on the amount of dimethyl

aniline used. Stoichioraetrically, a two-third mole ratio 

should be used. However, if excess dichromate were used, a 

poor product was usually obtained. Thus, it was found conven

ient to use a ratio slightly less than two-thirds. The proce

dure described in the Experimental describes a ratio of one-

half. 

The method of washing the final product seemed to 

effect the end-point of titration slightly. If the product 
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were washed with water only, the end-point was frequently 

discolored. The most reliable raethod was that described in 

the Experimental where the product was triturated three times 

with ethanol until a colorless filtrate was obtained and then 

with ether. 

The red and green forms of Bindschedler*s Green were 

sent for elemental analysis (49) and the results are tabulated 

in Table XIII, Frora the results obtained it appears that 

the red solid is the double zinc salt 

N"V V-W=^ 

h-:^C 
/ 

ZNC NOL4 

while the green solid has the structure 

V^"3 
>=N 

\ 

CH3 
ZNC L4 

The formulas given for the red and green solids require 

equivalent weights of 179 and 3̂1 respectively. The experi

mentally determined equivalent weight for the red solid was 

196 and that for the green was usually around 260. "hine, 

Snell and Trisler (56) reported on the preparation of 

Bindschedler*s Green and concluded that an equivalent weight 
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of 252 was u s j j l l y obtained by the tiion present methods of 

preparat ion . However, s iace that t i le i t was found that 3 

modi f i ca t ion of the reduction procedure, followed by a 

thorough washing of the f ina l product with ethanol resu l ted 

in a green compound with an equivalent weight of 236, The 

reduct ion procedure cons i s ted of placing a l l of the p-nitroso-

d i n e t h y l a n i l i n e hydrochloride in hydrochloric ac id , coo l ing 

below 15**C with an i c e - s a l t bjth and adding zinc powder very 

s lowly u n t i l a c o l o r l e s s so lut ion was obtained. This equiv

a lent weight value coraes much c loser to the t h e o r e t i c a l 

equ iva lent >veight value of 231, 

Upon reduction the Bindschedler*s Green so lut ion be

comes c o l o r l e s s . This reduction may be formulated as 

2Ti 

:;-o-"0-C 2Ti 
•1-4 



SUMI!APY AND CONCLUSIO^JS 

1, The rearrangement of 2,2*-hydrazonaphthalene in 

aqueous ethanol solutions takes place by an ionic raechanisra. 

This supports the idea that ethanol is acting in the capacity 

of an acid catalyst (3), 

2, The transition state of the rearrangeraent in ethanol 

is probably more solvated than the transition state in dioxane 

and pyridine. This conclusion is a result of an interpreta

tion of the parallelism exhibited between energy of activation, 

AH , and entropy of activation, AS , for rearrangeraent in the 

solvents raentioned, 

3, The nucleophilic solvents used in rato work were 

found to associate with the hydrogens of the hydrazine bridge 

in 2,2'-hydrazonaphthalene, 

4, From product analyses data it is suggested that 

products arise frora the sarae transition state for rearrange-

raents in all solvents except hot glacial acetic acid, 

5, The structures assigned to the red and green forras 

of Bindschedler*s Green are correct as indicated by equivalent 

weight values obtained. 
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