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CHAPTER I 

INTRODUCTION 

The benzidine rearrangement ia a name-reaction 

which deaignatea the acid-catalyzed rearrangement of 

aromatic hydrazo compounda. The first auch rearrangement, 

that of hydrazobenzene to benzidine (I), waa diacovered 

by Hofmann (1) in 1863 and gave the name to this series 

of rearrangements. It waa later diacovered that diphenyl-

ene (II) waa also produced in the rearrangement of hydrazo

benzene (2). Work with other aromatic hydrazo compounda 

revealed that three other rearrangement producta may be 

formed. The parent compounda for theae three products 

are: o-benzidine (III), o-aemidine (IV) and p-aemidine 

(V). (However, aome doubt haa recently been raiaed aa to 

HoN 2"A /r\ / 
II 

* ^ = ^ ^ 

/z=M^ 

Qrv^ 0-H 0̂"= 
III IV 



the proper incluaion of the p-aemidine in the family of 

benzidine rearrangementa (3).) Few, if any, hydrazo 

compounds rearrange to give all five types of producta, 

but two or more producta are commonly obaerved with each 

hydrazo compound. 

In 1922, Jacobaon (4), in a claaaical review paper, 

listed some 87 aromatic hydrazo compounds which had been 

rearranged by that time. Since that time, and indeed 

sometime before that, extensive work has been directed 

toward the elucidation of the mechanism of the benzidine 

rearrangement. A major difficulty in describing the 

mechanism has been the satisfactory accounting for a 

rather severe molecular contortion which is intramolecular. 

The problem which has occupied, and still occupies, 

moat workera in the field ia the unequivocal determin

ation of which of the following four atepa ia the rate-

determining one: 1) protonation of the hydrazo compound, 

2) -N-N- bond breaking, 3) -C-C- or -C-N- bond formation, 

or 4) loaa of the aromatic protona. Stepa 1 and 4 have 

been fairly concluaively eliminated aa rate-determining 

atepa. The preaent controversy is whether stepa 2 and 3 

are part of a concerted proceaa or are separated by the 

formation of an intermediate. 

Another reaction which often occurs concurrently 

with the benzidine rearrangement, particularly when o-

semidines are formed, is the disproportionation of the 

hydrazo compound to the corresponding azo compound and 



aciaaion amine. Work ia juat begining to be directed 

toward the elucidation of the disproportionation mechanism. 



LITERATURE SURVEY 

Eatabliahed Data 

Prior to 1950, mechaniatic descriptions of the 

benzidine rearrangement were handicapped by the lack of 

knowledge of the kinetic order in acid of the reaction. 

It was generally assumed that the reaction was first-order 

in acid. (A paper by van Loon (5) in 1904, showing that 

the rearrangement of hydrazobenzene was second-order in 

acid, was apparently overlooked.) In 1950, Hammond and 

Shine (6) demonstrated concluaively that the rearrangement 

of hydrazobenzene waa aecond-order in acid, a finding that 

haa aince been confirmed aeveral timea. Theae workera 

propoaed the following rate law to explain their reaulta: 

After thia diacovery and the aimilar findinga of other 

workera with other hydrazo compounda, moat mechaniama were 

altered to accomodate a two-proton tranaition atate. It 

waa generally aaaumed for a few yeara that all hydrazo-

benzenea followed the same kinetic law. 

In 1954, however, Carlin and Odioso (7) discovered 

that the rearrangement of o-hydrazotoluene was not second-



order in acid but had an acid order of 1.6 under the 

conditions used. Similar results were obtained aubae-

quently with 4-chloro-4»-methylhydrazobenzene and 4-t̂ -

butyl-4•-chlorohydrazobenzene (8). 

The explanation of the non-integral order obtained 

by Carlin came three yeara later when Blackadder and 

Hinahelwood (9) propoaed the following rate law: 

"di"^ = l^lNM-h k2[Hz|[Ĥ 2 (2) 

Examination of this equation reveals that the overall acid 

order of the reaction will depend on the relative values of 

k^ and k2. It would be expected that the last term of the 

right-hand side of equation 2 would predominate at high 

acidities, and the kinetic law would then approach the 

law propoaed by Hammond and Shine. 

A logical extenaion of thia explanation would be 

the prediction that, at low aciditiea, firat-order kinetics 

should predominate. It should be pointed out that what 

constitutes low and high acidities varies drastically 

with different hydrazo compounda. 

Thua, it was believed that Carlin and Odioso were 

observing the rearrangement of o-hydrazotoluene at inter

mediate acidities and the compound was rearranging by two 

paths simultaneoualy, one first-order in acid and the 

other second-order in acid. 

The above prediction waa proven in 1961 when Miitc 

nnd Preisman (10) demonstrated that the rearrangement of 



N-methylhydrazobenzene was first-order in acid at low 

acidities and 1.9-order at higher aciditiea. They alao 

demonatrated that the rate law propoaed by Blackadder 

and Hinahelwood waa valid for N-methylhydrazobenzene. 

The firat obaervation of a aimple hydrazo compound 

rearranging by firat-order kinetica waa that of 1,1»-

hydrazonaphthalene diacovered by Banthorpe, Hughes and 

Ingold (11). Examples of hydrazo compounds which exibit 

the range from first- to second-order in acid have since 

appeared in the literature (3). 

Thua, aromatic hydrazo compounda may rearrange 

upon being singly or doubly protonated, and, sometimes, 

may rearrange by both paths at the aame time. 

Probably the most established and fully documented 

fact about the benzidine rearrangement ia that it is 

kinetically first-order in hydrazo compound. Hammond 

and Shine (6) showed this to be true for hydrazobenzene, 

and all other cases studied so far have given the aame 

reault. 

That the reaction ia intramolecular haa been con

cluaively demonatrated by the failure to find croaa pro

ducta when different hydrazo compounda were rearranged 

together (12, 13). Thia haa been explicitly demonatrated 

for 0,0*- and p,p'- bonded producta, and becauae aemidines 

and diphenylenes are formed along with the benzidines in 

many reactions, the implication is strong that these 

reactions are also intramolecular. 



As waa atated earlier, much of the work on the 

benzidine rearrangement haa been directed toward eatab-

liahing the rate-determining atep. Attention haa been 

particularly directed toward inveatigating whether the 

first (that is, protonation) or the last (that ia de-

protonation) step is the slow one. 

Two series of experiments were conducted to deter

mine if the loss of the aromatic proton(a), at the poai-

tion of final biaryl bonding, or protonation of the 

hydrazo compound was the rate-determining step. In the 

first, the protons on the aromatic rings, at the position 

where biaryl bonding waa to occur, were replaced with 

deuterium atoma, and the reaction ratea and product dia-

tributiona were meaaured in each caae. This experiment 

was conducted with both hydrazobenzene (second-order in 

acid) (14) and l,l»-hydrazonaphthalene (first-order in 

acid) (15), and no significant difference was observed 

in either reaction rates or the product ratios. 

These experiments demonstrated two things. First, 

that the rate-determining step was not the loss of the 

aromatic protons. Second, since the loss of the protons 

was not involved in the slow atep and aince the protona 

would require an abatracting agent (an anion or advent 

molecule), the conjugate baae waa not involved in the 

slow step. Thus, with respect to the deprotonation, the 

reaction could not be one of general-acid catalysis. 
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In the second, experiments were conducted which 

were designed to determine if protonation was the rate-

determining step. The experiments, which were of two 

types, were conducted by Banthorpe, Hughes and Ingold (3) 

and were directed toward determining whether the reaction 

is one of specific-acid catalysis or one of general-acid 

catalysis. A reaction is classified as being general-

acid catalyzed if proton-transfer is part of the rate-

determining step, and specific-acid catalyzed if proton-

transfer is not part of the slow step but occurs as a 

rapid equilibrium process before the rate-determining 

step. 

It was shown (3) firat, that, for aeveral hydrazo 

compounda, the log of the rate conatant waa proportional 

to the Hammet function (H ) inatead of the log of the acid 

concentration (at high aciditiea where the concentration 

of H"̂  differa from h^). It waa next ahown, with aeveral 

hydrazo compounda, that when the water preaent in an aque-

oua advent waa replaced by deuterium oxide, the rates of 

all the rearrangements, displaying a variety of acid 

orders, increased by a factor of about 2.2 per proton 

involved. 

The results of these experiments demonstrated 

conclusively that the benzidine rearrangement is a speci

fic-acid catalyzed one. Thus, neither protonation nor 

proton-removal is part of the rate-determining step, and 

any acceptable mechanism must account for these facts. 



An interesting fact which has been observed several 

times (11, 16, 17) is that, where two or more rearrangement 

products are formed, the product ratio is usually un

affected by variations in solvent polarity, ionic strength, 

and acidity. Small variations are sometimes (11), but 

not always (16), observed with changes in temperature, as 

might be expected of differences in the activation energies 

of the different product-forming transition states. One 

would expect that, if the various products were formed 

by different paths, differences in the polarities of the 

transition states would be detected by a variation in 

profluct ratios with changes in solvent polarity or ionic 

strength. These data seem to indicate, but do not prove, 

that all of the producta are formed from a common inter

mediate, the formation of which ia the rate-determining 

atep. 

A concurrent reaction which sometimes occurs in 

conjunction with the benzidine rearrangement, especially 

when o-seraidines are the rearrangement products, is dis

proportionation. The disproportionation reaction may be 

illustrated as follows: 

2 RNHNHR > RN=NR -•- 2 RNH^ 

This reaction differs from the rearrangement reaction in 

a very basic way: it is intermdecular. 

Hydrazo compounds which disproportionate have not 

been studied as extensively as have those which do not. 
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The disproportionation reactions which have been studied, 

however, indicate a superficially rather surprising 

result; the disappearance of hydrazo compound (leading 

to both rearrangement and disproportionation) is first-

order in hydrazo compound. This may be easily explained, 

however, because one molecule of the hydrazo compound 

could become protonated and then activated in the slow 

step and then react in a fast step with another molecule of 

hydrazo compound to yield the disproportionation products. 

Carlin and Wich (16) conducted extensive investi

gations with p-hydrazotduene which not only rearranged 

(to the o-semidine), but also disproportionated and was 

reduced. Both the disappearance of the p-hydrazotduene 

and the appearance of each product was shown to be first-

order in hydrazo compound and second-order in acid. The 

ratio of products was not observed to change significantly 

with changing solvent polarity, ionic strength, acidity, 

or temperature. 

No conclusive evidence has been obtained, so far, 

that would justify the inclusion of disproportionation 

in the mechanism of the benzidine rearrangement. However, 

work such as Carlin»s, above, seems to indicate that both 

rearrangement and disproportionation may occur by a coirmon 

intermediate and that this common step ia the rate-deter

mining one. 

The benzidine rearrangement is thus intramolecular, 

first-order in hydrazo compound, first-, second-, or mixed-
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order in acid, and may occur concurrently with dispropor

tionation. The rate-determining step is either the 

breaking of the -N-N- bond or the formation of the -C-C-

or -C-N- bond, or a concerted process involving both 

steps. Formation of all products appears to take place 

through a common intermediate formed in a rate-deter

mining step. A satisfactory mechanistic description of 

the acid-catalyzed transformations of aromatic hydrazo 

compounds must account for these facts. 

Proposed Mechanisms 

There have been three main mechanistic descriptions 

of the benzidine rearrangement which have enjoyed some 

degree of support. These are the 7c-complex theory, the 

cation-radical theory and the polar-transition-state 

theory. 

The TT-complex theory was first proposed by Dewar 

(18). This theory envisions a mono-protonated hydrazo

benzene as undergoing a heterolytic scission of the -N-N-

bond to form a 7C-complex in the rate-determining step. 

The TT-complex would then revert to a c-complex and form 

the final -C-C- or -C-N- bond (after rotation of one ring 

relative to the other for semidine or diphenylene for

mation) . 

If the reaction is second-order in acid, Dewar 

proposes that the second proton is used in attacking the 

A'-complex and causing it to proceed to products. In this 

case, the rate-determining step would be this proton 
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attack. This theory was originally proposed before many 

of the mechanistic data now available were known and has 

since been seriously criticized (3). 

HN- H 

®r' 
The main difficulty with this theory is that, 

contrary to observation, it predicts general-acid catalysis 

for the aecond-order caae, and an acid order which de

creases with increasing acidity. Various other predic

tions of this theory, baaed on aaaumptiona aa to the 

nature of varioua TT-complexea have alao been proven in 

error. 

Another mechaniam, which waa firat propoaed by 

Tichwinsky (19) and haa been diacuaaed recently (3, 16), 

ia the cation-radical mechaniam. Thia theory deacribea 

the hemolytic aciaaion of the -N-N- bond of a diprotonated 

hydrazo compound, with the formation of a pair of cation-

radicala, aa the rate-determining atep. Thia theory 

would require that the radicala be reatrained from leaving 

a aolvent cage in order to explain the intramolecularity 

of the reaction. Recombination of the radicala, after 

relocation of the odd electrona, would lead to the pro

ducta, aa ia ahown below for the formation of benzidine. 
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H o S — I ^I 

^ ^ ^ ^ " ^ ^ ^ 5 : ^ ^ ^ ^ 

r - "t" 
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•f - I 
NH 

^ ^ 

The theory is particularly attractive from the 

standpoint of disproportionation because it seems reason

able to expect a reaction between a pair of radicals 

which have escaped the solvent cage and a hydrazo molecule 

to give one molecule of azo and two molecules of the 

scission amine. 

2 RNH2 4- RNHNHR > 2 RNH^ -h RN=NR 

The theory becomes somewhat less reasonable, 

however, for hydrazo compounds that rearrange by first-

order kinetics, because a homolytic scission of the -N-N-

bond in an unsymetrical species is not the type of scission 

one would expect. This theory has also been seriously 

criticized (3) on the basis that a homolytic scission 

would not be expected to show the solvent and salt effects 

observed in the benzidine rearrangement. Also, such a 

reaction would be expected to give products corresponding 

with the attack of the radicals on the solvent cage, but 

no products of that type have ever been isolated. (How

ever, some evidence for the attack of free radicals on 
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the solvent cage was obtained when p-hydrazotoluene was 

found to undergo reduction as well as disproportionation 

(16, 20). It was believed (16) that the solvent, ethanol, 

was the reducing agent.) Also, attempts to detect radicals 

in the reaction by electron-spin-resonance spectroscopy 

have failed (3). 

The third mechaniam propoaed to account for the 

obaervationa made about the benzidine rearrangement is 

the polar-transition-state theory. This theory was first 

proposed by Banthorpe, Hughes and Ingold (3). There are 

two main differences between this theory and the other 

two. First, this theory describes a transition state 

between the protonated hydrazo compound and the products 

aa the rate-determining atep, with no intermediate between 

reactanta and producta. The TT-complex and the cation-

radicala are the intermediatea for thoae mechaniama. The 

aecond difference between the polar-tranaition-atate theory 

and the other theoriea is that, partly as a consequence of 

the first difference, bond breaking and bond making are 

envisioned to be a concerted process. 

Thus, it is believed that as the nitrogen-nitrogen 

bond ia becoming heterolyzed, lengthened, and weakened, 

rebonding begina to occur. The process of heterdysis is 

believed to be aided by delocalization of the positive 

charge into the ring. This forrs a semi-quinoid type of 

structure in one half of the transition state, and, using 

the normal distribution of charge in the aniline-like 
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half of the transition state, the observed producta may 

be predicted from the moat probable positions of attrac

tion between the two halves. The proceaa is illustrated 

below uaing hydrazobenzene aa an example. 

HoN hin "2^. 

Thia theory ia very aucceasful in explaining most 

of the kinetic observations in addition to the intra

molecularity. Solvent polarity and ionic strength effects 

can alao be explained with thia very polar tranaition 

atate. The theory haa alao been fairly aucceaaful in 

predicting both the producta formed and the acid order of 

varioua hydrazo compounda. 

Inaofar aa rearrangementa leading to benzidines, 

diphenylenes, or o-aemidinea are concerned, the polar-

tranaition-atate theory ia aatiafactory. The difficulty 

with this theory is that it excludes from the benzidine 

rearrangement both p-semidine formation and disproportion

ation. 
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Para-semidines are excluded because their formation 

would require unreasonable bond lengths in the tranaition 

atate, and becauae no p-aemidinea have ever been ahown to 

be producta of a rearrangement when the hydrazo compound 

waa rearranged in the absence of heavy metals or their 

salts. In the older literature, when these products were 

reported, azo compounds were usually reduced to the 

hydrazo compound in acid solution with heavy metals, or the 

isolated hydrazo compound was rearranged in the presence 

of heavy metals or their salts. Thus, there is a poss

ibility that other reactions operate to produce this 

product. It should be pointed out, however, that no 

attempt has been made to study the rearrangement of a 

compound, reported in the older literature to give a 

large proportion of p-semidine, with newer techniques. 

Disproportionation has been excluded, apparently, 

because the theory cannot easily explain its occurence, 

and because the theory's proponents (3) do not believe 

the reaction to be a part of the benzidine rearrangement. 

The evidence for the rightful incluaion of p-aemi

dinea and diaproportionation within the framework of the 

benzidine rearrangement ia indeed inconclusive. However, 

at preaent, evidence for excluding p-semidine formation 

ia certainly inaufficient, and the admittedly limited 

evidence concerning disproportionation seems to indicate 

that it is indeed part of the benzidine rearranger.ent. 

Until these matters are settled, all mechanistic 
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descriptions of the benzidine rearrangement will remain 

somewhat incomplete. 

Para-hydrazobiphenyl 

In 1901, Friebel and Rassow (21) reported the 

attempted rearrangement of p-hydrazobiphenyl. These 

authors heated p-hydrazobiphenyl with concentrated hydro

chloric acid for a short time and let the mixture stand 

overnight. They reported obtaining only the dispropor

tionation products (p-aminobiphenyl and p-azobiphenyl) 

from the reaction mixture. 

Dewar (18) has used these results as supporting 

evidence for the TT-complex mechanism, explaining that 

the mutual repulsion of the terminal phenyl groups of 

p-hydrazobiphenyl would prevent the formation of a ^ 

complex. Molecular orbital calculations were used as a 

basis of this explanation, but the assumption was made 

that the TT-complex first formed would have both rings 

parallel. This does not exclude the possibility of a 

^complex being formed with one half of the complex being 

rotated with respect to the other half. 



STATEMENT OF THE PROBLEM 

As was stated before, investigations were needed 

which would shed some light on the problem of the in

clusion of disproportionation within the framework of the 

benzidine rearrangement. It was believed that a very 

instructive experiment would be to investigate the kinetics 

of a reaction which gave only disproportionation products. 

Thus, if it could be shown that a reaction which was 

completely disproportionation obeyed the same kinetic 

laws as a rearrangement reaction, then this would be a 

good indication that both reactions go through the same 

type of intermediate, or at least the aame rate-determining 

atep. The converae of thia might alao be demonatrated, 

although in either caae the proof would not be concluaive. 

Para-hydrazobiphenyl waa choaen as the compound to 

work with for two reasons. One reason was that p-hydrazo

biphenyl was reported to disproportionate only, so the 

above experiment could be conducted. Another reaaon 

for thia choice waa that, if the compound ahould be found 

to rearrange (a poaaibility not believed to be too remote 

due to the rather aevere conditiona uaed by Friebel and 

Raasow), a further test of the 7^-complex mechanism would 

be at hand. 

18 
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The rearrangement of p-hydrazobiphenyl in acidic 

organic solventa, at low temperature, waa undertaken, 

therefore, to investigate the kinetics of disproportion

ation, with the alternate plan that, if the compound were 

to be found to rearrange, it would be a test of the TT-

complex theory. Also, if rearrangement and dispropor

tionation both took place, kinetics and product studies of 

this might be instructive. 



CHAPTER II 

EXPERIMEOTAL 

PREPARATIONS 

Para-azoxybiphenyl 

Para-nitrobiphenyl (Columbia Organic Chemicals Co., 

Inc., Columbia, South Carolina), (2.5 g.), m.p. 114 , 

was dissolved in 50 ml. of ethanol in a 100 ml. round-

bottom flask, and to this was added 12.5 ml. of approxi

mately 12 N aqueous potassium hydroxide. The mixture 

was refluxed for two hours and then cooled in an ice bath. 

The reddish-brown mixture was filtered and washed with 

40 ml. of 3 N hydrochloric acid and 50 ml. of water. The 

red crystals were diaaolved in 300 ml. of glacial acetic 

acid, and one drop of concentrated nitric acid was added 

which changed the color of the solution from red to 

yellow. Decolorizing charcoal was added to the hot 

solution which was then filtered through a heated funnel. 

Yellow crystals (0.169 g., 7.7^ yield) deposited upon 

cooling, m.p. 213.5-214^. Literature m.p. 215-216^ (22). 

Para-azobiphenyl 

Azobiphenyl was prepared by the method of Vogel 

(23) except for a final purification procedure. Para-

20 
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nitrobiphenyl (35 g.) dissolved in 500 ml. of ethanol, 

28 g. of sodium hydroxide in 65 ml. of water, and 23 g. 

of zinc dust were added to a one liter three-neck flask 

and the mixture was refluxed with mechanical stirring 

for ten hours. The zinc residue was filtered from the warm 

solution, and the filtrate deposited fine orange crystals 

on standing. Recrystallization from benzene yielded 19.25 

g. (65.5^ yield) of red plates m.p. 225-230°. 

The product was purified in the following way, 

designed to remove any azoxybiphenyl present. The product 

was suspended in boiling acetone, cooled to room temper

ature, and stirred with zinc dust and ammonium chloride 

for two hours. The mixture was filtered free of the zinc 

to give a colorless filtrate containing p-hydrazobiphenyl. 

A solution of sodium hypobromite was prepared by adding, 

dropwise, 6.4 ml. of bromine to 12 g. of sodium hydroxide 

in 150 ml. of water cooled in an ice bath. The sodium 

hypobromite solution (87 ml.) was added slowly, with 

stirring, to the above filtrate. The precipitated azo

biphenyl was filtered off, and the filtrate was reduced 

in volume by distillation to yield more crystals. The 

combined precipitates were recrystallized from benzene 

containing decolorizing charcoal to yield 10.8 g. (36.8^ 

yield) of red plates, m.p. 251°. Literature m.p. 248° 

(24), 256° (22). 

Para-apiinobi phenyl 



22 

Para-nitrobiphenyl (2.78 g.) was dissolved in 25 ml. 

of ethanol and 5 g. of granulated tin was added to the 

solution in a 100 ml. round-bottom flask. Eleven milli

liters of concentrated hydrochloric acid was then added 

in small portions, after which the mixture was refluxed 

for thirty minutes. The mixture was diluted to about 

250 ml. with water, made strongly alkaline with sodium 

hydroxide, extracted with ethyl ether, and the ether 

evaporated. The white residue was recrystallized three 

times from a solution of two parts water and one part 

ethanol to yield 0.46 g. (19.6^ yield) of white solid, 
o 0 

m.p. 52 . Literature m.p, 53 (25). 

Hydrazobenzene 

Nitrobenzene was reduced to hydrazobenzene by 

the method of Adama, Johnaon, and Wilcox (26) and oxidized 

to azobenzene with aodium hypobromite aa deacribed by 

Vogel (23). Fifteen millilitera of nitrobenzene in 130 

ml. of ethanol and ten grama of aodium hydroxide in 25 ml, 

of water were placed in a 250 ml. flask provided with a 

reflux condenser. Zinc dust (35 g.) waa added in portions 

to the mixture. The solution was warmed and filtered to 

remove the zinc, and the zinc was washed with hot ethanol 

on the filter. The filtrate was cooled rapidly in an ice 

bath and hydrazobenzene precipitated. The crystals were 

filtered off, dissolved in ether, and oxidized to azo

benzene by shaking with aqueous sodium hypobromite. The 
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ether layer was separated, evaporated to dryness, and the 

azobenzene residue dissolved in ethanol and recrystallized 

from aqueous ethanol. The red crystals obtained had a 

melting point of 67-68°. Literature m.p. 68° (26). 

The azobenzene was suspended in hot acetone, 

excess zinc dust and ammonium chloride added, and the 

mixture stirred for thirty minutes. The mixture waa then 

filtered with auction into a filter flaak containing 

75 ml. of cold concentrated ammonium hydroxide per each 

0.1 g. of azobenzene. The precipitated hydrazobenzene 

waa allowed to coagulate and was collected by vacuum 

filtration and dried under vacuum. 

Para-hydrazobiphenyl 

The following is a sample preparation of hydrazo

biphenyl. Azobiphenyl (0.25 g.) was suspended in 100 ml. 

of hot acetone, excess zinc dust and ammonium chloride 

was added, and the mixture was stirred mechanically for 

twenty minutes, or until the solution was colorless. The 

mixture was then filtered, with suction, through a sintered 

glass filter into a suction flask containing 250 ml. of 

cold concentrated ammonium hydroxide which had been pre

viously pumped down with an aspirator to remove any 

dissolved oxygen. The precipitated hydrazobiphenyl was 

collected by vacuum filtration under a nitrogen atmosphere, 

redissdved in acetone and filtered again into a fresh 

batch of cold concentrated ammonium hydroxide. This 

precipitate was collected and dried under vacuum. 
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It was desired to make certain, for product analyses 

and kinetica, that the p-hydrazobiphenyl waa not contami

nated with any other compound except for a amall amount of 

p-azobiphenyl. A standard method for the determination of 

the concentration of hydrazo solutions is to oxidize the 

hydrazo compound with excess Bindschedler»s green and 

back-titrate the excess Bindschedler»s green with titanium 

trichloride. This method, which was used by Dewar (27), 

Hammond and Shine (6), and others, is briefly described 

below. 

A stock solution of titanium trichloride was pre

pared by diluting seven milliliters of a coTnmercial 20^ 

solution to two liters with water, flushing with nitrogen, 

and storing under nitrogen in an automatic buret. This 

was standardized with acidified sodium dichromate using 

Bindschedler»s green as the indicator; the dichromate was 

o 

recrystallized from water and dried at 110 , The equiva

lent weight of the Bindschedler's green, determined by 

titration with the standard titanium trichloride was 255. 

Solutions of hydrazobiphenyl in benzene (benzene 

was used because of the low solubility of the compound in 

water-miscible solvents) were shaken with aliquots of 

Bindschedler»s green, and the excess of the latter was 

back-titrated with titanium trichloride. The difference 

in volume of the titanium trichloride required for the 

blank titer and that required for the back-tit rat ion was 

equivalent to the amount of p-hydrazobiphenyl present. 
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The above procedure was repeated using hydrazo

benzene as a check on the technique. The results of these 

titrations are summarized below on Table I, 

TableI 

Determination of Hydrazo Concentrations 

Hydrazobenzene 

Amount 
Present 

6.44 X 10-5 

Amount 
Calculated 

6,30 X 10-5 

Hydrazobiphenyl 

Amount 
Present 

5.81 X 10-5 

5.96 X 10-5 

Amount 
Calculated 

5.52 X 10-5 

5,68 X 10"5 

4,4 '•'Dichlorohydrazobenzene 

The 4,4'-dichloroazobenzene was prepared in this 

laboratory by J. T. Chamness and reduced to the corres

ponding hydrazo compound in the following way. Dichloro-

azobenzene (0,3 g.) was suspended in 60 ml, of hot acetone, 

excess zinc dust and ammonium chloride were added and the 

mixture stirred until the solution became colorless. The 

mixture was then filtered with suction into a suction 

flask containing 500 ml, of cold concentrated ammonium 

hydroxide. The precipitated hydrazo compound was allowed 

to coagulate and was collected by suction filtration under 

a nitrogen atmosphere and dried under vacuum. 
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Para-nitroso-N,N-dimethylaniline Hydrochloride 

Para-nitrosodimethylaniline hydrochloride was 

prepared according to Chamness (28), Thirty grams 

(31.5 ml.) of dimethylaniline was dissolved in 105 ml. 

of concentrated hydrochloric acid in a 500 ml, beaker 

immersed in an ice bath. The solution was mechanically 

stirred while 18 g, of sodium nitrite dissolved in 30 ml, 

of water was added slowly, keeping the temperature below 

3 . The mixture was allowed to stand for one hour, was 

then filtered, and the residue triturated twice with 1:1 

hydrochloric acid and once with absolute ethanol. The 

orange product was dried in air. 

Bindschedler's Green 

The method of preparation of Bindschedler's green 

was that uaed by Snell (29). Six hundred milliliters of 

concentrated hydrochloric acid was diluted to 1020 ml, 

with water for use throughout the preparation. A slurry 

of 25 g. of p-nitrosodimethylaniline hydrochloride in 

100 ml, of acid was added portion-wise, and alternately 

with 100 g. of zinc dust to 100 ml. of acid in a three-

neck flask fitted with a mechanical stirrer. Seventy 

milliliters of acid was used to make the final transfer 

of slurry. The excess zinc was filtered and washed on the 

filter with an additional 55 ml, of acid. Fifty more 

milliliters of acid was added to the combined filtrates. 

Dimethylaniline (17.4 g.) was added to the filtrate and 
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the solution was held below 18° while 24 g. of technical 

aodium dichromate in 200 ml, of water waa added dropwiae. 

The green precipitate waa filtered by auction and washed 

with a small amount of water. The residue was removed 

from the funnel, triturated in a clean beaker with abso

lute ethanol, and filtered in a clean funnel. The residue 

was similarly treated again with absolute ethanol and twice 

with absolute ether, or until the ether filtrate was 

colorless. After drying in air, the fluffy bright green 

solid was stored under vacuum. 

Solvents 

Stock p-dioxan was purified according to Weisberger 

(30). One hundred milliliters of 1 N hydrochloric acid 

was added to one liter of dioxan and the mixture refluxed 

for seven hours. Potassium hydroxide was added to make 

the water separate, and the dioxan layer was dried over

night over potassium hydroxide pellets. The dioxan was 

separated from the pellets, dried overnight over sodium 

wire, and, finally, distilled from the sodium. 

The 95^ ethanol used for all product analyses and 

kinetic work was stock ethanol from the same container 

and was not purified further. 

Hydrochloric Acid in Ethanol 

A stock solution of hydrochloric acid in ethanol 

was prepared by diluting 208 ml. of concentrated hydro-
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chloric acid (Fisher, Reagent Grade) to one liter with 

95^ ethanol. The normality of the standard acid, deter

mined by titration with standard base, was 2.381 N. 

Acid of various concentrations for product analyses and 

kinetics was prepared by diluting portions of this acid 

with 95^ ethanol. 

Lithium Chloride in Ethanol 

A stock lithium chloride solution, for use in 

maintaining a constant ionic strength in kinetic runs, 

was prepared in the following way. Lithium chloride 

(101.19 g.) which had been dried at 110° for 24 hours 

was dissolved in 208 ml, of water and the solution 

diluted to one liter with 95^ ethanol. Thia gave a 

adution of the aame ionic atrength as the stock acid 

adution. 



REARRANGEMENT IN DIOXAN 

Dry hydrogen chloride waa bubbled through puri

fied dioxan for about thirty minutes, and the resulting 

solution was standardized against sodium hydroxide and 

determined to be 2,29 N, This acid solution (4.3 ml.) 

was added to a solution of 0.4496 g. of p-hydrazobiphenyl 

in 100 ml. of purified dioxan under an atmosphere of 

helium. The solution turned red upon addition of the 

acid and a white precipitate formed upon standing. 

The mixture was allowed to stand overnight and was 

then tested with Bindschedler»s green which indicated 

that all of the hydrazo compound had reacted. The pre

cipitate was filtered off to yield 0.1358 g. of whitish 

solid which, when dissolved in ethanol containing a small 

amount of sodium hydroxide, gave an ultraviolet spectrum 

of p-aminobiphenyl. The filtrate was evaporated to dry

ness yielding 0,3585 g. of residue, part of which, when 

dissolved in chloroform, gave an ultraviolet spectrum 

which resembled that of a mixture of azobiphenyl and 

p-aminobiphenyl. Many attempta to isolate, in a pure 

state, the components of the residue were all unsuccess

ful. The residue was then separated by thin layer chrorr.-

atography (Silica Gel CTF254, Brink-mann Instruments) using 

on 
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a benzene-acetone mixture in a 2 to 1 ratio as the de

veloping solvent. The chromatogram, thus obtained, indi

cated that, in addition to azo- and aminobiphenyl, three 

products of unknown composition were present. 

In view of the large number of products, and the 

difficulty in separating them, the rearrangement of 

p-hydrazobiphenyl in dioxan was abandoned. 



REARRANGEMFXT IN AQUEOUS ETHANOL 

Product Isolation and Identification 

To a solution of 0.4243 g. of fresh p-hydrazo

biphenyl in 700 ml. of ethanol at 0° was added, with 

stirring, r̂ OO nl. of cold 2.25 X hydrochloric acid in 

ethanol. The solution was allowed to stand overnight, 

and the precipitated p-azobiphenyl was filtered off to 

yield 0.1599 g., m.p. 250.5-251.5°. The filtrate was 

evaporated to dryness in a flash evaporator and 0,2926 g, 

of solid was obtained. 

Attempts to separate the residue into its com

ponents by normal thin layer chromatography techniques 

proved difficult. When the residue, spotted on a thin 

layer plate was developed a single time with various 

solvents or mixtures of solvents, two spots were obtained. 

One of the spots was yellow, and when this spot was eluted 

from the plate material, the solution gave the ultra

violet spectrum of p-azobiphenyl. The other spot was 

colorless, and when similarly treated gave an ultraviolet 

spectrum which indicated the presence of two or more 

compounds, one being p-aminobiphenyl. 

Separation of the latter spot into two components, 

one being that of p-nminobiphenyl and the other an unknown 

31 
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compound, was finally achieved as follows. The residue 

from the evaporation of the reaction filtrate was spotted 

on a thin layer plate (Silica Gel GF2C4) and developed 

in ligrdne (b.p., 60-90°) containing about A% ethanol 

three consecutive times (developed, dried, developed 

again, etc.). This method gave three spots corresponding 

to p-azobiphenyl, p-aminobiphenyl and an unknown com

pound. The latter spot did not move during the develop

ment . 

The conditions of successful separati(>n by thin 

layer chromatography suggested the conditions finally used 

for preparative scale separation. The above-mentioned 

residue (0.3749 g.), obtained from another reaction, was 

stirred with about 75 ml. of aqueous potassium hydroxide, 

and about 400 ml. of ligroine was added and the two-phase 

mixture stirred for two hours. The insoluble material 

was filtered off to yield 0.093 g. of solid. The ligroine 

solution was reduced in volume and precipitated 0.179 g. 

of fairly pure p-aminobiphenyl. The ligroine-insoluble 

portion was recrystallized twice from ethanol to yield 

nearly colorless plates with the following characteristics; 

m.p. 201-203^; >vmax (95^ ethanol), 336 m/̂ ; e, 4,32 x 10^. 

In view of the nature of the products observed in 

the acid-catalyzed transformations of hydrazobenzenes, the 

product was believed to be a rearrangement product; either 

a diphenylene or semidine. In order to obtain some 
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evidence to support this idea, the product was titrated 

potentiometrically with perchloric acid in glacial acetic 

acid. 

A solution of perchloric acid in acetic acid was 

prepared according to Fritz (31) except that one tenth as 

much perrhloric acid was used. The acid was standardized 

with a Fisher Titrimeter against p-chloroaniline and 

p-aminobiphenyl dissolved in acetonitrile using glass and 

calomel electrodes. The titrations were done on a micro 

to semimicro scale using a five milliliter buret. The 

average normality of the acid, calculated from four titra

tions, was 0,0155 N, The average volume of acid required 

for each milligram of unknown product (two titrations--

the same conditions as described above) was 0.1985 ml./ing. 

The equivalent weight of the unknown thus determined was 

326.5. 

It was found, in the course of this experiment, 

that diphenylamine could not be titrated because the 

endpoint could not be detected. It was assumed, therefore, 

that the secondary amine group in a semidine would not be 

detected by titration with this system. Using this 

assumption, the calculated equivalent weight for the 

semidine that would be observed by titration is 336. If 

this assumption is true, and the product is the semidine, 

then the experimental result is in error by about 3̂.̂. 

The rearrangement product was acotylatod by dissolv

ing 43 mg. in 35 ml. of benzene, cooling, and slowly 
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adding 1 ml. of a 1.2^ solution of acetic anhydride in 

benzene. The solution was allowed to stand for 1.5 hours, 

and the crystals, which began forming after about 15 

minutes, were filtered off and recrystallized from ethanol 

using decolorizing charcoal. The off-white crystals thus 

obtained had m.p. 271-272°; ^max (95^ ethanol), 341 m^ 

G 5.01 X lO"̂ . 

The benzoyl derivative was prepared by dissolving 

15.5 mg, of rearrangement product in 30 ml, of benzene, 

adding 1 ml, of pyridine, and cooling while 1 ml, of a 

solution of two drops of benzoyl chloride in 5 ml. of 

benzene was added slowly. The solution was allowed to 

stand at room temperature for two hours. The white 

precipitate was filtered and recrystallized from ethanol, 

after first boiling with decolorizing charcoal, to yield 

white crystals m.p. 265-267 , 

Elemental analyses of the rearrangement product and 

its derivatives were obtained from Schwarzkopf Micro-

analytical Laboratories, Woodside 77, New York. The 

results are as follows. 

For the rearrangement product: 

Found — - C , 85,98; H, 5,94; N, 8,4 

Calculated for C24H2QN2—C, 85.68; H, 5.99; N, 8.34^ 

For the mono-acetate derivative: 

Found C, 82.45; II, 5.98:.̂  

Calculated for C25no2NoO--C, 82.51; H, 5.86^ 
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For the mono-benzoate derivative: 

Found — N , 6.36^ 

Calculated for C H N 0-—N, 6.19^ 
31 24 2 

The above data, while not proving the structure of 

the rearrangement product, allow certain conclusions to 

be drawn. The elemental analysis data, together with the 

titration data, seem to establish the fact that the 

compound in question is a rearrangement product of some 

type. The titration data provide evidence against the 

o-benzidine type of product, and physical constants and 

theoretical grounds seem to rule out the possibility that 

4,4»»'-diaminoquaterphenyl is the rearrangement product. 

This evidence seems to indicate that the rearrangement 

product is the o-semidine I. 

^ ^ ^ 

f 1 

( I ) 

It should be stressed, that absolute proof that 

this is the correct structure has not been obtained. 

However, the product will be referred to as the o-semi. 

dine in subsequent discussions. 
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Quantitative Product Analysis 

Reliable quantitative analysis of the reaction 

products under various conditions waa deaired for reaaona 

specified elsewhere. In view of the fact that the sepa

ration procedure described above was neither quantita

tive nor reproducible enough, a spectrophotometric 

method was devised. 

Stock solutions of p-azobiphenyl, p-aminobiphenyl 

and the o-semidine (I) were prepared in 95^ ethanol and 

the extinction coefficients of each at three selected 

wavelengtha were determined on a Gary Model 14 apectro-

photometer. The apectra obtained are shown on Figure 1. 

The valuea obtained are liated on Table II. 

Table II 

Extinction Coefficienta of the Producta 
From Para-hydrazobiphenyl 

\ "^/^ 

362 

336 

278 

e X10""^ 

azo 

3.283 

2.320 

0.798 

aemidine 

1.037 

4.324 

1.408 

amine 

— 

— 

1,897 

From the data in Table II, the following equations 

were derived to be used in calculating the percentage 

composition of tho products. 
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10-4 ^ 

X lO'"^ M 

To 'A- T r^336 - ^ • ' ^^ '7 (^3620 [semidine] z= v—liLl2 Ll2i—C x 
C 3.400 J 

[azo] = (^362 - 1.307 [semidine] X 1 0 ^ 7 

C 3.283 J 

^mine| z^ 

(̂ 278 " 0-798 [azojx lo"̂  - 1.408 [semidine] x lo"̂ ? _^ 

\ 1.897 5^ ̂^ 

where the quantities in brackets represent the molar 

concentrations, and Aog2f ^r>oQ and Â rro represent the 

absorbance at 362, 336 and 278 mju respectively. 

In order to test the validity of the above equa

tions, mixtures of the semidine (I), p-azobiphenyl and 

p-aminobiphenyl were prepared in various known composi

tions and the spectra of the mixtures recorded. The 

composition of the mixtures was then calculated using 

the above equations and the results were compared with 

the known composition. The results of several such experi

ments are summarized on Table III. 

Having established the fact that the spectrophoto

metric method of analysis will yield reasonably accurate 

results, work was then directed toward the analysis of the 

products of reactions of p-hydrazobiphenyl in acid solu

tions. The conditions under which the reactions were 

carried out were, for the most part, the same as for the 

kinetic work to be described shortly, except that some 

of the reactions were carried out at room temperature. 



39 

r-i 

>> 
rH 

O 
• H 
;^ 

-•-» 
OJ 
E 

o 
O x: a o 
j -

4-> 
O 

a 

to 

to 

u 

D 

•H c 
o 
c 

o 
CO 
(U 
CO 
>5 

c 
< : 

o 
> 

•H 
-H 
(0 

c 
C3 
3 

o 

o 

0) 
c 

•H 
E 

<D 
c 

•H 

•H 
E 
0) 
CO 

o 
O) 

• 
rr 

t -
Oi 

. 
CO 

00 
CO 

. 
T H 

H 
O 

. 
"^ 

i H 
CVJ 

• 
IT) 

to 

CO 

o 

o 
o 

CO 

co 
CM 

o 
o 

o 
CM 

o 

o 

oo 
CO 

CO 
Oi 

CM 
CM 
CO 

O 
ID 

CO 

CO 

O 

CD 
t -
lO 

CO 
CM 
iO 

O 
00 
t -

Oi 
CO 
uo 

r-\ 
O 
00 

00 
CO 
(J) 

tH 
rr 
(75 

uo 
CO . 

o> 

CD 
lO 
00 

CM 
CO 
CO 

CO 

CO 

H 
• ^ 
crj 

• 
o 

t> 
cn 
CM 

T H 
TT 
cr> 

. 
o 

t -
a> 
CM 

CM 
00 
00 

• 
H 

t -
c;) 
cv> 

t -
CM 
CO 

• 
o 

o 
i n 
CO 

^ 
o 
o 

-•-» 
(0 

(*-, 

o 
V) 
u 
o 

4-» 
o 
ei 

CM 

c 
o 

•H 
-M 
3 

i H 
• H 
T3 

C 
^ 
o 
c 

^ 

>s 
.D 

•a 
o 
c 

•H 
E 
(H 
<U 

•+-» 
a 
'a 
(0 
c 
o 

• H 
-H 
(^ 
^ 

4-» 
c 
o 
o 
c 
o 
o 

• • 

• 
a 

•H 
CO 
•o 
i H 
CC 
;^ 

•H 
O 
O 
Cu 
CO 

bZ) 
c 

• H 
CO 
3 

a> 
•a 
a 
E 

CO 
c 
o 

• H 
-H 
CO 

rH 
3 
O 
rH 
(0 

O 

• 
OJ (0 .D 

c 
o 

• H 
••-» 
3 

iH 
O 
CO 



40 

For all acid concentrations except 0,00612 N, 

the procedure for the product analyses was aa followa. 

Solutiona of p-hydrazobiphenyl, freahly prepared, in 

ethanol were acidified in volumetric flaaks. At the end 

of about ten half-lives (the half-lives having been 

previoualy determined by kinetica) the solutions were 

neutralized with a small excess of 2 N ammonium hydroxide 

in ethanol and diluted to volume with ethanol. The 

solutiona were allowed to atand at room temperature until 

the azobiphenyl, which had precipitated in the acidic 

aolutions, dissolved. The ultraviolet spectra were then 

recorded and calculations made as previously described. 

For the product analyses at 0.00612 N acid, a 

somewhat different procedure had to be employed in order 

to avoid exceaa oxidation of the p-hydrazobiphenyl which 

would occur over the longer time required for reaction. 

Inverted "Y** tubea were prepared and the hydrazo and acid 

solutions were placed in each arm of the "Y" tubes. The 

tubes were then »»degassed» by the following procedure. 

The tubes were immersed in liquid nitrogen and pumped 
-4 

down on a vacuum rack to about 10 mm. Hg, A stopcock 

between the tubes and the vacuum pump was closed and the 

solutiona allowed to gradually come to room temperature, 

Thia procedure waa then repeated twice, the tubea refrozen, 

pumped down, and sealed under vacuum. The solutions in 

the two arms of the tubes were then mixed and allowed to 

stand until reaction was believed complete. The tubes 
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were then opened and washed into volumetric flasks con

taining enough ammonium hydroxide to neutralize the acid, 

and the solutions were diluted to volume with ethanol. 

The spectra were taken as previously described. The 

results of these analyses are summarized on Table IV. 

Kinetics 

A common procedure of following the kinetics of 

the rearrangements of hydrazobenzenes is that used by 

Hammond and Shine (6). This method involves quenching 

a reaction with a known excess of Bindschedler's green 

at various times, and back-titrating the excess Bindsched

ler 's green with titanium trichloride. 

This method was found to be not suitable for the 

preaent case because of the low aolubility of the p-hydrazo-

biphenyl. The low aolubility made it neceaaary to carry 

out the reaction at low hydrazobiphenyl concentrationa 

(2.25 X 10""̂  M), which would have required rather low 

Bindachedler'a green concentrationa. Titrationa at 

theae concentrationa were deemed unreliable. 

The above-mentioned facta neceaaitated the develop

ment of a different procedure for following kinetica. 

The method thua developed ia outlined below, and one 

example is given. 

Due to the fairly high speed of the reaction at 

the higher acid concentrations, a method to initiate and 

quench the reactions in a short time was required. This 

jt 
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was done by employing syringes fitted with automatic 

stops. The stops were fashioned from a piece of glaaa 

rod attached to the barrel of the ayringe, extending 

upward beside the plunger to the desired height and 

bending over above the top of the plunger. The syringes, 

thus equipped, could be filled to a constant volume re

peatedly by drawing out the plunger until it was arrested 

by the glass rod. The volumes delivered by the syringes 

were determined by weighing the volume of water delivered. 

The time required for discharge was about one second. 

All kinetic runs were maintained at 0^ by immer

sion of the reaction flasks in a stirred ice-water 

slurry. 

A typical kinetic run may be described as follows. 

Thirteen 50 ml. erlenmeyer flasks were placed in the ice 

bath and held in place by spring clamps. Freshly prepared 

hydrazobiphenyl (0.01545 g.) was dissolved in 100 ml, of 

ethanol and the flask immersed in the ice bath. Five 

milliliters of stock acid plus 37 ml. of stock lithium 

chloride solution was diluted to 100 ml. with ethanol 

and also placed in the ice bath, Bindschedler»s green 

(0,03505 g,) was dissolved in 50 ml. of water and also 

placed in the ice bath. Five milliliter aliquots of the 

hydrazo solution were pipetted into each of the erlen

meyer flasks, and all solutions were allowed to reach 

equilibrium temperature. 
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To each of fifteen 25 ml. volumetric flasks was 

added 5.28 ml. (the volume of the calabrated syringe 

used later for the acid solution) of benzene and about 

18 ml. of water. The Beckmann DK-2 spectrophotometer 

waa ••zeroed" with water in both cella. An "infinity" 

blank (no hydrazo preaent) waa obtained by adding one 

milliliter of a aolution containing 5.00 ml. of ethanol, 

5.28 ml. of the acid aolution and 2.04 ml. ( the volume 

delivered by another syringe) of the Bindschedler's 

green solution to a volumetric flask containing benzene 

and water as described above. The mixture was then dil

uted to volume with water, shaken, and a portion of the 

water layer withdrawn to the sample cell for the recording 

of the visible spectrum. 

A "0" time blank was obtained by the same proce

dure as described above for the "infinity" blank except 

that a 5 ml. aliquot of hydrazo solution was used in

stead of the ethanol, and the Bindschedler's green was 

added before the acid solution in order to oxidize all of 

the hydrazobiphenyl present before any reacted. 

All other samples were obtained by syringing 

5,28 ml. of the acid solution into an aliquot of p-hydra

zobiphenyl (giving a final acid solution 0,0612 N and 

hydrazo concentration 2,24 x 10""̂  M). After various 

times had elapsed, 2.04 ml. of Bindschedler's green solu

tion was syringed into the flask to quench the reaction. 
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one milliliter of the resulting solution pipetted into a 

25 ml. volumetric flask containing benzene and water 

and the spectrum recorded. For the preaent example, 

aamplea were quenched 3, 6, 9, ... 30 minutea after in

itiation by acidification. 

All other kinetic runa at the aame hydrazo concen

tration were carried out in the aame manner aa above 

except that different acid concentrationa and different 

time intervals were used. The same ionic strength was 

maintained by diluting a volume of lithium chloride stock 

solution equal to 42 ml. minus the number of milliliters 

of stock acid, plus that number of milliliters of acid 

solution, to 100 ml. with 95^ ethanol. The amount of 

water in the solutions was, however, inadvertently varied 

from 7.9^ water at the high acidities to 9.2^ water at 

the low acidities. For kinetic runs at hydrazo concen

trations other than that described above, different 

Bindschedler's green concentrations were needed, and the 

dilution volumes were different. The general procedure 

was the same, however. 

The reason for the particular dilution scheme 

used above is a follows. It was found that, if the 

quenched reaction solution was diluted with ethanol, the 

Bindschedler'a green decompoaed upon atanding, and re

producible results were difficult to obtain. If the 

quenched reaction solutiona were diluted with water, the 
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Bindschedler's green was stable, but the other organic 

compounds began to precipitate, rendering spectroscopic 

analysis impossible. IVhen the solutions were diluted with 

water and extracted with benzene, however, the Bindsched

ler »a green remained in the water layer while the other 

compounds were dissolved in the benzene layer. 

This method of analysis was shown to give consis

tent results at various concentrations of p-hydrazobiphenyl 

in the following experiment. Various amounts of a hydrazo 

solution were oxidized with Bindschedler's green and 

acidified according to the procedure described above for 

the "0" blank. The spectra were then taken as described 

above. Calculations were based on the assumption of a 

one to one mole ratio for the reaction between the indi

cator and the hydrazo compound, and the calculated mo

lecular weight (510, twice the equivalent weight) of the 

Bindschedler's green was used. The ^max of the Bindsched

ler 's green was about 723 m^ and the €max at the condi

tions used for these experiments waa 7,14 x 10 (̂ max and 

€max varied alightly with acid concentration). 

The reaulta of thia experiment are liated on Table 

V. It ahould be pointed out that the value of the calcu

lated hydrazo concentration ia conaiatently higher than the 

true concentration, poaaibly due to an error in the molec

ular weight determination, but the relative error was 

about constant so the rate constants should be accurate. 
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Table V 

Determination of Para-hydrazobiphenyl Concentration 
S p e c t r o s c o p i c a l l y with Bindachedler'a Green 

[Hyd] Actual^ glyd] Calculated* % Error 

9 . 6 5 X 

8 . 7 0 

7 . 7 3 

6 . 7 6 

5 .79 

3 , 8 6 

1 .93 

10" 

II 

II 

w 

II 

II 

If 

.6 9 .72 X 10 

8 . 9 9 " 

8 . 1 5 " 

7 ,04 " 

6 ,06 " 

4 . 1 6 " 

1,98 " 

-6 0,7 

3.3 

5.4 

4.1 

4.7 

7.8 

2.6 

a. Molar concentration, after dilution. 

A atandard method for calculation of the rate 

conatanta waa used. The general expression for the rate 

of reaction of hydrazo compounds may be given as: 

dt 
(1) 

If the initial concentration of acid is high enough (in 

enough excess) its concentration will be independent of 

time so equation 1 may be written: 

d [H j 
- \ ^ ^ 

(2) 

where k = k[H*]" and may be called the "pseudo" first-
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order rate constant if m = 1. If m = 1, integration of 

equation 2 gives; 

In 
Nt 
H o - ^p^ (3) 

where [HZ| ̂  represents the hydrazo concentrations at 

time t and Îz] at time 0. 

In the present kinetic work, the difference in 

the absorbance value of the Bindschedler»s green for the 

"infinity" blank and that for a sample at time t,AA^, 

is proportional to the hydrazo concentration at time t. 

Therefore; 

AA. 

[Hi (4) 

so that equation 3 becomes, after converting to base 

10 logarithms, aubatituting in equation 4, and rearrang

ing: 

logAA^ = - k^t/2.303 4- logAA 
t P 0 

(5) 

From equation 5 it ia apparent that a plot of the log A 

veraua t will give a atraight line of alope -k /2.303 

if the reaction ia "paeudo" firat-order. The rate con

atant may then be obtained by multipling -2.303 timea the 

alope of the line. An example of such a procedure is 

shown, for the example given above, in Figure 2. 
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H^ = 2.24 x 10' 

Slope = -0.0328 

k = 0.0755 min-1 

I L 

Figure 2. 
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Minutes 

Sample Rate Plot 

1 
24 27 30 33 
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A more accurate calculation of the rate constants 

was made using the method of least aquarea. The slope 

of the points obtained from each kinetic run, aa well aa 

the rate constant, was calculated by the method of least 

aquares using an IBM 1620 computer. I am grateful to Mr. 

Richard Harral for his help in programming and operating 

the computer. 

The method used for the determination of the 

kinetic order in hydrogen ion is described below. The 

kinetic order in acid is defined to be n in equation 1, 

In writing equation 2, the expression k = kPnl" was 
P '- -̂  

used. Taking logarithms of this expression gives; 

log kp = log k-h n log[H'*'J (7) 

from which it is seen that a plot of log k versus 
. P 

logriil will give a straight line of slope n if n is a 

constant, 

The kinetic data taken to determine the order in 

acid are summarized on Table VI, as well as the data 

calculated for the log k versus log [H] plot. This log-

log plot is shown in Figure 3. 

It is seen from Figure 3 that the slope is con

stant for the first portion (higher acid) of the curve, 

and then deviates from this line at the lower acid con

centrations. The first portion of the curve (0.514 to 

0.0214 NrnJ) was calculated to have a least squares slope 

I 



Table VI 

Kinetic Data and Calculated Values 
Used for Determining Acid Order 
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Run No. M' • k min 
P 

-1 -Log [H"*J -Log k, 

21 
24 

20 
25 

19 
26 

18 
27 

17 
28 

31 
33 

22 
29 

42 
43 

23 
30 
41 

0,514 
0,514 

0,256 
0.256 

0.128 
0,128 

0.0612 
0.0612 

0.0306 
0.0306 

0.0214 
0.0214 

0.0122 
0.0122 

0.00916 
0.00916 

0,00612 
0,00612 
0.00612 

5,98 
5.60 

1.44 
1.40 

0,353 
0,346 

0.0761 
0.0758 

0.0183 
0.0193 

0.00932 
0.00970 

0.00361 
0.00316 

0,00178 
0.00177 

0.000969 
0.000953 
0,000972 

0,289 
0.289 

0,592 
0.592 

0.891 
0.891 

1,213 
1.213 

1.514 
1.514 

1.670 
1.670 

1.914 
1.914 

2,038 
2,038 

2.213 
2,213 
2.213 

-0.7767 
-0.7482 

-0.1584 
-0.1732 

0.4522 
0.4609 

1.1186 
1.1203 

1.7375 
1,7144 

2,0306 
2,0132 

2,4425 
2.5003 

2,7496 
2,7520 

3,0137 
3,0209 
3.0123 

a. All runs at ionic strength of 0,514 M. 
b. Molar concentration. 
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Figure 3 . Plot for Determination of Acid Orr'er 



53 

of 2.006±0.010. The remaining portion (0.0214 to 0,00612 

N^^]) has a slope of 1.815^0.031. 

The method used to determine the kinetic order in 

p-hydrazobiphenyl is described below. Equation 3 may be 

rewritten in the form; 

In 
a-x = S' (8) 

where a = flld ̂  and a-x = [HZ] •{•. The quality a-x is, 

therefore, the amount of hydrazo present at time t. It 

should be remembered that the assumption of m r- 1 used in 

writing equation 3 must still be applied here. If x =r 

a/2, i.e., if one-half of the original hydrazo compound 

is used up, then equation 8 may be rewritten as: 

In 2 = k t (9) 
P 

The half-life of a reaction, t̂ /g* ^^ defined to 

be the time required for one-half of the initial reactant 

to be used up, so t in equation 9 is "t /2> ^^^ "̂ ^̂  equa

tion may be rewritten in the form: 
t^/2= ^1" 2)/kp (10) 

Equation 10 is seen to be independent of concen

tration, so ±1^/2 and, therefore, k , should not change 

with a change in the initial hydrazo concentration. This 

will be true only if the reaction is first-order, because 

it may be shown that if m in equation 1 (p, 47) is larger 

than one, the rate constant will not be independent of 

the hydrazo compound concentration, A test of a first-
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order reaction is to measure the rate constants at various 

initial concentrations of the substance in question, keep

ing all other variables constant, and observing whether 

or not the rate constants change. 

This has been done for various concentrations of 

p-hydrazobiphenyl at 0.0612 N acid and an ionic strength 

of 0.514 M. The data obtained are listed on Table VII, 

and show that the reaction is first-order in p-hydrazo

biphenyl. 

Table VII 

Determination of Kinetic Order 
in Para-hydrazobiphenyl 

Run No [Hf X lÔl 1 • -1 

k, mm 

19 

26 

35 

38 

39 

36 

37 

40 

2 . 2 5 

2 . 2 8 

2 . 9 0 

2 . 9 7 

1.14 

1.15 

0 . 7 3 5 

0 . 7 4 1 

0 , 3 5 3 

0 .346 

0 .347 

0 .343 

0 .349 

0 .339 

0 .337 

0 .353 

a. Molar concentration of p-hydrazobiphenyl 



REACTIONS OF PARA-HYDRAZ0BIPIH3NYL IN SOLUTIONS 

OF 4,4».DiaTL0R0HYDRAZ0BENZENE 

As may be seen from Table IV, disproportionation 

is the major reaction of p-hydrazobiphenyl in acid solution. 

This reaction is responsible for the formation of equal 

amounts (by weight) of p-azobiphenyl and p-aminobiphenyl. 

In order to demonstrate the intermolecularity of 

the disproportionation reaction, the reaction of p-hydrazo

biphenyl in acid solution was carried out in the presence 

of an excess of 4,4»-dichlorohydrazobenzene. A typical 

experiment is described below. 

4,4'-Dichlorohydrazobenzene (0.1250 g.) was dissol

ved in 100 ml. of ethanol and placed in an ice bath. 

Hydrazobiphenyl (0.0173 g.) was dissolved in 100 ml. of 

ethanol and also cooled in the ice bath. Ten milliliters 

of the dichlorohydrazobenzene solution was placed in an 

erlenmeyer flask in an ice bath, acidified to a final acid 

concentration of 0.256 N, and quenched immediately with 

ten milliliters of a Bindschedler»s green solubion (0.3007 

g, in 100 ml, of water). The excess Bindschedler»s 

green was then back-titrated with standard titanium tri

chloride in the manner described previously. The above 

procedure was repeated three times except that 10, 15 and 

55 
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30 minutes were allow to pass before quenching with the 

Bindschedler's green. The titer values did not change 

with time (average = 7.45 ml.), indicating that the 

dichlorohydrazobenzene did not react under these condi

tions (as was anticipated from the work of Chamness (32)). 

The above procedure was then altered in the follow

ing way. After acidification of the dichlorohydrazo

benzene solution, ten milliliters of the hydrazobiphenyl 

solution was added, dropwise, with stirring over a five 

minute period, and the solution was allowed to react at 

0° for five more minutes. The reaction was then quenched 

and titrated as above. This procedure was then repeated 

twice except that 10 and 15 minutes, respectively, were 

allow to pass before the solution was quenched. The titer 

values for these three titrations were essentially the 

same (average = 8,77 ml,). The half-life of the hydrazo

biphenyl varied, no doubt, due to changing volumes during 

addition, probably between about 30 seconds and about one 

minute. Therefore, almost all of the hydrazobiphenyl 

should have been converted to products before quenching. 

The difference between the titer values of the 

solutions with, and those without, hydrazobiphenyl, which 

corresponds to a smaller amount of hydrazo compound 

present in the samples which were treated with hydrazo

biphenyl, can only be attributed to cross oxidation. 

That is, either hydrazobiphenyl oxidized the dichloro-
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hydrazobenzene or vice versa. The former possibility 

is the more likely for two reasons: 1) hydrazobiphenyl 

reacts under these conditions and dichlorohydrazobenzene 

does not, and 2) p-aminobiphenyl was detected spectro

photometrically in the reaction products, but p-chloro

aniline was not. This does not, of course, rule out the 

possibility that both reactions occur. 

The results of three experiments such as the one 

described above appear on Table VIII. 

Table VIII 

Cross Oxidation Between Hydrazobiphenyl 
and Dichlorohydrazobenzene 

% Cross Oxidation Maximum Theorectical 
% Cross Oxidation 

4.0 

5.6 

4.8 

10,2 

10.1 

10.0 

a. Calculated on the assumption that all hydrazo
biphenyl was either oxidized or reduced (no rearrangement). 



CHAPTER III 

DISCUSSION AND INTERPRETATION OF RESULTS 

KINETICS 

The interpretation of the kinetic results obtained 

from the acid-catalyzed reaction of p-hydrazobiphenyl is 

straight-forward. The reaction is first-order in p-

hydrazobiphenyl over the range of hydrazo concentrations 

used. The reaction is second-order in acid at the higher 

acidities, but begins to deviate frorai second-order, 

tending toward lower-order at the lower acidities. This 

deviation is not great at the acidities used. 

These kinetic observations are consistent with the 

results obtained many times before for other hydrazo 

compounds (see Literature Survey), Thus, the rearrangement 

of p-hydrazobiphenyl appears to obey the rate law proposed 

by Blackadder and Hinshelwood (9), 

ti2 =^M. ^ k̂ [Ĥ [lf] + k^NLH] 

with k, apparently being negligible except at very low 

acid concentrations where the first term on the right-

hand side makes some contribution. 

58 
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A sequence which best explains the observed kinetic 

and other data known to be generally true for the benzi

dine rearrangement may be written as follows; 

k-
RNHNHR -h H**" ^ ^ > RNH^NHR 

k 
-1 

(1) 

1<, 
RNICNHR -h }f ^ ^ > RNH^NH 

2'"*2 
R 

-2 

(2) 

•»->«> 
RNH2NH2R 

k3 
-> Products (3) 

Where the acid order is less than two, another reaction 

which takes place is: 

k. 
RNH2NHR Products (4) 

It may be seen from equations 1 through 3 that the 

rate of the disappearance of p-hydrazobiphenyl may be 

written as: 

-d [HZ] k^ X k2 X kg [H*]^ [HZ] 

dt ^-1 ^ ̂ -2 

The "pseudo" first-order rate constants which were mea-

sured in this work were thua: 

k. X k^ X kg [if]2 
k . — "1 meaaured — 

^-1 ^ ^-2 
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The fate of p-hydrazobiphenyl in acid aolution may 

be deacribed aa followa. Upon acidification of a aolution 

of the hydrazo compound, two faat equilibrium conditiona 

are eatabliahed with the mono-protonated apeciea proba

bly predominating (the valuea of k̂ ,̂ k^^, k^, k^g are 

unknown). The diprotonated apeciea then reacta to form 

the products, and thia proceaa containa the rate-determin

ing atep. 



PRODUCT ANALYSIS 

Identification of the Rearrangement Product 

Aa waa atated in the Experimental, abaolute proof 

that the rearrangement product waa the o-aemidine waa not 

obtained. However, the evidence aeema to atrongly indi

cate that the product is the semidine. The evidence 

even more strongly indicates that the product in question 

is a rearrangement product and not the result of some 

decomposition or other reaction. 

It was previously stated (see Literature Survey) 

that if p-hydrazobiphenyl were to rearrange, it would be 

a test of Dewar's ^-complex mechanism. Dewar (18) stated 

that this compound could not form a -̂ -complex and, thus, 

could not rearrange. However, this statement was based 

on the assumption that the first TT-complex to form would 

be a symmetrical one involving all four benzene rings, 

l^ile this assumption was necessary in the TT-complex 

theory of the rearrangement, 7C-complex formation, after 

rotation of one nitrogen-bearing ring relative to the 

other, may still be posible in which only two rings are 

TT-bonded, 

The fact that p-hydrazobiphenyl rearranges may be 

incompatible with the ̂ complex mechanism, as is much 

61 
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other evidence obtained recently (3), but it does not 

rule out the existence of a Tf-complex in the benzidine 

rearrangement. Iŝ at is ruled out is the series of mecha

nistic steps described in Dewar»s ?f-complex theory. 

Quantitative Product Analysis 

As may be seen from the Experimental, the major 

reaction of p-hydrazobiphenyl in acid solution is dis

proportionation. This reaction is accompied by rearrange

ment and, in some cases, reduction. 

Examination of Table IV will reveal the following 

results. For the reactions carried out at 0^ there 

appears to be a trend toward more rearrangement at lower 

acidities, although this trend is small and possibly 

insignificant. For the reactions carried out at room 

temperature, the same trend is observed, and it is of about 

the same magnitude. These results will be discussed 

later. 

Directing attention toward the comparison of the 

effect of temperature on the product ratio, at a given 

concentration, a definite temperature dependence is ob

aerved. The yield of the rearrangement product decreases 

by a fairly constant amount (about 12^) when the temp

erature of the reaction is raised from 0° to room temp

erature. This can easily be explained if the activation 

energy for the disproportionation is higher than that for 

rearrangement. 
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The third observation to be made concerning the 

product analyaia ia about the reduction which takea place 

at low aciditiea. The reduction is detected by the exceas 

(by weight) of p-aminobiphenyl over p-azobiphenyl. Dis

proportionation requires almost a one to one weight ratio 

(two to one mole ratio) of aminobiphenyl to azobiphenyl, 

so the excess of amine can be explained by reduction of 

part of the p-hydrazobiphenyl to the amine. An alternate 

explanation would be that the azobiphenyl, produced in 

the disproportionation reaction, could be reduced to the 

hydrazobiphenyl and this disproportionate further. 

This reduction reaction has been reported with only 

one other hydrazo compound, p-hydrazotoluene. This com

pound was reported to undergo 20^ reduction by Carlin 

and Wich (16); Hammond and Clovis (20) reported 10^ 

reduction. Carlin and Wich reported that the ratio of 

producta aeemed to be independent of acidity, ionic 

atrength, aolvent polarity and temperature. Theae workers 

ruled out the following possibilities in explaining the 

reduction; 1) interaction between reaction products, 

2) involvement of trace impurities and 3) reduction of part 

of the azotoluene back to hydrazotoluene. Carlin and Wich 

concluded that the solvent, ethanol, was responsible for 

the reduction, but no experimental evidence for this was 

obtained. 

The reaction of p-hydrazobiphenyl, at the acid 

concentrations where the large amount of reduction takes 
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place, is slightly less than second-order in acid. Thus, 

it appears that the reduction takes place with the mono-

protonated species. It should be made clear at this point, 

however, that the reaction does not occur simply with 

the mono-protonated species but with an activated complex 

derived from this species. If this were not true, then 

all reactions of p-hydrazobiphenyl would probably be 

first-order in acid since the mono-protonated species 

is probably present in higher concentration than the 

di-protonated species at all acid concentrations. Thus, 

only at conditions where the reaction is somewhat less 

than second-order in acid is the mono-protonated species 

becoming activated and reacting. Apparently the reduction 

takes place at the expense of disproportionation since 

rearrangement does not decrease when reduction is observed. 

Another point which should be made is that p-

hydrazobiphenyl does actually disproportionate and not just 

undergo oxidation and reduction in separate, unrelated 

reactions. It might be argued that reduction was not ob

served at the higher acidities with the un-degassed samples 

because excess oxidation obscured the amount of p-amino

biphenyl formed and that the detection of reduction at 

the lower acidities, where the samples were degassed, was 

due to decreased oxidation in the samples at low acidity. 

The oxidation reaction which would probably be in oper

ation if the above argument were true would be oxidation 
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by molecular oxygen; a reaction known to be base-catalyzed. 

That this oxidation is not taking place was shown when, 

during the kinetic work, it was demonstrated that oxidation 

in neutral solutions was negligible for about the first 

five hours at 0°. 

The nature of the reducing agent is unknown. The 

solvent, ethanol, seems to be a possibility. Some indica

tion of this might be the fact that Bindschedler's green 

decomposes on standing in ethanol but not in water. It 

was observed that the absorbance of Bindschedler•s green 

decreased with time on standing in ethanol. Since the 

reduction product of Bindschedler's green is colorless, 

it seems probable that the indicator is being reduced 

by the ethanol. If this is so, it seems possible that 

ethanol could also reduce an activated complex of pro

tonated p-hydrazobiphenyl. 

The possibility that unprotonated p-hydrazobiphenyl 

is being reduced is ruled out be the fact that a neutral 

solution of the hydrazo compound in ethanol will slowly 

oxidize, but no p-aminobiphenyl is produced. 



MIXED HYDRAZO REACTION 

The results of the experiment with the reaction 

of p-hydrazobiphenyl in a solution of 4,4»-dichlorohydrazo. 

benzene seem to indicate clearly, as has been shown 

before (20) and expected on the basis of stoichiometry, 

that disproportionation is intermolecular. Since dispro

portionation occurs only in acidic solutions and since 

the disappearance of p-hydrazobiphenyl is second-order 

in acid, the disproportionation reaction must involve a 

di-protonated hydrazo molecule. 

The disproportionation of p-hydrazobiphenyl must, 

therefore, be a reaction between a di-protonated hydrazo 

molecule or, more accurately, an activated complex derived 

from it, and either a protonated hydrazo molecule or an 

unprotonated hydrazo molecule. The latter seems to be the 

more likely. 
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THE MECHANIS^I OF DISPROPORTIONATION 

As waa atated in the Literature Survey, the polar-

transition-state theory of the benzidine rearrangement 

proposed by Banthorpe, Hughes and Ingold (3) appears to 

be a good explanation of the mechanism of rearrangement 

of hydrazo compounds. The reaction of hydrazo compounds 

to which attention now needs to be directed is dispropor

tionation. The mechanism of this reaction is far from 

settled, but it seems clear that any mechanistic descrip

tion which explains disproportionation must be able to 

retain the polar-transition-state theory for the rear

rangement . 

A major question which needs to be answered in order 

to explain the disproportionation reaction is whether or 

not both rearrangement and disproportionation proceed 

through the same rate-determining intermediate. If the 

two reactions proceed through the same intermediate, then 

the first part of the disproportionation reaction is 

already described. If the two reactions occur as com

pletely different reactions, then the total dispropor

tionation mechanism must be supplied. 

A question to be answered before the above question 

may be considered is whether the transition state in the 
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polar-transition-state theory is the transition atate 

between the reactant and the producta or between the 

reactant and an intermediate. More aimply, ia there an 

intermediate involved in the rate-determining atep? The 

anawer, according to Banthorpe, Hughea and Ingold (3), 

is no, and, for that reason, these authors feel that 

disproportionation is a separate reaction which does not 

proceed through the same transition state as rearrange

ment. The reason for this is that a reaction between a 

transition state of only fleeting existence and another 

molecule is impossible. 

The questions to be answered, therefore, before 

any mechanistic descriptions of disproportionation can 

be written, are the following. Does the rearrangement 

of hydrazo compounds involve an intermediate in t̂ e rate-

determining step or just a transition state? If an inter

mediate is formed, does disproportionation take place 

through this intermediate or through some other path? 

The answers to these questions are unknown. If 

one postulates a common intermediate in order to more 

easily explain disproportionation, then the problem of 

describing an intermediate which still retains the pro

duct-directing nature of the transition atate deacribed 

by Ingold et.al. (3) ariaea. On the other hand, if one 

poatulatea that the disproportionation reaction occurs 

as an entirely separate reaction, then the difficulty 
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arises in explaining why product ratios are somewhat 

insensitive to changes in acidity, ionic strength and 

aolvent polarity. 

There is one part of the diaproportionation 

reaction which ia known. As was stated earlier, the reac

tion involves two molecules of hydrazo compound and is 

distinct from rearrangement in that way. The dispropor

tionation must involve a di-protonated hydrazo molecule 

which becomes activated and forms an intermediate. This 

intermediate then reacts with another molecule of hydrazo 

compound and forms two molecules of the scission amine 

and one molecule of the azo compound, 

A question to be answered about the above-mentioned 

interaction is whether the intermediate reacts with a 

protonated or an unprotonated hydrazo molecule. The 

latter seems to be the more likely because reaction 

between two positively-charged species would not be ex

pected on electrostatic grounds. 

However, the above description presents problems 

in the interpretation of the effects of acidity on product 

ratioa. If diaproportionation takea place between an 

intermediate, derived from a protonated hydrazo molecule, 

and an unprotonated hydrazo molecule, one would expect 

to observe an increaae in the amount of diaproportionation 

over that of rearrangement at lower aciditiea because 

more unprotonated hydrazo compound would be present to 
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react with the intermediate. However, this is opposite to 

the observed trend in the present work. The above expec

tation is, of course, based on the assumption that both 

rearrangement and disproportionation occur through the 

same rate-determining intermediate. 

If one postulates a disproportionation reaction 

between an intermediate and a protonated species, most 

likely a mono-protonated species, then decreasing the 

acidity should decrease the amount of the mono-protonated 

species and lead to less disproportionation. This scheme 

predicts the trend in the product ratio that is observed 

with p-hydrazobiphenyl. However, since the above scheme 

requires the unlikely reaction between two positively-

charged species and since the observed trend is small, 

more evidence will have to be obtained before such a 

scheme can be seriously advocated. 

A major obstacle to the elucidation of the dis

proportionation mechanism is the lack of knowledge con

cerning the basicity of hydrazo compounds. Without this 

knowledge, one does not know how much hydrazo compound 

remains unprotonated at any given acid concentration. 

This information is important because any mechanistic 

description requiring either a mono-protonated or an un

protonated species will lack credibility unless it can be 

demonstrated that this species exists in significant 

quantity. 
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Realizing that the mechanism of disproportionation 

is plagued with uncertainties, it is nevertheless inter

esting to speculate as to the nature of the reaction 

between an intermediate and a hydrazo molecule. Vecerli 

(33) has discussed two different schemes of dispropor

tionation similar to the ones listed below. 

+ Ar-

2 ArNHg 

H- (1) 

Ar—N=N—Ar 

ArNH^NH^Ar ^ 2 ArNH^ 

2 ArNH2 "+• ArNHNlLAr ^ Ar—.N=N—Ar -H 2 ArNHg 

(2) 

Scheme 1 is attractive because the intermediate 

shown oxidizing the hydrazo molecule is similar in charge 

distribution to the polar-transition-state described by 

Ingold et. al. (3). The nature of the attraction between 

the two halves of the intermediate is unknown. Scheme 2 

is also attractive because reduction could easily be 

explained as attack of a free radical on the solvent cage 

and because a homolytic scission of a symmetric species 

seems reasonable. No evidence has been obtained to support, 

directly, either of the above mechanisms. 
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Thus it is seen that the mechanism of dispropor

tionation is still a mystery. The present work was 

undertaken with the hope of elucidating the mechanism 

of disproportionation, but little was learned toward that 

end. This was partly because p-hydrazobiphenyl gives 

products other than disproportionation products. It is 

evident that much work must be done before a satisfac

tory mechanism of disproportionation of hydrazo compounds 

can be proposed. 



CHAPTER IV 

SmiMARY AND CONCLUSIONS 

1. The products of the reaction of p-hydrazo

biphenyl in acid solution are p-aminobiphenyl, p-azo

biphenyl and a rearrangement product believed to be the 

o-semidine. 

2. The main reaction of p-hydrazobiphenyl in acid 

solution is disproportionation, with rearrangement account

ing for a significant amount of the starting material, 

and at low acid concentrations, reduction occurs. The 

product ratios vary slightly with acidity, the amount of 

rearrangement increasing with decreasing acid concentra

tion. The amount of rearrangement that occurs decreases 

with increasing temperature. 

3. The acid-catalyzed disappearance of p-hydrazo

biphenyl is first-order in hydrazo compound over the 

-4 
range of p-hydrazobiphenyl concentrations from 0.75 x 10 

to 2.3 X 10""̂  M. 

4. The acid-catalyzed disappearance of p-hydrazo

biphenyl is second-order in acid over the range of acid 

concentrations from 0.514 to 0.0214 N. The order de

creases somewhat at acidities below this range; the order 
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over the range of acid concentration from 0.0214 to 

0.00612 N is 1.82. 

5, The mechanism of the rearrangement of hydrazo 

compounds seems to have been fairly well explained with 

the polar-transition-state theory. The mechanism of dis

proportionation, however, is far from settled. 
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