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ABSTRACT 

PART I 

A number of u n successful experiments were carried out in 

an attempt to shew that tne benzidine rearrangement proceeds througn 

intermediate cation radicals. T he rearrangement of p-hydrazo-
I 

toluene (HzT), w hich has been reported to give rise to p-\;olUldine, 

p - azotoluene, and 2-amino-4, 5'-dimethyldiphenylamine (an. 0 -

semidine) in a 2: 1: 2 weight ratio, was extensively investigated. 

H zT 

H3C-< }-N=N < )-CH3 

P -Az otoluene 

NH3 -{ )- CH
3 

p-T oluidine 

NH . 2 

H,C -{) NH < ~ 
CH

3 
o -S emidine 

Attempts to initiate poly merization b y intermediates formed 

during the rearrangement of HzT {and hydrazobenzene) failed. The 

product solution that was obtained after all of the HzT h ad reacted 

was found to oxidize N,N,N',N'-tetramethyl-p - phenylenediamine 

to Wurster's Blue . The kinetics of this oxidation were investigated. 

The composition of the mixture of products obtained from 

Hz Twas r e-exainined by the technique of isotope dilution. The 



results showed that p - toluidine , p - azotoluene , and the o-semidine 

account for only 90% of starting material and are actually formed in 

a 3: 2:4 weight ratio. An additional product (or products) must account 

for 10% of the r eac tion of Hz T. 

Radioactive HzT was rearranged in the presence of a number 

of added compounds. The presence of hydrazobenzene was found to 

\ 

reduce the yield of p-azotoluene, but not to alter the forn'lation of 

p-toluidine and the o-semidine. These results show that p-azotoluene 

is formed by an intermolecular process, while the remaining products 

probably originate from intramolecular paths. 

The rearrangement of p,p'-ditrideuteromethylhydrazobenzene-

14 
4,4'-C was investigated and found to be unaffected b y the presence 

of the deuterium. 

An unknown compound was isolated i n very small quantities 

from the product mixture obtained from the rearrangement of HzT. 

This compound was in the form of an oil and was only partially 

char ac teri zed. 

A possible explanation for the formation of the 10% of unknown 

product is that it arises from coupling of the para carbon atoms of 

HzT. 

PAR T II 

The rearrangement of m-hydrazoaniline (HzA) to 2,2'-di -

aminobenzidine has been investigated. The reaction rate exhibits an 



NHz NHz 

n -N-N-n 
U-HH U-

NHz 

HzA NHz 
inverse dependence upon hydrogen ion. As HzA is a diacidic base, 

the observed rate law requires that the transition state of the rear-

rangement involve a monoconjugate acid of HzA. 

15 15 
HzA-N H-N H- was prepared and rearranged at1four acid 

concentrations, three of which were within the concentration range 

used to determine the acid dependence of the rearrangement. The 

15 
N content of the o - amino groups of the resulting benzidine was 

found to increase as the acidity of the rearrangement solutions was 

increased. In terms of c01!l!pling reactions the results showed that 

the extent of ortho coupling that occurred in the formation of the 

benzidine v aried from approximately 3 5% at the lowest acid concen -

tration to 44% at the highest. As only one h y drogen is involved in 

the transition state of the rearrangement, a metastable intermediate 

must be formed which can ' either collapse to product or be attacked 

by a second proton . The results are consistent with a mechanism 

which inv olves i n itial heterolysis of the N -N bond to give D ewar's 

li n - complex." This complex can ei ther collapse to product or can be 

attacked by proton to form a pair of cation radicals which will also 

collapse to product. 

Starting material was recovered after a rearrangement had 

15 
proceeded to 50% completion and the N content of the hydrazo link-

age was found to be unchanged. 
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HISTORICAL 

For the past sixty years elucidation of the mechanism of the 

benzidine rearrangement has proved to be one of the most ai£ficult 

problems that has faced organic chemists. A very Signif1cant amount 

of information about the rearrangement of substituted and , unsub-

stituted hydrazobenzene may be found in the literature to testify to 

the efforts of numerous researchers. The early work on this subject 

dealt principally with product studies, while in more recent years 

kinetic' investigations have dominated the picture. 

The acid catalyzed rearrangement of aromatic h y drazo com-

pounds giv es rise to five types of products, although no more than 

four have ever been formed in anyone rearrangement. Examples 

of these products are listed below along with the nomenclature 

em:ployed by Jacobson (1). 



z 

FIGURE I 

a. H N--G-O' f' NH Z Z - --
benzidine 

diphenyline 

c. z, Z' "diaminobiphenyl 

d. 

e. < )-t~ ) 
NH

Z 

Rearrangements a"c are often referred to as diphenyl rear" 

rangements while d and e are referred to as semidine rearrangements. 

Disproportionation products have also been observed. Carlin 

and Wich (Z) have reported that the rearrangement of p"hydrazo" 

t oluene produces a mixture of p"toluidine, p-azotoluene, and Z ~ 

amino-4', 5 -dimethyldiphenylamine (an o"semidine) whose composition 

remains constant throughout the reaction. This result requires that a 

description of the formation of disproportionation products be included 
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in any comprehensive discussi on of the mechanism of the benzidine 

rearrangement. 

Sev eral mechanistic schemes w ere proposed at an early date 

to explain the formation of these various products. Some were 

modified and some w ere completely discarded when the rearrangement 

was shown to be intramolecular. Jacobson (1) f i rst pointed out that in 

\ 
none of his extensive studies did he ever find any indication of cross e d 

products. Wheland and Sch wartz (3) rearranged 2-methyl-2' -ethoxy -

14 
hydrazobenzene which contained C in the methyl group. The 

produ ct was worked up with 3,3'-dimethylbenziciine as a carrier, and 

the recovered dimethylbenzidirte contained essentially no activity . 

In a similar experiment Bloi'nk and Pausacker (4) investigated the 

rearrangement of h ydrazobenzene-2-carboxylic acid and found no 

e vid ence of any nonacidic or dibasic benzidine. 

These experiments do not exclude the possibility of an initial 

heteroly tic cleav age of the N -N bond which would alway s take place 

in the same direction. As fragment.s of like charge should not couple, 

no symmetrical produ cts would result from the rearrangement of an 

unsy mmetrical h y drazobenzene. However, Ingold and Kidd (5) . 

rearranged a mixture of 2, 2'-dimethoxy- and 2, 2'-diethoxyhy drazo-

benzene and found no crossed products. As these two compounds h ave 

simi lar rates of rearrangement, crossed products should have been 

found if free fragments were present in solution. 
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Many of the early mechanistic postulates assumed that the 

rearrangements were first order with respect to hydrogen ion. How-

ever, Hammond -(6} showed that at constant ionic str ength the rear-

rangement of hydrazobenzene in 75 percent ethanol-water is second 

order with respect to the h ydrogen chloride concentration. This 

result was subsequently confirmed by Carlin et ale ( 7) aid Croce and 

Gettler (8), who used slightly different solvent compositions. 

With these and other results in mind various specul ators have 

covered prac tically the entire field of mechanistic possibilities. 

Ingold (9, 10, 1 1) has repeatedly , although not dogmatically, championed 

, 
a concerted mechanism. This mechanism implies that carbon-carbon 

bond formation i s concurrent with N-N bond c l eavage, although the 

two p rocesses need not be completely synchr onous. Seemingly. any 

- practical configuration of the neutral hydrazo molecule will cause the 

o 
para carbon atoms to be significantly farther apart than the 1. 5 -2 A 

necessary for sigma bonding. Two favorable configurations are 

represented below (Fig. II). 

FIGURE II 

0 1 
/~ 

-·.N---N- __ -H 
H- - .. 

O~ 
1 2 
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The para carbon atoms in these structures should be a mlnl-

o 

mum of 5 A apart. To bring them closer in structure 2 would produce 

considerable strain in the N -N -C bond angle. However, Ingold feels 

that such restrictions do not apply to the diprotonated form of hydrazo-

benzene. For. some nebulous reason he argues that this symmetrical 

distribution of charge leads to a partial heterolysis of the N-N bond 

I 
as it is stretched (Fig. III) , and that such a bond may re~in its integrity 

at distances of 5 -7 A . 

FIGURE III 

+ 
H H 0 

2 2 +N- - - - - --N 

Mechanism I 

HH 

< >-~~~~ )-- o '6'-
+ I) 

Transi tion state 

Furthermore , Hammick and Mason (12) have calculated that highly 

polar structures may be easily deformed so that the para carbon atoms 

o 
of a diprotonated hydrazo molecule may readily come as close as 2 A 

to each other. With these results in mind Ingold feels that the stereo-

chemical challenge of the benzidine rearrangement has been met. 

An extension of the concerted mechanism is the "leap frog" 

mechanism (Fig. IV) of Brownstein, Bunton, and Hughes (13). Theirs 

is essentially a two-step, concerted mechanism which is somewhat 

analogous to the para Claisen rearrangement. 
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FIGURE IV 

Mechanism II 

I 
Dewar (14, 15, 1 6) has proposed a heterolytic mechanism which 

involves an intermediate formation of a "TT-complex" as a separate 

step between the dissociation of the N-N bond and the formation of the 

C -C bond. In his first papers (14, 15) Dewar assumed that the rear-

rangement was fir st order in hydrogen ion and that the compl ex was 

formed in the rate-determiriing step. After Hammond reported that 

the reaction actually exhibits a second order dependence upon hydrogen 

ion, Dewar modified his mechanism (16) to make the rate-determining 

step the attack of proton on the "TT-compl ex" (F ig . V ) . He clearly 

FIGUR E V 

Mechanism III 

+ 

OH2HDk~ 
f _. '\ ~ -N f_'~2~ Products 

required that this step a l so be product determining. 

Dewar argues that the p r oducts are determined by the orienta-

tion of the fragments of the "iT -complex" and that the results are in 
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good agreement with molecular orbital theory. ' The most favorable 

orientation of the complex derived from hydrazobenzene is the one in 

which the two nitrogen atoms of the parallel rings are eclipsed. This 

would lead to the fCirmation of benzidine. Rotation of the fragments 

could produce the next most stable "n-complex" which would be the 

one which leads to diphenyline. This argument may a lso lbe extended 

to include the formation of 0- and p-semidines from substituted 

hydrazobenzenes. 

There are numerous precedents for the proposed "n-complex." 

Stable complexes of aromatic molecules which are strongly polarizing 

(acceptors) with ones which are readily polarized (donors) have been 

isolated and char a cterized. Polynitro aromatics such as picric acid, 

trinitrobenzene, and trinitrofluorenone are known for example to form 

stable molecular . complexes with numerous aromatic hydrocarbons. 

The presence of such substituents as methyl, hydroxyl, and amino on 

the donor molecule generally increase the stability of the complexes , 

(except where steric factors are important). The opposite effect is 

observed if these substituents are on the acceptor (17). For obvious 

reasons n-complexes are also referred to as charge-transfer or 

donor-acceptor compounds. Complexes which are of a less stable 

nature than those described above have been postulated to explain the 

observations that solutions of iodine in benzene exhibit abnormal color 

and dipole moments, and that aromatic hydrocarbons dissolve in 
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anhydro u s hydrogen fluoride to give colored solutions, while paraffins 

and olefins are insoluble (18). The driving force for the formation of 

these complexes would be the energy that is gained from the overlap 

of electron-rich TT -molecular orbitals of one molecule with electron-

poor orbitals of another molecule {or ion) . 

Dewar has not attempted to describe the benzidine rearrange-
! 

ment as unique, but has included it in the whole series of ,rearrange-

ments of N - substituted anilines which he proposes to proceed through 

intermediate "n-complex" formation. He postulates that the stability 

of the complex will vary inversely with the stability of the positive ion. 

The observed intramolecularity of the benzidine rearrangement is then 

explained by stating that the unstable phenylimino cation would be too 

strongly held to allow dissociation of the complex. In contrast, the 

observed intermolecularity of the rearrangement of N-chloroacetanilide 

is consistent with the hypothesis that the chlorine positive ion is suf-

ficiently stable to depart from the influence of the aromatic nucleus. 

In a brief kinetic study (15) Dewar found that the accelerating 

effect of substituents upon the rates of rearrangement of hydrazo-

benzenes decreases i n the following order. 

o-CH >p-CH > m-OCH >H 
3 3 3 

These rearrangements were not conducted under identical conditions, 

but the' results do show that an electron-donating group accelerates the 

rate of reaction. Presumably, reactions involving the formation of a 
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phenylimino cation would be subject to substituent effects similar to 

those observed for reactions involving benzyl carbonium ions (Fig. 

VI). 

H cO' CH + 3 Z 

FIGURE VI 

H+ 

",,<[---';>)> HZ C =< >= C HZ 

H+ 

H3e-( )- NH + ",,""«---7~ HZC=< . >= NH 

A fourth mechanism was proposed as early as 1903 by Tich-

winsky (19). who advocated the' formation of intermediate phenylamino 

cation radicals. This idea was discarded on the basis of the observed 

intramolecularity of the rearrangement. Hammond. although never 

in print. has revived the radical mechanism. He has proposed that 

the cation radi cals form a complex, that is somewhat analogous to 

Dewar 's II TT-complex, II which may collapse directly to the observed 

products (Fig. VII). 

FIGURE VII 

Mechanism IV 

< )- ~-~-< > 
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Considerable evidence exists to lend support to this proposal. 

T here are a number of reactions in which benzidines are formed from 

what is in all probability phenylamino cation radicals. Oxidation of 

diphenylamine in acetic acid solution with concentrated sulfuric acid 

and sodium dichromate gives good yi elds of diphenylbenzidine (20). 

If the oxidation is carried out in neutral or alkaline medium, tetra-

I 
phenyltetrazine is obtained in high yield (21). a -Naplithylamine (22) 

and N, N -dimethylaniline (23) have also been oxidized to the correspond-

i ng benzidines. As furthe r evidence Hammond and Seidel (24) have 

observed that tetraphenyltetrazine is decomposed in ether-hydrogen 

chloride at _20°C to giv e diphenylbenzidine and a polymer which is 

paramagnetic. Thes e results indicate that pheny lamino cation 

radicals tend to couple at carbon atoms, while neutral radicals couple 

at nitrogen. 

The radical mechani s m offer s .a r eady explanation for the 

formation of disproportionation products. If the compl exed cation 

radicals break apart and become " free," they would be expec ted to 

readily oxidize unrearranged starting material. Aromatic hydrazo 

compounds are known to be quite susceptible to air oxidation, and the 

present study has shown that the cation radical {Wurster cation} formed 

by oxidation of N,N,N',N'-te t ramethyl-p-phenylenediamine will readily 

oxidize p-hydrazotoluene to p-azotoluene. 
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The probability that two positively charged cation radicals 

could forrn a 11 rr -complex" might at first seem to be quite low; 

however, Hausser (25) has presented evidence that the Wur ster cation 

can exist in such a form. Moreover, Neuman and Hamm_ond {26Lhave 

observed that the efficiency factor for the decomposition of the di-

protonated form of azobisisobutyroamidine is 0.65 a ·s compared to 

\ 
0.45 for the neutral form. While the geminant radical pair produced 

in the former case has a greater tendency to dissociate, the charge 

repulsion has not prevented a high percentage of combina ti on of these 

radicals within their initial" solvent cage." 

The observed product distributions may be qualitatively 

accounted for by the concerted and radical. mechanisms. In these 

schemes positive charges are placed on initially adjacent nitrog en 

atoms. The formation of benzidines would result in minimum charge 

repulsion by placing the charges a maximum distance apart. Further-

more, coupling at the para carbon atoms would produce two para-

quinoid structures whi ch would be preferred to the ortho-quinoid 

forms. This argument would predict that diphenyline would be the 

second most favorable product and that the formation of 2, 2'-diamino-

diphenyl would be unfavorable (Fig. VIII). 
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FIGURE VIII 

Each of the mechanisms that has been presented s .uffers from 

major deficiencies when considered in light of the large 90dy of kinetic 

information that has been gathered. Objections may be raised to the 

role that the second proton plays in each of the four mechanisms. As 

the neutral hydrazo molecule is itself a weak base, addition of a second 

proton to a site that is adjacent to a positively charged center would 

seem intuitively quite unfav orable. Yet Mechanisms I , II, and IV 

all require the formation of the diconjugate acid of hydrazobenzene. 

The possibility exists that this step could be rate-determining, and 

indeed Hammond (27) has ;shown that the rearrangement of hydrazo -

benzene in 50% ethanol-water exhibits general acid cataly sis. How-

ever, Ingold (11) has investigated the rearrangement of hydrazobenzene, 

1- and 2-naphthylphenylhydrazine, and o-hydrazotoluene in 60% aqueous 

dioxan and found that the rates are a linear function of H • A slope of 
o 

approximately 2.1 was obtained from the plot of log k vs. H for all 
o 

four cases. Ingold (11) also studied the effect of replacing the water 

of the aqueous dioxan solvent with deuterium oxide. The kD/kH ratio 

was greater than one in all four cases and was as high as 4.8 for the 

rearrangement of hydrazobenzene. These two sets of results demand 
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that the second proton be completely transferred to the hydrazo com-

pound prior to its rearrangement. 

The contrasting results of H ammond and Ingold could be 

accommodated if the rate-determining step were attack of the conjugate 

bases on the second conjugate acid Ceq. 1). However, Hammond and 

Grundemeier (28) have shown that hydrazobenzene-4, 4 1 -d
2 

rearranges 

at the same rate as hydrazobenzeneG 

This disparity of results could be attributed to the difference 

In solvent systems employed. , Perhaps the steps involving deproton-

ation and rearrangement of the second conjugate acid are of sufficiently 

similar rates that their importance could be varied with a change of 

solvent composition Ceq. 2). 

BH+ + HA 

R= 
k2 [BH +] [HA] 

k _2[A -] + k3 

complex 
(2) 

If k3 » k2 [A-], general acid catalysis would be observed; 

and if k
2

LA-] » k3 • catalysis by lyonium ion would occur. 

The results of Ingold are certainly examples of cases where an 

equilibrium exists between. a first and second conjugate acid of the 
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h y drazobenzene. -While this observation may be felt to detract from 

mechanisms I, II, and IV. it is completely incompatible with the pro-

posed form of mechanism III. As written, this mechanism requires 

that addition of the second proton to the complex be rate-determining. 

This process would be solely consistent with general acid catalysis 

and could be reconcilable with the results of Ingold only if two dif-

ferent mechanisms were operative. 

Any discussion of the mechanism of the benzidine rearrange-

ment should include a description of the reaction profile. Mechani sm s 

I-IV could be described by the energy surfaces that are shown below 

(Figs. IX-XII). 

FIGURE IX FIGURE X 

H 

$ 
~J-A 

w::-" H 

n:OOr-H· 1 

-~ I 

Mech. I Mech. II 
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FIGURE XI FIGURE XII 

i 
[ 

Mech. III Mech. IV 

The energy separation between most of the various valleys 

and crests is a rather arbitrary matter and is probably more a function 

of one's prejudices than any experimental observations. However, 

certain limitations must be placed upon the separation between the 

second valley and the transition state described by mechanisms I and 

III (Figs. IX and XI) .. Carlin showed that the distribution of products 

obtained from the rearrangement of p-hydrazotoluene (Z) and hydrazo-

benzene (7) remains constant over the O-ZO · temperature range studied 

in the former case, and the 0-Z5° range in the latter. Hydrazotoluene 

produces the o-semidine, p-toluidine, and azotoluene in a Z:4: 1 mole 

ratio (Z9~; while hydrazobenzene rearranges to give benzidine and 

diphenylene in a 70:30 ratio. In mechanisms I and III the product-

determining and rate-determining steps are identical. There must 

be several of these steps which are competitive in the rearrangement 

of hydrazobenzene and p-hydrazotoluene as several products are 
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formed in both cases. An extreme coincidence would be required for 

the activation energies from "valley 2" to the t ransition states of 

these various steps to be identical, yet a significant temperature 

change does not alter their relative importance. If, however, the 

energy separations between "valley 2" and these transition states are 

quite small compared to the total activation energy, a temperature 
I 

variation would not be exp~cted to significantly alter the relative rates 

of th e various product-determining steps. 

Estimation of the importance of this critical energy separation 

in Mechanism III would be quite difficult, as little can be definiti vely 

said about the energetics of the protonation of the "n -complex." The 

energy gap from "valley 2 /1 to the transition state of Mechanism I, 

however, is determined by certain well-defined conditions. In this 

concerted reaction an N-N bond is being broken, the aromatic char-

acter of two benzene rings is being destroyed, the N-N - C bond angles 

are being greatly distorted, and the two rings are brought within 

• 2-3 A of each other. 

The final condi tion alone should involve significant ener gy 

requirements. Brown (3) has shown that the benzene rings in di-p-

xylene (2, 2-paracyclophane) are buckled, presumably as a result of 

the interference between the n -electron clouds of the two rings. Even 

in thQs e cases where complexes are formed, the two aromatic rings 
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o 

remain farther apart than 3 A. Powell (3) has determined the structure 

of the p-iodoaniline-s-trinitrobenzene complex in which the two rings 

are found to be parallel. The average distance between the two rings 

o 0 

was found to be 3.6 A , and was never less than 3.5 A 

Seemingly, a significant amount of energy would have to be 

supplied to bring the two rings close enough to a llow the para- (or 

I 
ortho-para-) carbon atoms to initiate binding. The only factor which 

could begin to compensate for all of the requirements of the final step 

would be the energy gained fr om formation of the C-C bond. That 

this energy gain could lower the activation energies of the final steps 

to relatively insignificant val ues seems extremely unlikely. This 

arguments weighs heavily against the first concerted mechanism and 

inherently implies that there must be an intermediate that is form ed 

prior to the product-determining step. Mechanism III need not have 

a separation between the rate-determining and product-determining 

steps as the final hump on the upper slope of the energy surface could 

be a s'mall one. 

Mechanisms II and IV are both compatible with the above argu-

mente In each of them a high energy intermediate is formed in the 

rate-determining step which precedes the product-determining step. 

As the products are formed on the downhill part of the energy profile, 

their relative rates of formation should not be significantly influenced 

by a temperature variation. 
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An investigation of entropies of activation for the rearrangement 

of a number of hydrazobenzenes reveals valuable information which 

must be related to the mechanism of the rearrangement. The following 

table gives a summary of entropy data that has been obtained. 

TABLE I 

Activation Entropies for the Rearrangement of Several H tdrazobenzenes 

No. . Hydrazo Compound Solvent Reference 6..5 e. u. 

1 2-MeO 900/0 EtOH 8 -25* 

2 2 - EtO 11 8 - 19* 

3 2,2',3,3'-Me 11 8 - 1.7 

4 3,3'-Me 11 8, 32 -1.3 
8 

, +3.2 
32 

5 2,2'-Me 11 8 + 1.3 

6 3,3'-MeO 11 8 + 2.8 

7 Unsub sti tuted 
8 8 

70 ,90 , 850/0 8. 7 
8 

7.0 , 
8 

-2.8 , +2.9 

8 4,4'-Me 950/0 EtOH 2 + 6.6 

*These rearrangements are exceptionally fast and the rate data is 
quite inaccurate. Moreover, the dependence of the rates on acid 
concentration has apparently not been determined; and the rates may 
be first rather than second order with respect to hydrogen ion. 

The activation entropies for #1 and #2 cannot be dismissed as com-

pletely irrelevant, but they do seem to be exceptions to the more 

general tendency of near zero entropies of activation that are observed 

in the other six cases. 

7 
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The near zero entropy values seem quite incompatible with 

both Mechanisms I and II. Each r;,equires that in the transition state 

two positive charges be on adjacent atoms. This would nec essitate 

a reorganization of solvent molecules in order to better ' solvate the 

two centers. T he negative entropy of solvation that would result 

should be a significant part of the total entropy of activation. More-
I 

over, both of these mechanisms require that there be at least some 

degree of simultaneous bonding between two ,nitrogen atoms and between 

two carbon atoms. Many of the degrees of freedom that were associ-

ated with the ground state of the hydrazobenzene w ill have been lost 

as the transition state becomes essentially that of a four-center re-

action. The se two factors are difficult to compensa'te for, and they 

lead to the conclusion that both Mechanisms I and II would require a 

significant negative entropy of a c tivation. 

The entropies of activation associated with MechC\.nis:ms III 

and IV should not be so low as those associated with Mechanisms I and 

II; however, an accurate prediction of the entropy values 'of the former 

pair would be rather difficult to make. Mechanism III would be more 

likely to have the higher entropy of activation of the two as the tran-

sition state involves conversion of the "n-complex" to product. In this 

step the two positive charges are separated and the restriction of 

movement placed upon the two fragments is lessened. 
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The discussion so far has tended to exclude Mechanisms I, II, 

and III from consideration • . As the first two are concerted, li ttle can 

be done to modify them. The insertion or modification of a step. 

however, c~)Uld readily make the third and fourth mechanisms more 

compatible with the experimental data. As written, neither of the last 

two mechanisms· is consistent with Carlin's (33) observation that the 
? I 

rearrangement of D-hydrazotol uene is 1. 6 order in acid rather than 

second. Two possible expl anations for this result readil y come to 

mind • . One is that there could be two comp~titive mechanisms, one of 

which is first order in hydrogen order and the other second order. 

The pseudo first order rate constant would then be 

Mechanisms III can be used to explain a second possibility. 

+ 
BH 11 n I' p 

If a steady state concentration is assumed for the n-complex, the 

following rate expression is obtained. 

R= 

+ 2 
k

3
k

2
K

1
[ H] [B] 

k_
2
+k

3
[H+] 

(3) 

(4) 

When k [ H +]» k • the rearrangement would exhibit a fir st order 
3 -2 . 

+ dependence upon hydrogen ion; and when k 2» k [ H ]. second order 
- 3 
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dependence would be observed. For a rearrangement which exhibits 

mixed order dependence upon hydrogen ion, equation 4 predicts that 
, 

an increase in hydrogen ion concentration would decrease the order in 

acid. The opposite result is predicted by equation 3. An increase in 

hydrogen ion concentration would increase the second term more 

rapidly than the fir st. The rearrangement would then show an increase 
! 

in order with respect to hydrogen ion as the acid concentration is 

increased. 

Ingold PI) has made a careful study of several aromatic 

hydrazo compounds which exhibit an intermediate order with respect 

to hydrogen ion. All of his re s ults show that the dependence upon 

hydrogen ion approaches second order as the hydrogen ion concentra-

tion is increased. The following table gives the transitional dependence 

upon hydrogen ion that he has observed. 

TABLE II 

Obser ved Dependence upon Hydrogen Ion for the Rearrangement 
of Several Hydrazobenzenes in Aqueous Dioxan (11) 

Substrate Order 

O! -C 1 OH7NHNHC 1 OH7 -0! 1.0 

O! -C 1 OH 7NHNHC 1 OH7-~ 1.0 

~ -C 10H7NHNHC 10H7-~ 1.0-1. 2 

O! -C 10H7NHNHC6HS 1.0-ca . 2.0 

~ -Cl0H7NHNHC6HS 1. I-ca. 2.0 

o-MeC 6HSNHNHC 6HSMe-o 1. 3 -ca . 2.0 

C 6
H SNHNHC 6

H S 2.0 
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The arguments that have been presented seem t o exclude all 

four mechanism-s. Mechanism IV could be resurrected by allowing the 

monoconjugate acid of hydrazobenzene to cleave directly into a complex 

of a neutral and a positively charged radical. This complex could then 

collapse to products. Mechanism III would be suitably modified if the 

lin -complex" could collapse directly to products as well as undergo the 

proposed protonation. This second protonation, however, must not 
\ 

lead directly to products as hydrogen ion would then have to be trans-

ferred in the rate-determining step. Such a postulate is not consistent 

with the results of Ingold (see pp. 9 and 10) which require that the second 

proton be transferred prior to the rate-determining step. For one 

mechanism to accommodate Ing,old 's results and the general acid catal-

ysis observed by Hammond, the second protonation must lead to an ad-

ditional intermediate. Either the formation of this intermediate or its 

collapse to products would be rate - determining. Mechanisms III and IV 

may be rewritten as follows (Fig. XIII). 

FIGURE XIII 

Mech. III' 

~p 

Mech. IV' 
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To make Ill' complete the second intermediate should be 

described. A possible candidate would be the radical complex of 

Mechanisms IV and IV'. The question of the nature of any inter-

mediate, however, must remain an academic one until information 

about its structure can be obtained. 

An important question to consider when discussing any of the 

I 
proposed mechanisms is whether or not the carbon-carboh bond 

formation is reversible. Presumably,once tautomerizationof the 

quinoid-type coupling products has occurred, the resulting diphenyls 

or semidines would be stable (Fig. XIV). For example, Carlin (2) 

FIGURE XIV 

+ 
::;:=-2=+~F\ =" H N-0-0-' f '\ NH 

2 2 
- -

+ -2H 
" 

has shown that the purified products obtained from p-hydrazotoluene 

are not affected when allowed to stand individually or in pairs under 

the conditions of the rearrangement. This observation, however, 

says nothing about the stability of the C -C Cor C -N) bonds in the quinoid 

form of the products. Rever sible formation of the C -C bonds would 

have to be competitive with tautomerization. Substitution of hydrogen 
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with deuterium at one of the coupling centers should decrease the 

rate of the tautomerization and hence decrease the yield of the cor-

responding product. This decrease would be complimented by increased 

formation of the other product{s). Hammond and Ingold have investi-

gated the rearrangement of 4, 4'-dideutero (28, 11) and 2,2',3,3 '- PI) 

tetradeuterohydrazobenzene. The benzidene-diphenyline ratio was 

I 
found to be unaffected by the deut erium substitution. From these 

results the conclusion is drawn that C-C bond formation in the products 

is irreversible. This observation would tend to cast further doubt on 

the "leap frog" mechanism (II). However, the tautomer of 2,2'-

diaminobiphenyl is described as a very high ener gy species and need 

not be subjected to the same rules which apply to the tautomer s of the 

products. 

There are some observations for which a ready explanation 

is not easily found. A number of workers ~2, 6) have observed a 

strong positive salt effect upon the rates of rearrangement of various 

hydrazobenzenes. Such a result would be predicted for any two proton 

mechanism._. ; however, Ingold (11) reports that a large effect is also 

observed for the rearrangement of O!- and i3-hydrazonaphthalenes. 

As the transition states for the rearrangement of these compounds 

i nvolves but ,one proton, the origin of the salt effect is not readily 

apparent. Ingold;{ll) also reports that an increase i n water content 

of mixed solvents accelerates the rearrangement of hydrazobenzenes 
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and that the same effect is observed in the rearrangement of Cl' - and 

i3-hydrazonaphthalene. Again the results are difficult to explain , but 

Ingold's observations are not completely valid. A comparison of the 

results of Carlin (7) and Hammond (6) 'shows that hydrazobenzene 

rearranges much more rapidly in 95% ethanol than in 75% ethanol-

water. 

The substituent effect upon the rates of rearrangement of 

hydrazobenzenes i's an additional point of interest and confusion. 

Croce and Gettler {8) and Dewar (15), to mention but a few workers, 

have observed that electron-withdrawing substituents retard the re

arrangements while electron-donating substituents accelerate it. 

These effects are extremely widespread and do not correlate well at 

all with Hammett sigma constants, although they do indicate that the 

value of "p" must be very large and negative. No rigorous attempt 

has been made, however, to relate the rates of rearrangement to a 

suitable set of sigma constants. 

The inform"ation that has been presented shows that the benzidine 

rearrangement is no simple reaction. A very qualitative attempt has 

been made in this discussion to relate the observe"d rearrangement 

products to the four mechanisms that have been presented. One need 

only refer to Jacobson's summary {l), however, to realize that this 

is perhaps the most confusing phase of the whole rearrangement, and 

that a more rigorous explanation of the product- determining factors 

is needed. 



26 

EXPERIMENTAL 

Acrylonitrile. --Seventy-five milliliters of practical grade 

acrylonitrile was washed with 65 ml. of IN sulfuric acid, 95 mI. of 

5% sodium carbonate, and 95 mI. of water. It was dried over calcium 

chloride and then distilled. The distillate was kept over calcium 

I 
chloride and the desired aliquots were removed from this'; and distilled 

under reduced pres sure before they were used. 

Styr ene. --Styrene; reagent grade, containing t-butylpyrocatechol, 

was purified by distillation at 42. 5°C under 18 mm. of pressure. The 

distillate was recr y stallized tHree times at temperatures induced by 

dry ice-isopropanol. 

H ydrazobenzene. --Hydrazobenzene was prepared by the method 

described in "Laboratory Experiments in Organic Chemistry" (34). 

p~Hydrazotoluene. --Hydrazotoluene (HzT) was synthesized by 

the method of Carlin (2). The crude HzT is , separated from filtered 

zinc and zinc oxides by treatment with hot benzene. Large quantities 

of benzene had to be used to obtain the yields reported by Carlin. 

Phenylhydroxylamine. --Phenylhydroxy lamine was prepared 

by the method described in "Organic Syntheses" {35}. 

'Wur ster Blue Perchlorate. --The salt was prepared from 

N,N, N', N'-tetramethyl-p-phenylenediamine hydrochloride by the 

procedure of Michae lis and Granick (36). 
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p-Aminobenzyl Alcohol. --p-Aminobenzyl alcohol was syn-

thesized b y the method of Fi scher and F ischer (37). The crude 

produ ct was sublimed to give a pproximately a 30% yield, m.p. 63-65° 

(reported, 65°). 

p-Aminobenzyl Chloride Hydrochloride. --p-Aminobenzyl 

a lcohol hydrochloride was prepared by treating a solution! of 0.48 g. 

of p-aminobenzy l a lcohol in 15 mI. of chloroform with hydrogen 

chloride. Two neutralization equivalents of the resulting precipitate 

were determined b y potentiometric titration. Calc. 159.6; found 

159.5 , 159.7. 

To a 100 mI. 3-necked ~ound-bottom flask equipped with a 

reflux condenser, an addition funnel, a magnetic stirrer, and a gas 

inlet tube was added 25 mI. of chloroform (which had been distilled 

at 60° and dried over magnesium sulfate) and 0.353 g. of p-amino-

benzyl alcohol. The stirred solution was treated for several minutes 

with h ydrogen chloride which was first passed through concentrated 

sulfuric acid. The mixture was heated to reflux with an oil bath, and 

then treated over a one-half hour period with 21 mI. of a solution of ' 

2 mI. of thionyl chloride (which had been purified by distillation at 

76°) in 20 mI. of chloroform. The solution soon became y ellow and 

after about ten minutes the oil bath was shut off and the mixture was 

. allowed to cool to room temperature. The product mixture was stirred 
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for a total of three hours and filtered to give 0.446 g. of a light yellow 

solid which lost none of its color when washed with chloroform. 

Two potentiometric titrations gave neutralization equivalents 

of 95.2 and 95.4; calculated for p-aminobenzyl chloride hydrochloride, 

89. O. Precipitation of a white solid always occurred between a pH of 

4 and 5. The precipitate would burn and would not give a positive 

\ 
chlorine test when heated on a copper wire. 

The solutions which had been titrated to determine the 

neutralization equivalent were filtered and acidified with 5 ml. of 6F 

nitric acid. They were then heated to near boiling and silver chloride 

was precipitated by the addition of a solution of silver perchlorate. 

If the observed neutralization equivalent was assumed to be due to both 

the h ydrochlor ides of p - aminobenzyl alcohol and p-aminobenzyl 

-5 
chloride , then the two samples should give 70.4 and 56.3 x 10 moles 

of silver chloride. 

respectively. 

- 5 
Actually obtained were 69.6 and 55.5 x 10 moles, 

p-Aminobenzyl Acetate. -- The preparations were carried out 

in a dry box. To 0.2 g. (4.4 x 10 -3 moles) of a 53'10 sodium hydride 

r -3 suspension in 5 mI. of ether was added 0.2 g. ~l . 63 x 10 moles} of 

p-aminobenzyl alcohol. After all of the alcohol had been added and 

bubbling had ceased, 0.25-0.4 m!. of acetic anhy dride was added. 

The resulting mixture was filtered and the filtrate was coooled in dry 
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ice-acetone. Crystals formed but could not be visibly separated by 

filtration. A few mI. of chloroform was poured over the .sintered-

glass filtering funnel. An infrared spectrum was taken of the chloro-

form and showed strong carbonyl absorption, medium N-H absorption, 

and weak O-H absorption. Addition of the ether solution to a solution 

of the Wur ster base in ethanol gav e little or no oxidation. 
! 

p-Aminobenzyl Tosylate. --The preparations were carried out 

f -2 in a dry box. To 1 gram",,2.2 x 10 moles) of a 530/0 sodium hydride 

-3 
suspension in ether was added 0.19 g. (1.54 x 10 moles) of p-

( 
-3 

aminobenzyl alcohol. After one half hour 0.32 g. 1.68 x 10 moles) 

of p-toluenesulfonyl chloride 'was added and the mixture was swirled 

for twenty minutes. The mixture was filtered and diluted to 250 mI. 

w i th ether. Fifteen milliliters of a solution of 17.9 g. of silver per-

chlorate in 50 mI. of ethanol was added to 25 mI. of the ether solution 

which had been mixed with 25 mI. of ethanol. A precipitate which 

weighed 21.8 mg. was separated by filtration and redissolved with 

ammonium hydroxide. Addition of nitric acid to the ammonium 

h y droxide solution reprecipitated 19.2 mg. of silver chloride. A 

precipitate of 20 mg. of silv er chloride corresponds to an ether solu-

-3 
tion that is 5.6 x 10 molar in p-toluenesulfonyl chloride. The 

maximum concentration that could have been present if no reaction 

had occurred and if no sodium chloride were present would have been 
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-3 
6.7 x 10 m/f.. Apparently little or no to'sylate of p-aminobenzyl 

alcohol a ctually formed. 

Bindschedler's Green. --Bindschedler's Green was prepared by 

the method described by Dewar (15). 

p-Azotoluene. - -p-Azotoluene -(Az'T) -was recovered f:r.om.r,:eaJ:-'r-ange -

ments of HzT and purified by recrystallization from ethanol, ethanol-
, \ 

water, and ethanol again. Sublimation at 60_70· and 1 mf.L~ was some-

times performed. 

o-Semidine. --This' compound could be most easily obtained in 

a relatively pure state b y the rearrangement of HzT in the presence 

of a limited excess of added hydrochloric acid. For example, a 

solution of 2.5 g. (0.0118 moles) of purified HzT, in 150 mI. of 

nitrogen-flushed 95% ethanol was initially treated with 0.5 mI. 

--(0.006 moles) of concentrated h y drochloric acid. After fifteen to 

twenty minutes another 0.5 mI. of acid was added. The resulting 

solution was stirred for another 30 minutes, cooled with ice-water, 

and filtered to remove precipitated p-azotoluene. Fifty mI. of water 

was then added to the filtrate and more p-azotoluene was deposited. 

The yellow-orange solid was separated and the resulting filtrate was 

neutralized with 2. 5F sodium hydroxide. The light orange~brown 

o-semidine which precipitated was separated and weighed 0.5 g. 

Purification was effected by recrystallization from ethanol-water, 

sublimation at 70· and 1 micron, and another recrystallization from 
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ethanol-water. The w et product was dried under vacuum, m.p. 110°. 

p-Toluidine. --Pra.ctical grade p-toluidine was purified by four 

to five recrystallizations from 85_100° ligroin, m.p. 42-43°. 

Potassium t-Butoxide. --Twenty grams of potassium metal was 

added in chunks to 200 ml. of t-butyl alcohol. After most of the 

potassium had reacted, the product mixture was heated under reduced 
I 

pressure to remove the excess t-butyl alcohol. The resuiting solid 

was heated under vacuum for an additional three days during which 

time solid sublimed on the walls of the container. 

Ethanol - O-D. --Ethanol-O-D was prepared by the reaction of 

sodi um ethoxide with deuterium oxide. 

A mixture of 14 g. of freshly cut sodium, 55 g. of ethyl 

phthalate, and 2 liters of absolute ethanol was refluxed for several 

hours. The dried ethanol was then recovered by distillation. To 

1300 mI. of the center cut of the distillate was cautiousl y added 155 -

160 g. of freshly cut sodium. The mixture was refluxed until all of 

the sodium had reacted. The excess ethanol was then removed fir st 

by distillation at atmospheric pressure and finally by distillation at 

about 0.01 mm. until no more ethanol collected in the dr y i ce traps. 

The neutralization equivalent was found to be 69.4, calcd. 68. 1. 

To 100 g. of heavy water ( > 99.5% D 20) was added 110-120 g. 

of sodium ethoxide. The liquid was distilled under vacuum from the 

resulting sludge. The ethanol-water solution that was collected was 
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then distilled through a spinning b and column and about 60 mI. of 

ethanol was collected at 7 8°. An infrared spectrum showed little or 

no O-H absorption and exhibited the expected O-D absorption. 

14 14 
p-Nitrotoluene-1-C • --Forty milligrams of toluene-1-C 

which had an activity of 0.5 millicuries was distilled under v acuum 

into 20 mI. of purified r eagent grade toluene that was c09tained in a 

receiver immersed in dry ice-acetone. This solution was transferred 

with numerous washings to a 250 mI. volumetric flask which was then 

filled to the mar k. 

Thirty grams of the toluene was nitrated by the procedure 

described in "Organic Syntheses with Isotopes " (38). The compounds 

of the product solution were separated by vacuum distillation through 

a spinning band column. Recry stallization of the para isomer from 

950/0 ethanol gave 6.8 g. of product, m.p. 50-51°. Yield, 150/0. 

14 . 14 
p-Hydrazotoluene-4,41-C • --The p-nltrotoluene-l-C was 

reduced by the procedure of Carlin (2), which was scaled down by a 

factor of 17. The yield was 68.50/0. 

14 
Benzoic acid-1-C was prepared by permanganate oxidation 

14 
(39) of toluene-l-C Yields of 90-980/0 were obtained. The highest 

yiel d was obtained when the reaction mixture was kept just below the 

reflux temperatur"e. 

14 
Methyl benzoate-1-C was prepared in virtually quantitative 

y ield by the reaction of diazomethane with benzoic acid. 

Copper chromite was prepared by the method of Vogel (40). 
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. 14 
Attempted Preparation of Toluene-O! -D

3
-1-C • --All hydro-

genations were carried out in a 500 cc. bomb. The product com-

positions were determined by gas chromatography with an Apiezon-J 

Column. 

TABLE III 

Hydrogenation of Methyl Benzoate in the 

Presence of Copper Chromite 
a 

Grams Press. 
b 

No. Solvent of methyl of HZ in Temp. Time Product Composition
c 

benzoate PSl 

MeOB z cpCHPH cpCH
3 

1 EtOH Z5 1450- 190
d 

15 hrs .. 100 
195 ml. 1500 
abs. 

2 " " 1500 250-90 12 hr s. 67 28 25 

3 EtOH " " " 67 hr s. 30 70 
200 mI. 
abs. 

4 " " 1450 320-40 64 hr s. <2 >98 

5 Methyl- 27 " II 63 hrs. 100 
cyclo-
hexane 
200 mI. 

6 18
e 

1500 II 41 hr s. 1 g. sm. 

7 27 " II 140 hr s. 60-70 30-40 

8
f 

EtOH 25 1650
f 

II 73 hr s. trace > 98 
250 mI. 
abs. 
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a 
Ten grams of catalyst was used in all runs except No.6. 

b This refers to the initial pressure of the gas before the bomb was 

heated. The pressure was never allowed to drop below 1100 psi. 
Considerable amounts of hydrogen dissolved in ethanol, but very little 
went into methylcyclohexane or methyl benzoate. It is felt that higher 
pressures of hydrogen would have significantly shortened the reaction 
time. The practice runs were, however, governed by the size of the 
bomb and the supply of deuterium gas. 

· c 
All val.ues are approximate and as no oth~r products wer 1 detected by 
VPC, It was assumed that startlng materIal was completely accounted 
for by the compounds listed here. 

'\t is estimated that 5-6 hours are required for the contents of the bomb 

to reach the temperature indicated by the thermocouple. 

e Five grams of catalyst were used. 

f Reactiqn of radioactive methyl , benzoate with deuterium. As toluene 
and ethanol form an azeotrope, the two were ' separated by addition of 
an equal volume of water to the solution followed by extraction of the 
resulting mixture with pentane. The separated pentane solution was 
then dried with calcium chloride, and the toluene was recovered by 
distillation. The infrared spectrum of the radioactive toluene obtained 
from the actual deuteration_rhowed only a trace of possible C-D 
absorption around 2100 cm_l and the usual C-H absorption of the methyl 
group in the 2000-3000 cm region. 

14 
Benzyl Alcohol-Ci-D

2
- 1 -C • --A solution of 38 g. iO.316 M) 

14 
of benzoic acid- l -C In several hundred mI. of ether was added with 

stirring over a per,iod of 1.5 hour s to 20 g. (> 0.45 M) of LiAID 

(> 95% purity) in 650-700 mI. of ether. The mixture was stirred for 

a total of fourteen hour s, after which time it was worked up by 

standard techniques. A total of 28.7 g. (83.5% yield) of benzyl alcohol

Ci -D _ 1 _C
14 

was isolated (b.p. 95° at 10 mm.). 
2 . 
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14 
Benzyl Chloride-a -D

2
-1-C .--To 50 mI. of thionyl chloride 

(0.69 M) in 50 mI. of ether was added the 28.7 g. (0.26 M) of benzy l 

chloride in 45 mI. of ether. The resulting solution was stirred at 

room temperature for seven hours and then distilled. The gas that 

was evolved during distillation probabl y came from either the formation 

and resulting decomposition or from the decomposition of the previously 
I 

formed benzyl chlorosulfite. Thirty grams (91% yield) of 'benzyl 

14 
chloride-a -D -l-C was collected at 92-93°, at a pressure of 50 ' 2 

mm. 

14 
Toluene-a-D

3
- 1-C .--To 5.69 g. (0.234 M) of magnesium 

turnings in 80 mI. of anhydrous ether was added gradually over a 20 

minute period the 30 g. (0.234 M) of benzyl chloride. It was necessary 

to appl y gentle heat to initiate the reaction which was then controlled 

by inter mittent cooling with an ice water bath. After all of the benzy l 

chloride had been added, the reaction ' mixture refluxed spontaneously 

for 10-15 minutes; heat was then applied for another 25 minutes to 

continue the reflux action. After this time 25 g. of D
2
0 (1.25 M) was 

added over a 30 minute period.. The magnesium salts soon coagulated 

and left a clear ether solution. The mixture was stirred for 100 min-

utes under gentle reflux and was then worked up. A total of 19.6 g. 

14 
(88% yield) of toluene-a -D 3 -l-C ,which contained a trace of ether, 

was isolated. Analysis by n. m. r. showed 0.15 atoms of deuterium 

, per molecule of toluene in the ring. No hydrogen could be detected in 
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the methyl group by n.m.r. while the infrared spectrum indicated 

a possible trace. The overall yield based on the 30 g. of starting 

14 
toluene -1-C wa s 63 %. 

p-Aminohydrazobenzene. --p-Aminohydrazobenzene was pre-

pared by the method of Ruggli and Holze (41). A solution of 0.3 g. 

of p-aminoazobenzene in 2 ml. of ethanol was heated gently and treated 

! 
with small portions of concentrated ammonium hydroxide ; and zinc 

dust. The addition of the latter materials was continued until the 

solution appeared colorless. About 5 ml. of ethanol was then added 

and the mixture was filtered and cooled in ice water. Water was then 

added dropwise to the cold sWlrled solution. Fine crystals formed 

if the water was added carefully, but only an oil would result if the 

addition was too fast. The y ields were generally about 50%. The 

compound was q u ite unstable and would quickly darken on exposure 

to air. 

. . 15 .. 15 
PotaSSIum NItrate-N • --PotassIum nItrate-N was prepared 

by the neutralization of 6.15 ml. of 5.41F nitric acid_N
l5 

(Isomet 

Corporation) of 99.7% isotopic purity. The end point was determined 

with a pH meter. A solution of 3.38 g. of potassium nitrate in 25 mI. 

of water was added to the neutralized solution which was then evapor-

ated to dryness to give 6.7 1 g. of potassium nitrate. The nitrogen-IS 

content was approximately 50%. 
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. 15 
m-Nltromethylbenzoate-N 02. --A solution of the 6.71 g. 

(0.066 moles) of potassium nitrate in 30 mI. of concentrated sulfuric 

acid was added dropwise over a one hour period to 9.00 g. (0.066 

moles) of methyl benzoate. The resulting mixture was stirred for an 

add.itional 90 minutes and then poured onto 50 g. of ice. The precipitated 

solid was separated by filtration and stirred for several hours at zero 
I 

degrees in 9 ml. of methanol. The meta-isomer, which was separated 

b y filtration, weighed8.57g. (72% yield}, m.p. 79°. 

15 
n-Nitrobenzoic Acid-N 02. --The 8.57 g. of m-nitromethyl-

15 
benzoate - N was added to 3.8 g. of sodium hydroxide in 20 mI. of 

water which was then heated un'til solution was completed. The solution 

was heated for an additional 5 minutes, after which time it was cooled 

to room temperature and poured into 20 mI. of cold concentrated 

hydrochloric acid. The resulting white precipitate was separated 

and dried to give 7.57 g. (yield, 9 6%) ° 

m-Nitroaniline-N
15

0
2

o --The 7.57 g. (0.054 m.) of m

nitrobenzoic acid_N
15

0
2 

was dissolved in a mixture of 30 mI. of 

chloroform, 15 mI. of concentrated sulfuric acid, and 11 ml. of 30% 

oleum. A total of 3.90 g. (0.064 m.) of sodium azide was added to the 

stirred mixture which was then refluxed for three hours, cooled to 

room temperature, and poured onto 100 g. of ice. The resulting 

solution was neutralized with a concentrated solution of sodium 

hydroxide and the precipitate was separated by filtration. The dried 
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15 
m -ni tr oaniline -N 0 Z weighed 5.40 g. (86.5% yield) , m. p. 111. 5-

Ill. 8°. The filtrate was extracted with ether which wa s then dried 

with magnesium sulfate. Removal of the ether left a residue which 

was sublimed to give 0.34 g. of a yellow-orange solid, m. p. 80-11Zo. 

This solid was dissolved in dilute hydrochloric acid and reprecipitated 

by the addition of aqueous sodium hydroxide to give O. Z4 g. of m
I 

15 
nitroaniline~N 0Z' m.p. 110-111". 

15 
m-Phenylenediamine-N OZ. --m-Phenylenedi amine was pre-

par ed by the method of P ietra (4Z). A solution of 0.161 g. of m-

15 
nitroaniline-N Oz in 3 mI. of absolute ethanol and O. Z mI. of 

hydrazine hydrate was heated to 40-50·. To this was added in small 

portions a total of 5 mg. of 5% palladium on carbon. T he mixture 

was then heated at 80° until gas evolution ceased a nd the solution 

appeared colorless. F i ltration, removal of the solvent under vacuum, 

and sublimation of the r esidue gave 83 mg. (68% yield) of the desired 

product, 75 mg. of which had a m.p. of 6Z. 8-63.1°; reported, 6Z. 8°. 

. . 15 15 . . 15 15 
m-Hydrazoanlhne-N H-N H. --m-Hy drazoanlhne-N H-N H 

(HzA) was prepared by the electrolytic reduction of m-nitroaniline

N
15

0 z -{43}. A porous porcelain cylinder was placed in a one-Hter 

beaker. The cathode, which was a cylinder of platinum gauze, was 

placed inside of the cylinder while a lead plate which served as the 

anode was placed between the wall of the beaker and the porcelain c up. 

The anode was connected directly to the current source while the 
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cathode was connected to the source through an ammeter and a 40 ohm 

variable resistor. 
15 

A solution of 2.0 g. of m-nitroaniline-N · 0 and 
2 

2.5 g. of sodium acetate in 20 mI. of water and 140 mI. of 95% ethanol 

was placed inside the porcelain cylinder while a concentrated sodium 

carbonate solution was placed in the anode compartment. Four amps 

of current were then applied for 60 minutes. Ethanol was added 
i 

occasionally to maintain the vol ume of the boiling solution. The reac-

tion mixture was then cooled b y an external application of ice water 

and 2.5 amps were applied for another 70 minutes. T he resulting 

15 15 
mixture was filtered to give 0.76 g. of m-hydrazoaniline-N HN H, 

m.p. 151-158°. The filtratewas-treated with an equal volume of water 

and concentrated to give 0.34 g. of crude m-azoaniline (AzA). A clean 

electrode surface and the stipulated amount of sodium acetate we r:e 

necessary for complete reduction. In one reduction of labeled material 

only AzA was form ed. The reduction to HzA was completed by bubbling 

hydrogen through a solution of 60 -70 mg. of AzA in 5-10 mI. of 

ethanol to which platinum dioxide had been added. When the mixtur e 

became colorless, it was filtered. The resulting solution was then 

rearranged under the desired conditions~ 

2, 2'-Diaminobenzidine Tetrahy drochloride . --The acid salt of 

2, 2'-diaminobenzidine was prepared by dissolving 0.4-0.5 g . of HzA 

in 5-10 ml. of glacial acetic acid which was then heated and treated 

with hydrogen chloride. The re sulting mixture was treated with ethanol 
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and more h y drogen chloride to complete the reaction and the precipita-

tion of the hydrochloride salt of the benzidine. Approximately 90% 

y ields were generally obtained. The salt could be purified b y recr y s-

tallization from an ethanol-water hydrochloric acid solution. The 

neutralization equivalent of the salt was found to be 90.7 as compared 

with a theoretical value of 90.0 for the tetrahydrochloride , of diamino
I 

benzidine. The ultraviolet spectrum of the neutralized sait was the 

same as that of the product obtained from the rearrangement of HzA 

in ethanol. 

2,7 ' -Diaminocarbazole Dihydrochloride. --2, 7 '-Diaminocarbazole 

was prepared b y the method of TaUber (44). A solution of O. lob g. of 

the h y drochloride of di,aminobenzidine was heated in 2-4 mI. of 6F 

hydrochloric acid for 10 hour s at 180-190·. The product solution 

was heated to dryness and the resulting solid was dissolved in a few 

milliliters of water and purified by adding zinc dust and concentrated 

hydrochloric acid in small portions. The light yellow solution that 

was obtained on filtration was treated with a few more milliliters of 

concentrated hydrochloric acid to precipitate the dihydrochloride of 

the diaminocarbazole. This salt could be further purified by recrys-

tallization from ethanol-ether. Greater than 90% of the theoretical 

chloride content was recov ered as silver chloride from 23.5 mg. of 

the acid salt of the carbazole. As high as 97% of the theoretical 

nitrogen content could be obtained by a Kjeldahl conv er sion to am-

monia. The ultraviolet spectrum of the carbazole showed maxima 
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o 0 

at 3300 and 2425 A , a shoulder at 2600 and a minimum at 2850 A 

The spectra of the carbazole obtained from the n :.lmero u s conver sions 

of diaminobenzidine -were u s ed as an indication of the purity of the 

carbazole. The diaminocarbazole could be converted in low yields 

to N -nitrosocarbazo1e by diazotization with nitrous acid and subsequent 

r eduction with hypopho sphorous acid. 

15 15 _ . 15 15 
Azobenzene-N =N -. --m-Azoanlhne-N =N - was deaminated 

15 15 
to azobenzene-N =N - by diazotization with nitrous acid and sub-

sequent reduction of the diazonium salt with hypophosphorous acid. 

A typical deamination consisted of the solution of 50 mg. of AzA in 

several m i lliliters of water which contained 0.09 mI. of concentrated 

hydrochloric acid. The solution was cooled in ice-water and 32 mg. 

of sodium nitrite in a milliliter of cold water was added to the AzA 

solution by means of a dropper placed below the surface of the AzA 

solution. After about ten minutes 23 mI. of 50% hypophosphorous acid 

was added. The resulting solution was kept at near zero temperatures 

for three to six hours. The final mixture was extracted with ether 

which was then dried over calcium chloride. The ether was removed 

and the residue was sublimed at 35-40 0 and less than 1 micron. The 

best yi elds were about 25%. Direct addition of solid sodium nitrite 

resulted in much lower yields. 

Sodium H y pobromite. --Sodi um hypobromite was prepared by 

the procedure described by Rittenberg (45). Half of a solution of 50 g. 
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of sodium hydroxide in 75 mI. of water was added to a 200 mI. 3-

necked 'round-bottom flask immer sed in an ice bath. Then 14-15 mI. 

of bromine was added over a 10-minute period to the rapidly stirred 

solution. The remainder of the sodium hydroxide solution was then 

added and the yellow mixture was filtered and stored in the refrigerator. 

After several days the solution was filtered to remov e the sodium 
I 

bromide which had precipitated. 

m-Chloronitrosobenzene. --Nine grams of m-chloronitrobenzene 

which had been recrystallized from ethanol was dissolved in a warm 

solution (SO_60°) of 30 mI. of absolute ethanol and 30 mI. of water 

which contained 3. S g. of ammonium chloride. Ten grams of 95% 

zinc dust was then car.efully added over a 5-10 minute period. Vigor-

ous frothing accompanied the addition of zinc. The resulting mixture 

was stirred for l S-20 minutes and then fi l tered to remove the light 

gray mixture of zinc and zinc oxide. The filtrate was added to a 

suspension of 18. S g .. of anhydr ous fer r ic chloride in a mix tur e of 

400 mI. of water and several hundred grams of ice. Filtration of 

the resulting mixture gav e a light brown solid which was subjected to 

steam distillation until no more green liquid distilled. The collected 

solid was recrystallized from 9S% ethanol to give 2.8 g. (35% yield) 

of m-chloronitrosobenzene, m.p. 71. S-72. So (r e ported, 72°, 99°). 
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" m~Chloro, m' eni troazobenzene. --A typical preparation of this 

compound involved the addition of 0.912 g. (0.066 moles) of m

nitroaniline and 0.931 g. (0.066 mol es) of m-chloronitrosobenzene 

to 20 m I. of acetic acid. Crystals of the azo compound separated after 

5-10 hours. After 24-48 hours the mixture was filtered. More product 

was obtained by addition of water to the filtrate. The combined frac

tions weighed 1.29 g., m. p. 96-9 7 °. Yields of 75-90% were generally 

obtained. 

m-Chloro, m '-aminoazobenzene. --m-Chlor o, m '-nitroazobenzene 

was reduced to m-chloro, m'-aminobenzene by the general procedure 

of Charrier and Beretta (46). A solution of 1.39 g. of m-chloro,m'

nitroazobenzene in 25 mI. of 95% ethanol was heated to 70°. To this 

stirred solution was added s l owly a solution of 6. 5 g. of sodium sulfide 

nonahydrate in 4-5 mI. of water. The r~ddish mixture that resulted 

was stirred for an additional thirty minutes at "70· and was then allowed 

to stand ov ernight. Sulfur was separated by filtration and 75 - 10 0 mI. 

of water was added to the filtrate. The resulting yellow suspension was 

placed in the refrigerator until the solution became clear and deposited 

a yellow-orange precipitate. Filtration gave a rather gummy solid 

which was sublimed at 80-90°, 0.001 mm. A total of 0",63 g. (50% 

yield) of solid was collected. The product was dissolved in ether from 

which it was precipitated as the hydrochloride by the addition of O. 85F 

ethanolic hydrogen chloride. A neutralization equivalent was determined 

b y potentiometric titration. Found, 269; calc., 268. 
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When the hydr ochloride was added to wa ter, alar ge amount of 

the free base would form and not dissolve. The r .emainder of the free 

base could be precipitated by the addition of dilute sodium hydroxide. 

The purified m - chloro,m'-aminoazobenzene melted at Sso. 

m-Chloro, m '-aminohydrazobenzene. --A solution of 5.35 mg. 

of m-chloro, m '-aminoazobenzene in 5 mI. of ethanol was treated with 
I 

a few drops of glacial acetic acid and sufficient zinc dust to reduce 

the azo compound. The solution quickly became colorless and was 

then filtered. The filtrate was diluted to 50 mI. Three 10-ml. 

aliquots were withdrawn and titrated with a solution of Bindschedler' s 

green that had been standardized with HzT. A molecular weight of 

232 + 2 was determined from the titration. The calculated value is 233. 

The reductions could be carried out on a larger scale or could be 

effected by passing hydrogen gas through a solution of the azo com-

pound in ethanol. Platinum oxide was used as a catalyst for the 

reduction. 

Kinetics and the Formation of the Wurster Cation. --The oxi-

dation of the Wurster base by a solution of rearranged HzT was 

followed by observing the increase in absorption at 6 140 A. A Beck -

man DU spectrophotometer which was maintained at 2.6. 3°C was 

employ ed. The various solu tions containing Hz T, and the W u r ster 

base were brought to this temperature before they were mixed. Prior 

degassing of the solutions did not affect the rate constants obtained. 
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A typical reaction mixture was prepared by adding 10 mI. of O. 0133F 

hydrogen chloride in ethanol and 5 mI. of a solution of 51.7 mg. of 

the Wurster base in 10 mI. of ethanol to 4.6 mg. of HzT. The 

Wurster cation was shown to react quickly with HzT in a 2 to 1 mole 

ratio of salt to Hz T. Thus buildup of the cation did not occur until 

virtually all of the HzT had reacted. 

Reproduction of the kinetic Data of Carlin and Wich (2). --The 

kinetic procedure used by Carlin was repeated carefully in all rear

rangements with but f ew modifications. A nitrogen purification train 

was constructed in which the nitrogen was passed over a copper pile 

heated to 450-500°C and then through Fieser's solution. The gas 

was then passed through saturating solutions of ethanol and ethanol

hydrogen chloride of the same concentration as that to be employed 

in the rearrangement. The acid catalyst was prepared by diluting the 

calculated amount of standardized ethanol-hydrogen chloride to 50 ml. 

This solution was maintained at the temperature of the constant tem

perature bath and treated with ni troge n at the same time the other 

solutions were being flushed. The nitrogen treatment was continued 

for 1-2 hours, after which time 25 mI. of the catalyst solution was 

added to a volumetric flask. This flask was placed in the constant 

temperature bath for a few m ore minutes and then its contents were 

added to a solution of approximately 35 mg. of HzT in 250 mI. of 95% 

ethanol. Before the catal ys t was added, the nitr ogen was passed 
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through ethanol, the ethanol-HzT solution, the ethanol-hy drogen 

chloride saturating solution, and finally through the catalyst solution. 

After the cataly st had been added, the nitrogen was passed from 

ethanol to ethanol-acid and finally to the Hz T solution. 

The rate of disappearance of HzT was followed by two methods. 

One was that of Carlin in which 2 ml. aliquots of the reaction solution 
I 

were withdrawn at various time intervals and added to 2 mI. of 

water, 1 ml. of 0.3188F sodium hydr oxide and sufficient ethanol to 

give a final v olume of 25 ml. Ultraviolet readings were taken at 2350, 

o 
2500, 2 7 50, and 2950 A. The data of Carlin were used without any 

modifications to calculate the c'oncentrations of the v arious components. 

The second method was that of direct titration of the HzT with aqueous 

solutions of approximately 150 mg. of Bindschedler's Green per liter 

of water. Ten-ml. aliquots were withdrawn, partly neutralized with 

aqueous sodium hydroxide and titrated. 

For all rearrangements for which the t concentrations were 
o 

obtained before the catalyst was added, the intercepts of the plotted 

line were significantly above the points for the initial concentrations. 

This result was attributed to the presence of the excess local acid 

concentration that occurred on addition of the cataly st. In support of 

this idea was the observation that the deviation was lowered by use of 

a lower acid concentration. 

The use of water in the quenching solution seemed to give a 
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shift in the ,absorption- pattern. The calculated p-toluidine concen-

tration was proportional to the amount of water and thus seemed to 

be in error. The use of sodium hydroxide in ethanol as the quenching 

solution'.(with no extra water} did not give this trouble and a decent 

check of the apparent product composition with that reported by Carlin 

was obtained. The following table gives apparent percentage com-

I 
position of the various products after 5 hours '(5-6 half lives) of rear-

rangement of the starting material at zero degrees. 

TABLE IV 

Percentage Composition of the Products of the Rearrangement of HzT* 

# Azotoluene p-Toluidine o-Semidine 

1 22 40 38 

2 19 41 41 

3 21 40 39 

4 20 41 39 

*There is always some HzT left after 5 hours, but these 
compositions are calculated only on the basis of the total 
product and do not include starting material. 

The best data were obtained when a fresh blank solution was 

prepared at the time of sampling the rearrangement solution. Distilled 

95% ethanol was used in most of the rearrangements. 
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Kinetics of the Rearrangement of'HzA. --The acid dependence 

of the rate of rearrangement of HzA was determined by rearranging 

0.1 g. samples of this compound in 280 mI. of 95% ethanolic hydrogen 

chloride at 40.2-40.5°. The added acid concentration was varied 

from 0.01 to O. 0442F. The reaction was found to be too slow at zero 

degrees to observe any rearrangement over the period of 12-24 hour s. 

I 
The disappearance of HzA was followed by titration with Bindschedler 's 

Green. 

One rearrangement was carried out in the presence of an added 

acid concentration of O. 002F. The observed first order rate constant 

-2 - 1 
was 1.84 x 10 min. , which corresponds to a half life of 37.6 

minutes. A 67.21 mg. sample of HzA was used which corresponds 

-3 
to 1.12 x 10 moles per liter. As the concentrations of HzA and 

added acid were so close together, a corrected acid concentration and 

a corrected rate constant could not be accurately calculated. 

Kinetics of the Rearrangement of m-Chloro, m '-aminohydrazo-

benzene. - -m-Chloro, m '-aminoazobenzene was r educed to the cor-

responding hydrazo compound by the methods described earlier. The 

solutions containing the m-chloro, m '-aminohydrazobenzene were 

diluted to 250 mi. with 95% ethanol. The diluted solution was brought 

to the desired temperature and was flushed with nitrogen which passed 

through a saturating solution of ethanol or hydrogen chloride in ethanol. 
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Water-cooled con densers were attached to the various flasks ,thrm,lgh 

whi ch the nitrogen passed. After one-half to one hour a specific con -

centration of hydrogen chloride in 25 mI. of 95% ethanol was add~d to 

the solution of the h y drazo compound. The rearrangements were 

carried out at 40· and 60·. A t the former temperature the rate of 

rearrangement was followed b y titration of unreacted starting material 
I . 

with solutions of Bindschedler's Green. At 60° the rate of rearrange-

• 0 

ment was followed by observing the absorption at 2450 A of the neutral-

ized aliquots of the sol utions of the rearranging h y drazo compound. 

A plot of l/A - A vs. t was used to obtain the rate constants. 
too,' 

" A " is the final (minimum) absorption while "A " is the absorption 
00 t . 

at any time t. The data that were obtained are shown bel ow in Table V. 

TABL E V 

Rate Data Obtained from the Rearrangement of m-Chloro, m'-

aminohydr az ob enz ene 

[ H+ ] 4 -1 
# Temp •• ·C k x 10 min. 

0 

1 40 0.0100 1.47 

2 40 0.03665 1.72 

3 60 0.03600 17.6 

4 60 0.0100 18.3 

5 60 0.03600 15.6 

6 60 0.06600 21.0 
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Water was used in the constant temperatur e bath. As a resul t 

the temperature regulation was quite poor. 

Rearrangement of Hydrazobenzene in the Presence of 

Acrylonitrile. - -A solution of 216 mI. of denatured ethanol, 5.7 mI. 

of acrylonitrile, and 5.1 g. of hydrazobenzene was placed in a 500 ml. 

flask and treated with nitrogen. To this solution was added slowly 
! 

72 mI. of nitrogen-treate d O. 89F hydrochloric acid. The concentra -

tions of the reactants were O. 1M, 0.29M , and O. 22F for hydrazo-

benzene, acrylonitrile , and hydrochloric acid , respectively. 

After several hours, · 55 ml. of concentrated hydrochloric acid 

was added to the reaction solution. A white solid was separated and 

dissolv ed in hot water. The aqueous solution of the salt was added to 

a 10% sodium hydroxide solution which contained 200 g. of ice. The 

resulting solid was separated and recrystallized from ethanol-water. 

The infrared spectrum of this material was identical to that of reagent 

grade benzi dine. No solid other than benzidine could be obtained from 

the product solution. Poly mer would not have been soluble in ethanol-

water and both O! - and l3 -anilinopropionitrile are reported to be in -

soluble in ethanol - water. 

Rearrangement of H y drazotoluene (HzT) in the Presence of 

Acrylonitrile. --To a nitrogen- treated solution of 13.7 g. of HzT in 

600 ml. of 95% ethanol and 22.5 ml. of acr ylonitrile was added 120 mI. 

of concentrated hydrochloric acid. The concentrations of the reactants 
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were 0.087M, 0.46M, and 1.9F for HzT, acrylonitrile and hydro-

chloric acid, respectively. After 45 minutes the solution was chilled 

with ice-water and then filtered to give an orange-yellow compound. 

The filtrate was diluted with 800 mI. of water to give further precipita-

tion of the yellow solid. The filtrate obtained from this mixture was 

neutralized with 120 mI. of 15F ammonium hydroxide and the resulting 

I 
yellowish-brown solid was separated by filtration. The final filtrate 

was extracted with ether which was then dried with sodium sulfate. 

The fir st two fractions had a combined weight of 3. "1 grams and melted 

from 130-139°; while the third fraction weighed 5.2 grams and melted 

from 91-99°. Infrared spectra: were taken of the solid fractions and 

of the reddish residue that remained after evaporation of a portion of 

the ether extracts. Only the latter compound indicated the presence of 

a nitrile group. The first two compounds were identified as p-

azotoluene and the o-semidine. 

The red residue was dissolved in an ether-pentane mixture and 

passed through an alumina chromatography column. The column was 

eluted with pentane-ether mixtures, ether, methanol, and benzene. 

The spectra of the various fractions, which had a combined weight of 

about 3 grams, as well as of the original material, were virtually 

identical to that of p-toluidine. Several spectra showed what was 

possibly a weak carbonyl absorption and the final minor fractions that 

were collected showed the presence of the nitrile group along with 

the peaks of p-toluidine. 
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Rearrangement of HzT in the Presence of Styrene. --To 250 mI. 

of nitrogen flushed 950/0 ethanol were added 10 mI. of purified styrene, 

4 g. of HzT, and 25 mI. of 0.228F hydrogen chloride in 950/0 ethanol. 

The concentrations of the reactants wer e 0.066M, 0.30M, and O. 02F 

in HzT, styrene, and hydrochloric acid, ' respectively. No poly mer 

formation was visibly observed and removal of solvent left a solid 

I 
residue which wa s not analyzed but was cha racteristic of the produ cts 

of the normal rearrangement and gave no indication of the presence of 

Attempted Production of Benzidine by the Rea ction of Phenyl -

h y droxylamine with Titanium Trichloride. --To a solution of 10 g. 

(0.092 moles) of phenylhy droxylamine in 100 mI. of methanol was added 

over a 2 minute period a solution which contained 48 mI. of 3F hydro-

chloric acid and 100 mI. of quite impure aqueous titanium trichloride. 

The titanium trichloride solution was later determined to be approxi-

mately 0.4F. The reaction mixture was 0.33M in phenylhydroxyl-

amine, O. 5F in acid. C\.nd about O. 13F in titanium trichloride. The 

p u rple color of titaniu~III} disappeared immediately. The solution 

which had originally been yellow became an opaque brown, and a dark 

green solid formed. The separ ated solid turned blue when i t w as 

washed with water or dilute alkali. Sublimation of the solid gave a 

yellow compound whose infrared spectlt'LLm and melting point (34_35°) 

were th e same a s those of azoxybenzene. Aqueous sodium hydr oxide 
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was used to precipitate titanium from the product solution. The 

titanium hydroxide was removed by filtration and the filtrate was 

extracted with ether which was then dried with magnesium sulfate. 

The ether was removed and the remaining oil was treated with benzoyl 

chloride, benzene, and pyridine. A solid was obtained which had an 

infrared spectrum quite similar to that of benzanilide. 

A solution of 2. DOg. (0.0183 moles) of phenylhydroxylamine in 

100 mI. of ethanol and 1 mI. of concentrated hydrochloric acid was 

titrated with a 1. 9Ftitanium trichloride solution. A total of 18.8 mI. 

(0.0358 moles) of the latter solution was added before the titanium 

color persisted. The stoichiometry of the reaction was 2 moles of 

titanium to one of .phenylhydroxylamine. Only aniline was isolated 

from the reaction mixture. 

A solu1;ion of hydroxylamine hydrochloride and acrylonitrile 

in methanol was treated with titanium trichloride. A gelatinous white 

precipitate formed. An infrared spectrum of a mull of this pre

cipitate was quite similar to a spectrum of polyacrylonitrile which 

had been prepared by the reaction of acrylonitrile with potassium 

per sulfate and titanium tr ichloride . The spectra of both solids showed 

sharp nitrile bands. An attempt to initiate the polymerization of 

'acrylonitrile with phenylhydroxylamine and titanium t richloride gave 

no visible poly mer. formation. 
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Rearrangement ofHzT in the Presence of Formic Acid. --Five 

milliliters of 1.5F hydrochloric acid 'w.as_ added to a solution of 

2 g • .of HzT in 200 mI. of 95% ethanol and 20 mI. of formic acid 

(98-100%). No gas was evolved and the reaction solution gradually 

became darker until it was an almost opaque brown color. 

A cursory investigation in¢licated that Bindschedler's Green 
! 

(an organic cation) would react with neither formic acid nor formate 

ion in an aqueous m 'edium. 

Numerous experiments were carried out in which HzT was 

rearranged in neat 98-100% formic acid to which potassium formate 

, ' 

had often been added. ' Infrared ' spectra were taken' of the gas that 

was evolved. Absorption characteristic of formic acid and carbon 

dioxide was detected. A similar absorption of carbon dioxide was 

observed from a spectrum of the vapors of a ' formic acid control 

(ex li':eafunm:enitin which no H,zT was present. In a number of the runs 

formic acid was added (in an apparatus s~aled from the atmosphere) 

from a dropping funnel to HzT. , In other runs the addition was 

rev ersed. Tlre agitation produced by the addition process was suf-

ficient to cause evolution of formic acid vapors. 

Attempted Detection of Intermediate Radicals by Electron 

Spin Resonance. --One and, a half milliliters of a solution of 0.436 g. 

of HzT in 95% ethanol and one and a half milliliters of a solution of 



55 

2.6 inl. of 1. 5F hydrochloric acid diluted to 100 mI. with 95% ethanol 

were degassed and then mixed after they had warmed to room temper-

ature. The resulting solution was initially 0.069M in HzT and 0.0195F 

in hydrochloric acid. After three minutes the solution was frozen 

and scanned in the electron spin resonance machine. No signal was 

obtained. However, the concentrations of the reactants were quite 

I 
unfavorable for the production of a significant steady state ' concen-

tration of radicals. 

Rearrangement of HzT in the Presence of N -Phenylhy droxyl-

amine. --To each of two 500-ml. flasks was added 200 rnl. of ethanol 

and 1. 9 g. of HzT. To one of the flasks was added 0.8 g. of phenyl-

hydroxylamine. Two 50-mI. portions of acid, which consisted of 16.5 

mI. of 1. 5F hydrochloric acid, and 33.5 mI. of water, were treated 

wi th ni tr ogen and then added to the two stirr ed Hz T solutions which 

had also been flushed with nitrogen. "The solutions were thus initially 

O. IF in acid, O. 03M in phenylhydroxylamine, and O. 035M in HzT. 

After 15 minutes the control run was an opaque brown color 

while the solution containing the phenylhydr oxylamine was not much 

darker thanthe original y ellow color of the HzT solution. 

About 0.68 g. (33%) of p-azotoluene, m.p. 138-147°, was iso-

lated by addition of 300 mI. of water to the rearrangement solution 

which contained precipitated p-azotoluene. The filtrate was neutralized 

with concentrated ammonium hydroxide to give 0.50 g., m.p. 79-83°, 
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of a light colored precipitate which gradually became darker. 

The basic filtrate was extracted with ether, which was then 

dried with magnesium sulfate. The yellow ether solution was concen

trated to several milliliters. Portions of this were analyzed by vapor 

phase chromatography. An Apiezon-J column was used at 175°. All 

of the peaks that were formed had the same retention time al'1 those 

produced by a mixture of azoxybenzene and p-toluidine in ether. The 

azoxybenzene gave several peaks which were probably ·due to its 

decomposition products. Infrared analysis of the solid residue that 

remained after the ether was removed showed all of the peaks that 

could be attributed to p-toluidine and azoxybenzene. 

The Stability of Pheny1hydroxylamine. --A solution of phenyl-

hydroxylamine identical to the one which was rearranged was prepared, 

except that no HzT was added. The solution was divided into separate 

portions, one of which was neutralized with ammonium hydroxide. 

The acidic and neutralized solutions were worked up by the procedure 

used for the HzT-phenylhydroxylamine solution. The final solid 

residues were found by infrared analysis to be mixtures of phenyl

hydroxylamine and azoxybenzene. The ultraviolet spectrum of an 

aliquot of phenylhydroxylamine in ethanol which was made alkaline 

with aqueous sodium hydroxide was found to be identical to that of 

nitrosobenzene. 
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Rearrangement of H z T in the Presence of N,N,N',N'-

Tetramethyl-p-phenylenediamine Dihydrochloride (Wurster Base).--

Three milliliters of a soluti on of 93.3 mg. of HzT in 250 mI. of 

n i trogen-flushed 95% ethanol 'w -a.s.- added to one compartment of a 

three-compartment vessel. F ive milliliters of a solut ion of 2.91 mI. 

of 1. 5F h y drochloric acid dilut ed to 250 mI. 'with 95% ethi nol were 

added to the second compa rtment and 14.5 mg'. of the Wurster base 

was adde d to the third. T h e latter compound w a s a l ways used as the 

dihydrochloride. The solutions were degassed five times and the 

Wurs t er base was then dissolv ed in the ethanol-acid solution. The 

tw o solutions w ere then mix ed. Within thirty minutes the solution 

had changed from y ellow to a clear blue. The initia l r eaction mixture 

-4 ' -3 
w as 6 x 10 Min HzT, 7.7 x 10 M in the added' Wurster base, and 

1.1 x 10-2F in added acid. 

A control was run in which no HzT was added. The solution 

was initially light blue and did not visibly darken. 

-2 
T w o grams of HzT (1.7 x 10 M) were rearranged i n 275 mI. 

of nitrogen-flushed ethanol that was O. IlF i n hydrochloric acid and 

-3 
7.7 x 10 F in the Wur ster bas e . After one m i nute the originally 

yellow solution began t o darken and in another minute h a d turned ver y 

da rk blue. 
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Determination of the Basicity Constants for the Wurster Base.--

The nec:essary data were obtained by ultraviolet analysis. The 

extinction coefficients for the neutral and diprotonated forms were 

determined at 260 m iJ. and 262.5 miJ.. Each sample was run against 

a b lank of the same solvent compo sition. 

The extinction coefficients for the neutral form werfO obtained 

b y adding an excess of IF sodium hydroxide to a solution of the 

Wurster base in 250 mI. of 95% ethanol. Average values of € 260 of 

4 . -1 -1 4 
1.60+0.015xlO htersmole cm. and €262.5 ofl.58+0.0l2xlO 

-1 -1 
li ter s mole cm. wer e obtained. 

The extinction coefficients for the diprotonated form were 

determined in 1: 1 ethanol-concentrated hydrochloric acid. The ab-

sorption maximum for a given sample composition had reached a 

minimum at this a cid concentration. The result for was 

2 
3;.:m+ 0.01 x 10 and for '€ 262.5 was 1.77 + 0.03 x 

The extinction coefficients for the monoprotonated form were 

determined only approximately as the A. for the neutral (260 m iJ.) 
max. 

and monoprotonated (262.5 m f1 ) were quite c los e. Various sampl es of 

3.2 mg. of the Wur ster base in 250 mI. of 95% ethanol were checked 

-4 -4 
over the acidity range of 4.1 x 10 to 8.2 x 10 F. In this manner 

€. 260 and € 262.5 were found to be 2.06 x 10
4 

and 2.15 x 10
4

, 

respectively. 

The. equilibrium constant (K
l 

+ + = [ BH ] / [ B ] [ H J) for the 
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first protonation was determined in solutions of low acidity where no 

diprotonated base existed. Similarly, the second equilibrium con-

stant (K
2

) was measured in solutions of rather high acidity where no 

neutral base was present. Three samples of 3.0,3.7, and 2.7 

mg. /250 mI. ethanol of the Wur ster base were checked at 260 and 

262.5 ml-L. The acid concentration is twice the concentra\tion of the 

added base as the latter was added as the dihy drochloride;, The con-

centrations of the neutral and monoprotonated base were determined 

from the absorption data and three values of KI were calculated. 

4 4 4 
They w ere 5.7 x 10 , 4.5 x 10 , and 15.2 x 10 for the 3.0, 3.7, 

and 2.7 mg. samples, respectively. Two samples of 1.4 mg. of 

the Wur ster base in 250 mI. O. IF and O. 2F .ethanol-hydrochloric acid 

wer e prepar ed. 

TABLE VI 

Calculated sum of 

[H+] 
Absorption mono- and dipro-

K2 # Conc. of sample 260 262.5 tonated form 

1 5.90x10 
-5 

O. IF 0.942 0.9 7 6 
5 

8 x 10 m/i.. 10 

2 " 0.2F 0.552 0.570 
-5 

6.6x10 m/i.. 7.5 

The data are quite crude. An approximate value of 7 was chosen for 

K
2

• The value of 7.5 corresponds to data which giv e a mass balan ce 

that is about 1 2% too high, while the data for sample #1 give a mass 

balance that is 50% in excess of tha t actually present. 
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Stabili ty of the Oxidizing Agent. - -A solution of 5.0 mg. of Hz T 

in 10 mI. of O. 0134F hydrogen chloride in ethanol was prepared. 

After 26 minutes this solution was neutralized with a sodium ethoxide 

solution. After a total of 91 minutes 5 mI. of a solution of 49.8 mg. 

of the Wur ster · base in 10 mI. of ethanol which contained 2 drops of 

concentrated hydrochloric acid was added. Approximatel~a two minute 

induction p eriod occurred and a maximum absorbency (A ) of 1.20 
00 

was observed. A value of the extinction coefficient for Wurster's 

4 
Blue perchlorate was determined and found to be 1. 13 x 10 • The 

concentration of HzT based on the final volume of solution was 

-3 . -4 
1.57 x 10 m/L while the Wurster Blue was about 1.1 x 10 m/f.. 

A solution of 5.3 mg. of HzT in 10 mI. of O. 0134F h y drogen 

chloride in ethanol w as prepared. After 90 minutes 5 mI. of a solution 

of 50.8 mg. of the Wurster base in 10 mI. of ethanol was added. A 

maximum absorbence of 0.600 was obtained. The concentration of 

-3 
HzT was 1. 67 x 10 m/f.. while the first concentration of the Wurster 

-5 . 
Blue was 5.3 x 10 m/f.. 

Ten milliliters of O. 0133F ethanol-acid was added to 14.8 mg. 

of HzT. After 3 5 minutes 10 mI. of a solution of 104.3 mg. of the 

Wurster base (the dihydrochloride) in 15 mI. of O. 0296F sodium 

h y droxide in ethanol was added. After a total of 95 minutes 20 mI. of 

O. 0133F ethanol-acid was added. Increase in absorption at 6 140 A 



61 

did not occur until approximately one half hour had passed. A maxi-

mum of 0.052 was obtained. 
-4 

The concentration of HzT was 1.74 x 10 

m/l. 

Attempted Oxidation of theWur ster B ase by p-Aminobenzy1 

Alcohol. --A solution of one milligram of p-aminobenzyl alcohol in 

10 mI. of nitrogen-flushed ethanol was placed in one compartment of 
I · 

the degassing apparatus. In another compartment was placed a solution 

of approximately 50 mg. of the Wurster base in 5 mI. of ethanol. The 

two solutions were degassed and mixed and part of the resulting sol-

tion was poured into a uv cell. Some oxidation did occur a t a very slow 

rate as indicated by the absorption at 6140 A. In two and one-half 

hour s the ' optical density had reached 0.280 and after 24 hour sit was 

O. 376. 
. -4 

The concentration of p-aminobenzyl alcohol wa s 8.15 x 10 

m/l. 
-5 

and that of the Wur ster salt, 3.33 x 10 m/1. 

Attempted Oxidation of the Wurster Base b y the Product of the 

Neutralization of p-Aminobenzy1 Chloride Hydrochloride. --p-Amino-

benzylchloride hydrochloride was soluble in dimethyl sulfoxide and 

ethanol . It appeared to dissolve and reprecipi tate from dimethyl 

formamide and was insolubl e in benzene. The salt seemed to undergo 

a heterogeneous modification while in contact with benzene. Addition 

of a benzene-potassium-t-butoxide solution of the hydrochloride in 

dimethyl sulfoxide produced an orange to deep red solution, the 

inten sity of which depended upon the initial concentration of the 
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hydrochloride. These solu tions would oxidize the Wurster base at a 

rate that was qualitatively much faster than that observed with the 

unknown obtained from HzT. The solvent compositions were, of 

course, different in the two cases. A blank of benzene-potassium-t-

butoxide gave only a light yellow solution. Ultraviolet absorption 

spectra were quite indefini te . The basic solution had a small \maximum 

o 

at 365'0 A and a larger one at 2700 A which may have been due to 

benzene. The acidified solution exhibited small maxima at 3360 and 

o 
4000 and the larger one at 2400 A. 

Addition of the h ydrochloride to a solution of the W u rster base 

in ethanol gave no oxidation other than that which could be attributed 

to,air oxidation. Neutralization of a solution of the hydrochloride in 

ethanol resulted in a precipitate which appeared to be the same as that 

obtained upon neutrali zation of aqueous solutions. Apparently the 

solution of the hydrochloride in ethanol was ei ther accompanied or 

followed by its polymerization. Addition of a solution of the hydro-

chloride in dimethyl sulfoxide to a solution of the Wur ster base in ethanol 

resulted in no oxidation. 

Attempted Oxidation of the Wurster Base by p-Tolylhydroxyl-

amine . --To a solution of 0.125 g. of the Wurster base dihydrochloride 

in 25 mI. of 950/0 ethanol wa,s added 0.55 mg. of p-tolylhydroxylamine 

(prepared b y the procedure used for the preparation of phenylhydroxyl-

amine) • 
-2 

The concentration of the Wurster base was 2.11 x 10 M" of 
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-2 
hydrogen ion approximately 2.11 x 10 F, and of p-tolylhydroxyl-

amine 
-4 

1. 79 x 10 • After twenty-five minutes at 27° the absorption 

had increased only 0.05 units. Approximately two minutes were 

required for a similar increase in absorption in the oxidation of the 

-2 -4 
. Wurster base (2.11 x 10 M) by a solution of HzT (6.92 x 10 M) 

-2 
the acid concentration of which was 2.96 x 10 F. 

Photolysis of p-Aminobenzyl Alcohol. --Several O. OIM solutions 

of p-aminobenzyl alcohol in benzene were photolyzed in the presence 

and absence of acetophenone (1M). The photolyses were carried out 

witn an immersion reactor with 3130 A light. In bo.thca;s.e ·s :a ·.reddi ·sh 

gelatinous precipitate quickly f~rmed. It was not possible to analyze 

this material whi.ch was probably of polym·eric nature. 

Photolysis .of Aniline. --Two solutions of O. 1M aniline in ethanol 

were photolyzed in the immersion reactor with unfiltered light. One 

was made 1. OF in nitric acid and was saturated with sodium nitrate. 

The second was made 0.3F in trichl oroacetic a cid. The first solution 

quickly turned dark red and was not analyzed while the second solution 

became dark more slowly' and gave only a red gummy .material upon 

removal of solvent. Only the second solution was degassed. 

An aqueous solution that was IF in sodium sulfate, 0.2F in 

sodium bisulfate, and 1M in aniline was irradiated a fter i t had been 

degassed and filled with nitrogen. A dark colored precipitate soon 

deposited. An infrared spectrum of a mull of this material was quite 
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poor but was certainly different from that of benzidine sulfate. 

-3 Another solution that was IF in sodium sulfate, 5 x 10 F In 

sodium bisulfate, and 1M in aniline was carefully degassed and then 

subjecte d to Hash photolysis. Another solution that was slightly more 

concentrated with respect to aniline was subjected to flash photolysis 

with a low pressure xenon lamp. Both solutions were flashed 100 
I 

time s and nothing mor e than a slight color change in the second solution , 

was observed. 

Rearrangement of HzT in Ethanol-O-D. --To a solution of 1 g. 

of HzT and 2 g. of sodium perchlorate in 50 mI. of nitrogen-flushed 

95% ' ethanol was added one gram of the Wurster base. This gave an 

approximate initial acid concentration of O. 084F. After 20 minutes 

25 mI. of water was added and, the resulting mixture was chilled and 

filtered fre 'e from the precipi tated AzT, which weighed 0.30 g. The 

filtrate was treated with 2 mI. of concentrated ammoni urn hydroxide 

and 75 mI. of water to give another 0.23 g. of a light yellow precipitate. 

The light yellow filtrate was extracted with ether which was then dried 

with magnesium sulfate . The ether was removed and the resulting oil 

was dissolved in methanol-':e ther and passed over an alumina column. 

The column was eluted ,first with ether whi ch removed the Wurster 

base and then with methanol which removed p-toluidine. A few milli-

grams of pure p-toluidine were obtained by thermal sublimation of the 

residue left after removal of the methanol. Infrared spectra were 
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taken of a ll three fractions. No C ~D absorption .was observed. 

Procedure Used for the Recovery of the Products of the 

Rearrangement of Radioactive HzT in the Isotope Dilution Analyses.--

Approximately 35 mg. of HzT '; w..a:s rearranged at zero degrees ln 

275 ml. of 95% ethanol which was O. 015F in hydrogen chloride. After 

5 hours AzT, p.;toluidine, and o-semidine were addedin 40, 80, and 
\ 

80 mg. amounts, respectively. The ethanol was removed by distillation 

under vacuum and the residue wa s treated with 10 ml. of water. The 

resulting mixture was filtered and the orange AzT was dissolved in 

ether which was then dried with calcium chloride. The f i ltrate was 

neutralized with sodium hydroxide to precipitate o-semidine which 

was separated by filtration. This second filtrate was then extracted 

with ether which was dried with sodium hydroxide. 

The AzT was purified by chromatography over alumina with 

pentane and ether, sublimation at 60 8
, and finally recrystallization 

fr om 95% ethanol. 

o-S emidine was purified by one or two careful fr a ctional recrys-

tallizations from ethanol-water and sublimation at 60-70°. The 

resulting solid was white a nd melted in the range 108-110·. 

p-Toluidine wa s recovered in two forms. One method involved 

removal of the ether to give crude p-toluidine which was purified by 

sublimation at 30-40", m.p. 42-43". The s econd method involved the 

addition of 0.5 ml. of acetic anhydride to the dried ether solution. The 
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solution was then heated to produce the anilide and to evaporate the 

ether. In one reacti on the Wurster base was added along with the 

three non-labele d products. In this case the Wurster base was separ-

ated from the anilide by bubbling hydrogen chloride through the ether 

solution. The filtered ether solution was concentrated to 1-2 mI. 

and water was added to di ssolve the acetic acid and acetic 1anhydride, 

and to precipitate p-acetotoluide. The latter compound was easily 

purified by one or two recr y stallizations from benzene. 

Sev eral rearrangements were carried out in which a large excess 

of h y drazobenzene was added prior to introduction of. the acid cataly st. 

After the AzT, p-toluidine and o-semidine were added, the resulting 

solution was concentrated to 50-75 mI. at which point benzidine was 

precipitated by the addition of concentrated sulfuric acid. The filtrate 

from this mixture was concentrated to dryness and the residue was 

treated with 20-30 mI. of water. The resulting mixture was heated 

on the steam bath for several. minutes and then filtered to remove the 

insoluble azobenzene and azotoluene. These compounds were dissolved 

in ether which was then dried with calcium chloride, concentrated 

and chromatographed over alumina with ether. The ether was removed 

and the residue was sublimed at 40· and 1 micron to remov e azobenzene 

and then at 60· to obtain AzT which was then recrystallized from 

ethanol. The filtrate obtained during separation of azobenzene and 
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azotol uene was neutralized with aqueous sodium hydroxide to precipitate 

o-semidine and some diphenyline. The solid material thus obtained 

was sublimed, fractionally recr y stallized from ethanol-water, and 

finally sublimed a second time. The resulting solid melted in the range 

108-110°. The filtrate that was obtained after o-semidine had been 

removed 'Was completely neutralized and then extracted w1th ether. 

The ether solution was dried with sodium hydroxide and treated with 

1 mI. of acetic anhydride. The solution was then concentrated to 

several milliliters and treated with water to precipitate the aceto 

derivatives. The resulting solid was sublimed at less than 1 micron 

and about 110·. The p-acetotoluide which had sublimed was further 

purified by one or two recry stallizations from benzene. 

Calibration of the Liquid Scintillation Counter Against the 

Rearrangement Products. --The solvent system used in this work is 

comprised of a solution of 3.5 g. of PPO (2. 5-diphenyloxazole) and 

0.1 g. of POPOP (p-bis[2-(5-phenyloxazolyl) ] -benzene) in one liter 

of toluene. The two scintillators in some way aid in the conversion of 

beta ray s into light emissions which are picked up and recorded. The 

compounds .studied in these experiments acted as fluors and quenchers. 

Thus data had to be obtained which would show the effect of the con-

centration of the various compounds on the detection .of the emitted 

beta ray s. To accomplish this their effect upon toluene of a pre

determined specific activity was measured. The sampfes to be counted 
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were prepared by-di"ss olving weighed amo un t s of the various compo unds 

in 20 ml. of the toluene scintillation solution. They were then counted 

at zero degrees with a tri-carb liquid scintilla tion counter (Packard 

In strument Company). Reproducible data were determined on different 

days and a plot was made of the specific activity of the radioactive 

Determination of the Yields of the Products of the Rearrange-

ment of HzT b y Isotope Dilution. --Radioactive HzT was rearranged 

under various conditions. The weights of the radioactiv e samples that 

were counted were chosen so as, to correspond to the most reproducible 

or to the most nearly level portions of the graphs shown in Figures 

xv - XVIII. In six runs a 2 ml. aliquot was ' withdrawn after 5 hours 

of rearrang ement and just prior to the addition of the inactive diluents. 

This aliquot was checked b y ultraviole t analysis to give the product 

concentrations as determined by the method of Carlin. 

Investigation of the Product Mixture Obtained from the Rearrange-

ment of HzT. -- To a solution of 2.5 g. of purified H zT in 150 ml. of 

nitrogen-flushed 95% ethanol was added slowly 0.5 ml.of concentrated 

hydrochloric acid. After 15 minutes a nothe r 0.5 ml. of acid was added. 

The initial concentration of HzT was O. 079M and the total added acid 

concentration was O. 08F. A solid (p~azotoluene) precipitated from the 

product solution. which was chilled in ice-water and then filtered. The 
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Fig . XVIII 



73 

clear orange filtrate was conc entrated to dryness by removing the 

solvent under vacuum at room temperature. The residue was treated 

with 10- 15 mI. of water which was then heated for a few seconds on 

a steam bath. The mixture was filtered to remove the insoluble come 

pounds. The filtrate was neutralized to precipitate a third light-

colored solid fraction which wa s separated by filtration. The final 

filtrate was extracted with ether which was then dried witlj. either 

sodium hydroxide or potassium hydroxide. Removal of ether left a 

solid residue whose color depended upon the care taken in·the per e 

formance of the individual steps of the procedure. In a series of 

eight experiments the four soliel fractions accounted for an average 

of 26, 12, 20, and 31 percent, respectively, of the starting material. 

The first solid fraction was readily identified by its melting 

point (140_145°) and infrared spectrum. If this p-azotoluene was 

slowly s"blimed, a milligram or so of a brown residue remained. 

The residue generally contained some p-azotoluene and could account 

for but a trace of the total products. 

The second solid fraction was seen by infrared anal ysis to be 

a mixture of p-azotoluene and the o-semidine. No absorption other 

than that which could be attributed to these two compounds was detected. 

The infrared spectrum of the third fraction was essentially 

identical to that of pure o-semidine. Very weak absorption appeared 

at about 1685 
-1 

cm. tha t was not present in spectra of the pure 0-

semidine. 
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The infrared spectrum of the final fraction was that of p-

toluidine. Not characteristic of p-toluidine were a small shoulder 

in the C -H stretching regi on and a weak band a t about 1690 cm. -1 

The p-toluidinewas slowly removed by sublimation at room temper-

ature. The residue was in the fQrm of an oil. I n the numerous ex-

periments that were performed the color of this oil varied from red 

\ 
to yellow. When the final rearrangement solution was a dark color, 

or the workup procedure had not been c arefull y followed, the oil was 

of a reddish color. 

An infrared spectrum was taken of the oil. A strong carbonyl 

-1 
group was present in the 1680-1685 cm. region. Fou r strong C -H 

-1 
stretching bands from 2840-3020 cm. were present. Three of 

these bands were identical to those present in p-toluidine . The fourth 

( 
_ 1 

band 2963 cm. ) was not present in spectra of p-toluidine or the 

o-semidine. The n.m.r. spectrum of the oil in carbon tetrachloride 

showed the presence of aromatic and vinyl protons, N -H protons, 

methyl, and possibly methylene protons. At least four aliphatic C-H 

bearing groups were present. One or two of these were split although 

no pattern could be established. One of the signals was only 9 cps 

downfield from the reference band of tetramethylsilane (external 

standard). The chemical shifts of one or two of the groups presumed 

to be methyl because of the appearance of signals at relatively high 

field were quite similar to the shifts of the methyl groups of 
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p-toluidine and the o -semidine. 

H y drogenations of the oil (ca. 30 mg. in 10 mI. of ethanol) 

were carried out at 150-200· and 1500-2000 ps i in the presence of 

Rane y nickel. Infrared spectra of the residues obtained from various 

h y drogenations were rather ambiguous. Some showed the presence of 

-1 
an O-H group at about 3620 cm. and absence of a c a rbony l band, 

! 
whil e one spectrum showed n o O-H absorption and a doublet carbonyl 

-1 
absorption that occurred at a bout 1725-1750 cm. Strong C-H bands 

-1 
were observed at 2855 and 2933 cm. (The starting material had 

-1 
bands at 2863 and 2926 cm. ) Abroad band in the N -H stretching 

-1 
region(3200-3500 cm. } was also observed. 

Two molecular weight determinations were carried out by the 

technique of isothermal distilla tion. Constant v olumes of liquid in 

the two compartments of the distillation apparatus could not be 

achiev ed. Two molecular weights were determined with a specially 

constructed osmometer (47). A v erage resistance changes of 154 

and 462 ohms were obser v ed for samples of 17 mg. of the oil in 

2.35 g. of acetone and 15 mg. of oil in 0.72 g. of ac e tone, respectively . 

These values correspond to molecular weights of 267 and 257, respec-

tively. The samples were prepared by vacuum sublimation of p-

toluidine and addition of acetone to the resulting residue. The weight 

of the oil was taken as the differ e nce between the weight of the flask 

before acetone was added and the weight of the flask after it had been 

rinsed with acetone and dried. 
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A control experiment was carried out in which 0.800 g. of 

p-azotoluene, 0.802 g. of the o-semidine, and 0.901 g. of p-toluidine 

tall three solids were previously purified) were added to 150 mI. of 

nitrogen-treated 95% ethanol. One milliliter of concentrated hydro-

chloric acid was added to the resulting solution which was then worked 

up by the procedure used to isolate the unknown oil. The residue that 

was left after the p-toluidine had been removed frOITI the f ourth frac-

tion showed none of the characteristics of the unknown oil. The four 

fractions accounted for 24, 32, 9, and 30 percent, respectively, of 

starting material. The'second fraction is large and the third small 

because addition of water to the residue that remained after solvent 

had ,been removed was not accompanied by application of sufficient 

heat to dissolve much of the o-seITIidine. 

Rearrangement of p-Aminohydrazobenzene. --A solution of 30 

mg. of p-aminohydrazobenzene in 250 mI. of nitrogen-flushed 95% 

ethanol was treated at zero degrees with 25 mI. of ethanolic hydrogen 

chloride. The ,initial concentration of the hydrazobenzene was 

-4 - -3 
5.5 x 10 M and of acid was 7.5 x 10 F. An aliquot of the solution 

was withdrawn iITImediately after the acid had been added and was 

titrated with an aqueous solution of Bindschedler 's Green. No more 

of the oxidant was used than would be required for a blank titration. 

Several rearrangements of 0 .. 2-0.3 g. samples of p-amino-

hydrazobenzene were carried out in ethanol which had been acidified 



77 

with either hydrochloric. acetic, or sulfurous acid. Water was 

added to the residue that remained after solvent had been removed 

from the product solution. p-Aminoazobenzene hydrochloride that 

did not dissolve was separated by filtration. The filtrate was neutral-

ized to give more p-aminoaz obenzene, but no compound resembling 

4, 4'-diaminodiphenylamine (a p-semidine) could be isolated. 

15 
Procedure for the Determination of the N Content ', of the 

Various Compounds. --The analytical procedure followed was that 

described by Rittenberg (45). The procedure involves conversion of 

the nitrogen of the organic compounds to ammonia by the Kjeldahl 

method. The ,ammonia was then trapped in dilute hydrochloric acid. 

The resulting solution was concentrated to a few milliliters and then 

mixed with 2 mI . of sodium hypobromite solution in the evacuated 

collection apparatus. Nitrogen was evolved and then compressed into 

a la-mI. glass bulb with a modified Toeppler pump. The mercury 

column was lowered a few centimeters below the neck of the bulb 

which was then pulled off b y application of a torch. The other end of 

the bulb was equipped with a 14/35 joint and a break seal. The 

samples were analyzed with a mass spectrometer (Consolidated 

Electrodynamics, Model 2 1-620). The formula used to calculate the 

15 
percentage of N was 
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The heights of the peaks at 28, 29, and 30 were directly used 

to measure the abundance of the various isotopes. 
28 

The N peak was 

corrected for air contamination by measuring the peak at 32. This 

peak was multiplied by 4.9 to give the contamination of the N
28 

peak 

with atmospheric nitrogen. This factor was d etermined from the ratio 

of the peak heights at 28 and 32 of a sample of ordinary air
r 

Kjeldahl Conversions of the Nitrogen P resent in the Various 

Compounds Studied. --An apparatus identical to that used by Rittenberg 

-<45) was used for the formation and collection of ammonia. All of the 

compounds that were treatedf& except diaminocarbazole, were dissolved 

in 3 mI. of concentrated sulfuric acid to which had been added 1 g. of 

potassiu m sulfate and a crystal of copper sulfate pentahy drate. Dex -

trose and selenium we r e used in a number of the conversions. The 

amounts of the various compounds used are listed in the tables below. 

The mixtures were digested at 350-380 for various time intervals. 

15 
The samples which contained N were digested for 12 - 15 hours. 

Diaminocarbazole was tr eated in 5 ml. of concentrated sulfuric acid 

to which had been added 0.2-0.5 g. of copper sulfate pentahy drate. 

The cooled digestion solutions were treated w Hh 25 ml. of water and 

neutralized with 40% sodium h ydroxide. The ammonia was driven off 

with heat and a gentle air stream whi ch passed into a flask containing 

25 ml. of 0.0 IF hydrochlor ic acid. The heating proces s wa s carried 

out for about 45 minutes although only about 5 minutes were required 
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to turn the originally blue or green mixture to a dirty brown. The 

final hydrochloric acid solutions were titrated with O. 01409F sodium 

h y droxide. The labeled samples were converted under the conditions 

which gave the best recovery of' ammonia. Practice conversions were 

not carried out on m-phenylenediamine. The l abeled m-phenylene-

diamine was treated under the same conditions as was m-nitroaniline. 
! 

TABLE VII 

K j eldahl Conversion of m-Nitroaniline 

wt. of wt. of dig est. N N 

# sample dextrose time 
calc. fo und 

1 5.27 mg . 70 mg. 1 hr. 1.08 mg. 0.95 mg. 

2 5.32 70 3 1.08 1.01 

3 5.50 97 3 1. II 0.97 

4 5.30 65 10 1.07 0.91 

5 5.13 50 10 1.04 1.05 

6 5.54 50 12 1.19 1.09 
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TABLE VIII 

Kjeldahl Conversion of Diaminocarbazole 

wt. of wt. of wt. of wt. of c opper digest. 
# sample dextro se selenium sulfate· 5H 20 time 

1 5.00 mg. 60 mg. 12 mg. 1 hr. 

2 4.80 79 15 3 

3 4.92 9 1 18 12 

4 4.95 100 20 0.32 g. 12 

5~' 4.38 77 18 0.30 g. 14 

6* 4.02 73 15 0.28 14 

# 
N 

calc. 
N 

found 

1 1.065 mg. 0.805 mg. 

2 1.022 0.902 

3 1.048 0.972 

4 1.053 1.010 

5 0.682 0.614 

6 0.625 0.532 

* #5 and #6 were run on the dihydrochloride r ather than on the neutral 
base. 
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TABLE IX 

Kjeldahl Conversion of Azob enzene 

wt. of wt. of wt. of digest. 
N N 

# sample dex trose selenium time calc. found 

1 6.77 mg. 68 mg. 10 hr. 1.04 mg. 0.41 mg. 

2 6.72 55 3 1.03 0.26 

3 6.50 70 15 mg. 10 1.00 0.98 

4 6.39 70 16 12 0.982 0.97 

15 15 
Rearrangement of HzA-N H-N H. --Weighed amounts (60-70 

. 15 15 
mg.) of HzA-N H-N H were rearranged in ethanolic hydrogen 

chloride at 40 . 2-40.5°. The acid concentration was varied and the 

rearrangements were carried to 97-99 percent completion. Reaction 

times were 5 hours to 14 day s, depending on the acid concentrations • 

. The solvent was removed under vacuum and the residue that remained 

was converted to diaminocarbazole by the procedure described earlier. 

15 15 
Partial Rearrangement of HzA-N H-N H and Conversion of 

15 15 
the Unrearranged HzA to AzA. --Solutions of HzA-N H-N H 

( . 0 .-- 100 g.) were rearranged to 50% completion. The solutions were 

partly neutralized and treated with solutions of ethanol containing 

weighed amounts of Wurster's Blue perchlorate that were equivalent 

to unr earranged HzA. Solvent was then removed and the residue was 

treated with about 5 m1. of water. Some of the h y drochloride of AzA 
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did not dissolve and it was separated by filtration. That which did 

dissolve was precipitated by the addition of aqueous sodium hydroxide. 

The Wurster base did not precipitate if the solutions were carefully 

neutralized. The combined AzA fractions were dissolved in dilute 

aqueous hydrochloric acid and precipitated by addition of aqueous 

sodium hydroxide. The dried AzA ( 35-40 mg.) was deaminated 
I 

by the procedure described earlier. 

Attempted P reparation of 2,7 -Diaminocarbazole from the 

Product of the Rearrangement of m-ChIoro, m '-aminohydrazobenzene. --

A number of experiments were carried out in an attempt to convert 

the product residue (in the form of a hydrochloride) obtained from 

the rearrangement of m-chloro, m '-aminohydrazobenzene to 2,7-

diaminocarbazole. This residue was heated in water and in dimethyl-

formamide at temperatures ranging from 10 0 0 to 240 0
• The acid 

concentration was varied over a wide range. Several reactions were 

carri e d out in which the neutral product of the rearrangement was 

heated at 180 0 in nitrobenzene to which had been added copper powder. 

The hydrochloride form of the rearrangement product was also treated 

in various solutions of sodamide or potassium amide dissolved in 

liquid ammonia. In none of these experiments was any product iso-

lated that resembled 2, 7-diaminocarbazole. 
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RESULTS OF PART I 

Attempts to Show the Presence of an Intermediate in the 

Rearrangement of Aromati~.Hydrazo Compounds. Hydrazobenzene· 

and p-hydrazotoluene (HzT) were each rearranged in the presence of 

acrylonitrile. A rearrangement of HzT was also carried out in the 

presence of styrene. In none of these experiments wa s any polymer-

i zation observed. 

An attempt to produce benzidine from the reaction of phenyl-

hydroxylamine with titanium trichloride in acidic ethanol (positively-

charged amino radicals are presumably formed from the reaction of 

titanium trichloride with hydroxylamine in acid solution (48))was 

unsuccessful, but did lead to the formation of azoxybenzene. The 

explanation was advanced that a radical process could account for 

this reaction. Attacks of intermediate phenylamino radicals on 

0 NH ' 
I + 
~ 

-H 0 
2 

0 NH 
I + 2 

/ 

unr eacted pheny Ihydr oxy lamine could pr oduce N -pheny lhydr oxy lamino 

radicals. Coupling of two of the latter radicals with subsequent 
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elimination of water would give azoxybenzene. Although a later 

investigation showed that the sole product of the complete reaction of 

titanium trichloride with phenylhydroxylamine was aniline, the sug-

gestion initially occurredthat phenylhydroxylamine might be an ex-

cellent scavenger for intermediate radicals produced from the rear-

rangement of HzT. Two solutions that were O. IF in hydrochloric 
I 

acid and O. 035M in HzT were prepared. Phenylhy droxylamine (0.03 

molar) was added to one of the solutions. After a few minutes the 

control run was an opaque brown, while the reaction solution contain-

ing phenylhydroxylamine was a light brownish yellow. Workup of the 

reaction solution afforded azoxYbenzene. Similar treatment of a 

solution of phenylhydroxylamine in acidic ethanol also gave azoxy-

benzene. 

HzT was rearranged in neat formic acid and in ethanol to 

which formic acid had been added. No carbon dioxide was evolved. 

A solution of HzT in acidic ethanol was frozen with liquid 

nitrogen and scanned with an EPR machine. No signal was detected. 

When HzT was rearranged in the presence of N, N, N', N'-

tetramethyl-p-phenylenediamine dihydrochloride (the Wurster base), 

a blue solution resulted. This color was attributed to the Wurster 

cation (1). The blue color was observed under conditions that 
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QH), 
[ o J 

¢H3)' 
? I 

N(CH
3

)2 N(CH
3

) 2 

ordinarily resulted in an opaque product solution and under conditions 

in which lower concentrations of HzT resulted in a clear yetlow 

product solution. Careful degassing of the acidic ethanol prior to 

addition of HzT did not prevent formation of the cation. 

Kinetics of the Oxidation of the Wurster Base by Solutions 

of Rearranged HzT. The rate of formation of Wurster's Blue was 

followed spectrophotometrically. A typical first order plot of the 

rate data (Figure XIX) shows that there is an induction period. Since 

the Wurster cation readily oxidizes HzT, this induction corresponds 

to the period of time in which unrearranged HzT is still present. The 

induction period depended on the hydrogen ion concentration and was 

generally less than 25 minutes under the conditions e mployed. The 

ionic strength and the concentration of hydrogen ion and of the Wur ster 

base were varied for the different runs, while the concentration of 

HzT was kept constant. The results that were obtained are listed 

below in Tabl e X. These data show that the rate and amount of oxi-

dation are increas e d by an increase in ionic strength (r uns 5-8). The 

rate of oxidation appea·rs to be dependent on the hydrogen ion concen-

tration (runs 9, 10), while the amount of oxidation of the Wurster base 
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is seen to be independent of the concentration of hydrogen ion and of 

the Wur ster base. 

Stability of the Oxidizing Agent. The oxidizing agent was 

found to be rather unstable in acidic ethanol. When a solution that 

-3 . -2 
was 1. 67 x 10 Min HzT and 1. 34 x 10 F in hydrogen chloride was 

allowed to stand for 90 minutes before the Wurster ·base was added, 

I 
the maximum absorbence reached was 0.60. Had the Wurster base been 

added at the beginning of the rearrangement, a value of about 1. 9 for 

the maximum absorbence should have been observed . (This value is 

calculated from the data in Table X.) 

The stability of the oxidizing agent in alkaline ethanol was 

determined to be greater than in acidic ethanol. When a soluti on of 

HzT (1. 57 x 10 -3M ) in acidic ethanol (1. 34 x 10 -2F ) was neutralized 

after rearrangement was virtually complete, and then reacidified and 

treated wi th the Wurster base 90 minutes after initiation of the rear-

rangement, a maximum absorbence of 1. 200 was observed. This 

compared with a predicted value of about 1. 80. 

Reacidification after 90 minutes of reacti on of a neutralized 

s olution of the Wurster base and rearranged HzT gave only 2-30/0 of 

the maximum predicted absorbence. Accordingly, oxidation of the 

Wurster base occurred in alkaline solution, although no blue color 

developed. 
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Attempts to Synthesize the Unknown Oxidizing Agent. The 

idea was advanced that the unknown oxidizing agent might be a simple 

derivative of p-benzoquinone imine methide (II) or might even be the 

imine methide itself. Likely derivatives would be p-aminobenzyl 

CH 

0' II 

NH 

alcohol or the ethyl ether of p-aminobenzyl alcohol. p-Aminobenzyl 

alcohol was found, however, to be stable in the presence of the Wurster 

base. 

Attempts were made to prepare the acetate and tosylate of 

p-aminobenzyl alcohol. The alcohol was treated in ether with a sodium 

hyd:ride-oil suspension. Acetic anhydride or p-tol uenesulfonyl chloride 

was added to the resulting mixture. The ether solutions that were 

obtained upon filtration of the final reaction mixture would not oxidize 

the Wurster base in acidic ethanol. No conclusive evidence was 

obtained to prove that the desired derivatives were formed, although 

an infrared spectrum of some of the product of the acetate synthesis 

showed the presence of a primary amino and a carbonyl group. 

p-Aminobenzyl chloride hydrochloride was synthesized and 

treated in dimethyl sulfoxide with potassium t-butoxide in an attempt 

to eliminate two moles of hydrogen chloride per mole of the benzyl 

chloride and thus form the imine methide II. A deep red solution was 
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obtained from the reaction. This solution would oxidize the Wurster 

base in ethanol, but no relation could be established between this 

oxidation and the one that accompanied rearrangement of HzT. At-

tempted solution of p-aminobenzyl chloride hydrochloride in benzene 

and in dimethyliormamide apparently resulted in heterogeneous poly-

merization of the acid salt. Neutralization of a solution of the hydro-
I 

chloride in ethanol and in wa ter wa s acc ompanied by the for;ma tion of 

insoluble compounds. Apparently polymerization occurred in these 

two solutions. 

A final attempt to prepare p-benzoquinone imine methide 

involved photolysis of p-aminobenzyl alcohol in benzene. Acetophenone 

was added to one of the solutions that was irradiated. A red precipitate 

of polymeric nature was obtained in both cases. 

Rearrangement of HzT in Ethanol-O-D. Ethanol-O-D was 

prepared by the reaction of sodium ethoxide with deuterium oxide. 

An infrared spectrum of the resulting ethanol showed little or no O-H 

absorption. A solution that was O. 93M in HzT, approximately O. 084F 

in the Wurster base, and 3. 3F in sodium perchlorate was rearranged. 

p-Azotoluene, p-toluidine, and the o-semidine were separated from 

the product mixture. Infrared spectra showed that no detectable 

deuterium had been incorporated in the methyl groups of any of the 

three compounds. 
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Kinetics of the Rearrangement of HzT. The spectrophotometric 

procedure that Carlin used to determine the rate of rearrangement of 

HzT was repeated. The absorption data that he determined for start-

ing material and the three products were used without modification. 

The disappearance of HzT was also followed by titration with aqueous 

solutions of Bindsche d1er's Green. The data in Table XI show that 

both methods gav e good agreement with the kinetic results 9btained 

by Carlin. 

TABLE XI 

Pseudo First Order Rate Constants for the Rearrangement of HzT 

kxl02min. 
- 1 

2 -1 
# T, 'C Method kx1O , min. {l} [ H+] obtained by Carlin 

1 0 uv 1.23 0.0150 1. 15 

2 " " 1.23 " " 

3 " " 1.21 " " 
4 " B. G. (2) 1. 24 " " 

5 " " 1.28 0.0155 1. 22 

6 " " 1.25 0.0150 1. 15 

7 20.4 uv 11.7 " 11. 6 

8 " B. G. 12.3 0.0146 11. 1 

I} The reactions reported by Carlin were at slightly lower ionic 
strength. 

2) Bindschedler 's Green. 

The product compositions that were indicated by ultraviolet 

analysis were also in good agreement with ,the values obtained by 

Carlin. He reported that the product mixture consisted of 40.4~3.10/0 

p-toluidine, 36.5+5.70/0 o-semidine, and 22.7+ 2. 80/0 p-azoto1uene. 
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The apparent results obtained in the repetition of his work were 

40. 5 ~ 0.5%, 39. 2 ~ 0.8%, and 20.5 + 1. 0%, respectively. (These 

values were not corrected for the few percent of azo toluene present 

in the starting material.) The method of analysis employed in these 

experiments differed in one respect from Carlin's procedure. In his 

work the aliquots were quenched in 95% ethanol to which aqueous 

sodium hydroxide had been added. 
I 

As the presence of water was f ound 

to cause a shift in the absorption spectrum of HzT, the quenching solu-

tions used in a number of experiments consisted of sodium hydroxide 

dissolved only in 95% ethanol. When this procedural modification was 

employed, the calculated product composition tended to give better 

agreement with Carlin's data. 

Determination of the Yields of the Products of the Rearrange-

ment of HzT by Isotope Dilution. As none of the reported products of 

the rearrangement of HzT will oxidize the Wurster base, an additional 

compound must be formed. Carlin's spectrophotometric results 

showed that the sum of the concentrations of the products and of un-

rearranged· starting material was equal to the initial concentration of 

HzT. The amount of Wurster cation formed from the Wurster base, 

however, indicated that the oxidizing agent accounts for 5-10% of 

starting material. As this observation cast doubt upon the validity 

of Carlin's results, the product yields were checked by isotope dilution. 
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Radioactive HzT was rearranged at zero degrees in 95% 

ethanol. After 5 hours (5-6 half-lives) of reaction, the product com-

position was determined by ultraviolet analysis. At the same time 

weighed amounts of inactive p-toluidine, o-semidine, and p-azotoluene 

were dissolved in the reaction solution. The three compounds we re 

recovered and counted with a liquid scintillation counter. The yields 

I 
of p-toluidine, o-semidine, and p.azotoluene as determined 'by the 

two methods are given in Table X II. 

TABLE XII 

Yields of the Products from the Rearrangement of HzT as Determined 

by Ultraviolet and Isotope Dilution Analysis. 

Azotoluene % p-Toluidine % 1) o-Semidine % 

# 
C 14 2)Corr. UV C

14 
2}Corr. UV C 14 2)Corr. UV 

dil'n. dil'n. dil'n. dil'n. dil'n. dil'n. 

1 22. 1 lS.9 20.S 2S.5 29.4 40.0 32.7 33.7 39.2 

2 23.2 21.0 26.S 27.6 3S.S 40.3 

3 23.2 20.S IS. S 27.6 2S.5 41. 0 41. 4 42.7 40.2 

4 23.2 20.9 20.5 27.4 2S.3 39.4 3S.3 39.5 40.2 

5 21. 2 lS.7 21. 1 2S.S 29.7 40.4 35.7 36.S 3S.5 

6 22.7 20.3 20.4 2S. 1 29.0 39.7 3S.2 39.3 39.9 

Ave 22.6± 20. l± 20. 3± 27.9± 2S.S± 40. l± 37.5± 3S.7± 39.6± 
0.6 0.9 0.6 0.6 0.6 0.5 2.2 2.4 0.6 

1) Counted as p-to1uidine 

2) These columns represent a corrected concentration for each con-
stituent if it is assumed tha't the starting material contained at least 
3% p-azotoluene. This aSf;umption was derived from the ultra-
violet data obtained from the time zero aliquots. 
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A comparison of the two sets of results shows that ultraviolet 

analysis gives a value for p-toluidine that is 10% too large (33 relative 

percent). 

Attempts to Alter the Product Composition. Radioactive HzT 

was rearranged in the presence of added hydrazobenzene, p-toluidine, 

and o-semidine. In one experiment the Wurster base was added after 

five hours of reaction. The yields of the products that were 'determined 

are given in Table XIII. 

The results of runs 7-13 show that the addition of p-toluidine, 

the o-semidine, and the Wur ster base had no significant effect upon , 

the yields of the products of the reaction of HzT. The addition of 

hydrazobenzene cl early reduced the formation of p-azotoluene. Since 

less p-azotoluene was formed a greater percentage of HzT would 

rearranged to p-toluidine, o-semidine, and the unknown. From the 

amount of p-azotoluene formed in these experiments and from the 

results given in Table XII, the amounts of p-toluidine and o-semidine 

which should be formed can be calculated. The results which were 

obtained are in rather good agreement with the predicted values of 44-52% 

for the o-semidine and 34.5-37.5% for p-toluidine. As p-toluidine and 

o-semidine formation is effec tively una ltered, the unknown product 

must also be formed according to prediction. 

Rearrangement of p, p' -Ditrideuteromethylhydrazobenzene-4, 4'

C 14 Some of the radioactive toluene that was used as a precursor of 
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TABLE XIII 

Effect of the Addition of Various Compounds on the Yields of the 
Products Obtained from the Rearrangement of HzT as Determined 
by Isotope Dilution Analysis. 

# AzT-% 
1 

p-Toluidine -% o-Semidine-% Conditions 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

22.3 

27.4 

29. 1 

28.0 

28.6 

26.8
3 

7.7 
4 

4.4 

3.6 

22.8 

26.5 

25.9 
2 

25.2, 
1 

25.9 

26.4 

26.3 

26.7 

36. 3-..{38. 0) 

36.4 (37.7) 

29. 1 

1) Counted as p-acetotoluide. 
2) C ount e d as p - toluidihe. 

40.4 

35.0 

36.1 

35.5 

After 5 hrs. 0.784 g. of 
theWur ster base was 
added 

Nothing added 

32.71 mg. lof 0-

semidine at start of 
rearrangement 

80.63 mg. of o-semidine 

80.00 " 

80.71 II 

36.6 Nothing added 

44.5 (48. 3) 0.10096 g. of hydrazo 
benzene initially added 

42.9 (44.9) 

43.7 (45.3) 

37.3 

0.30165 

0.5000 

" 
11 

80.94 mg. of p
toluidine added at start 

3) R uns 9-12 were performed wi th HzT which had aged 5 weeks since 
runs 7 and 8 had been performed. Run 13 was carried out to dete r
mine whe ther or not the p-azotoluene content of the starting material 

had inc rea sed. The value of 26.8% obtained for p-azotoluene shows 
that this increase had occurred. 

4) Purified HzT which contained no more than 3% p-azotoluene was u sed 
for runs 14-17. 

5) The numbe rs in parentheses give the percentage composition of the 
total products , other than p-azotoluene, repr esented b y the com
pounds in que s tion. If the data f r om T able XII are us e d, the values 
for o-semidine and p-toluidine would be predicted to lie between 44-
52 a n d 34.5-37.5%, re spectively . These values are subject to un
certainty that arises from a lack of knowledge of the amount of p
azotoluene pr esent in the starting material. 
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14 
HzT was converted to toluene-a - D -l-C • An infrared spectrum , 3 

showed that only trace amounts of hydrogen were present in the methyl ' 

group. No methyl hydrogen signal could be detected by n. m. r. HzT 

which was prepared from this deuterated toluene was rearranged. The 

product yields were determined and are listed in the table below. 

TABLE XIV 

Product Yields from the Rearrangement of p,p'-Ditrideuteromethyl-

14 
hydrazobenzene-4,4'-C 

# p -Azotoluene-% 

18 19.5 

19 20.0 

Ave. 19.75+0.25% 

p - Toluidi ne-% o-Semidine - % 

/ 
28.7 40.3 

29.9 39.9 

29.3+0.6% 40. 1+0. 2% 

The presence of deuterium in the methyl groups of HzT did not affect 

the product dis t ribution. The pseudo first order rate constant for the 

-2 
rearrangement of the deuterated HzT was found to be 1.40 x 10 

- 1 
min. at an acid concentration of O. 0154F . This value is essentially 

the same as that which would be obtained for HzT itself. These results 

show that deuteration of the methyl group has not affected the course 

of the rearrangement of HzT. 

Isolation of an Unknown Product from the Rearrangement of HzT. 

A careful investigation of the p-azotoluene, o-semidine, and pdoluidine 
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fractions obtained from the reaction of HzT revealed the presence of 

an unknown oil. The water solubility of the three main products makes 

their separation possible. p-Azotoluene is completely water insoluble, 

while the o-semidine is soluble in acid, but 'insoluble in neutral or 

basic solution. p-Toluidine has an appreciable water s 'olubilityand 

may be recovered from water by extraction with ether. When the p-

I 
tolui dine fraction was subjected to vacuum sublimation at rqom tem-

perature, a small amount (15-30 mg. from 2.5 g. of HzT) of an oily 

residue was obtained. Infrared spectra of the oil contained a band 

indicative of a conjugated carbonyl group~(1680-l685 cm. -l} and a 

, -1 
doublet of a primary amine (3400-3500 cm. ). The spectra indicated 

that no - p-toluidine or o-semidine was pr esent in the oil. Four C-H 

- 1 
stretching bands occurred between 2840 and 3020 cm. Only one of 

-1 
these bands (2963 cm. ) was not present in the spectrum of p-

toluidine. This band was also absent in spectra of the o-semidine. 

N. m. r. spectra of the oil in carbontetrachloride contained signals 

which indicated thepresence of a number of methyl (or methylene) 

groups. One of these signals was only 9 cps downfield from the refer-

ence band of tetramethylsilane and was ' significantly more important 

than the rest of the signals. No assignment could be made to the 

various signals that were observed. The molecular weight of the oil 

was determined with a molecular weight osmometer and was found to 

be approximately 260. Attempts to hydrogenate the oil and obtain 
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further structural information proved unsuccessful. A control experi

ment in which purified p-azotoluene, p-toluidine, and the o-semidine 

were treated by the same procedure used to isolate the unknown oil 

gave none of the latter product. 
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DISCUSSION OF RESULTS 

OF PART I 

The possibility that the benzidine rearrangement proceeds by 

way of a radical mechanism had never been rigorously investigated 

until the inception of the work described in this thesis. The observed 

intramolecularity of the acid-catalyzed rearrangements of aromatic 

hydrazo compounds has long been thrown up as a barrier to any seri 

ous consideration of a radical process. This barrier is certainly a 

weak one on several counts. The rearrangement products could be 

formed from geminant radical ions which never escape from the solvent 

cage in which they are formed. Furthermore, there is no require

ment that intermediate radicals must couple once they have escaped 

from their initial solvent cage. These "free" radicals might instead 

react with unrearranged starting material to give rise . to the dis

proportionation products that have been observed in a number of 

rearrangements. Many of the arguments that may be raised for and 

against a radical mechanism must remain academic ones until some 

sound experimental evidence can be obtained that will either prove or 

disprove such a process. In this light the initiation of the polymer

ization of a monomer such as acrylonitrile would be an excellent test 

for the presence of intermediate radicals. 
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The observation that the rearrangements of hydrazobenzene and 

of HzT in the pre sence of acryl onitrile (and styrene) do not give rise 

to polymerization certainly does not exclude the possibility that a 

radical mechanism could be operative. As the products that arise 

from the rearrangement of hydrazobenzene (benzidine anddiphenyline) 

are certainly formed by an intramolecular path, the absence of poly-
I 

merization could simply mean that no radicals have escaped from their 

ini tial solvent cage. The case for Hz T must, however, be explained in 

a somewhat different manner. This compound seemed to be an ideal 

one to study. Not only are disproportionation products formed during 

the rearrangement of HzT, but also Carlin reported that there is more 

hydrogen in the products than was present in the starting material. 

The disproportionation products are formed in a 4 to 1 mole ratio 
NH2 

CH,{ >-~-< t 2 

-o-~ !f-If~ CH 
-- HH~-- 3 

+ 

CH~TH 
3~' 2 

3 

CH ~--=N ~H 
~--~ ~-- 3 

(p-toluidine to azotoluene) rather than a 2 to 1 ratio which would be 

4 

1 

required to satisfy the balance of hydrogen between products and start-

ing material. The only likely source of hydrogen other than HzT would 

be the solvent ethanol. If radicals are responsible for the 
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CH~ --H 
~_~ 2 

+ 

disproportionation products, then the HzT system should certainly be 

I 
an excellent one to initiate polymerization. Since the polymerization 

of neither styrene nor acrylonitrile was initiated, the radical mechanism 

seemed on shaky ground. If the disproportionation products had been 

formed in -a 2 to 1 mole ratio, the lack of polymerization would be 

compatible wi th the postulate that HzT is a much better scavenger for 

the p-tolylamino radicals than are styrene and acrylonitrile . These 

monomers should, however, be competitive with ethanol (if the latter 

compound is a source of hydrogen for intermediate radicals) and one 

would at least expect to observe telomer, if not polymer, formation. 

The conclusion may be d rawn that either no free radicals w ere formed 

(and hence the mechanism is not free radical) or that the product 

composition reported by Carlin is i ncorrect. The third alternative, 

that the proposed radical intermediates will not initiate polymerization, 

must be considered, however unlikely it may se~m. Results to be 

discussed below revealed that Carlin's work actually was in error so 

that the scavenging properties of HzT relative to styrene and acrylo-

nitrile could be sufficient to explain the absence of polymerization that 

was observed. 
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As HzT appeared to be a better trap than acrylonitrile or styrene 

for whatever intermediates are formed during the rearrangement, the 

possible requirement that any added scavenger be structurally similar 

to HzT was realized. Phenylhydroxylamine seemed a likely candidate 

for such a scavenger and was interestingly found to have a marked 

effec t upon the final color of a solution of rearranged Hz T. Ins tead of 

\ 
an opaque br own solution, a clear yellow one r e sul ted. The fate of the 

phenylhydroxylamine in this reaction could not be determined, as it is 

unstable under the conditions used to work up the product solution. 

As the p-tolylimino cation (Ill), which would no doubt prefer to 

react with solvent rather than with acrylonitrile, might have been 

responsible for the disproportionation reaction, HzT was rearranged 

in the presence of formic ' acid. As the latter is a good hydride donor 

and as no carbon dioxide was evolved, the p-tolylimino cation must 

not have reacted with solvent if it were ever formed at all. Educated 

Qm 
NH 
+ 

intuition would say that such a species should prefer to undergo an 

electrophilic attack on solvent rather than oxidize HzT. 

When theWur ster base was added as a scavenger, the Wur ster 

cation was formed. As the cation readily oxidizes HzT to azotoluene, 

its formation would not be observed until virtually all of the HzT had 
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rearranged. T he length of the induction period that occurred before 

the blue color of the cation began to develop agreed approximately 

with the amount of time predicted for complete reaction of HzT. No 

conclusion can be drawn as to whether or not intermediate radicals 

o:x,idize the Wurster base, but the results do show that a fourth product 

ha·s been formed from the rearrangement of HzT in addition to the 

three already reported. 

The kinetic and absorption data of Table X show that the rate of 

formation of Wurster 's Blue is increased by both an increase in ionic 

strength and in acid concentr a tion. The amount of the cation that is 

formed is independent of the concentration of the Wurster b ase and 

of the acid concentration, while an increase in ionic strength increases 

the amount of oxidation that occur s. Furthermore, the oxidizing agent 

has been shown to be unstable in acid solution. The reaction scheme 

given below (Fig. XX) may be used to discuss these observations. 

F I GURE XX 

1YB 
W.B. No Reaction 

~ 
:> 

A~ 
W.B. ~ [ C .... W.B.] 

W.B. 
C ' + W.B.+ + W.B. C :> 

1 
E H+ 

D W.B. No Reaction 
) 
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There are at least two paths by which the unknown oxidizing 

agent (C) or its precursor can react, as the amount of Wurster's Blue 

(W.B. +) that is formed can be varied with a change in ionic strength. 

If C were to be formed directly from HzT, the extent to which it could 

decompose by any particular path, including the oxidation reaction, 

would d epend on the concentration of the Wurster base' (W.B
1
,). As 
, 

the amount of the observed oxidation is independent of the cdncentration 

of the Wurster base, there must be a precursor (A) of C which has at 

least two modes of reaction (including formation of C). The observa -

tion that the amo unt of Wurster's Blue and hence the amount of C that 

is formed is independent of the acid concentration indicates that all of 

the paths by which A may react ha~e the same dependence upon hydro-

gen ion concentration. As the 6xidizing agent has been shown to be 

consumed in acid solution (at a rate which is competitive with but 

slower than the oxidation of the 'Wurster base) in the absence of the 

Wurster base, there must be some method other than reaction with 

the latter compound by which it could disappear (such as formation of 

D). However, when the Wurster base is present, this additional mode 

(or modes) of reaction cannot be competitive with the oxidation process. 

Otherwise the extent of the Wurste r 's Blue formation would be dependent 

upon the concentration of the Wurster base. If, however, the Wurster 

base, which is present in large ex cess, complexes all of C [ C<-W.B. J , 

the oxidation of the former compound could be the only reaction path 
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available to the latter one. If this complex decomposed directly into 

the Wur ster cation and C I, the rate of formation of the cation would 

be independent of the concentration of the Wur ster base. Since this is 

not the case, the complex is shown (in Fig. XX) to be reacting with an 

additional molecule of the 'Wurster base in the slow step of the overall 

sequence. To satisfy the observed acid catal ysis, a proton is also 

I 
inserted in this final step. This whole scheme is far from ': being a 

, 

simple one and is certai n l y not proposed as an unequivocal answer to 

the question of the process of the formation and destruction of the 

unknown oxidizing agent., Perhaps the most important conclusion that 

can be reached from all of these data is that the unknown oxidizing 

agent is formed from a product of the rearrangement of HzT rather 

than di rectly from HzT itself. 

In an attempt to explain the origin of the unknown oxidizing agent 

and of the imbalance of hydrogen between products and starting 

material, the idea was advanced tha,.t two caged p-tolylamino cation 

radicals could disproportionate to give p-toluidine and p-benzoquinone 

imine methide (II). The latter compound or a derivative of it could be 

+ + 2H+ 

II 



106 

the unknown oxidizing agent. If II were reduced to p-toluidine by some 

compound other than HzT, the problem of the imbalance of hydrogen 

would also be solved. 

If the oxidizing agent were a derivative of II, p-aminobenzyl 

alcohol or its ethyl ether would be a likely candidate for this derivative. 

However, p-aminobenzyl alcohol was found to be stable in the presence 

! 
of the Wur ster base. A number of reactions such as n eutralization of 

the hydrochloride of p-aminobenzyl chloride and solvolysis of p-

aminobenzyl acetate (and tosylate) were carried out in an attempt to 

produce the desired p-benzoquinone imine methide and show that it 

would oxidize the Wurster base at the same rate as the unknown oxidiz-

ing agent. The failure of these experiments to produce the desired 

II 

results could just as well have been an indication that direct generation 

of II had not been accomplished as it could have b een proof that II was 

not r ela ted to the unknown oxidi zing a gen t. 

To reduce II to p-toluidine, an atom of hydrogen from the reducing 

agent must be incorporated into the methyl group of p-toluidine. Ac-

cordingly, rearrangement of HzT in ethanol-O-D should have given rise 
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to p - toluidine with deuterium in the methyl group if the proposed 

reduction had been operative. As no deuterium was incorporated, 

the conclusion was reached that if p-benzoquinone imine methide is 

the unknown oxidizing agent, its r educ tion product could not be p-

toluidine. 

The possibility that p-tolylhydroxylamine could be tRe unknown 

I 
oxidizing agent was ruled out by the very slow formation oi"Wurster's 

Blue that occurred in the presence of the former compound. 

All of the results that had been obtained from the HzT system 

cast doubt upon the validity of C arlin's spectrophotometric data. 

While repetition of C arlin's work gave good agreement with his results, 

the isotope dilution experiments showed that there was an inherent 

error in his spectrophotometric procedure. The rate data are valid, 

but the product data are not. p-Toluidine, p-azotoluene, and the 0-

semidine were found to account for 90% of starting material rather 

than 100%, the difference being that p-toluidine accounted for about 

30% of starting material rather than 40%. The isotope dilution and 

ultraviolet data were in rather good agreement for p-azotoluene and 

the o-semidine. The results obtained from the tracer experiments are 

felt to be unequivocal. T he data obtained for p-toluidine are certainly 

beyond doubt as this compound was counted both as the ,free base and 

as its derivative, p-acetotolUide. The data obtained for the two com-

pounds were in good agreement. 
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The 10% of starting material that is not accounted for by the 

known products must certainly be related to the unknown oxidizing 

( 
-4 

agent. In run number 8 Table X) approximately 1.2 x 10 moles of 

Wurster's Blue was formed. This number corresponds to about 8.5% 

(mole percent) of starting material if the unknown is assumed to be a 

two electron oxidant. Perhaps under the proper conditions the oxidiz
I 

ing agent could account for the entire 10% of HzT which does not give 

rise to p-toluidine, p-azotoluene, and the ci-semidine. 

A number of rearrangements of radioactive HzT were carried 

out in the presence of compounds which had been added in an attempt 

to alter the cour se of the product-forming steps of the reaction (Table 

X III). Neither p-toluidine nor the o-semidine had any important effect 

upon the product distribution. The p-azotoluene yield was somewhat 

higher than usual in the o-semidine runs but this observation can be 

readily explained. The o-semidine should be a sufficiently strong 

electron donor to be susceptible to attack by the unknown oxidizing 

agent. The probability for this attack to occur would be much higher 

in the experiments in which a large excess of the o-'semidine had been 

added than in those reactions in which the only source of the o-semidine 

was the rearranging HzT. The oxidized 0- semidine would not be stable 

and might well oxidize unrearranged HzT to p-azotoluene. I n this 

manner an increased amount of p-azotoluene would ,be produced. 

I n one experiment the Wurster base was added after 5-6 half lives 
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of reaction of HzT. Wurster1s Blue was formed as usual, a fact which 

showed that the oxidizing agent had been reduced. The formation of 

p-toluidine was unaffected by the reduction. This experiment simply 

confirms the earlier results which showed that the oxidizing agent is 

not reduced to p-toluidine. 

The rearrangements of radioactive HzT that were carried out in 
I , 

the presence of an excess of hydrazobenzene resulted in dec',reased 

formation of p-azotoluene. This result may be explained in one of 

two ways. Hydrazobenzene either traps an intermediate oxidizing 

agent that is responsible for p-azotoluene formation, or it reduces 

p-azotoluene back to HzT. Both of these processes would cause an 

increased percentage of HzT to react to give the o-semidine, p-

toluidine, and the unknown. Accordingly, an increased yield of these 

compounds would be (and actually was) observed. As HzT reacts 

at least 100 times as-rapidly a3 hydrazobenzene under the conditions 

employed (2,7), only a few percent of the latter compound will have 

rearranged when the inactive diluents are added. If reduction of 

radioactive p-azotoluene by hydrazobenzene were responsible for 

the decreased yield of the former compound, the unlabeled p-azotoluene 

which had been added as diluent should also be reduced. This reduc-

tion would result in the formation of unlabeled HzT and accordingly 

more unlabeled p-toluidine and o-semidine would , be present than had 

been added (as diluents). The net result would be a low calculated 
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yield of p - toluidine and o-sernidine. In actuality, the percentage of 

HzT that rearranged to p-toluidine and the o-semidine (and the unknown) 

was unaffected by the addition of hydrazobenzene. These results "Show 

that not only is p-azotoluene formed by the intramolecular attack of some 

intermediate that is produced during the rearrangement of HzT, but 

also this oxidizing agentis not a precursor of the one that is reduced 
I , 

by the Wurster base. Although the conclusion is not unequivocal, the 

results strongly indicate that the o-semidine and the unknown (more 

probably its precursor) are formed by intramolecular processes. 

The formation of azo compounds during the rearrangement of 

hydrazobenzenes is most easily envisioned as proceeding by an inter-

mol ecular path. However, until the above - described work had been 

performed, only one piece of experi mental evidence existed that might 

be interpreted as actual proof of such a process. Krolik and Luka-

shevich (49) prepar ed hydrazobenzene dihydrochloride by pas s i ng dry 

hydrogen chloride through a solution of hydrazobenzene in ether. 

When the salt was treated with o -hydrazoanisole (the conditions of 

this reaction 'are not given), azobenzene and anisidine were formed. 

Perhaps o-hydrazoanisole underwent an acid-catalyzed decomposition 

into fragments which reacted with hydrazobenzene to give the observed 

products. 

While Carlin 1 s product da ta have been found to be in error, the 

isotope dilution experiments have shown that the p-toluidine to 
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p-azotoluene weight ratio is still larger than the 1 to 1 value that 

would b e required to satisfy the stoichiometry of a disproportionation 

reaction. The excess of p-toluidine appear s to be related to the 

unknown oxidizing agent since there is apparently a balance of hydrogen 

between products and starting material. This excess of p-toluidine 

is at the same time probably unrelated to the p-toluidine a nd p-

I 
azotoluene that are formed by a normal disproportionation reaction. 

The fact that the oxidizing agent is not reduced to p-toluidine says 

nothing about the possibility that p-toluidine might be formed by dis-

proportionation of two p-tolylamino cation radicals. The data show 

only that if p-benzoquinone imine methide or some derivative of it 

is formed, that the product of its reduction is not p-toluidine. To 

determine whether or not p-toluidine is in part formed by dispropor-

tionation of p-tolylamino radicals, p, p' -di trideuteromethylhydrazo-

benzene was rearranged. As the yields of the various products were 

not affected by the deuterium, the conclusion may be drawn that the 

propos e d disproportionation reaction is not operative. A sizeable 

isotope effect on the product forming steps of the reaction should 

have been observed if one of the se steps involved abstraction of 

hydrogen from a methyl group. 
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A careful product investigation was carried out in an attempt 

to isolate some compound that would be related to the unknown oxidizing 

agent. An unknown oil that was isolated was found to have an amino 

group and a conjugated carbonyl group. The molecular wei ght of the 

oil (ca. 260) showed that it was at lea st equivalent to a molecule of 

HzT (whose molecular weight is 212). The n. m. r. spectra of the oil 

showed the presence of a very high field resonance that was only 9 cps 

downfield from the reference band of tetramethylsilane. The hydrogen 

of this group was clearly present i n a greater amount than the hydrogen 

of any other group of the unknown oil. Aromatic 'and probably v i nyl 

protons as well as several methyl (and methylene) groups were 

indicated. The purity of the oil was no t known and the v ery strong 

possibility exists tha t more than one species and even polymer were 

present in the various samples of the oil that were studied. An ultra-

violet spectrum of the oil wa s rather similar to that of p-toluidine 

with only a weak maximum at 3000 A (with a very long tail) and a much 
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o 

stronger one at 2325 A A po s sible structur e for the oil is shown 

below. This compound could obviously not account for all of the oil. 

NH2 o 

It does, however , contain a conjugated carbonyl and a primlry amino 

group. The methyl group of the dieneone ring could be responsible 

for the high field n. m. r . signal. This group would be near to, but 

well out of, the plane of the aromatic ring. As benzene and other aro-

matics have a large diamagnetic susceptibility perpendicular to the 

ring, the methyl group could be subjected to considerable diamagnetic 

shielding and might thus be shifted to high field relative to the normal 

methyl resonance position (50). A number of objections might be 

raised as to the validity of the proposed structure. If is certainly 

inconsistent with the complete n.m.r. specttum, the molecular weight 

that was determined, and the ultraviolet spectrum of the oil. (An 

unsaturated ketone would have been expected to absorb strongly around 

3000 A.) The proposed structu re, however, does serve as a guide 

for further speculation and also presents an explanation of the origin 

of the high fie l d signal that was observed. 

T he evidence that has already been discuss ed i ndic ated that the 

unknown product of the rearrangement is formed by an intramolecular 

process. This conclusion, whi ch is far from being unequivocal, was 
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based on the observation that the presence of hydroazobenzene does 

not affect the formation of a fourth compound (in addition to the reported 

products) from the rearrangement of HzT. This compound or a 

derivative of it has been shown to possess rather strong oxidizing 

properties. The very strong possibility exists that the unknown com-

ponent of the rearrangement is formed by coupling of the para carbon 

atoms of HzT. 

+ 
NH

Z 

The steric origin of the high field methyl group is accounted for by 

the resulting compound as 1S the saturation necessary for oxidation 

of the Wurster base. The aromatic ring which has been postulated 

as the cause of the diamagnetic shift of the methyl group could result 

from a dieneimine rearrangement which is analogous to a dieneone 

rearrangement. Furthermore, hydrolysis of an imine group could 

give rise to the conjugated carbonyl group whose presence was indicated 

by infrared spectra of the unknown oil. 

The proposed coupling at substituted para positions has a number 

of good precedents. In Jacobson ' s ( 1) summary of the rearrangement 

of hydrazobenzenes are included examples in which benzidines 
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(para-para coupling products) are formed from para-substituted 

hydrazobenzenes. Chlorine, bromine, iodine, and carboxyl are among 

the groups which have been displaced. The only factor which would 

hinder the para-para coupling in HzT (relativ e to hydrazobenzene) 

would be a steric one. T he electron density a t the para carbon atoms 

would certainly not be decreased by the presence of a methyl group. 
! 

The rearra ngements of d euterium substituted hydrazobenzerie (see 

pp. 23 - 24 ) that were performed by H ammond and Ingold showed 

that carbon-carbon bond formation is irreversible. Thes e experiments 

also showed that tautomerization (to give an aromatic ring) does not 

occur simultaneously with the carbon-carbon bond formation. As a 

+ + 
.NH .NH 

02~~, 
vv~ 

R 

H H 

+ + 

I f;' 
-----~-

consequence of these observations the conclusion may be drawn that 

coupling at the para carbon atoms of HzT shoul d not b e hindered by 

the inability of the coupling product to tautomerize t o an aromatic 

compound. 
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The original work of Carlin on HzT seemed to be rather 

straightforward. The important observati on was made that p-toluidine 

and p-azotoluene formation are subject to the same rate law as is 

o-semidine formation. The work described in this thesis shows that 

in reality the HzT system is far from straightforward and that 

Carlin's values for the yield of p-toluidine are in error. T¥s latter 

result, however, should not render invalid the conclusion that the 

disproportionation reaction follows the same rate law as the o-semidine 

rearrangement. Carlin's work left unansw ered the question of the 

cause of the high p-toluidine to p - azotoluene ratio. The results described 

in this thesis show the actual ratio to be, lower (3:2 by weight) than 

reported by Carlin (2: 1), but still to be higher than the value that would 

be predicted for a stoichiometric disproportionation (1: 1). The origin 

of the exces s of p-toluidine remains unexplained, although it is 

probably related to the unknown component(s} of the rearran:gement 

and not to the disproportionation reaction. 

While thi-s study of Hz T has yielded much new informa tion, it 

has done little to push aside the barriers that surround the transition 

state of the benzidine rearrangement. The failure of atte.mpts to 

detect intermediate radicals by EPR and to produce benzidine from 

phenylamino cation radica ls , is no more a proof of the nonexistence 

of a radical mechanism than it is of its existence. In fact, the only 

result of this work that may be used to interpret the mechanism is the 
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observation that the disproportionation reaction is intermolecular. 

The only logical candidate for the species that oxidizes HzT would be 

the tolylamino radical. This proposal is an old one but has been 

perhaps somewhat strengthened by the above-described results. 
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RESULTS OF PART II 

Rearrangement of p-Aminohydrazobenzene. p-Aminohydrazo-

benzene was found to react instantaneously in acidic ethanol at zero 

degrees. Only disproportionation products were apparently formed 

and no compound such as 4,4'-diaminodipheny1amine (a p-se1midine) 

could be isolated. 

Kinetic s of the Rearrangement of HzA. The rearrangement of 

HzA was carried out in ethanolic hydrogen chloride (95% ethanol) and 

was followed by titration of unreacted HzA with aqueous solutions of 

Bindschedler's Green. The rate data were fi t: - to a first order plot. 

The results are given in the following table. 

TABLE XV 

Rate D ata Obtained from the Rearrangement of H zA at 40.2-40.5° 
in 95% Ethanol Solution 

# [ H +] xl0 2 
[ H+] x 10

2
(1) 

k x 10
4

(2) k x[H+] xl0 6 
2 half life 

0 . . _ ~l o c-1 ux10 (3) 
in hours c ·mln. mln. 

1 1.47 1. 14 5.50 6.26 L94(4) 21. 0 

2 2.94 2.61 2. 10 5.50 10.0(4) 55.0 

3 2.94 2.61 2.49 6.50 10.0 46.3 

4 1.47 1. 13 5.50 6.21 10.0 21.0 

5 4.42 4.08 1.67 6.83 10.0 69.2 

6 2.21 1. 88 3.30 6.20 10.0 35.0 

7 1.00 0.67 8.71 5.84 10.0 13.3 

8 2.94 2.61 2.32 6.05 10.0(4) 49.7 

9 1. 47 1. 14 4.90 5.59 1. 94(4) 23.5 

Ave. 6.11 + 0.37 
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1) The added hydrogen ion concentration was corrected by assuming 
that HzA was virtually completely diprotonated in all runs. 

2) "k" is the observed first order rate constant. 
3) "uR" refers to the ionic strength. 
4) Lithium chloride was added in runs I, 2, 9, 10. Lithium per

chlorate was added in the other five runs. 

A rearrangement was carried out at an added acid conientration 

-2 " : -1 
of O. 002F. The observed rate constant was 1. 84 x 10 min.' , 

which corresponds to a half life of 37.6 minutes. 
+ 

"k x [H ] " 
o c 

could not be cal culated as a lack of knowledge of the equilibrium 

constants for the protonation of the "amino groups of HzA prohibited 

determi nation of a corrected hydrogen ion concentration ( [H +] ). 
c 

While the data are not very accurate, the rate of rearrangement 

clearly exhibits an inverse dependence upon hydrogen ion concentra-

tion. The maximum deviation of observed rate constants is greater 

than five-fold while the maximum deviation of the corrected rate 

constants is only about 200/0. The average deviation of the corrected 

rate constants is approximatel y 60/0. The inability to obtain highly 

reproducible rate data is a consequence of the kinetic procedure. 

Exact endpoint determination is difficult as the color of the solution 

changes from the yellow of m-azoaniline to the green of Bindschedler's 

Gr een. Mor eover, the titrant solution is not completely s table over 

the period of time required for determination of the rate data. 

If variation of the ionic strength has affected the rearrangement, 
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the effect is within the experimental error of the rate data. 

15 15 
Total N Content of HzA and N Content of the Hydrazo Linkage. 

The analytical procedure that was used involved conver sion of the 

nitrogen of the various samples to ammonia. The ammonia was trapped 

in dilute hydrochloric acid and was then oxidized to nitrogen with 

sodium hypobromite. The nitrogen was analyzed with a mass ~pec-

trometer. 

15 
The total amount of N that was incorporated into m-nitro-

aniline (and consequently into HzA) was determined. To eliminate 

any ambiguity that might result from incomplete conver sion of the 

nitrogen of m-nitroaniline, the latter compound was c;:onverted to m-

phenylenediamine. As both nitrogen groups of m-phenylenediamine 

are equivalent, incomplete conversion to ammonia could not confuse 

the results. The values that were obtained are listed in Table XVI. 

28 
The attenuation of the mass spectrometer was set at ten for the N 

29 30 
and N peaks and at three for the N peak. 

TABLE XVI 
15 

N Content of m-Nitroaniline and m-P henylenediamine. 

# 

1 

2 

3 

4 
5 

6 

Sample 

m -ni troaniline 

" 
m-phenylenediamine 

" 
" 
" 

Ave. 

% N
15

(l) 
15 

Atoms ofN per Molecule 

24.5 0.480 
24.3 0.486 
24.8 0.496 

24.9 0.498 
24.2 0.484 
24. 5 0.490 

24.5 + 0.2 0.491 + 0.006 

1) Thi s refer s to the percentage compo si tion of the total nitrogen of the 
molecule that is represented by N 15. 
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15 
As the N content of m-nitroaniline and m-phenylenediamine 

was found to be the same, the Kjeldahl procedure used to decillY.lpose 

m-nitroaniline may be assumed to be adequate. 

Three different reductions CA, B, C) of labeled m-nitroaniline 

to HzA were carried out. In one of these '{Synthesis B) no HzA formed 

and only m-azoaniline could be recovered from the synthetic mixture. 

I 
Some of the HzA obtained from Synthesis A was rearranged for '· one 

half life. The unreacted HzA was oxidized to m-azoaniline which was 

recovered and purified. m-Azoaniline was isolated from the product 

solution of Synthesis A. A sample of the HzA obtained fron Synthesis 

C was oxidized to m-azoaniline. All of the m-azoaniline samples 

15 
were deaminated to azobenzene and the N content of the latter com-

pound was determined. The results that were obtained are listed in 

Table XVII. 

15 
The N of the hydrazo linkage of the sample of HzA that was 

15 
rearranged to 50% completion is given by the N content of samples 

7 -10. The value of 97.3 atom percent is essentially the amount of 

N
15 

that should be present (ca. 98.0%) in the hydrazo linkage had no 

shuffling occurred during electrolytic reduction of m-nitroaniline-

15 
N OZ. This result shows that no equilibration of the nitrogen groups 

of HzA had occurred prior to its rearrangement. 

15 
As the N content of the azo linkage of the various samples of 

azobenzene is in mo st cases lower than the total possible content, 
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TABLE XVII 

15 
N Content of Azobenzene Obtained from Deamination of m-

Azoaniline. 

# 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

Sample 

Azobenzene 

II 

" 
" 

Azobenzene 

" 
" 

Azobenzene 

" 
" 

" 

Azoben zene 

" 

" 

A v e. 

Ave. 

Ave. 

Ave. 

(J/ 15 
10 N 

48.3 

49.6 

48.8 

47.9 

48.7+0.5 

44.9 

45 . 8 

45.5 

45.4+0.3 

47. 1 

47.2 

47.4 

48.6 

47.6+0.5 

46.5 

46.8 

47.2 

46.8+0.2 

Atoms of N
15 

per Molecule 

0.966 

0.992 

0.976 

0 . 958 

0.973+0.009 

0.898 

0.916 

0.910 

0.908+0.007 

0.942 

0.944 

0.948 

0.972 

0.951+0.01 

0.930 

0.936 

0.944 

0.937+0.005 

Source 

A 

" I , 

" 

" 

" 

B 

" 
" 

" 

C 

" 

" 

1) "A I " refers to the m-azoaniline recov ered from the product 
solution of Synthesis A. 
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some shuffling of the label must have occurred during the electrolytic 

reductions. 
15 

The difference of the N content of the samples obtained 

from sources A and Al indicates that HzA is formed by some path 

other than, or in addi tion to, dir ec t r educ tion of m -azoaniline. The 

mass spectrometer was attenuated at ten for all three nitrogen peaks. 

30 
As the N peak of the ni t rogen of m-nitroaniline (and m -phenylene-

diamine) was attenuated at three, a small error could result in the 

15 
comparison of the N content of azobenzene with that of m -nitr oaniline. 

15 
N Content of 2, 7-Diaminocarbazole that was Obtained from 

the 2, 2'-Diaminobenzidine Formed during the Rearrangement of 

15 15 . . . 15 
HzA-N H-N H- at Dlfferent ACJ.d Concentrations. HzA-N H-

15 
N H- was rearranged at four different acid concentrations . The 

solvent was removed after 5-6 half lives of reaction (as determined 

from the kinetic data of Table XV) and the residue was converted to 

2,7 -diaminocarbazole. 
15 

The N content of the carbazole was deter-

mined. The mass spectrometer was attenuated at ten, ten, and three 

28 29 30 32 
for the N N, and N peaks, respectively. The 0 peak for 

all samples investigated was attenuated at three. The results that 

were obtained are listed below in Table XVIII. 

Kinetics of the Rearrangement of m-Chloro, m '-aminohydr azo-

benzene. m-Chloro, m '-aminohydrazobenzene was prepared by re-

duction of the corresponding azobenzene with hydrogen and platinum 
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TABLE XVIII 

15 
N Content of 2, 7,..Diaminocarbazole Samples 

Rearrange- Sample Syn- [ H zAJ [ H+J A to ms f 15 
0/. 15 

o N 
ment No. No. the si s x 103 total oN per Mol ecule 

1 21 A 1. 12 0.00200 26.7 0.801 

" 22 " " " 26.9 0.807 

" 23 " " " 27.3 0.8~9 

" 24 " " " 26.8 0.804 

" 25 " " " 26.4 0.792 

Ave. 26.8+0.2 0.805+0.007 

2 26 C 1. 14 0.00200 27. 0 0.8 10 
" 27 " 11 " 27. 1 0.813 
" 28 " 11 " 27.2 0 . 8 16 
11 29 II II " 26.2 0.786 

Ave . 26.9+0.3 0.806+0.010 

3 30 A 1. 17 0 . 0100 26.6 0.798 
II 3 1 11 11 " 26.5 0.795 

Ave . 26.55+0.005 0.797+0.00 1 

4 32 A 1. 10 0.0 100 26.2 0.786 
11 33 11 11 " 26.6 0.798 
II 34 11 11 " 26.7 0.80 1 

Ave. 26.5+0.2 0.795+0.006 

5 35 C 1. 12 0.0200 26. 1 0.783 

" 36 I " II " 26.2 0.786 
11 37 11 " " 26.7 0.80 1 
11 38 11 " " 26.0 0. 7 80 
11 39 11 " " 25.3 0.759 

Ave. 26.ltO;3 0.782+0.010 

6 40 C 1.13 0.0200 26. 1 0.783 
11 4 1 " " " 26. 1 0.783 

Ave. 26. ltO. 00 0.783+0.000 
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TABLE XVIII (continued 

Sample Syn - [ HzAJ [ H+ ] 15 
Rearrange-

a;. 15 
Atoms ofN 

ment No. No. thesis x 103 total oN per Molecule 

7 42 A , 1. 17 0.0400 25.5 0.765 

" 43 If If If 25.9 0.777 

" 44 11 " 11 25.5 0.765 

" 45 " " " 25.8 0.774 

" 46 " " 11 25.5 0.765 

Ave. 25.6+0.2 0.769+0.005 

B(l) 
I 

8 47 1.09 0.0400 25.3 0.759 

" 48 11 " " 25.3 0.759 

Ave. 25.3+0.0 0.759+0.000 

1) m-Azoaniline was reduced to HzA with hydrogen and platinum 
dioxide. 

dioxide or wi th zinc and acetic acid. The hydrazo compound was 

rearranged at 40 0 and at 60 0
• At the former temperature the rear -

rangement was followed by titration with Bindschedler's Green and 

o 

at the latter by observation of the change in absorption at 2450 A. 

The rather crude rate data that were obtained at both temperatures 

(Table V show ' tha t the rate of the rea rrangement is independent 

of the acid concentr a tion within the limits of the experimental error. 

All attempts to convert the product of the rearrangement to 

2,7 -diaminocar bazole failed. 
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DISCUSSION OF PART II 

The mechanism of an organic reaction may be placed into one 

of two general categories (excluding tunneling). Either the product 

of the reaction will be formed in the same step as that in which the 

sta r ting material disappears (a concerted mechanism), or i n unstable 

intermediate will be produced which can be converted into the stable 

product of the reaction. If the ,existence of an intermediate can be 

proved, a concerted mechanism can be automatically eliminated from 

consideration. However, a concert'ed mechanism is not proved by 

the failure to identify a reaction 'intermediate. The possibility must 

be considered, howev er unlikely it may seem, that there is no such 

thing as a concerted mechanism. Reactions whose mechanisms have 

been defined as concerted may instead involve the formation of inter-

mediates so unstable that they defy detection. 

The benzidine rearrangement has long existed in a class of 

its own. While a great deal of shouting has been done for and against 

a concerted mechanism, the cautious chemi st has long realized that 

nei ther he nor anyone el s e know s the mechani sm of the benzidine 

rearrangement. Extreme ly frustrating to the pragmatic chemist is 

the realization that no one (at least in recent years) has attempted to 

prove the existence of the intermediate which he has proposed. A 

very legitimate stumbling block to the investigation of the presence of 
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an intermediate has been the lack of a system which might be un-

equivocally studied. 

Amino-substituted hydrazobenzenes present very interesting 

possibilities for the detection and description of an intermediate. 

The system that was f ound to be most convenient for study was that 

of m-hydrazoaniline (HzA) . The information that might be obtained 

I , 
from an investigation of the rearrangement of HzA which cohtains 

15 . 
N in the hydrazo linkage (or in the amino groups) may be illustrated 

by use of the heterolytic (16) and homolytic mechanisms. 

The "n-complex" of the heterolytic mechanism i s composed 

of one symmetrical and one unsymmetrical fragment. If the complex 

is not completely rigid, i t s equilibration with starting material will 

be accompanied by shuffling of the label throughout the various nitro-

gens of the molecule. Both starting material and products would show 
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15 
a high (or perhaps complete) degree of randomization of the N • 

The homolytic mechanism predicts somewhat different results. 

Both fragments of .the proposed complex would be completely sym-

metrical. As the complex is not necessarily equilibrated with start-

15 
ing material, randomization of the N would occur only in the products. 

In the discussion of these two mechanisms the transition state 

has been assumed to consist of a diconjugate acid of HzA. if both of 

the amino groups ar e protonated under the conditions of the ·r earrange-

ment, an actual zero order dependence of the rate upon the hydrogen 

ion c oncentration should be observed. When the kinetics of th e rea r-

rangement were investigated, the rate wa s found instead to be inversely 

proportional to the_.hydrogen ion concentration. Consequently, a mono -

conjugate acid of HzA, rather than a diconjugate acid, is involved in 

the transition state of the rearrangement. Mixed order dependence 

upon hydrogen ion concentration has been observed in the case of 0-

hydrazotoluene J33) while mixed and c omple te fir st order have been 

reported for several naphthylhydraz:o systems ( 11). HzA is, however, 

the first hydrazobenzene that has been found to rearrange to benzidine 

products by way of a transition state that involve s only a monocon-

jugate acid of the hydrazo compound . 

If HzA is not a bastard hydrazo compound which rearranges 

by a unique process, the complexion of the heteroly tic a nd homolytic 

mechanisms, as w ritten above, must be changed. As both of the se 
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mechanisms have been discussed at some length in the historical 

section of this thesis, a repetition of arguments will be avoided. 

Suffice it to say tha t the h eterolytic mechanism would no longer requir e 

shuffling of the label in starting material as li n - complex" formation 

could be rate determining. Moreover, if a radical complex is formed 

which consists of a neutral and a positively charged radical, complete 

! 
randomization of the label need not occur in the product ben'zidine. 

In fact, there is no real distinction between the li n -complex" proposed 

by Dewar and a singly-charged complex of phenylamino radicals. 

An additional ambiguity of the HzA system that must be recog-

nized is the fact that diphenyline formation (which arises from coupling 

of ortho a nd para carbon atoms) cannot be distinguished from benzidine 

formation. The two compounds are in this case structurally identical. 

Thus ortho coupling could be a result of diphenyline formation or of 

benzidine formation from an intermediate in which the ortho and para 

carbon atoms ar e equivalent. 

While the above observations detract somewhat from the beauty 

of a study of HzA, there are other features which made this an ex-

tremely interesting a n d simple one to 'investigate. The synthesis of 

15 15 
HzA-N H-N H- wa's straightforward. 
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:::E_l_e:-c_t_r-;o_l Y,---ti_c_:> 
Reduction 

15 
The N content of the hydrazo linkage and consequently of the amino 

groups was readily ascertained. 
15 

Determination of the N content of 

each of the amino groups of the rearrangement product (Z, Z'-diamino-

benzidine) was also quite straightforward. Z, Z'-Diaminobenzidine 

was converted to 2,7 -diaminocarbazole by displacement of one half of 

the ortho amino groups of the benzidine. 

If kinetic isotope effects on the ring closure are ignored, the differ-

15 
ence between the N content of the carbazole and of the benzidine 

15 
corresponds to one half the N content of the ortho amino groups. 

15 
Consequently, the N content of the para amino groups is also 

determined. 

15 15 
When HzA-N H - N H- was rearranged to 500/0 completion, 

the hydrazo linkage of the recovered starting material (recovered as 
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m-azoaniline) was found to have lost none of its N
15 

content. This 

result requires that any symmetrical reaction intermediate, if present, 

be formed during (or perhaps after), but not prior to, the rate-

determining step of the rearrangement. 

15 
If HzA rearranged with 100% para coupling, all of the N of 

the hydrazo linkage would be retained in the diaminocarbazole which 
! 

is formed from the rearrangement product. If 100% ortho G:oupling 

occurs, the diaminocarbazole would contain only 50% of the N
15 

of 

the hydrazo linkage. The exact values that would be observed for these 

limiting cases can be predicted from the data in Tables XVI and XVII. 

15 
A maximum of 0.98 and a minimum of 0.49 atoms of N per molecule 

of diaminocarbazole is calculated for the respective cases. The former 

value would be somewhat lower and the latter somewhat higher as a 

consequence of the small amount of shuffling that occurred during 

15 
reduction of m-nitroaniline-N OZ. The results that are given in 

Table XVIII are clearly intermediate to the values that are calculated 

for the two extreme cases. 

The most striking feature of the data of Table XVIII is the 

decrease In the N
15 

content of Z, 7-diaminocarbazole that accompanies 

an increase in acid concentration of the rearrangement solutions. The 

number of atoms of N
15 

per molecule of Z, 7 -diaminocarbazole can be 

used to express the amount of ortho coupling that has occurred in the 

formation of Z, Z'-diaminobenzidine. The latter expression should 
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enable a more meaningful description of the course of the rearrange-

mente The following calculations illustrate the manner in which the 

degree of ortho coupling was determined. The difference b etween the 

15 . 
N content of the hydrazo linkage as given in Table XVII and the total 

15 15 
N content of HzA (taken as 0.980) was taken as the amount of N In 

the meta amino g roups. 

Synthesis A: 

0. 003 0.003 H 
N M rc H rl2 . 

Cr-~ I -N-0_' ~ ~ f _ 
2 

0.974 

Limits 

Let 

A. If all para coupling occurs, 0.974+0.003 atoms of 
15 . 

N would be incorporated in the carbazole. 

Total = 0.977. 

B. If all ortho coupling occurs, Q. 487+0.006 atoms of 

N
15 

would be incorporated in the carbazole. 

Total = 0.493. 

x = fr ac tion of HzA which rearranges to para coupling 

products 

y = fr action of HzA which rearranges to ortho coupling 

products 

NH2 
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Let 

z = the observed atoms of N
15 

per molecule of 

Then 

diaminocarbazole 

0.977(x) + O. 493(y) = z 

0.977(l-y) + 0.493(y) = z 

y = 0.977-z 

0.484 

For Synthesis B 

For Synthesis C 

y = O. 966-z 

0.462 

y = O. 958-z 

0.466 

(5) 

~) 

(7) 

The data calculated with these formulae are presented in the 

following table. 

TABLE XIX 

Percent Ortho Coupling Obtained at the Four Acid Concentra tions 

Rearrangement Sample 
[H+Jc(l) 

Percent O rtho 
No. No. Synthesis Coupl ing (2) 

1 21-25 «0.002 A 35.7 

2 26-29 «0.002 C 33.9 

3 30 -31 7.66x 10 
-3 

A 37.6 

4 32-34 7.80x 10 
-3 

A 37.6 

5 35-39 1. 78x 10 
-2 

C 39.2 

6 40-41 1. 77x 10 
-2 

C 39.2 

7 42-46 3.77xlO 
-2 

A 43.2 

8 47-48 3.77x10 
-2 

B 44.8 
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The added hydrogen ion concentration was c orrec ted by assuming 
that HzA was completely diprotonated in all runs except the two 
at the lowest acidity. 
The IIZII v alues used to calculate the percent ortho coupling were 
based on the average values of the percent of N 15 in the total 
nitrogen content of Z, 7 - diaminocarbazole. {See column 4 of 
Table XVIII.) 

The amount of coupling of the ortho carbon atoms of HzA that 

I 
occurs in the formation of Z, Z'-diaminobenzidine is seen to;increase 

as the acidity of the rearrangement solution is increased. Of the four 

acid concentrations studied, three lie in the acidity range used to 

determine the acid dependence of the rearrangement rate. As a vari-

ation of hydrogen ion concentration affects the product-forming step 

of the rearrangement, but not the rate-determining step, the two 

processes must be different. Consequently, a metastable inter-

mediate must be formed during the rate-determining step of the rear-

rangement. This intermediate can either collapse directly to product 

or it can be protonated with subsequent product formation by a path 

which does not require proton attack. 

[ Intermedia te ] 
k 

Benzidine 

k' 1 H+ 

Benzidine 

Since the rearrangement of HzA involves an intermediate, it 

can obviousl y not be concerted. The task then remains to describe 
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the intermediate. Approximation of the corrected acid concentration 

for the rearrangements carried out at an added acid concentration of 

0.00200F should prove instructive. An upper limit for this value may 

be calculated from the equation derived by the following procedure . 

+ Kl 
B + H < > 

+ + 
BH + H 

K2 :" ++ 
"" BH2 

-dB 
dT 

Product 

+ ' ++ 
= [ BH ] + [ BH 2 ] 

(8) 

(9) 

In these equations "B" refers to HzA. "K " is the sum of the equi-
1 

librium constants for the formation of the monoconjugate acids of 

+ 
HzA . "[ BH ]" is the sum of the concen trations of all of the mono-

++ 
conjugate acids of HzA and "[ BH2 ]" refers to the diconjugate 

acid of HzA. "k" is the observ ed first order rate constant and 
o 

,,[ T ]" represent~ the total concentration of HzA regardless of the 
b 

form in which it exists. The concentration of neutral HzA is assumed 

to be negligible. 

[ BH2++] 

[BH+][H+] 
(10) 
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Insertion of equation 11 into equation 10 gives 

Insertion of equation 12 into equation 8 gives 

Thus 

-dB = k [T ] 
dT 0 b = 

k = 
o 

k 
3 

The ratio of the observed rates of rearrangement, k and k l' at 
o 0 

any two acid concentrations, is given by equation 15. 

k 
o 

= 

(11) 

( 12) 

(13) 

( 14) 

'(15) 

The ratio of the observed rate constants for a rearrangement of HzA 

which was carried out at an added acid concentration of O. 00200F 

to the corresponding rate constant for a rearrangement conducted at 

a corrected acid concentration of O. 00670F (Table XV) is 21.1. The 

corrected hydrogen ion concentration for the former rearrangement 

may be approximated with the following formula which is obtained from 
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20. 1 
=0.000317 -

21. 1 K 
2 

( 1 6 ) 

The corrected hydrogen ion concentration which must be present to 

cause a rearrangement of HzA to proceed 21. 1 times as rapidly as 

another rearrangement carried out at an acidity of O. 00670F can be 

! 
calculated for any value of K

2
• The upper limit for the corr'ected 

acidity of the rearrangement solution which was O. 00200F in added 

-4 
hydrogen chl oride is 3.17 x 10 This value corresponds to a value 

of K2 of 

4 
be 10 • 

6 
10 or greater. Probably a more realistic value of K2 would 

This would correspond to a hydrogen ion concentration of 

-4 -4 
2.17 x 10 instead of 3.17 x 10 

Th e re lationship between the rel ative hydrogen ion concentra-

tions and the average percent ortho coupling observed for the four 

sets of rearrangements is given in the following table. 

TABLE XX 

Relationship between Hydrogen Ion Concentration and Percent 
Ortho Coupling 

Rearr ang ement Relative Average Percent 

No. [H+ ] J l ) Ortho Coupling 
c 

1 , 2 :;; 1 34.8 + 0.9 

3,4 24 37.6+0.0 

5,6 56 39.2+ 0.0 

7, 8 119 44.0 + 0.8 

1) Corrected hydrogen ion concentration. 
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There is at least a 24-fold variation in acid concentration 

between the first two sets of data and a 5-fold variation between the 

second and fourth sets . The maximum difference in percent ortho 

coupling in the former case is 3.7% (absolute) while the minimum dif-

ference in the latter case is 5.6%. The most likely and obvious 

explanation for the observation that the greater variation in acid 
I 

concentration is accompanied by a smaller increase in percent ortho 

coupling is that 34.8% is the minimum amount of ortho coupling that 

can occu r. Thi s means that at the low acidity the step in which the 

metastable intermediate collapses directly to product is sufficiently 

faster than the step invol ving protonation of the intermediate that 

the latter process cannot be detected. Thus 34.8% is the amount of 

ortho coupling that occurs when the metastabl e intermediate collapses 

directly to product. 

C omparison of the variation in the ortho coupling among the 

second, third, and fourth sets of rearrangements is somewhat dis-

comforting. The variation of acidity between the second a nd third, 

and third and fourth, sets of data i s essenti ally the same (2.3 and 2.1, 

respectivel y) while the ortho coupling differ ences between these sets 

are rather large (1.6 and 3.8%, respectively). Since the amount of 

ortho coupling must approach some upper limit, the variation in ortho 

coupling should have decreased rather than inc reased with the ap-

proxima tely e qual variation in acid concentrations . The data would 
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at least appear to be more physically real if the value of 39.2% were 

increased and that of 44.0% decreased. This disparity of results is 

felt to be due principally to the experimental error that arose in 

determination of the N
15 

content of 2, 7-diaminocarbazole and of the 

various azobenzene sampl es. A two-tenths of a percent error (absolute 

15 
percent) in the N content of the carbazole, for example, could vary 

I , 
the amount of ortho coupling by more than one percent (absol~te). 

A quantitative determination of the amounts of ortho coupling 

that occur in the two product-forming steps should be theoretically 

possible. 

Let 

T hen 

u = mole fraction of ortho coupling in the 

acid-promoted step 

x = fraction of ortho coupling that occurs In 

l-u = 

the acid-promoted step 

mole fraction of benzidine formed by direct 

collapse of the intermediate 

y = fraction of ortho coupling that occurs In 

the direct step 

z = total fraction of ortho coupling 

xu + y( 1 - u) = z 

Since the benzidine is formed by two competitive steps, 

kl 
[ Intermediate] i) Benzidine (A) 

H+ 1 k, 

Benzidine (B) 

(17) 
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the following expr e s si on may be wr i tten. 

B 
A 

= 
u 

l-u 
= O! = ( 18) 

Solving for u and substitution of the resulting expression into equation 

17 gives 

x O! T H +] + Y = + 
Z +Z O! [H ] 

+ When the three sets of values for z and [ H ] (rear r angements , c 

3-8) were substituted into equation 19, a negative value (which is 

--(19) 

physically unreal) for O! was obtained. If the assumptions underlying 

the derivation of equation 12 are valid, this result is a consequence of 

the sensitivity of equation 19 to small differ ences in the values of z. 

A real value for O! could have been obtained if the percent ortho 

coupling were a bit larger in runs 5 and 6 and a bit smaller in 7 and 8. 

This observation is not independent of the one that was made about the 

data of Table XX. It does seem more rigorous, however, as a math-

ematical, rather than an intuitive, approach to the data was used. 

T he experimental data thus do not permit a quantitative determination 

of the two limiting values (x and y) for the percent ortho coupling. 

Unfortunately, the slowness of the rearrangement at high acid concen-

trations pr evented the determination of an experimental value for y. 

A semiquantitative description of the maximum amount of ortho 

coupling may be carried out by the following method in which the 
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minimum amount of ortho coupling is taken as 34.8%. If values for 

the maximum amount of ortho coupling are assumed, the percent ortho 

coupling that should be observed for the third and fourth sets of rear

rangements (numbers 5-8) can be predicted f rom the data of the first 

two sets . I n equation 17 let y = 0.348 and assume x to be 0.500. For 

rea r rangements 3 and 4, z is equal to 0.377. Therefore, 

O.5u + 0.348(1-u) = 0.377 

u = 0.191 

1-u = 0.809 

(ZO) 

T he acid concentration is varied by a factor of Z. 3 between the second 

and third sets of data (Table XX). T he product-forming step which is 

acid - promoted will be increased by this amount while the other step 

will remain unchanged. The former path would thus account for 

35 . 3% of the reaction and the latter would account for 64.7%. As the 

two paths are assumed to proceed by 50% and 34.8% ortho coupling, 

respective ly, a total of 40.2% ortho coupling would be predicted. 

Similarly, the predicted amount of ortho coupling for rear r angements 

run at the highest acid concentration is 43.0 In the following table 

the predicted values for the percent of ortho coupling for x = 0.5, 

0.75, and 1. 00 are compared with the observed values. 
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TABLE XXI 

Comparison of Predicted and Observed Amounts of Ortho Coupling(l ) 

[ HJ (3) 
P ercent Ortho Coupling 

x 10~ Predicted Observed ~4) Predicted-Obs erve 

x (2) 

0.50 1.78 40.2 39.2 t 1.0 

" 3.77 43.0 44.0+0.8 -1.0~0.8 

0.75 1. 78 40.9 39.2 tl.7'; 

" 3.77 45.8 44.0+0.8 +1.8+0.8 

1.00 1.78 41. 1 39.2 +1.9 

" 3.77 47 . 1 44.0tO.8 +3.1+0.8 

1) Minimum possible ortho coupling taken as 34.8% 
2) Assumed maximum possible ortho couPling 
3) Values taken from Table XX 
4 ) Difference between the predicted and observed values 

The agreement between predicted and observed values of ortho 

coupling is the best for the case where x is 0.500. Earlier in this 

discussion the observation was made that the experimental data would 

seem to be more physically real if the value of 39.2% were higher 

and that of 44.0% were lower. These changes would result in better 

agreement at both acid concentrations of the predicted and observed 

values of ortho coupling in the case x = 0.5. For the other two cases 

(x = 0.75, 1.00), the agreement would be better for the lower of the 

two acid concentrations, but worse for the higher. The overall picture 

of the experimental data thus i ndicates that 50% ortho coupling occurs 
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in the product -forming step of the rearrangement which is promoted 

by acid. This conclusion is certainly not unequivocal. It is far from 

being rigorously jus tified by the data of Table XXI. I n addi tion, 

limiting values of ortho coupling need not be multiples of O. 25 , _although 

the l atter assumption is not an unreasonable one. Finally, the inter-

pretation of the data has been based on the assumption that fhe product

forming step which is ac id-promoted is fir st order in attacking hydrogen 

ion. Again the assumption is reasonable, but it is not rigorously 

justified by the experim ental data. 

The preceding discussion of the coupling reactions which occur 

upon rearrangement of HzA has pointed out that a minimum of 35% 

and a possible maximum of 50% of the ortho carbon atoms of HzA can 

be present in the carbon-carbon bond which joins the two aromatic 

rings of 2, 2 1 -diaminobenzidine. These observations a re incompatible 

with the "leap frog" mechanism of Brownstein, Bunton, and Hughes 

(13), which would be written as follows. 

2 

I II 

) 

III 

* HN 
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As proton exchange among the various nitrogen atoms of the 

intermediate (rr) should be more rapid than carbon - carbon bond 

breakage, all of the possi ble isomers of rr would be equivalent. 

Accordingly, a minimum value of 50% ortho coupling would occur in 

the formation of 2, 2 ' -diaminobenzidine. Tros prediction is incom-

patible with the observed minimum of 35%. 

With the elimination of intermediates of the type represented 

in the "leap frog" mechanism, there remains only the logical pos-

sibility that the intermedia te is formed by a cleavage of the N - N bond 

of HzA that is accompanied by no simultaneous C - C sigma bond forma-

tion . The heterolytic mechanism of Dewar offer s a good explanation 

for the formation and for the structure of the intermediate . Tros 

mechanism could readily involve a step in which the intermediate 

collapses directly to product. Moreover, in the Dewar scheme the 

s e cond proton attacks the intermediate, although the nature of tros 

attack has never been described. The following mechanism, wroch is 

but an extension of the D ewar mechanism, is compatible with the 

15 15 
r e sults obtained in the study of HzA-N H - N H- and also describes 

the nature of the proton attack on the intermediate. 
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NH2 . NH2 

0-, t -* -d" slow ~ 11 " ----;. - H H _ 
2 ~'H N 

2 
I 

v 

"-" 
NH+ 

----i>-7' Product 

----')::>- Fjroduct 

Instead of one intermediate, two are proposed, the second 

resulting from attack of proton on the first. Intermediate IV is 

composed of one symmetrical and one unsymmetrical fragment. If 

20% of the ortho carbon atoms and 80% of the para carbon a toms of 

the unsymmetrical ring attack equally the ortho and para carbon atoms 

of the symmetrical ring, the observed requirement of a minimum of 

35% ortho coupling would be sati sfied. Attack of proton on IV would 

result in the formation of intermediate V which is composed of two 

completely symmetrical cation radicals. Formation of benzidine 

from V would thus occur with equal amounts of ortho and para coupling. 

Dewar's " TT -complex" (IV) is strongly supported by the results 

of the study of HzA. The experimental data show that an intermediate 

is formed which is a monoconjugate acid .of HzA and that this inter -

mediate is capable of di rect collapse to product with 35% ortho coupling. 

The Dewar intermediate is also singly charged and would collapse 
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directly to benzidine with at least 25% or tho coupling. The observed 

value of 35% is not at all surprising as exclusive attack on the phenyl-

enediamine fragment by the . para carbon atom of the unsymmetrical 

half of the complex would seem unlikely. The weakest part of the 

D ewar mechanism has always been the attack of proton on the lin -

complex." As an attack of this nature is clearly observed, this step 
I , 

of the heterolytic mechanism can no longer be objected to. 

15 
The results of the N study in no way demand that proton 

attack on IV lead to the formation of an additional intermediate, let 

alone that this intermediate be a pair of caged cation radicals. The 

only condition that these results do demand "is that protonation of the 

reaction intermediate lead to benzidine formation with a fraction of 

ortho coupling that appear s to approach 0.50. In addition , the experi-

mental data are not sufficiently accurate to require that 50% be a 

limiting value for the m aximum amount of ortho coupling that can 

occur. Intermediate V is simply consistent with, but not demanded 

by, the results of the investigation of the rearrangement of 

15 15 
HzA-N H-N H-. 

Proposal of V is dictated to a large extent by the information 

that has been obtained from reactions of hydrazo compounds other 

than HzA. The possibility must be recognized that HzA reacts by an 

entirely different mechanism than do other hydrazobenzenes whose 
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rearrangements exhibit second rather than fir st order dependence 

upon hydrogen ion. This observation is a precautionary one and will 

not be extensively elaborated upon in the following discussion. 

In the historical section of this thesis an objection was raised 

to the timing of the proposed attack of proton on Dewar I S lIn -complex. I I 

For rearrangements which are second order i n hydrogen ion, no 

I 
provision has been made for this step to be other than rate (and product) 

determining. Ingold (11), however, showed that at least in several 

cases (including hydrazobenzene) the second proton can be transferred 

prior to the rate-determining step. This condition is a consequence 

of the observations that the rates of rearrangement of the compounds 

that he studied are faster in D ZO - dioxan than in HZO-dioxan, and that 

the rates are a linear func tion of H and not of the hydrogen ion 
o 

concentration. For the Dewar mechanism to be compatible wi th these 

results, the protonation of the lIn - complexll woul d have to lead to 

the formation of a second intermediate which (in the cases that Ingold 

studied) would undergo transformation in the rate-determining step 

of the reaction. If the rearrangement of HzA proceeds by the same 

reaction sequence as the rearrangement of hydrazobenzene , the attack 

of proton on the intermediate (IV) would have to result in the formation 

of a secon d intermediate. A very likely candidate for the second 

i n termedia te would be a caged pair of cation r adicals. The 
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observation that the ortho and para coupling reactions that lead to 

the formation of 2, 2'-diaminobenzidine become of more nearly equal 

importance as the concentration of hydrogen ion is increased is in 

good agreement with this proposal. Virtually all of the arguments 

that were advanced in the historical section in support of a homolytic 

mechanism may be applied to the proposal that the second inter
I 
; 

mediate (V) is a pair of caged (or complexed) cation radical~. For 

example, one of the stronges t points in favor ofa radical intermediate 

is the observed f ormation of disproportionation products from hydrazo-

benzenes. The Dewar mechanism offered no good explanation for 

their formation which is certainly compatible with a radical process . 

---»72 
. ~H~Nn-O < )-NHt - -) 

2< 1-~m2 

+ 

< )-N=N-( ) 
An interesting feature of the two intermediate mechanism 

is that it is essentially a blend between the heterolytic mechanism of 

Dewar and the homolytic one that Hammond has favored. This com-

promise is not a result of any weakness of -pr i nciples on the part of 

either camp, but is a direct consequence of experimental observations. 

There exists an area of difference between the rearrangement 

of HzA and rearrangements of aromatic hydrazo compounds which 
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exhibit mixed order dependence upon hydrogen ion. In the historical 

section it was pointed out that the transitional dependence upon 

hydrogen, that i s sometime s observed, is a consequence of the existence 

of two competitive rate-determining steps, one of which is first order 

in hydrogen ion concentration and the other second order. This con-

elusion was reached as a result of the observation that the 0 d of the I er 

rearrangements in question increased with an increase in acid con-

centration. This result r uled out the possibility that the transitional 

dependence upon hydrogen ion was due to a similarity between the 

rate of rever sal of Dewar's "n -complex" to starting material and the 

rate of attack of proton on the complex. Were this situation to have 

k2 
BH +:;,;::::::::::>:: [ n -complex] 

k 
-2 

existed, an increase in acidity should have been accompanied b y a 

decrease in the order of the rearrangements (which exhibited transition __ _ 

dependence) with respec t to the hydrogen ion concentration. Thus 

the observed results show that "n -complex" formation could not be 

rate-determining for the reactions in question. The results a lso 

indicated that there should be two product-forming steps, one of which 
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would be first order in hydrogen ion and the other second order. This 

latter conclusion was actually observed in the rearrangement of HzA. 

Howeve r, since attack of hydrogen ion on the reaction intermediate 

occurs after the rate-determining step, the formation of the inter-

mediate must take place in the slow step of the reaction. 

k 
-2 

fast 

Whereas in other cases k > . k4 ~ k [ H +] , 
-2 3 

Product 

fast Product » 

k -2 is now less 

+ 
, than k4 and k

3
[H ]. This result must be due to the influence of the 

meta amino gro ups. These groups could be important in several 

.possible way s. "k " might well be increased (relativ e to k for other 
4 , 4 

rearrangements) because the neutral half of the lin -complex" has avail-

able for attack two e quivalent positions which are subjected to the 

strong ortho- and para-directing effects of two ami no groups. These 

amino groups should also aid in the formation of the radical complex. 
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Taft (51) has observed unusually large substituent effects upon the 

rates of oxidation of meta- and para-substituted anilines. He has 

proposed a sigma-bond effect which cannot occur with carbonium ions 

and carbanions. Taft concluded that the greater the cation radical 

character of the transition state, the greater will be the enhanced 

resonance effects of meta and para substituents. For the meta-
I 

substituted anilines he found that the group whose effect waS' most 

pronounced relative to that of a normal substituent effect was an amino 

group. The application of this study of Taft's to the rearrangement 

of HzA is quite apparent. In fact, the suggestion readily comes to 

mind that a study of the kinetics of a series of meta-sub stituted 

hydrazobenzenes should prove quite interesting. Finally, the meta 

amino groups might serve to increase the stability of the "TT -complex" 

relative to starting material and in this way decrease k -2 in com-

parison with k -2 values for other rearrangements. 

These arguments that have been presented to explain the effect 

of the meta amino groups on the kinetics of the rearrangement led to 

a study of m-chloro, m' -aminohydrazobenzene. The observed fir st 

order rate constant for the rearrangement of this compound was found 

to be independent of the hydrogen ion concentration in the range of 

acidities investigated. Thus, the transition state for this mono 

aminohydrazobenzene also involves a mDnoconjugate -acid. Again, 
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the observed acid dependence must be a consequence of the amino 

group. 

slow 
:> 

VI 

+ 
NH 

Product 

? 
------''-------'0>:> Product 

1 

If the arguments used to explain the behavior of HzA are 

correct, then complex VII should be formed in the rate-determining 

step of the rearrangement of VI. Accordingly, the two amino groups 

of the symmetrical ring should be equivalent. Attempts were made to 

find an analytical procedure to check this prediction, but they all 

proved unsuccessful. 

'~NH 
2 

If the diaminocarbazole could have been formed, it could have been 

converted to carbazole with nitrous acid and hypophosphorous acid. 

It is only fair to point out that the most important results of 

the study of HzA were not anticipated before the investigation wa s 

commenced. By no means were the steps which involve direct col-
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lapse of the reaction intermediate to product and proton attack on the 

intermediate expected to be competitive. While sound logic has been 

used to advance the idea that a radical intermediate is formed by the 

latter process, the skeptic will no doubt point out that the results of 

15 
the N study are consistent wi th a hydrogen ex change reaction which 

would cause all of the nitrogen atoms to become equivalent. 
. I 

* + HN· •• ··H NH
Z 

NH 
+ 

This process cannot be distinguished from the proposed radical pro-

cess by any chemical test (EPR studies would probably prov e negative 

regardless of whether or not a radical intermediate is formed). The 

proton exchange is in no way related to the benzidine rearrangement. 

The radical process, however, offers a good explanation for the use 

of the second proton that is required for the rearrangement of most 

hydrazobenzenes. 

The final possibility exists that the role of the attacking 

hydrogen ion could simply be to protonate one of the amino groups 

of the " TT - complex . " 
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+ 
*NH 
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VIII 

+* 
NH 

NH
Z 

That collapse of VIII to the corresponding benzidine should 

b e at all competitive with collapse of IV is extremely unlikely and 

will be considered no further. 
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PROPOSITION I 

An investigation of the mechanism of elimination reactions 

which are induced by weak bases is proposed. The substrates of 

interest are the various isomer s of 2-deutero-4-t-butylcyclohexyl 

tosylate and 2 - phenylcyclopentyl tosylate. 

In recent years a number of examples of elimination reactions 

! 
which are induced by such weak bases as chloride, bromide:, and thio-

phenoxide have appeared in the literature. Eliel (1-4) has made an 

extensive study of the reaction of sodium thiophenoxide with a number 

of substituted cyclohexyl bromides and tosylates. All of the reactions 

are first order in the cyclohexyl - derivative and first order in thio-

phenoxide. The following tables summarize the data that Eliel ob-

tained. 

TABLE I 

Reaction of Various Tosylates with Sodium Thiophenoxide in 870/0 

Ethanol at 25. l·C 

Tosylate of 105k (a) 
t 

0/0 Elimination 

Cyclohexanol 18.35 45 

cis - 4 - t - Butylcyclohexanol 70. 19 49 

trans -4-t-Butylcyclohexanol 1.7 8 40 

ci s - 4 - Methy lcyclohexanol 46.20 61 

trans -4-Methylcyclohexanol 2.58 0 (b) 

ci s - 3 -Methylcyclohexanol 2.41 0 (b) 

trans -3 -Methylcyclohexanol 59.30 45 

4,4t-Dimethylcyclohexanol 19.04 0 (b) 
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-1 -1 
a) "k"is measured in liters mole sec. and represents the sum 

of \:subst. + kelim. The reaction was followed acidimetrically to 
give the total rate of reaction, while the fraction of elimination 
was determined by iodometric titration of unreac ted thiophenoxide. 

b) The validity of these values may be questioned. Elieloriginally 
reported (2,3) that the trans isomer of t-butylcyclohexanol gave only 
substitution products when treated with thiophenoxide. He rein
vestigated (4) this experiment and found approximately 40% elim 
ination. 

TABLE II 

R eaction of Various Bromides with Sodium Thiophenoxide in 87% 

Ethanol at 25.1· C 

Bromide 10
5

k % Elimination 
t 

ci s -4 - t-Bu tylcyclohexyl 9.44 49 

trans - 4-t- Butylcyclohexyl 0.154 46 

ci s -4-Methy1cyclohexyl 6.40 5 1 

Cyclohexyl 2.28 47 

Eliel also reported (1) that the elimination rates of cyclohexyl 

tosylate and cis-4-t-butylcyclohexyl tosylate are ten times faster 

wi th thiophenoxide than with hydroxide . 

Winstein and Darwish (5,6) have investigated the elimination 

reactions of cis- and trans - 4 - t - butylcyclohexyl tosylate in acetone. 

Several bases were studied and all were found to linearly accelerate 

the rate of elimination. The results obtained are listed below in 

Table I II. 
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TABLE III 

Substitution and Elimination of cis- and trans-4-t-Butylcyclohexyl 

Tosylate in Acetone at 75° 

Salt Relative Rate (a) n(b) 

LiCl 1 3.04 

B U
4 

NBr 10 3.89 

LiB r 5 3 .89 

NaI 5 5.04 

NaS high 

trans ROTs 

0.30 

0.25 

0.25 

ca. O. 10 

ca. 0 

F 
e 

a) T h is refers to the total second order rate constant. 

cis ROTs 

_ I , 

0.'.57 

0.41 

0.48 

b) Nucleophilic constants of the anions--see G. Swain, J. Am. Chern. 
Soc., '!.2, 14 1 (1953). 

c) Fraction of elimination. 

Winstein discuss ed the possible mechanisms and concluded that 

none of the common explanations could satisfy his results. As lithium 

perchlorate was 10 to 90 times l ess effective in i n ducing elimination 

than the bases studied, he argued that a salt-promoted ionization 

(Sn 1, E1 mechanism) which does not involve dir e ct participation of 

the added anion could no t be operative. The E2 mechanism is pre-

cluded for the elimination reaction of the trans isomer, as the equa-

torial tosylate group and the hydrogen trans to it are not coplanar. 

Nor could substitution followed by elimination be compatible with the 

results as the substitution product is several powers of ten less re-

active than the tosylate. 
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Winstein advanced an interesting mechanism (the "merged 

mechanism") to account for these observations. He proposed that the 

added anion attacks the I-carbon atom to form an "S 2 like" inter
n 

mediate which can collapse either to substitution or elimination 

products (Fig. I). He feels that the leaving group probably pulls off 

. t_~OTS Br 
> 

\ 
t-B{::j 

an axial proton to give the elimination product. 

+HOT + Br
s 

Bunnett (7) has , investigated the elimination reactions of benzyl-

dimethylcarbinyl chloride and the derivative in which the methylene 

hydrogens are replaced by deuterium. The reactions were carried 

out in methanol at 75.8° in the presence of added sodium perchlorate, 

sodium methoxide , and sodium thio ethoxide. These salts affect the 

overall rate of reaction in the following increasing order. 

NaOCH
3 

< NaClO 4 < NaSC 2H 5. Sodium perchlorate did not alter the 

product distribution that was observed for the unimolecular solvolysi s 

reaction. However, the formation of the two possible olefins was 

linearly dependent upon the concentr ation of added sodium methoxide 
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or sodium thioethoxide. The deuterium isotope effect upon the forma-

tion of the more substituted olefin was 2.6 (k /k ) for the reaction 
. H D 

with sodium methoxide and 2.4 for the reaction with sodium thio-

ethoxide. The isotope effect for the formation of the terminal olefin 

was 0.86 for the reaction with methoxide and 1.24 for ther.ea:ctiDn'WitKthi o -

ethoxide. The isotope effect for the combinedbase i nduced etiminations 
, 

was 1.86 in both cases. The isotope effects of 2.6 and 2.4 are much 

lower than the more common values of 6-7 for E2 mechanisms (8). 

Bunnett has interpreted his results in terms of an E2 mechanism, 

the transition state of which involves extensiv e carbon-halogen 

separation and only slight carbon-hydrogen bond breakage. Bunnett 

seems to doubt that the "merged mechanism"of Winstein is ever 

operative. He argues that thioethoxide is a stronger base kinetically 

than methoxide, even though it is a weaker thermodynamic one. 

Darwish and Winstein-.(6), however, have as yet kept out of the 

literature some very interesting results that give strong support to 

the "merged mechanism." They have investigated the second order 

reaction of 3-methyl-2-butyl tosylate and the 3-deutero derivative 

with tetra-n-butylammonium bromide in acetone at 75°. T h e non-

deuterated substrate gives rise to 56% substitution product and 44% 

olefin, of which at least 99.5% is 2-methyl-2-butene. The deuterium':' 

substituted isomer reacts to give 80% substitution product and 20% 
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elimination. The kH/kD ratio for olefin formation is 2.71 and for 

substitution is 0.88, while the isotope effect on the overall reaction 

rate is 1. 26. A rigorous interpretation of all of these n umbers is 

somewhat difficul t to make; however, the results do show that the rate 

of substitution is increased at the expense of the rate of elimination, 

which is decreased much more than is the overall rate of the reaction. 
I , 

These results strongly indicate that the substitution and elimination 

reactions are linked by a common intermediate. 

The res ults that have been presented in this discussion strongly 

support the "merged mechanism" that Win stein has proposed. No 

authors, however, have paid any real attention to the actual nature of 

the elimination reactions of the cyclic substrates. Eliel's results 

(Table r) show that the thiophenoxide induced elimination reaction of 

cis-4-t-butylcyclohexyl tosylate (trans elimination) is only 36 times 

as fast as the corresponding reaction of the trans isomer . Trans 

eliminations are known to be generally favored over cis eliminations 

b y several powers of ten. For example, DePuy (9) has found that in 

p otassium-t-butoxide i n t-butanol cis - 2-phenylcyclohexyl tosylate 

4 
undergoes elimination at least 10 times as rapidly as does the trans 

isomer. This remarkable effectiveness of thiophenoxide (and other 

weak bases) to produce elimina tion with such compounds as trans-4-

t-butylcyclohexyl tosylate brings one to a very important question. 
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Do these eliminations that are induced by weak bases have any relation 

to ordinary E eliminations or must one devise a c-ompletely new set 
2 

of rules. 

An investigation of theWinstein intermediate leads to an i nterest-

ing observation. As the nucleophile attacks the substituted carbon 

atom, the steric configuration at this carbon atom begins to invert. 
I 

This process of inversion brings the three permanent bonds 'into a 

common plane. In the cyclohexyl case the bonds cannot rotate. As a 

result, the hydrogens of the two unsubstituted carbon a toms will eclipse 

the leaving group and the hydrogen atom of carbon-I. T he hydrogen 

atom that was originally cis to th e leaving group will become coplanar 

withit (Fig. II). 

FIGURE II 

y , H 

L 

) 

Trans eliminations have long been known to be favored over cis 

eliminations 0--10). However, the possibility exists that, where the 

leaving group cannot be trans-coplanar with a hydrogen atom, cis 

coplanarity can result and lead to elimination. Such eliminations could 
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well be of importance in the reactions mentioned in this discussion. 

E vidence exists to support cis-coplanar elimination. DePuy (9) 

has inve stigated the elimination reaction of cis - and trans -2-phenyl-

cyclopentyl tosylate in potassium t-butoxide-t-butyl alcohol, and has 

found that the cis isomer undergoes elimination only 14 times as 

rapidly as the trans isomer. The ratio for the corresponding cyclo

4 
hexyl isomers is greater than 10 • 

I , 
DePuy argues that this ',great 

difference in the ratios for the two systems is a result of the greater 

ease with which cis coplanarity can be achieved in the cyclopentyl 

tosylate. As the dihedral angle between hydrogen and the departing 

anion is much smaller in the trans-2 -phenylcyclopentyl tosylate than 

in the corresponding cyclohexyl compound, much less energy would 

be required to produce coplanarity in the former compound than in the 

latter (Fig. III). 

FIGURE III 

Cyclopentyl- -cis elimination 

H 

$:~~4Y 
H 

C yclohexyl --cis elimination 

To establish the stereochemistry of the elimination reactions of 

cis- and trans-cyclohexyl tosylates, which are induced by strong 

nucleophiles, but weak bases, it is proposed to inv estigate the 
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elimination (and substitution) reactions of the four 2-deutero-4-t-

butylcyclohexyl tosylates (A-D). 

OTs OTs 

t-B~(A) t-q(~~~_B~ (c)t-B~~~i 
D D 

The "merged mechanism" would predict a large isotope effect on the 

formation of olefin from B. This olefin should show less deuterium 

than its precursor. In contrast, the formation of olefin from D should 

be only slightly affected, and should contain just as much deuterium 

as starting material. While the results obtained from tosylates Band 

D would be quite important, the significance of the results obtained 

from tosylates A and C cannot be too strongly emphasized. The effec t 

of weak bases on elimination from the cis isomer must surely be similar 

to the effect on the trans isomer. If the "merged mechanism" holds 

for tosylates A and C, the equatorial and not the axial hydrogen should 

be lost. Such a result would exclude any ordinary E2 mechanism and 

would lend v ery strong support to Winstein's "merged mechanism." 

Even if the experiments with the deuterium-substituted cyclo -

hexyl tosylates show that the elimination reactions are of a cis nature, 

they will not show the importance of the coplanarity of the departing 

anion and hydrogen on an adjacent carbon atom . If such coplanarity is 
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of extr eme importance to the elimination reaction, the strongly nuc leo-

philic and weakly basic halides and thio - oxides should be extremely 

efficient in promoting elimination from cyclopentyl derivatives. Not 

only should coplanarity of v icinal cis substituents be more easily 

achieved for cyclopentyl derivatives than for the corresponding cyclo-

hexyl compounds, but also the former substrates are known Ito be mor'e 
, 

susceptible to nucleophilic a ttack than the latter (11). It is therefore 

proposed to investigate the elimination reactions of cis- and trans-

cyclopentyl tosyl ates (for example , cis- and trans-2-phenylcyclopentyl 

tosylate) with a series of weakly basic nucleophiles s uch as have been 

mentioned in the discussion of this propostion. 
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PROPOSITION II 

It is proposed to investigate the photochemical decomposition 

of phenylhydroxylamine. 

The homolytic cleavage of 0-0 and N-N bonds in organic per-

oxides and hydrazines has received considerable attention. Both 

p rocesses have been effected by thermal and photochemical means 
I 

(1-4) • 

In compari son, the study of the homolytic cleavage of N -0 bonds 

1S still in its i nfancy. This bond has been thermally fragmen t ed in 

various nitrite and nitrate esters. The resulting products have b een 

accounted for i n terms of an initial homolytic cleavage of the N-O 

bond (5,6). R ecently,Walling (7) has investigated the thermal a nd 

photochemical decomposition of diacylhydroxylamines. Product 

analysis a nd polymerization initiation both lea d to the conclusion that 

the N -0 bond underwent a homolytic fr agmentation. (Therma l reac-

tions are complicated by Los sen rear rangements .) 

The bond dissociation energy of the N-O bond may be correlated 

with the energies of the 0-0 bond i n hydrogen peroxide and the N-N 

bond in hydrazine. Walling (8) lists these energies as 52 and 60 kilo-

calories, respectively. Pauling (9) has derived the rather empirical 

formula 



D(A-B ) = 

17 1 

t [ D(A - A)D(B - B ) ] 

to calculate average bond energies. The final term of the equation 

is included to account for the added stabilization that results from the 

electronegativity di fference, Xa -X
b

, of the bonded atoms . Si nce bond 

dissociation energies as well as average bond energies have been used 
I , 

to determine the empirical e l ectronegativity factor, this equation 

should give a fair approximation of the N - O bond dissociation energy 

of hydroxylamine. The calculated value is 63 kilocalories. 

Bond dissociation energies (for the N-O bond) of substituted 

hydroxyl amines should be rel ated to those of substituted hydrazines or 

peroxides . The heat of dissoci ation of hydrazobenzene is estimated 

to be between 32 and 3 7 kilocal ories P O) . T his corresponds to a 

val ue of 12- 14 kilocal ories of resonance energy per phenyl grou p . 

The energy of the N -O bond of p henylhydroxyl amine would be estimated 

to be approximately 50 ki l ocalories. 

o 

As phenylhydroxyl arnine absorbs appreciably from 2000-3000 A 

and s i nce the N-O bond energy is well below the amount of energy 

absorbed in this r egi on, a study of the photolysis of this compound was 

felt to have interesting possibilities. 

Photolysis of a O. 0 1M solu tion of phenylhydroxyl amine in benzene 

or 95% ethanol was found to be virtually complete within two and one 

o 
half hours. One half hou r of photolysis with the light below 2800 A 
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filtered out produced a color change in the solution, but gav e rise to 

no chemical change that could be detected by ultraviolet analysis. The 

ultraviolet spectra of the successfully irradiated solutions indicated 

that aniline. nitrosobenzene. azobenzene. and possibly azoxybenzene 

might all have been formed. 

It is proposed that homolytic cleavage of the N -0 bond has 
I 

occurred and that the resulting products would be formed by the fol-

lowing paths. 

< )-NHOH 

< )-NH + < )-NHOH ~ < )-NOH + ( )-NH2 

< )-NHOH + ·OH~ ( )- NOH + H20 

2\ >- NOH -->- ONO + ONHOH 

2\ >- NH _ < }NHH~ ) 2R· ) < rN=N-\ ) 
2( }NOH __ < }~=N -\ ) +H20 

< }- r;rOH + Q-NH -- ( >-N~N{ ) + H 20 
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Careful experimental technique s would have to be developed to 

show that azobenzene and azoxybenzene, if present, are formed by 

radical coupling processes. 

In this process the radical source is also an excellent radical 

scavenger. This system would thus probably be a poor one to initiate 

polymerization. More suitable radical scavengers than pherylhydroxyl

amine would have to be chosen to divert the course of the reaction. 

Tributyltin hydride should be a good candidate. An investigation of 

the photodecomposition of N, N-diphenylhydroxylamine should eliminate 

some of the experimental difficulties encountered with phenylhydroxyl-

amine. 

The observation that the photolysis is apparently as efficient in 

benzene as in ethanol is quite interesting. Since benzene absorbs virtu-

ally all of the light below 2800 A , the phenylhydroxylamine molecules 

may well receive energy via collision with activated benzene molecules. 

Product analysis is essential for proof of the above mechanism 

and would be used to either advance or discount the following possible 

mechanisms for the observed decomposition. 

< )-NHOH ~O + 'NHOH 

--( ) < > 
( );- NHOH ----+ 

.~OH + ( >- N HOH ~ ( }NOH + NH 20H 
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The remaining steps woul d be similar to those given in the proposed 

mechanism. 

o 
Since the energy absorbed by the molecule at 2537 A (the 

strongest emission band of mercury) is greater than that of either the 

C-N or N-O bond, the possibility of C-N bond cleavage must be con-

sidered. The absence of benzene, biphenyl, and hydroxylamine would 
I 

eliminate such a process. 

A chain process must also be considered. 

< r NHOH ~ < rNH- + -OH 

< t-NHOH +~ }NH-(-O~ \ } NOH + 

< t NOH ~ \ }-NO + H-

H- + 

This mechanism would require formation of hydrogen, a product 

which should not be difficult to detect. Absence of hydrogen would 

discount any mechanism involving cleavage of a C -H, N -H, or 0-H 

bond. 

As aniline and nitrosobenzene could be produced by a concerted 

dismutation r eaction, the po ssibility must be considered that no 

radicals ar e ever formed . 
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~ < /-NH2 + ( /-NO + H 20 

This is clearly a bimolecular path. A kinetic analysis of the reaction 

should thus be quite informative. As molecules of phenylhydroxyl-. I 

amine should associate much more in benzene than in ethanol, the 

above concerted mechanism might partially account for the apparent 

similarities of photolysis in the two solvents. 

Dete r mination of the quantum yield in the presence and in the 

absence of radical traps should give a result pointing to or away from 

a chain process. T he quantum yields in benzene and in ethanol would 

show the efficiency of cleavage in the two solvents. This study might 

well prove a separate problem in itself, as it could lead to a descrip-

tion of intra- and i ntermolecul ar energy transfer. A similar or 

greater quantum yield in benzene as compared to ethanol would be good 

evidence against photoionization as this process woul d be expected 

to be much more efficient in the latter solvent. 

E xtension of the proposed study to include O- substituted N-

phenylhydroxylarnines should prove interesting. A large number of 

alkoxy and carboxy radicals might be produced by photolysis of such 

compounds. 
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PROPOSITION III 

Mechanisms are proposed to explain the formation of phenyl-

isocyanide from 2- and 4-methylpyridine. 

Ploquin (1) has reported that treatment of certain methyl sub-

stitutedpyridines with chloroform and strong alkali leads t o the 

formation of phenylisocya nides. The details of the experirrjental 

CHC1
3 

OH o 
I 
N=G: 

procedure are q uite sketchy~ The isocyanides were identified by 

their characteristic odor. Phenyl isocyanide has such a strong and 

disagreeable odor that its detection should be unmistakable. . The 

isocyanides were hydrolyzed to amines which were then diazotized. 

T he diazonium salts wer e coupled wi th/_naphthol to give colored 

compounds . T he fact that colored coupling products were formed 

was advanced as evidence of the a romatic character of the isocyanides. 

Care was taken in the purification of the pyridines to remove any 

traces of amines which could easily give rise to the obser ved iso-

cyanides . The starting material was characterized by its boiling 

poin t and by the melting point of the picrate d erivative. 

Ploquin has proposed an amazing mechanism that does not 
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consider the intermediacy of dichlorocarbene and that ineludes a 

pentavalent nitrogen and apparently a bivalent carbon that is linked to 

nitrogen by a doubl e bond. No consideration will be given to his 

mechanism except to note that he has postulated a methylenecyclo-

pentene - type intermediate (in the rearrangement of 4-methylpyridine) 

that would not be too remote from the bicyclic ring advanced in this 

\ 
pr opo si ti on. 

The following mechanism is proposed for the formation of phenyl 

isocyanide from the reaction of 2-methylpyridine with chloroform and 

strong alkali . 

CHC1
3 

+ OH 

HO 
2 ~ 

.~ I ~H - f) 
HO 2 

({HCl 
Cel 

~O-N=C: 
H 
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The order in which the various steps are written is not meant 

to imply the exact timing of the different phases of the reaction. The 

principal steps are attack by dichlorocarbene, formation of the methyl-

ene group (or zwitterion), ring opening by base, and finally ring 

closure . Ploquin's observation that 3-methylpyridine does not form 

an aromatic isocyanide supports the step which involves ring opening 
I , 

by attack of base on the zwitterion. The latter form could not be ob -

tained from 3 -methylpyridine . 

Virtually all of the s teps that ar e proposed in this mechanism 

have good precedents. A summary of pyridine chemistry may be found 

in Sidgwick's "Organic C hemistry of Nitrogen" (2). As the unshared 

pair of electrons of nitrogen is available for bonding, pyridine behaves 

like a tertiary amine, forming quaternary compounds with methyl 

iodide, dimethyl sulfate, and acids, to mention a few examples . As 

dichlorocarbene is certainly the intermediate that attacks primary 

amines to fo rm isocyanides, reaction between the nucleophilic pyridine 

and dichlorocarbene to form a quaternary derivative should occur 

readily . Methyl substituted quaternary hydroxides that are derived 

from pyridine readily lose wate r to form anhydro bases which resembl e 

intermediate IV (IV '} of the proposed mechanism. 
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-H ° 2 

Finally, ring opening of N-substituted pyridine by hydroxide has been 

observed. The substitution product of the reaction of pyriml,ne with 

2, 4-dinitrochlorobeniene when treated with alkali forms an unsaturated 

aldehyde. 

~ 
lNJ Q ~ f)~ --7 . ('),pr I 

N Cl- HO cf < ¢t2 ¢ro2 ~N02 
N02 N02 N02 

The attack of hydroxide ion at the 2-carbon atom would be similar 

to the propo sed r eac tion of the zwi tterion IV with hydroxide. 

The final identity of the methyl group could be determined by 

. . . h C 14 
taggJ.ng J.t WJ.t • The proposed mechanism woul d require that all 

of the label be in the ortho carbon atoms of the resulting phenyl iso-

cyanide . This mechanism is straightforward and does not present 

any great challenge . The mechanism for the conversion of 4-methyl-

pyridine to phenyl isocyanide is certainly more complex, but still 

should be similar to the reaction sequence for 2-methylpyridine. 
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Discussion of the latter mechanism is therefore necessary before the 

more unusual reaction of 4-methylpyridine can be discus sed. 

It is proposed to study the conversion of 4-methylpyridine to 

14 
phenyl isocyanide by tagging the 4-methyl group with C and observing 

the distribution of the label throughout the ring. Labeling of the ring 

atoms w ould also prove instructive. 

The following mechanism is proposed. 

-
CHCL

3 
+ OH -:;> :CC1

2 
+ H

2
0 + Cl 

H 
CH ;:t.e ~ OH q b. Q ,. 

H}J --
o III 0 N = C: 

C: N=C: 
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This reaction sequence is identical to the one f i rst propos e d 

until the final three steps are reached. The attack of the CH
2 

group 

on the double bond is simply a Michael addition. The ring closure 

that accompanies the Mich ael addition leads to a strained bicyclic 

structure which should quickly eliminate water and expand to an aro-

matic system. 

14 
If the methy l group is labeled, all of the C should be in C 3 

of the resulting phenyl isocyanide. If C
3 

of the 4-methylpyridine were 

instead tagged, 500/0 of the total activity would be found in C
2 

and 500/0 

in C
3 

of the product isocyanide. 

Degradation of the isocyanide could be accomplished by acid 

hydrolysis to the amine which could then be degraded by the method 

of Roberts et al. (3). 

If randomization other than that proposed in this discussion should 

occur, it should be of a symmetrical nature. A back-door (product 

to starting material) approach to the mechanism should be possible. 

Investigation of the dimethylpyridines should lead to the clari-

fication of any mechanistic ambiguity. 
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PROPOSITION IV 

It is proposed to investigate several aspects of the photolysis 

of cyclic ketones by employing'the technique of measuring the change 

ln optical activity of a ketone whose asymmetric center is involved in 

the bond br eaking. 

The products formed .from the vapor phase photol ysis of sev eral 
I , 

cyclic ketones have been rather clearly determined (1-4) . Cyclo-

hexanone, for example, gives rise principally to 5-hexenal , carbon 

monoxide, cyc10pentane and l -pentene; while ethylene, propylene, 

and polymer are formed in minor amounts . Similar products are 

obtained from Z-'methylcyclohexanone, cyclopentanone , and cyclo-

heptanone. Sever al possible schemes which might account for the 

observed products are shown below.{F ig . I) . 
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Srinivasan (4) has inves tigated the photolysis of cyclohexanone 

at different temperatures and pressures. The results that be obtained 

are given in Table 1. 

TABLE 1(4) 

• Photolysis of Cyclohexanone at 3130 A 

Pressure, Time Temp. g; CO(l) g; Rem4rks 
hexenal 

mm. min. ·C 

4.B 120 2B.9 0.046 0.16 

3.7 60 25.B 0.17 Po = 21.0 mm. 
2 

4.7 120 2B.8 0.022 0. 19 P CO = 18.0 mm. 
2 

5.0 120 100.0 0.10B O. 12 

25 . 5 30 100.0 0.OB7 O. 16 

47 . 0 30 100.0 0 . 06 1 0.12 

1) I , iII " refer s to quantum yield 

An increase in temperature clearly produces an increase in the 

quantum yield (g;) of carbon mon oxide,while in contrast an increase 

in pressure is accGmpanied by a reduced quantum yi eld of carbon 

monoxide. The effect of the se variable s upon the formation of hexenal 

is not clearly defined. Srinivasan feels that a pressure increase 

results in a higher quantum yield of hexenal, although the experimental 

data do not seem to compel such an interpr eta tion. The conclusions 

may be drawn, however, that the quantum yield of ,ca'rl:;lOh ' U"lon<:)xide. is 

more sensitive to temperature varia tion than is the quantum yiel d of 
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hexenal, and that the quantum yield for the decomposition of cyclo-

hexanone is increased with an increase in temperature. 

Srinivasan (5) observed a similar temperature dependence for 

the photolysis of cyclopentanone. A rigorous investigation of the 

effect of pressure (6,7) upon the yields of carbon monoxide and pen-

tenal showed that the former product decreases and the latter increases 
I , 

with an increase in pressure. The quantum yield of cyclopentanone 

. decomposition does not vary more than 13%, although a maximum is 

indicated at a pressure of 53 mm. of the ketone. 

Srinivasan has concluded that the vibrational energy possessed 

by the molecule in the upper electronic state at the instant of decom-

position will determine the products that are formed. As a pressure 

increase favors pentenal formation at the expense of carbon monoxide, 

the conclusion is drawn that the former molecule is formed from a 

lower vibrational state than the latter. 

Srinivasan seems to doubt that a diradical is ever formed as 

the addition of oxygen does not divert the course of the product-forming 

reactions . He feels instead that the various products are probably 

formed by a concerted mechanism. 

The possibility that a concerted mechanism is operative in the 

photolysis of cyclic ketones seems quite improbable. A great deal of 

imagination woul d be necessary to explain the formation of such 

products as l-pentene by a concerted path. Why cyclic ketones should 
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not give radical fragments upon photolysis when aliphatic ketones 

most certainly do is an extremely difficult question to answer . In 

support of a diradical mechanism is Butenandt's (8) observation that 

the photolysis of androsterone produces lumiandrosterone which is 

simply the former compound with the opposite configuration at C 
13 

(Fig. II). 

FIGURE II 

HO 
H 

T he bond between C 13 iJ-nd C 17 must break and reform td allow the 

observed inversion of configuration. 

If a radical mechanism is assumed, at least two important 

questions are left unanswered. First, does an increase in temper

ature increase the quantum yield of formation of the diradical (III) 

or does it aid in the breaking of the 1-2 bond of the diradical. Simi

larly, does the pressure increase lead to the deactivation of II or of 

III. If the effect of an increase in temperature is to aid in the ejection 
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of carbon monoxide from the diradical, then the conclusion follows 

that the ini tial bond-breaking process is raversible. Under the proper 

conditions an increase in pressure may effect the reversibility of the 

initial bond cleavage. The process of reversible bond cleavage could 

be readily studied by irradiating optically active cyclic hexanones in 

which C 2 vvas made the asymmetric center. The change in activity of 
i 

the unreac ted ketone would aid in the description of the various steps 

that lead to the observed products. 

It is therefore proposed to investigate the photolysis of optically 

active 2-deuterocyclohexanone at various temperatures and pressures 

and accordingly study the change in activity of the recovered starting 

material. This system is essentially the same as cyclohexanone, but 

suffers from the drawback that the optical activity will be small. If 

this proved too much of a problem, a related compound of greater 

specific ro tation could be studied. For example , 2-methylcyclohexanone 

appears to give results similar to those obtained with cyclohexanone. 

The technique of measuring the change in o.ptical activity may 

be used to investigate the nature of formation of ethylene and pro-

pylene. The yield of these olefins is quite small in the case of cyclo-

hexanone, but the photolysis of cyclopentanone produces ethylene in 

62% yield C 2). If these compounds are formed by path c (Fig. r), 

one might expect to observe a change in activity of recovered ketone 

in which C:3 was the asymmetric center. 
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o 
Ex. Q 

D 

If the experiments show no change in activity of recovered start-

ing material, one of two conclusions is possible. Either inijtial bond 
; 

cleavage is irreversible or a concerted mechanism is operative. The 

latter process could be substantiated or eliminated by photolysis of 

pure cis (or trans) 2, 3-dideuterocyclic ketones. The products of 

photolysis would show entirely the same spatial orientation of the 

deuterium atoms as the starting material if diradicals were never 

formed . 
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PROPOSITION V 

It is proposed to investigate the process of halogen-metal 

interchange in the system 

cp CH 

CP'V'Li 3 

I II I' II' 

The optical stability of organometallics has long been a question 

of interest to organic chemists. The nature of the carbanion, of the 

solvent, and of the metal are all important in determining whether an 

organometallic compound can pres~rve the optical activity that was 

present in its precursor (1) . The carbanion center of these compounds 

must become planar before racemization" can occur. Planarity could 

be achieved by resonan.ce stabilization of the negative charge or by 

a simple inversion such as occurs with amines (Fig. I). 

FIGURE I 

OH o 

O'-~-d -C H _ CH 2 5 
3 

OH > 0- 11 
f "" C=C - C H _ tH 2 5 

3 

-- ... 
/R 

:C- - - - -R' 

~11 
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The ease of inversion must certainly be affected by the amount 

of carbanionic character that the organometallic possesses. If the 

carbon-metal bond is essentially covalent, the organometallic cannot 

undergo racemization by a si mple flipping of a carbanion, which is 

not even present. If, however, the carbon-metal bond has appreciable 

ionic character, a relatively free carbanion will be present which can 
I 

undergo inv er sion of configuration. Organosodium compounds are 

highly ionic and organomercury compounds are quite coval ent. The 

former never preserve activity while the latter are found to exhibit 

a high degree of optical stability. Intermediate in ionic character 

are organolithium compounds. In his text (1) Eliel gives several 

exampl es of organolithiums which have been found to retain at least 
'"-

some of the optical stability of their precursors. Perhaps the most 

stable of these is 2, 2-diphenyl-l-methylcyclopropyllithium (II) 

which was prepared by the reaction of the corresponding bromide 

(III) withn-butyllithium in ether-benzene-petroleum ether at 5-6·C (2). 

Mixin g of the reactants required 20 minutes. After an additional 15 

minutes, the reaction mixture was quenched with methanol to give 

2, 2-diphenyl-l-methylcyclopropane (IV). 

, cp CH
3 

MeOH ~ 
---......;;» Cf'" V H 

III II IV 
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The optical activity of the product corresponded to 60% retention of 

configuration and 40% racemization. T he optical stability of the cyclo-

propy llithium compound is most certainly increased by the barrier to 

inversi on of the thre e -membered ring. 

Curtin (3) has shown that solvent polarity strongly influences 

the optical stability of organolithium compounds. He prepared 2-
. i 

butyllithium by the reaction of 2-octyllithium with~-)-di-2-butylmercury. 

After 30 minutes of reaction at -So in ether-free pentane, the mixture 

was carbonated to give 2-methylbutyric acid wi th about 50% retention 

of configuration. When the preparation was carried out in pentane 

which contained 6% ether, the m ethylbutyric acid that was obtained was 

totally racemic. The addition of ether to pentane increases the polarity 

of the solvent. This solvent change should increase the ionic character 

of the carbon-metal bond and, accordingly, a greater degr ee of 

racemization should result. 

T hese results show that under the proper conditions optically 

stable organolithiums can be readily prepar ed and handled. With 

choice of the proper system investigations of the stereochemical fate 

of organolithium reagents should be possible. 

One common question that comes to mind is when and how do 

organometallics racemize. A particular phase of this problem is 

that of metal-halogen interconversion. 
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R-Li + R'X -_. R'Li + RX 

Such reactions are quite common where X is iodide or bromide. 

With the proper reagents the exchange is rapid and reversible (4). 

Equilibration is probably complete within 30 minutes for the reaction 

of n -butyllithium with ethyl iodide in ether at _75 0
• Whether or not 

r acemization may accompany the exchange reaction betweeh organo-

lithiums and organohalides is simply not known. Obviously, exchange 

can be accompanied by retention of configuration as the optically 

active cyclopropyllithium compound described above was prepared by 

an exchange reaction between an optically active cyclopropyl bromide 

l 

and n-butyllithium. Since the n-butyl carbanion is certainly much more 

·basic than the cyclopropyl carbanion, the latter species would probably 

have no more freedom during the exchange than when it is bonded to 

lithium. That this exchange reaction does proceed with retention of 

configuration accordingly says nothing about the fate of an asymm etric 

center that is involved in an exchange reaction b etween substrates 

which can produce carbanions of equal (or nearly equal) basicities . 

To gain an understanding of halogen-metal interconversion, i t 

is proposed to investigate the exchange reaction between 2, 2-diphenyl-

l-iodo-l-methylcyclopropane (rac emic) and optically active 2,2-

diphenyl-l-methylcyclopropyl lithium which is also radioactive. 
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+ + 

I n order to obtain a maximum of informa tion, the study is to include 

the exchange reactions in which the two labels are both incorporated 
I 

into the halide or one into the halide and one into the cyclopropyllithium. 

As the reacgon is rev er sible, the radioactivity will approach a constant 

level for the two compounds. The optical activity will of course drop 

to zero. If the cyclopropyl iodide {or cyclopropyllithium) is used in 

large excess, the back r eaction (at least for the equilibration of the 

radioactive label) will be of little importance throughout most of the 

reaction. A plot of the change in optical activ ity vs . the change in 

radioactivity for the various substrates should prove quite instructive . 

As the slope of this line should be independent of the concentration of 

the reactants (for at least the early stages of the exchange), the study 

will not be affected by side reactions such as e limination and coupling. 

An additional advantage of this system is that the basicities of the 

carbanions involved in the exchange reaction are equal. 
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