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--The reaaanganent of hydrazo compounds in ionized and non-ionized acids has han 
investigated. The discussion of the mechanism in the presence of acids indudes ranarks on the 
rcaaangancnt of 4,4’-disubstitutcd hydrazohcnzenes. In the naphthalene series the theanal rc- 
anangancnt of hydrazo compounds depends on the solvent used. The initial investigation included 
a study of the ha&city of hydrazo compounds and the so-called dihydrohahdu. 

THE rearrangement of hydrazo compound+* is an involved process and still far 
from elucidated. Earlier work- providing valuable experimental data and theoretical 
generalizations described four types of rearrangement, namely benzidine, diphenylene, 
o-semidine and psemidine, and only recently a fifth type involving o,o’diphenyl 
(in benzene series) has been discovered.’ 

The intramolecular character of the rearrangement has been proved,s*O and it was 
foundlo that hydrazobewne hydrochloride may be prepared by the action of dry 
HCl on hydrazobenzene in ether and that some psubstituted hydrazobenzenes when 
heated in an inert medium form corresponding semidines.” 

During the last two decades the kinetics of the initial stage of the rearrangement 
in the presence of ionized acid has been investigated but whether the hydrazo com- 
pound reacts as a univalent or a bivalent ion has not been elucidated. 

The “benzidine rearrangement” in ionized acid gives rise to benzidines and 
diphenylenes, small amounts of other substances not being taken into account. 

In non-ionized acids the reaction proceeds in a heterogeneous medium with the 

l franslatcd by A. L. Pumpiansky, Moscow. 
t Part of the investigation has lxcn carried out in collaboration with L. G. Krolik. 
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TABLE 1. SALIB OF HYDRAZO ammoutms, THW USKIN, AND ~~ARRANOI[YKNT 
M 95% AcOH AT 2P 

No. Compd 

Amount 
of con- 

VertCd 

Yiid ChlorOMiliDC hY- 
ofdt cornpad in R&on =md 
% of b&city with time % of 

WV hy*=pd A&H theory 

1 Hydrambcnzznc 

2 2-Chlorohydrazo- 

3 EChlorohydraw- 

4 4-Chlorohydms 
bellmu 

5 f2’-Dichlom- 
hydrazolunzm 

6 3.3’-Dichloro- 
hydrambenzenc 

7 4.4’-Dichlom- 
hydrawbmmo 

8 2-Methylhydmzo- 
benzene 

9 3_Muhylhydrazo- 

10 4-Mcthylhydmm- 

11 f2’-Dimcthyl- 
hydrazobmum 

12 3.3’~Dimhyl- 
hydrawbenzcoe 

13 4,4’-Dimethyl- 
hydrawbcnme 

14 thicthoxyhydrazo- 

15 3.Methoxyhydmzo- 

16 4-Methoxyhydmzo- 

17 2,2’-Dimcthoxy- 
hydra&mm 

18 3,3’-Dimcthoxy- 
hydrawbmzenc 

19 I$-Dimethoxy- 
hydnuobaizme 

92 betwun2,4-and 
2.5dkhloro- 

66 between f4.5- 
tri- and 2.6 
dichloro- 

88 betwam &4,5- 
tri- and 2,6 
diC!llOfO- 

13 bctwecn f4,5- 
tri- and 2,C 
dichloro- 

- e3.4.5.a 
pcntachloro- 

54 betweal z4.a 
tri- and 
2.3.4.6tetm 
chloro- 

<f6dichloro- 

13 tmvcellqs 
and 2,4,5-t& 
chloro- 

90 cfS_dichloro- 

22(70) >2$dichloro- 

10 2,4,5-trichloro- 

90 <2,5dichloro- 

- f4dichloro- 

- tf5dichloro- 

26 <2Jdkhloro- 

- 

10 between 54,5- 
tri- and 2,6 
dichloro- 

51 > s4,5-tri- 
chloro- 

- 

3 hr 

26 hr 

145 hr 

26 hr 

72Ohr 

720 hr 

5@5 

43.3 

53.1 

64.0 

trum 

3.0 

12Ohr 639 

60min 51.0 

6Omin 54.0 

8min 57.4 

Emin 42,5 

Emin 47.4 

10 min 33.0. 

3OsCc 50.0 

6Omin 50.0 

3Oaec 401. 

3Osec 53.6. 

Emin 329. 

2aaz 100.0. 
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TABLE 1. (contd.) 

No. Compd 

Amount 
of con- 
VCltCd 

Yiid Chloroulilim hydruo 
of salt compared in Reaction compd 
% of bassty with time %Of 

theory hydrazocompd AcOH thborY 

20 2,2’-Dimethony 
hydrawbenane 

21 3,3’-Diethoxy- 
hydrazobaue 

22 4,4’-Diethoxy- 
hydrazobtnoeoc 

23 l,l’-Hydnw 
naphthalcne 

24 1,2’-Hydmzo- 
naphthabe 

25 f2’-Hydnw- 
naphthaknc 

65(90) between 2,4,5- 
vi- and 2,6- 
dichloro- 

29 >&4,5-tri- 
chloro- 

IOXC 4@0* 

10 rnin 40.0 

- 2scc 100.0* 

10 sa: 40.8. 

3osec 35-l. 

6oscc 41.8. 

l Hydrazo compound w-u prdimbSly dissolved in dioxanc. 

resulting composition depending on experimental conditions. High yields of mono- 
protonatcd hydrazo compounds which may be obtained permit an investigation into 
their properties and conversions-the hydrazo salt tirst formed undergoing rearrange- 
ment upon further action of acid. 

The rearrangement which takes place under the action of heafU is particularly 
complicated in the naphthalent series the products depending on the nature of the 
solvent. 

Saits of hy&azo cornpour&, some of their properties and conwrsions 

Since the early work on hydrazo compounds’O no additional experimental con- 
tributions have been made in support of the theoretical contribution.sM 

Salts of hydrazo compounds are best prepared in an ethereal solution of HCl 
which may be regarded as an equilibrium system: 

(Et,OH)X z= Et,0 . . . HX (I) 

Due to a weakening of HCl acidity by intermolecular reaction, hydrcchlorides of 
some hydrazo compounds can be readily prepared in ether. 

Most hydrazo compounds do not form stable salts. With 4,4’-substituted 
derivatives no salts could be isolated. Table 1 lists the yields of the salts prepared 
by the procedure described for hydrazobenzene hydrochloride. In experiments 10 
and 20 the figures in brackets (70 and 90% respectively) are the yields obtained if 
after precipitation of the hydrochlorides the mixture was immediately made alkaline 
and oxidized by mercury oxide. 

I’ L. G. Krolik and V. 0. Lukasbcvich, Do&l. A&ad. Nan& .SSSR 65(l). 37 (1949). 
u B. P. Ordkio, A. T. Ryskal’chuk and M. A. Aizikoti, Zh. Obshch. Khim. 1,696 (1931). 
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Although the isolation of the hydrazonaphthalenc salts was unsuccessful, the 
experiment proves their existence. 

Basicify of some hyako compounds. The basicity of some hydrazo compounds 
may LX compared with that of chloroanilines. After preparing a suitable chloro- 
aniline hydrobromide (OX@2 mole) in ether (20 ml) a solution of hydrazo compound 
(OX@2 mole) in ether (20 ml) was added at -8 to - 10”. After 2 min the precipitate 
was rapidly filtered off and both the precipitate and the filtrate made alkaline and 
oxidized. The amount of the resulting azo compound indicated the distribution of 
the acid between hydrazo compound and chloroaniline.* The problem is more 
complicated with unstable salts of hydrazo compounds. Two chloroanilines as similar 
in basicity as possible must be chosen keeping in mind that the presence of one would 
hinder rearrangement whereas the other would not affect it. The chloroaniline 
hydrobromide (and sometimes hydrochloride) was prepared in ether, the hydrazo 
compound added and after 2-3 min the mixture neutralized and oxidized. The 
resulting amines and the remaining hydrazo compound were then determined. 

Contiersions of hydrochlorides of hydrazo compounak Experiments were carried 
out with hydrazobenzene and 3,3’dimethylhydrazobenzene hydrochlorides. In 
experiments 1 and 6 (Table 2) the products of rearrangement in ethereal solutions 
of HCl are presented for comparison. Experiments 2 and 7 show the degradation 
of hydrochlorides of the same hydrazo compounds after prolonged storage at 20” in 
the same apparatus in which they were prepared in ether with one molecule of HCl. 
The HCl resulting from salt dissociation gradually leads to the partial rearrangement 
of the salt. Both in experiments 2, 7 and 3, 4, 8, 9, not involving considerable excess 
of acid, no o,o’diamines were found. The large amounts of amines and azo com- 
pounds were due to the oxidation-reduction (II) accompanying the rearrangement: 

2(RNH-L&R)5 + RN-NR i 2R&S,& (IT) 

For example, the reaction of hydrazobenzene hydrochloride (0.01 mole) with an 
cquimolecular quantity of another suitable compound, e.g. 2,2’dimethoxyhydrazo- 
benzene in ether, after standing for a day at 0” revealed neither benxidine nor aniline. 
Besides the partially regenerated hydrobenzene and rearrangement products of 
2,2’dimcthoxyhydrazobenzene the mixture consisted of 2,2’dimethoxyazobenzene 
(53% of theory), azobenzenc (28.8 % of theory) and o-anisidine (32% of theory). 
The 2,2’dimethoxyhydrazobenzene is gradually converted into hydrochloride and a 
part of this salt undergoes rearrangement under the action of traces of HCl while 
the remainder is involved in the redox reaction and acts mostly as an oxidizing 
agent. 

Experiments 3, 4, 8 and 9 show the degradation of isolated hydrochloridcs in a 
slow current of dry nitrogen with external cooling to 20” or heating to 80”. In cxperi- 
ments 5 and 10 hydrochloridcs were degraded in dry HCI and external cooling by 
ice-salt mixture. As in experiment 4 only about half of the benzidine is produced 
as monohydrochloride, at elevated temperatures the hydrazobenzene hydrochloride 
must undergo rearrangement without involving a second molecule of acid. This is 
substantiated by the material balance of reaction products in terms of acid and 

l For unknown reasons, 3.4,~trichloroaniline and 2,3,5,6tctrachloroanilinc are not suitable 
for comparison with hydrazo compounds. 
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amino compounds. We have, however, shown,r4 that at elevated temperatures the 
hydrochlorides of amino compounds catalyst the disproportionation of free hydrazo 
compounds. Thus, heating a mixture of equimolecular quantities of hydrazobenzene 
and aniline hydrochloride at 1 l&l 15” for 15 min results in up to 80 % disproportion- 
ation of hydrazobenzene, this reaction being also catalysed by weak acids (benzoic, 
acetic, butyric). The reaction proceeds according to the following mechanism. Very 
small quantities of HCl resulting from weak dissociation of amine hydrochlorides 
are captured by the hydrazo compound to form a corresponding hydrochloride which 
undergoes redox conversion (II). Among the rearrangement products only traces of 
o-semidines formed on “thermal” rearrangement of hydrazo compounds in the 
absence of acid agents (see Table 5) could be detected. 

The so-called dihydrohalides of hydrazo compounds. In 1944 Pongratz ef aLI 
claimed that the dihydroiodide of hydrazobenzcne: 

(C,li$H,-~H,C,HJI,‘- 

is produced by the action of a large cxccss of methyl iodide on hydrazobenzene. 
Experimental check has shown that this “dihydroiodide” is a mixture of trimethyl- 
phenylammonium iodide (1 mole) and aniline hydroiodide (2 moles) and also results 
from the reaction of aniline with a large excess of methyl iodide.” Another dihydro- 
halide of hydrazobenzene investigated was “the green salt” discovered by Orelkin** 
which proves to be a mixture of compounds resulting from rearran gement and 
disproportionation of hydrazobenztne. Thus the more recent references17*‘b to 
dihydrohalides of hydrazo compounds are not valid. 

It has been shown that it is impossible to produce dihydrohalides of N-methyl-N’- 
phenylhydrazine in ethereal or in benzene-toluene solution of HCI or HBr in appre- 
ciable quantities .*@ If in monoprotonated aliphatic-aromatic hydrazines which are 
very weak bases, double protonation is strongly hindered, then double protonation 
of considerably weaker bases such as hydrazo compounds, many of which rearrange 
readily in weak acids at room temperature (see Table I), is still less likely. 

In order to effect rearrangement of hydrazo compounds, therefore, there is no 
need for double protonation. 

Rearrangement in acid media 

Tables 3 and 4 list data on the rearrangement of hydrazo compounds in non- 
ionized and in ionized media for such representative compounds as hydrazobenzcne 
(I), 2,2’dimethyl- (II), 3,3’dimethyl- (III), 4,4’dimethyl- (IV), 2,2’dimethoxy- (V) 
and 2,2’diethoxyhydrazobenzene (VI). 

In the presence of non-ionized acids the yield of benzidines is low and the per- 
centage of diphenylenes is higher than with ionized acids. In the case of hydrazo- 
benzene and 3,3’dimethylhydrazobenzene new compounds, o,o’diamines, are formed 
and the yield of o-semidines is also sharply increased. 

I’ V. 0. Lukashevich, Dokl. Akod. Nouk. SSSR, 120(2). 316 (1958). 
1’ A. Pongratz, S. BC)~OMXG&S and K. Scholth. Ber. Dtxk. Chm. Get. 7?, 651 (1944). 
I’ L. G. Krolik. V. 0. Lukashcvich. Dokl. Akad. Nank SSSR 87(2), 2.29 (1952). 
I’ G. S. Hammond and W. Gnuximbx, J. Amrr. Chcm. Sot. 77,244 (1955). 
I‘ R. B. Cariin and R. C. Odioso, 1. Amer. Chum. .Sbc. 76,100 (1954); R. B. Carlin and G. S. With, 

1. Amer. CIwm. Sot. l&4023 (1958). 
I* V. 0. Lukashwish and L. G. Krolik, Dokl. Akad. Nank SSSR 129(l), 117 (19S9). 
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T~m~u4.It~ummo~m~~am 

Yield, % of theory 

No Coqd Alcohol =_ Dipha o-sani Aw- Sumofall 
dinrd nyliocs dines Anilinea wmpds wmpds% 

1 I 99.9 75.5 19.0 
2 95.0 73.0 19.4 
3 95.0 56.5 23.8 
4 8S.O 79‘0 16.9 
5 75.0 81.2 15.2 
6 600 83.2 13.5 
7 450 84.3 12.6 
8 II 95.0 87.0 10.9 
9 III 95.0 79.2 11.0 

10 IV 95.0 - - 
11 V 99.9 65.7 16.9 
12 VI 99.9 76.0 8.0 

2.3 1.3 1.3 99.4 
22 2.3 2.4 99.3 
2.6 8.1 80 99.0 
1.4 1.1 1.1 99.5 
10 1.1 1.1 99.6 
Q9 0.9 0.9 99.4 
0.7 0.9 1.0 99.s 
O-7 @S 0.5 99.6 
3.0 2.0 2.3 97.5 

58.1 23Q 16.1 97.2 
2.6 4.7 4.5 94.4 
44 2.5 2.5 93.4 

Rearrangement in non-ionized acidr. I9 Experiments were carried out in ether or in 
benzene-toluene mixture (2: 1). When no solvent was used a stream of HCl or HBr 
was passed over the finely ground hydrazo compound. 

The action of dry HBr on crystalline hydrazobenzene and 2,2’-dimethylhydra 
benzene yields brominated o-semidines such as 4-bromo-2’-aminodiphenylamine 
(m.p. 127-128”) and 4-bromo-2,3’dimethyl-2’-aminodiphenylamine (m.p. lOS-1070) 
together with large amounts of aniline and o-toluidine. The latter are secondary 
reaction products. The hydrobromides of hydrazo compounds being reduced by 
HBr to anilines with simultaneous bromination of the o-semidines. 

Rearrangement in ionized acid& I1 The process takes place in aqueous-alcoholic 
or alcoholic solutions of HCI. 

According to the spectrophotometric evidence obtained by Carlin et al.,- hydra 
benzene is fully converted in 95 % ethanol to a mixture of benzidine and diphenylene 
in a 70:30 ratio, this being the cast under a wide variety of conditions. We have 
observed (Table 4) that not only is the ratio different but it is dependent on the 
alcohol concentration, being 79: 21 in 95 % ethanol, 84: 16 in 75 % ethanol and 87: 13 
in 45% ethanol (in aqueous solutions of HCl it is 92:8). With rising temperature 
the amount of benzidine markedly decreases at the expense of diphenylene and other 
substances, including o-aminodiphenylamine. Finally, rise in temperature leads to a 
strong increase in disproportionation products. 

In the case of other hydrazo compounds, it is claimedP that 2,2’dimethyl- and 
3,3’dimethylhydrazobenzene rearrange solely to the respective benzidines.* Actually, 
besides benzidines the reaction mixture contains about 11% of 3,3’-dimethyl-2,4’- 
diaminodiphenyl (Table 4, exp. 8). With 3,3’dimethylhydrazobenzene (exp. 9) 11% 

l The sanm mistake is in the -I work by Baothorpe, Iogold and Roy.” 

sa L. Knorr. &r. Dfsch. Chum. Grs. 39, 326s (1906). 
” V. 0. Lukashcvich, Dokl. Akad. Nuuk SSSR No. 1. 115 (1960); 159(S). 1095 (1964). 
” R. B. Carlin, R. G. Nelb and R. C. Odioso. 1. Anur. Gem. See. 73, 1ooZ (1951). 
” R. B. Carlin and R. C. Odioso. 1. Amer. Gem. Sot. 76,100 (1954). 
w D. V. Banthorpe, C. K. Ingold and J. Roy, /. Gem. Sue. M36 (1962). 
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of 4,2~dime~yi-2,4’~~n~iphenyl and 3 % of 3,4’dime~yl=2’-~~~~henyl- 
amine were found to be present. 

Ingold and Kidd had reported” that on joint rearrangement of 2,2’-dimethoxy- 
and 2,2’dicthoxyhydrazobenzene together with disproportionation products only 
pure 3,3’dimethoxy- and 3,3’diethoxybenzidine arc obtained each in a yield of 73% 
of theory. Actually our experiments gave 3,3’dimethoxybetuidine in about 66% 
yield (exp. 11) and 3,3’diethoxybenzidine in a yield of 76% of theory (exp. 12). 
Together with dianisidine about 20% and in the case of diphenetidine up to 12% of 
isomcres were obtained. These could be separated without loss of major substances 
treatment with acid. 

In ethereal solutions of HCl hydrazobenzene rearranges 30 to 40 times faster than 
in HCl solutions in 95% ethanol. In 99.9% ethanol the rearrangement is about 
150 times faster than in 95% ethanol. In benzene-toluene solutions of HCI the rate 
of rearrangement is much higher than in ethereal solutions. 

2,2’-Dimethylhydrazobenzene rearranges about 1,000 times faster than hydrazo- 
benzene in ethereal solutions of HCl but only 4 times as fast as in 95% ethanol. 
The rates of rearrangement in ethereal and benzene-toluene solutions of HBr exceed 
by several hundred thousand times those with HCl, the results being comparable 
only in ethereal or in bone-toIuenc solutions.” 

With HCl or HBr in 95% ethanol hydrazobenzcne rearranges at nearly the same 
rate, 2,2’dimethylhydrazobenzene rearranges with HBr twice as fast as with HCl. 

The rearrangemenr mechanism in the presence of acidr 

Until recently it was thought that in ionized acids the rate of re~gement is 
directly proportional to the first order of concentration of hydrazo compound and the 
square of concentration of hydrogen ions. M We do not agree with these statementP 
and the authors have been induced to reconsider them in the light of the range of 
hydrazo compounds under investigation. Thus, it was concludedn that besides the 
above kinetic dependence there exists a linear dependence of the rearrangement rate 
on acid concentration, as exemplified by 1,1’- and 1,2’-hydrazonaphthalenes. In 
those cases where the kinetic order with respect to the acid is represented by a 
fractional number the above authors with Blackadder and Hinshelwood= who think 
that monoprotonatcd 2,2’dimethylhydr~o~~ne undergoes a partial “spontaneous” 
rearrangement. 

The investigators of the rearrangement kinetics formulate their unwarranted thesis 
as foliows: if the kinetic order with respect to the acid equals 2-0, then the hydrazo 
compound adds two protons, excluding thereby another possibility for the protonated 
molecule to be affected by the acid. 

Hydrazo compounds are not useful for kinetic studies because they only resemble 
the usual di-acid bases. The rate of monoprotonation is dependent upon the basicity 
of the starting hydrazo compound whereas the rate of the subsequent stage is only 

u C. K. lngold and l-1. I. Kidd, J, Chem. Sec. 984 (1933). 
” M. V&era, C&m. L&y S&1373 (1958). 
gv D. V. Banthorpc, E. D. Hughes and C. K. IngoId, 1. Chem. Sue. 2386 (1962); D. V. Banthorpe 

and E, D. Hughes. IMeL 2402 (1962); D. V. Banthorpe, Ibid. 2407.2413 (1962); D. V. Banthorpe, 
E. D. Hughes and C. K. Ingold, lbti. 2418 (1%2); D. V. Banthorpe, Ibid. 1429 (1%2). 

** D. A. BIackadder and C. N. Wnshciwoad, 1. Chem. Sue. 2898 (1957). 
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indirectly related to the basicity of the monoprotonated molecule and is determined 
by the stability in the presence of the acid agent. With a considerable difference in 
the rates of the first and second phases there is created an illusion of double pro- 
tonation in case of compounds which form salts resistant to the further action of 
acid (see Table 1). In a number of cases monoprotonated hydrazo compounds are, 
however, extremely sensitive to acids and then the rate of the second phase is very 
high. It is just this simple fact, substantiated by the kinetic equations that has 
convinced investigators that these examples prove the existence of a “spontaneous” 
rearrangement of monoprotonated hydrazo compounds. 

The spontaneous rearrangement is further disproved if we recall the above 
disproportionation reaction of hydrazo compounds by heating in the presence of 
traces of HCl or weak acids .l’ Had there been a spontaneous rearrangement it 
would have undoubtedly resulted in a considerable quantity of rearrangement products 
together with disproportionation compounds. This, however, does not usually take 
place, particuIarly in the important case of 2,2’dimethylhydrazobenzene, used by 
Blackadder and Hiashelwood for their hypothesis. 

In the presence of acids the rearrangement always proceeds stepwise. The mono- 
protonated molecule formed undergoes rearrangement only when the acid exerts 
continued action. A very great divergence in data obtained for non-ionized and 
ionized acids appears to be first of all due to the fact that the transition states formed 
are essentially different. In the first instance the most characteristic reaction seems 
to be that of crystalline hydrazo compounds with HCI or HBr. The process proceeds 
in a solid phase and may be shown as follows: 

Solvents, if present, play an important role in that they change the strength of the 
acids and to some extent may dissolve the salt of hydrazo compounds resulting in 
rearrangement proceeding partly in solution. Finally, the nature of the acid is 
important as evidenced by the results obtained with HCl and HBr. 

Without agreeing with the hypothesis of Blackadder and Hinshclwood concerning 
the partial spontaneous rearrangement we accept their suggestion that in ionized acids 
the monoprotonated hydrazo compound undergoes rearrangement just when the 
proton is approaching. m In aqueous and aqueous-alcoholic solutions the transition 
state may be represented by: 

RNH-&H,R H.6 (Iv) 

In anhydrous alcohol the reaction is catalysed by an ethoxonium ion. It is essential 
that though the reaction rate in 99.9 % ethanol is about 150 times as fast as in 95 % 
ethanol the results of hydrazobenzene rearrangement arc almost similar. The nature 
of the solvent and acid does, however, affect the results. We have already seen that 
when alcohol is diluted with water this brings about a rise in the benzidine to diphen- 
ylenc ratio. When H,SO, is substituted for HCI in 95 % alcohol the above ratio also 

increases and reaches 87: 13. This might be caused by the specific action of non- 
ionized acid on the monoprotonated hydrazo compound, the same being also possible 
for rearrangement in weak acids. 
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Based on the data in Table 1, the relative rearrangement rates of a number of hy- 
drazo compounds maybe deduced and, at the same time, this data further substantiates 
our conception of the rearrangement mechanism. The 95% acetic acid used was 
obtained by diluting pure 98-99x standard commercial acids with water, the results 
sometimes varying depending on the particular acid used. 

The difference in rearrangement rates of many hydrazo compounds is so great 
that they cannot be expressed on one scale. In order to accommodate these rates, 
dioxan was added (8 ml dioxan and 20 ml acetic acid were taken per O-002 mole of 
hydrazo compound). 

Let us consider some examples. Hydrazonaphthalenes are not suitable for the 
elucidation of the true nature of rearrangement. Owing to the extreme instability of 
monoprotonatcd hydrazo compounds (fine dispersion of salts in a heterogeneous 
medium) the difference in the rates of the first and second phase is negligible and it 
is very difficult to differentiate between the stages of the rearrangement as the process 
proceeds very rapidly. And yet this proved possible with salts of l,l’- and 1,2’- 
hydrazonaphthalenes in dioxan diluted with ether. 

It is more expedient to use 2,2’diethoxy- and 2,2’dimethoxyhydrazobenzene, 
whose rearrangement rates are close to those of the above-mentioned hydrazonaph- 
thalenes. 2,2’-Diethoxyhydrazobenzene clearly exemplifies the two-phase course of 
the rearrangement and the hydrochloride of the hydrazo compound can be isolated 
in a 60-65x yield of theory. In contrast, the amount of 2,2’dimethoxyhydrazc 
benzene hydrochloride isolated does not exceed 10% of theory, inspite of the lower 
rate of rearrangement. 

Of great interest are 4,4’dimtthoxy- and 4,4’dicthoxyhydrazobenzenes, whose 
conversion rates in acids are particularly high. The reaction results in about 80% 
of disproportionation products whereas the maximum yield of o-semidines does not 
exceed 10% of theory. These examples serve as unequivocal proof of the stepwise 
character of the whole process. It has already been said that the disproportionation 
products result from a secondary reaction, that of interaction of two molecules of 
the monoprotonated hydrazo compound. The figures obtained (80% and 10%) also 
show that the rate of this bimolecular reaction substantially exceeds that of the con- 
version of the monoprotonated hydrazo compound to o-semidine. 

Some remarks on rhe rearrangement of 4,4’-substituted hydrazobenzenes 

Recently many attempts have been made to establish kinetically the rearrangement 
mechanism of 4.4’~substituted hydrazobenzenes. In the rearrangement of 4,4’- 
dimethylhydrazobenzene the kinetic order with respect to the acid is 2.0, the reaction 
products being o-semidine, ptoluidine and pazotoluene in a 40:40:20 ratio.- 
Actually this ratio was found to be 58:23: 16 (Table 4, exp. 10). We think that the 
higher percentage of toluidine than azotoluene is accounted for by the reductive 
effect of alcohol on the monoprotonated molecule of hydrazo compound. 

The kinetic order has been determinedm with respect to the acid for 4-methyM’- 
chlorohydrazobenzene (1.58) and 4-t-butyM’chlorohydrazobenzene (1.51). The 
authors did not determine the composition of the rearrangement products. It is 

” R B. Carlin and G. S. With, /. Amrr. Chem. SOC. SO.4023 (1958). 
” M. J. S. Rwar and H. McNicoll. Tefraludron Lerftrs. No. 5, 22 (1959). 



1328 v. 0. LuXAsw!vlcH 

now possible to report that in the former case the ratio of o-semidines:anilines:azo 
compounds is 24: 335 : 34.5 and in the latter 38 : 25 : 28. 

In the rearrangement of 4,4’di+butylhydrazobenzene it was found” that 4554 % 
of the compound rearranges and 48-50x disproportionates. With 4,4’divinyl- 
hydrazobenzenc the authors determined the order of the reaction with respect to 

the acid (l-0) but did not identify the products obtained in the reaction of the com- 
pound with HCl in ethanol. The authors do not consider them to be either semidine 

Yield, % of theory 

Sum of 
all 

TAP Heating o--semi- p!kmi- AW- ampds 
No ampd “C (k) dines dines Anilincs compds % 

-__ 
I Hydra7&cnzenc 140.,145 120 16.7 12.s 31.5 33.4 94.1 
2 4-Chlorohydraze 14&145 20 - - 45.2 47.5 92.7 

3 CBromohydrazo- 110 16 - -- 46.5 50.3 968 

4 4Methylhydrazo- 140-14s 116 18.6 8.1 33.5 35.6 95.8 
ben7CtlC 

5 2.2’-Dimcthyl- 16145 120 a.3 13.1 360 38-O 95.4 
hydrazoknzenc 

6 3,3’-Dimcthyl- 140 100 32.0 a.2 262 29.1 95.5 
hydrazobcnzw 

7 4,4’-Dimethyl- 16145 100 15.5 - 38.0 38.2 91.7 
hydrazobcnztnc 

8 2,2’-Dimethoxy- 120-12s 26 16.0 9.2 28.5 402 93.9 
hydrazobcnxne 

or disproportionation products but in the light of facts presented, the assertion of the 
authors about a “benzidine rearrangement*’ is not warranted. 

To sum up, in the rearrangement of 4.4’~substituted hydrazobenzcncs, the mono- 
protonation of hydrazo compound is followed by two parallel reactions, namely, the 
rearrangement of the monoprotonated hydrazo compound to yield o-semidine and 
the interaction of two monoprotonated molecules to give anilines and azo compounds 
(see II). An attempt to determine the kinetic order of two parallel reactions is without 
justification. 

“ThermaI” rearrangement of hydrazo compounds 

Meisenheimer and WittP discovered that boiling 2,2’-azonaphthalcne in alcoholic 
alkali with zinc dust results in 2,2’diamino_l,l’dinaphthyl. They concluded, as later 
did Jacobson,B that their data pointed to a rearrangement under the action of alkali. 
It has, however, been shown I* that the rearrangement of 2,2’- as well as of I ,l’- 
hydrazonaphthalene is caused by heat rather than alkali. 

” H. G. Schinc and J. T. Chamntus. J. Org. Chtm. 28, 1232 (1963); 7crruhecfr~n Lerrers NO. 10. 
641 (1963). 

“J. Mcirnheima and E. Wittc. &r. Duch. Chrm. Gts. 36.4153 (1903). 
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More recently VeWa ef ~1.~ determined qualitatively the rearrangement products 
resulting from prolonged heating (150”) of hydrazobcnzcne and 2,2’dimethylhydrazo- 
benzene (as well as 4’-mtthylhydrazobcnzen& and 1, I’-hydrazonaphthalene). “Ther- 
maI” rearrangement of 2,2’-hydrazonaphthalene attracted the attention of Shine” 
who after several years obtained satisfactory rcsults.~ As to 1 ,l’-hydrazonaphthalene 
the author acknowledged the case to be too involved.* 

Rearrangement of hydrazo compounds of the benzene series. The compounds 
investigated can be classified into two groups. The first group comprises hydrazo 
compounds forming almost exclusively disproportionation products, such as 4-chloro-, 
4brome and 4,4’dichlorohydrazobcnzene. The second includes most hydrazo 
compounds (Table 5). The reaction yields disproportionation products together with 
rearrangement products, which sometimes cxcecd 25 % of theory. These were o- and 
psemidines, one of them predominating. 4Methylhydrazobcnzene gives not only 
2-amino-5-methyldiphenylamine (bundles of needles from alcohol, m.p. 879 but also 
2-amine-4’-mcthyldiphenylamine (compact quadrangular plates from alcohol, m.p. 
75-76”hnot observed on acid rearrangement by Jacobson,38 nor found on “thermal” 
rearrangement by VeEci%~~ 

In a number of cases an appreciable amount ofpscmidines were notated although 
these were not formed during rearrangement of these compounds in acid medium. 
Benzidines and diphenylenes were not found in appreciable amounts. 

Rearrangement of hy&azo compounds of the naphthalene series, inpuence of solcents. 
In the “thermal” rearrangement of hydrazonaphthalenes the composition of the end 
products depends on factors that do not affect the rearrangement of hydrazo com- 
pounds of the benzene series. The more complicated but very interesting rearrange- 
ment of the l,l’-is~mer,~ the rate in alcohols, ethylene glywl and formarnide is much 
higher than it is in other solvents. 

The nature of the solvent often alfects the quantitative composition of the re- 
arrangement products which may be divided into two groups. The first group consists 
of o- and pdiamines and 2,2’dinaphtho-l,l’-imine, corresponding to odiaminc, the 
second one involves o- and psemidincs. In solvents with weak electric properties, 
the yield of semidincs can exceed the overall rearrangement products by 50% but the 

l It is extrcmcly difbcult to understand the recent ruuhs of Ranthorpe and Hughq” and Ran- 
thorpc, Hughes and Ingold,” concerning the “thermal” rearrangamnt of l,l’-hydrazonaphthalene. 
Resides alcohols the authors used as solvents acetonitrilc. acetone. and benzene and also studied 
rcarrangcment in the abscna of solvents. Actually they have been mainly co- with oxidation 
of 1,1’-hydrazonaphthalcnc rather than rearrangement. The yields of l,l’-azonaphthalcne unda the 
above conditions proved IO be 30, 60. 25 and 60%. respectively. with the rearrangamnt products 
amounting IO as little as 14.10,30 and 3%. No appreciable amount of scmidina warm detected. One 
must, however, bear in mind that according lo the authors they had no semidina available evil for 
their “control” cxpcrimcnts. 

Our data on rearrangement of l,l’-hydrazonaphthalcnc in different solvents arc summari& in 
Table 6. 
DJ M. Vc&La. J. Gaspartic and J. Pctranek, Chem. & Ind. No. 10.299 (1957). 
l H. J. Shine, 1. Amer. Gem. SC. 78.4807 (1956). 
U H. J. Shine and J. C. ‘Frisler, /. Anur. Chum. SC. 82.4054 (1960). 
a’ D. V. Ramhorpc and E. D. Hughes, 1. Chm. SC. 2849 (1964). 
a’ D. V. Ranthorpe. E. D. Hughes and C. K. Ingold. /. Gem. SM. 2864 (1964). 
” P. Jacobsen and W. Lischkc. Liebi~s AM. 303,367 (1898). 
” V. 0. Lukashevich and L. G. Krolik, Dokl. Akd Nauk SSSR. 147(S)), IO!30 (1%2); Ibid. (I), 

110 (1961). 
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yield becomes lower as the electric property of solvent increases. Addition of water 
with its high dielectric constant to weakly polar solvents may lead to a considerably 
lower yield of semidines, this being the case in benzene and dioxan. 

The ratio of 1 ,I’- to 4,4’~iamine depends on the solvent, a much higher percentage 
of 1,l’diamine (as sum total with imine), as is the case in hydrocarbons, anhydrous 
dioxan, ethanol and ethylene glycol. However, in methanol the ratio of l,l’- to 
4,4’diamine is as low as l-21 and in acetonitrile it is 1.25. In formamide there is a 
strong predominance of 4,4’diamine as a formyl derivative whereas the less basic 
1,l’diaminc is present in a free state. 

The data obtained for rearrangement of the three isomeric imines in alcoholic- 
alkaline medium are extremely interesting. In anhydrous methanol and ethanol the 
reaction gives rise to about 25% of 2,2’dinaph~~l,l’-i~ne, over 50% of 1,2’- 
dinaphtho-1’,2-iminc, and about 20% of dinaphtho-2.2’~imine. If, however, the 
metallic sodium is dissolved in anhydrous alcohol to obtain O*lN solution, the re- 
arrangement proceeds quickly but, no imines are formed. 

The data for the rearrangement of 1,2’- and 2,2’-hy~~o~aphth~en~ are more 
straightforward. %D The reaction with 1,2’-isomer results in odiamine, imine and 
4-amino-l ,Ydinaphthylamine and negligible disproportionation. Just as with 1, I-’ 
hydrazonaphthalene, in benzene and dioxan the percentage ofpsemidint is very high 
whereas in alcohols the compound is almost absent. The reaction with 2,2’-hydrazo- 
naphthalene gives only odiamine and imine. 

Probably an intermolecular reaction takes place between the molecules undergoing 
~~~gernent and the solvent molecules not only before the process begins but also 
during its complete course, Thus, by making the molecule of the hydrazo compound 
more labile the solvent facilitates the initial stage of the process and, moreover, 
affects the composition of the resulting products. 

If the re~~gement is hindered the reaction yields o- and psemidines. In 
accordance with the suggestion by Ve&fass it is quite possible that semidines result 
from the interaction of radicals formed when the -HN-NH- bond of the hydrazo 
compound is broken. It should, however, be added that such a radical reaction must 
comply with conditions not contradicting our concept of rearrangement as being an 
intramolecular process. That is to say either it is an intramolecular radical reactionm 
or, if the radicals are kinetically independent, theirlifeperiod should beextremely short. 

Solvents with pronounced electrical properties favour rearrangement, thus con- 
siderably lowering the yield of semidines in the case of l,l’- and 1,2’-hydr~onapht- 
halenes at the expense of an increase in the production of diamints and dinaphthoimine. 
It is of great importance that the three isomeric dinaphthoimines formed sometimes 
in very large amounts cannot result from diamin~inaphthyls as this would have 
required more rigid conditions. This fact has been carefully checked for the three 
isomers. It follows that they are formed at the moment of rearrangement. One 
could conceive the transition state as: 

u H. E. De La Mare and F. F. Rust, f. Amer. C&m. Sot. 81.2691 (1959). 
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with the bond between nitrogen atoms not having been completely broken and no 
new bonds yet formed. 

The intermolecular oxidation-reduction reaction leads to azo compounds and 
anilines. 

In the naphthalene series disproportionation takes place primarily with l,l’- 
hydrazonaphtbalene where rearrangement is more favoured than with 1,2’- and 
2,2’-isomers. l,l’-Hydrazonaphthalene also involves a very fast redox reaction. It 
is to be noted that the percentage of naphthylamine sometimes considerably exceeds 
that of 1,1’-azonaphthalene. This refers particularly to experiments with alcohols, 
ethylene glycol, aqueous pyridine and aqueous dioxan. It is quite possible that in 
these solvents one should also take into consideration the reductive action of water 
and alcohols on 1, I’-hydrazonaphthalene. 

EXPERIMENTAL 

S&s of hydmzo cwnpounds. To an cthacal soln of hydrazo compound, e.g. hydrawbcnzcnc 
(@OOS mok) at -8 to -10” an cquimokcular amount of HCl in ether was added dropwiac, the 
overall quantity amounting to -50 ml. The snow-white hydrochloride was quickly Bltcrcd off 
(preferably under N), made alkaline with NaOH in McOH and oxidized with HgO the amount of 
azobcnznc produced king equivalent lo that of the salt. Due to the dissociation of hydrochloride 
the salt formation is not always complete particularly in compounds with low b&city. In the case of 
Zchloro- and 3.3’dichlorohydrazobcnzcne as much as 3&$0x of the hydrazo compound remains in 
soln even if 2 moles of HCl are used. 

salts of hydrazo compounds can also bc prepared in isopropyl or isoamyl ethers and with HBr it 
k possible to isoIate 4&SO% of 3&loro- and 3.3’dichlorohydrazobe hydrobromidcs. 

The following experiment proves the existence of the hydrazonaphthalcnc sale. When l,l’-, 
l.Z’- or 2,2’-hydrazonaphthaknc (0032 mole) was dissolved in dioxan (8 ml), diluted with ether 
(40 ml) at -8 IO -10” and 1 mole HCl in ether (25 ml) added, an abundant, very finely dispersed 
ppt formed immediately. If the mixture was made alkaline as quickly as possible and oxidized with 
HgO 70 to 75% of starting hydrazo compound (a azo compounds) was regenerated. A visual 
estimate indicated that the hydrochloride3 of comzsponding diamincs (cakulatai amounts) were 
produced only in small quantities. 

Rcurraqemenr in non-ionized ocidr. The hydrazo compound (O-01 mole) was dissolved in absolute 
ether or in a mixture of absolute benzene and tolucne &t-m) in a 2: 1 ratio and a soln of HCI or 
HBr (34 moles) in the same solvents added at -8 to - 10”. In experiment 10. the elMcal soln of 
acid (4 moka) was added at once to the soln of hydrazo compound in ether. In experiments without 
solvents, a stream of HCl or HBr was slowly passed over the surface of a finely ground hydrazo 
compound in a small apparatus agitated in an ia-salt mixture. The almost colourks aqueous 
solns of the reaction products on extraction with ether yielded the weakly basii o-scmidincs and 
azo compounds. &ianidinu may bc determined quantitatively by titration with NaNO,. The 
charactcristia of the less known compounds arc as follows: 3.4-dimthyl-2’-benzoylaminodiphcnyl- 
amine bundk, of ncxdlcs from alcohol, m.p. 152-l 53”; 2,3dicthoxy-2’-bcnzoylarninodiphcnylaminc 
nccdla from alcohol, m.p. 148-149”. 

After separating ctsanidina and au, compounds Wdinc was rcprccipitatcd as sulfate and 
other bcnlidincs wcrc salted out from strongly acidified solns and puriticd. The filtrates on steam dis- 
tillation yielded o-o’diamin*l and diphcnyw. These could bc separated as dibcnzoyl dcrivs 
owing IO their different solubility in alcohol and ether. The characteristics of Ius known compounds 
arc as follows: 4,4’-Dimcthyl-2.2’dibcnzoyldiaminodiphenyl prisnu from alcohol, m.p. 161-162”; 
2,4’dimcthyl_4,2’dibcnzoyldiaminodiphcnyI quadrangular plates from alcohol, m.p. 212- 213”; 
3,3’dicthoxy-2_4’dibcnzoyldiaminodiphcnyi prisms from alcohol, m.p. 229-230”; 3,3’dicchoxy- 
4,4’dibcnzoyldiaminodiphcnyl narrow prisms from acetone, m.p. 243-244”. 

Reammgemenf in ionlscd acids (Table 4). In a number of experiments an alcoholic soln of 
hydraz&cnunc (001 mole) strongly cooled under N was mixed at once with a soln of HCl (@l mole); 
overall volume 100 ml, about 0”; In 2 hr bcnzidinc hydrochloride crystals wcrc separated and 
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convcrtcd to sulfate. The alcohol WIU cvaporatcd at ltMO”, the rcmaindcr diluted with water, the 
main bulk of the acid carefully ncutrali& and o-scmidine and azobcnzene compktcly cxtractcd with 
cthcr; the aqueous part contained traas of bcnzidinc. diphcnyknc and aniline. After separation of 
bcnzidinc the yktd of diphcnyknc and aniline was dctcrmincd by diazotation and the amount of 
aniline estimated after rcpcatcd steam distillation. In cxpcrimcnts 3.1 was added to the acid during 
IS min at 45-W. Compounds II, IV, V and VI were uniformly addal to HCl soln (@l mole) in 
alcohol (100 ml) during 30 min at 0”. After 90 min the reaction mixtures wcrc treated as mentioned 
above for I and for rcarrangcmcnt in non-ionized acids. 


