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GHAPTER ONEFE ,

The Reductien ef 8-Nitrenaphthalene,

Benzidline and its derivatives are eof great
impertance in the dyestuff industry en acceunt ef the
fact, dliscevered in 1885, that the tetraze =alts derived
frem them pessess the preperty of dyeing cetten directly,
witheut the use of a merdant, The cerrespending dere
-ivatives ef naphthalene, the naphthidine bases, have
been in cemparisen semewhat neglected, and 1t is eur

intentien te exvlere this field in the near fmture,

A necessary preliminary was the investigsatien
ef the metheds ef preparatien ef the substances invelved,
and a paper (1) has been published frem this laberatery
in which the reductien ef l-nitrenaphthalene is described,
These authers feund that, while the reducing agents,

(sediug amalgam, zine dust and sedium hydrexide with er

1, Cumming and Steel, J,C,S,,1983,123, 8485



witheut alcellel) which are usually empleyed were 3ltegeth-
-or unsatisfactery in that ne preduct ether than tar er
l-naphthylamine e¢euld be ebtained under cenditliens where
any reductien at 8ll eccurred, the empleyment ef zinc

aust forkthe reductien ef l-nitremanhthalene in alcehelie
selutlien in the presence ef ammenium chleride was beth

cleanly and satisfactery,

By adjusting the quantity ef zimec dust, 1:1'-
azexy-, l:1'-aze-, er 1l:l'-hydraze-maphthalene ceuld be
ebtained at will, amd DY reductien ef 1l:1'-azexynaphthal-
-oBe with stamneus chleride and hydrechlerie acid in
acetie acld selutien ( a methed met avvlieable te 1-mitre-
-naphthalene) maphthidine ceuld be ebtained, Dinaph-
-thaleneimine, a cyclie ecempeumd theeretically derived
frem nabhfitdine by less ef ammenla, was ebtained by the
actien df<dilute sulphurlie acid en 1:1'-hydrazenanhthal-
-ene, A substance, 38NH4Cl,652r(0H)g, ebtained as 2
by-preduct im the preparatien ef 1:1'-azexynanhthalene

was alse described,

These reagents, (zine dust, ammenium chleride,

and elther water exr alcehel) have frequently beenm empleyed



in the preparation of N-aryl hydroxylamines (4) ana
occaslonally (6) in the preparation of azoxy compomunds,

In view of the success which had attended the apnlication
of this method to l-nitronaphthalene 1t was decided to
test 1ts sultabllity for the reduction of R%-nitronarhthel-

-ene,

Preparation of 23-Nitronaphthalene,

The preparation of Z-nitronavhthalene on & rease
-onable scale presents considerable difficulty, The
nitration of naphthalene itself, under such diverse con-
-ditions as ate55° (6) and at $60° (¥), yields l-nitro-
naphthalene as practically the sole product of mono-
-nitration, The formation of traces of 2-nitronaph-
-thalene 18, of course, indicated by the occurrence of

3-naphthylamine in commercial l-navhthylamine, and

4, Bamberger, Ber,,1894,87,1347,1548
Wohl, Ber,,1894,37,14
Bamberger and Rising, Ann,,b1901,316,257, etc,
5, Wacker, Ann,,1901,317,375;1908,331,61
Alway, Am,Ch,J,,1902,288,475
Bamberger and Elger, Ber,,1803,38,1611,86845
wohl and Goldenburg,Ber,,1903,36,4153
puval, C.R.,1905,141,198; Bull,, 1e10,(1v),7,677
Relssert,Ber,,19808,41,39081
6, Pictet,C,R,,180%,116,815,
7. Nagell, Bull,,1869,(111),231,786



Armstrong (8) has isolated a small quantity of 2-nitro-
naphthalene from & sample of l-nitronaphthalene by a
laborious process of fractionation, Wynne, however,

considers the matter still open to doudt (9),

In the case of derivatives of narhthalene, the
nitro group also generally enters in the alpha position,
the only exceptions, other than compounds containing
elther a second nitro group or a hydroxyl group, which
are cited in "Thorpe's Dictionary of Applied Chemilstry"
(10), veing (1) 3:4:7- and 3:4:8-nitronaphthalene disuiph-
-onic aclds, formed in small quantities and accompanied
by the isomeric I-nitro derivatives, (1ii) 2-amino-é-nitro-
naphthalene-g-esulphonic acid, which Jacchia (11) claims
to have obtained by acting oh 2-aminonaphthal ene-f«esulnh-
-onlc acld with nitric acid, and (111) l-acetylamino-
38-nitronaphthalene prepared by Lellmann and Remy (18)
together with other substances by the nitration of

3-acetylaminonaphthalene,

8. Thorpe's Dictionary of Applled Chemlstry,1913,II1I,580

s, " " " " " ,1932,1V,428

l0, " n " " " ,1832,IV, 408-514

11, Jacchia, Ann,,1903,333,119;Imnerheiser,D,R,P., 57083

18, Lellmsnn and Remy, Ber,,1886,19,797;Lellmann, Ber,,1887,
!—Q’egao



a-Nitronaphthalene has been actually prepared
(13) by dissolving 1-acetylamino-3-nitronaphthalene in
aiconol and treating with ethyl nitrite in presence of
sulphuric acid, The preparation of l-acetylamino-
-3-nltronaphthalene 1= an involved and wasteful process;
the nitration vproduct consists of a mixture of a molec~
-ular compound of 1-scetylamino-8-nitronanhthelene and
l-acetylamino-4-nitronaphthalene with =n excess of the
1:4 compound, After sevaration of this excess mechan-
-1cally the double commound can be broken down by 1limited
hydrolysis with alcoholic sod'um hydroxide, the 1l:4
derivative being attacked preferentially, This, the
original method of preparing 3-nitronaphtheclene has not
been employed by subsequent authors, Methods later
described in the literature include the decomposition of
diazonium salts of 8-naphthylamine in the presence of

cupro-cupri sulphite (14) or cuprous oxide (15,16)

These latter methods do not give good yilelds,

and owing to the large amount of inorganic material

13, Lellmann and Remy,Ber,,1886,19,62336

14, Hantsch and Blagden Ber,,1900, §§ 32553
15. Sandmeyer, Ber,,1887,680,1406

16, Meiqenheimer and witt Ber.,1903 36,4158



necessarlly employed are exceedingly tedfous and impract-
-icable, Sterting with fifty grams of 8-navnhthylamine,
(the largest scele possible under normal lsboratory
conditions for these prevarations), only five to six

grams could be obtained on the average after not less

than three weeks work, when the method of Melsenheimer

and Witt (16) was used,

Accordingly a certain amount of time was spent
on attempts to devise new methods for the preparation
of this substance, The /A-nitronavhthylaminesulphonic
acld described by Immerheiser and by Jacchla avpeared a
possible source, but preliminary experiments indicated
that falr yields of this substance were not 1likely to
be obtained, Lack of time, and the necessity for
pushing on with the main line of research has prevented
us from carrying these experiments as far as we would
desire, It 18 our intention, however, to return
to thils subject with a view to determining the optimum

conditions for this interesting reactlon,

Oon nitration of sodium napAthalene-2-sulrhon-

-ate, the first nitro group enters one of the free alpha



positions(17), Accordingly, of the possible seven mono-
nitronaphthalene sulphonic acids only three (1-nitro-
naphthalene -3-,-6-,and -7- monosulﬁhonie acids)can be
obtalned thus, Sodium naphthalene-l-sulphonate ylelds
a mixture of 1-nitro -4-,-5-,and -8- naphthalene sulphonic

aclds with the 1:8 acid in preponderating amount,

A general reaction which is ntilised in the
dyestuff industry with success consiste in the replace-
-ment of a sulphonic acid group by & nitro group,
Dyestuffs prepared in this way include picric acid,
prepared by the action of dilute nitric acid on vhenol
sulphonic acid, Martius Yellow (8:4-41n1tro-1-naphthol)
prepared by the nitration of l1-naphthol-=2:4-disulphonic
acid and Naphthol Yellow S (8:4-dinitro-1-navhthol-7-
sulphonic acid) prepared by the nitration of l-nsvhthol-
244:7-tTisulphonic acia (1g). A long series of exmer-
-iments were made in an attempt to induce this reaction

by the action of nitrsting agents on sodium naphthalene-

17, Cleve,6Bull,,1876,86,444;1878,89,414;Ber,,1886,18,3179
ATms¥rong and Wwynne,proc,C,S,.,18898,17;1895, 239
cassella,D.R.P,,67017;85058
Erdmenn and Suvern,Ann,,1803,375, 33¢

18, Bender, Ber,,1883,32,9096
Badische, D,R,P,.,10785



-2-8ulphonate, which, while they make no claim to be
exhgustive, 1ndlcate by the total lack of even traces

of the desired 3-nitronaphthalene that there 1s 1ittlse
likellhood of success along this line, The 2-nitro-
-naphthalsne required for thls reserrch was therefore
prepared according to the method of Melsenheimer and
Witt (13) apparently the most promising of the mublished

methods,

Reduction of 3-Nitronmaphthalene,

Meisenheimer and witt (13) have studied the effect
of varying reducing agents on 8-nitronaphthalense, Ihey
have found that zinc¢ dust and alcoholic sodium hydroxide
reacted with 2-nitronaphthalene with formation of a mixture
of 3:3'-azonaphthalene, 3:3'-dlamino-1:1'-dinaphthyl (I)

and 1:1'-dinaphtho-o-d1azin (IT).

NN

1
2:2'-Diamino-1:1"'-d1naphthyl would be the commonund

which would be expected on causing 8:23'-hydrazon~nhth2lene
to undergo the benzidine change, and 1ts constitntion was

also proved by heating 1t above 1ts melting point, when the



corresponding carbazole, (III) ,1:1'-dinaphtho:2:2'-imin
was formed, They also found that by very cautious
reduction of 8:3'-azonarhthalene with zinc dust and
sodium hydroxlde 3:3'-hydrazonavhthalene could be obtained,
and that thls ylelded 2:3'-diamino-1:1'-dinaphthyl on
treatment not only with acld, but, contrary to expectation,
with alkaline solutions, They also reduced 2-nitroe-
-naphthalene with stannous chloride and sodium hydroxide,
obtaining a mixture of 3:3'-azoxynaphthalene with 1:1'-
dinaphtho-o-diazin oxide (IV), 2:2'-Azoxynaphthalene
on reduction with zinc dust and sodimm hydroxide gives
3:3'-agonavhthalene, and 1:1'-dinaphtho-o-d4iazin oxide

the parent diazin (T11),

NH

jun

Jacobsen (18) has pointed out that, as both the

positions para to the hydrazo grour in 2:3'-hydrazo naph-
-thalene are blocked, the substance which wonld have been
expected would have been a "semidine" derivative such as

Va, and further that it .s very umsnal for this transform-

18, Jacobsen,Ann,,1932,437,148
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-ation to take place in aslkaline solntion, At the

same time he confirme Melsenheimer and Witt's experiment2l
date, and has found that the same sunstance is formed

when 3:2'-azonsrhthalene 1s reduced with stannous chloride

and hydrochloric acid in the presence of alcohol,

Meisenheimer and Witt (80) have also studied
the actlon'of methyl alcoholic potassium hydroxide on
8-nltrona—hthalene, This reagent, when epnlied to
most other nltro compounds, conatitutes the most general-
«ly applicable method for prevaring ﬁzoxy compounds, and
1t 1s interesting to note that no 8:23'-azoxynavhthalene
was obtalned thus, their product consisting of naphthe-
-quinone oxime dimethylacetel (V), or its decommosition
product l-nephthaguinone-2-oxime (¥I),70 per cent,
OCHs o
oH Oi}-worc CO%

¥ v %
1:1'-dinsphtho-2:8'-dilazin oxide (IV),15-20 per cent,

‘and 2:2'-azonaphthalene, £-1¢ per cent,

Hantech and Schmeidel have prenared 3:5'-220-

20, MNekisgenheimer and Witt, Ber.,1803,36,4164
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-naphthalene by allowing naphthalene-2-syn-dieszo sulph-
-onate to decompose,(31), They furkher claim to have
prepared 2:3'-hydrazonaphthalene by the reduction of
2:2'-azonaphthalene with zinc and acetic acid, The
compound which they describe as 8:5'-hydrazonaphthalene
melts at 168°-169° and is difficultly soluble in organic
solvents, This method of reduction would almost
inevitably cause intra-molecular conversion of the benz-
-1dine type, and 2:2'-hydrszonavhthalene 1s described by
other authors as melting at 140°-141°and as Teadlly sol-
-uble 1n most organic solvents, Megsenheimer and
Witt (16) have pointed out that the componnd described
by Hantsch is most probably 2:3'-dismino-1:1'-dinavhthyl,

We have found that on reducing 2-nitronavhthal-
-ene with zinc dust and ammonium chloride in aqueous
alcoholic solution either 23:3'-azoxy- or 8:8'-azo-
-naphthalene 1s formed, or a mixture o4 both, the pron-
-ortions depending on the weight of zinc dust useq,
An insoluble zinc componnd is produced as a by-nroduct,
and there 1s distinct evidence th2t 1t 1= formed by the

dedomposition of an intermediate commound solwble 1in

81, Hantsch and Schmeidel, Ber,,6 1¢97,30,81
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alcohol, 2:3'-hydrazonarhthalene 1s a very unstable
substance, with a strong tendency to change either (a)

by oxidation to 3:3'-azonaphthalene or (b) intramolecnl-
-arly to 3:3'-dlamino-1:1'-dinaphthyl, the inorganic by-
-products of the reduction appsrently acting as catalysts
for this latter reaction, For this reason we have
not been able, save in one doubtfnl case, to prepare
3:3'-hydrazonarhthalene, but we have frequently and with

ease prepared 3:3'-diamino-1:1'-dinaphthyl,

On account of the inaccessibility of 3-nitro-
-navhthalene exverimentes of a similar natore were carried
out using 2:3'azronarhthalene as starting material, As
gusntities of 23:2'-azpxynaphthalene were required for
experiments descrived in chapter III, the oxidation of
8:3-azonarhthalene to 8:3'-azoxynaphthalene was investi-
-1gated, contrary to the experience of Cumrming and
Steel (1in dealing with 1l:1'-azonaphthalene) 1t was found
this oxidation could not be carried out by passing a
current of air through a boiling solntion of 2:83'=-azo-
-naphthalene, 3:3-Azoxynaphthalene can, however, be
vroduced guantitatively by ox'dising 3:8'-azonanhthalene
with 30 per cent hydrogen peroxide ("~erhydrol") in

glaclal acetic acid solutlon,



13,

FEXPERIMENTAL,

1. Preparation of 2-Nttronaphthelene,

A._Action of nitric acid on sodium naphthalene2-

sulphonate,

Fitric acid, dissolved in various solvents, was
allowed to act on sodium naphthalene-2-sulphonate under
varylng conditions, as shown in Table I overleaf, The
reaction mixture was worked up in exveriments 1 to 8, »nd
13, by steam distillation of the neutraliseda reaction
mixture, The only substance detected in the distillate
was nanrhthalene, Tn the remaining experiments the
reaction mixture was nektrallised and after standing over
night filtered, Both filtrate and residue were extracted
wlth ether, The ekkereal extracts on evaporation
vielded only traces of colouring matter, and the aqueous
residues on evaporation a yellow crystalline mixture

of salts of naphthalene nitrosulphonic acids,

In view of the fact that not even & trace of

unsulphonated nitronsphthslenes counld be detected in any
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TABLE I,

The Action of Nitrating Agents on Sodium Nsvhthalene-3-sulphonate

No, Conc, HNOg Mols, HNOz Temp, Notes
per cent Mols, salt

(a) Nitric acid dissolved in water

1, 15 1.4 10¢

2. 15 104 ‘15

s, 35 1.4 30 Afterwards hested 3¢ minutes
4, 68 2,1 -15 (on water vath,
5. 68 3.1 30

8, 68 2.6 20

7. 68 2,6 100

8, 88 lo0.8 -15

(b) ¥itric acid Aissolved in snlphuric acld,

9, e.,3 1.1 20 Do,as 3
10, 13.9 1.1 20 Do, as 3
11, 13,9 1.1 20 ) Allowed to stand over week-
13, 31.8 1,1 -15 ) -end before extraction,
13, 21.8 1.1 30

(c) Witric acid dissolved in glaclsl acetic acld,
14, 8,8 1,1 20 A8 mmber S
15, 8,6 1.1 «-15

18, 18.8 1.1 30 Do,

17, 55,0 1.1 100

18, 7.5 1.8 100

19, 7.0 2,5 lo0
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experiment, the vrospect of obtaining a satisfactory

vield by any further modification was seen to be small,

and the method was abandoneqd,

B, Attempts to prepare_g-smino-g8-nitronaphthalene-

g8-sulphonlic aciad,

Fifty grams of 3-naphthylamine were added to
150 grams of concentrated sulrhuric acid and heated fow
six hours in a boiling water bath, The product was
then poured into water and next morning filtered snd
arieqd, In order to separate the 2-aminonaphthalene
-8-gulphonic acid from its isomers it was boiled with
two equivalents of sodilnum ethoxide in alcoholic solution,

and after cooling filtered and dried,

The product was nitrated by the method described
by Jacchia (11), but no product answering to his descrip-

-tion could be isolated,



. 18,

C, The decomposition of navhthalene-2-41azonium nitrate,

The method of Melsenheimer and Witt (18) was
utiiised as follows:

52,5 Grams crmde R-naphthylamine were adied
with stirring, quickly in small portions, to & bolling
mi xture of 175 ccs, nitric acid (specific gravity 1,4)
and 175¢ ccs, of water, A8 soon as a clear solntion
was obtalned tt was cooled as guickly as possible to ©°
in order to obtain finely difided crystals of 2-naph-
-thylamine nitrate, After cooling 1t was dlazotised
in the usmal way, and then as mmuch sodinm nitrite added
as 1s necessary to neutralise the excess nitric aciq,
that 1s, 180 grams sodium nitrite dissolved in 8§00 ccs,
water, If this operation 1s prorerly condnucted the
wiole should go almost commpletely into solution, The
solution, now smelling strongly of nitrous acld, was
poured with stirring over cuprous oxide mixture, prepared
by reduction of 875 grams of copper sulphate with glucose
and sodium hydroxide according to the method of Sand-

-meyer (15), whereon a brisk evolution of nitrogen and

nitric oxlde set in,



17,

Meisenhelmer and Witt extract the 2-nttronanh-
-thalene from the reaction mixture by steam distillation,
We have found this to be a lengthy and impracticable
method, even when superheated steam 1s employed,
Accordingly we extracted the 2-nitrona~hthalene by exhanst-
-1lve extractlon with a sultable solvent, As a resnlt
of comparative experiments, in which alignot portions of
the same reaction product were extracted with different
solvents in a Soxhlet apparatus for six hours, it was
found that the amount extracted in the same time by

different solvents was represented by the fignures:

Ether 10 (Standard)
Alcohol 8.8
Benzene 5.1

As 1t was found that alcohol, despite 1ts
slightly lower extractive efficiency than ether, gave a
considerably cleaner product than the other two solvents,

1t was sdopted 1in all further vprenarations,

3-Nitronaphthalene is described in the 1literature
as yellow needles, which in the compact state seem yell-
-owish brown, We found that on bolling & solution
of 8-nitronaphthalene in agueous alcohol (5¢ per cent)

with animal charcoal, 1t can be obtained as almost



18,

colourless needles of the normal melting voint, (79°),
This product showed no tendency to darken on exnosure

either to ait or light,

8, Reduction of 8-Nitronavhthalens,

A, Preparation of 8:23'-azoxynaphthalene,

One gram of 3-nitronaphthalene and two grams
of ammonium chloride were dissolved in ten ccs, of 9¢
ver cent alcohol and three ccs, of water by heating on
the water bath until all the 8-nitronavhthalene had
dissolved, a 1little of the ammonium chloride remaining
undissolved, Zinc dust (1.4 grams) was then added
in very small quantities, the temveratnre being maintained
at about 75 -80°, on addition of esch batch of zinc
dust heat was evolved and a strong smell of ammonia conld
be observed, ¥hen all the zinc dust had been added
the hot reaction mixture was filtered, and the residne

and filtrate (A) worked up separately.

The greenish residue was extracted successively

with alcohol, hot water, and agaln several tlmes with



19,

hot alcohol, The first alcoholic extract ylelded only
8 small quantity of white plates melting or decommosing
at 330°-230° By fractional crystallisation of the
other alcohollc extracts five batches of crystals
melting Tespectively at Y, 155°-163; IT, 168 -164; TTT,
158°-1593 IV, 158 -155% V, 181 =133’ " Batches T - IV
after several crystesllisations from alcohol melted
sharply at 164i

Found: N = 9,85, Cale. (for azoxynaphthalene),

X = 9,39 per cent,

The filtrate (A) devosited a crystalline mess,
of which more was obtained by concentrating the mother
liquors, This product was extracted with water and
then exhaustively with alcohol, A white crystelline
powder, insoluble in water or alcohol, readily soluwble
in dilute hydrochloric acid, and probsbly identical with
the compound RNH401.52n(0H)3 described by Cumming ond
Steel (1) was filtered off, The isolation of this
compound, which is insoluble in alcohol, from &an alcoholic
filtrate 1s regarded by us as evidence that in this
reduction an intermediate comvound contalning zinc vnlays

an important part, rurther evidence suprorting this



a0

conclusion will be considered in the exrerimental part
of Chapter Two, The alcoholic filtrates from the zinc
compound yielded further guantities of 2:8'-azoxynarh-

-thalene on concentration,

B, Preparation of 8:3'-azonarhthalene,

The reduction was carried out precisely as in
the preparation of 3:8'-azoxynaphthalene, but zinc dust
was on this occasion added until the colour of the
solution was completely discharged, The reaction
mixture was then filtered hot, and the residue washed
several tlmes with hot alcohol, The united alcoholilc
filtrates, which by now had regained their red colour,
were allowed to cool and filtered, On crystallising
the product from alcoho}, reddish orange crystals melting
sharply at 204° were obtained, These were 1dentified
with 2:8'-azonaphthalene by comparison with a sample
prepared by the method of Hantsch and Schmeidel (21),

On evaporating the mother liquors, two crops
of crystals, yellow and red, melting at 157-159, and

resembling crude 3:3'-azoxynaphthalene in appearence
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were obtained, In view of the facts (2) that the
reaction passed through a colcurlees stage, proving

the absence of azo- or azoxy- navhthalenes, (b) that
we have shown (p,3 ) that 8:3'-azonarhthalene is
unaffected by alr when in alcoholic solution, the form-
-ation of this substance is an indtcation that 3:3'=
hydrazonaphthalene may oxidise in part directly to

3:3'~asaxynaphthslene, and not via 3:3'-azonanhthalene,

C, Attempted preparation of 83:8'-hydrazonavhthalens,

Isolation of 3:3'-dlamino-1:1'-dinaphthyl,

The method of reduction usually adonted wes as
follows:- 32:3'-azonarithalene (1 part) and ammonium
chloride (2 parts) were suspended in 9¢ per cent alcohol
(100 parts) and boilled on the water bath for a few min-
-utes, The mixtvre was then allowed to cool to 65°
-70" and zinc dust added until the colouT of the solution
was completely dlscharged, If the temperature was
below 85° the reduction proceeded exceedingly slowly

and the results were unsatisfactory.

The reduction mixture was worked un by many
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different methods, two typical examples of which are

given below:

I, Immediately after the reduction was comvleted,
the solution was poured into a large volume of water
containing a few drops of sulphurous acid (in some
experiments ammonium sulphide) and filtered, The
precipitate was dried in vacuo over sulphuric acid and
extracted with absolute alcohol (in some experiments
dry ether). The extracts on concentration yielded

a product consisting essentially of 2:3'-azonavhthaslene,

11, with a view to limiting the possibility of
atmospheric oxidation, the reaction mlxture was concent-
-rated under reduced pressure immediately sfter rednction,
A coplous yleld of white plates was obtained, which,

after crystallisation from absolute alcohol and from a
mixtvure of benzene and petroleum ether, melted at 1890°-
191°, and otherwise Tesembled 1in their promerties 2:3'e
diamino-1:1'-dinaphthyl, The same result was: obtained
when the reactlion mixture was filtered before distillation

and the colour agatn discharged by addition of a 1ittle

zinc dust,

In one experiment a very small gnantity of a
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crystalline product melting at 139° -140’ was 1solated,
corresponding to 8:3'-hydrazonaphthalene (melting

roint 14¢°, Meilsenheimer and Witt,16),

3. Oxidation of 2:3'=-azonaphthalene

A, Action of atmospheric oxygen,

8:3'-azonavhthalene (0,5 gram) was dissolved

in the minimum quantity of boiling glacial acetic acid
and a brisk current of well-dried alr passed through

the boiling solnution fo¥ two days, on cooling a
crystalline masse was thrown down consdsting of wunchanged
2:3'-agzonarhthalene, melting at 204°. The mother
ligquor ylelded on concentration and precipitation with

a few drons of water, a minute quantity of dark brown
crystals melting at 131-13%° The exveriment was
repeated using boiling 90 per cent alcohol &8 solvent

with identical results,

B, Actlon of hydroger peroxide,

Five grams of 3:3'-azonasrhthalene were dissolved
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in one lltre of glacisl acetic acid by warming on the
water-bath, Ten ccs, 30 ver cent hydrogen —meroxide
("Perhydrol") were added drop by drop, and the heating
continned for fifteen hours, & further seventy ccs, of
perhydrol being added in smsll quantities at a time,

The solution,now pure yellow, was allowed to cool, and

a small insoluble residne filtered off, The solnution
was then concentrated to small bulk, and crystallisation

induced by the addition of a few Arops of water),

A bulky reddish yellow product was obtained,
This was crystallised several t'‘mes from 9¢ per cent
alcohol, and the melting point thus raised to 184°,
The i1dentity of this substance with 3:3'-azoxynaphthalene
prepared by reduction of &#nitronarhthalene was estab-
-lished Dby the method of mixed melting points,
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CHAPTER TWwWo,

The Reduction of Nitro Compounds With Zinc Dust and

Ammonium Chloride in Alcoholic Solution,

The employment of zinc dust in the presence
of a neutral salt such as calcium or ammonium chloride
18 now a standard method for the prepsration of (J-aryl
hydroxylamines from the corresponding nitro compounds,
(4), but the apprlication of this reducing agent to the
preparation of azoxy;(5), azo; and hydrazo; (83)
compounds has been much less frequent, It has been
utilised by Wacker for the reduction of certain of the
nitronaphthalenes and thelr sulphonlc 8cids; by Alway
in the preparation of m-azoxybenzaldehyde; by Wohl and
Goldenburg in that of p-azoxyphenyl acetate; by Duval
in an investigation of nitro derivatives of diphenyl-

23, v, pechmann and Nold, Ber,,61898,31,557
Zincke and Kucnenbecker Ann.,1903,3 9,1

14
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~methane; and by Relssert in investigating o-azoxyphenyl
acetic acia, Bamberger utilises the method indirectly
by preparing the N-arylhydroxylamine which is then
oxidised by means of a current of air to the azoxy

compound,

The aprlication of this redncing agent to
1- and 8- nltronaphthalenes has been already discussed,
and in view of the favourable resnlts obtained it was
decided to test its utility as a general method for
the reduction of nitro compounads, In considering
1ts application to the preparation of azoxy comwounds,
while 1t must be admitted that the process cannot
compete, eilther from the point of view of convenience
of working or of yleld with the standard method for
the preparation of these commounds consisting in the
use of sodium methoxide in methyl alcohol solution, (33),

yet we have found she method applicable to the

83, Klinger, Ber,,1688,15,865
Klinger and Pitschli, Ber,,1885,18,8551
Gattermann and Ritschke, Ber,,18980,33,1738
Lachmann, J,A,C,S.,1902,84,1178
and many others
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preparation of certain compounds (e.g, the azoxy
naphthalenes (80),p-azoxytoluene (84)), which cannot
be prepared by the standard method nsing methoxide,

In the case of these compounds reduction by
means of zinc dust and ammonium chloride is cleaner
and furnished somewhat higher ylelds than methods
which involve the use of strong alkall, The
production of azoxy compounds appoears to teke place
via an intermediate compound which readily decompoces
with the production of an inorgznic by-product, of the
formula &8NH4C1,52Zn(0H),, Reduction of p=nitro~
toluene to p-hydrazotoluene 1s accompanied by the
formation of a substance of the formula,
(CHg.CqHy .NHg ) NE4C1,ZnClg, &nd drastic reduction of
nitrobenzene by the formation of the aniline zinc
chloride salt ( 2CgHgNHg,ZnClgz) described by Lachowitz
and Bardrowskl (R6).

¥While p=hydrazotoluene was accessible with

comparative ease, considerable difficulty was

24, Klinger, Ber,,1883,15,865
Fisher and Hepp, Ber,,189%,86,23231
35, Lachowitz and Bardrowski, Monats,,9,513
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experienced 1in attempting the preparstion of hydrazo-
-benzene by direct reduction of nitrobenzene with zinc
dust and ammonium chloride, This was finally traced
to the following peculilarity in the course of the
reaction,
H

CH5NOg < ::H?f :H/\’ CeHs . Ng0.CgHg —> CeHg., NH,KH, Cgls

It 1= well known that in the 2lkaline
reduction of nitro compounds, phenylhydroxylamine
and nitrosobenzene are first formed, Azoxybenzene
1s formed by condensation of these, anad hydrazobenzene
by reduction of the azoxybenzense, It appears that
either nitrosobenzene is not formed in appreciable
quantities in this reduction, or that reduction of
phenylhydroxylamine to aniline proceeds preferentially
to the formation of azoxybenzene, except where nitroso
benzene 1s in large excess,

This view has bmen deduced from the following
data:-

1, We have found that on reduction of

nitrobenzehe with zinc dust and ammoninum chloride in



alcoholic solution the usual products were phenyl
hydroxylamine and aniline hydrochloridse, Ooccasionally
small quantities of azoxybenzene were also present,

a3, Phenylhydroxylemine on similar treatment
gave only aniline, in the form of & double salt with
zinc chloride,

S, Azoxybenzene under the same conditions
gave hydrazobenzene in nearly eighty per cent yileld,

4, Nltrosobenzene also gave hydrazobenzene,
but 1in much smaller yleld, In this exreriment the
phenylhydroxylamine would be formed by reduction of the

nitrosobenzene, which would always be in excess,

The oprortunity was taken of utilising the

quantity of material accumulated in the course of this
research to investligate &8 point of some interest in
the chemistry of p-azoxytoluene, Jaﬁovsxy and
Reimann, (86), on crystalllsing the product obtained
py the action of zinc dust and sodium hydroxide on
p-nitrotoluene, obtained, together with p-szotoluene

and p-hydrazotoluene, two azoxytoluenes melting

38, Janoveky and Reimann, Ber,,61889€,82,40
Janovsky, Ber.,1869,32,1178 ;Monate,,1lges, 10,594
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respectively at 7¢° and 75°, P-AZoxytoluene had
previously been prepared by Melms (27) who stated its
melting point to be 7¢° . Janovsky accordingly
characterlised his compounds, that which melted at 7¢°
88 "p-azoxytoluene", and that which melted at 75° as
"1so-p-azoxytoluene", Janoveky also stated that

the compound melting at 75° could also be obtained by
oxidation of p-azotoluene with three parts of nitric
acid (specific gravity 1,51). On investigating

the properties of the two isomers he collected the
following data: The two compounde have the same
molecular weight; on reduction with zinc chloride

in alcohol different comvounds of the formulea

C7E, .NE,N(OH).CyH, were forme& (this statement is made
in the Monatshefte paper; in the second Bericiite naner
1t 1= stated that hydrazotoluene 1s formed under these
conditions); on sulphonation a monosulphonic scid was
formed from the normal compound, a disulphonic acid from
the 1so- compound; nitric acid of density 1,4 was
stated to act on the normal compound with vroduction of

a mononitro compound melting at 5f’, on the i1so compound

37, Melms, Ber.,b1870,3,549
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with production of a similar compound melting at e’
(but fuming nitric acid produced the same trinitro
derivative, melting at 196, from each); heating the
normel compound with bromine in acetic acid csuses the

formation of 2-bromo-4:4'-dimethylazoxybenzene, whilst

the 1somer 1s stated to yleld S-bromo-4:4'!'-dimethyl-
-azoxybenzene, together with other substances,
Janoveky on these grounds formulated the isomers as
VII snd VIII, Assuming the possibility of free
rotation around a single bond, these formulae each
represent the same substance, and it 1s difficult to

understand exactly what meaning Janovsky ascribed to

them, m m

ol e Daand i ow

After exhaustive fractional crystallisation
of the product obtained by the action of zinc dust and
ammonium chloride on p-nitrotoluene, and later of the
product obtained by following Janovsky's own methods
(ueing zinc dust and sodium hydroxide) closely, no
trace could be obtained of any substance melting at 754,
although large quantities of p-szoxytoluene melting at
70° were 1solated, The action of three parts nitric actd



83,

(1.51) does not in our hands give, as stated by Janovsky,
a product melting at 75°, but a mixture of a red sub-
-stance melting at 303°, probably tetranitroazotoluene

(28), melting point 3¢1°, with a white substance melting
at 15%° ., The formation of the latter is favoured by

increase in the time of nitration,

A somewhat similar instance of i1somerism,
that reported by C.F, and R.A.@ortner (29) of azo-
-benzene was eventually shown by Hartley and Stuart (3¢)
to be due to the property possessed by azoxybenzene
and azobenzene of forming solid solutions with one
another, Two sets of mixed crystals can be formed
with a eutectic temperature of 24,5° ; at thie temp-
-erature ciystals of azoxybenzene can dissolve about
ten per cent of azobenzene moleculés, whilst those of

the azobenzene dissolve abont forty-five ner cent of

- molecules of azoxybenzene, Accordingly a setting
point curve (Fig. 1) has been prerared, contrary to
expectation this reveals no irregularities, From

the setting point, 69.95:of the pure p-azoxytoluene

28, Janovsky, Monats,, 188,839
29, C.,F, and R,A.Gortner,J,A.C.S,,1914,38,1394
30, Hartley and Stuart, J.C.S.,19014,105,309



the curve rises fairly steenly to the point corresvond-
-ing to 75° and ten ver cent of p-azotoluene; addition

of p-azotoluene to p-azoxytolunene therefore does not

(7]
I = /
(30 ]
{0 /
O /
« [ID B
& /
-~
- A
o 190
[}
[
g
(V]
= % /
7 fo) 10 3 30 40 so 60 70 fo Yo 100

4:4'-aAzotoluene, per cent

Filg, 71
Melting point of mixtures of 4:4'-2z0xy and -azo-to'nene

depress the setting point of the latter, The cnrve then
rises, first with slight concavity relative to the
comvosition axis to the point corresponding to 140° anad
ninety-nine vner cent of v-azotoluene, and then steenly

to 143.,4° the setting voint of pure p-azotoluene, A
fifty per cent mixture has a setting polnt qf 118,5%}
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It was found that p~azotoluene resembled
2:3'-azonavhthalene in that 1t reeisted the oxidising
action of a current off air, but was readily oxidisable

by "perhydrol" in acetic acld solution,
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EXPERIM¥ENTAL,

1. The neutral reduction of nitrobenzene,

(a), Isolation of zinc compound,

Nitrovbenzene (85 grams) and ammonium chloride
(50 grams) were dissolved 1n 335 ccs, alcohol containing
85 ccs, water, Forty grams of zinc dust were then
added in the usual manner, the temrerature being
malntained between 7¢° and 75; and the solution mechan-
-1cally stirred, on f1ltration of the reaction
mixture a crop of white crystals apmeared in the
filtrate which refused to redissolve even on dilntion
with aqueous alcohol of similar composition and bringing
10 the boil, They are,in fact, almost insoluble in
alcohol or in water, but are readlly soluble in dilnte
hydrochloric acid, Adequate precautions were
taken against solids passing through the filter paver,

(two layers of Swedish filter paper belng sometimes
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used), or rouhd its edges, and no-dAifficulty was 6XperT-
-lenced in separating the crystals from their mother
liquor, Exveriments were carried out with a view to
discovering the conditions of formation of this

substance as follows:-

1, The reactlon mixture wog dbrought to the

boil and immedlately filtered by suction into a flask
surrounded by boiling water, Large srop of crystals,

2. The reaction mixture was allowed to cool,
and to stand over-night; in the morning 1t was brought
to the boil, and filtered under the same conditions,
Large crop of crystals,

3. The reaction mixture was allowed to
stand over-night and filtered cold, No crystals

‘appeared in filtrate,

It would seem from these observations that
the crystals sre derived from an intermediate commonnd

which is soluble in hot alcohol, but 1s decomposed by
it,

Analysis, The compound contained zinc, ammonia, and

chlorine, but no aniline,

Found, 2n.,(by nyrovhosphate method)  54,83,54,87

Theory for 8WH,C1,52n(0H)g, 21, 82,88
ver cent
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Attempts to estlmate zinc by simnle i1gnition,
elther over the open flame or in a muffle gave low and
variable results, Tf specially purified mercuric

oxide wasgs added the Tresnlts tended to be high,

B, Isolation of organic reduction nrodncts,

Ten grams nitrobenzene, together with twenty
grams ammonium chloride were dissolved in ninety ccs.
alcohol and 85 ccs water, The whole was boiled for
some minutes and allowed to cool to 70°% Sixteen
grams of zinc dust was then added in small quantities
80 as to keep the temperature between %¢ and 75.

Total time of addition, 40 minutes, When all the
zinc had been added, the solution, which had develored
& pronounced colour, was again decoldrised, The
reaction mixture was then filtered, The filtrate
after concentration under reduced.%ressnre yielded
only aniline hydrochloride, The residue was
separated by extraction with boiling vpetrolemm ether
into phenyl hydroxylamine (white needles, svaringly
soluble in hot petroleum ether, insoluble in cold,

o) C
Pronounced sternutatory properties, Melting point 76 -78)



and anlline hydrochloride,

Yields:- Phenylhydroxylamine 0.85 gram
Aniline hydrochloride o.,87 "

3, __The nentral reduction of phenylhydroxylamine,

Phenylhydroxylamine (8,8 grams) and ammontnm
chloride (ten grams) were dissolved in ninety ccs, of
alcohol diluted with twenty—-five ccs of water, and six
grams of zinc added in smsll portions, So long as
the temperature was maintained just below 75° no
coloration developed, but if the temperature was allowed
to Tise above 75 a yellow colour appeared, which could
be discharged on cooling to 75° by adding a 1little more

zinc dust,

The reaction vroduct was filtered, and the
usugl crops of inorganic material obtained, The
flltrate from these was concentrated under rednced
pressure, and ¢,98 grams of a white cryst2lline commonund
obtained. This gave the usual analytical reactions

for aniline, zinc, and chlorine, but did not contain
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ammonlia, It was evidently the well-known aniline-

zlnc chloride compound, 3CgHgNHg,ZnClg, described by
Jachowltz and Bardrowski, (35),

All crors of crysteals were extracted with

petroleum ether, tmt only treces of colonring matter

were obtalned,

3. _The nentral reduction of nitrosobenzene,

Nitrosobenzene (8,35 grams), ammonium chloride,
(20 grams),alcohol, (8¢ ces,) and water (235 ccs,) were
maintalned at a tempersture of 7¢° to 75’ during the
addition of thirteen grems of zinc dust, The
solution, originally dark green in colonr, passed
through a red stage and eventusally became colonrless,
a heavy white precipitate being thrown down, The.
reaction mixture was filtered and the filtrate allowed
to cool for five mimtes, A white vrecipitate,
chiefly 1inorganic in mmture, was filtered off, and
the filtrate concentrated under reduced pressure,

After stending over-night 1t was again filtered and
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eveporated to small bulk, All residues obteined thus
were extracted, first three times with vetroleum ether,
then exhaustively with alcohol, The metroleum ether
extracts denoslted on stending 2,37 grame of hydrazo-
-benzene (1ldentifled by mixed melting voints and cone
-version to benzidine) but on concentration yielded
nothing further, On concentration of the alcoholic
solution 1,79 grams of hydrazobenzene was obtained,

In addition a small quantity of hydrazobenzene was lost
owing to the breaskage of a flask, Tetal amount of
hydrazobenzene isolated, 4,18 grams, (59,4 per cent of

theory).

4, The neutral reduction of azoxybenzene,

Ten greme azoxybenzene, twenty grams ammoninm
chloride, ninety ccs, alcohol, and twenty-five ccs,
water were heated to 70° on a water bath, The
azoxybenzene did not dissolve completely in the 8lcohol
but floated about in oily drops on the surface, Oon
addition of zinc dust, at such a rate as to maintain

the temperature between 7¢ and 75, this oll gradually
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feddened, and the tendency for 1t to deposit as an
incrustation on the stem of the thermometer increased,
Finally the whole mass suddenly solidified, when the
reaction was deemed to have reached completion, By
this time twelve grams of zinc dust had been added,

The reaction mixture was worked up in the usnal manner
and ylelded 6,98 graméz?;ghgzg'cent of theory) together
with 0,38 grams azobenzene melting at 66-68° and ¢,31

grams of a mixture melting at 57 -58°,

The hydrazobenzene was white in colour, and
was identified by 1ts melting voint, by conversion of
a small portion into benzidine, and by oxidatlon of
another portion to azobenzene (melting at 68° ) by
vassing a brisk current of air throngh an alkaline

alcoholic solution,
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B, Ihe neutral reduction of p-nitrotoluene,

A, To_the azo-azoxy stage with zinc dust and

ammonlum chloride,

One part p-nitrotoluene, nine varte 9¢ per
cent alcohol, 2,35 parts water, and two parts ammonium
chloride were heated on the water bath at 7¢° Zinc
dust (1.5 parts) was then added at such a rate as to
maintain the temperature of the solution at 7¢°-75°
The solution was filtered hot, the residue extracted
with boiling 90 per cent alcohol, and the combined
extract and filtrate cooled, An orange yellow
crystaslline precivitate apreared and was filtered
off, further guantities being obtained by conceatrating
the mother liquors under reduced rressnure, The
crystalline product was extracted with water to remove
ammonium chloride and several times with alcohol, white
crystals of a zinc compound remaining undissolved,
After careful and prolonged fractional crystallisation
from acetic acid of the substances obtained from the
combined alcoholic axtracts, the only substances 1solated
were p-aszoxytoluene, melting at 7¢°, p-azotoluene, and

a small quantity of unchanged p—nitrotoluene,ﬁ
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Yields (from twenty grams p-nitrotoluene):-

p-azotoluene 2,8 grams 14 per cent
p-azoxytoluene 5,5 " a7,5 " "

B, To _the azo-azoxy stage with zinc dvust and

godium hydroxide,

In case the absence of the 1someride melting

at 75°should be due to the use of a different reducing
agent from that employed by Janovsky, and to compare
the yields obtainable by the two yrrocesses, the
preparation was rereated, using Janovsky and Reimann's
method as follows:-

Fifty grams of p-nitrotoluene and fifty ccs,
of 35 per cent sodium hydroxide iere heated together
on a waterbath, Forty-five grams of zinc dust were
added to the mixture in small quantities at a time, and
with vigorous agitation after each addition of zinc
dust, the total addition occurying in all about ninety
minutes, The reaction mixture was poured on 1ice,
and dilute hydrochloric acid solution added until 1t
showed a neutral reaction to Comgo Red, the

residue was filtered off, and after washing dissolved
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in glacial acetic acid and fractionally crystallised
as in the previous exreriment, After exhaustive
fractionation, the only prodncts isolated were, as
before, p-azoxy- and p-azo- toluene, together with a
11ttle p-toluidine,

(Yield, in an exreriment starting with twengy
grams p-nitrotoluens):-

p-azotoluene 3,5 grams 12,5 per cent
p-azoxytoluene 4.5 H 2,5 " »

C, Reduction to hydrazo stage,

The reduction wes commenced as described on
page 48, a further quantity of alcohol being added to
dissolve the preciritated p-azotolnene, and a further
quantity of zinc dust added in sm=21l portions wntil
the colour of the solntion was comrletely discharged,
The reaction mixture was voured into 1ce-cold water in
an Erlenmeyer flask, which was corked and shaken
vigorously, to coagulate the vnrecinlitate, which was
then quickly filtered and dried in vacuo, When 4ry,

1t was extracted with absolute alcohol and the extract

concentrated under dimintghedcpressure, The yellow
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cfystalline product obtained thnus was washed with hot
vetroleum ether, The retroleum ether solntion

on cooling devosited a small anantity of p-hydrazo-
-toluene, melting at 138°,

The substance 1nsoluble in petroiewm ether
was recrystallised from absolute alcohol, when white
lustrous plates melting at 3506° were obtaineqd,
Ammonla and p-toluidine were obtained by the action of
alkall on the substance, which also gave analytical
reactions indicating the presence of zinc and of a
chloride,

Founda, C1, 17,17,17,%0; Zn,, 10,70,10.76 ver cent

Theory for(C,HgN)s,NH4CL.ZnClg, C1, 17.33;
Zn, 10,6 per cent,

8, The oxidation of p-azotoluene,

A, BY means of & current off air,

A brisk current of well-dried air was drawn
through a hot solution of p-azotoluene (0,35 grams) 1in
glaclal acetic acld, Oon cooling, a crystalline mass

of p-azotoluene was deposited, further quantiiles of
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which were obtained from the mother ligquors, No

other produset was obtained,

B, By meang of "perhydrol",

Ten ccs, of perhydrol were added to a hot
solution of p-azotoluene (0,5 grams) in glacisl
acetic acid, and the mixture heated for one hour on
the water bath, The lemon yellow solution on
cooling and concentration yielded gseveral crops of
yellow crystals, melting after recrystallisation at
70°-71, and ldentified as p-azoxytoluene by the method

of mixed melting roilnts,

C, By means of fuming nitric acid,

A p-Azotoluene (1,5 grams were added in small
quantities at a time to an equal welght of nitric acid
of smecific gravity 1,50, contained in a flask immersed
in colda water, After standing a certain time the
solution was poured into water and the precipipate

filtered off, washed with water, and fractionally
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crystallised from alcohol, TwWo products were isolated:-

(1) orange red crystals, melting at 202? probably
tetranitroazotoluene,
(11) white woolly needles containing nitrogen and

melting at 1531

On nttrating for sixteen hours the vrodnct was
composed chlefly of the white comround, for one hour
about equal parts of each, and for five minmtes wholly

the ved compound,
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CHAPTER THREE ,

The Action of Light on Azoxy Commounds,

2:3'-Azoxynaphthalene,
In the course of experiments on the preparation

of 3:23'-azoxynaphthalene it was observed that this
substance, either in solution or in the solid state
became converted by the action of light into red
crystals of slightly lower melting voint and of similsr
chemical composition, In order to account satisfact-
-orily for this phototrony, 1t will be necessary to
consider the properties of the azoxy grouwn, so far as

these are at present known,

Isomerism in the azoxy serles,

The occurrence of palrs of isomerides whose

isomerism may be traced to some peculiarity of the
azoxy group 1s not unknown, The somewhat donbtful

case of the isomerism of the p-azoxytoluenes has Dbeen
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already dlscussed, but several better anthenticated
examples exist, Bamberger (31) in an investigation
of the actlon of sodium hydroxide on nitrosobenzene
1solated two isomeric o-hydroxyazoxybenzenes,
(CgHgRg0CgH4O0H), These apparently differed only

in melting voint, one melting at 75°, the other at
108°, Relssert, (38), has also succeeded in
preparing by a modification of Bamberger's method

an isomerlc azoxybenzene melting at 81-84° together
with the known azoxybenzene melting at 38°, He
reports that isoazoxgbenzene 1s colourless, but it

must be remembered that after suitable purification
ordinary azoxybenzene is also colourless, A similar
isomerlide of o-azoxytoluene was also obtained, pelting
at 80" -83°(melting point of ordinary o-azdhytoluene, 56°),
but not from p-azoxytoluene, On heating the new,
"1so" forms pass into the normal forms, and this transe
~-formation can also take place on adding a trace of
bromine to 1soazoxybenzene in chloroform solnution,

Relssert formulated his 1somers as resvectively TX and

X.

31, Bamberger, Ber,,1900,35,1939;1903,35,1614
$2, Relssert, Ber,,1909,48, 1364
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He attempted to nrove the open chain formula
«{IX7) oy means of phenylhydrazine and of hydroxylamine,

but was unsuccessful,

R-N:N~R' R-N—N-R' R-N:N-R!
n .
0 Yo~ 0
e ® & X T

These observations by Janovsky, by Bamberger,
and by Relssert, although interesting, apneared syporadic,
no general law belng applicable to the three examnles, which
were not followed up further by the authors concerned,
A serles of papers by Angell and his co-workers fall
into a different category, and have led to the establish-
-ment of new views concerning the structure of azoxy

compounds,

The first of these papers (38) dealt with the
condensation of amines snd nitro commpounds in presence
of sodium with the formation of azoxy commounds,

Angell showed that & different commound was obtained if
ahiline were condensed with nitronavhthalene from that

obteined if nitrotenzene were condensed with l-narh-

-thylamine

33, Angell and liarchetti, Atti., 1806,(v),15,1,480
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A , A long serles of pavers was subsequently
rublished by Angell and his school (34), in which it
was shown that azo compounds could te oxidised to
azoxy compounds by the use of hydrogen veroxide in
glaclel acetic acld solution, and, further, that in
cases where the azo compound was symmetrical a
homogeneous product was invariably obteined, yet in
cases where the azo compound was unsymmetrical, (that
1s where the two aryligroups joined by the azo linkage
were different) the product usually consisted of a
mixture of two 1somerides differing in melting

point and in solubility. These two sertes of
1somerides were not interchangeable, and gave rice

to aifferent, isomeric, derlvatives by means of
reactions (such as bromination) which vreserved the
ézoxy group intact, Identical products were

obtained from either isomer on reduction,

34Angell and Alessandril, Atti, 1911,v,20,1,8906;11,170
Angeli and valori, Atti,1913,(v),21,1,153;1013,(v),32,1,133
Angell, Att1,19018,(v),32,1,2301,888,356

Valori, Attl,,1913,(v)38,611,185
Angell, Gazzeita, 46,171,687
and many others,
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Ihe Formula of Azoxy Compounds,

Basing hls reasontng on this work, Angelil
throws the cyclic formula (X) overboard altogether
in favour of the oven-chain formula (T1X). It
will be eqsily seen that with a formule of type
IX isomerism is possible wherever the aryl groups R,R!
are different (IX,XI), as in the compound
CgHg.N30.CgHyBT, one of the first shown by Angell

to be cavable of existence in two modifications,

The theory which Angell brought forwsrd has
been confirmed im a paper by Mrs, G.M, Robinson (35)
in which the same conclusion was arrived at inderendent-

-1y on the followling grounds:-

If veratrole, XII, be nitrated in acetic
je obtained,
acid solution, no dinitro compo’md,A put the yleld of
mononlitroveratrole is quantitative, The dinitro-
veratrole can, howe#er,be produced by the action of
nitric acid of density 1,43 on the mononitroveratrole

in almost theoretical yleld, The azo groun does

85, (¥rs,) G.M.Robinson,J,C.S.,1917;111,109
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not inhibit nitration, as azoverstrole yields dinitro-
-veratrole on nitration 1n acetic acid solntion,

Azoxyveratrole behaves somewhat differently, as on

O

OMe Meo f'\"’N OMe

OP;E gﬁo OMe
nitration 1in acetic scid solution only one nucleus is
attacked, the product belng an unsymmetricsl mononitro
azoxyveratrole, Mrs, Robinson accounts for this by
assigning to azoxyveratrole a formula, XIII, in which
one of the veratrole nuclei is in the condition of
azoveratrole, the other more or 1less in the condition

of nitﬁ%eratrole; the micleus marked A 18 the one

which undergoes nitrstion in acetic acid solntion,

Oon the other hand, Lachmann, (%8), has
compared the reactivity of azoxybenzene with that of
nitrosobenzene and of diphenylnitrosoamins,
(CgHg)g:N . K:0, As these compounds are much more
reactive than azoxybenzene, he concludes that azoxy-

-benzene contains® the ring structure X, Dbut

neglected the fact that, as generally formmleted

36, Lachmann,A.C,J,,1899,31,43%;7,A,C.S,,1908,84,1178,
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nitrosobenzene and divhenylnitrosoamine contain

trivalent nitrogen only, while in the formmla which he
4

rejected for azoxybenzene, the nitrogen of the :¥:0

group 1s pentavalent,

The Semi-polar Double Bond Formula,

Recent work in physical chemistry has also
thrown doubt on the possibility of Angelit's formula
for agoxy compounds, According to the Lewls-
-Langmulr octet theory, 1t is impossible for nitrogen
to exert five co-valencies, the two possibilities ovpen
to 1t belng elther the exercise of three co-valencies,
or the simultaneous exercise of four covalencies and

one electrovalency,

Nelther of these alternatives at first sight
appesr to fit the case of azoxybenzene, as formlated
by Angeli, or of compounds such as nitrobenzene or the
amine oxides, Lowry has recently advanced a theory
in which he postulates that in organic chemlstry
compounds containing a double bond generally react
as 1f the double bond were composed of one co-valency

and one electro-valency,(3sa)Although this theory has

36a, Lowry, J.C.S.,1983,123,6833
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since been resiricted, in 1ts applicﬁtion to ethylenic
and carbonyl bonds, to *activated" molecvules considered
at the moment of chemical union, yet snecial evidence
has been brought forward recently to justify its
aprlication to S:0 and :ﬁ:o bonds, Sugden (37)

has recently investigated the relation between

chemical composition and a new combination of physical
properties which he calls the "parachor®", and which

may be defined as the molecular volume at constant
surface tension, It 18 very consistently additive
in’1ts natuare, Definite values are obtained for the
atoms of any alement, and if these valnes be substite
-uted in the empirical formula of & compound, the

value of the parachor may be obtained to a close anvrox-
-iration, If the compound cont-ins a dowble bond,

a sum of 23,3 units must be added to the valmne other-
-wise obtained, In these cases, however, where of
the two atoms linke@ by the double bond, one at least
is either nitrogen or sulphur, that is, in these cases
where 1t would be necessary to assume a seml-polar

double bond in order that the formula could be expressed

87, Sugden, Reed, and Wilkins, J,C.S.,1935,127,1525
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in terms of the Lewls Langmnir theory, Snugden found
that thls increment did not require to be snnnlied,
but that instesd it was necessary to make a smell
subtraction, Sugden's formila for azoxybenzene

can be written Pither as XTV or XV,

w (JF) OF Q) =

Reactions of Azoxy Compounds,

Cﬁmming and Steel (1) found that 2:31-azoxy
naphthalene on exvosure to light became tran:formed
to a red 'someride of identical melting point, This
change was alo noted by Wacker (38) and by Baudisch
and Furst (39), who ascribe the change to formetion
of an azo-narhthol:

C10H7 . N50.C10H7 C10H7 N:¥,CqoHg,OH

Cunming and Steel express the change as
being due to an intramolecular change of thé type

XvT XVII or vice versa,

-] N’f:‘-
NNm _m-_

38, Wacker, Ann,,1901,317,375
39, Baudisch and Furst, Ber.,1918 45,3426
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Apart from simple oxidation and reduction,
the only general reaction of azoxy commnounds 1s the
- transformation which they undergo (40) to the isomeric
hydroxyazo compound by the action of concentrated
sulphuric acia, Knipscheer (see p, 61) has shown
that a similar change takes plaée on exposing
certain azoxy compounds to light,

CgHg.Ng0,0gHs —> CgHg.N:N,CgHy,0H

According to the Hantsch-Werner theory
of geometrical isomerism 1t shonld be possible for
azoxy compounds, whether they possess formulae IX or
X to exlst in stereoisomeric forms, It 1s possible

gHs N XVI  XVII NIC,Hg el N XVIIT N.CgHg

that Relssert's isomers form an example of this typre, XIX,

Accordingly there sre three nossible exvlan-

-gations of the phototropy:

I, geometrical isomerism of the type XVT, XVIT

or XVIII, XIX,
TT. Structural isomerism of the type XVI,XVIIT

40, Xallach and Belll, Ber,,1880,13,1180
wallach and Kiepenhaeur, Ber,,1883,14,2617
Lachmann, J.£.C,$.,1903,34,1178 8nd many others
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ITI, Intramolecular change from the azoxy

naphthalene to the azo naphthol,

Analogy with such other azoxy commonnds ag
have been investigated from the roint of view of
phototrory tended to favonr the third hypothesis, and

this has been exmerimentally verified,

Although the red form is slightly soluble in
sodium hydroxide ( and revrecipitated by hydrochloric
acld) attempts to characterise it as an azonaphthol
by means of the Schotten Baumann reaction and by
methylation according to the method of Charrier and
Ferrari (41) were unsuccessful, red olls being
formed in both cases, Support 1s however given
to this characterisstion by comnarison of the absorn-
-tion spectra of esch form With that of 8-hydroxyal:3'-
-azonaphthalene prepared by the method of Wietzki and
Goll (43). Tt will be seen (Fig, 8) that both the
red form and the azo-narhthol show a band in common

with 1ts head at a fregquency of avproximetely 195¢ units

41, Charrier and Ferrari, Gazzetta,hl1913,43,11,117
48,  Nietzki and Goll,Ber,,61887,19,1388

%  No unsvbshhd hydroxy 2.2'- ajonaphthalene afpears ho haw becn prepared.
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which 1s not shown by 2:2'-azoxynanhthalene and that
the absorption eharacteristic of 3:2'-azoxynavhthalene
are not shown by the red substance, The dissimilarity

between the absorption srectra of the red smbstance
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and of 2:8'-azoxynaphthalene dilsposes of the hynothesie
of geometrical isomerism, as Hartley and Dobble (43)

have shown that the absorption spectra of geometrical

isomers are identical,

43, Hartley and Dobbie, J.C.S.,1900,77,509
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It ie of interest that Cumming and Steel (44)
have since found that on continued exvosure of
1:1'-azoxynaphthalene to light an azonavhthol melting
at 334° 1s produced, almost insoluble in sodium
hydroxide, and which does not yleld acetyl or benzoyl
derivatives, The non-reactivity off the azo-nanhthols
from 1:1'- and 2:2'- azoxynavhtheolenes would indicate
that in'botn cases the hydroxyl and azo grouns were

ortho to one another,

Other Azoxy Compounds,
An investigation by ¥nivscheer {45) into the

phototrory of azoxy compounds has already been
mentioned, The method he described consisted of
soaking np a benzene solution of the azoxy commound
with sheets of filter paver which were exnosed to
sunlight for five weeks, By this means 1¢,.3 ner
cent of the azoxybenzene were transformed 1into
o-hydroxyazobenzene and 39,7 per cent lost throngh
vaporisation, Under similsr condltions m-m'-

dichloroazoxybenzene was transformed into a plxture

———

44, J.X.Steel, priv, comm,,29,6,85
45, Knipscheer, Rec,trav,chim,,1903,82,1
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of phenols of unknown constitution, amd m-m'-dinttro-
-azoxybenzene did not react, As 2 resnlt of -
experiments with benzene and toluene golntions,

Knlpscheer concluded that the transformstion took

Place best in the solid stste,

In view of the fact that the azophenol
formed 1s only accessible with difficulty by the ﬁsual
methods, the reaction appeared worthy of further
investigation, especlally as Knlpscheer's statement
that the transformation only takes place in the solid
state did not agree with observations made 1in this
laboretory (1,2), and as it seemed probable that the
loss of starting material through veporisation could
be greatly reduced by carrying out the transformation

in solution,

By exposing solutions in quartz vessels of
azoxybenzene in various solvents to the 1ight of the
mercury vapour lagp for fifty hours, o-hydroxyazo-
-benzene was obtained in quantities varying from 28,0
per cent (of azoxybenzene initlally present) with
absolute alcohol as solvent to 7,7 per cent with

benzene as solvent, The total loss of material
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where a reflux condenser was employed was usually
about six to seven per cent, Where no reflux
condenser was employed the loss was considerably
greater, By increasing the time of exposure to
one hundred hours the yield of hydroxyazobenzene was
approxlmately doubled, but this rate of increase

was not maintained on increasing the time of exrosure
to two hundred hours, Increase of temperature
only sllghtly rsised the yield of o-hydroxyazobenzene,
and materlaily increased the loss of szoxybenzene
through volatiliéation. The transformation also
takes place in sunlight, but cannot be effected by

ordinary electric 1ight,

Hydroxyazo compounds were aleo obtained from
8:8'-,3:3'-, and 4:4'- azoxytoluenes, 4:4'-dichloro=-
-azoxybenmenerand 8:3'-dlamino-434'-azoxytoluene
under similar conditions, 4:4'-azoxyanisole,
4:4'-azoxyphénetole, and 4:4'-dinltroazoxybenzene
reacted slightly or not at all, 2:3'-azoxytoluene
gave products of widely different melting roint if the
trensformation were carried out 1in benzene or alcohol

solution respectively,
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In all cases where we were able to deterrine
the orientation of the product, the hydroxyl group
appeared to enter the benzene nucleus in one of the

positions ortho to the azo grounm,
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EXPERIMENTAL,

1, The action of light on 3:3'-azoxynaphthalene,

A solutlon of 2:3'-azoxynaphthalene (¢.,1 ver
cent) in alcohol rapidly changed colonr on exnosure to
sunlight or to the rays of a mercury vapour lamn from
pale yellow to deer red, and on concentration deposited
red crystals melting sharply at 162°(melt1ng point of
2:2'-azoxyna~hthalene 164° ) A mixture of the red
crystals with yellow 3:3'-azoxynaphthalene melted at
1572159°,

Found, N, 9,38; Calculated, for Cy,H;,N3D,
N,9.,38 per cent,

The product was slightly soluble in sodium
nycroxide solution, and was reprecipitated on acidific-
-ation with hydrochloric acld, Attempte to prepa?e

benzoyl and methoxy derivatives were unsuccessful,
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Absorption Spectrum photographs,

The photographs were taken by means of a
Hilger spéctrograph, using an iron arc ﬁs source of
light, Solutions of the pure substance in
spectroscopically pure alcohol were made up to 8
concentration of exactly N/30,000. The absorption
spectrm of various thicknesses of this solution were
then photographed, Ten ccs, of tné solution were
then dlluted to one hundred ccs, with svwectrosconically

pure alcohol and treated simllsrly,

An aliquot vortion of each solution was
exposed to the light of the mercury vavour lamn and

1te absorptlion spectrum also photogravhed,

A sample of 8-hydroxy-1:3'-azonaphthalene
was prepated (48) by coupling 3-navhthol with
diazotised 8-naphthylamlne, After washing with
alcohol and recrystallising twice from ether it
melted sharply at 178° A photograph of the
absorption spectrum of this substance was taken under

identicel conditions,

48, Nietzkl and Goll, Ber,,1887,19,1283
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The alcohol used as solvent was purified by
treating ordinary absolute alcohol with sodium and
distilling untll satisfactory vhotogravhs of the iron
arc could be obtained through a ten cm, thickness of

the alcohol,

Absorntion spectra

2:3'-Azoxynaphthalene (before exposure to light),

Log. length of Banads Limit of transmission
tuve frequency

1.5 3361
1.4 3410
1.3 3410
1.2 2410
1.1 3500
1.0 2200
0.9 2632
0‘3 2695
0. 3703
0.6 2849 -~ 3115 3553
0.5 2041 - 3040 3278
0.4 A 2041 - 3040 3413
0.3 2849 -30630 ; 3430 - 3850 3653
0.8 34368 -3636 ; 3676 - 3834 3881
0.1 3448 -38357; 3704-- 3884 21310
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3:2'-Azoxynaphthalene (after exposnre to 1ight).

Log, length of 'Bands Limlts of trans-
tube ‘ -mission freq,

1.5 1724
1.4 1734
1.3 1724
1.2 1734 - 2222 38353
1.1 1734 - 2222 2439
1.0 1818 - 3222 3439
0.9 1818 - 22332 3500
0.8 1818 - 3223 2687
0.7 1835 « 2000 8717
0.6 1838 - 3000 3857
0.5 1887 - 2000 3994
0.4 3985
C.3 8685
0.8 30568
0.1 3125
8-hydroxy-1:2'-azonanhthalene,
Log. length of Bands 1Limits of trens-
tube -migsion
1.1 18023
1.¢ 18028 - 3564 29041
0.9 1803 - 3564 2941
¢.8 1802 - 2433 3030
0.7 1818 - 24984 3115
0.6 1869 - 83323 3448
0.5 1869 - 3222 3663
c.4 4065
0.3 4090
0.3 4302
0.1 4374
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ABSORPTION SPACTPTIM PHOTOGRAPHS,

3:2'-Azoxynaphthalene (before expoa'ire)
" (after exposure)
2-hydroxy-1:2'-azonaphthalene

69.
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2, Action of 1ight on azoxybenzene,

A, Effect of ultra-violet 1ight,

Pive grames of azoxybenzene dissoived in 85
per cent alcohol (500 ccs) contained in a quartz flssk
and ptaced under a reflux condenser to Tednce loes
from volatilisation was exposed for fifty hours to the
light of a mercury vapour lamp, After exrosure the
solution, which hed assumed a deep red colour, was
concentrated and the red, crystslline restdue dissolved
in ether and extracted with eight per cent codium
hydroxide solution until the ethereal layer was almost
colourless (two litres), The red alkaline solution
after aciéification with hydrochloric acid (the point
of neutralisation was sharply indicated by a change
in the colour of the solution from red to yellow),
allowed to stand overnight and filtered, A yellow powde
(1.05 grams) was obteined which melted at 7e°-78" and
was completely voletile in steam (hence conteining
no p-hydroxyazobenzene) and after cryetzlliisation from
alcohol formed beautifnl red needles melting 2t #3°-e3°,

Bamberger (46) states that o-hydroxyazobenzene melts

4€Bamberger, Ber.,1800,33,19839
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at 83,5 -83°.

The compound was further charactericed by the
formation of the copver salt described by Bamberger,
who does not, however, glve detsile of the method by
whicn i1t may be prepared, We found that this can
best be done by mixing eguivalent amounts of an
alcohollc solution of cupric chloride w'th a sodium
ethoxide solution of the dyestuff, The salt melted
at 283°. Bemberger states the melting point to be
235°-286°,

A control experiment was carried out by
allowing a similaT solution of azoxybenzene to stand
in the dark for fourteen days, It was worked up
similarly, and pure azoxybenzene recovered guantitat-

~-ively,

A sample of o-hydroxyazobenzene in alcoholic
solution was exposed to the lamm for 125 hours, and the
product fractionally crystallised from alcohol, No

change was apparent,

The ylelds obtained by altering the conditions



1

of 1llumination are given below:-

Condltions,

78,

Yields (per cent)

sSolvent, Time, 820- azoxy- 1loss,
vhenol benzene

1.,85% EtOH 50 hrs, Room temperature 80,5 75,0 6,5
3, " " l00 " " " 44,0 40,0 14,0
s. " " 300 " " " 63,3 - -
4,Ab8, EtOM 50 " " " 82,0 59,7 13.%
5,85% EtOE 50 " B,P,of alcohol 32,3 48,0 29,7
6., " " 50 " ¢,5% solution, R,T 86.0 67,0 7:0
7, " " 50 " " " 24,6 64,3 11,2
8. MeOH 50 " Room temperature 84,0 54,0 22,.¢
9, PTrOH 5¢ " " " 28,3 - -
0. CgHg 50 " " " 7.7 - -

Experiments 1,3,5,8, were carried out with

five grams of azoxybenzene dissolved in 500 ccs, of

solvent, experiments 8 and 7 with five grams of

agzoxybenzene dissolved in one litre of solvent and the

solution distributed between two 500 ccs, auartz flasks,

of solvent,

"Room temperzture” implies the temmeratnure

to which the flack was heated by the radlations from

the lamp,

the remainder with three grams dissolved in 30¢ ccs,
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B, _ Effect of suhlight,

On 84th, June, 19234, a solution of eighteen
grams of azoxybenzene in 1300 ccs., of 85 per cent
alcohol was divided between (1) a quartz flask (500 ccs,),
(2) a:gkass flask of approximately the seme dimensions
as (q) but with thinner walls, and (3) a thick glass
reagent bottle, in the proportions indicsted, The
flasks were corked, and the jJolntes 1luted with sealing
wax, They were then clamped to a retort stand in
such a way as to ensure eqwal illumination, énd
exposed on the roof of the College until 234th, Sevt-
-ember, 1934, when they were taken in and the contents
worked up in a similar manner to the other experiments.

The ylelds in the three experiments were as follows:

solution in guartz flask: Azophenol 1,56 gms, 31,3 %
Azoxybenzene 8,06 61,3
Loss 0,38 7.6

Solution in glass flask: Azophenol 1,86 37,3
Azoxybenzene 23,75 55,0
1,088 ¢,39 7.2

Solution in glass bottle: Azovhenol 1,00 33,3
Azoxybenzene 1,74 5,0
Lo8s 0,36 8.7

In view of the nagure of these results, the
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expetriment was tried of expeeing two solutions of
azoxybenzene, each containing five grams azoxybenzene
dissolved 1n 500 ccs, of 85 per cent alcohol, but
one contalned in the quartz flask, the other in the
glass flask above mentioned, simultaneonsly to the
rays of the mercury vapour lamp, After expesure
of the two solutions for approximately f1fty hours,
(the exact time of exposure cannot be given owing to
an accildental failure of the 1ight at a time when 1t
was unattended; both solutions were exposed side by
side, and therefore for the same time), the ylelds

obtained were as follows:-

solution in quartz flask:  Azophenol 0,87 gms, 17.,4%
Azoxybenzene 8,85 " 77.0

Loss 0.38 _ 5,6
Solution in glass flask: Azophenol 0.41 8.3
- Azoxybengene 4,19 83,8
1088 0,40 8,0

One inference fram these experiments would
therefore seem to be that very littlie nltra-violet

light appears to venetrate the Glasgow atmosmhere,
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C, _Effect of electric light,

A metal fillament lamp was immersed in & solution
of seventy-five grams of azoxybenzene in 756 ccs, of
alcohol and 1lluminated for f1fty honrs, The solutlon
by thls tlme had only slightly changed colour, 2nd on

working uv ylelded pure asoxybenzene guantitatively,

3. Action of 1light on 3:3'-azoxytolnene,

Three grams of 3:3'-azoxytoluene discolved in
300 ccs, of 85 per cent alcohol and illuminated for
fifty hours by means of the mercury vapour lamp were
worked'up as descrebed in the azoxybenzene expefiments.
Although the solution had changed colour from yellow to
Ted, nothing was extracted by sodium hydroxide, The
ethereal solutlon was con?entrated, and the red, crystal-
~-line product added to a solution containing five grams
of 3:3'-azoxytoluene in 500 ccs, of alcohol, which had
also been previonsly illuminated for fifty honurs,
The whole was -then fractionally crystallised from

alcohol, The less soluble fractions were 1dentified
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as 3:3'-azoxytoluene, The more soluble fractions
af ter purification and distillation un@er reduced
prescure (bolling vwoint 164° 9 3 mm, ) melted at 47 52
48,5 and formed orange red needles giving a deep red
solution in alcohol,

Found,N, 123.39; 014H Nal requires N, 13,39 per cent,

14

Sixteen grams of R:3'-8zoxytoluene weré
dissolved 1n 850 ccs, of benzene and 1lluminated for
fifty hours, The solutlion, which had turned deen-
red was concentrated, and extracted with eight per
cent sodilum hydroxide solution to which 1t ylelded
nothing, After removing the benzene, and shaling
the sokid with sodium hydroxide solution for three
days (with negative results) the product was fraction-
-aliy crystallised from alcohol, Together with

unaltered starting material, a very small quantity of
red needles, closely resembling in anpearance the
other hydroxyazo compounds was obtained, This
substance melted at 93°-93°, but was not obtained 1in

sufficlent quantity for analysis,
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4, Actlion of 1light on 3:3'-azoxytolnuene,

The $:3'-azoxytoluene was prenared by the
method of Buchka and Schachtebeck (47), This
method consists of bolling m-nitrotoluene with methyl
alcohollc sodium hydroxide, removal of alcohol by
distillation, and of unchanged nitrotoluene by steam
distillation, The azoxytoluene 1s extracted from
the resldual oil with ether, We found this method
of purification unsatisfactory in practice, owing to
the difficulty of separating the azoxytolnene from traces
of nitrotoluene which were sufficient to prevent
crystallisation, The following modificetion over-
-comes this difficulty and was found mich more
rellable:- After removal of as much as possible
of the ether by distillation, the prodnct was dissolved
in absolute alcohol, and the last traces of ether
removed by heating on the water-bath, on diintion
with a few drops of water, and cooling in a freezing
mixture, crystals of 3:3'-azoxytoluene separated out,
Further purification by crystalllsation from 85 per

- cent alcohol presented no difficulty,

&7. Buchkka and Schachtebeck, Ber,,b1889,28,834
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Two flasks containing respectively five grams
and_1,55 grams of 3:3'-azoxytoluene dissolved in 500 ccs,
of 85 per cent alcohol were 1lluminated for fifty-two
hours, After working ur in 2 similar manner to
1lluminated azoxybenzene, 0,38 grams and 0.17 grams were
obtained respectively, After recrystallisation from
alcohol red needles melting at 61,5 -63,5° were
obtalned,

Found, N, 12,58; Cy4H14N30 Trequires N, 13,39 per cent

3:3'-dimethyl-4-hydroxyazobenzene melts at

115°(48).
3:3'-dimethyl-g8-hydroxyezobenzene® melts at

95° (49).
Therefore thtis substance 1s probably

3:3'-dimethyl-3-hydroxyazobenzene,

The actlon of light on 4:4'-azoxytoluene,

5.

4:4'-azoxytoluene (4,73 grams), prerared

48, Jacobsen and others, Ann,,1895,387,185

49, Jacobsen and Piepenbrink, Ber,,1894,37,8703 - —
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by the reduction of p-nitrotolunene by means of zinc

dust and ammonium chloride wes dissolved in 85 per

cent alcohol (500 ccs) and tliuminated for fifty-

-four hours, The alcohol was removed by distillation,
the residue dlssolved in ether, and extrscted with six
l1itres of sodium hydroxide solution, On actaification
0.47 grams (equivalent to a yileld of 10 per cent) of
3-hydroxy-4:4'-azotolwene was obtailned as a yellow
powder, After crystalllsation from alcohol it

formed red needles melting at 156 -151° and:otherwice

answering to the descrivtion given by Macrherson and

Boord (50) who prepared this commound by another method,

6. __Action ef 11ght off 4:4-8zoxyenisole,

4:4'-pzoxyanisole (4,34 grams) dissolved in
alcohel (500 cce,) was illuminated for fifty hours,
the solution beilng kert boiling to retain the sparingly

soluble azoxy compound in solution, on cooling

50, Macpherson and Boord, J.A.C.S.,1811,33,1531
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8,21 grams of pure azoxysnisole (melting point after
fecfystallisation 116.7f clearing point 134°) sepsrated
out, The unlted mother liguors were eveanorated down
and the resldues discolved 1n ether and extracted with
one litre of slxteen ver cent sodium hydroxide solntion,
An orange alkaline extract was obtsined which turned
red on scldification (a:rreversal of the usnal order of
colour changes) devositing a minute crop of red
crystals, These melted after recrystallisation at
121°, but were obtained in too small quantity foe
further examination, on evarorstion of the ethereal
solutlon a further guantity (0,5 grams)of 4:4'-2zoxy-

-anlsole was obteired,

In a previous exmeriment & curlons effect was
observed, whereby a solution, which had been 1lluminated
for seventeen hours was observed to to have assumed 2
a deep color=tion, The flask and contents apreared
perfectly biack, but on holding to the 1ight, a 1ittle
green light was transmitted,, on 1lilumination for

a further period of eleven hours thls colour was found

to have faded to a pkie orange,
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7. __The action of 1ight on 4:4'-3zoxyphenetole.

Five grams of 4:4'-azoxyphenetole were
diesolved 1n 500 ces, of alcohol and 1lluminated for
fifty hours, On acconnt of the snmaring solubility
of azoxyphenetole 1n cold solvents thils operation was
carried ont at the boil, On fractionally crystal-
-lielng the product from alcohol 4,88 grams of
4:4'-azoxyrhenetole (melting at 137°-138°, clearing
point 164°) was obtalned, together with a small
quantity of a black substance which was obviously
impure, and probably contalned still some 4:4-azoxy

anisole,

The actlon of 1light on 4:4'-dichlorosazoxybenzene

8,

The sterting material was prepargd by the
action of alcoholic alkall en p-chloronitrobenzene (51)
The reaction product is black and tarry, but if wurif-

-ied by Laubenheimer's method (voiling with acetic acia

51, Heumann, Ber,,1873,5,9811
Laubenheimer Ber.,1875,§,1686
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containing a trace of nitric acld) 1t becomes yellow

and crystalline, The yleld 1s excellent,

4:4-DBichloroazoxybenzene (five grams)

dissolved in 500 ccs, of boiling 85 ver cent alcohol
was exposed to the lamp for fifty hours, the solution
being kept bolling to retain the sparingly soluble
azoxy compound in solution, After 11lumination,
the solution was allowed to cool and & quantity of
unchanged dichloroazoxybenzene removed by filtration,
The mother  liquor was concentrated and the mixed
batches of crystals dissolved in ether and expracted
with four litres of eight ner cent sodium hydroxide
solution, in small portione, A marked colour
change from yellow to red took place on mixing the

ethereal solution with the first betch of

sodfum hydroxide, on acidification a flocculent
preciplitate was obteined, which on crystsllisation
gave beautiful red needles melting at 1710—178°,

Yield 11,4 per cent,
Found, N, 9.79;013H90N3012 requires N, 9,53 ver cent,
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9. Actlon of light on 4:4'-Adinitre2zoxybenzene.

A, Preparation of 4:4'-dinitroazobenzene.

Twenty grams of azobenzene was added in small
vortlons to elghty ccs, of fuming nitric acid, in 8
vescel surrounded by a freezing mixture, After
thirty minutes the mixture wss poured into cold water,
thoroughly shaken, and allowed to stend overnight,
The crystelline product was filtered off, washed, and
extracted with ether, After recrystallisation
several‘times from acetic acid, and finally from aceﬁone,
red needles of 4:4'-dinitroazobenzene, (58), melting at
230°, were obtained,

Found,¥,80,80,80,73; CyoHg0,N4 TequiTes N, 20,5¢ %

The product obtained from the atetic agtd--'"
mother liqubrs and the ether extract was found on frect-
-ional crystallisation to contain a little of the
p-dinitroazobenzene mlixed with yellow needles of a
mononitroazobenzene, melting at 141°-142°(53)

Found,N,18,30,18.44; B;gH 0,Ng Tequires N, 18,50 %

s2. Werner and Stiasny, Ber,, }B899, 38,3273
’ ctf. aiso “Beilchtlgungen,loc. cit,,

4085
53, Lauwent and Gerhardt, Ann,75,73
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The influence of time of nitr=tion on the

vield of 4:4'-dinitroazobenzene 1s as followst®-

Reagents in contact, Yleld of 4:4'dinitroszobenzene,
75 mins, . 2,5 grams
17 hours 4,35 "
gs " 3,68 "

B, Oxidation to 4:4'dinitroazoxybenzene,

4:4'-Dinitroazobenzene (5,8 grams) were
dissolved in 3000 ccs, glacial acetic acid containing
elghty ccs, perhydrol by heating, and heating over
water bath continued for two days, further gmantities
of perhydrol being added from time %o time, The
golden yellow solutlon was then conoentrated and

crystallisstion induced by addition of a few drons of

water, The product melted at 189,5 after recrystall-
-igation from acetlc acid, Yield gnentitative,
C. Action of light on 4:4'diniiroasoxybenzene

Five grams of 4:4'-dinitroazoxyvenzene,

dissgolved in 500 ccs, of boiling 5 per cent alcohol



were exposed to the mercury vapour lamp for fifty hours,
60n81defable a1fficulty was exmerienced in the working
up of the product owing to the insolubility of
4:4'-dlnitroazoxybenzene in all cold solvents,
Fractional crystslllsation from alcohol or from

acetic acld gave purely negative results, The
procednure finally adopted was to allow the reaction
mixture to cool, filter off the precipitated 4:4'-
dinitroazoxybenzene and concentrate the alcoholic solution,
The crystals obtalned from the concentrated mother
liquors were dissolwed in a large volume of ether and
extracted with sixteen per cent sodium hydroxide
solution, Only a minute guantity of reddilsh

precipitate was obtained on acldification,

10. The action of 1light on 8:3'adicomino-4:4'-azoxytoluene,

Three solutions of 3:3'-dilamino-4:4'-azoxy-
-toluene were 1lluminated, a solutton of the base in
alcohol, a solution of the hydrochloride in water, and

a solution of the hydrochloride in water containing a
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excess of hydrochloric sacid, In each case the nrodnct
of 1llumination was much contaminated by tarry m=tter,
After removal of this by boiling the product in elcoholic
solution wlth animal charcoal, sm=2ll guantities of red
needles melting at 310°. were obtained by fractional
crystallisation from alcohol, graeff (54) obtained

by the actlon of sulphuric acid on 3:2'-dismino-4:4'-

-azoxytoluene a hydroxyazotoluene melting at 218°,

54,

graeff, Ann,,339,3486
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