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This method can only be used for the preparation of phenazines bearing the

' 5
same substituents in the 2 and 7 positions, 7Tt has recently been used for
the synthesis of 2,7-dicarboxyphenazine,

. Phenazine (III) was obtained by the self-condensation of o-bromoaniline

8
in boiling nitrobenzene

| — H — X
i
A+H2 ~2HBY | | ™ 1 ’MN\ N
NH, NN g N ~ N/‘ P
- A — (III) |

‘ 7
This is the only example to be found of this type of condensation, Gray

was unsuccessful in his attempt to obtain 2,7-dinitrophenazine from 2-bromo=-

S~nitroaniline,
: . _
A method has been described by which phenazine can be obtained in
60 - 70% yield by heating 2-aminodiphenylamine (IV), 2-nitrodiphenylamine

(V) and sodium acetate at 250 ~ 3007

Snolenoles

(v) : ]

: - 9310911
However, a number of authors reported very low yields on repeating

this reaction.
-20

. : 12
A reaction which has been investigated very thoroughly is the

oxidation of o-phenylenediamine to give 2,3-diaminophenazine (VI):
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Alnost quantitative yields can be obtained using iodine in ethanol as
oxidising agent, '

('}rippa.'s"21 syz‘mthesis of quinoxalines has been extended to the pre-
_paration of teu-ahydrOPhenazineé. Thus 1,2,3,4-tetrahydro=7-methyl-
phenazine (VIII) was. obtained in 45% yield by refluxing a solution of

22
2-p-tolylazo-p-toluidine (VII) in excess of cyclohexanone 3

- NH, 0 = N
S+ - ] ' + H0 +
=N-Cg Hy ~CH, H, C - N

(VII) - - (VIII)

' 28
Westphal and Jann  have recently described the synthesis of 1,4-
diamino~2,3-dimethylphenazine (X) from 2,3-bisbromomethylquroxeline (IX),

the sequence of reactions being the following:
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%G/CHzﬂ/ IR ovidine
+ | = ‘
0=C
NH, ow, Br NN CH, Br
(x)
B\
N
l/ = IGI Piperidine = 1/
N~y ¥ “CH, | ~
: NH,
(x)

The methods reviewed so far are of litile importance for the genéral.
synthesis of phenazines, although same are nevertheless useful for the
prepafation of specific phenaziné derivatives, o

The more widely used me‘;.hods will now be discussed., These can be
divided into three groups: (i) the Wohl-Aue synthesis; (1i) syntheses
involving the condensation of o-phenylenedismine with catechol, o-benzo-
quinone or 1,2-cyclohexsnedione; (iii) syntheses involving the c&clisation
of Z;amino- oz; 2-nitrodiphenylamines, |

Phenazires can be obtained by the reaction of aromatic nitro com-
 pounds with aromatic amines in the presence of NaOH or KOH: +this is

known as the Wohl-Aue reaction .
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This would be a very convenieﬁt method indeed if it were not for the very

low yields always obtained, Although a vast amount of work has been

carried out on this reaction and a number of modifications to the original

method have been proposed, the best yields obtained are never higher than

: 5% Yields of fhe order of 10% or lower sre very comﬁzon.; in one case |,

25

the yield was given as .06% %  Nevertheless, this reaction is still used,

since the starting materials are often readily available,

The secoﬁd important group of reactions invelve condensations of the

following type:

OH
(1) '
OH
) 0
(2)
AN 0
. 0

(3)

-

1200
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A common disadvari’bage to these reactions ig the possibility of isomer.

formation when both r:‘.ngs are subgtituteds :
€s Ze
~ N\
] |+
NN =

' i 26
Reaction (1) was used by Ris for the synthesis of phenazine and

by Merz.M for that of 2-methylphenazine, 'both'in 1886, Campbell et té.l11
have found this method very unsatisfactory, but Morley28 has claimed tﬁat '
this is the best method for the preparation of the _unsubstituted |
phenazine,

Reaction (2) is known as Hinsberg's methodzg. A number of phenazines
have been prepared by this reaction; it is the method of choice for the |
more complicated derivatives, pa;‘ticularly those with added fused rings
'as; in the benzo- or dibenzoderivatives, The yields are usually not
satisfactory for the simple derivatives of phenazine and great difficulties
are often encountered in the preparation of the required intermediates,
particularly the very unstable o-quinones. Boyer and Morganao have recent--’
| ly synthesised i-aminophenazine and some of i‘bs‘ derivatives by this method,
but low yields were recorded for the preparation of'. most of the required
intermediates, | |

" Reaction (3) is the method of Clemo and McIlwamal; since cyclo-
hemﬁédiones are used in the condensation, tetrahydrophenazines a.‘rev

obtained, These can be usually quantitatively dehydrogenated to the
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phenazines with palladium on charcoal o The same disadventagss as for

the previous methods are encountered, namely the possibility of isomer
formation, usually low yn.elds, and, at times, rather inaccessible starting
materials,

One of the difficulties of the yrevious methéds; the uncertainty in
orientation, can be overcome by cyclisation of a diphenylamine bearing a
éﬂoup with a nitrogen atom attached to one of the ortho positions, Such
an approach is congideéred by many phenazine chemists to be a more at‘breictg.ve
route to the phenazine nucleus, The various possibilities can be sub-
divided into three groups: (1) elimination of ammonia from & 2,2!-diamino-
diphenylamine, (ii) ring closure of a 2-nitrodiphenylamine; (iii) ring
closure of a 2-aminodiphenylamine,

The first example of a phenazine obtained from a 2,2t-diaminodiphenyl-

' . a4
amine (XI) was repoz-ted by Eckert and Steiner :

O“”“ X @::Zi e

. 85=38 '
Other workers have subsequently obtained quantitative ylields using

ferric chloride as oxidising agent, This method has generally given

gatisfactory results but has failed unexpectedly in some simple cases:
38

e.8. although Elderfield et al have prepared.1-amino=3-chloro(and

, a9
methoxy) phenazine (XII, R = Cl, OMe) by this method, Albert and Duewell

¥
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(xI1) - (xIIT) - (xI)

could not prepare i-aminophenazine itseif from 2,2',6-triaminodiphenyl-
amine (XTII), Similarly, Gray (loc, cit, p. 48, 54) failed in his attempt®
to cyclise 2,4,2'~triamino=4'-methoxydiphenylamine (XIV).‘ Clemo and
Daglish ~ have also shown that 1,9-disubstituted phenazines cammot be
prepared by this method due to the inaccessibility of 2,2',6,6°-tetra-
substituted diphenylamines,

In 1943, Watermen and Vivia.n“ patented a method by which phenazine
could be obtained directly from 2-nitrodiphen;y1amine in.good yields, The
original procedure used Fe as a reducing agent, but later ferrous oxalate
end granulated lead in definite proportions were found to give bétter
results, Vivian and his co-workefs have published a number of papersw-so
illustrating the general ap;;licability of this method: phenazines bear-
ing mainly a:l.komr@:L razaad ’ halic’ie“M3’VMM9 or cy:;mo“a substituents have
been prepared in fairly good yields (usually verying between 30 and 60%),
Although very useful for the preparation of some s:i;tnple phenazine
derivatives,  this method of synthesis has sorﬁe jmportant limitations:

(1) very vigorous conditions are used: the mixture of diphenylamine, 4
ferrous oxalate and lead has to be heated to at least 250°C, Some ‘vigorous.

. 41
explosions may result, especially when additional nitro groups are present

.
?
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(i1) substituents in the 2° .position ave either partially (halogens) or

completely (alkoxy and amino) eliminated; (iii) the only suitable method
of isolation of the phenazine from the reaction mixture is vaouum gub-
limation, which can be v’ei';j'r tedious; (iv) disomers are usually formed

when a 2-nitro-~3'-substituted diphenylamine is cyclised:

I/ <:[/ \_‘

81
However, in one case , only one isomer wms o'bto.:!ned..

The las‘b method to be discussed is the ring closu.re of 2~aminodiphenyl-
amines, Nietzki and Emst discovered in 1890 that 2, dy4!~triaminodi~
phenylamine (XV, R = NH, } could be cyclised to 2,8-diami‘nophenazine
(XVI, R = NH, ) with manganese dioxide under alkaline cor:dit;ons, Iater,
Nietzki = obtained 2~aminophenazine (XVI, R = Hy) from 2,4'-diaminodi-
phenylamine (XV, R = H) and 2-amino-8-hydroxyphenazine (XVIII, R = OH)

from 2,4-d1am1no—4'-l\yﬂromd1phenylamine (XVii, R = OH) but failed to éffect
: 54 955
f:iw ring closurc of 2,4-diaminodiphenylamine (XVII, R = H), Fisher

NEH,
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obtained better results with lead oxide: he was cble to obtain phenazine
from 2-éminodiphenylamine and 2-aminophenazine from 2,4-diaminodiphenyl-
amine, He never reported yields, but quotes his colleague's suggestion
that his synthesis of 2~amh10phénazine should be used as a class experi-
ment { = Iater workersg e however have not shared his mthsiasm and

have reported very unsatisfactory results with this method, Some modi-
fi.catioﬁs have been proposed, e,g. passing the vapours of 2-aminodiphenyl~

' amine over red hot lead omaenm. The reaction can also lead toAvigbrqus ’
decompositions, as was reported by Gray (loc, cit, p. 65) for the reaction
of 2,6-diamino~2'-methoxydiphenylemine (XIX) with dry leed oxide; howevér,_
heating the reagents in an inert 'sélven'b (xylens) improved matters slightlys:

thus i-aminophenazine (XX) was obtained in good yield from (XIX), but this

> - UUC

mo'dificatioﬁ proved unsuccessful with other diphenylamines,

| Gray continued the‘ search for a more suitable yoﬁdising agent,
Nietzki's manganese dioxide oxidation has to be‘ carried out under alkaline
conditions, and the resulting suspension might hinder the reaction: one
possibility was to work under acid conditions, Potassium dichromate in
dilute sulphuric acid and silver oxide in ether (followed by heating in
dilute hydrochloric ac.::‘.d.) woere tried without success,  Another possibility
was to find a suitable organic solvent which could aiso function as an

oxidising agent. The choice fell on nitrobenzene, which proved an



1.

immediate success: 2 4 ' =dianino~6-methoxydiphenylamine (XXT) was convert'e‘d,
“to 2-amino-6-methoxyphenazine (XXIT) in 437 yield by simply refluxing the

d:.phenylamme in n:u.trobenzene for 5 hrs, -
l/ NH\
~ NH,

(30x1)

' 4

Similarly, 2-amino- (XXIV) and 2-amino-8-methoxyphenazine (XVI) were
obtained in good yields (70 end 64% respectively) from 2,4'-diemino= (XxIII)
and 2,4-diamino-4'-methoxydiphenylamine (XXV),

<~\/I\NHQ ©\N‘& 7 - ~ N% NH,

(xxxix) (xx1V) |
a0 Y
BN X M, OMe . LN X NN F Me.'
(xxv) (xXxXvI)

However, very poor yields were obtzined with 2-amino- and 2,4-diaminodi-
phenylamine, But & very intercsting result was obtained with 2,2'~dismino
diphenylamine (XVII), which was converted to i-aminophenazine in 50%

yield,



(xvIT)

This was in marked conbrast with all other oxidising agents which always
eliminate an amino group in the 2!'-position., A preliminary account Qf
this work -has appeared“.

Although of apparently limited applidé.'bii:_i.ty, this method seemed
. worthy of further investigation, The aim of this project was to examine
the scope of this reaction, 'particularly with regard to the influence of
various substituents and, if possible, to formulate a mechanism from the

results obtained, It was also hoped that some catalyst or different

12,

reaction conditions might- be found so as to obtain good yields of phenazines

by the dyclisation of any 2-aminodiphanylemine,
The discussion which follows will be divided in thrée parts: -
(1) the preparation of diphenylemines; '
(2) the preparation of phenazines;
(3) the rates and mechanisms of ring closure of 2-aminodiphenyl-

amines,



DISCUSSION




13,

SECTION I

The Synthesis of Diphcenylomings,

The stondard approach to the synthesis of phenazines used throughout

this thesis was the following:

1
, . 5 A
NINO, N N INH, \Z\R
R' R (IV) ' '
(III) I PhNO,
v,
Phenazine

The substituted nitrohalobenzenes of type I were either commercially
available or easily obtainable from the appropriate nitroanilines via
diazotisation and the Gattermamn reaction, ‘The conversion IIT -» IV
usually went very smoothly by catalytic reduction, and slight difficulties
(to be dealt with later) were encountered only in the isolation of the
unstable 2-aminodiphenylamines (IV), The discussion will thus be centered

mainly on the synthesis of 2-nitrodiphenylamines,

The synthesis of 2-nitrodiphenylamines

The condensation between an aromatic amine and an aromatic halogen
campound is referred to as the Ullmann, or Jourdan, or Goldberg reaction,
according to the conditions and the nature of the substituents, A large

number of diphenylamines have been prepared in view of the fact that these
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compounds are very useful intermediates for the synthesis of a number of
heterocyclic compounds: acridines, phenoxazines, phenofiiazines and, of
course, phenazines, However, the variety of conditions used in the
synthesis of diphenylamines is beyond‘ description, Fach individual author
~favours a method of his own, and "the research worker who has to prepare
some new diphenylamine ..., or wishes to improve the yield of an old one,
will gain little from the éomparison of the yields obtained when various
substituted benzene derivatives have been condensed in this way, because
so seldom have the conditions been comparable"sa, Only very recently has
there been an attempt at classifying the relevant information, The two
rev:'.ewssa’59 which have appeared in the last decade have been mainly.con-i
cerned with diphenylamine-2-carboxylic
acids (V) as intermediates in the
synthesis of acridones, However,

the problems encountered with the

diphenylamines described in these

(V) reviews are very similar to those
faced in the synthesis of 2-nitrodi-
58
phenylamines, so that the genersl wprinciples formulated by Albert or -

69
Acheson for the synthesis of compounds of type (V) are in general also

applicable to the syntheses of 2-nitrodiphenylamines,

For the purpose of studying the effect of substiftuents on the r:_ng
closure of 2-aminodiphenylamine, three series of diphenylamines had to
be synthesised,

First, diphenylamines of type (VI) and (VII) were required, with
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NH\ ‘\\

R SNNO,

(vII)

R = H, Qlie, G, CL, N0, O, OH, The synthesis of the majority of these
diphenylamines has been adequately described in the literature, and no
great difficulty was encountered in obtaining reasonable yields. Apart
for the synthesis of 4~methoxy-2-nitrodiphenylamine (VII, R = Olle), the
usual procedure was to take advantage of the increased reactivity of a
halogen atom ortho to a nitro group, thus condensing o-halonitrobenzene
(VIII) with a para substituted aniline (reaction 1), or a para-substituted-

o~halonitrobenzens (IX) with aniline (reaction 2),

o L
> { (1)
N0, Y K/l\\NO2 R

(VIII)

= , X H,N ,/NH
> | (2)
R NO, \© R/©\N02 , s

(mX)
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The condengsations with aniline were usually successful except in two cases,
60

King, King and Muir failed to obtain 4~methoxy-2-nitrodiphenylamine (XTI)

by a condensation of type (2) (R = OMe, X = Br), but successfully con-

densed 4-methoxy~2-nitroaniline (X) with bromobenzene:

. Br
+ -
- S
MeO NO, [ :D 40~
) .

(x

N TN

X ~ NO, \/

(x1)

The .f'ailﬁre to obtain (XI) from 4-methoxy-2-nitrobromobenzene (IX, R = OMe,
X = Br) and aniline was attributed to the deactivating influence of the
methoxyl group on the halogen atom,

A gimilar pattern was observed when synthesising the hitherto
unreported 4-methyl-2-nitrodiphenylamine (VII, R = CH), "The condensation
between 4-methyl-2-nitroiodobenzene (IX, R = CHy, X = I) and aniline failed
to yield the expected diphenylamine, the latter being obtained from »

4<methyl-2~nitroaniline (XII) and bromobenzene,

NH,

Hy NO,
(xXTT)

It is doubtful whether a deactivating influence on the reactivity of a
halogen atom can also be attributed to a para methyl group, In fact,

the author feels that no such deactivation occurs with either a methoxyl
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or a methyl group, since 4-methoxy-2-nitroiodobenzene (XTII) and 4-methyl-

2-nitroiodobenzene (XIV) were successfully condensed with p—ni'lroa.niline

—~ 1

Me0”” N0, Hy & N0,

(XI1I) (xIv)

(see p. 20 ), The failure of (XITI) and XIV) to react with aniline should
rather be attributed to unfavourable reaction conditions,

Another new diphenylamine in this series was ll-’-cyano-‘z—nitrodiplrxen;;rlw
amine (XVI) s which was easily synthesised from o~iodonitrobenzene and

p-aminobenzonitrile (XV), with potassium carbonate to remove the acid

formed and copper to act as catalyst. No sgolvent was used, and the reaction '
eppeared to be complete after only 5 minutes heating at 180°, the
evolution of carbon dioxide having then ceased,

Three different routes were unsuccessfully attempted for the preparation

of 4'-hydroxy-2-nitrodiphenylamine (XVII),
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(xxx)
' y ' T/ NH\\I \
» * i |
o \ o, “\ ‘ H Mo, NP ol
(XVIII) (XVII) (XX)

It was not possible to isolate the required diphenylamine from the con-
densation of o-iodonitrobenzene with either p-aminophenol (XVIII) or
p-aminophenylacetate (}CDC). The demethylation of 4‘'~methoxy-2-nitrodi=-
phenylamine (XX) with 48% hydrobromic acid gave a very poor yield of a
product which melted over a wide range and which could not be purified.‘

Similarly, the demethylation of 4~methoxy-2-nitrodiphenylamine (Xx1)

\m . rNH\

MeO \ NO, N No,

(XXT)
proved unsuccessful, The normal reagent, hydrobromic acid, hydroiodic
acid, pyridine hydrochloride, all failed; with an equal volume mixture of

glacial acetic acid and 48% hydrobromic acid, a very surprising dibromination
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appeared to have téken place: a crystalline compound was obtained, which
was unaffected by acid or aikali and which analysed correctly for a
dibromo-ll-;-rnetho:q'—--z—nitrodiphenylanﬁ.ne. A similar example of this unusual
behaviour of hydrobromic acid could not be found in the literature, The
percentage yield (for a dibromo compound) was 50, and this may indicate
that the nitro group of the diphenylamine molecule has caused oxidation of
~ the hydrobromic acid to produce brominium ions,
The .second series of syntheses included diphenylamines of type (¥XTI)

and (XXTIL), where R = H, OMs, Cl;, Cl, ON,

TS NO, ‘R NO,

0,

(XX1T)

With one exception (XXIT, R = CN) all the diphenylamines of type
(XXII) have been described: they are very accessible compounds, since

they are obtained from 2,4-dinitrochlorobenzene (XXIV) and a substituted

-
0p N \Noz ' ™~ NO,

(xxIv) (xxV) (XXII)

aniline (XXV). The chlorine atom in (XXIV) is very reactive on account
of the two nitro groups in the ortho and para pogitions, Good yields can

usually be obtained in such condensations; recently, Vorozhtsov and
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Yekobson  have claimed yields above 907 by heating the reactanté with
potassium fluoride at 100° without solvent or catalyst, However, if R
is strongly electron attracting, it is preferable to use potassium carbon-
ate and copper at a high temperature, Thus 4-'-cyanq-2,4--d:initrodiphenyl-
amine (XXII, R = ON) was obtained using the latter conditions,

Tn contrast to those of type (XXII), diphenylemines of type (XXITI)
are more difficult to synthesise, and only one (XXIII, R = H) has been
described, Two factors now contribute to making the following condensafipn

more difficults

- '/NH\' | AN
R ™~ 10, )5 W0, NN,
(Gxxvz) / (XVIT) (XXTII)

Firstly, the reactivity of the halogen atom in (XAVI) is decreased (unless
R = Cﬂ\I), since only one nitro group is present; secondly, the lone pair
of electrons of the amino nitrogen in (XXVIL), which is presumably
involved in & mucleophilic attack on carbon atom 1 of (XXVI), is made less
available by -the strong electron withdrawing effect of the p-nitro group,
Nevertheless, as for the preparation of 4'-cyano~2-nitrodiphenylamine

(o 17 ), it was found that such diphenylamines could be obtained in good
yields in very short reaction times by fusing the reactants with copper
and potassium carbonate at 200°C, Yields averaging 50% could be obtained
after only fifteen minutes heating, This method however was found to give

the best results on small scale preparations (1 - 5 g), somewhat lower
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contrast to the behaviour of halogens in the condensation of 2,4-dinitro-

halobenzenes with anilines

1

X

0N Xy 1o, 0,

82
This condensation was studied by Franzen and Bockhacker , who reported

the order Br > C1 > I,
The synthesis of 2,3'-dinitrodiphenylamine (XXX) has been reported
68 -
by Evans and Smiles who prepared it from o-bromonitrobenzene and

m~nitroaniline, but did not quote a yield, A preparation under the same

N _NO, t/\/NH
‘ . \/ ~NO,

(30x)

conditions as for 2 ,2’-diniﬁ'odiphenylamine, using o-iodonitrcbenzene and
m-nitroaniline gave only a 16% yield which could not be improved upon 'py
increasing the reaction time,

Two possible syntheses of the unknown 2,5-—diamihddiphenylam:i.ne (XXXT)

were considered, the intermediates being either (XXXII) or (XXXITL).
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49 '
Vivian has shown that if 2;3-dinitroiodobenzene is reacted with

aniline, the product is 6-iodo-2-nitrodiphenylamine (XXXVII) and not

(XXVIT)
2,5-djnitrodiphenylamine (XX(VI). It thus appears that a nitro group is

more easily displaced than a halogen atom, eliminating a possible route to
the required 2,3-diaminodiphenylamine (XIVIII)., The alternative approach

would be through the use of 3~iodo-2-nitroaniline (XI.) which apparently can

~1 . Nt

"\No,
NHNO, NH,
(XXAIX) (xr)
be prepared by a nitramine rearrangement of (KXXIX)“: however, the

details of this reaction have not yet been published, and a letter to one

of the authors requesting such details has so far remained unanswered.
There was no difficulty in obtaining 2,6-dinitrodiphenylamine (XLII)

from 2,6-dinitroiodobenzene (XLI) and aniline, since in this case the

halogen is far more reactive than either nitro group,



(XLI) . (XLIT)

In conciusion, it mst be stated that a systematic study of diphenyl-
amine synthesis was not intended, However, the author would like to put
on record some generalisations, with the reservation that these should not
be consgidered as final,

If R is strongly electrom attracting in a condensation such as the

followings

0L QOO

then X = Todine is the best halogen for the reaction, and vigorous con-
ditions can be used (potassium carbonate, copper, 200°), The reaction
gives the best results with small quantities of starting materials

(0,01 moles) and short reaction times (5 minutes to 1 hour), If R is
not strongly electron attracting, the preceding conditions of'ten result
in charring or reductive dehalogenation: it is then safer to use the
chloro compound, sodium acetate, and no catalyst.. Heating a2t obout 200°

must then usually be carried out for much longer periods, The same applies

25,
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to anilines where R is in a position ortho to the amino group,

Vhen the halogen is activated by two nitro groups as in (XLIII), then

~X H N~

0N~ o,
(XLIIT)

the reactivity of a chlorine atom is usually sufficiently high to ensure
condensation with any amine, ild conditions can be used (reflux in ethyl
alcohol with sodium acetate or in butyl alcohol), unless R is strongly
slectron attracting, when more vigorous c_onditions should be used
(potassium carbonate, copper, no solvent, 150°), The use of potassium
fluoride in place of potassium carbonate can sometimes give good results,

If a diphenylamine of type (XLIV) is required, both routes should be

tried.
@X - NN T
> - +
LLTOL 0T
Method A | Caiv) | Method B

Method A will be the better one if R is electron attracting, method B

if R is electron donating,
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The reduction of 2-nitrcdiphenylamines

The early methods of reduction of nitrodiphenylamines employed mainly
stannous chloride, with Fe and Zn occasionally used, However, Elderfieldaa
has shown that catalytic reduction is vastly superior to any other me’choé..
The present author made extensive use of platinum oxide, which was f‘o,und:
to be the most reliable catalyst, and palladium on charcoal, | The pro-
cedure described by Dewar and Moleea (hydrazine hydrate/Pd/C) was found
applicable ‘o nitrodiphenyiamines and can be used if necessary,

Since aminodiphenylamines, especially if an additional amino group is
present, are rather unstable compounds, the following procedure was |
adopted: after catalytic reduetion in alcohel and removal of the solvent
and catalyst, the aminodiphenylamine was oxidised in nitrobenzene withou‘l?
further isolation; the diphenylamine was characterised as its acetyl
derivative only when a new phenazine was expected from the cyclisation.
 Elderfield has followed similér lines with the ferric chloride oxidation

of aminodiphenylamines,
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SECTION ITI

The Syntheses of Fhenazines

Mention was made in the introductory section of thig thesis that Gra.y7
was able to prepare 2-amino-6-methoxyphenazine by the oxidative cyclisation
of 2,4'~diamino~6~-methoxydiphenylamine in boiling nitrobenzens®, He} then
attempted to apply this new method to the s;vnthesis of other‘phenaz'ines
from. the appropriate 2-aminodishenylamines, The results are summarised ir
table I,

Gray interpreted his results as follows: "ihese results seem to
indicate that the ring closure does proceed mainly via an intermediate
indamine, In all those compounds where the following structure (I) could

arise by oxidation, good yields were recorded.

In cases where that intermediate was not possible the yieldswere poor,

A good example of this was the preparation of 2~aminophenazine from

The specific reaction conditions were: about 1 g of diphenylamine
in 25 cc of nitrobenzene, refluxed for 4 - 5 hrs, The phenazine was
isolated by removing the nitrobenzene in steam under acid conditions
and neutralising the acid solution,
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2-4*~diaminodiphenylamine and from 2,4~diaminodishenylamine, In the first
case the 2,4%~diaminodiphenylamine may be oxidised to the following

indamine (II):

(1)

A 70% yield of 2-aminophenazine was obtained, With 2,4-diaminodiphenylamine
no such intermediate type of i:idamine was possible, Only a 5% yield of
2-aminophenazine was obtained ... If this mechanism is applicable, then
in the synthesis of 2-amino-8-methoxyphenazine (IITb) from 2 y4=-diamino-4'~
methoxydiphenylamine (IITa), the following (IIT) is possibly the inter-
mediate on the basis of the good yield cbtained and the suggested

mechanism",

N N .
N o - e’ '
N AN
(111) : (IITa) (IITb )‘

This mechanism and others which were deduced from the present work will
be discussed in Section TII,

Gray!s brief survey of the scope of this reaction was obviously
insufficient grounds on which to base any definite conclusions with regard
to the mechanism and a number of interesting problems arose from this set

of experiments:
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(1) Was the assumption of an intermediato of type I or ITT correct, and
if so, what other groups apari from NH, and OCH,, could give risze to
such quinone imine structures ?

(2) Since phenazine was obtained from 2-aminodiphenylamine, although in

‘smal‘,l yield, methoda to increase that yield should be investigated,

(3) An amino growp was retained in the ortho position while & methoxyl

| group in ‘the same position was eliminated, What would be the fate of
groups such as Ci, CH,,, COOH, COOMe, ete, ? _

(4) Would a mixture of isomers be cbtained from & Z-amino-5'-substituted

: dmhenylamme, and ‘if so, how would the composition of the mixture
of isomers be influenced 'by the group in the 3! posit:.orn ?

(5) A s:!.m:.lar problem arises in the follorw:‘i.ng case:

-,

(6) Could the reaction be extended to diphenylamines of type IV or V,
thus providmb an mamblguous route to specific phenaz:.nium salts -

from substituted phenazines 7
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(7) Could other heterocyclic compounds s Such as phenothiazines or phenox-

azines, be synthesised by the oxidative ring closure in nitrobenzene

| /559\\\{/’ O‘\\ X
)@
(VII)

of VI or VII ?

It was decided that, in the first instance, additional experiments
should be undertaken to provide furthér evidence for or against the pro-
posal that an intermediate of type III is involved in the synthesis of
2-amino‘-8-methoxyphenazine and, in the light .of' the results obtained to
investigate further the scope of the reaction,

If structure III were indeed the proposed intermediate for the ring
closure of 2 ,4—diamino-4c'-metho:qydiphenylamine , it followed that Z-amino-
4'-methoxydipheny1amine (VIIT) should also be converted to 2-methoxyphen-

azine (VIIIa) in good yield,

(VIII)

However, this was found not to be the case: no Z-methoxyphenazine could be
isolated by ‘follow:i.ng the same procedure as for the synthesis of 2-amino-

8-methoxyphénazine. There seemed little doubt that the compound obtained
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by Gray was, in fact, 2-amino-8-methoxyphenszines: it had the correct
analysis and the same melting point as that reported by B'issclr{er55 for the
_ phenazine, But both compounds were obtained by an oxidation of 2,4-dimnino-
4'-methoxydii>henyla.mine s Gray's with nitrobenzene and Fischer's with lead
dioxide, It was therefore thought advisable that the synthesis should be
attempted by an alternative route,

Two possible syntheses were considered:

. ‘/'N;\ N
cl ~§¥ “\1NH,
(x) (XI)

The reactivity of a halogen atom in the 2-position of the phenazine nucleus
has been amply demonstrated, its replacement by an amino group by heating
with ammnonia being shown by Pachter and Kloetzelag, and Grayv showed that
cuprous chloride as catalyst markedly increased the yield, 2-Chloro-8-
methoxyphenazine (IX) has been prepared by '\Tiv:'.a_n44 and an attempt was
made to convert this to 2-amino-8-methoxyphenazine (X) by heating with
ammonia, n.n a sealed tube J.n thé presence of cuprous chloride, This gave
nlainlj é:harred maferial» vfron'l Which é. smail amount of red product was
isolated., melting point 277 - 280° ) xmax 270 and 506 mi, These figures
suggested that 2 ,8-‘dia.minophenaziine> (m, P, 280° R xmax 272 and 504 fnp) had
probably been obtained, This reaction was not further investigated as an
alternative route proved s_uccessf‘ul_: this involved the nitrobenzene

oxidative cyclisz;.'tion of 2,4'-diamino-4-methoxydiphenylanine (XI), e
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product identical (mixed melting point) %o Gray's being obtained.
Considerations of these results in conjunction with .“chose obtained

by Gray revealed a seemingly paradoxical si‘cuatioh: an amino group in

the 4 position favoured the ring closure of 2,4-diamino-4'-methoxydi-~

phenylamine (XII) but not that of 2,4-diaminodiphenylamine (XITII);

NN, Ot BN ‘ \NH, o S ~
(X11) (XIII) (VIII)

alternatively, a methoxyl group in the 4' position favoured the ring
closure of 2,4-diamino-4'-methoxydiphenylamine (XII) but not that of
2-amino~4'-methoxydiphenylamine (VIII), In an attempt to throw some
light on this problem, it was decided to investigate more thoroughly the
ring closure of 2 y4-diaminodiphenylamine (XIIT). .

The yields of 2-aminophenazine obtained by Gray from the oxidative
cyclisation of 2,4-diamino~ and 2,4'-diaminodiphenylamine were 5/ and
70% respectively (cf. Table I). However, the first was based oﬁ material
recrystallised from dilute alcohol, the second on crude product, Sirx:e“
recrystallisation of 2-aminophenazine from agueous aldohol is usuelly
accompanied by marked losses, the yields in the two cases cammot be used
to draw comparisons with regard to the effectiveness of the two cyclig-
ations, A more accegptable analysis of the yields was therefore sought,
It was found that 2-aminophenazine could be separated from the other

products of the reaction by paper clromatography; after elution from the
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pa?e.r,'it could be estimated colourimetrically in -j% HCl., By this method
it was also possible to follow the rate of ring closire of the 4 iphayl-
amines by withdrawing samples at suitable intervals from the reaction
mixture, The ring closure of 2,4~ and 2,4'-diaminodiphenylamine was
studied in fhis mamner, As a result of these studies, it appearéd that
hot only could the same high yield be obtained from both diphenylamines,
but also that ’ché rates of ring closure were virtually identical., The
.max:'l_zmm yield, about 70%, was reached in about 12 hours. An alternative
method of assay used subsequently (see page 46) showed that the paper
chromatographic method tends to give slightly inaccurate values; however,

it served a very useful purpose, pointing the way to a very simple method

of synthesis of 2-aminophenazines,

Synthesig of 2-aminophenazine and some simmle derivatives

When carrying out the rate experiments, it was found convenient to use
more dilute solutions of diaminodiphenylamines in nitrobenzene, roughly
0.003 moles/litre instead of 0,015 moles/litre as used by Gray and by the
author in the initial experiments in this work. When such a dilute
solution was allowed to sfand overnight at room temperature after 12 hours
refluxing, red needles Vof 2-aminophenazine were seen to separate out of
solution, although in relatively small amount. By concentrating the
solution to almost a fiffh of its volume, it was possiblé to obtain a 50% -
yield of pure 2-sminophenazine (m. pt. 270 - 274°) without any further
recrystallisation. This could be achieved from either 2,4~ or 2,4'~
diaminodiphenylemine, but fram a synthetic point of view, the preparation

fram 2,4~diaminodiphenylamine is much more attractive because the required
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intermediate, 2,u-dinitrodibhe;,§ianfi11e, is véry easily accessible. It
was interesting to note that if the ring closure of 2,4-diaminodiphernyl-
amine were carried out in the more concentrated solution, an amorphous
material, which was very difficult to recover, invariably separated out
on cooling., All subsequent cyclisations were therefore carried out at
a concentration of ca. 0.003 moles/litre.

Meny methods of synthesis of 2-aminophenazine can be found in the
literature: it was originally prepared by Fischer ahnd Hejpp17 Ey distill-
ing 2,3-diaminophenazine with w=inc dust, Nietzki53 and Hewitt et a170
obtalned it from 2,4'-diaminodipheny1amine by manganese dioxide and
potag{s’liwn dichromate respectively; it was also obtained by Fischer55
from 2,4-diaminodipheny1amine by lead oxide oxidation. In no case was
";r.iue yield reported, 2-Aminophenzzine was obtainzd in 20% yie1d71 by a
V;Vohl—Aue type of reaétion, in 13% yield from 2-chlorophenazine69: the
ia‘tter yield, however, has been greatly improved by Gray (loc. cit.

P 135); Keh¥mann and Havas72 reduced 2-nitrophenazine and Kehrmann
and Mermoci?3 hydrolysed 2-acetamidophenazine which was obtained in good
yield from l;.-écetamido-o-quinone and o-phenylenediamine, Finally, from
the rather complex 2'-amino-i,6-dinitrodiphenylamine-2-carboxylic acid,’
Ullmannn- obtained 2-aminophenazine in unspecified yield. Nohe of thege
metﬁod_s can be regarded as reétlly satisfactory because none combines the
advantage of a high yield and easily accessible starting materials and
intermediates.

The oxidative ring closure in boiling nitrobenzene was then extended

to other 2,4~ and 2,4 '-diaminodiphenylamines to test the general applic—
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ability of the method., Positive resulis heving been obtained with an

electron releasing group (CMe) in the 4 and L' position of XIV and XV,

(R = (Me) and with the unsubstituted intermediates (R = H), it was

decided to attempt the reaction with a relatively neutral group (CH3) and

-Hg R
| (xv)

(x1V)

electron attracting groups (Cl and CN) in the seme positions end, to canplete

the series, to stﬁdy the ring closure of 2,4,4'~triaminodiphenylamine (XIV

or XV, R = Ni,). | |
‘2-Amin6-8-methylphemzine (XVII) was synthesised by the same technique

as that used for the synthesis of 2-aminophenazine., The yield from both

2,4~diamino- ' -me thyldiphenylamine (XVI) and 2,1..'-dia.mino-h-methyldiphenyl-

amine (XVIII) was good.

BN N, | NP SH By N & ", \mﬁ‘m

(xvr) (xvIT) - (xvIII)

The acetyl derivative was prepai‘ed using acetic anhydride and pyridine,

shown by Gray (loc. cit. p. 37) to be successful in the acetylation of

2-aminophenazine.

Similarly, there was no difficulty in preparing 2-amino-8-chloro-
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phenazine (XVIIa) from 2,4 -diamino-4'~chloro- and 2,4!-diamino-4-chloro-
diphenylamine, Otomasu has obtained this phenazine by the nitration
of 2-chlorophenazine-N-oxide
followed by reduction of the
2-chloro-8-nitrophenazine-N-
oxide,

76
Professor Holliman has pre=-

pared 2-amino-8~cyanophenazine
(XX) by the ferric chloride oxidation of 2,4'-diamino-4-cyanodiphenylamine

(XTX). Nitrobenzene oxidation of 2,4~-diamino-i'-cyanodiphenylamine (}D(I)

NH \lj‘eC:l@) ‘ N N
N WE, NH, I Ny P
(xx) | (x)

gave the same product,

Finally, 2,8-diaminophenazine was obtained fram 2,4 ,4!'-triaminodi-
phenylamine in very good yield, However, in both this and the pi'evious
case, the phenazine was best isolated by column chromatography on alumiﬁa.

The diphenylemines which have been included in this survey have
carried groups which release or remove electrons by the mesomeric and
inductive effects and in all cases the oxidative cyclisation to the
phenazine has been achieved, It therefore seems likely that the synthesis
is of general applicaebility and a wide variety of 2-amino-8-substituted

phenazines could be obtained fram the appropriate 2,4-diamino-l.'-



38

substituted or the 2,4 '~diamino-k-substituted diphenylamine. Which of the'se
possible starting materials is used would depend on their relative access--
ibility: in genefal, 2,4~diaminodiphenylamines would be the more readily
synthesised, but in special cases [e.g. 2 ,L;.'-diamino%;.—cyanodipher;ylamine
(XIX)], the altermative approach would be more attractive,

Attention was theﬁ turned to other possible extensions of the synthesis.,
Gr:axy7 has shown that, in the 2'-position, an amino group is retained and a
methoxyl group eliminated. Thus 2,2'-diaminodiphenylamine (XXII) gave

1-eminophenazine (XXIV), this phenazine being also obtained from 2,6-diamipc-

(XXIIT)
2'—methoxydiphenylamine (XXV)., As for 2,4'-diaminodiphenylamine, the
intermediate in the conversion of (XXII) to (XXIV) was presumed to be a

quinone imine of type (XXVI); and following the same pattern as for the
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2,4~diemino campound, it was shown in this work that 2,6~-disminodiphenyl~
amine (XXIII).could also be converted to 1-aminophenazine (XXIV),
Experiments were then carried out on a mmber of 2,4j-diamino-2'-

substituted diphenylamines (XXVII). However, these experiments were only
of an exploratory nature, the products obtained being jdentified by paper
c‘hromatography. With a methoxyl, carboxyl, or methoxycarbonyl substituent
in the 2' position, two spots were obtained, one corresponding to 2-amin23-
‘phenazine (XXVIII) the other to the 2-amino-6-substituted phemszine (XXIX).

With R = CH,, no 2-aminophenazine was detected, suggesting that no

; ‘\Nﬁ

(XXVIII) R = OMe, COOH, COOMe
(XXIX)

NN

elimination had taken place,

. In order to see if phenazine f‘omg'tion was limited to cases where one
amino group was situated ortho or para to the diphenylamine nitrogen, it
was considered necessary to attempt this reaction with 2-aminodiphenylamines
with a second amino group in other positions., Great difficulties were
encountered in the freparation of 2,3~ and 2,5-diaminodiphenylamine (see
Po 23), but 2,3'-diaminodiphenylamine (XXX) was obtained fram the

corresponding dinitro compound. The cyclisation gave the expected mixture
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NH,
eves
-

of 1- and 2-aminophenazine, The isomers were separated by column chromato-

o
NH ‘ '
@@M AN

(xxx)

graphy on alumina: & preliminary experiment on a solution containing a |
known amount of the phenazines .in nitrobenzene confirmed the reliability
~of the method. The proportion of the two iscmers from the ring closure of
(XXX) was contrary to expectations. It was anticipated that steric factors
would make cyclisation into the 2' position moré difficult than cyclisat:i;on
into the 6' position so that 2-aminophenazine would be produced in a
greater proportion than 1-eminophenazine: in fact, the 1-amino campound

was present to the extent of twice the amount of the 2-amino compound.,

Syntheses of phenazines not bearing amino substituents

The yield of phenazine from the nitrobenzene oxidatife oyclisation
of 2~-aminodiphenylamine was reported by Grayv as being "very small",
In fact, the presence of phenazine was detected only by paper chromatogrems,
‘Tt was suspected, however, that, as for 2,4-diaminodiphenylamine, different
conditions might afford better results, This proved to be the case.
When 2-aminodiphenylamine was ’refluxed in nitrobenzene for 12 hours
(solution 0,003 molar), a 12% yield of phenazine was obtained, The
product did not crystallise out of solution, but was i'solated 'ny steam
distillation,  This yield was a marked improvement, butskill very mich

lower than that obtained in the ring closure of 2,4-diamino-
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dipbenylamine, Since no major side products had apparently been formed,
it was thought that the reason for this low yield was simply a slower rate
of ring closure: refluxing for a longer time should thus improve the
yield. This hypothesis proved to be correct,when a 55% yield of phenazine
was obtained on refluxing 2-aminodiphenylamine in nitrobenzene for 120 hrs,
This time was arbitrarily chosen. A more detailed investigation of the
progress of the reaction which was underteken later showed that the
‘maximum yield could be obtained in 70 hrs,

In the light of this result it was necessary to reinvestigate the
possible conversion of 2-amino-)'-methoxydiphenylamine (VIII) to 2-methoxy-

phenazine (VIITa) which had earlier been unsuccessful. Using the modi-

NP e i N,

(viiz) (vzna) (VIIIb)

fied resction conditions, 2-methoxyphenazine (VIIIa) was obtained in 14%
yield after 12 hours reflux and in 45% yield after 120 hours. Here again
the phenazine did not orystallise out of solution, but was isolated by -
removing the nitrobenzene in steam under acid conditiohs followed by
neutralisation of the acid solution. This method of isolation was not
very satisfactory as a rate curve obtained later showed that a 70% yield
could be obtained (in 30 hours reflux) provided that 2-methoxypherazine
was isolated by column chromatography on alumina: by reducing the volume

of the nitrobenzene solution, it was possible to chromatograph the solution
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directly; thus reducing losses to a minimum, 2-Methoxyphenazine was
similarly obtained in high yield fram 2-amino-l-methoxydiphenylamine
(VIIDb).

The reaction was then extended to the synthesis of 2-N,N-dimethyl-
aminophenazine (XXXI), which can be regarded as the N-equivalent of 2-
.methoxyphenazine. It was obtained from 2-amino-4'~dimethylaminodiphenyl-

amine (XXXII) in 45% yield. Although & mumber of substituted 2-N,N-di-

NOwS

(XXxTT)

42,48
methylaminophenazines have been described in the literature , the

parent campound has not been reported.

2-Methylphenazine (XXXIV) was synthesised from (XXXIII) amd (XXXV).

: ‘ NH
L

(xxxrIT)

As for 2-methoxyphenazine, better yields were obtained when isolating the
phenazine by column chromatography.

The isolation of 2-chlorophenazine presented somc difficulty; it could
not be separated from nitrobenzene by column chromatography; it was also

so steam volatile that it was removed in steam even under acid conditions.
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The latter method of isolation was fairiy satisfactory since it scemed
that 2-chlorophenazine steam distilled only when all the nitrobenzene had
been removed. However, low yields were obtained in the cyclisations of
2-amino-4 '-chloro- and 2-smino-4-chlorodiphenylamine, and this camnot be
defintely attributed either to the influence of the chlorine atom or to
the method of isolation.

A minor controversy has appeared in the literature over the physical
properties of 2-cyanophenazine (XX.XVII). It has allegedly been prepared
by Ma.ff‘ei77 who treated the sodium salt of 2-phenazinesulphonic acid with
potassium cyanide s the melting point is given as 180°. Rozum78 has also
reported a compound of same melting point, obtained by dehydrating the
oxime of 2-phenazinecarboxyaldehyde, Vivia.nl+6 however has prepared
2-phenazine carbonitrile from 4-cyano-2-nitrodiphenylamine and quotes a
melting point of 232 ~ 2340 (com:). He points out that Maffei's analytiqa.lt
data are incorrect. As for Rozum's compound, it might be 1-phenazine
carbonitrile (m. pt. 170 - 1720) because the paper (available only in
abstract form) deals mainly withr 1 ~phenazinecarboxylic acid and
derivatives,

The oxidative cyclisation in nitrobenzene of both 2-amino-l-cyano-

(XXXVI) and 2-amino-'-cyenodiphenylamine (XXXVIII) gave 2-phenazine-

e N
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SECTION IITI

(A) Rates of ring closure of 2-aminodiphenylamines in nitrobenzene,

The rate of a simple reaction such as (1) could be followed by

measuring either the rate of disappearance of I or the rate of formation

jens
R S I,
(@

of II. The first possibllity presented great difficulties of isolation and

(1)

estimation and was not investigated, JAminophenazines however have been
isolated by paper chromatography, and since they are strongly coloured
campounds, they can be estimated in very small amounts by colourime'bric
assay, By this technique it was possible to follow the rate of fmxgtiop
of 2-aminophenazine from 2,4- and 2,4'-diaminodiphenylamine,

Phenazines not bearing amino substituents had to be handled in a
different way because these compounds could not be conveniently isolated
by paper chromatography, TFurthermore, this technique proved to be rather
tedious, and gince a large number of such rate studies was envisaged, the
development of a more easily applied and cuicker method was desirsble,

Japanese workers have recently synthesised a number of phenazines by
the Wohl-Aue reaction and have worked up their products almost exclusively
' by chromatography on elumina, . This technique applied to the isolation

of phenazines from the nitrobenzene reaction mixture was found to be
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These side products‘were unfortunately rather untractable gumy materials,
and the only information obtained was that derived from visible ultra-

. violet absorption studies which revealed that products very closely related
to the parent phenazines had been formed, ¥Tlucidation of the nature of
these products should prove very interesting but was beyond the scope of
this work., Possible structures will be discussed along with mechanisms,

In addition to these bands there alweys appeared a transitory very
s*trongly adsorbed and highly coloured band, blue with 2,4'-diaminodiphenylamines
and deep red with 2,4~diaminodiphenylamines, This band always disappeared
once the reaction was complete and was assuned to be an intermediate in the

reaction, probably a quinone imine such as ITT or IV, (See p 6%).

~ N | {iiii:i:%4‘ N
R @fm\l@\‘m w7 TNH, ~=r
(Tv)

(1III)

_ When the rates of cyeclisation of diphenylanines of type V or VI were

followed, a different pattern was observed. The number of wnidentified

saouNeacE

) . (v1)

bands had increased to three or four, moving at a slower rate than the

phenazine. Purthermore, the nitrobenzene band, always eluted first and
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pale yellow in appearance in the previous cases, now still moved ahead of
the phenazine but as an orange-~red band, indicating the prescnce of yet
another side product, There was no similarity in colour between the
.phenazine (pale yellow) and the accompanying side products, which usually
included a pink band, and one oar two yellow bands, None of these bands
disappeared when the reaction was compléte. These side products were not
investigated, |

For a quantitative comparison of effects of various substituents
upon the reaction rate, rate constants of the reactions would be required,
Unfortunately, in the majority of cases, the formation of a considerable’
number of side products of unknown constitution prevented the calculation
of rate constants; even when no side products could be observed on
chromatography of the crude reaction mixinuwrs, the yield of phenazine was
not quantitative so that it could not be assumed that the amount of
diphenylamine remaining at any time was the original amount less that
which hza;d been converted to the assayed phenazine, Ne\'rer’cheless, a
gualitative comparison of the various reaction rates could be made by
plotting the amount (or the percentage yield) of phenazine against time,
The curves thus obtained fell into two distinct groups illustrated by
Figs. 1 and 2,

Whenever 2-aminophenazines were expected from the ring closure, a
curve of type IT was obtained, all other cases showing the normal type I
curve, There were two possible explanations for the type II curves:

(1) 2-aminophenazines decomposed on prolonged boiling in nitrobenzene:

this was discounted when a sample of 2-aminophenazine was boiled in
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% Yield % [ield -
: /k”"”‘*%.;\\-
Type I ' Type IT
Time (hrs,)--- . . ‘  Time (hrs, )
rg. 1 - v O m s

nitrobenzene over a long pern.od 'but showea no appreciable change in
ooncentrat:.on'

the only other plausible explamt:.on was that 2-am1nophenazine reacted
thvough the amino group with.a s:.de.product formed in the freaction

(possibly a redustion product of nitrobenzene), this reaction being

slower than the formation of the phenaziﬂé. The evidence in favour

of such a reaction was thah U(i") " the side product 'fomxgd in every
ring closure of a 2,4~ or 2,4!-disminodophenylamine appeared to be
very closely related to the phenazine formed in the reaction; ‘

(11) with groups other ‘bhan NH, in the 2 position of the phenazine, :
no such drop in the yield wa.s observed, although side products were

formed, '
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Diphenylamine Phenazine Yield, % | Time, hours
2~Amino Unsubstituted 80 20
2-Amino~4-methyl 2-Methyl 66 50
2-Amino-4 '=methyl " 72 54
2~Amine-4-methoxy 2~Methoxy 75 50
2~Amino—4*~methoxy u 75 30
2=-Amino-4=-chloro 2~Chloro S50 100
2-Amino-4!~chloro " 59 100
2-Amino-4~cyano 2-Cyano >30 >80
2-Amino=4!=~cyano " >25 >90
244=-Diamino 2~Amino 76 12
2,4'-Diamino " 53 8

TABIE IIT

Diphenylamine Phenazine Yield % Time, hours
2,4-Diamino { 8=Amino 76 12
244 '=Diamino " 53 8
2y4'-~Diamino~4-methyl | 2~-Amino-8-methyl 80 9
2,4~Diamino~4'-methyl " 64 6
2,4 !'~Diamino~4~methoxy | 2-~Amino-8-methoxy 40 6
2,4~Diamino=4"'-methoxy " 66 10
2,4'-Diamino~4~chloro | 2-Amino-8-chloro 50 5
2y4~Diamino~4 '-chloxro " 56 8
2,4 '-Diamino=4~cyano 2~Amino-8-cyano 38 50
2,4-Diamino=4'-cyano " 46 45
2,4,4'-Triamino 248~Diamino 92 5

TABLE IV

Diphenylamine Phenazine Yield % Time, hours
2,2'~Diamino 1-Amino 74 10
2,6-Diamino " €0 30
2,4'~Diamino 2-Amino 53 -8
2y4~Diamino " 76 12
2,3'~Diamino 1~ and 2-Amino 75 50
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A semi-quantitative coumparison of the rates of the reaction can best
be made by examining maximum yields and times taken to reach them, The
results are grouped in three tables, Table TI illustrates the effect of"
six groups of increasing electron-~attracting character in the 4 and 4!
position on the ring closure of 2-aminodiphenylamine, table III the effect
on the ring closure of 2,4~ and 2,4'-diaminodiphenylamnine of the same groups
in the same positions; and table IV the effect of changing the position of
an amino group on the rmg closure of 2-aminodiphenylamine,

I Two very important facts emerge from the values recorded in Teble II,
Firstly, all the results indicate that a substituent has the same effect
whether in the 4 or 4! position; din fact, the rate curves are almost

superimposable, An example is given in Fig, 8,
% Yield
70 |. ’ .
80 |

50 |

40 |

80 |«

10 |

L - i L

20 20 30 40
Time (hrs, )

Pig, &
— Deamino-4 t-methoxydiphenylamine
» = = 2-amino-4-methoxydiphenylamine
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Secondly; there is a marked decrease in the rate with increasing electron-
attracting character of the substituents, j.e. the rates follow the order
NH, >O0Me > CHg >H >C1 > CN, The reaction with R = ON was so slow 'bhat.
it showed no sign of flattening off after 90 hrs, refluxing,

. The results in Teble IIT do not show such a regular decrease in rate
lwi'bh increasing electron-attracting character of the gubstituents, It
rather a_ppear‘s that the middle order substituents, OMe, Ci, H and Cl,
malze no appreciable contribution; the effect on the rate becoming noticeable
only with the extremes NH, and CN, i,e, NH, > Olie, CHg, H, C1 > CN,

Although there is a difference of 3 or 4 hours between some of the times
recqrded for tﬂe middle order groups, this is not considered tovbe very
gignificant because a shorter time is usually accompanied by a lower ﬁeld.
It was hoped to study the effect of an Ni, group in every position on
both rings. Unfortunately positions 3 and 5 had to be excluded ar. account
of difficulties encountered in the preparation of the required intermediates
(see Section I), The remaining five possibilities were successfully investi-
gated, including the 3' position which gave the expected mixture of 1~ and
2-aminophenazine, the isomeré being estimated, separately, As can be
seen from Table IV (facing p, 50), the fastest rate was recorded with the |
second amino group in the 2! pogition, followed by the 4 and 4' position,
then the 6 and finally the 3¢,

The influence of catalysts

Originally (Gray, loc, cit. Pe 69), m=dinitrobenzene was added to the
79
nitrobenzene since similar conditions had teen used by Weinmary  in the

cyclisation of 2-aminobiphenyl to carbazole, However, rate '.s'tudies carried
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out on 2,4'=diaminodiphenylamine showed that this dinitro campound had no
effect on the rate of ring closure of this diphenylamine,

Hydrazine reduces nitro compounds in the presence of palladium charcoal
as a hydrogen *transfer catalystea. It was thought that a similar hydrogen
transfer might take place from diphenylamine to nitrobenzene and that this
might be accelerated by palladi’un.l charcoal, Although in one case the raté
of formation of phenazine from 2-aminodiphenylamine was favourably affected
by the addition of such a catalyst, this could not be repeated, A rate
study on the ring closure of 2,4¢-diaminodiphenylamine showed that 5% Pd/C
did not increase the rats. Negative results were also cbtained with
palladium on barium sulphate, reduced Adem!s catalyst and sulphur,  There
is obviously scope for more work in this direction, |

(B) Mechanisms proposed for the ring closure of 2-aminodiphenylamines in
nitrobenzene, ‘

The evidence for the mechanisms will be derived mainly from the
results discussed in the preceding sec‘tion, together with the small amount
of information that can be found in the literature on nitrobenzene oxid-
ation, which will now be briefly surveyed,

The use of nitrobenzene for the dehydrogenation of Diels-Alder type
adducts has provided the most interesting information regarding its probable
mechanism of oxidation, Glonao appears to be the first investigator to
have recognised the potentialities of nitrobenzene: he pointed out that
this reagent was an ideal one, because it could serve the dual function of
solvent and oxidising agent, He thus successfully reacted inethylene

anthrone (VII) with maleic anhydride to give a fully aromatised product (VIII).
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Conclusion

From the evidence obtained in this work, it is difficult to formulate
a precise reaction mechanism for the oxidative cyclisation, It appears
certain that the oxidative cyclisation of 2,4'-, 2,4~ and 2,2'-diaminodi-
prhenylamines proceeds through the intermediary of a quinone imine, and
that a different mechanism opei‘ates in the case of 2-amino and 2,3'=
diaminodiphenylamines, Further work involving investigations of different
substituents in positions other than the 4, and 4% is dssirable and a study
of the nature of the side products produced from 2-aminodiphenylamines
might throw some light on the mechanism involved, Novertheless, the
mechanisms formulated in this section should serve as a useful guide when
the éynthesis of substituted phenazines using this method is contemplated,
since more than one diphenylamine can generally be cyclised to yield the
required phenazine, However, consideration must also be given to the

relative accessibility of the various diphenylemines,
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FXPRRTLENTAL SECTION

PART I

_ Oqu preparative experiments are renorted in Part I. The rates of

. formation of phenazines from Z-aminodiphenylamiﬁe are reported in 'Part I1,
In view of the fact that most of the diphenylamines which were con-

~ verted to phenazines were handled in very similar wﬁys , the full details
will be given here only, Therefore, the sentence "the aminodiphenylamine,
from the corresponding nitrodiphenylamine was refluxgd in nitrobenzene"
will imply that the given nitrodip};ehylamine was catalytically reduced in
absolute alcohol with Pt0, or F4/C, at a hydrogen pressure of 40 lbs,/sq.
m s- the alcoholic solution was thon filtered free of catalyst and added
to the required amount of ni'tz'obenzehe; thé aloohol wa;s removed by

distillation and a few ccs of nitrobenzene were always distilled to ensuro

the removal of any traces of moisture, Any deviation ~f'rom this procedure -

will be indicated when necessary,
. The quantities of catalyst used per gram of diphenylamine were:
50 - 70 mg for Ptoa, 200 - 300 mg for 5% P4/C, It was somet:l;.mes necoessary
to add fresh portions of cata_\lyst to ensure the completeness of the
reduction, when a colqurléss solution was usually obtained,
The alumina used throughout this work was that supplied by Peter
Spence , Grade O, A

Melting points are uncorrected,

68,
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S&thesis of Phenazifxe

(1) Preparation of 2-nitrodivhenylamine, B

o | |
//m' ~ P NH
+ NaAo = II' ~ { I
NO, ‘ _ ~ NO, -

Cf. Kehrmatm and H'a-vas’ Bez'o’ _4.@_’ 541 (1915).
A 4-6% yield of 2-nitrodiphenylamine was obtained, m, pt, 71 - 73°,

(2) The g;;g:j ine-closure of 2,—aminod5;phenyiamﬁm.

Several experimental conditions and methods of isolation were used,

The ones considered most satisfactory will be given first,

(1) 2-Aminodiphenylamine (from 640 mg of 2-nitrodiphenylamine) was

refluxed in nitrcbenzene (75 oc) for 70 hrs, The solvent was then cvapor-
ated almost completely under reduced pressure end the residue taken up in
benzene and thomatographéd on an alumine colum (25 x 3.5 cm),  Traces

of nitrobenzene were eluted first, and the pale yellow band which followed
was collected, the benzene evaporated and the residue recrystallised from
dil, alcohol tl: give 300 mg (557 yield) of yellow needles, m., pt, 169 = 171°,
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Clemo and MoTlwain (J,C.S,, 1993, 1934) quote a value of 171° for the

m, pt, of phenazine,

sis

© Guie. for G oHolls e Pound
C = 79,9% | C = 99,4%
H = 4,5 - H = 4,8%
N = 15,5% N = 15.5%

: . . ) - B4
No yield is given in the mothod described by Fischer and Heiler

, °
(oxidation with Fb0), but it is probably very low (ef, McCombie et al ),
Y
More recently, Mikhailov ‘and Blokhina  have obtained phenazine in 40 =~
55% yield by passing vapours of 2-aminodinhenylamine over red-hot FbO,

(1) 2-Aminodiphenylamine (from 2 g of nitrodiphenylamine) was refluxed
in nitrobenzens (256 cc) for 120 hrs, e voiume of the solution was then
rednéed to 15 cc .and the nitrobenzene steam-distilled under acid con=
ditions (50 co 5 N HOL), This was followed by steam-distillation wnder
elkaline conditions which gave pure phenazine (m, pt, 169 - 171°) in 33%
yield (550 mg), |

A veaotion time of 12 hrs, gave only 100 ng (67 yield) of phenazine,

(444) Several unsuccessful attempts were made to improve the yield of
the 12 hr, reaction by #ddﬂ)g various catalysts to the nitrobenzene
golution, Those tried were: &5 Ra/C (300 mg), 30% B3/C (300 mg),
P4/BaS0, (500 mg), reduced Pt0, (100 mg), sulphur (400 mg),



71,

(3v) ‘e ring closuve was also attempted in boiling nitrometheane, but no

phenazine could be detected after refluxing for 12 hrs,

(v) The method vof reduction of Dewar and ible (J,C. Se, 2556, 1956) was
occasionally used, 2-Nitrodiphenylamine (2 g) wes refluxed in abs,
alcohol (100 cc) with hydrazine h&drate (2 oc) and RA/C (200 mg) for 30 .
min, The Piltered colourless solution was added to the nitrobenzene and
the alcohol, hydrazine and tradas of water boiled off, ‘The experiment was
then continued in the normal wey, The same yields of phehazine were

obtained as in the previous experiments,

_Slnthesié of 2-methylphannzine

© A, Prom 2-amino~4!-methyldiphenylamine,

(:L) Prejbaration of 4'-maothyl-2-nitrodiphenylianing,.

_ ;\\s P NH\} X .
* JL ﬂ y
CHa NO, - CH,

of, Borsche and Feise, Ber., 40, 383 (1907),

A 277 yield of 4!-methyl-2-nitrodiphenylemine was obtained, m, pt,

67 - 68,50,



(2) Ring closure of Z-mm%’«methvldinhmylamﬁm.

N
= I 1) Reduce
' _ 2) Ring close
N\ \NOQ \CH3 .

41 Msthyl-2-nitrodiphenylanine (800 mg) was reduced with Pt0, (100
mg) in abs, alcohol, The reduced solwtion (slightly yellow) was filtered
and added to nitrcbenzene (100 oc). The alochol was boiled off and the
PiNO, soln, refluxsd for 120 hrs, The solvent was then removed by
distillation under reduced pressure and the last traces of nitrobenzene
removed by steam-distillation in acid conditions (50 cc § N HOl), After
filtering, cooling and neutralisging with NaOH, 400 mg of & =¢d ppt, was
obtained, m, pt. 95 - 105%, This ppt, was purified by chromatograpiy
on alumina, with benzene as eluent, 260 Vg (41% yield) of 2~methyl~

phenazine were thus cbtained, m, pt, 115 - 117°, Recrystellisation from

72,

dil, alcohol gave yellow needles, m, pte 117 - 118°,  Clemo and McIlwain

(JoCeSey 741, 1935) quote a m. pt. of 1179,

Analysis

Calc, .for § gl gNge | Founds

C = 80,4% C = 80,00%
H = 5,20% | H = 6,1% -
N = 14.,4% N = 14,%%.

From the rate ocurve determined su'bsequently, it became evident that
- 80 hrs, reflwd.ng would be sufficient to obtain maximm yield. Also, a
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'be'tter method. of isolation of the product would bhe direct chromatography

on alumina of a concentrated. n:.troben‘.ene soluta.on.,

B, From 2-am:!no-=4~meth,vld:.;ghr*gm
(1) ZPreparation of. 4-—memyl-2—n1trodmhenylammm

S
"\ No, L ,

4~Amino-3~nitrotoluene (15 g), bromobenzene (75 g), potassium

NE, B

cazbonate (10 g), Cu powder (0,5 g) and pbtassium iodide (1 g) were
refluxed for 24 hrs, Fresh quantities of Cu powder wers added from
. time to time, |
The cooled mixture was filtered and the filtrate steam-distilled

(2.5 1.)s This removed ths bromobenzene and part of the unreacted
 4-amino~3-nitrotoluene, The oily residue was repeatedly washed with
hot 5 N HOL to remove the last traces of starting material, and finally
taken up in benzene and dried over (":a.SO.,,.' A semi-solid red residue

(8 g, 55% yield) was obtained on evsporation of the solvent; This
product was sufficiently pure to allow catalytic reduction to 2-amino-
4-methyldiphenylamine with éubsequent ring-closure to 2-methvl-
phenagine as described below, For snalybical purposes, however, the
product was recrystallised from ether to give red micréneec?les s M Pt,

35 = 57°.
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Analysis
ci'sI%zNg Oy Doquiress: : Found:
i G = 68,4% , C = 68,0%
| H = 555 ' | H = 5.5%
| N o= 12,5 = 12,45

NB The normal approach to diphenylemine synthesis, i.e. via 4~iodo=

3-nitrotoluene and aniline , Tailed,

: _ ~1 BN 4 N&A'. - NH:
ICIRCEICRS
H,O “No, R Y, N

An unidentified red ‘oil was obtained on working up the reaction
mixture, Although this material could be catalytically reduced, the
reduced product failed to give 2-methylpheﬁa2:1.ne on prolonged boiling
in nitrobenzens,

(2) Ring closure of 2-amino-4-methyldiphenylamine,

"Xy 1) Reducs

4 o
2) Ring close ~
HyC”

4-diethyl=2-nitrodiphenylamine (228 mg) was reduced with Pt0, (40 mg)
in abs, slcohol, The reduced colourless solutioz_x was filtered and added
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to nitrobenzene (25 sc), The aloochol was boiled off and the FaNO,
solution refluxed for 70 hrs, |

| The solution was reduced to half its volume by distillation under
reduced pressure and then put on an alumina colum (15 x 3 eam), Elution
with benzene removed first the nitrobenzene (es an orange 'Band) and then
2-methylphenazine as a pale yellow band, Ewaporation of the sol;vent gave
110 mg (56% yisld) of yellow product, which was recrystallised from dil,
alcohol to give yellow needles, m, pt. 115 - 117°, This melting point
was not depressed when a sample from this preparation was admixed with

2-ﬁlethy1phenazine prepared from 2-amino~4'-methyldiphenylamine,

A, From 2-amino-4!-methoxydiphenylamine, |
(1) Preparation of 4'-methoxy=-2-nitrodiphenylamine.

o,

of, MoCombie et al, J.C.S., 356, (1928).
A 30% yield of 4'-methoxy-2-nitrodiphenylamine was obtained, m, pts

80 - 849,
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(2) The ring closure of 2-amino-4!-methoxydiphenylamins.

> N ) '
N V)Reawe (2 X
} | 2) Ring close” “ '
" wo, Qe NN N 0lle

Z

(1) 2-Amino-4'-methoxydiphenylamine (from 400 mg of 4!'-methoxy-2+nitro-
diphenylamine) was refluxed in nitrobenzens (50 cc) for 120 hrs, .The
volume of the sélution was then reduced té ca, 10 cc, the concentrated
solution put on an slumina colum (25 x 3,5 cm) and eluted with benzene,
Nitrobenzene was eluted first and was then followed by a yellow band of
Z-methémhenazine. Evaporation of the solvent gave 233 mg (67, 5% yi.éld)
of 2-methoxyphenazine, m, pt. 122 - 128°, From the rate curve detexmined
subsequently, it became spparent that 50 hrs, refluxing would be |
sufficient to obtain maximm yield, |
MoCombie et al obtained 2-methoxyphenazine (me pte 126°) in 5% yield

by heating 2-amino-4!-methoxydiphenylamine with litharge,

(11) Another method of isolating the phenazine was by removal of the
nitrobenzene by steam distillation under acid conditions (5 H HC1) B
followed by neutralisation with NaOH, A very impure precipitate was

thus obtained which could best be purified "by chrematography, The yield

in this case was only 45%

(4ii) Refluxing for 12 hrs and working up as in (ii) gave a 12% yield
which was not improved by adding reduced Pt0, (40 mg) or B1/C (150 mg)

to the nitrobenzene,



B, From z-mnmo—-d-me'bhozgvdiphe lamme.

(1) Preperation of 4-methoxy-2-nitrodiphenylamine,

MeO o,

of, King, King and Muir, J.C.S,, 8, (1946),
A 467 yield of 4-mth9w-2~nih~bdiphenylamine was obtained, m, pt.
44 - 460, :

»

(2) M of 2-amino-4-methoxydiphenylamine,

, N ,
1) Reduce R TN N
2) Ring olose ”

2-Amino-4-methoxydiphenylemine (fram 400 mg of 4-methoxy-2-nitro=-

Aiphenylamine) was refluxed in nitrobenzene (50 cs) for 120 hrs,  (As
ghown later by the rate curve, 30 hrs refluxing would be sufficient de
Working up as in A2, (1) gave 221 mg (65% yield) of 2-methoxyphenazine,
m, o, 122 - 123°, No d.épression of the m, pt, was noted when this
product was admixed with the preparation from A.2, (i).

Refluxing for 12 hrs gave a 33% yleld,

77,
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A, From 2-amino-4-chlorodiphenyleming,

(1) Preperation of 4-chloro~2-ni’croaiphenvlam‘-‘neo N

of, Ullmann and Kogan, Ann, , 332, 95 (1904),

B
, NO,

A 73% yield was obtained, m. pt. 55 - 55°, after recrystallisation

from alcohol,

(2) e ring closure of 2:amino—4~chlorodiphenylsmine..

- NH\/\\ 1) Reduce
| 2_) Ring clds

L

(1) .2;Amino-4-chlorodipheaw1mine (from 0,5 g of 4-c1rﬂ.9r<.>-2-rﬁ.trodi-’
rhenylamine) was mﬂtméd in nitrobengzens (65 cc)- for 12 hrs, After
distilling off most of the nitrcbenzene wder reduced pressure, 5 N HCL
(25 cc) was added and the last traces of PhNG, removed by steanm-distill-
ation, Steam-distillation was continued and yellow crystals soon
appeared in the distillate, When no more 2-chlorophenazine was 1:>r<_:d.u¢::e€i.,'~

the golution was made alkaline » but no product was obtained on further
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stean~distiliation, The yield of 2-chlorophenszine (m, Pty 170 - 133°)

. b2
was 8 mg (27#), McCombie et al quote a value of 139° for the ms Pt

"of 2-chlorophenazinge,

C(44) 'm.e above experiment ws.;'repea'téd but the reduced alcohblig solution
was not filtered f‘i‘ée of catalyst before add_c_ng it to niﬁ;gjbenzene -(see
Po 68 )o On-working up -the reaction mixture in identical fashion, 30 mg
(6.5% yield) of 2-chlorophenazine were cbteined, m.'pt, 133 - 136°

(recrystallised from dil, alcohol),

B. From 2-smino-4'-chlorodiphenylaming,

(1) ZPreparation of 4'-chloro~2-nitrodiphenylamine,

cf. Wilberg, Ber., 35, 957 (1902),

+ R .. i
0 - , | k\,/\lxro2 ~CL

o-Nitrochlorobenzene (15.7 g) » p~chloroaniline (12,7 g) and sodium
acetate (15 g) were kept at 170° for 10 hrs, After steam~distillation
and reorystallisation of the residue from dil, alcohol, 2 g (10% yield)
were obtained, red needles m, pt. 139 ~ 141°,
The yield coulé. not be improved either by using an excess of p-
* chloroaniline (25 g) or by performing the z:éaction in nitrobenzene using

K,C0; instead of sodium acetate.



(2) Me ring closure of 2-amino=4!-chlorodiphenylamins,

m\]/\ XY 1) Reduce

‘ i 2) Ring close
Smo, N oa

(1) 2-Am:im-4*-chloroaipheny13mm (from 0,5 g of 4'-chloro~2-nitrodi-
phenylamine) was refluxed in nitrobenzens (65 cc) for 12 hrs, After
distilling most of the PhNO, undeir reduced presswé, 2—chlorophenazine
was isolated by the procedure described in A, 'The yield was 40 mg (9%),
m, pt. 130 - 133°,
(11) The experiment was 'repaated with 0,2 g of 4'~chloro~2-nitrodiphenyl-
amine (reduced with 40 mg of Pt0,), but the aleccholic solution of 2-@@
‘ 4'-chlorodipheny1amine ﬁas not filtexred free of catalyst before adding it
to the nitrobenzens (30 ce). The experiment was continued as in (1), The
yield was 50 mg (30%), ms pt. 133 - 136° (from dil, alcochol),.
A mixed m, pt, of preperations from A and B was not depressedo
MeCombie et al obtained 2-chlorophenazine in 5% y:.eld. by heating

2—am5no~4~chlorodiphenylamine with 1itherge.
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Sgthes:}s of 2-c_y§noph'emzine

4, From 4~cyano-2-nitrodiphenylamina,

. ‘ . N
| Q”\Q 1) Redwcs
: 2) Ring c¢lose ‘
N o, NG- N .

2—Amﬁ16-4-cyanodipheny1amine (from 480 mg of 4-oyano~2-nitrodiphenyl-

/4

emine) was refluxed in nitrcbensene (50 cc) for 90 hrs, The volume was
then reducéd to ca, 15 cc, by distillmg FhNQ, under reduced pressure and
the cone, ‘soln. was then put on an alumina colum (22 x 3.5 om). Elution
was first carried out with benzene which washed the nitrobenzene off the
columh, 2-Cyanophenazine was rather strongiy adsorbed‘and was best
eluted with ether, Evaporation of the solvents gave 210 mg (51%) of -
‘ 2-cyanophen£zine s My P '212' ~ 2189, This was recrystallised from ethanol
(yellow needles) to a constant m, pt, of 225 - 226° (uncorr, ).
Vivien [J, OQrg. Chem. 797, 20 (1955)] gives a m, pt. of 232 ~ 234° (corr,)

for 2~cyanophenazine,

B, From 4!'-cyano=-2-nitrodiphenylamine,

(1) Preparation of 4'-cyano-2-nitrodiphenylamine,

’ ~I BN < -
- +  ——
o, SSON
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;
o-Nitrojodobenzene (1,25 g), p-amincbensenitrile (0,6 g), potassium
carbonate (0,7 g) and Gu powder (50 mg) were kept at 170 - 180° for 5 min,
' The resulting solid was treated with boiling butyl alochol (20 ce),
filtered and cooled. There was cbtained 400 mg (.54%) of red needles,

m, pt. 170 - 1’74°'. Further reeryst, from ethanol gave a m, pts of 174 =~

176°,
 Analysis
T, sH N30y requiress Found:
C = 65,5% C = 64,6%
H = 384% H = 3,868
N = 17.6% N = 18,6%
(2) Ring closure of '2-amino~4'-cyanodi@mmlamﬁmo
- NH
i \i'/ | 1) Redure X

| 2) Ring close >
o, :

2-Amino-4!~cyanodiphenylamine (from 24 mg of 4.'-cyano—2-nitrodi—'
phenylamine) was refluxed in nitrovenzene (5 cc) for 14 hrs, The
solﬁ‘bion was then put on an alumina column (15 x 3 cm). Elution was
first carried out with benzene ‘which washed the nitrobenzéne off the
column, Elution was then continuad with elher and the pale yellow band
which followed gave 2-cyanophenazine (6 mg, 15% yield), m. pt, 221 - 2259,

Recrystallisation from ethanol gave a m, pt, of 225 - 2267, . This m, pl,
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wes not dspressed on adinixture with a sample of 2~cyanophenszine prepared

from 2-amino-4-cyanodiphenylamine,

, .sEthesis of 2—d:i.megzlanﬁnophenazj.ne

(1) ZPreparation of N,N- 1-~p-phenylenediamine,

NO . - NE,
N(ct ), R (9%

p-Nitrosodimethylaniline (10 g) was reduced with PtO; (60 mg) in
abs, alcchol, When the ca:'l.mﬂ.a‘ted amourif. of H, had been absorbed, the
slightly red solution was filtered and the alcohol evapcrated under
redﬁced pressui‘ea The residual red liquid was distilled at 1,5 mm
pressure, the colourless fra;ction distilling over the range 106 - 109°
being collected, The yield was 6,4 g (71%). Feilbrorn and Bunbury
(Diotionary of Organioc Compound.s) quote the b, pt. as 95 ~ 100°/1 mn,

rd

(2) tion of'4!-aime amino=2-nitrodiphenylamine,

~1 HaN\‘\ | C
4 + -> .
“ NO, ;’-CHG ~ Noy i
, “CH, CHg
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"o-Niimoiodobe'nzene (2.5 g), NN-dimethyl-p-phenylenediaminz (1,5 g)
and K;C05 (1.4 g) were kept at 160° for 1 I, The mixture was then
exaracted with ether and both solvent and wmreacted N,N-dimethyl-p-
phenylenodiamine were removed by distillation (the latter at 1 mm), The
residue was recrystallised from dil, aleohol giving red needles (0,8 g,y
30% yield), me pte 123 - 124° (shrinking at 118°),

| .
G o1 5N 0, Trequivent. Founds

C = 657% 0 = 65,4%

H = 5% B = 64%

N = 16.5% | N = 16,1%

N.B. TWhen Cu powder was used in the reaction, a large amount of chatring
occurred, together with a strong smell of nitrocbenzene, af'ter only 2 min,
heating at 150°, No diphenylamine was isolated,

. (3) ZPreparation of 2-dimethylaminophenazine,

1% Roduce N

2)R Toss >

C&mg closn GHG
N~ ‘

: ,‘.‘
~NO,

4-*-Dimethylamino-2-n1u'od:.pherw1amine (260 mg) was reduced with Pto,
(70 mg) as catalyst, The colourless alcoholic solution was filtered and
added to nitrobenzene (25 cc), Removal of the alcokol by distillatica

‘was followed by refluxing for 14 hrs, The decp red nitrobenzens solution
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was eveporated down under reduced pressure until 211 traces of FhlNO, were
removed, A viscous oil was obtained which was taken up in benzene (a
black residue remaining mdisso‘ived),

The deep red benzene solution was chromatographed on. an alumina
colum (15 x 3 em), A very strong red band was first eluted with 50%
benzene-ether, followed by a narrow orange-red band, The first band on

- evaporation gave 120 mg (44% yield) of a red product melting at 148 ~
1520 -(softening at 140° ). This was rechromatographed and analysed

correctly for 2-dimethylaminophenazine,

Analysis
Q o8 oNy requires: Founds
C = 75,3% C = 94,9%
H = 5,% H = 6,20
‘N = 18,8% N = 18,7

2-D:imethylam:inophenal.zine' shows a very strong fluorescence in benzene,
‘but none in alecohol, in which it dissolves giving a red solution, It is
-partia_lly soluble in water (purple), and its solution in conc, HCL is
blue-green turning purple-violet on dilution,

The wltra~violet absorption spectrum showed maxima at 235 mp ..(log. g
4,67), 294 mp (loge 4,69), 380 mp (log ¢ 4,01) and 553 mu (log & 4,27).
The molar extinction coefficients are given,

The second band yielded a small amount (25 mg) of viscous material
which dissolved in conc., HCL giving a blue-green solution turning purple

on dilution, Chromatographed (Butanol : HCl, 4 : 1 sat., with H,0)
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cf, Vivian, Greenberg and Hartwell, J, Org, Chem,, 16, 6 (1951),

A 507 yield was obtained, m, pt., 150 - 152°,

Preparation of 2-amino-4=chloro-4!-methoxydiphenylamine,

~~ OMe

4-Chloro=4 t~methoxy~2-nitrodiphenylemine (5 gms) was hydrogenated in
gbs, alcohol (100 ml) at 40 1bs,/sq. in. with Fi/C (0,5 gm) as catalyst,
The colourless solution was filtered free of catalyst and then water was
added to precipitate all the amine, 4 Gms, (89% yield) of orude white
2~aminomdechloro-4t-nethoxydiphenylamine were obtained, m, pt. 72,5 ~ 75°%
Recrystallisation from pet. ether (b, pt, 60 - 80°) gave white needles,
m, pt. 76 - 77,5°, which wvapidly twn pink on exposure to air,

Preparation of 2-acetamido~4-chloro-4!-methoxydiphenylamine,

40,0 ‘ ~ |
— |
™ Nw, Ol eil \IfH , OMe
| o,

AN
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2~Amino~4~chloro~4'-methoxydiphenylamins (0,7 gm) was dissolved in
acetic anhydride (10 cc) and left standing at room temperature overnight,
The solution was poured into ice and gave 0,7 gm of 2-acetamido-4-chloro-

4'-methoxydiphenylamine (857 yield), m, pt. 155.5 -~ 167° (from dil,

alcochol ),
Analysis
¢ G gl CIN, Gy requires: | Founds
C = 62,1% = 62,3%
H = 5.2% H = 5,2
N = 9,65% N = 9,65%



Attempted preparations of 4'-hydroxy-2-nitrodiphenylamine
(1) By condensation of o-iodonitrobenzene with p-aminophenol,

I HN<
' ' ) @Dx
NO, oH NO,

o-Nitroiodobenzene (2,5 g), p-aminophenol (1,1 g), potassium carbonate

(144 g) and Cu powder (50 mg) were kept in an oil-bath at 130° wntil the
effervescence stopped. A strong smell of nitrobenzene was noted. No
product could be isolated from the reaction mixture by the usual methods,

(2) Via 4'-acetoxy-2-nitrodiphenylamine,

e eRioney
@’

p~Aminophenylacstate was cbtained in quantitative yield from p-nitro-

phenylacetate by catalytic reduction, using Pt0, in alcohol,
(1) o-Todonitrobenzene (2,5 g), p~aminophenylacetate (1,6 g),K;C0s (1.4 g)

and Cu Powder (50 mg) were kept at 120 - 130° for 20 mins,, when the
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effervescence stopped, ZExtraction of the reaction mixture with boiling
butyl alcohol gave only a small amount of dark brown amorphous material

which could not be purified,

(i1) o-Todonitrobenzene (2,5 g), p-aminophenylacetate (1.6 g) and sodium
acetate (1.5 g) were refluxed in alcohol (50 ce) for 3 days, Only sodium
acetate crystallised out on cooling, On adding water, only starting
material was obtained,

. (44i) Attempts were then made to hydrolyse the 4'-acetoxy-2-nitrodi-

phenyleamine, if formed, without isolating it from the reaction mixture,

As in (1) the reagents were kept at 120 ~ 130° until the effervescence
ceased, N NaOH (30 cc) was added and the mixture warmed on the steam-
bath for 30 min, The dark solution was filtered and acidified, | A dark
brown ppt, was obtained, which could only be recrystallised from water to
give a very smell amount (20 mg) of an unidentified orange product, m, pt,
139 - 142°,

(iv) The reaction conditions in (i) and (iii) being perhaps too wigorous,
sodium acetate was fried instead of potassium cerbonate end Cu, No
product was obteined on warking up ths reaction mixture as in (iii),

(5) By the demethylation of 4'-methoxy-2-nitrodiphenylamine,

A DAV N
“ — L I
NG, Mo N0, Z CH
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4'~Methoxy-2-nitrodiphenylamine (240 mg) was refluxed for 3 hrs, in
‘glacial acetic acid (15 cc) with 48% HRr (5 oc). The mixture was then
made strongly elkaline and filtered; the deep violet solution was acidified
with HCl to give 30 mg of 2 red product, m, pt, 150 = 170°, Recrystallisation
from dilu‘te acetic acid did not ﬁnpi'ove the purity of this campound,

g_egaration of 2-am:lno-4"-l;vdrogsz§.__i2h%xlamine

cf, Ullmann and Fukin, Ber,, 41, 624 (1908),

The yield (60%) recorded by Ullmamn and Fukin could not be reproduced,
Only a 10% yield of product m, pt. 147 ~ 150° was obtained, The MnO, used
was prepared according to the method of Attenburrow et al [J,0,S., 1104,

(1952)1,

Attempted ring closure of Z-ami_go-ll-'-mdro&@ henylamine

N
ND\OH
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2-Amino=4!-hydroxydiphenylamine {100 mg) was refluxed in nitrobenzene
for 6 hrs, No product was obiained on cooling the red solution, The
nitrobenzene was steam-distilled under alkaline conditions (200 ee N NaOH)
but no precipitate waé- obtained on careful acidification of the alkaline
solution with acetic acid,

Refluxing for 20 hrs, in nitrobenzens gave the same result, Chromato=
graphy on alumina (with benzene as eluent) was inconclusive, as only one
broad blue band, spreading over the whole colum, interfered with any

possible separation,

Preparation of 2-hydroxyphenazine

~oH

This experiment was modelled on the demethylation of 1-amino~6-
methoxyphenazine as described by Gray (loc, cif, p. 181).

2-Methoxyphenazine (0,21 g) was refluxed for 3 hrs, with 48% H&'ﬂ.
(5 ce)s On cooling, a red precipitate was obtained. The mixture was
made alkaline with 5 N NaQH and the deep orange solution flltered,
Neutralisation with acetic acid gave a yellow precipitate, which turned
red on filtering, However, the yellow colour was restored after drying
at 120°  The yield was 170 mg (87%), No rﬁelting point was recorded,

decomposition taking place at about 250°, Vivian et al [J. Orgs Chem., 19,



1136, (1954)] have reported the same properties for 2-hydroxyphenazine,
2-Hlydroxyphenazine was found to be fairly soluble in boiling ' ‘

nitrobenzene, but only slightly soluble in the cold,

Attempted demethylation of 4-methoxy-2-nitrodiphenylamine
NH «
1 , ->
e o, | OH

(1) 4-Methoxy-2-nitrodiphenylamine (200 mg) was refluxed in 48% HBr

- (5 cc) for 1 hr. An tntractable gummy material was obtained on cooling,

- (11) 4-Methoxy~2-nitrodiphenylamine (200 mg) was refluxed for only 10
' min, with 487 HBr (5 cc)s The solution was then made alkaline, -filtered

and acidified to give a small amount of unidentified green precipitate,

(111) M%thd:w—é—nitrodiphenylam:’ms (200 mg) was dissolved in glacial
aectic acid (25 co) and 468% HBr (25 oc) and warmed in a boiling water-
bath, - Red erystals began to 'separa.te after 10 min, The mixture was
kept at water-bath temperature for one hour, 180 Mg, of a red product
were obtained on cooling, '-'.lhis wag recrystallised from butyl alcohow
as fine red needles, m, pt. 171 - 173°, This compound, however, was
insoluble in NaOH, sugzesting that no demethylation had taken place,
This was confirmed by analysis, which showed that two bromine atoms had

rather unexpectedly replaced two hydrogen atoms in the diphenylamine
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moleculs,
asis
G g1 oN3 0y _roguires: G 3% oBr, M0, reguiross Found
C = 62,6% C = 38,8% C = 38,856
H = 4,3% H = 2,5 H = 2,5%
B = 39,7% Br =

59, 8%,

(4v) 4-Methoxy-2-nitrodiphenylemine (200 mg) and 55% hydroiodic acid

(25 ce) were kept at water-bath temperature for one hour. The mixture
was then cooled, made allaline with 5 N NaOH, filtered and acidified, A
very small amount of black precipitate was obtained, which was not Purther
investigated,

(v) Easson [J,CeS., 1034, (1961)] has recently demethylated 4,4'~-di-
eyano-2-methoxydiphenylamine using Prey's method [Ber., 74, 1219, (1941)].
This procedure was also attempted,

4-Methoxy-2-nitrodiphenylamine (250 mg, 0,00%. m) and pyridine hydro-
chloride (175 mg, 0,0015 m) were kept at 200° for 4 hrs, The mixture
was then cooled, stirred with 50% alcohol and filtered, There was
obtained a dark brown product, insoluble in NaOH,
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| Preparation of 2 JA-dinitrodivhenylamine

o™ ' (T
0, ~wo, - 0N 0,

of., ‘Hickinbottom, Reactions of Org. Comp. P 27L.

A 50% yield of 2:4-dinitrodiphenylamine was obtained, m. pt, 155 ~

157° (from butanocl).

" Preparation of 2,4'-dinitrodivhen lamine

a H,N
NO, N0, "

of. Eatritzky and Flant, J,C.S., 412 (1953).
A 50% yield of 2,4'-dinitrodiphenylamine was ocbtained, me pt. 217 -

NO,

220°,

Preparation of o—iodonitrobénzene ;

N,

_NO, . :
1) Diazotise . -
2) KT 7

cf, A. Baeyer, Be¥a, 38, 2760 (1905)

A 94% yield of o-iodonitrobenzene was o'bta:.ned, m. pt. 51 - 53°
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thesis of 2-aminophenszing

A. From 2,4-dieminodiphenylamine,

NH_ | \
;’/ @ 1) Reduce @rm
. | 2) R lose
0N X WO, S mgo;:; X NN

Z

(1) 2,4-Diaminodiphenylamine (from 2 g of 2,4~dinitrodiphenylemine) was re-
flxed in nitedbenzenc §250 cc) for 15 hrs. The volume of the solution wns hen
reduced to ca., 25 cc by boiling off nitrobenzene under reduced pressure,
After filtering and cooling, 2~aminophenazine was obtained (750 mg, 50%
yield) as dark red needles, m. pt, 270 - 2749,

An attempt to recover the 2-aminophenazine left in solution was not
very successaful: after steam-distilling nitrobenzene under acid con-
ditions, 2~-sminophenazine (200 mg) was obtained on basification as a

black ppt, which was very difficult to purify.

(44) The yield of the reaction was not improved by adding Fa/C (300 mg)
" to the boiling nitrobenzene solution,

(441) 2,4-Dieminodiphenylamine (from 2 g of 2,4-dinitrodiphenylamine)
was refluxed in nitrobenzene (25 cc only) for 14,5 hrs, It was then
filtsred and cooled, A black amorphous substance separated out, but

it was virtually impossible to filter.
Gray (loc, cit. p. 200) obtained only a 5% yield when refluxing

2,4~diaminodiphenylamine (from 1 g 2,4~dinitrodiphenylamine) in nitro-

benzene (50 ml) for 4,5 hrs,
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B, From 2,4'-diaminodiphenylamine,

This is a slight modification of Gray's method (loc. cit,, p. 199),

2,4 '-Diaminodiphenylamine (from 1 g of 2,4'~dinitrodiphenylamine)
was refluxed in nitrobenzene (125 cc) for 15 hrs, - The solution was .‘hhen
reduced to 20 ce, filtered and cooled, 2-Aminophenazine was obtained in
5% yield as red needles, m. pt, 270 ~ 274°, No depression in the melting
point was observed on admixture with a sample obtained from A,

Preparation of 2,6-dinitroaniline

éf. Org. Syn.,_%%o
o]

/ 0, ON P
H, S0 . NH4 OH 50,
. K2504

A 27% yield of 2,6-dinitroaniline (based on chlorobenzene) was



of, Eckert and Steiner, Monatsh, 35, 1153 (1914); +through Chem, Zentr,
I, 202 (1915),

Using these suthors! method of heating o-bhromonitrobenzene, o-nitro-
sniline, Na,CO; and CuCl at 180° for 4 hrs,, a 25% yield of 2,2'~dinitro-
diphenylamine was obtained, m, pt. 167 - 169°,

However, a better yield and a purer product were obtained in a
shorter reaction time by using o-iodonitrobenzene, o-nitroaniline (in
slight excess), K,C0, and Cu,

o-Todonitrobenzene (2.5 g, 0,01 m), o-nitroaniline (2 g, 0,014 m),
K,C05 (2 g) and Cu powder (100 mg) were kept in an oil bath at 200° for
1 hr, (The reaction mixiure was ocoasionally removed from the oil bath
o allow the vigoi*ous reaction to subside and to prevent sublimation of
o-nitroaniline), The excess nitroaniline was then removed by steam-
distillation and the remaining product filtered, dried snd recrystallised
from butyl aleochol to give 1.5 g (60%) of orange needles, m, pt, 170 =~
1749,

The tedious steam-distillation can be avoided by using equ:.molar
quantities of o-iodonitrobenzene end o-nitroaniline, A direct

recrystallisation of the reaction mixture gave a 50% yield of product

o8,



A
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nmelting et 168 - 1629,
' With equimolar quantities of o-c.-lﬂoronitrobemzené and o-nitroaniline
'ancli sdentical reaction conditions, the yield was only 44  With |
o~bromoniteobenzene, the yield was 52%. |

A recent Russien reference (Zwravlev and Gritsenko, C.A. §2, 18274,
1958) claims to obtain better yield of diphenylamines with the acetyl
derivative of the primary amine, This method fails completely when
applied to o-iodonitrobenzme and o-nitroacetanilide, the starting

materials being recovered unchanged,
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Smthesis of 1-saminophenazing

(1) Preparstion of 2,68-dinitroicdobenzens,

O,N. Mo, 0y 0,
™ via diazonium - ‘

salt

g

The procedure desorided by Gray (loc, cit., p. 161) was followed,
Yield: 83% M, pt. 110 - 115° (needles from dil, alochol), '

-

(2) Rcepgg:;atidm of 2,6~-dinitrodiphenylamine,

ae il @11% O

. of, W Borsche and D, Rentscheff, Ann, 379, 187 (1911),

2,6-Dinitroiodobensene (4,5 gms), aniline (5 gms) and sodium acetate
(5 gms) were refluxed in alcohol (60 ces) for 16 hrs. The red ppt. |
- obtained on cooling was filtered, washed well with wa'l;,er and dried,
3,1 Gms, (79% yield) of 2,6-dinit£§diphenylamine were obtained, m, pt.
105 - 104°, Reorystallisation from dil, acetic acid gave red needles,

me Pt' 104 - 1060-
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(3) Synthesis of J.sam:i;mophenazin_é, '
o
. NH ,
Z |
; ‘;lreduoe L »
0, 2) ring close i g

2,6-Diaminodiphenylemine (from 1 g of 2,6-dinitrodiphenylamine) wes
refluxed for 9 hrs, in nitrobenzene (25 cc), containing F/C (300 mg).
5 N HOL (40 oc) was added to the cooled solution and the nitrobenzene
" steam~distilled, The ﬁluefgeen solution was filtered, cooled and made
elkaline, The red ppt. of 1~aminophenagine was collected, washed with
waterA and dried, 360 Mg were obté.irx:ed, m, pt, 140 - 160°, After one
recrystallisation from dil, alcohol, red needles (170 mg) (257 yield)
were obtained, m, pt, 174 ~ 176°

ﬁ!he m, i)t. of i-sminophenazine is given as 175 - 176° by Albert
‘and Duewell (J. Soc, Chem, Ind,, london, 86, '11, 1947), 179 - 181° by
Hegedlls (Helv, Chim, Acta, 33, 766, 1950).

Preparation of 2:3'-dinitrodiphenylamine

@j K200, @/Nﬂ\@)@ |
~wo, oy ~ \NO,,; A

of. Bvans and Smiles (J.C,S., 187, 1935),

N
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(1) o-~Nitroiodobenzens (1.25 g), m-nitroaniline (0,7 g), K,C0; (0,7 g)
and Cu powder (100 mg) were thoroughly mixed in & mortar and heated in
an oil-bath at 200° for 5 mins, The residue was then refluxed with
butyl aloohol (20 co), filtered, charcoaled, boiled for a few minutes
and re-filtered, On cooling, 2,3!'-~dinitrodiphenylamine, crange needles,
was obtained (200 mg, 167 yield), m, pt. 152 - 1'56°., Recrystallis;tim
from dil, acetic raised the m, pt, to 156 - 157°,

Bvens and Smiles used o-bromonitrobenzene, but did not give the yield.

of the reaction,

(i) A longer reaction tims (4,5 or 7 hrs,) and sodium acetate instead
of K;C05 did not improve the yleld, Stear-distillation before
reorystallisation from butyl alcohol had no eff‘eot on the yield,

A ted tion of 2,5~diaminodi: lamine

Iwo routes were tried for the preparation of this compound, which
was required to study the affect of an amino group in the 5 position
on the rate of ring closure of the 2-amino group, '
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Method I
NH, IFHQ |
: T
= ICL -~
(1)
J |
NO, " No,
Method IT

Br

o,

(iii )L aniline
l

‘However, method I got no further than step (il), when several attempts

Mo,

.at replacing the NH, group by an NO, group (via diazotisation) failed}
method II broke down on step (iii), when the condensation of 3-bromo-d=
nitroaniliﬁe with aniline gave a nunber of‘ products, none of which on
reduotion and ring closure (in boiling nitrobenzene) gave the expected

2-aminophenazine,
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Method I

(i) Preparation of 2-iodo=4-nitroaniline

|
E ﬂ ic ‘
‘ N | ‘ 1
' NO, ' NO,

- ef, Willegerodt and Armold, Ber,, 34, 3344 (1901).

A 70% yield of 2~-iodo~4-nitroaniline was obtained, m, pt, 103 - 105°,

(11) Abtempted preparation of 2,5-dinitroiodcbenzene

w, 0,

I
1) Diagotise - -
2) NaNO,

’ .
NO, NG,

(2) This attempt was modelled on K¥rner and Contardi's preparation
of 2,5-dinitrochlorcbenzene [C.4, 8, 3020 (1914)1.

'2-ioao-4-nitroaniline (0,52 g) was dissolved in cancentrated H,S0, .
(5 cc) and B,0 (3 oc) and cooled to 5°C., NaNO, (0,15 g) in H,0 (5 cc)
was then added slowly and the solution stirred until the diazdtisation
appéared to be complete, The solution was then added dropwise on to
Nall0, (1 g) and CusS9O, (1 g) in HQO (10 ¢c)., After werming on the water-
'ba.th for 50 min, , cool:.ng and f:.lter:.ng, 2 very small amount of unchanged

starting materisl was o'btained.
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(b) The method described by Hodgeon and Walker [J,C.S., 1620, (1933)]
for the diazotisation of nitroamines wés also tried,

A solution of 2-i6do-tl~-nitroaniline (0,52 g) in glacial acetic acid
(10 cc) was added dropwise on to a cobied,‘atirred solution‘of NaNo, (0,2 g)
in concentfatea H,S0, (2 cc)s The mixture was then added to NalNO, (1 g) in
water (10 cc), and the resulting solution warmed on the water-bath for 2 hrs,
A very small amount of gumy material was cbtained, This was not investi-

gated any further,

MetFod IT
(1) Ereparation of 3-bromo=-4-nitroaniline

+ S=bromo=&-
Ha30, nitroaniline

A4

of. Case and Solviter, J.A.C.S., 59, 2382 (1937),
A 40% yield of 3-bromo-4~nitroaniline was obtained, m, pt, 170 - 173°,

(11) Attempted preparation of 5-amino-2~nitrodiphenylamine
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3-Bromo~4-nitroaniline (L.1 g), aniline (2 g) and sodium acetate (1.6 g)
were kept at 180 - 185° for 4 hrs, Steam-distillation (to remove excess
aniline) left a gumy residue which was taken up in benzene and chroms to-
graphed over alumina, There appeared 4 broad bands, none of which ‘being.
the desired product (cf, p.

The use of K;00, (instead of NaAc) gave the same result, and the
addition of Cu powder resulted in charring,

Preparation of 4-mothyl-2,4'-dinitrodiphenylamine

(1) ZPreparation of 4-iodo~3-nitrotoluene

v:.a diazonium ‘
sal{: B

cf, Wheeler, Am, Chem, J., 44, 139 (1910).

4~Amino-3-nitrotoluens (15 g) wes dissolved in a mixture of concentrated
sulphuric acid (150 cc) and water (100 cc) and diazotised at 5 - 10° by the
slow addition of sodium nitrite (10 g) in water (50 cc). The solution was
then stirred for 15 mins., to ensure complete formation of the diazonium
salt, Excess nitrite was destroyed by the addition of urea, The soiution
was added dropwise to KI (20 g) in water (200 cc) and then warmed on a
water-bath for 30 mins. to ensure completeness of the reaction, The
solution was cooled and the precipitated 4-iodo=3-nitrotoluene collected
and recrystallised from dil, alochol, 20,5 G were obtained (76 %
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yield) of m, pt. 55 - 55°, Theeler quotes e m, Pty of 55 = 56°

-

(2) Preparation of 4-methyl-2,4'-dinitrodiphenylamine

g8 ‘
HC ~ NG, \No,3 Hy

(a) 4-Iodo=3-nitrotoluene (1,3 g; 0,05m, ), p-nitroaniline (0,7 g3
0,05 m, ), K,C0 (1 g) and Ou powder (50 mg) were thoroughly mixed in a
mortar and then heated to 200 - 210° for 18 hrs, The resulting solid

was refluxed with butyl alcchol (35 co), £iltered and cooled, 0,7 G (50%
yield) of orange microcrystels were obtained, m, pt, 186 - 190°,
Repeated recrystallisations from butanol raised the m, pt., to 189 - 190°,

‘ .

0 aH, M0, Tequires: - Founds

¢ = 57.% C = 57,1%
H = 4,06% | | = 4,05%
N = 15,4% | N = 15,8%

(b) The reaction was repeated with a reaction time of 15 mins, The
 yield in this case was 0,9 g (64% of the theoretical yiéld),
(e¢) A slight excess of p-n:.troanil:me (1 g3 0. o7 m.) did not alter

the yield (647%).
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Preparation of 4*-methyl-2. 4 dinitrodiphanylemine

0 EN

of. Willgerodt, Ber., 9, 980 (1876),

2,4~Dinitrochlorcbenzene (10 g), p-toluidine (6 g) end sodium acetate
(5 g) were refluxed in alcohol (100 cc) for-5 hours, After cooling,
filtering, washing with water and recrystallising from dil, acetic acid,

11 g were obtained (85% yield), m. pt. 133 - 135°,

(A) From 2,4-diamino-4!-methyldivhenylamine

(1) Preparation of 2,4-diacetamido-~4!-methyldiphenylamine

1) Reduce -
2) Acetylate H ~
03 ch’s I;I <
COCHy

2,4—Dm1tro—4'—methyld1phenylam:me (1 g) was rednced with PtQ, (50
nmg) in abs. alcohol (50 cc) at a H, pressure of 55 lbs/sq, in, The
" colourless solution was then filtered and the alcohol evaporated under .

reduced pressure in a nih:‘ogenva.‘lznoaphere. A mixture of acetic acid (10 cc)
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and acetic anhydride (410 ce ) was added to the black rcsilue and the solution
~ allowed to stand for 5 hrs, The solution was then poured into water and the
rpt. éolleéted. 400 Mg (40% yield) of 244-diacetamido~4*-methyldiphenyl-

~ amine were obtained, m, pt. 186 - 188°, Recrystallisation from dil, alcohol

gave white needles, m, pt., 195 - 196°,

Analysis |
G 4K, M50, requires: | Found:
C = 68,7% | 4 ¢ = 69,1%
H o= 644 = 6,5%%
N = 1417 = 15,%

(2) Ereparation of 2-amﬁno-a-me§_ux BE

1) Reduce
\ z) Ring olose
No, HN

(1) 2,4-Diamino-4'-methyldiphenylamine (from 2 g of 4'-methyl-2,4~dinitro-

diphenylamine) wes refluxed in nitrobenzene (250 oc) for 12 hrs.  After
reducing the volume to ca. 25 oc by distilling nitrobenzene under reduced
pressurs, filtering and cooling, 2-am1no—8-methy1phenazmé (800 mg, 52%
yield) was obtained as red needles, m, pt. 227 - 230°,  Recrystallisation
from 811, alochol gave red needles, m, pt. 2235 - 230°, |
2~Amino-8-methylphenazine is very solubls in butyl alcohol and hot
ethyl alochol, insoluble in cold water, slightly soluble in chloroform

end ether, fairly soluble in benzene and toluene,
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Anzlysis
G;aHnNa requiress Found s
c. - 74, 6% , C = 75.5%
H =  5,30% . H = 5,5%%
N = 20,1% o . N = 19,66

(i1) 4'-Moihyl-2,4~dinitrodiphenylamine (1 g) was reduced by refluxing

with hydrazine (1 cc of a 95% solutiqui) Pd charcoal (300 mg) in_ébs.

alochol (50 cc) until the solution became colourless, e solution was

then filtered free of catalyst and poured into nitrobenzene (25 cc). ﬂlmé
aloohol and the hydrazine were boiled off, a fresh portion of B/ added

(300 mz) and the solution refluxed for 8 hrs. 5 N HOL (40 cc) was then
added and the nitrobenzene removed by steal distillation. The deep purple
solution was neutralised with NaOH and on cooling, 2-amino-8-methylphenazine
(350 mg, 45% yield) was obtained, m, pt. 223 -~ 226°, Vac, sublimation
raised the m, pt, 'tvo 229 - é50°. |

(8) From 2,4!-diamino-4-methyldiphenylamine

(1) Preparation of 2,4'-discetamido=4-methyldiphenylamine -

) g 1) Reduce
L 2) Acetylate

2,4'-Dinitfo-4—-methyldiphenylamine (1 .g) was reduced with Pt0, (50 mg)

in ebs, alcohol (50 cc) at a H, pressure of 40 lbs,/sq, in, The colourless
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solution was then fil'l;ez;ed and the alcohol evaporated under rleduced‘
pressure in nitrogen, 4 mixture of a.cetic‘ac'id (10 cc) and acetic
enhydride (10 cc) was added to the residue and the solution warmed |
slightly to disslve the amine, White crysfals soon separated out,
After letting the solution stand at room temperature for 2 hrs., it '
was poured into water, allowed to cool for some time and then filtered,
This gase 2,4'-diacetamido-4-methyldiphenylamine (0.7 g, 70% yield),

m, pt., 224 - 226°, Recrystallisation from dil, alcohol gave fine white

needles, m, pt, 232 - 234°,

Anglysis v
G, 7H oN30, requires: " ‘Founds
G = 68.7% ‘ C = 68,6%
H = 6,44% H = 6,44%
N = 14,1% . N =

14, 0%,

(2) Preparstion of 2-amino-S-methylphenazine

' A N
N”\©\ 1) Reduce N @/ ,
. 4 2) Ring close :
NO, NO, B G ~NF NH,

(1) 2,4'-Diamino~4-methyldizhenylamine (from 1 g of 4-methyl~2,4'~

&

H,C

dinitrodiphenylamine) was refluxed in nitrobenzene (125 cc) for 12 hrs,
The volume was then reduced to 15 oc by distilling off nitrobenzene
under reduced pressure, After filtering and cooling, 2-amino-8-methyl-

phenazine was obtained (350 mg, 47% yield) as red needles, m, pte
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227 - 230°, Recrystallisation from dil, alechol gave red needles, m. pt,
228,5 - 230°,
Mixed m, pt, with a sample rrepared from 2,4-diamino-4'-methyldi-

phenylamine: 228 - 230°,

(ii) 2,4'-Diamino-4-methyldiphenylamine (from 400 mg of 4-methyl 2,4'-~
dinitrodiphenylamine) was refiuxed for 8 hrs, in‘ nitrobenzene (25 cc)
containing Pa/C (200 mg), After cooling the solution, 5 N HCL (20 cc)
was added and the nitrobenzene steam-distilled. The deep purple solution
was filtered and neutralised with NaOH, 2~Amino-8-me thylphenazine (130
wg, 47% yield) was obtained, m, pt. 210 - 218°, Recryst. from dil,

aloohol gave red needles, m pt. 227 - 250°,

Preparation of 2-acetamido?8-rnethyibhenazine

2—Amino-_8’-methy1phenazﬁxel (750 mg) was ‘dissolved in acetic enhydride
(zd cc) and pyridine (1 cc) and the solution képt in a boiling water-bath,
Yellow needles bégan to separate after a few minutes, Warming was con=-
tinued ‘forrl 45 min, The solution was then cooled and poured into water,
2~Acetamido-8-methylphenazine was obtained (550 mg, 61% yield), m, pt.
212 - 214°, Recrystallisation from dil, alcohol gave yellow needles,

m, Pto 218.5 - 21900
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G, 5H, aN,0,,0 requires: Found
C = 66,5% C = 66,8%
H = 5,6% H = 6,8
N = 15,6% N = 14,%%,

The high value obtained for hydrogen was surprising in view of the
good agreement for C and N, Howsver, a sample recrystallisation from

toluene gave the correct value for H but a low G and N%,

Anslysis
G sl sNs0 _requires': ' Found:
C = T1.7% = 70,0%
H = 5.,2% | "H = 5,35%
N = 16,7% - N = 15,7%

Preparation of 4-methoxy-2.4'-dinitrodiphcnyiamine

() ZPreparation of 4-methoxy-2-nitroiodcbenzene

I
|
via diazonium /
salt

of, Reverdin, Ber,, 29, 2595 (1896),
A 60% yield of 4-methoxy-2-nitroiodobenzene was obtained, m, pt.

58 - 61° (from oyclohexane).
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(b) Preparation of 4-methoxy=2,4'-dinitrodiphenylamine

JeRueten @

4-listhoxy~2~nitroiodobenzene (2,7 g), p-nitroaniline (1.4 g), K,C0q

(2 g) and freshly reduced Cu (0,2 g) were thoroughly mixed in a mortar,
The resulting mixture was vigorously shaken up in ﬁitro‘benzene (20 m1)
énd kept at 150 - 170° for 10 hrs. 5 N HCl (20 cc) was added to the
cooled mixture and the nitrobenzene steam-distilled, A dark red product
(1.5 g) was thus obtained which, on recrystallisation from dil, acetic,
gave 4-netho:qy-2;4'-djniu'odiphenjlamine (100 mg) as red,. silky neeaies,
m, pt. 164 -~ 168°, Further reorystall:.saticms from dil, acetic acid
raised the m. pt. to:1.68-170° |

Analysis
G gl oNaOs requires: Found :
C = 5400 G = 54,3%
H = 3.81% . H = so%
N = 14,5% N = 14,1%
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Preparation cf 4-chloro-2,4'.-1initrodipheny’ amine

(1) Preparation of 4~-chloro~2-nitroiodobenzene

T | b
O O,
via diazonium ' :
salt .7

of. KbBrner, Gazz, Chim, 'Ita.l,, 4, 382 (1874),

~ The procedure described for the preparation of 4~iodo~3-nitrotoluene
was followsd, A quantative yield of orude 4~chloro-2-nitroiodcbenzene was
obtained, This product could be conveniently purified by dissolving in
aicohol, charcoaling, filtering and then adding a sufficient quantity of
water to the cold solution to precipitate most of the product, The
4-chloro-2-nitroiodobenzene thus cbtained (m. pt. 60 = 63°) is pure

enough for the subsequent reaction,

(2) Preparation of 4-chloro-2,4f-dinitrodiphenylamine

(a)

I HN K, co,
. * cu ;
c1 " 1o, | “No,

4~Chloro-2-nitroiodcbenzene (1.4 g), p-nitroaniline (0,7 g), X,00;

" NO,

(1 g) and Cu powder (50 mg) were thoroughly mixed in a morter and heated
at 200° for 15 min, The resulting mixture was refluxed with butyl alcohol
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(35 oc) and then filtered, 0.7 G (507 yield) were obtained on cooling,
m, pte 189 - 192°, Recrysta]_'tisati on from butanol ge.vé orange needles, '

me‘ Pto 191 - 19200

sis
'0121{3(}11\!304 requires:s '; Toundg
C = 49,19 N C = 49,1%
H = 2,75% H = 2.7%
N o= 14,33 | N = 14.05%

(b)

o Rl NOo, 0, o Xy o, Z 1o,

(1) 2,5-Dichloronitrobenzene (19 g), p-nitroaniline (14 g), X,00, (20 g)
and Cu powder (100 mg) were heated together at 190° for 10 hrs, The
resulting black mixture was treated with hot HCl-ethanol filtered and
then steam distilled. The resultin.g product was extracted with boiling
benzene and the benzene subsequently eveporated off, 12 G of dark ;:'ed. _
product were obtained which could not be satisfac'corlly purified by

récrystallisation (m. pt. 180 = 184°).

(41) 2,5 _Dichloronitrobenzene (1.9 g), p-nitroaniline (1,4 g), K,CO5
(2 g) and Cu powder (100 mg) were kept at 200° for 1 hr, The solid
obtained was treated with boiling butyl alcohol and £iltered, 0,6 G
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(22% yicld) were obtainzd on cooling, m, pt. 186 - 18697,

Preparation of 4'-chloro-2,4-dinitrodiphenylamine

NH,
/’ - NO, ,
\.
! !
NO, ‘ Cl

of, Blom, Helv, Chem, Acta, 4, 1036 (1921),

2,4-Dinitrochlorobénzene (10 g) and p-chloroaniline (6,3 g) wére
refluxed in butyl alcohol (100 oc) for 2 hrs. On cooiing, 4'-chloro-
2,4~dinitrodiphenylamine (6,5 g) was obtained (457 yield), m, pt. 165 -

164°,

Synthesis of 2-amino-8-chlorophenazine

A, From 2,4~diamino-4'~chlorodiphenylamine

(1) Freparation of 2,4-diacetamido-4'-chlorodiphenylamine

o o N
1) Reduce  _ JJ ' N
2) Acetylate - ‘
~¢1 H - 1;r/ X7 NH F
| {

COCHg COCH

4'-Chloro-~2,4-dinitrodiphenylamine (1 g) was reduced with PtO, (50 mg)
in absolute alecohol (50 cc). Then the reduction was complete, the solution

was filtered, the alcohol evaporated under reduced pressure (in a Ny
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atmosphore) and the residue acetylated with acetic anhydride (10 cc) and
glacial acetic acid .(10 .cc). The solution was kept at roomltemperature
for 4 hrs, Tt was then poured into water and the white ppt. was
collected, 0.8 G were cbtained (80%) yleld), m, pt, 208 - 212,
Recrystalli:sations from dil alcohol raised the m, pt, to 220 - 222°,

Analysis
C oH ¢Ns (10, requires: | Found:
C = 60,5% C = 60,%%
H = 5,04% _ H = 4,95%
N = 13,2% N = 15,%

(2) Preparation of 2-amino-8-chlorophenazine

1) Reduce .
2) Ring olose
a 25

0,N

(1) 2,4-Diamino-4'-chlorodiphenylamine (from 2 g of 4'-chloro-2,¢i—
dinitrodiphenylamine) was refluxed in nitrcbenzene for 13,5 hrs, Nitro-
benzene was then distilled under reduced pressure until the volume was
reduced to 25 ce¢, This solution was then boiled at atmospheric pressure
and filtered. Amorphous 2-amino-8~chlorophenazine (650 mg, 457 yisld)
was obtained on cooling, m. pt. 238 - 244°, Recrystallisation from dil,
alcochol gave red needles, m, pt. 250 - 251°, 0toma.su75 quotes a m, pt,

of 251°,
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(i1) The above procsdurs was repeated with the same q_ué.nﬁ.ties of material,
but P4/C (500 mg) was added to the PhNO, after boiling off the alcohol,

On working up the reac'bioﬁ mixture in identical fashion, amorphéus 2-amir§o-
8-chlorophenazine (810 mg, 557 yield) wais obtained, m, pt. 247.5 - 249°,
Reorystéllisation fr;m dil, alcohol gave red needles, m, pt. 250 - 2510,

‘Analysis: _
The analysis showed that 2-emino-8-chlorophenazine, when recrystallised

from @il, slechol, has half a molecule of water of reorystallisation,

G aHela CL. % B0 requires: Found.s
C = 60,4% | C =. 60.5%
H = 3,81% | - s.88%
N = 17.6% | N = 17.6%

Calculated loss in weight: 3,77%
Found after drying in vacuo at 100° for 2 hrs.: 3,75%.

" G HolNyCl requires: ' Found s
C = 62,7h © C = 62,4%
.ﬁ'= 5.51% H = 5,24%
N = 18,53 , N = 18,TA

(ii1) 2,4-Diamino-4'-chloroaipheny1amine (from 1 g of 4'-chloro-2,4-
dinitrodiphenylamine) was refluxed in Phﬁo, ‘(25 cc) and P4/C (300 mg).
After O hrs, refluxing, the FhNO, was steam-distilled under acid conditions
(40.cc 5 N HOL added). On neutralisation, 2-smino-8~chlorophenazine (150

mg, 207 yield) was cbtained, m, pt. 239 - 243°,
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B, From 9_4'-diamino~4~chlorodiphenylamine
(1). Preparstion of 2,4'~@cetamido—4—chlorodiphegzlamhe

1) Reduce R mj
2) Acetylate
No,,

4~Chloro~-2,4'~-dinitrodiphenylamine (1 g) was reduced with Pt0, (100 mg)
in abs, alochol (50 cc) at a H, pressure of 40 lbs./sq. in. When the '
reduction was complete the solution was filtered, the alochol evaparated
wnder reduced pressure /in a N, atmosphere) and the residue acetylated
with acetic anhydride (10' cc) and glacial acetic acid (10 cc). - White |
crystals begen to separate almost immediately. The mixture was kept at
room temperature for 4 hrs. It was then poured into water, cooled and _
filtered, A quantitative yield of 2,4‘-&1acetamiﬁo—4-»=chlorodiphenylainine
was obtained, m pt. 224 - 229°, Reorystallisation from dil. alochol gave

white needles, m, pt, 239 - 241°,

Anelysls
o G eH ¢NaCLO; requires: = Found s
¢ = 60.5% o = 60,4%
H = 5,04% = 5,12%
N = 15.2% = 150%.

vN.B. The reduction was found to proceed e:d:remely slowly when only 50 mg
of Pt0, were used, but went fairly quickly with 100 mg,
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(2) Preparation of 2-amino-8-chlorovhenazine

O 1) Reduce Q( ;
a- | No2 _ NHg

(1) 2,4'-Diamino~4~chlorodiphenylamine (from 1 g of 4-chloro-2,4'-

dinitrodiphenylemine) was refluxed in nitrobenzene (125 ce) for 13 hrs,
The volume was then reduced to 10 o by distilling the nitrobenzene
under- reduced pressure, After filtering and cooling 2-amino~8~chloro-
phenazine (220 ng, 30% yield) was obtained, m, pt. 240 - 246°,
Recrystallisation from dil, aloohol gave~red needles, m, pt, 246 - 249°,
Mixed m, pt. with a sample prepared from 2,4-diamino-4'~-chlorodi-
phenylamine: 247 - 249°, ‘
(11) 2,4'-Diamino-4-chlorodirhenylamine (from 1 g of 4-chloro-2,4!-
dinitrodiphenylamine) refluxed in EWNO, (25 cc). After 11 hrs. refluxing, :
the nitrobenzene was steam-distilled under scid conditions (40 ce 5 N HCL .
were added). On neutralisation with NaOH a red pot. of 9-amino-8-chloro-
_phenazine was cbtained (200 mg, 267% yield), m. pt. 210 - 225°,

{

'::Remysta:llisation from dil, alcohol gave red needles, m, pt. 246 - 249°,

Preparation of 2-acetamido-f-chlorophenazine

BN O N N
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2-Anino-8~chlorophenazine (500 ng) was heated with acetio anhydride
(15 cc) and pyridine (few drops) in a boiling water-bath for 45 mine,
tn cooling and pouring on to ice, 2-acetamido-8-chlorophenazine (500 mg,
85% yiéld.) was obtained, m, pt, 250 - 254°, Recrystallisation from dil, '
alcohol gave yellow needles, m, pt, 253 -~ 2559, O'l:ozz:a.suwi quotes a m, pt;
of 255°,
Analysis
. The analysis showed that 2-acetamddo-8~chlorophenazine, when re~
crystallised from dil, alcohol, has one molecule of water of recrysté.ll-

isation,
G ¢H oN3CL0. H; 0 requires: Found
0 = 58,1% = 58,457
N = 14,5% = 14.4%,

Preparation of 2-amino-8-methoxyphenazine

From 4-methoxy-2,4'=dini trodiphenylamine

» N
1) Reduce N
2) Ring Clode '
N0, H, ot NH,

2,4'-Diamino-4~methoxydiphenylamine (from 500 mg of 4-methoxy-2,4'=
dinitrodiphenylamine) was refluxed in nitrobenzene (30 ¢c) for 4 hrs.,
5 N HCL (20 oc) was then added and the nitrobenzene steam-distilled,
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On making alkaline, 2—amj;10—8~n1etho:w13henazi1;1§ was oblsined as a dirty
yellow ppt. (300 mg), m, pt, 203 - 245°, which on recryst, from dil, alcohol
gave orange needles, m, pt, 216 - 218° (200 mg, 54% yield), A mixed m pt,
with a sample prepared from 2,4-&1&1@10'-4’-methoxydiphenyl'amine- gave no

depression in the m, pt;

Preparation of 2-acetemido-8-methoxyphenazine,
| N N .
Pyridine - ‘ ' .
P s
N NTNF S . m- v N Ciie -
| | Cooly I

9-Amino-8-methoxyphenazine (200 mg) was dissolved in acetic anhydride

(8 cc) and pyridine (4 cc) and heated in a boiling water-bath far 45 mins,
After cooling and pouring into cold water, 220 mg (9%} yield) of a dirty

yellow ppt, were obtained, m, pt, 260 - 204°, Recrystallisation from dil,
. alochol gave yellow needles, m, pt. 262,5 - 264°, i
£ is .
| Calculated for G gH sNaOs  Fownd:

C = 67.4% . 67.5%
H = 4.85% ~  H 4, 86%,

Q
[}
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Preparation of pemmo‘benzon:.trile

R

. p-Nitrobensonitrile (500 mgm) was reduced in alechol (30 cc) with

Pt0;, (100 mg) at a H, 'présstn'e of 40 lbs./sq. in. The reduction was
complete in 20 min. The colourless solution was filtered, the alcohol
evaporated under reduced pressure and the gumny residue reorystallised
from water to give 150 mg (38%) of white needles of p-amincbenzonitrile,
m, pt. &4 - 85,5°, Heilbron and Bunbury (Dictionary of Org, Comp, )
quote the m, pt. as 86%, |

On a larger scale (5 g of p-nitrobenzonitrile), the yield was only.
15%, o

Preparation of 4 ’-cymo-zlkdjnitrodiwlamine

ol M
NeETene!
Yo, 2 0, ¥ ™ NO, CN

2,4-Dinitrochlorcbenzene (1 g), p-amincbenzonitrile (0.6 g),

O N

potasgium carbonate (0,7 g) and Cu powder (50 mg) were kept at 150° for .
30 min, , the reaction mixture being occasionally removed from the oil~-bath
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when the reacticn became too vigorcus, The temperatuve was then raised
to 180° for 2 min, to ensure vcomple‘teness of reaction,

Treating the product with 5 N HCl was followed by reczysta.llisation ,
from dil, acetic acid which gave 500 mg (367 yield) of yellow microneedles,
Tese were further mcrysfallised from butyl alochol (leaflets) to a m, pt.

C);E_i 190 ~ 1919,

G aHaN, 0, requiress: S ~ Founds: |
¢ = 569% 0= 548
E= 28 . H= 51%
N = 19,7% | N = 19,54

. 33
N,B, When KF (0,6 g) was used instead of K,C0, (Vorozhtsov and Yaksbson's

method), 350 mg of a product melting at 240 - 245° (red needles from dil,
acetic acid) was cbtained, The analysis (C = 69,2%, H = 5. 5%) showed |
that this wasinot ‘the req';uire.d. diphenylamine, |

When sodium acetate (0,8 g) was used and the reaction carried out in
ethyl alochol (refluxed for 5 hrs), 440 mg of red needles, m, pt, 190~
230°, were cbtained, The wide range of the m. pt. suggested that a mixture
of the above mentioned products was obtained, |
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gggthesis of 2-amino~8-cyanophenazine
T e T AT

2,4-D'iamino-4'-cyanodipheﬁy1amine (from 109 mg of 4'-cyano~-2,4-
dinitrodiphenylamine) wess refiuxed in nitrobenzené (11 ec) for 45 hrs,

The solution was then chromatographed on an alumina colum (25 x 3 cm),
‘Elutipn with ether removed first the nitrobenzene, then a very faint pink
- band, This was followed by a broad pink bend of 2-amﬂ:10—8-oyan01;henazme.
Evaporation of the solvent gave 40 mg (4€7 yield) of product melting at
‘269 - 273°,  Professar F,G, Holliman (private commmication) has prepared.
2-amino-8~cyanophenazine from 2 ,4'-aiamm-4-cyanoaipheny1amﬁw, m. pte
270 - 274°, A mixed meltiﬁg point of these two samples was not depressed,
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_‘Sg.thegis of 2§8=diamin¢$enazine
(1) Ereperation of 4'-amino-2,4-diniirodiphenylamine

' Q. N - ' NH ’
N e e
0N No, NE, O, ™ No, NH,

cf, Nietzki and Ernst, Ber. s 23, 1852 (1890)

A 65% yield of 4'-amino-2,4~dinitrodiphenylamine was obta:.ned, m, pt,
485 - 185° (red leaflets from butyl alcchol, )

(2) Breparation of 2,8-diaminophenazine

A | 1) Reduce - N/@/ \(>\
I 2) Ring olose ~
T T M,

2,4,4'~Trianinodiphenylamine (from 136 mg of 4'-amino=2,4-dinitro-

diphenylamine was refluxed in nitrobenzene (12 ce) for 8 hrs, The
solution was then chromatographed on an alumina colum (25 x 3 cm),
Elution with ether removéd the nitro'Benzme ané. a narrow yellow band,
The main band of 2,8-diaminophenazine was eluted with absolute alcohol
(broad yellow band), On evaporation of the solvent, 72 mg (70% yield)
were o'btained,' m, pt, 274 - 278°, Nietzki and Frnst quote a m, pt,

52
of 280° for 2,8-diaminophenazine,
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Analxsi_s _
Cale, for C ,II oN, ¢ | ~ Found:

C = 68,6% ' C = 068,5%

H = 480 | H = 4,8%

Preparation of 2'-carboxy-2,4-dinitrodiphenylamine

o oo ’ - oH
Ol HN - N
+ —_— Al
0, o, = 0, o,

of, Vorozhtsov and Yakobson, Zhur, Obshchei Khim, 28, 40 (1958) through
C.A, 52, 1784 (1958),

2,4—Dinitrochlorobenzene (2,03 g), anthranilic acid (1.57 g) and KF
(1,16 g) were thoroughly mixed in a mortar and kept at 130° for one hour,
After removing excess KPP vvith wa.1':‘er and heating with 5 N HCL to convert_
the red potassium salt to the free acid, a quantitative yield of yellow
21-carboxy-2,4-dini trodiphenylamine was obtained, m, pt. 240 - 250°,

Rearystallisation from butyl alcohol gave yellow needles, m, p. 255 - 258°,

Attempted ring closure of 2,;43-6,__13mo~2'-oarbo>5ydi'phegy1amihe

2'-Carboxy-2,4 ~dinitrodiphenylamine (2 g) was reduced with Pt0,
(50 mg) in abs. alcohol (75 cc) at a H, pressure of 40 1bs, /sq. in, The
right emount of H, was absorbed, but the solution a!asumed a red colowr and
did not become colourless after adding a fresh portion of catalyst, This
solution was filtered and added to nitrobenzene (250 cc), After 'b§iling‘



129,

of ? the alechol, the th’\roz solution was refluxed for 12 hrs, The folume;'
was then reduced to 25 cc by distilling off nitrobenzene vndér reduced
pressure, No crystals were obtained on cooling, Chromatography (using
BuOH:HCL, 4:1 sat, with H,0) showed traces of 2-aminophenazine and 2-

amino~-6~carboxyphenazine,

Preparation of 2'-methoxycarbonyl-2,4-dinjitrodi lamine

. \ COOCH, ' COOCH,
. a H | NH
0 - Q00
0,N N0, 0, ™ No,

2,4~Dinitrochlorobenzene (5 g) and methylanthranilate (4 g) were
‘refluxed in butyl alcohol (20 cc) for 7 hrs, On ocooling, 4,6 g of a
yellow product (m, pt, 60 - 100°) were obtained, Upon recrystallisation
from alcohol, 2'-methoxycarbonyl-2, Mmitrodiphenylamine (1 g, 13% yield)

was obtained as fine yellow needles, n, pt. 166 -~ 167°,

A sis

G oBy, NaOp. requires: | Founds
C = 53,00 C = 53.1%
H = 8,50 H = 3,52%
N = 13.2% - N = 13,7%

Heating the reagents with KF at 130° for 2 hrs. {cf. Vorozhtsov and

_ a _
Yakobson ) was not successful, a very impure product being obtained,
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Attempted ring closure of 2.4-diamino-2!'-meth arbonyldiphenylamine
~ 000CH

[ OCH .
. E |
. ‘1/ 1) Reduce ' [ N j X
‘ | . |

2! ~}ethoxyoarbonyl-2,4-dinitrodiphenylamine (0,5 g) was reduced in

abs. alcohol (50 co) with PtO, (50 mg) at a B, pressure of 40 Ibs./aq. in
The colourless solution was filtered free of catalyst and added to ThNO,
(65 cc). Removal of the alcohol by distillation was followed by 14 hrs,
refluxing, The solution was then evaporated to dryness, but attempts to
reorysta.‘l.:l.isé the reéidue failed, The phenazine is known to recrystallise
from toluene (Professor F,G, Holliman, Private cMimﬁm).

Attenpted preparation of N-methyl-2,4'-dinitrodiphenylamine
(1) @ aration of p-nitro—N- thylaniline ‘

Hz S04 Ha S0, (708}
(Cﬁa GO)Q m\roa |

of, Vogel, "Practical Organic Chemistry", p. 581 (.'Srd edition),

A 40% yield of p-nitro-N-methylaniline (based on N-methylaniline)

' “was obtained, m, pt. 145 -~ 148°,

This preparation was based on the method given by Vogel for the
pre;[;aration of p-nitroaniline, Identical conditions were adopted, except
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for the nitration 1cactq.on,, Vogel reoormner_ds that the solution be allowed
to stand for 1 hour at room “cemperature after addition of the nitrating
mixture, It was found that this time was too short in this case, The
best results Wel;e obtained when allowing -the solution to stand overnight

"at room temperature,

(2) Attempted preparation of N-methyl-2,4!'-dinitrodiphenylamine

a H- N '
. _
\Noz NO,

" p-Nitro-N-methylaniline (6 g), o-chloronitrobenzene (10 g), sodium

acetate (6 g) and a little Cu bronze were thoroughly mixed in a morter and
heated at about 220° for 14 hrs, After steam distillation and treatment
wﬁ.th hot § N HC1l, a black tar was obtained which could only be extracted
with alcohol, After evaporation of the aleohol,,a gummy residue was
obtained which could not be recrystallised,

aration of N-me =2,4'-dinitrodiphenylamine

flma
N
T~ Me, SO, ~
KOH .
SNo, NO, ™ No,
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This preparation is based on the method given by Hey and Milley
(7,C.S., 1952, 2285) for the preparation of N-methyl-2,2'-dinitrodi-
phenylamine, ‘ ,
2,4'-Dinitrodiphenylamine (3 g) was dissolved in acetone (300 cc)
and KOH (3,1 g) was added, The mixture was heated to boiling and dimethyl .
_silphate (5 cc) was added dropwise, Refluxing was continued for 1 hour,

The mixture was then cooled, poured into water, The precipitate wes

collected snd dried, 2,7 G were cbtained (89 yield) of m, pt. 118 - 1229,
Recrystallisation from dil, acetic acid did not alter the melting point. |

N.B, In the p;epax{ation of Nemethyl-2,2!-dinitrodiphenylamine, only 5

minutes refluxing is necessary (as described by Hey and Mulley), For the ,
methylation of 2,4'-dinitrodiphenylamine, at least i hour refluxing was -

required,
Analysis
| C, gH, s N;03- requires: Found:
¢ = 57.a% ¢ = 57.9%
H = 4,05% H = 3,907
N = 15.4% | N = 15.1%

Preparation of 4~-methyl-2,2f-dinitrodiphenylamine

NO, | NO, -

H,C ~No,
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/

 4-Todo-3-nitrotoluene (1.3 g5 0,05 m), _o'-nm-qa.nilﬁne (0.7 g3 0.05 m),
K,CO; (1 g) and Cu'pov'rder (50 mg) werc thoroughly mixed in a mortar and then
héated to 190° for 1 hr, The resulting soiid was refluxed with butyl |
alcohol (35 cc), filtered end cooled, 0,9 G (647 yield) of orange-red |
needles were oﬁtained, m, pt. 177 - 1799, Further recrystallisations from

butanol gave a m, pt. of 178 - 178,5°,

‘ Analysis
G aH 4 NgO, requiress " Founds
¢ = 7% 0 = 57.%%
H = 41% o H = &, OF
= 15.4% N = 15,

'N'

‘Preparation of 2'~methoxy-2,4-dinitrodiphenylamine

' OMe . OMe
Cl HN- ‘ NH
_ . . ,
g NO, | 0N ~ NO,
of, G, Gallas and A, Alonso, Anales soc., espah. fis, quim, 28, 645 (1930)

through C.A. 24, 4275 (1950),
o-Anisidine (6.2 g), 2,4-dinitrochlorcbenzene (10 g) were reﬂuxed in

75 cc butyl alochol for 2 hrs, On cooling 8 g (57% yield) of 2'-methoxy-
2,4-dinitrodiphenylamine were obtained,m, pt, 158 ~ 162°, A further
re-crystallisa.'bion from butyl alcohol raised the m, pt, to 162 - 163°,

The reaction carried out in ethyl alcohol gave a product with a wide
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m, pt. (145 - 160°) which could not be improved by further recrystallisations,

Attempted ring closure of 2;4—diam:i=n‘o-2'-methomrdiphen&lamine

2, 4-Diamino-2'~me thoxydiphenylamine (from 500 mg of 2'-methoxy=2,4-
dinitrodiphenylaming) was refluxed in nitrobenzene (25 cc) for 8 hrs,
“This was followed by steam distillation under acid conditions »(20 cc of
5 NHCL), On neﬁtralisation with NaOH, a dark red ppt. was cbtained
(150 mg), m. pt. 245 ~ 270°, - Paper c_}momtograﬁhy showed this precipitate
to be a mixture of 2-aminophenazine and possibly 2-amino-6-methoxy-

phenazine,
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EXPERIMENTAL SECTION

LART I

RAIES OF FORMATION OF PHENAZINES

General procedure

| As far as possible, the same method wes used ‘tb determine all the
rates of vconversion of o-ammodiph.enylamines to phenazines, The geheral
outline of the proce&ire will be given, énd any deviations from it will
be indicated later, |

The diphenylamine (0,001 m) was reduced in ebsolute aléohol (25 oc) )

with Pt0, (50 mg) at a H, presswre of 40 lbs,/sq, in. As only suell
amounts of hydrogen were absorbed, these could not be accurately measured
on the gauge; a colourless solution was therefore taken as a criterion
of campleteness of reduction, This colourless solution was .filtered and
added %o nitrobenzens (25 cc), fEh‘e. alcchol was boiled off, followed by

1 or 2 cc of FhNO, to ensure the removal of any water présent. - The
nitrobenzene solution was then made up to 25,0 c¢n and refluxed,

| "l_‘he rate of ring closure was folloved by determining .'the amount of
phenazine produced. in the reaction, This was done as follows:

the reaction vessel was rapidly cooled in ice water and a 0,5 or 1 co
sample p;.i.petted~out as soon as possible, VWhen dealing with 2-amino-
phenazines, it was essential to carry out this operation as repidly as
possible to avoid the possibility of the phenazine ceystallising out of
soluticn. The sample was then put on an alumina colum, varying in length

biit not in diameter (1 om), and prepared in benzene, FElution was carried
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- out with ‘benzené, éther, acetone-or alcohol, depending on the phenazine, .
In all the cases studied the nitrobenzene was elufed first, and 'the
phenazine band either followed immediately or was preceded by one or

two minor bends, The identity of the phenazine baz‘md was established by
comparing U,V, sbsorption maxima and m, pts, with samples of phenazines
isolated in other experiments, '

A standard ourve for the phenazine was determined in either benzene,
alcohol or -:’I_lo-'HCl on a Beckmann Model D,U, Quertz Spectrophotometer,:
When the phenazine was eluted with bengzene, the estimation was earried
out directly on the eluate; in other cases, the solvent was evaporated
and the residue taken uwp in the required solvent,

For every phenazine, a trial experiment with a solution of known
concentration of phenazine in nitré'benzgne was performed to test the
reliability of the method: the pei'centage recovery for almost every

phenazine was 100 %1,

. The rate of formation of ' phenazine

Standard curve

In benzene at 364 md, from the following datas
Cone. (mg/l.): 2.5 4.9 6.2 7.4 9,8
Optical demsity:  ,200  ,402 ,502 ,.610  ,800

Control experiment: 99,2% recovery,
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Bate from 2-aminodipheuylamins -

NH‘ N

| Time (in hrs, ) 42 | | 4| 72 12
% Yield of phenazine | 28 42 | 56 57 61

Colum: 1 oc samples on 50 am colums, The nitrobenzene band (ora.ngé)
was followed by the pale yellow phenazine band (eluted with benzene),
Then came a pink band (50% benzene-etﬁer) end a deep yellow band (ether),
One or two very faint bands appeared between the pink and the deep y'ellaw‘

band,

Rate of formation of 2—meth_ﬂphenaz:‘:ne

Standard curve:!

In benzene at 384 mu, from the following data:

Cone, (mg/l.): = 3,1 4,8 6,1 7,6 9,2 12,2
 Optical density: 213 ,312 L4099 ,525 ,830 « 838

Control experiment: 99, 6% recovery,
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(a) Rate from 9-amino~A-methyldiphenylaming

sachiees
H@C/\/I'\NHQ He , NP N

- 85.5| 58,5{ 72 .
67.0{:'72,21 72,2

Time (in hrs, ) 10 | 20,5
% Yield 18,1 44,2

Colum: 0,5 Cc samples on a 40 om, colum, The nitrobenzene band
(orange) was followed by the pale yellow 2-methylphenazine band (eluted
~ with bengene), 5 other bands could be eluted with ether: a pink band

followed by a pale yellow and a déep yellow band, .

(b) Rate from 2-amino-4'-methyldiphenylamine

orQ, oo,

Time (in hrs, ) 11,5 26| 50 | 74 {120
% Yield of 2-methylphenazine| 52,2 | 58.| 67| 64| 67

Colum: 1 Cc samples on 40 cm colums, which had the sams appearance

as in (a),



Rate of formation of Zrmethomhgﬁazine

- Standard cwrve

In benzene at 356 my, from the following datas

Cone, (mg/l,): 4.2 6,2 84 10,5 12,6 14,7 16,8
Optiocal density: .,185 ,.285 .376 ,472 ,570 ,670 ,758

Control experiment: 99,5% recovery,

(a) Rate from 2-amino-4-methoxydiphenylamine

' NH . . / N?\
i, - oo N

Tme (in hrse,) | . 6 11 24 48 72
% Yieid 30 43 74 75 75
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Colum: 1 cc samples on 25 om colums, Ths nitrobenzene band (orange-

red) was followed by the bright yellow band of Z-methoxyphenazine (eluted

with benzene), A narrow brown band at the top seemed to be the only other

band present,

(b) Rate from 2-amino-4'-methoxydiphenylamine .

0L QUG
\ \'NHQ ©\OMB N/O\OMB

/

\
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s ey - e

Pime (in hra, ) 6 12 o4 | 49 73
% Yield % | 59,5 75 74 75

‘Colums 1 cc samples on 25 cm colums, The nitrobenzene band (yallcw—
orange) was followed by the bright yellow band of 2-methoxyphenazine,

Then came a broad violet band and a narrow brown band at the top.

'Rate of formation j)ﬁf 2-chlorophenazine
Standard curve
In benzene at 370 ny, fxrom the following datas

Cone, (mg/l.): 5,0 6,1 7.9 9,8 12,2
Opticel density: .33 ,%80 ,500 ,6235 ,790

Control experiment: It was found that 2-chlorophenazine could not be

| conveniently separated from .nitro'benzene on 2 50 em colum, It was
therefore necessary to evaporate the nitrobenzeme under reduced pressure,
dissolve the residue in benzene and chromatograph the solution, Care 4
mist be taken to avoid any loss' of phené.zine by sublimation in the last
stages of the distillatior, The percentage recoverj was 99,

-
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(a) Rate__,fz;om 2=amino-4~-chlorodiphenylemine

OO0 Q0T
A Xy \NH2 0L~ ”\N‘/

48 | 70,5120
35,7 | 36,3| 89,7

Time (in hrs,):s| 11 | 24
% Yield: | 19,5 | 32,1

" Colum: 41 cc samples on 50 om ocolums, A yellow orange band was eluted
first, followed by the pale yellow band of 2-chlorophenazine (eluted with
benzens), Then came a very faint pink band, a yellow (broad) band and a

very narrcw brown band,

(b) Bate from 2-emino-4'-chlorodiphenylamine o o
aoRiesoN
- . N, N a n l\NJ A ~a |

Tme (in hrs,): | 11.5 | 24 48 | 71,5 {120
% Yield: 24,0 36,0 ] 45.0 | 49,1 | 50,0

Columﬁ: i occ samples on 50 om colums, The 2-~chlorophenazine band was

followed by a faint pink band and a broed greyish band,
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Rote of formation of 2-cysnophenazine

-

Standard curve
In benzene at 371 my, from the following data:

Cene, (mg/l.)s 4,6 5.7 6,8 9,1 114
Optical density: « 262 « 333 « 994 « 530 « 661

' Gontrol experiment: 100,5% recovery,

(a) Rate fram 2-amino-4i-oyanodiphenylamine
OO/ X Q b -
N R N, [t NC NN a |

Time (in hrs,)| 22 | 34,5 | 46,5 57.7| €9,5] 81
% Yield 51 6 1 14 18 | 20

Colum: 0.5 oc samples an 25 cm colwms, The nitrobenzene band (pale
yellow) was followed by the pale yellow band of 2~cyanophenazine (eluted
with 50% bengene-ether), This was followed by a pink band, & purple-grey.

band and a yellow fluorescent band,

(b) Rate from 2-amino~4!-gyanodiphenylamine

™ NH, ~av ~y#

Y/
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61 85
- 24,5] 30,2

55,5 | 47.5
14 | 19

95,5
)

Time (in hrs, )t
% Yield:

Colum: As above,

Rate of formation of 2-dimethylaminophenaszine

Standard curve
In benzene at 361 my, from the following dates
Cone, (mg/l,): 8,4 16,8 25,2 35,6

Optical demsity:  .215  ,421  ,620 820
Control experiment: 99, 6% recovery,

Rate firam 2-aminow-4'-dimethylaminodiphenylamine

NH . | 2N
| > .- |
G, CH,
NH, N/ | ~nF N~
: CH, NCH,
Time (in hre,): | 2 5 10,5 24
% Yield 20 35 45,4 45,4

© Colum: 0,5 oc samples on 25 cm colums, The nitrobenzene band (pale
yellow) was followed by the red band of 2-dimethylaminophenazine (elu‘bed
with 50% benzene-ether), l'his' was followed by a single, narrow red-

( orange band,



te _of formoticn of i-sminophenezine

Standard ourve
In benzene at 368 my, from the following datas
Cone, (mg/1.): 14,7  17.5 25,4 29,5  35.1
Optical densitys « 282 «420 29850 - 690 «815
Control experiment: 100,0% recovery,
(a) Rate from 2,6-diaminodiphenvlamine
OO - P
: : -
| N, : &

T Y -
Tme (inhrs,)| 5 | 8 |11 {14 | 21| 24| 27 31| 48| 72
% Yield [416 | 24 | 29 | 34 { 44| 531 60| 70| 60| 45

" Coluim: 0,5 oo samples on 25 cm colums, The nitrobenzene band (pale

yellow) was followed by the brown-red band of i-aminophenazine (eluted

with 50% benzene-ether), No other bands appeared,

(b) Rate from 2,2'-diaminodivhenylamine

144,
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Time (inhrs,)| 1| 2| 3| &
% Yield 21 | 35 ) 42} 52| 57 | 65| 73

9.8

Colum: As above, except for a viole% band, following that of 1~-amino-

phenazine, but disappearing after 6 hrs,

Rate of formation of 2-aminophenazine

Standard Curve
In -i% HOL at 382 my, from the following data:
Conc, (mg/l.): 5.2 10,4 15,6

Optical density: o 240 «480 . 720
Control experiment: 99,6% recovery.

(a) Rate from 2,4-diaminodiphenylamine

QL0 -
Pz
H, S e A SN

Time (in ‘h.;f.‘s. ):

i 2 4 6 8 10

% Yield: 19| 31| 45 1 64 | 68.5| 75

27
73

Colum: 0,5 cc samples on 25 cm colums, The nitrobenzene band (pale
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yellow) was followed by a slight mauvish band, The main 2-aminophenazine

‘band. '(orange) was eluted with ether, A red band was present at the

top of the columm but disappeared after 10 hrs, After 4 hrs., the band
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following the nitrobenszene appears as a mixture of a mauve and an orange
band, 4

(b) Rate from 2,4'-diaminodiphenylemine
. _MNH ' N,

NH, _ | 7N N/
P:me (nhra)i| 1| 2| 4| 6] 9] 28] 7
| # Yield: 14 | 28| (33)]| 50 | 55 | 47| 33

Oo;(mm 0.5 cc samples are 40 cm colums, The nitrobenzens band is
followed by a slight orange band, The 2-aminophanazine band is closely

followed by a blue band (hence longer column), but this band disappears
after 22 hres, '

Rate of formation of 1- and 2-aminophenazine from 2,5'-diaminodiphenylamine

N,
-0y
\\N//

From the preceeding experiments, it can be seen that these 2 isomers
cen be easily separated on an alumina colwm, 1-aminophenazine being |
eluted first with 50% benzene~sther and 2-aminophenazine with pure ether,
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Time (in hrs,) 6 11 22 | 48 71
% Yield of 1-aminophenazine 7 19 36 49 | 44
% Yield of 2-aminophenazine 4,5 10,5 | 18 24,5 19,5
Total % yield 11,5 29,5 54 73,5 63,5

Colums 0,5 cc sampies on 25 em colums, At first, the nitrobenzene
band (pale yellow) is followed only by i-amino- and Z-aminopﬁenazine ‘
bands, After 11 hre., a pale violet band appears behind the 2-amino-

phenazine band,

Rate of formation of 2-amino-8-methylvhenazine

Stendard ourve
In & HCL at 394 mp, from the following date:

10
Cono, (mg/l,)s = 4.8 8.4 12,0 14,4
Optical density: . 255 442 .B840  ,758
Control experiment: 99,6% recovery, |

(a) Rate from 2,4~diamino-4'-methyldiphenylamine
N X

\ ”
Q\% |

22 70

w
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Golums. 0,5 cc samples on 25 cm colums, The nitrcbenzene band (pale
. yellow) was followsd by a violet band, The main 2-amino~8~methylphenazine
band was gluted W.u:h cther, A red band was present at the top of the

colum, but disappeared after 9 hrs,

(b) Rate from 2,4%-dismino--methyldiphenylamine

H, H, ~y
Time (in hrs, ):| 1 2 4 7 10 23 70
% Yield: 34 50 63 60 61 55 32

Column: 0.5 cc samples on 40 om colum, Two very close band (mauve and
orange) followed the nitrobenzens band (pale yellow), The Z-amino-8e
methylphenazine band came next and was fairly closely followed by a

pale blue band vhich disappeared after € hrs,

Rate of formation of 2~amino-8-methoxyphenazine

Staagdard curve

Tn ¥ HC1 at 422 mu from the following datas

10
Cone, (mg/1.): 3.0 5.9 8,9 11.8 14,8
Optical density: o154 . 316 470 . 615 . 780

Control experiment: 98% recovery
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(a) Rate from 2,4~diamino-4'-methoxydiphenylamine

N

\;\

N NF Mo

|

4 5(85|25 95
52 | 58 | 65 | 57 | 42

2| 5
55 | 48 |

1
14‘ 5

T4me (:m h:rs.)é
% Yields

Colum: 0,5 cc samples on 20 om colums, Two very narrow and close
bands (yellow and red) followed the nitrobenzene band (pale yellow),

The 2;amino§8-methom};enazine band (yellow) came next and was eluted
with e‘cﬁer; A red band was present at the top of the colum, disappear-
iug after 8,5 hrs, The fast moving red band also disappeared after

this time,

(b) Rate from 2,4'-diamino~4-methoxydiphenylamine

O

23| 70
31| 26

MeQ

5
38

9
36

4
35,5

3
27.5

Time (in hrs,):| 1| 2
% Yields 110 | 17
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Colums: 0,5 cc samples on 40 cm columms, nly ‘one band (yellow) between

the nitrobenzane and 2-amino-~8-methoxyphenazine ‘band,' A pale blue band,

disappearing after 9 hrs,, followed the phenazine band,

Rate of formation of 2~amino~8-~chlorovhensazine

Standard curve
In alcohol at 370 my, from the following datas

Cone, (mg/1.): 556 11,0 16,8 21,9 27.4
Optical density: .160 .37 470 ,625. ,780

Control exmeriment: 100, 0% recovery.
I’r. was found that 2-amino~-8~chlorophenazine is not very easily soluble

in 15 HCl, hence the use of alcohol for the standard curve,

(a) Rate from 2,4~-diamino-4'-chlorodiphenyleamine

\©\01 H,N /©/

Time (in hrs.)t| 1 | 25| 5 | 7.5
% Yield: 10 26 | 45 56

10 22
56 45,5

Colum: 0,5 cc sampwles on 20 cm colums, A slight orange band followsd
the nitrobenzene band (pale yellow). The 2~-amino-8-chlorophenazine band
(omenge) was oluted with ether, A pale brown band, disappearing after

40 hrs,, was present at the top of the columm,



() Rate from 2,4°-diamino-4~-chlorodiphenylaming

COL .02
i, W, a NN

' % Yield:

Tme (in ﬁrs.):

2
29

4
48

5

e o

50,

5

6

8
50

Colum: 0,5 cc samples on 40 cm columms,

the 2~-amino-8-chlorophenazine 'band wag followed closely by a blue 'band;

both blue 'bands disappeared after 6 hrs.

50
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Two bands, moving very closely
to each other (red, then ‘blua) followed the nitrobenzene band, Similarly,

Rate of formation of 2-amino-8-cyanophenazine

Standard cwrve

In aleohol at 363 my, from the following data:

Cone, (mg/l, )t
Optical density:

10,4
e 258

20,8

Control experiment: 98,5% recovery.

S 462

51,2
© 692

(2) Rate from 2,4-diemino-4'-cyanodiphenylamine

onouNeeol
H, AN \NHQ.. N HNS . N/)
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Mme (in hrs,):| 5
% Yield:s 9

10
19

21,5
42

45 73
46 43

Colum: 0,5 cc samples on 25 om colums, A very faint pink band folloﬁs '

the nitrobenzene band (pale yenow). ' The broad 2-amino-8~cyanophenazine
band (pink) was eluted with ether, A red band wos present at the top of

the colum wntil 45. hrs, |

(b) Rate from 2,4'-diamino-4-cyanodiphenylamine

O
NGO\ NH, / . NG~

Time (in hrs,): - 5
% Yield: ' 10

4

A

10.5 | 24 48
21 35 38

Colum: Same observations as above, ercept that the band at the top was

orange,

~

Rate of formation of ‘2,8-diaminophenazine

Standard curve
N

In 36 HOL at 272 my from the following datas
Cone, (mg/1.): 1,7 2.6 3,4 4,3
Optical density: . 542 510 . 665 . 820

‘Control experiment: 997 recovery,



153,

Bate from 2,4,4'~triaminodiphenylamine
) L4
BN i, A < NE,

Time (in hrs, ): .
7% Yield: 89 89 77

Colum: 0,5 cc samples on 25 em colums, After the nitrobenzene band
(pale yollow) two slight yellow bands v(first. one ﬁealcer) were oluted
with ethér. © 2,8~Diaminophenazine was eluted with absolute alcohol as .
a deep yellow band, A broad blue band followed, present wntil 4 hrs,
This band probably obscured a pele yellow band which was visible after

4 hrs,
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SUMMARY

The new method of phenazine synthesis, discovered by Gray, wa;s
investigated: this method involves the oxidative cyclisation of 2-amino-
diphenylamines in nitrobenzens, Tt was originally thought that good
yieids could only be obtained if p-quinone imine types of intezﬁnediates
could be'v obtained from the diphenylamines, Work described in this thesis
has shown that, by modifying ths reaction conditions,- it is possible to
obtain gobd yields of phenazine even wheﬁ the dipheﬁylamines cannot give
quinone imines on oxidation,

The effect, on the ring closure of 2-aminodiphenylamine, of various
groups in the 4 and 4' position was investigated, and from a semi-
quantitative compafison of thé reaction rates, possible mechanisms for
the reaction were formulated, |

A number of new diphenylamines, which were required for the rate
stud:!:es s were synthesised, and some comments on diphenylamine synthesis

' were expressed,
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