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INTRODUCTION

The purpose of this study was to find orgenic compounds which
" eould function as redox indicators, that is, substances Which im-
medistely show striking and reversible color changes at the &t~
tainmant of definite oxidation potentialse Since many of the
indicators now in use are only slightly soluble in water, it
‘éeamad worthwhile to attempt the preyaration of derivatives which
kwbuld not possess this disadvantage. In general, this can be
«,aécompliShed by introducing a sulfonic acid group into the mols-
cnles Accordingly, the sulfonic scid derivatives of same indi-
| gators already in use were prepared and tested for indicator

~ properties.

The results of the study are given in the following pagese
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HIGIORY

'Qin;nenyﬂaming monosulfonic acid. Preperations

Diphenylemine monosulfonic acid(4?) was first prepered in 1872
, 1?Jf;gr Merz and Weith( 1] by the action of concentrated sulfuric acid

‘on divhenylamine, The reaction did not occur until 150 -~ 1700 was

-reached, and oven at these temperatures it is incomplets. The sul~
I;fnﬁaxion.mixture was treated with hot water, neutralized with barium
:'¢érbonate, and filtered. The filtrate deposited the barium salt of
~ @iphenylamine monosulfonic acid as small shining crystalse. The

mother liquor after evaporation deposited the readily solubls barium

salt of diphenylamine disulfonic acide
(CHy) NH 4 HyS0y —> HIzOCHHNH: CgHy + Hi0

(Cgltg) N + 2 Hpf0, —7 (HS0;0H, ) JE 4+ 2HL0

The free monosulfonic acid was obtained by treating & suspen-—
sion of the barium salt with dilute sulfuric acid, and on evaporating
the solution was deposited as white crystals, that turn blue on ex~

,’-posure to air. The acid is quite stable, howevery Heating with hydro-
ghloric mcid decomposes it only st temperatures above 2000, the chief

products being dirhenylamine and sulfuric acide

L * * L » * L] L L . L] L -« »

L g ” L] - ® * L L]

» ]
(11
Merz and Weith, Ber. 5, 283 (1872); 6, 1511 (1873).
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Morz axnd eith also prepared the lead and the potassium salts
| é)fkth‘e monosulfonic acide The lead salt, which is only slightly
- soluble in cold water, was formed by treating the‘ free acid with
lead ;*arbonate. The potassium salt was prepared by double
dﬁqOmposition between the barium salt and potassium carbonate,

kémd wﬁs purified by recrystallization from alcchols It forms
~m§;e, lustrous plates, easily soluble in cold water, but only
‘,Slifght’ly soluble in cold alcohole

| Gnehm and *.‘Jerdanberg( # ’rainvestigated the sulfonation of di-
'V;.iyrz'.enyl amine, since they found that the method of Merz and VWeith
.’éﬁs‘ve wfsry poor ylelds. They first tried the action of concen~
| trated sulfuric a2cid (68 Bé, }, of sulfuric acid monchydrate, and of
Qim on dithenyleamine.

- The results of Gunehm and Verdenberg in the sulfonation obtained
with the coucentrated acid ars given in Table I, The following pro-
k,cbzedure was useds 30 g. diphenylamine was added with stirring over &
A15 mirute period to 60 g. sulfuric acid (66° Bde)e The mixture was
,‘Vthenhelc?; 2t the desired temperature for the indicated length of time.

ﬁhe resulting dark colored mass was cooled, treated with water, and the

sulfonation products obtained as barium salts.

( 2 _
: Gnelm and Werdonberg, 4. angew. Chem. 12, 1027, 1051 {1899},

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



TABIE I

Dirhenyl- H,30, Temper- Time Yield of “Ba % Ba % Be.  Rese
. mmine g ature Hrse Ba salt salt of salt of iduwe
e ‘ Ce monosul~ digul- g

fonie fonie

5 acid acid
30 60 140%¢ 05 32 29,13 5 95 13
30 60 150° 1.5 18 29426 4 96 20
30 60  115° 1e5 3 20,00 6 94 28
30 60  98° 540 1 29,18 5 95 29
30 80  150° %40 65 28,10 18 82 3

The residue consisted of unchanged diphenylamine and of other wun-—
""‘,‘,‘_~su1fonafed bases, probably related to cgrbazole. It is ovident from
: : “Pable I that sulfouation of dirhenylanmine with concentrated sulfuric
: acid produces chiefly the disulfonated product, and a large part of
-~ the émina remains unchanged, |
The results of sulfonetion of dithenylemine with sulfuric acid
- monohydrate and with & mixture of oleum and sulfuric acid monohy-
--drate are given in Tables II and III respectively. The procedure
was essentially the sasme s the one described in the discussion of the
- gulfonation with concentrated sulfuric acide
Since the foregoing did not give high yields of the desired
monosulfonic acid, other methods were tried by Gunehm and Verdenbergs
It was found better to start with acetyl dirhenylamine, because it

15 more readily sulfonated then the amines Acetyldiphenylamine
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TABLE II
o D Ho0 ¢ Temper- Time  Yield of %Ba % Ba Ba. Resi-
phanyl—- ature Hrs. Ba galt salt of salt of due
amine HLO e monosul- disul- e
e e fonic fonic
8cld-ge agid~g,
30 60 110-203& 2,00 30 28,83 7 93 10
30 60  110-20 2,00 26 29,00 6 94 14
50 100 110-20° 2,50 40 29,50 © 100 30
80 170 1253 3.25 90 29,30 0 100 30
95 170 105 2.25 13 28447 15 85 90
100 180 105° 2.86 13  29.37 0 100 94
100 180  110-118° 2,50 50  29.32 0 100 70
100 200 140° 3.50 160 29443 0 100 20
7 TABLE III
D H, 50, Oleum femper- Time Yld. of %Ba YBa % Ba  Resi-
thenyl- ﬁzo 80% ature Hrse. Ba salt salt of salt of due
amine g - g. g » monosul" di S'U.l" g *
g, fonic fonic
acid~ge acid-ge
10 30 10 0~6°C .5 0 0 0 0 10
10 20 10 200 o5 3 27,86 25 75 8
15 25 15 zo—zg o5 7 29420 4 96 11
20 30 20 o5 8 28.5¢ 14 86 15

can be prepared, and the acetyl group hydrolyzed off to give the de-
sired dighenylamine monosulfonic acide The hydrolysis can also be

earried out without previous isolation of the acetyl compound. Since

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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| ‘there 1s no advantage in isolating the intermediate product, the fol~
lowins procedure was recommended by Guelm and Werdenbergs The reasction
1s oarried out in a porcelain besker provided with a cork fitted with
@& thermometer and & stirrer. 200 ge fuming sulfu,ric acid (204) is
'eaoled to 5° , and 100 ge acetyldiphenylamine a")gﬁ’””'idtiet.’t in small por-
'siens with constant stirring. The mixbture is stirred for two howrs
gt‘ 4‘5‘3 on the water bathe It is then poured into 250 oc. water and
boilsd for three hours. The hydrolysis of the acetyl compound is then
gomplete. The insoluble unreected ditvhenylamine is separated by pour-
- ing the mixture into a large volume of water and filteringe. The £il-
| trate is neutralized with barium carbonate, the barium sulfate-fil-
tered off, and the barium diphenylamine monosulfonate separated ‘from
f.ﬁe more soluble barium acetate by fractional crystallizations The

mverage yleld is 80% theoretical; 17% of the divhenylamine is re-

_covered unchangede L)
‘~ (
Server and Kolthoff vrepared barium diphenylemine sulfonete

 for use as 2 redox indicator by the same method, Their product

~ ’,mlyzed 21,88% Ba {(calculated for avhydrous barium divhenylamine

- mcnosulfoﬂate, 21.64% Ba)e Since they were primarily interested in

‘0‘ . L] . . * . ® » L] L] L) ] * * - * L 4 \J L L] L] L]

(3}

?‘:-

» Slaus, Bar,. _1_._4:_, 23565 (1881)0

(4 i
garver and Kolthoff, Jehm.emsSocs., 53, 2902 (1951 ).
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tb.a purity of the product, they made no special attempt to got a

- maximwn yielde
| Gunebm and ‘flardenberg(s } rrepared the corper and sodium

G , - ~ 8 salts

' of dizhenylamine monosulfonic ecide The copper salt, prepered by

: g.iding an eguivalent amount of copper sulfate to the barium sals,
;g falrly soluble in waj;er. It crystallizes in blue plates, which
kb,egin to decompose at 100°%, The sodium salt was formed by adding

: an aquivalent guantity of sodium carbongte to the barium salt, It

.  is guite soluble in water. Uhen crystallized fram 30% alcohol, it

,forms white shining platese. They also isolatsd the free dithenyl-
amine monosulfonic acid by the action of hydrogen sulfide on the
;e‘dpfer s8lt. The acid was readily soluble in water and alcohol,

: and insoluble in ether.
| ‘VOrozhtzov( i prepered diphenylamine monosulfouic acid by o

| method which does not involve direct sulfonations 4=~nitro-4!'-anilino-

- gzobenzene, prepered from diazotized p-nitreniline and diphenylamine,
was found to react with an aqueous-alecholie solution of sodium bi-

éﬁifite to fom yollowegray crystals of dighenylamine monosulfonic

‘fa‘cid. Anmonis was also identified as a product of the reaction.

' 'Ascording to Vorozhtzov, the reaction may be approximately representeds

L 2 [ ) o« ] ] L] ] e 2 [ - L} ® L] L] L] [ [ ] L] ® - - ® *®
{ 8
locecits refe (2}
(61

. Vorozhtzov, Je.Russ.FPhys.ChemsSoce 47, 1669 {1915); Ghem.
4b. 10, 2896 (1916); Ann.chime 2, 50 {1917 )e
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| NeHSz 2
10D w=rOOwH 5 m, My + oMM,

NeHS0

o, _ C o mCOoge + Ny o

No yields are reported.
‘ Yy (7)
Dziewonskl and Russocki studied the sulfonetion of diphenyl-

gmine and confirmed the conclusions of Merz and Weith regarding the
proportions of diphenylamine mono~ and disilfonic acids fommed by the

; action of congentrated sulfuric scid on diphenylamine. They also in-
:vef,stigated the use of chlorosulfonic acid as & sulfonating agent. A4t
temperatures below 90°, an métable erystalline addition product,
"GLAEBSH-NH(GGHB)Z , 1s formed in nitrobenzene solution. This decomposes
’rapidly at higher temperatures, giving nuclear substitution products,

‘@ither mono~ or disulfonated diphenylamine being obtained according to

the proportions of chlorosulfonic scid and samine used. The results are .

given in Table IV,

TABIE IV
Mols of GlS0zH per Mol % of
mol of (Cgiy) HH Divhenylamine Divhenylemine Diphenyl-
monosulfonie disulfonic amine (un~
acid scid reacted)
05 &5 5 70
1:0 38 22 40
1.5 34 50 16
20 4] 99=1.00 0

. . . . L] L ® . . - *® L] L] . * * L ] [ . »

7y ) . O
{7} Djiewonsikl and Bussocki, Bull.intern.acadepolonaise, 19294, 5063
Chemahbe, 25, 1503 {1931}e
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e (8)
- Straka and Oesper prepared & dirhenylamine monosulfonic

: ‘aci‘d, which, since its sotion as & redox indicator is not the
| me, is probably an isomer of the acid previously described,
; ‘Th.a acld wes prepered by heating 50 g. acetyl diphenylemine
with 40 g+ of an old sample of ethyl sulfate on & water bath for
b hours., The solution was then refluxed with & solution of sodium
. 8thylate prepared by dissolving 7 g. sodium In 200 cce ethyl alco-
hole. When the original dark solid had become white, the elaohol
. was removed by distillation, the solid residue was dissolved in
: "?&t’ar, snd the solution extracted with ether to remove any unre~
' soted diphenylemine. After the ether was removed by aeration, the
in’iution was treated with concentrated sodium hydroxide solution
,kuntil a permanent turbidity was obtained. On standing, the golution

'kéia‘ixasited a voluminous white precipitate, the sodiwm s2lt of diphenyl-

amine monosulfonic aoidé.
(?)
Cohen and Oesper ghowed that ordinary ethyl sulfate did not

- ghve the above product, but that it could be obtained with n~butyl

gulfate. The p-toluidine salt of thls diphenylemine monosulfonic acid

wes found to melt at 196197 e

- . ] » [ L] . L [ . L L L] [ ] L] * o - L] L *

EURTE TR ) . ’
(8 )

Streke and Oesper, Ind.Eng.Chem. {4nsleBEd. ) &, 465 {1934);
Strake, Ph.Ds Thesis, University of Cincinnati, {1934].
(%) .
Gohen snd Oesper, Ind.Eng.Chem. (4nal.Ede} 8, 364 {1936 );
Cohen, FPh.D. Thesis, University of Cincinnati, {1936}

R . . .
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~ M@.@.W agide Use as redox indicators

k’ ~ Sarver and Koltho:t‘f‘ a wore the f£irst to introduce diphenyl-

smine monosulfonic acid as & redox indicator. They showed theat it
: hsd soveral advantages over the unsulfonated amines solubility in
water, & strikingly sharp color change, snd sbility to funotion in
ﬁha Ppresencs of bungstates.

The oxidized fomm, diphenylbenzidine sulfonic acid violet, has

& reddish violet color resembling permangenste. Its absorption
moetrmn in the visible range resambles that of diphenylbenzidine
vfialet, althdugh it absorbs more in the rede The speed of formation

of the color depends on the oxidation potemtial of the solution.
Thus, with permenganate in acid solution { normal potential, le69 v.
"égainst normal hydrogen electrode at [Hjsl ), the color develops
’a'.':mtantly. With diohromate {normal potential, L1l¢3 ve. against
normal hydrogen slectrode at [H"]sl), even at high hydrogen ion con-
~ centrations and v«rith 8 rolatively great excess of oxidizing agent,
_the color change is slower than with diphenylamine, but the presence
of ferrous iron accelerates the rate of oxldation tremendously (in=-
| duced reactionje The violet color is very marked, and titrations
ean be mads even in highly colored solutions where diphenylamine
can not be used. The color change in sn iron-dichromate titration

. . L] - [ ] . . . » . » - L] [ ] ® - L [ ] L

el e e
10) . )
( " garver and Kolthoff, J.Am,Ohem.Soc., 53, 2902 {1931 )e
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tékas place at a potential of about «83 =~ +84 ve {against the normal
hydi'ogen electrode) in sulfuric acid solutions between 05 and 240
normal,

{11 } ,

Kolthoff and Sarver also extensively studied the use of di-
'fﬂ;énylamine sulfonic acid in iron-dichromate titrations. They recom-
@9”'3 using 7 to 10 drops of »2% solution of barium diphenylemine
sulfonate in a volume of 100 to 250 cc. when «1 N dichromats is
used as titrante The solution should be «25 to 3,0 N with sulfurie
or hydrochloric acide Approximately 10 cc. of 25% phosphoric acid
ghould be present for each 50 cc. of solution to reduce the oxidation
potential of the ferric ~ ferrous ion systeme.

o Although the indicator correction in iron-dichromate titrations
is somevhat greatgr for the sulf‘onated compound than for diphenyl-

énii~ne, Kolthoff and Sarver recommend the use of the sulfonate because

of “1ts other advantagess
(12) ‘
Willard and Young were the first to suggest the use of sodiwmm

diphenylamine sulfonate for the detemmination of vanadium in steels
;containirzg tungsten, whose presence interferes with the indicator
sotion of diphenylamine. The sample, after golution is camplete, is

kc‘xidizeé with permenganate in the cold and the excess pormanganate is

-destroyed by sodium &zide. After the excess of azide is removed by

» L] [ L] ® L] - L] * * . - L ] L] [ ] ] » o . L ]

- afl }0

Koltnoff and Sarver, J.imeChem.Soc., 523, 2906 {1951 )e

12 » - |
( }Willard and Young, Ind.Eng.@en. {Anal.Zd. } 4, 187 {1932 ).
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bolling, the vanadic acid is titrated with ferrous sulfate, using
,stim diphenylamine sulfonate as indicstor, 4An indieator cor-
kxection, wiich may be determined by stendardizing the solution
i &gaingt & standard steel, must be useds If the indicator bsfore
_ﬁs‘e"is subjected to oxidation with dichromate until the color has
‘f""t’)’e:eomé purple, and is then just decolorized with ferrous solution,
no blank correction is N8GeSSArYe.
: (13} :
Willard and Young also recommend the use of thig indicae-
- %or for the determination of chromium and venadium in tusgsten
stesls,
{14)
Kolthoff and Lingsane used divhenylamine sulfonic acid in
‘ ﬁha dotermination of uraniums The hexmvalent urenium was reduced
k,to the quadrivalent state in a Jones reductor, excess of ferric
: M‘{sto{i’ia’.ﬁion was added, and the ferrous iron thus formed was titrated
| ﬁrl"th dichromate. 1t was necessary to add the ferric iron because
the uranyl ion ivhibits the speed of oxidation of the indicatore.
fhe ?rocedure may be applied to the indirect determination of

éﬁall gmonrts of sodium by precipitaeting the sodium as sodium zine

:mn;fl scotste, ond detemmining the uraunium as before.

15) _
Bermet% ?'ecommends the use of the berium salt of diphenylsmine

* ‘. L] ] . L) L] * L . L] » ® - ] * . . L] L] L] L] L]

13 4
( Wilard and Young, Indslng.Chems {nsl.Bd. ) § B, 154, 158 {1933 )e
1
('8 71 {1933}

913

Kolthoff and Lingane, J..m.Chem,Soc. 55, 18

WeBermott, J.hmeChameSoce, 5B, 277 (1934 )
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: Sulfcnic acid for the detemmination of wranium using pemmangsnate,
| since the use of the indicator made the color change so distinct
"that the usual correction for the masking of .the end-point by the
’greken uraniun solution wes not uecsssary,
| Dghenylamine sulfounic acid may alsc be used as indicator in
“‘l’;he dotermination of cobalﬁtls). The cobalt is oxidized by sodiwm
: }:Pbar'borata, the excess of perborate being removed by boilings The
- solution is then treatsd with excess ferrous iron, and the excess
. ferrous iron is titrated with dichromate, using diphenylamine sul-
“fonic acid as indicators
: In the colorimetric determination of nitrates, diphenylsmine
a.nd diphenylbenzidine may with gdvaz(x]{f,?%e be replaced by the sodium
salt of divhenylamine sulfonic acid . The chief advantage lies
,'inthe fact that the color developeJ is more stable.
| Leng reconnnendiar;imenylemine sulfonic scid in the determin~
(48]

ation of manganese , When reducing trivalent manganese with

_ferrous sulfate. The indicator is vartioularly usefulliin the

i)résence of tungsten, but it can be used only for small amowuts of

: 'ma.ﬁgs.nesa.

‘ [ ] . . [ [ ] L) ® [ ] ] [ ] [ *
: (16}
Sarver, Ind.Zng.Chems (Anal.Ed. ) B, 875 (1933 ).
oy

 Kolthoff and Noponen, Jeim.Chem,S50Ce, BB, 1448 (1933)e

1
lang, Zesnal.Chan, 1-_9_2;, 8 {1955).
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(19
Leng and Gottlieb use diphenylemine sulfonic acid in the

 titration of gquinguevalent molybdemmm with vanadate solution. The
direot titration is not possible with diphenylemine, and it is neces-
. sary to add excess vanadate and back-titrate with ferrous solution.

. fhis is avoided with the sulfmated compounde If the indicator is

o pre~oxidized, the color céxoarge arises more rapidly.
e (203

Stegeman and Englis recormend the indicator in the deter-
mination of reducing sugars. The cuprous oxlde, precipitated by tha
' aetion of reduecing sugars on Fehling's solution, is dissolved in di-

fk;,~ah;‘rm;ata, and the excess dichromate dejermined with ferrous sulfate,

using bariwn diphenylemine sulfonate as Indicatore

kcoocoo---....a»..n.o0000ooono¢oooo
{191
: Lang and Gottlieb, Zeanal.Chem. 104, 1 (1936}

(29

Stegemen and Englis, Je.hssoc.0fficial Agr.Chem. 19, 480 (1936);
Ghem.Abs 30, 7067 (1936}
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'Bﬁ.@ enylamine monosulfonic acid. Mechanism of color change:
- The mechanism of the reaction by which diphenylamine sulfonic
| : aoid ls converted into the highly colored oxidation product has
_been studied to some extent, but most of the work has been done
With the parent substance, divhenylamine, since it is helieved
that both the reactions are essentislly the same,
The first explenation came from Baeyer, who postulated that
~ the o?%i:; was due to & salt of the then unknown diphenylhydroxyl-
. pmine . This he belleved to be anslogous to triphenylosrbinol,
- Which was mlo'gzé to form colored saltse
W’.’Laland( ‘), after considsrable study of the guestion, put
Q}fai‘th the following explanation. The first product of the oxida-

- fion of divhenylamine is tetrarhenylhydrazine, vwhich adds acids

- to form guinoid-like saltse

oD

QE~N9 i QN-N&@?H2
o 0 7 S

red rb\n-m/o
g O

Phis unstable salt decomposes to form one molecule of divhenyl-

smine and one molecule of divhenylchlorsminge

: L 3 (2130 * -« . L . L 4 » . * e L4 * L » L4 L] L] »
‘ 4, Baeyor, Ber. 38, 583 {1905).

23 |
( 31’3:1@1%@, Bore 39, 1499, 5036 (1906); 41, 3478 (1908); 43,

5260 {1910); 45, 495 (1912); 52, 686 (1919); Aun. 381, 200 {1911)}e

el
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%ﬂ““\\o T OmO ng

’ Two molecules of the chloramine thus fommed then condense to give

. ~ @ivhenyldihydrovhenazines

§
=X %-m —2 (j\::g-t-mm

This substance adds hydrochloric acid forming & greemn, quinoid, salt-

. 1ike addition product,

e ¢ cL

W o o |
seieys
g

’which oxidizes to give the corres;gondzng perazonium compound, the
":s:'apposad observed blue oxidation product,.

Kehrman and Micewig:p a)nd Kehrmazmend Roy ( 24) postulated that the
- first stage of the reaction is the formation of tetravhenylhydrazine,

: vmich rearranges in acid solution to dirhenylbenzidine, The diphenyl-

benzidine is then oxidized to & guinoid compound, diphenylbenzidine

violet, which i1s blue.

& » L] * ® L] L] L] » ® » ? L - » . - [ L s . . ®

(2

Kehrmann and Micewicz, Ber. 45, 2641 (1912},
(244

Kehrmenn and Roy, Bere 55, 156 {1922).
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B

oy B O&'*&\D SO O
B H

C}?Q"D":D' B o= O
H H

(B5)
melnnd himself later rejected his first proposal and meptea

tha mechanimm just given, but he omitted the fomation of tetrerhenyl-
hvdl‘&zina a8 an intemmediate.

| ‘- m:mann and his goworkers also poastulated that the slightly
k"l‘oiuble green oampound which is sametimes foimmed as an intermedisate
5 131 the oxidation of diphonyismins is a moleauila.rﬂ occmpouhd of diphenyl-
bmidim and diyhenylbenzidine violets According to more recent

- ﬂm, the green insoluble compound is not & di- but & monomolecular
compound of the semiguinone tyre, in Waich only one elsctron has been

2 27
10:#5 ‘aarvor and Xolthoff by means of potentiametric titrations

‘rt‘onoooaoooooooooooovooooo

29 |
H. Wielemnd, Ber. 4§, 5298 (1913).

26
( ,mmmu, GhemRev, 18, 243 (1935); Weitsz, Z. Electrochem,
,&, 538 (1988)e

zv)
‘ “Sarver and Eblthoff, J.m.m.soc., .52, 24 usam.
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ma that in the case of diphenylbenzidine sulfonic aeid ( &n
mtameda.ate in the oxidation of diphenylamine sulfonic aoid)
the semiquinone and not the meriquinone was formeds

H ‘ B "___n

- — O K{}QNQ+ ;++ e

-—"-—H- -—.

O”'C}'O"‘Q - {¥= S Y A

- While the foregoing explanation is rather generally mepted.‘z ’
: 8
~two other mechenisms have been offered. HKadelung, Reiss, and Herr

tual d the blue and violet compounds obtained from the para sub-

‘ :qkitutiedk derivatives of di- and triphenylemine and from the eorrespond-
ang benzidine compounds, and oconcluded that the color is nmot produced
bya quinoid strusture but by sddition compounds of the amines with

t’k’i.‘narsanio salts, whose strustwres can be interpreted by the Werner

7 ‘&aeory. Weitz and Sehweehtm(zg )pos’mhtad & similar explsnation, but

v regard nitrogen s the centrel atom of the emmoniwm-like complex,

m:eoas Madelung, Reiss, and Herr believe the metal atom is the central

: @iﬂo

70000oiooococoooogc-ooo..
e 1927}
Madelung, Reiss, and Herr, Aux. 454, 7 ( .
@)

Witz sud Schwechten, Ber. §9, 2307 (1926); 80, 545 (1927 )e
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ﬁphonylmnin; d sulfonio acid (4, 4"!) wes first prepered by

ﬂu‘l and Welth in 1872, The direct sulf.mtien of dirhenylsmine
y;th eoncentrated sulfuric soid was found to give both the mono-
&nﬂ digulfonated amines, which were separsted as the barimm salts.
Eh.o barium salt of the monosulfonic acid is only slightly soluble
" u oold water, while that of the disulfonic scid is readily soluble.

The mother liquor remaining after the deposition of the barimm salt
- Qtthe monosulfonic acid ia treated with alcohol, and the resnulting
| kimoeipitate of the barium selt of the disulfonic acid is dissolved
!.n 8 little water. Flower-like crystels of the dihydrate aopurato
5 ' $.£ the aqueous solution is allowed to stand over concentrated sul-
, tm.-lc acid. 1)

 Gnelm and Werdenberg obtained the barium salt of the &i-
3% mlfmate by heiting diphenylsmine (80 ge) with sulfuric acid mone~
~ Bydrate (17 g.) for 3 hours at 120-140°, and slaso by heating di-
‘l_,mmm (100 g.) with olewn (200 ge) for 3 hours st 110-120%

" he potassium salt was cbtained by sdding an equivelent smount

ef 'pe'eaaaim carbonate to & solution of the barium salte On adding

-000000000000000000

59
K ,llarz sad Veit, Ber. 5, 265 (1872); &, 1613 (1873)e
i Guelm snd Werdenberg, Ze sngew.Cham. 12, 1051 (1899).
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: m.’t to the filtrate, white orystals with lo5 molecules of water
:' ’*F.P“l‘@ﬂo The copper salt was formed by evaporating the filtrate ob-
© taiaed from the double deomposition of solutions of the barim selt
mot copper sulfate. It is readily soluble in water and contains
- irueleeules of water of orystallization.
- Om evaporating & solution formed by pesaing hydrogen sulfide
S»n?kp an aqueous solution of the copper selt, a thick dark blue syrup
:,’;' o\itained vhich does not solidify, although under the miecroscope it
“ .erad to consist chiefly of amall needless It is readily soluble
;,13.11 alcohol and waters (52) 4
miewonsk& and Russoaki obtained the disulfonie aeid by the
: u‘kien of excess ahlorosulfonds scid on & solution of diphenylamine in
: ns,trebenzm at 110-1156% The prodnct was obtained as the magnesimm
ult, which has 2.5 molecules of water of orystallization. The anilide
:aﬁlta at 259% (3%
mmanylmina élmltons.c acid (2,4) was £irat prepared by Fischer
ht 1891 by the action of eniline on l~brembenzenedisulfonic acid (2o4)o

. @he first product obtelned is the aniline sslt,

Br
(o

Sghe (T HUHp
‘ e ¢ °
R X . e & 0 ® © & & & & o * . e & & 6 & & ¢ & 0 8 O . o & 0o & & O [

e ‘a ’Ddimnaks, and Russoaki, Budle intern. acad. polenaue, 19294, 566;
 (nen. Ab., 35, 1503 (1931)e

E 5
¢ P, Pischer, Ber. 24, 3807 {1891 )e
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stallizes fems water, in which 4% L recdily »

ous plates. It 4s almost fnmelwbls in alechol, bt is wlwdle
tion coswrs vhan the aalt is xeflusnd in

Mw&mmmm

By
SeHA{3-Va,, 9_» %so3ﬂ'D'”“”

SDBH'O'NH?U

SoaH -{-NHa,

maﬁm*mﬁﬁm s0laoule: |

The satlide of the soid foms yeliow grystals, meliing i
lﬁ*':. Iz is bost peepared by ing drombenk
7& wxsoes ssiline, e resstion mizure 18

hmxmm and silghtly soludle iﬁiwl a|md WRLAYs
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naghthalens fromc\ ~naphthylamine, the redusticn of the 850 to the
e er compound, and the resrrangement of the hydrazonsphthalene to
~ §ive naphthidine,

IS s BN we
o0 []j-’g-”éﬂ 7 @

: Naphthidine is only slightly soluble in water, & disadvantage
- 1n 1ts use as a redox indicstor, It was thowght that naphthidine
| m’fd.'gm.e 8cids would possess all the advantages of nayrhthidine as &
;: mdez indicator, togcébpr with the additional edvantege of solubility
 in water. It was oxyeoted that the naphthidene sulfonic acids oould
‘Nl prepared in & manner anslogous to the preparmtion of maghthidine.
v i yruégsaﬂeﬁyed that diasoniun sslts of naphthalens and 1ts derive-
t#.'us give the corresponding azo oompounds when treated with sulfur-

ous scid or its selts.

"‘ e ® & e & & ¢ e ©& ¢ & 0o & & o o O 9
(261 |
M, Lenge, D.R.Pe 78225, Prdl. 4, 1016,
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In this wey the sodiwm salt of azonayhthalene (1,1') disulfonic
@cid (4,4') was obtained from nsrhthylemine (1) sulfonic soid (4).
’ - m product appeared as amall yellow plates, slightly soluble in cold
S :ﬁtbr, and difficultly soluble in hot water, Similarly naphthylamine(2)
Wen.tc scid (6) produced the sodium selt of asonaphthalene (2,2¢) ai-
o "Qﬁlronlc acid (6,6'), bright yellow plates, difficultly soluble in water.
S It has been gouna(w’mt sulfonic soid derivatives of(1,1) and
; ?"'(2,3')‘ #zenaxhthalane when trested with slkaline or scld redusing sgeuts
; m $wo atoms of hydrogen to diaminodinephthylsulfonio acids, Which
A ncy sjii's out ammonis, forming the corresponding dinaphthoiminosulfenie

" aocidse

—N= O0sH THI H VH,, soyH
R el ve it s ORiee)

Thus, when azonaphthalene (1,1') disulfonic acid (5,5') ;s reduad

 "0 ..,¢.-tooo-ooooooooooooo

37 o -
f ( )mlle and Go., DeR.Pe 343149, Frdl, 13, 296 (1921)e
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. Vﬁ-th stannous chloride in concentrated hydrochloric acid selution,

&n 8cid 1s obtained in the fom of colorless nesdles, difficultly

soluble in hot Water, Its aliali salts sre resdily soluble in
mer. With nitrous acid 1t gives & yellow, difficultly soluble
- diuu compounds On heating with dilute hydrochlori¢ acid at 1409,
mnia is split out. A weakly alkaline solution of the asid on
standing with sodimn smslgem forms diamino (1,1') dinaphthyl (2,2¢).
‘From these reactions 1t may be conoluded that the scid is dismine (1,1')

 aizapnthyl (2,21) disulfonie sofd (5,5')e

gﬁ@j FG’UQ‘

So3H
So,A SOy H

| ,I’r.on or zinoc and dilute mineral acids can 2lso be used as redusing
 agents in this resctions
e Dinaphthoimine(l,1?) disulfonic acid {4,4') is obtained on
| ?Muation of a.zonaphthglsno (1,1') disulfonic aoid (4,4') with

i m alkaline solution of sodimm hydrosulfite or with ging dust and

Reproduced with permission of the copyright owner. Further reproduction prohibited without pefmission.
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sodiwn hydroxide, This s&cid caunot be diazotized, and fomms dinaphtho-
ka (1,1'] on heating with mineral acids at 130% Similarly
uomphthaléna (2,2¢) disulfonic acid (7,7') undergees reduction

as showmn in the equation previcusly givui,
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EXPERIMENTAL

o Sulfonle Asides

Phe preparation of diphenylamine monosulfonic scid by the method
o (38) ’
~ 0f Eolthoff and Sarver was repeateds This method involves the

' : Qﬁ?’cylation of diphenylamine and sulfonstion of the acetylated amine
e vnﬂa ‘:wn:lng sulfuric acide eHs

‘:‘ (L‘H 300):\.0 ;°

‘ « H
oS O B O Cega

(39) ’
Kolthoff recamends Clsus' method of preparation of acetyl-

Mﬁhonylsmine, in whioch equimoiecular quantities of diphenylamine
- _ | ”and agetic axhydride are refiuxed for one hour in the pregenm of &
- ‘few drops of sulfuric acids Kanﬂnann“e’ states that a better yleld and
il ~ s 'Mor product can be obtained by retluxiné diphenylemine end the
' 'aioulated quantity of acetlc arhydride in xylene solution for two
’ff:hé'ars. Both methods were trieds If camuercisl diphenylamine was used,

,”:f,.‘.....gct....GO..Q"OOO

4 ‘)Kolthoff and Sarver, J.AmeChem.Soc., §8, 2902, {1931}

{29 ;
; ( )A. Claus, Bers 14, 2366 (1881j.
(401
s A. Reufmaun, Ber. 42, 3480 {1909}
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abrm product which could not be recrystallized from ether, as sug-
gntoja by Glaug, was obtained by both methods, However, if the amine
is first purified by distillation, Kaufmann's method was found to
g};‘zela pure white product in B7% yiql;lo | »_
| Kolthoff*s method of sulfonation was then tried. The sulfonation
_mixture was heated With weter after the sulfonation had ocourred to
hydrolyzo the acetyldiphenylemine sulfonlic aold to @iphenylamine
salfonic acid and the wnreacted acetyldiphenylemine to diphenylamine.
lhtdﬁ.mmwlmim obtained in this way was weighed, in order to determine
tho extent of the sulfaation. In one trial, 874 of the original scetyl
‘%ﬁphwlmine was recovered unsulfonated as diphenylamine after hydrolysis.
In ‘another trial, a 21,7% yield of the barium salt efn the monosulfonio
,fq-a:ld‘ wa# obtained, ‘.Ehis’ caloulation of the yleld is based on the tptal
“"ié}ﬁtyldiphenylamine used.
- Since the foregoing method gave rather unsatisfactory results, it
was deoided to attempt to prepere the diphenylamine sulfonie @cid by
. :éthar procedures. Direct sulfonation with N-pyridinium sulfonic aocld

Sl (413
was first trieds 1t has already been showmn ~ that this compound is

m excellent sulfonating agent,

Fe-pyridimiwn sulfordc acid, JHJ/V SOy » was prepared according to

‘ the method of Bsuwngarten and Marggraff. The acid was obtained as pure
white orystals in 85% ylelde

| | [ * [ 4 -4 - ‘. * [ [ ]

o occo’.‘oooooqo

“un;marten, Ber. 5§, 1166, 1977 (1926); Baumgarten and Marggraff,
Ber. §4, 1584 (1931)e ;
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The action of N-pyridiniwm swlfonic acid on acetyldiphenylemine
v&i firat tried.
82,5 g. acetyldiphenylamine was heated at 160~170° with 41 g.
Bnmidinim sulfonic acid for 8 hourss The réaation mixture was then
 ' poured into 600 oc. water, hydrolyzed by beiling for 8 hours, and the
‘ lelution was filtereds &26.0 g. wnreacted diphenylamine was recovered
2 : 111 thu way, Since the 32.5 g original acetyldiphenylamine used
Would give on hydrolysis 26,0 g. diphenylamine, it is evidemt that
vkxwidinim sulfonic acid has practically ho sction on asetyldiphenyl~
'fmine.
‘The action of H-pyridinim sulfonic acid on diphexylamine was
 next tried.
| 8¢5 g+ diphenylamine and 7.9 g« N=pyridiniwm sulfonic acid were
e heated for 1 hour on the water bath and then on the oil bath at 140°
| :tbrM hours. Hot water was adddd to the green, glaasy mixture, and
t}n inaolnble, unreacted diphemylamine was filtered off. The water
| “,‘iiué,lntion was extracted with ether in order to remove the last traces
f ot dpheuylamine, Concentrated sodiuwn hydrexide solution was then
&dded antil the solution beeame turbide The heavy pele yellow gelatin-
_ ous precipltate which formed on staunding was filtered off, dissolved
ki'n’ ethyl alcohol, and reprecipitated by the addition of ether. The

a,ﬁlt ‘was again dissolv@éd in &lcohol, oarbon dioxide was passed in until
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]thére was no further precipitation of sodiwm carbonate, and the
ﬂitrate was conoentrated to ineipient orystallization, B5ince no
ﬁfppmciabla amomt of precipitate was fomed on eooling, ether
 wes 8dded. The white precipitate Wil fomed was filtered off
mﬁ dried.
' With excess dichramate in hydrochloric acid solution, a water
| sélﬁtlon of the salt gave & deep purple color, similar to that given
| 'hy Kolthoff's indicators
e ptoluidine salt of the diphenylemine sulfonic scld thus
_obtalned was prepared according to the method of Fieserua). After
- ome recrystallization from water, the salt melted at 196-199°% The
ptoluidine selt of Kolthoff's diphenylemine sulfonis soid was also
 prepared by the same method, mnd melted st 198-1990 A mized melting
 point of the two p-toluldine salts exhibits no depression. The two
aulfonio scids are therefore identical, Cohen and oosyeggoua thet
the diphenylamine sulfonic acid prepered by the action of butyl sulfste
on ’M];henylamine gives 2 p-talumine salt melting &t 196-197%, and
| 2m an oxidized product which differs in color from that produced
: £m Kolthoff's acid. The two sulfonic acids are therefore lamers.

'6‘,»0’00000060'0ocoooeooooo
- {e2)
L. Fleser, Experiments in Organic Chemistry, New York: Heath
and Oo, (19553, P» 1406

) | |
‘Gohen and Oesper, Ind.Eug,Chem, {(Ansl.Ed.) §, 864 (1936); Ochen,
Ph.D, Thesis, University of Cluoinnati (1938).
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| ‘ Sulfonation of diphenylemine with N~pyridinium sulfonic acid
8ives excellent ylelds, as was shown by Table Ve However, the

TABLE V
~ Diphenyl- Nepyridin- Time  Temporature Dirhenylamine
. amine ium sul- Hours recovered un~
8¢ fonic acid sulfonated
e 8e
17 24 ' 6 150~170° o7
17 32 6 150~170° 1.8

_’kﬁuglgtian of the diphenylamine sulfonic acid as the sodium salt
ozsarod difficulties. The salt separates from the solution on the
: kgav,‘dﬁition of sodiwm hydroxide as = gelatinous precipitate, and is
quite ocontaminated with alksli, 1t was found impossible to re=-
 ';6§§§§¢111=0 the sodium salt from water, sinoe it is too soluble, and,
é‘n, evaporation of the solution, it forms & gelatinous mass. If the
~ Sodiwn salt 1s dissolved in ethyl alochol smd reprecipitated with
Oﬁhﬁr, 1t forms a white powder, but there is a ‘50% loss, Similay
 results wero obtained using methyl alschol.
1% was therefore decided to attempt the isolation of the diphenyl-
mins sulfonic acid as the bariwmm salt. The following procedure was
md. Diphenylamine amd Nepyridinium sulfonic acid were heated to the

mma 6anpamture for the stated length of time. The green, glussy
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resstion mixture was dissolved in water, the insoluble unreacted di~-

phenylamine filtered off, and excess O.Ps barimm csrbonate addede

. The sugpension was heated for 30 minutes, eooled, and filtered.

The

£1lter oske that conteined barium diphenylamine sulfonate, bariwmm

 sulfate, and barium oarbonate was extracted with hot water.

On

 _adoling, s precipitate of bariun diphemylanine sulfonate was formeds

Mﬁoration of the solution gave a further yleld of salt.

~ obtained are given in Table VIe

TABLE V1

'f.:myhanyl- Nepyridin- Temper-~ Time Mphonylf- Extrac~

. amine fwn sulfon~ ature Hrs.

B io acid~g,
16 30 160=170°C 245
18 30 150-170° 5.0
: 15 45 150~170 © 2.5
A8 60 160~170° 2.5
1 30 130° 0.5

= 2N

anine
recovered

8o

1.7
le®
Q.6
040
1.0

The results

Yol, 3Ba *
tion liquid sfber salt
0Ce ovapO— &

ration
800 100 6.8
800 drynaas 10.0
800 9.0
800 " 1040
800 jod 3eb

!hogretieal yield of bariun diphenylamine monosulfanate from 15 ge

ﬁxmyl&alno is 2841 ge

It is ovident from Teble VI that a considerable fragtion of the Ai-

y}mzylmine sulfonic soid formed is not obtained with this procedure,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Wumtod &nd the amount of bariuwm diphenyleming sulfonste ob-
tained are quite great, Since the barium salt of Kolthoff's seid
'ms‘kéewn to be only slightly solubls in ¢old water, and iinoo this
- muld kbg preotically completely isolated by the procedure used, 1%
| ms thought that either another iscmeric monosulfonic acid having &
jé;gblo barium salt was fomed in the resstion, or that possibly
i~ Bp trisulfonation was oogurring.
| To test this posaibility, 15 g. diphenylamine was heated with
Mg. Nepyridinium sulfonic acid at 130° for 2.5 hours. The reastion
. éixture was treated with 100 oce hot water, the unreascted diphenyl-
~ amine (1 g.) filtered off, and excess barium carbounate sdded. The sus-
' "fgojﬁ:xi’on was then heated to boiling and filtered hote On cooling, 3.6
8¢ of the white barium salt precipitated. After s second extraction
Qt'she mixture of barium salts with the mother liguor, 2 g. sdditional
of barium salt was obtained; a third extrastion ylelded nothing. The
- é,elutlon was then evaporated to dryness. 2645 g. of & pale greah soliad
tg;a thus obtained, making the total yield of probsbly mpui'e produst
533. The theeretiéal yield of barium diphenylamine monosulfonate from
15 "g. diphenylemine is 25.1 &e
: e sbove experiment shows that sulfonation of diphenylamine with

f%wiainim sulfonic acid gives at least two products, ene forming &
barimn salt slightly soluble in water, and the other & barium salt

~ readily soluble in water. |
.  Similar results were obtained when strontium carbonate was subw-
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,sﬁgutad for barium carbonate, indicating that there is likewise a
srbb.t difference in the solubilities of the strontiwm salts of the

, tm productse The strontium salt of the acid giving me slightly
soluble barium salt was prepared by double descomposition between

ﬁ“'mlution of the slightly soluble barium diphanylanine’monosulw

, tonate and strontium sulfate, The strontiwm salt was obtained as
kﬁi}i’cv’o minir;g orystals, 4nalysis gave the following results: 3446

N g. gave +«1108 g. strontium sulfate, corresponding to 15.31% strontiwm,

: (MG’ﬂlﬂted for 0343“1! 282()6&-‘ s 16,014 strontium, )

L The two sulfonated products were prepered and separated in the
Sﬂllwing manner, to determine whether the acid having the soluble
b‘rmn salt was & mono~ or polysulfonated diphenylsmines 10 ge
:;ga_,phqnylamina and 20 ge N~pyridiniun sulfonic acld were heated at
‘;i,éze“ en an oil bath for 1 hour. The mixture was then boiled with

; :1.’56 cc. water, cooled, and the unreacted diphenylemine (1.5 8e)
 filtered off. The filtrate was diluted to 700 oo,, excess O.P. barimm
; mbonate was added, and the mixtwre was heated for 20 minutes and
tiltored hote The filtrate was evaporated on the steam bath to

: 50~-60 ac., snd the light grey precipitate,A, which had fommed wes
“‘i,ﬁltgxed offe When dried it weighed 4.5 ge The filtrate was then

evaporated to dryness. 16.5 g. of & light grey powder, B, was thus

obtained.
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; - Precipitate & was analyzed for bariwm by heating & weighed
‘p‘oﬂioﬁ (dried at 110%°for 2 hours) with concentrated sulfurie
| a01d. 45430 and .5205 g. geve 1957 aud .1862 g. barium sulfate
. :e\si;’pvnotively, corresponding to 21,357 end 21,26% barimm, or en
gvorage of 21,276 bariun, The calculsted percentage of berium

- 1n bartwm diphenylamine menosulfozate, Oy Ea o850 6?&, is 21,66%,

mioh indicates that A "1; the monosulfonate,
: The p~toluidine salt of 4 was prepared sccerding to the method
_of Fleser. It formed pele purple orystals, melting at 800-201°
~ after one recrystellization from water, BSince the p~toluidine salt
“éif;,xaltsheff's indicator has & melting point of 198-199°, and since
tho sblubilitiaa of the bariwm salt and the color of the oxidixzed
tmn are apparently the same, the two salts are probably idemtiocals
| Precipitate B was analyzed for barium by the same method as
 was used for A. +6AB7 snd 5649 g. samples of B gave 42589 and
8048 g, barium sulfate respectively, corresponding to 21,84 %
a4 21,726 bertm, or an aversge of 21,76% barium (Caloulated
r fﬁ? barium diphenylamine menosulfounsie, 024336“233963" 21.68%
7 ’:iﬁa.riwn.v} Tnis salt is also, therefors, & bariws diphenylamine
'#eﬁomlfanate, and 18 an lsogmer of Ae The p~toluidine sl eould

{44)
nat be prepared either by the method of Fleser or of Kem .

"00‘0.000.oocoghh_qogooooo
44)

( 0y Emumm, Qualitative Orgenic Anglysise New York: Wiley and Coe
(1935)0 Pe 157,
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‘This salt is probably identical with the dipheunylemine sulfonw
ie acid prepared by Straica and eesyeg‘ﬁd Cohen and Qesper,(fﬁmo
1% (gms with dichromate and hydrochloric &cid & red-purple solor,

not ddontical with the color obteined with Kolthoff's indisators
v It was next decided to try the effect of solvents on the re-
; ‘Qféﬁion betwesn diphenylemine aund N-pyridinium sulfonic scid, Foxr
m; purpose, benzene was suitabls, since it dissolves diphenyl-
e m.’me readily sud N-pyridiniwn sulfonic ecid So a lesser extent,
| m effect of K—pyrid:lnmn sulfonic aeid on benzene slone was
A ﬁm trieds 5 go Nepyridinium sulfonic acid and 50 os. benzene
m heated on the water bath for 2 hours. The solution was then
ﬁmtod with 100 ocs water, the water layer separated, and exoess
i a;r, bariun carbonate addeds The solution was hested %o bolling,
: tglto:ed vhile hot, aud evaporeted to dryness. O.4ge. of a white
sela.d which contained barium was obtained &s & residue. This
0 qaé.ll amount of sulfonation product indioates that the action of
N*WIAGMM sulfonic acid on benzene is practically negliible.
10 diphenylsmine, 20 g N-pyridiniwm sulfonic seid and

~~,;,ee,g. anhydrous benzene were heated for one hour on the water

0000000000000000000

‘(“’strm and Oesper, Ind.Eng.Chem, (Ansl.EBd. ) 8, 465 (1934},

(“’Oehm snd Oesper, Ind.Bng.them, ‘m]"gd.v’ .ﬂ’ %64 (1956’.
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! lmth' The benzene layer was light yellow, and there was & yellowish
l@i—wlid mass on the bottom ef the filske The benzene was decanted
- 0ff, and the residue heated with 150 co, water in which it dissolved.
!ht §on=ene was extracted with 20 es. portbons of water until no
_ more ;dirhmylmine sulfonic acid was prement, &s was shown by the
£30t thst a few drops of the last wash portion gave only s faint
Mlo color with excess dichromate and dilute hydrochloric acide
This wash liquid was sdded to the 150 co. of water in which the
gnﬁ.duo had been dissolveds; the total volume of water solufion at
: t?:;h"s;ju;point was 250 cce 37.8 g. O.P, barium carbonate (50% oxciui
wis added and the mizture heated to boiling for 30 mimites. The
mlutio:z was then filtered and the residue was washed with water
'ﬁﬁtil free from bariwm diphenylamine sulfmete. The volume of solu~
t&m at this point was 400 cce The solution was evaporated on the
nm batl, but no precipitate appeared until the volume Imd reached
1 gm,ﬁnatély 100 e, The solution was evaporated almost to dryness,
',u’;m’ga.ve 14.7 g« 0of & light grey powder.
 The product was analyzed for barium in the ususl wey and with
the following remzlts; #4928 g. and +6613 g. gave «R685 and .2967 ge
’ﬂt; parimn sulfaté respectively, corresponding to 51.47% and 51.56%
ms.m, an averege of 51.52%4 bariume The result indicates thet the
~ produst consists of & mixture of 49.7% bariwm dizhenylamine trisul-

imta and 50.5% of barium diphenylamine disulfonate.(Gsloulated
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for beriwn diphenylamine disalfonste, O iJi8.0 Ba, 20.53% bertm,
for bariumdiphenylamine trisulfonate, "2}133%013“5' 83,568

[ When these results are compared with thoss obtained under
, iwegous conditions vhen no solvent is used, it iz seen that the
: ‘m’;ﬁonm of benzens facilitates sulfonstion of diphemylamine, since
'with bensene & polysulfonate and not & monosulfonate is formeds
dnother run was made in benzene solution using & molar ratio
- of diphenylamine to Nepyridinium swlfonic acid of spproximately
. 1,1 instead of the 1:2 previously used. 10 g. diphenylamine sed
10 g F-pyridindwn sulfonic acid in 100 g. anhydrous benzens were
i és;rried through the previous procedure. 9’3,3' of a light grey
_powder was thus obtained. The amalytioal ragul’aa weres .5739'3.
and +5988 g+ g8Ve +2843 and .,2983 g. barium sulfate respectively,
~ eorresponding to 29320 and 29.82% barium, or sn average of 29.26%
Mum. This aualysls agrees with the theoretical velue for the
- {:al,i.aulfamated salt (29.52% berium), indieating that under these
’ f eonditions the pure disulfonsated compound is obtained.
| When a ratio of spproximetely 1 mol diphenylamine to 3 mols
’ﬁwpyridiniwn sulfonic acid was used, the other conditions of re-

iof&ian being the same, 16.9 g. of & light grey powder was obtained

~ from lo g. diphenylamine and 56 g+ N=pyridiniuvm sulfonic aecid in
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13@ g+ anhydrous benzens. The product was analyzed wi th the fol~-

: léw:lng rosults. 6433 and 5754 g. gave +3410 and .3052 g. barimm
_sulfate respectively, corresponding to 31.19% and 31.21% barimm,
pra.n average of Ble20% bariws. These results indlcate that the

mduet eonsists of & mixture of barium diphenylamine dlisulfonate

(53.4%) and barium diphenylamine trisulfonate (41.6%).

. e The effect of nitrobenzens on the sulfonstion was next triede
16 g+ diphenylamine, 10 g H-—;pyridinium sulfonic acild, and 100 g. _

Wm were heated on a water bath for one hour, The nitro~
bonzm laysr was brown, and there was a ybllow semi~golid mass
,on the bottoms The nitrobenzene was decanted and the deposit

'fk"'ytnlted with 150 oe. hot water in which it dissolved, The nitre~-
: benzena layer was then extracted with 20 sce. portions of water

ﬁatﬂ a test portion gave almost no purple color with dichromate

| ana dilute hydrochloric acide The wash liquid was combined with

~ the 150 co. of selution in vhich the deposit had been disaolved,
‘The voluwme 8t this point was 276 cc. 1846 g« O.Fs Barimm carbonate

‘{‘l,’(ﬁG% excess) was added the mixture was heated for 45 minutes, &nd
"ﬁltarea While hot. The residue was washed with hot water wutil

; ‘test portion of the wash solutim gave only & faint indicator

: oolore The volume at this point was 600 coc. The solution was

’ ‘Qvagerated on a steam bath to 100 co. and the 2.5 g. of light grey-

Mle powder formed up to this point was f£iltered off. Anslysis
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of "ms product for barium by the usual method gave the following
ruults. +4811 g. and 46881 g. gave +1790 and .1817 g. bariuté

: dnlzate respectively, corresponding to 21,90% and 21.91% barium.

‘_ﬁc theoretical percentsge of barium in the monosulfonated product
. : ii 21,68%, which indicates that the above product is barium di-

- yphenylamine monosulfonsate.

: Phe solution was evaporated to dryness, and 6.5 g. of a light
grey pcwderlﬂs thus obtained, Analysis for barimm in the ususl
my gave the following rosultse +3931 z. and 65738 g. gave 1798
cml «2621 g, bariwm sulfate respectively, corresponding to 26.92%
~ and 26.89 % barium respectively, or an average of 26+91% barium.

_ These results indicate that the produst is a mixture of barimm

*ammmm monosulfonate (83.3%4) and barium diphenylamine
 dimlfonate {66.7%)e

. Another experiment wi th nitrobenzens as solvent using higher

temperatures was triede 10 g. diphenylamine, 10 g. N~pyridinium

- gulfonie soid, and 100 cc. nitrobenzene were refluxed for 1 hour.
m reaction mixture was black, and appreciasble quantities of &
~ black solid residue insoluble in hot Water were formede The mix-

' f‘iturs' was treated with 200 cc. water, and the water layer separated.

700 cc. watdr and 18.6 g. barium carbonate G.f. (56% exoess ) were
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‘, k;gdefdk, and the solution was heated for 45 mimutes and filtered while
. I;ét. The solution was decolorized by heating with animal charcosl
and was evaparated to dryness. 1.8 g. pele tan precipitate was
~ ‘, thm obtaineds This was not analyzed.
‘ From the above results 1t 1s seen that vhile the use of ben~
3 y,konfé,as & solvent facilitates sulfonation of diphevylamine, nitre-
hmm appesrs 4o havé a deleterious effect.
; The direct synthesis of diphenyianine mouosulfonic aoid was
next attempteds riacho:;“”hu shown that the sulfonioc acid groups
orsha and pars to the bzfamine in l-bromobenzene disulfonioc acid 2,4

: perder the halogen suffiociently reasctive to condense with eniline

| feming diphenylamine disulfonic acid 2,4 C)

o R MHa wH
So3H D 503 H
+ 7 + # B+

| It was thought possidle that one sulfonic ssid group pera to the
b!‘m.ine would have the same effect, although to lesser degree, in

rﬁtivating the halogen, so that the followlng reaction might oocours

o

NH&, 'V"H
S%H 503”

¢ o 6 88 © 6 o o o o e e o ¢ & o & o o & &0

(4? ) Po Pischer, Ber. 24, 3807 {1891)
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?ha p-l(azg:;benzeno sulfonic acld was prepered by two methods,
Rﬁw end Doy  obtained the soid in 85% yield by heating brombenzens
"wiﬂz the exact guantity or excess of concentrated sulfuric acid and
& trace of lodine at 100° for 2 hours. The acid was obtained as the
barim salt, from which it was liberated by sulfuric acid. The free
!ﬂid is deliguescent and foms needles melting at 102-3%,
i The method of Bay and Dey was tried, but the yield obtabned
ki!l"a.a enly 27.4% of the theoreticals The scid was not pure white, but
| dlishtly brown, undoubtedly due to decomposition, and melted at
; 93.~§5°, probably because of the pressuce of molsture.
Buntress and t)a,:.'%;e:a(49 ’preyared p-broubenzens sul:ronﬂ. chloride
h;yca ssolving brombenzene in chloroform and treating with excess
: éﬁl@msﬂlfonie acide They report that fluoro- and iocdobenzens, as
well as several other dinalogemeted benzenes, give corresponding
,i~m1£oma along with the sulfonyl dalorides, but make no mention of
-m‘ ooonrring in the case of brombenzens.
Their procedure was carried out, but on a larger scale, 20 ge
: \,f'ﬁtr»hrm;benzona being useds The produst obtained was recrystallized
fraa 'éenzene, and heated with water for several pours to hydrolyze
tha sulfonyl chloride to the sulfonic aeide Some of the product,
jﬁ;gmgyer, aid not dissolve. The solution was filtered, and the

“ . [ [ [ ) L] . . [ ] [ ] L J [ ] L ® 4 * ® [ 2R J *

4a
‘ )ﬂy and Doy, J.Cham.800., 117, 1406 maa).

49)
i ,Euntreas end Oarten, J dm.(‘hem.ﬁoc., ﬁ, 511 (1940)e
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 ;Tf§:wns attemptedy the condensation of aniline and sulfanilic acid
:.a tho presence of either copper powder (Ullmsnn gondensation), or
pvf. benzole aeid(ﬁmor bothe
: 8 ge sulfenilic acid, 40 cc. aniline, amd 5 g. benzoic acid
_wers refluxed for several hours, The mixture Was extracted with
Q‘jfﬁ‘lute solutién of sediwm hydroxide. On 2cidifying a test pore
%Bn, and treating with excess dichromate, no indicstor action was
e : g,‘@éerved, and the expeoted condensation had not therefore occurred.
#imilar experiments were performed using 8 g. sulfanilic aoid,
; 53;'{ aniline hydrochloride, 20 oc. aniline, and o5 ge copper powder,
;V,M"emers using 8 g« sulfanilic acid, 40 cc. aniline, 8 g bensolo
”“ and 5 go copper powler, Again the condensation did not ocour,
| iinad the dilute alkali soluble portion did not possess any indica~

~ tor sotione

,9'.0000..00...09},-oeoco
- {s0) ,
" Bager and Co., DJReP. 71168, Frdl. § 616
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7&5&_ &_.M inines snd Thelr Sulfonstion Eroductus
: manyl%-namnym:m
Fhenyl-yA ~naphthylamine was prepared in 1872 by Girard and
: vw‘” by heating & mixture of f-naphthylemine and aniline
':,hydrwhloride for SC hours in a sealed tube at 88@ s The crude
m&c’s was vaouun distilled, the salt was then formed by pessing
| dry i;ydregen chloride into the benzens solution, and the product
Qﬁta&md by treating the hydrochloride with alkall was sgain dis~
| ;i“,sm.a, The purified amine melted at 58° and was slightly yellow,
ok ’“nut on exposure to air turned red,
Y 8treizf(52 ,prepared phenyl~ o ~naphthylamine by haatix;g aniline
i and é\-*naxh’chylmim hydrochloride in a sealed tube for 30 to 36
,xhours at 240°, Purification was sccompdished by dis’cilla’cion and

rearystalnzation from alcohole The pure product mltodh 62 .
; (83)
Priedlander  obtained phenyl-giaphthylamine in zs% yield

» oooocgocnoooooopooq

(51)
| @irard and Vegt, Bull.soc.chim.(2], 18, 67 emvz(o

-

J. Streiff, Ann 209, 152 (1882)e

‘(55]
E. Friedlander, Ber. 18, 2075 {1883].
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| "é;r.fgdgung a mixture of A-naphthol, sniline, and caleimm chloride
3.3 ;fualed tube., After distillstion, the product was recrystallized
fran ligroin and then from aqueous alochol (M.P. 60%). _
k Xodine was later found to be a catalyst for the condemtien(ﬁ,.
‘,,,kgﬁaqvemal propared the amine in 85% yleld by heating o -naphthel,
~k.,l.n11:lm. and & little iodine at 180—300 and by heating O~naphthyh~
, mm, sniline, and iodine at 225-250°, The phenyl= A-naphthylsmine
j; s p’arifiad by vacuun distillations
. Eadgsen and narsdnn(smfmd that ammonium iodide was & better
s talyat than iodine. They prepared phenyl~A-naphthylamine in
}:,;:,’498,8% ylold (wnpurified) by refluxing aniline (210 g.), A-narhthyl~
mm (221 g.), and sumonium lodide (le25 g«) for 12 hours, the
,' Smpenture rising to 180~-230°. The crude produst, after one re-
:#w;ﬁillization from ligroin, melted at 59 e
o Since phenylwcA-napnthylamine should be similer to dirhenylamine
1n 4indicetor action, it was prepered and tested. The method of
- dgsen and Marsden was useds The product, a heavy black oil, was

:‘N*"txl'astgé with 10% hydrochloric acid several times, then uth dilute
wdmn hydroxid%to remove the acid, and finally wWith pure waters

0000000000-000000000

. (B“E. Knoevenagel, Jeprakt.Chen, 2 , 89, 17 (1914 )s Kuoll axd Oo.,
 D.R.P, 241853, Frdl. 10, 180.

i“~' }Hoﬁss‘m and Marsden, J.Chem.Soc., 1181 {1938}

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



- 47 -

~ Phe amine appegred to be produced in farily high yleld, but in the
' "'mbjéquant purification the loss was considerable, Hodgson and
"Raiz"sd:an had recommended ligroin as solvent for the recrystallization,
| : 'bm the heavy oil was practically insoluble in the ligroin availsble,
: Ene crb.de product was found to be quite soluble in hot gasoline, but
udid not separate on cooling. The amine separated from the gasoline
£ aelati.en as an amorphous mass on stahaing; It was found that the
smine could be satisfectorily purified by dissolving 1t in bhoiling
. mel algbhol, adding water dropwise until the solution wes just
o &Md, heating the solution until clear, and cooling., Vhen the
" product was reorystallized in this manner five times, & light tan
: ery:t;llim material was obtsined which melted at 59.5~60° The
| ;1@1& of parified product was 14% of the theareticale
£ A dilute solution of the amine in concentrated sulfuric acid
,ias,yreparea. A fow drops of this solution gave & blue~-green
7 “;c"alar similar to thet of diphenylamine Wen treatéd with excess
lgtgh:mate in the presence of hydrochloric acid. The color was 4is-

mad by the additim of forrous sulfate.
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- Pmtolyl-d-naphthylanines

L ~ Girerd and 40«&?3?..%3.3 P-t0lyl= A~naxhthylamine by heating
- ;&guwaggpﬁo and p-toluldine hydrochloride in & sealed tube at
g@a The p~tolyl-A-naphthylamine melted at qmo. and was colorle ss
., .uﬁ urned red on expésmre to air. |

Friedlander (7 vegn»uem p~tolyle t\-naphthylamine by heating
‘_ go lawo of cA-naphthel with two moles p~toluidine and one mole calci~
- chloride in & sealed tube &t mmee. The amine was purified by dis-
t4lletion and recrystallization from slcohol(MePs 78.5 ~ 79%)e

g (68}
- Jedine was later found to be a catalyst for the condensstion.

,,ﬂgaqoﬁmw@ preparsd p-telyl-od -nephthyl smine by heating of ~nayhthyl-
Eu.uo and p-toluidine at 260-270° in the presence of & msll emount

of iodine. The product was purified elther by erystallization from

_ »»85“ or by vacuum distillation.

 Hodgson and sgmnoﬁamm_-gqon that smonius iodide was & better

m;arapwwm« for the condensation, The p-tolyl-ch-naphthyl emine was
_obtained in 49% yield (unpurified) by refluxing denaphthylamine (442 gl
,_.umwnpﬁ&% (42 g.}, and smmoniwm 1odide (e35 g.} for 12 hours, the
«-Bmou.o.go rising to 260°. After ome naaﬁda@w#uﬁ»g from ligroin

;Qooe,to-ooooooonno.ooo

e .

(86} .

" eirard sud Vogt, Bull.soc.chim. 2 , 18, 68 (1872l
(s

e B. Friedlander, Ber. 1§, 2081 (1883

. (88) | , 11 sxd Co

" B.Kunoevensgel, J.prekt.Chem. 8, §9, 23 (1914 ); Knoll & o

 D.R.P. 241863, Frdl. 10, 180s -

(69}
Hodgson and Marsden, J.ChemeSoce., 1181 (1938)e
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m amine melted at 786.
Petolyl=ol =naphthylamine should be similar in indicator
 properties to diphenylamine, It was therefore preyared and tested
- t@r use as & redox indicators. The method of Hodgson and Marsden

' \\'as also used for the preparation,

: ‘ cH3 LH3

C Ny ‘
0 +0 " J [0+
NHp MH,, ’,‘f/

;".2\1;1@‘ heavy black oil obtained was first steam diatilled to remove
, mﬂmaged primsry amines. 1t was found that p-tolyl=dl napaﬁhyl—
~ mmine could not be recrystallized from the ligroin available as
i _recammended, since it was only alightly soluble im this solvent.
| ;:E‘Qtigaaoline dissolved it readily, but the amine d4id not separate

| '5?1‘ cooling. On standing, the solution deposited an amorphous
s,

: , Recrystallization from aqueous alochol was next attempted.
&ha smine was dissolved in hot alochol, water was added dropwlise
 until s turbidity resulted, and the solution was then heated to
?mils.ns u#til clear, & small amount of aloohol being added if

ykuyno?dn‘lary. After several recrystallizations in this weyl the

""',:?mine still preoipitated as an smorphous black solid, Vacwum
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| j43!;;:"1‘;?‘{;'&‘..‘l.:l.msicm of the amine was therefore tried. The distillate was
; 0. ngh'c brown oil, which solidified on standing to & light brown
‘hiégq#ailine solide This was recrystallized twice from aqueous
| ‘&i@ﬁl. The resulting light tan orystalline solid melted st
’\ 77.5%1’41‘3- '78-790)0 The yj.eld.of parified p~tolyl-, ~naphthylamine
| mauﬁof the theoretical, losses in parification accounting for
© the lov ylelds
: A dilute solution of the smine #n concentrated mlfuric asld
gan a blue golor with excess dichromate in hydrochlorie aold

,: V«i;olwe‘ion, similar to that given by diphenylamine.
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ol -d-dinaghthylamine |
' | (60) ,
- Girard and Vogt prepared o-A -dipaphthylemine by heating
- M}hthylamine and ite hydrochloride in 8 sealed tube &t 15900
 #he suins, after vaewmm distillation, melted at 118°,
| x.aaamm( 61,rma thet the compound was formed by the astion
of methyl chloride on & -naphthylamine. The product was purified
~' "’by répoated distillations and finally recrystsllized from alechol
m.?. 1119}, mm(sz,mpared the smine by heating a mixture of
‘%mphthol, aodim; scetate, and ammonium chloride for 8 hours at -
270%, Repeated vacuum distillations and recrystallizations from
| m gave a product melting at 1110, In’ sane cases & orystalline
'#ﬁd,ﬂet eould not be obtaineds

(83)
Beng obtained the amine in 67§ yield by heating & mixture of

] L4 ° [ [ o L] L] L4 [ ] L J * L ] ° L [ ] L] ® L] -]

« o
&0 , -
- ( )Girard and Vogt, Bull.soc.chim, 2 18, 68 (1872)
. (e1)
' Landshoff, Ber, 11, 638 (1878)e
(62} ’ v
~ A.Calm, Ber. &B, 615 (188}

(63}
" 'G.Benz, Ber. 1§, 16 (1883)e
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dtmzhthol snd zing ammonium chloride in a sealed tube at 250 The
‘ Mm was purified by repeated vacuum digtillations followed by
: rcpw.’ced recrystallizations from alcohol (M.P. 111°},
Meyer and Ecmann(“’prepared the amine by heatingol ~naphthyl-
smine and its hydrochloride in en autoolave. ¥he orude product was
o k;fgﬁggtodly reorystallized from aloohol, and the amine was then
dis‘wlved in aeot;c acid and precipitated by cautious additim of

. water (M.P. 115°),
SR : (as) '
- Bodgson and Maraden used ammoniwm iodide as catalysts, They
| heatedo!-narhthylemine (57.2 g) and ammonium iodide for 15 hours, the
- temperature rising to 250°. The crude o -dinsphthylsmine (51.5 g.)
E m recrystallized once from ligroin (M.P. 1109},
 Bince 1t was decided to test of ~dinaphthylemine for indicstor

. Wﬁm,’ the amine was prepared according to the Method of Hodgson

";ja.iiadllar‘sdeno :
EYceRE ganetigus
a' .
vHa o A”/‘

The heavy black oil obtained could not be recrystallized from
0  [ ] L ¢ * [ * ® [ ] [ N ] [ [ ] [ ] * [ 3 * ® [ 2 ®
(64)
-~ Meyer =and Hofmann, Monaish. 37, 706 (1916)s

~ 1(6]§} Hodgson and Marsden, J.Chem.Soc., 1161 {1938).
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Mgrmln or from gasline, since it was only slightly soluble in
m formor and very readily soluble in the latter even at roam |
¢ tmperatura. The smine was dlssolved in hot aloohol and water
m added dropwise mntil & twrbldity occurred; the solution was
kgttﬁénheatod until clear and allowed to cool, The emine separated
a8 #' black oil, even after the attampted recrystellization was
,‘mpeated 3 or 4 times. The amine was therefore vacuum distilled,
, Ehe dlstillate was a dark brown oil which solidified to & dark
f;a;rmtalline s0lid on standing. The produst was recrystallized
; wraral times from aqueouns-a&lcohol, and thén twice from & glscisl
mtia acid =~ water mixture. The purified amine was a tan orystal-
.um product, which melted at 111-2° (Lit. 116%). TYield, 74 of

‘thqeretioalo
| 4 dilute solution of the amine in concemtrated sulfwric acid

'siva & blue~purple wlor whth excess dichromate in hydrochloric

- 8old solution.
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| »j‘ié‘(é.ifénatod Secondary Aminess
"“Immymmthylamine (1} sulfonic aoid (3] can be prepared by
‘ heating nsphthylemine (1) sulfonie acid (3] with anilins snd
| ,w,ilins hydrochloride at 140° (56'. The acid and its sodium salt
‘ ,a.re amevhat soluble in water.
mlnapmnymm (1) sulfone soid (4) can be prepered
by heating naphthionic acid with aniline and sniline hydrochloride
. ‘q,t' 1600 for 10 heura.u” The acid, which is isolated as the
mum salt, foms colorless plates, somewhat soluble in waters

sa dium salt is readlly soluble in waters

Botter yields of the acld are obtained by heating & mixture

: .fef napmhol (1) ethyl ethe# sulfonic aocld (4) with aniline to
(68}
‘ ,bailing for 15 minutes.

Myhaphthylmino (1) sulfonic aecid (5] is prepared dy
3 mung nephthylsmine (1) sulfonic acid (5] with aniline and

(6%9)
m&line hydrochloride &t 100-140°c  The aecid is slightly soluble

4 1~'9:' 00000000000.0000000
5 lﬁﬁl

" Bayer and Go., DeR.P. 70249, Frdl. 5, 513

'\(571

: Idem,

{68}

Witt and Schnelider, Ber. B4, 3184 (1901)e

 (69)
MG oSit.rarf, (56 ’Q
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,fin mtor. The sodium salt fomms plates, diffioultly soluble in water.
‘ Mawlnamthylanim (1] sulfonic acid (6] is prepared by heating
‘mﬂthalmine (1) sulfonic actd (6) with aniline and aniline hydro-

' (70)
ff’;;:ide at 160-170°, or by heating nazh’shy:lamim (1} daisulfonie

: 8014 (4,6) With sniline in the presence of & mall amount of benzois
leld.(?u The acid is practically insoluble in waters Its dodimm
mg forms plates, difficultly soluble in water,

‘ 'menylnaphthylamine (1) sulfonio acid (7) is prepared by heating
 yaphathylamine (1) sulfonic acid (7) with sniline and 8aniline hydro-
eu:.aride at 160~170° (72), or by heating nsphthylemine (1) disulfonie
aeid (4,7) with aniline in the presence of & small smount of bemzoio
“&dﬂa’. The aocld is diffioultly soluble in water. @;e sodiwn salt

foms needles, readily soluble in water.

‘ ...Q‘Q'QOOC.’.’.‘...
fee (79)
‘ e me.@itor@fo (56’0
(m)
, Akt.~Gog.fo Anilinfe., DsRePes 159,353 ; Frdl. 8, 168
)

Loc.citeref. (66 Jo

()
T Loo.glitl.ref. (71,0
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v Buenylnaphthylamine (1 ) sulfonic acid (8) is prepared by

":;':‘~h§a'king naphthylamine (1) sulfonic acid (8) with aniline and
: k aniline hydroohloride at 160w170° (74)’ by heating the acid
%:1'& aniline amd aniline hydrochloride in the presence of water
&t 10° under pressure(?m, or by h.eatins ngphthylemine (1) d1-
gu].tonj.o aold (4,8) with aniline at 180°(76,. The acid forms
iji@te#, difficultly soluble in water. The sodium salt 1s very
Mily soluble in water,

 Bace Nepyridinimn sulfonic soid sulfanstes diphenylanine,
: '.lt: aotion on phenyl-pl-naphthylamine was investigated, It was

e m“ that phenyl=,l =narhthylemine monosulfonic ascid mld be

” yzopuaa in this way.
; 8 8o phenyl-a\ ~naphthylamine and 8.4 g+ N~pyridinium sul-
’ :’,?o,,n:.e a01d were heated at 150~170° for 5 hours. The resction
gmmnwas eooled, treated with 5O cce hot water, 8nd the in-
| Qéiﬁble phenyl- c\-naphthylamine filtered off. Congentrated
oooooowooooebooo’qo
(’M}
. Loceoiterefs (66)e
 (78)
" ®mlle and Co,, DeR.Ps 170630, Frdl. §, 168o

{76)
Locsoiteref. (71)0
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wd&m hydroxide was added to the filtrate until it was turbid.
Afﬁw standing, the solution deposited a white preeipitate. This
- was heated with 200 oce ethyl alochol, the selution filtered, and
&59 0os ether added to Pecipitate the salte A white powder
k m&mng 2 g. was obtained in this waye
: em product was anslyzed for sodiwm in the following manner,
‘ A woighad sample was heated to carbonizstion in a platimm erucible,
k & fow orystals of smmonium sulfate and & few drops of water were

“““y_,;f,u,yad, and the awnten’es of the orucible were ignited cautiouslys:

.4959 g. and 3438g. gave 0923 and ,0774 g. sodiwm sulfate respec—
,f,~‘~g;ygly, gorresponding to T«41% and 7.29% sodiwm, an aversge of
‘ ?fasﬂsadium. {Caloulated for sodium phenyl-« -naphthylamine mono~-
‘4~su1£omte, 0 i, N A8, 7.17% sodiwm. )
“ Gorreaponding attenpts were made to prepare the sulfousted
‘p‘--‘;alyl—o\ -naphthylamine and d‘b‘-dinaphthylamine, but these sul~
’t‘anic acids could not be isolated as the sodium salts by the fore-

~ gaing proceduro.
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Walden and Edmonds have shown that p-nitrodiphenylamine

Wtions &8s a redox indicator, giving a reddigh~viclet oxidation
praduct with strong oxidizing agentse Its oxidation potentia])was
found 0 be about 0,2 Volta higher than that of diphenylamine sul-
fonloc scide Six dinitm derivatives of diphemylamine were also
;ﬂﬁ#&ed by these workers, but no color change was observed wbﬁn
H}t;,l;’oaa materials were treated with ceric or permsnganate ions, or
@’ﬁtcé&m bismthate in acid solutions Apparently the oxidation

potential required is raised so much by the second nitre group

t ia% these powerful oxidizing agents are incapable of producing
thc réaétion.

| It was decided to prepare & diphenylamine derivative con-
umng ons mitro and one smalfonioc acid group, and to test it for
’f,m:‘sator action. For this purpose, (4) nitrocdiphenylamine sul-
| ténic aclid (2) was chosen.

L umer(mmpared (4} nitrodiphenylamine sulfonic soid (2)
: byheabing (2) ochlore (65) nitrobenzene sulfonic acid v th excess

‘aniline:

H mHas M’“‘. ‘ ‘
, S0 ’
(s 0 = Qe I3 e
— Il“i/

M

e e @ © o & o 9 8 & &6 ¢ & & s & oo & O° o

' an | : | |
‘  Walden axd Eduonds, Chem.Rev. 16, 81 (1935).

 (r8) |
P. Pischer, Ber. 24, 3798 (1891}
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"~ Ullmanu and Dalmen prepared the acid by heating the sodium

aalt.' of (2) chloro (6) nitrobenzene sulfonio acid with aniline at
1aM° in the presence of glycerin and oalcium carbonate, The mecid
m ieund to form olive-green plates fram hydrochloric acid solution,
884 to be very readily soluble in alochol and in wters The (2)

chlarq (6) nitrobenzene sulfonic scid to be used in the preperation

'MV(&) nitrodiphenylamine sulfonic a.eic; (2) was prepared according
' {80
- %o the method of Ullmann and Jungel by hesting p-chlornitro~

_venzene with 208 fuming sulfuric acid for 6 hours st 160%

g u'so H
3
r 50y —> ] * B0
, T
Ml«
POy

| The sodium salt of the (2) chloro (5) nitrobenzens sulfonic acid
'xa:then candensed with an;line ageoxding to the ;nethed of Ullmann &nd
Balmen previcusly discussed. The resulting green—yellow sodiuwm salt
af : W nitrodiphenylamine sulfonic acid (2) is resdily soluble in
mterq A dllute solution of the salt was tested for indicator action
wzth .1 N dichromate in hydrochloric scid solution. It was found that
g.red oxidation produét is produced immediately, but the oolor fades

o"oooooqoo'o000900-0‘?'0"0..

?’Si
( Ullmann end Dehmen, Ber. 4L, 3746 (1908 ).

(s@)
 Ullmenn and Jungel, Ber. 48, 1077 (1909).
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, vary quickly., For this reason, (4) nitrodiphenmylamine sulfonic

‘#aaié {2} 15 not suitable for use as & redox indicator.
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ﬂimo 2-7 diamino fluorene can replace benzidine successfully
- (81}
ﬁ.n m qualitative testas, it was thought that 1t might also

& Mtion, &3 does benzidine, as a redox indicator. It has already
| (82) | |
‘f,r‘_’lbse_n found by Guglialmelli and Ruiz thet 2-7 diamino fluorene

gs;na a8 blue-green color when treated with a very dilute cﬁlorii_o
~ selutich, and & deep blue precipitate with potassium pemmangsuate.

: fim presence of oxidase or peroxidase in milk or blood can also
o (83)
,be wsaoeod by it. Schmidt and Hinderer  reported its use in

'ﬁhe detaetion of persulfates and peroxidases, and mention that it
,»m t'ho asdvantages over bengidine of greater sensitivity and solu~

: (84)
bility. Like diphenylemine, it gives an insoluble tungstate.

87 diamino fluowene was prepared from fluorene by nitration

- wuh fmning nitric acld and ro&uotion of the dinitro &o ':h;)diamine
8
It

L mpound according to the method of Solmidt and Hinderey

. L] [ [ ] ¢ & L} e ¢ L} o ® ® [ [ ] [ L] [ ]

iali
‘Peigl, Qualitative Analysis by S pot Tests; Inorganic and Organic

~Applications. Trans. by J. Matthews. New YorkgNordemsnn (1939),
yn 208,
(32)
~ Guglialmelli and Ruiz, Anales asocn.quim. Argentina, 17, 189
(1929); Gham.Abe. 24, 1057 (1930)s

(65)
Sclmidt snd Hinderer, Ber. &, 87 (1982,

5 mﬁ.@itorﬁfo (83 ,.
(as) Solmidt and Hinderer, Ber. §4, 1793 (1951).
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| msfwd that the nitration gave a good yield of the dinitre

| aapcund, but in the purification, which required recrystalliszation

o f.m large quantities of glacial acetic scid, & cmsidereble amount
wf the product was loste The yleld of purified 2-7 dinitro fluorene
~ 'ma »35.8%. | |

, The dinitro fluorens was reduced with tin and hydmchlordaaid

te tho diemino compound, which precipitated as the tin double aalt,

: _,8!.-‘7 diemino fluorene hydrechloride was obtained by passing hydrogen
' mlﬁde into the solutiom of the tin dumble salt and evayorating
: ﬂ:.e mlntion to orystallization,

- 27 alamino fluorene hydrochloride is & white orystalline solid,
roaéily soluble in water. 4 solution of the hydrochleride graduslly
tms green on exposure to a&ir. In neutral or slightly #maline_

: ;ﬁlntion 14 gives a blue-green color with oxidizing agents. 4u acid
wlnt&on treated with excess dichramate gives & blue-green color which
‘ 1: ‘rﬁi}ersibly diacharged by ferrous ions, provided acetate is mresent,

1 In fm; unbuffored acid solution no definite color change can be observed.

:m nrder to get a color change in an iren-dichramate titration when

'  > Bhe lmine is used as indicator, tartrates or fluorides mist be present

k‘ ita refuce the ferric ion cmmcentration, and sodium agetate must be used
: , if ‘a,aid is present. Even when these precautions were taken, however,

* reproducible end points could not be obtained with »1 X dlchromate
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&nd +«1 K ferrous sulfate solutions, although sharp color ehanges
mpra observed. The results varied over a range of 1%

» Because of the necessity of using neutral or slightly alkaline
solutions and the vacillation of the end point, 2-7 diamino fluorene

eannot be used as an indicator in iron-didhromate titrations,
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W Sulfanda dalda:
‘ (86} (87}
Straka aud Oesper and Cohen and Oesper have dxown

- $bat naphthidins, //u,g—g WHy o i & highly satisfactory

_r@aex indicator. Since howsver, it has the dissdventege of being

but ,"‘lligh‘hly soluble in water, it was degided to attempt the prepa~
;-ation of & sulfonlc acld derivative, which would be expeéted to be
f:,kléiu'ble.

. Naphthidine dislfonic aoid (6,6') (or possibly the mrearranged
‘hﬁrase eompound ) was prepared by diazotization of naphthylamine (1)
i»mlfens,c acid (7], and treatment of the diszo compound with sodium
“mlﬁte, foming agonaphthalens(l,1') disulfonic acid (7,7 Je The
;"‘&Ie compound was reduced, rearrangement probably taken plaoo at the

su.ng time, with tin and hydrochloric acid.

Nha M CL NEN
H Hos SogH
i —

Straks and Oesper, Ind.Eng.Chem. (Anal.Bd.! §, 465 (1954);
Straksa, Fh.D. Thesis, University of Cincinmati (1934].

(gal

(87 )
.Cohen and Oesper, Ind.Eng.them, (.A:aal-ﬂd.) 8, 364 (1955,;
Oohen, Ph.D. Thesis, University of Cincinnati (1936)e
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o ow) O™ L0
i Hs ., ”"’”"E\Bso;u ?
il y “ 438 oM

L% M,

| . Commercial naphthylmmine (1) sulfonic acid (7) was purified
: 1n the following na.nner.ws’ The acid was dissolved in strong
i nﬁi’m carbonate solution, heated with animal charcosl, and f£il-
o § teroé. The fres acid was precipitated with hydrochloric aeid,
; f_:i;'ﬁ{iﬁér!ed, and washeds This purification was repeated twice. The
: aeid wes then practically white, but on exposure to air turned
|  fhe acid was diazotized and treated with sodiwm sulfite to
. tam the azo gompound aocording to the method of m(sﬁ).
22 g. naphthylamine (1) sulfonic ecid (7) was suspended in 400
': qc. ﬁkar, 30 cc. eomentr#ted hydrochloric acid was added, the
ng@mnmal stirrer was started, and the solution was cooled to 0%

‘o 6 6 6 6 & ® & o @ e o & © 6 & & © o o o
(88 , ‘
,%icmore and Gebthart, Ind.Eng.Chem. (Anal.Bd.) 10, 654 {1928}

(es} o ‘
: Langs, DeReP. 76225, Frdl. 4, 1016
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| Aeald solution of 7 g. sodium nitrite in 80 coe Water Was then
" plewly stirred in. A cold solutim of 25 g. sodium acetate in
1@@ oc. water was slowly rum in, the temperature still being
; ',ﬁiintaimd at 0-8% 4 cold solution of 15 g. sodiwm sulfite in
15@ 6c. Water was then slowly added. Nitrogen was Mlvcﬁ, and
‘ 'm aolution beceme red-brown, On making the solution alkaline
o with seda.nm hydroxide, the sodium salt of azenaphthalene (1,1%)
o ,&Lnlfania acld (7,7') was obtained as & red -orange powdere ’
4 ‘&hdaelntion was hoated to coagulate the precipitate, cooled, and
| . ﬁltared. The sodiwm salt was rearystallized once from water.
'I.E 8o Of the parified sslt was obtaired in this WaYe
,  fhe salt was analysed for sulfur by the Parr Bomb method,
2079 g. 80 42895 g. gave +2020 g. sud #2756 g. RArimm sulfate
3 ;ﬁajpeietivaly, corresponding to 15.84% and 12,98% sulfur, or an
‘ a-vemge of 13,16% sulfur. (Caloulated for sodiwmm azonaphthelene (1,179
Asulzonste (7,7'), © 3 A1 80 e, 15.18 % sulfur.) |
G | The sodium sslt of tha azo cagmpound was redu:;g )to the hydrazo
‘] ,m;:mnd scoording to the method of Kalle and OGoe Rearrangement
- _ 4n the acld solution %o the nsphthidine compound prebably eccurred
o @g the ssme times

[ ] L e » [ L] [ J [} E . . [ ] L ] L4 ] L 2 J * L}

%0 |
E ’num Gou , DiB.Pe B43MS, Brdl, 13, 296,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



- 57 -

. ‘iﬁ 8¢ sodium azonaghthalene (1,1°) disulfonste (7,7') was
- hosted on a water bath W th & solution of 1l g. stannous chloride
1:1 80 oo. concentrated hydrochloric acid for 30 minutes. The red
' ,,‘cez.or of the azo compound disappesred, and & white precipitate Was
tomed. The solution was cooled, filtered, and washed with concen~
ltr&ted hydrochloric acide The produst thus obtained was dissolved
s,na iolation of 25 g« potassium carbonate in 400 oC. wter., The
“ }aé{lﬁtion was heated to boiling, snd filtered. On cooling, vhitse
‘ v;plateu were deposited. The solution was filtered, and the solid
, fj\""mduet was reorystallized ouce from water. 2.7 g. of & white
. shdning profust, stable in sir, was thus obtaineds
‘L‘ho product was analyzed for potassium 1n’tha following mannere
4 weighed sample was heated to ocarbonizatios in & crusible, a few
draps of water and & few orystals of ammonium sulfate were added,
aad t‘he contents were ignited cautiously, 6313 g. and +6182 ge
| [,sava +1774 g. and +2068 g potassium sulfate respectively, corres-
_ponding to 14,98% and 15,00% potassimm, or an average of 14.99%
Hpeﬁmim. The theoreticsl value for the potassiwm salt o*ithor
-v'v~‘_hamzonaphthalam (1,1') disulfonie acid (7,7') or nsphthidine
 @lsumfonts acid (6,6'), OpgfyN,5,0.K, 1s 16.00% potassium,
| The product gave & red oxidation product similar to that pro-
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' mm by naphthidine, when treated with excess dichromate in hydro-
chlcrie acid solution. The color is reversibly discharged by ferrous

~ fons,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



STMMARY

; (1) The sulfonation of diphenylamine by N-pyridiniwa sulfonic &cid
hu been studied. The effect of using benzene and nitrobenzene

- 88 solvents for the reaction was determined,

(2] "Phe strontium salt of a diphenylamine monosalfonioc acid has

baen prepared.

(2§ Tne following compounds have been prepered aud found to funstion
| as redox indioators:
{a) p~tolyl-f -naphthylamine
(b) shenyl~of ~naphthylamine

(o) ofoi! ~dinaphthylamine
(d) a phenylwy =naphthylamine monosulfonic acid

: (4) 8~7 diamino fluorene was prepared and found to possess indicatar
 sstion, but quantitstive tests showed that it Was unsatisfactory

 in iron-dichromate titrations.

' (51 4-nitrodivhenylamine sulfonic acid-2 was prepared and found to be

. Wtisfaotory as & redox indicators

© (6) Naphthidine disulfonic scid (6,6') {or possibly its tome
. ;,’umlomphthahne (1,1') disulfonic asid (7,7} ) was prepared

& md found to funotion satisfactorily as a redox indicatox.
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