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IHTEDBtJOTIOH

®h© purpose o f  th is  study was to  fin d  organic compounds which 

could fu nction  as redox in d ica to rs , th at i s ,  substances Which im­

m ediately  show str ik in g  and rev e r s ib le  co lo r  changes a t  the a t ­

tainment of d e fin ite  ox id ation  p o te n t ia ls .  Since many o f the  

in d ica to rs  now in  use are only s l ig h t ly  so lu b le  in  w ater, i t  

seemed worthwhile to attempt the preparation of d er iv a tiv es  which 

would not possess th is  disadvantage. In gen era l, th is  can be 

accomplished by introducing a su lfo n ic  acid group in to  the mole­

cu le . A ccordingly, the su lfo n ic  acid  d er iv a tiv es  o f  some in d i­

ca tors already in  use were prepared and te sted  fo r  in d ica to r  

p ro p ertie s .

2he r e s u lt s  o f the study are g iven  in  the fo llow ing pages.
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Mphenylamine m onosulfonic acid{4?) was f i r s t  prepared in  1872
{ 13

by Merz and Weith by the a c tio n  o f concentrated s u lfu r ic  acid  

on dirhenylaraine. fh e  reaction  did not occur u n t i l  150 -  170° was 

reached, and even a t th ese temperatures i t  i s  incom plete, fh e  s u l-  

fon ation  mixture was treated  w ith h o t water, n eu tra lized  w ith barium 

carbonate, and f i l t e r e d ,  fh e f i l t r a t e  deposited the barium s a l t  o f  

diphenylamine mono su lfo n ic  acid  as sn a il shining c r y s ta ls ,  fh e  

mother liq u or a f te r  evaporation deposited the r ea d ily  so lu b le  barium 

s a l t  o f diphenylamine d isu lfo n ic  acid*

( CgHg)gKH 4 - H2S04 -ay Ha030gH4KH*0sH6 4 -  H20

( 0 ^ 5 ) ^ H +  2 H2304 —=7 {HSQgGgjH )̂ gHH Z&£

fh e  free  mono su lfo n ic  acid  was obtained by trea tin g  a suspen­

sio n  o f the barium s a lt  w ith d ilu te  su lfu r ic  a c id , and on evaporating  

the so lu tio n  was deposited as  w hite c r y s ta ls ,  th at turn blue on ex­

posure to  a ir .  fh e ac id  i s  qu ite s ta b le , however* Heating w ith hydro­

c h lo r ic  ac id  decomposes i t  only a t temperatures above 200°, the c h ie f  

products being diphenylamine and su lfu r ic  a c id .

(1  I

Merz and Weith, Bar. J5, 283 (1872); 6>,, 1511 (1873).
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Merz and Weith a lso  prepared the lead and the potassium s a lt s  

of the monosulfonic a c id . The lead s a l t ,  which I s  on ly  s l ig h t ly  

so lu b le  in  cold w ater, was formed by trea tin g  the free  ac id  with  

lead carbonate. The potassium s a lt  was prepared by double 

decomposition between the barium s a lt  and potassium carbonate, 

and was p u rified  by r e c r y s ta l l iz a t io n  from a lco h o l. I t  forms 

w hite, lu strou s p la te s , e a s i ly  so lu b le  in  cold water, but only

s l ig h t ly  so lub le  in  cold  a lco h o l.
( 2 )

Gnehm and Werdonberg re in v estig a ted  the su lfon ation  o f  d i-  

jfaenyl amine, s in ce  they found that the method o f Merz and Weith 

gave very poor y ie ld s .  They f ir s t , tr ie d  the a c tio n  of concen­

trated  su lfu r ic  acid  (66 Be, ), o f su lfu r ic  acid  monohydrate, and o f  

oleum on diphenylamine.

The r e s u l t s  o f Gnehm and Werdenberg in  the su lfo n a tio n  obtained  

w ith  the concentrated acid  are g iven  in  Table X. The fo llow ing pro­

cedure was used* 30 g « diphenylamine was added w ith s t ir r in g  over a  

15 minute p e rio d  to  60 g . su lfu r ic  a c id  (66° Be^). The mixture was 

then held  a t the desired temperature fo r  the ind icated  length  o f time* 

The resu ltin g  dark colored mass was cooled , treated  w ith  w ater, and the 

su lfon ation  products obtained as barium s a l t s .

( 2j
Gnehm and Werdonberg, Z, angew. Ghem. Ig , 1027, 1051 (1899).
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TA3JM I

h i phenyl - Temper­ Time Y ield o f ftBs. jO Da* $  Ba Res­amine g« ature Hrs. Ba s a lt s a l t  o f s a lt  o f idue
§• S* monosul­

fo n ic
d is u l­
fo n ic

g .

SO
acid acid

60 140°0 0.5 32 29,13 5 95 13
30 60 130°/*» 1 .5 18 29.26 4 96 20
30 60 115° 1 .5 3 29.00 6 94 28
30 60 98° 5 .0 1 29.18 5 95 29
30 60 150° 3 .0 65 28.10 18 82 3

The residue con sisted  o f  unchanged diphenylamine and o f other un- 

su lfon ate  d b ases, probably rela ted  to  c^rbazole. I t  i s  ev ident from 

Cable I that su lfon ation  o f diphenylamine with concentrated su lfu r ic  

a c id  produces c h ie f ly  the d isu lfou sted  product, and a  large part o f  

the amine remains unchanged.

Che r e s u lt s  o f  su lfon ation  o f dijfaenylamine w ith  su lfu r ic  ac id  

monohydrate and with, a m ixture o f oleum and su lfu r ic  ac id  monohy- 

drate are given  in  fa b le s  XI and III  resp ectiv e ly *  fh e  procedure 

was e s s e n t ia l ly  th e same as the one dfescribed in  the d iscu ssio n  o f  the  

su lfon ation  w ith concentrated su lfu r ic  a c id .

Since the foregoing did not g iv e  h igh  y ie ld s  o f  the desired  

m onosulfonic a c id , other methods were tr ie d  by Gnehm and V/erdenberg•

I t  was found b e tte r  to  s ta r t  w ith  a c e ty l dijtienylam ine, because i t  

i s  more rea d ily  sulfonatad than the amine. Acetyldiphenylamine
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2 A B I£  IX

m -
phenyl-  
m in e  

g*

30
30
50
80
95

100
100
100

H SO • femper- f  ime Yield o f $Ba $ B a Ji-Ba R esi­K» ature H rs. Ba s a l t s a lt  o f s a l t  o f due
h20 B* monosul­ d isu l­ g -
s* fo n ic fo n ic

fi a o id -g . a c id -g .
60 110-2Q°0 2,00 30 28,83 7 93 10
60 110-20 2,00 26 29.00 6 94 14

100 110-20° 2,50 40 29.50 0 100 30
170 125° 3 .25 90 29.30 0 100 30
170 105 2.25 13 28.47 15 85 90
180 105° 2.35 13 29.37 0 100 94
180 110-115° 2.50 50 29.32 0 100 70
300 140° 3 .50 160 29.43 0 100 20

' f .
tth- Hp304 * Oletrn i’emper- Sime Yld, o f ^Ba 0 a  % Ba B esi-

IiBX£ III
*WU^Wi " f  Ime Y l„. VJ. /*— * / “ ,*«» -fc*̂ w.fc —

phenyl- HgO 80$ attire H rs. Ba s a lt  s a lt  o f s a l t  o f due
amine g . g . g .  monosul- d is u l-  g .

g , fon lo  fon io
a e id -g . a o ld -g .

10 30 10 0-5° 0 .5 0 0 0 0 10
10 20 10 20° .5 3 27.46 25 75 8
15 25 15 20-25 .5 7 29.20 4 96 11
20 30 20 20 .5 8 28.54 14 86 15

oan Be prepared, and the a c e ty l group hydrolyzed o f f  to  g iv e  th e de­

s ired  diphenylamine m onosulfonic a c id . fh e  h y d ro ly sis  oan a ls o  he 

carried out without previous is o la t io n  o f the a c e ty l compound# Since
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there i s  no advantage in  is o la t in g  the interm ediate product, the f o l ­

lowing procedure was recommended "by Gnehm and lerdenhergt The rea ctio n  

i s  carried out in  a p orcela in  beaker provided w ith  a  cork f i t t e d  w ith

t lo n s  w ith constant s t ir r in g , fh e  mixture i s  s t ir r e d  fo r  two hours 

a t 48° on th e water bath . I t  i s  then poured in to  250 o c . water and 

b o iled  fo r  three hours. The h y d ro ly sis  o f the a c e ty l compound i s  then  

com plete. The in so lu b le  unreacted dithenylamine i s  separated by pour­

ing the mixture in to  a large volume o f water and f i l t e r i n g .  The f i l ­

tr a te  i s  n eu tra lized  w ith barium carbonate, the barium s u lfa te  f i l ­

tered  o f f ,  and the barium dijhenylam ine monosulfonate separated from 

the more so lu b le  barium a ceta te  by fr a c tio n a l c r y s ta l l iz a t io n . The 

average y ie ld  i s  80$ th e o r e tic a l;  17$ o f  the diphenylamine i s  re ­

covered unchanged.
( 4 )

Sarvar and K olth off prepared barium diphenylamine su lfon ate  

fo r  use a s  a  redox in d ica to r  by the same method. Their product 

analyzed 21 .88$ Ba (ca lcu la ted  fo r  anhydrous barium dljtxenylamine 

monosulfonate, 21.64$ B a). Since they were prim arily  in ter e sted  in

a thermometer and a s t ir r e r .  200 g .  f u m i n g c  a c id  (20$) I s

oooled to  6 ° , and 100 g .  acetyldiphenylam ina i s  added in  email por-

O

A* Glaus, Bar* 14, 2365 (1881).

S erver and K o lth o ff , J.An.Qhem.Soc. ,  5*3, 2902 (1 9 o l)•
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the p u rity  o f the product, th ey  made no sp e c ia l attempt to  g e t a  

maximum y ie ld*
{5 )

Gnehm and Werdenberg prepared the copper and sodium s a l t s  

o f diphenylamine m onosulfonic acid* She copper s a l t ,  prepared hy 

adding an equivalent amount o f  copper su lfa te  to the barium s a l t ,  

i s  f a ir ly  so lub le  in  water* I t  c r y s ta l l iz e s  in  blue p la te s , which 

begin to  decompose a t 100°• fh e sodium, s a lt  was formed by adding 

an equivalent quantity  o f  sodium carbonate to  the barium sa lt*  I t  

i s  qu ite so lu b le  In w ater. When c r y s ta ll iz e d  from 30$ a lc o h o l, i t  

forms w hite shining p lates*  fh ey  a lso  is o la te d  the fr e e  diphenyl­

amine m onosulfonic acid  by the a c tio n  o f  hydrogen s u lf id e  on the  

copper sa lt*  fh e acid  was r ea d ily  so lu b le  in  water and a lc o h o l, 

and in so lu b le  in  ether*
C 61

Vorozhtsov prepared diphenylamine m onosulfonic acid  by a 

method which does not in volve d irec t su lfonation* 4 -n itro -'4 , **anilino- 

azobenzeno, prepared from d iazo tized  p—n it  ra n ilin e  and diphenylamine, 

was found to  react w ith an aqueous—a lc o h o lic  so lu tio n  o f sodium b i­

s u l f i t e  to  foim yellov^-grey c r y s ta ls  o f diphenylamine m onosulfonic 

acid* immonia was a lso  id e n t if ie d  a s  a product o f the reaction*  

According to  Vorozhtzov, the reaction  may be approxim ately represented*

.............................

i si"
lo c .c i t *  ref* (21 

( 6 I
B• Vorozhtzov, J.Rusa.lhys*ChetsuSoa* 1669 (1915); Oasm,
Ab* 10, 2896 (1916); Ann.chlm* %, 50 (1917)*
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HO
IaH80s ?

UH2 +  O r a < 3 > KH,

■m C y m .
KaHSCh

C Z

Ho y ie ld s  are reported .
^  t ?)

Bziewonslcl and Hussochl stud ied  the su lfo n a tio n  o f diphenyl­

amine and confimaed the oonolusions o f Mors and Weith regarding the 

proportions o f  diphenylamine mono- and d ish lfo n io  a c id s  fonned by the  

a c tio n  o f  concentrated su lfu r ic  acid  on diphenylemine• Ihey a lso  in ­

v estig a ted  the use of dh lorosu lfon ic  ac id  as  a su lfon atin g  agen t. At 

temperatures below 90°, an unstable c r y s ta ll in e  a d d itio n  product, 

GL30gH*HH( OgHg J2 , i s  formed in  nitrobenzene so lu tio n . S h is  decomposes 

rap id ly  a t h igher tem peratures, g iv in g  nuclear su b s titu tio n  products, 

e ith e r  mono- or d isu lfonated  diphenylamine being obtained according to  

the proportions o f  ch lo ro su lfo n ic  ac id  and amine used* fh e  r e s u lt s  are  

given  in  fa b le  IV.

Mo la  o f  OlSO gH per 
mol o f  (C^HgJgHH

0.5
1.0
1*5
2.0

TABM IV

Mol % o f
Biphenylamine Diphenylamine Jh phenyl-
mono su lfo n ic  d i su lfo n ic  amine (un­

ac id  ac id  reacted)

25
38
34

0

5
22
50

99-100

70
40
16

0

( 7 ) jyiewonsfcl and R ussooki, B u ll.ln te ra .a c a d .p o lo n a ise , 1929A, 506; 
Chem.Ab., £ 5 , 1503 (1931),
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( 0 )
Straka and Oesper prepared a diphenylamine m onosulfonic  

a c id , which, sin ce i t s  a c tio n  a s  a  redox in d ica to r  i s  not the  

same, i s  probably an isomer o f  the acid  p rev iou sly  described* 

fh e  acid  was prepared by heating 50 g .  a c e ty l diphenylamine 

w ith 40 g* o f  an o ld  sample of e th y l s u lfa te  on s  water bath f o r  

5 hours. She so lu tio n  was then refluxed w ith a so lu tio n  o f  sodiua  

e th y ls te  prepared by d isso lv in g  7 g ,  sodium in  200 oo* e th y l a lc o ­

hol* lhan  the o r ig in a l dark s o lid  had become w h ite , the a lco h o l 

was removed by d i s t i l l a t io n ,  the s o l id  residue was d isso lv ed  in  

w ater, and the so lu tio n  extracted  v&th ether to  remove any unre­

acted diphenylamine. A tte r  the eth er was removed by a era tio n , th e  

so lu tio n  was treated  w ith concentrated sodium hydroxide so lu tio n  

u n t il  a permanent tu rb id ity  was obtained. On stand ing, th e so lu tio n  

deposited  a voluminous White p r e c ip ita te , the sodium s a lt  o f  diphenyl­

amine m onosulfonic a c id .
( 9 )

Cohen and Oesper showed th at ordinary e th y l su lfa te  did not 

g iv e  the above product, but th at i t  could be obtained with n -b u ty l 

s u lfa t e ,  fh e  p -to lu id in e  s a lt  o f th is  diphenylamine m onosulfonic ac id  

was found to  m elt a t 196-197°*

(*8 )
Straka and Oesper, Ind.Bng.Chem. (Anal .Ed*) 465 (1934);
Strsfca, Bi.D* fh e a is ,  U n iv ersity  o f  C incinn ati, {1934?*

( #  )
sflphAn and Oesper, Ind.Eng.Chem* (Anal.Ed*) £ ,  364 (1936);
Cohen, Ph.D. f h e s i s ,  U n iv ersity  o f C in cin n ati, (1936).
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I&jfeanylataine m ^ g u lfo n io  g o ld . 333. M . redox ind icator*
( 1(|

Sarver and K olth off wore the f i r s t  to  introduce diphenyl­

amine m onosulfonic ac id  a s  a redox ind icator* They showed th at i t  

had severa l advantages over the unsulfonated amine* s o lu b i l i t y  in  

w ater, a s tr ik in g ly  sharp co lor  change, and a b i l i t y  to  fu n ction  in  

the presence o f tu n g sta te s .

The oxid ized  fo ra , diphenylbenzidine su lfo n ic  ac id  v io l e t ,  has 

a reddish v io le t  co lor  resembling permanganate• I t s  absorption  

spectrum in  the v i s ib le  range resem bles th at o f  diphenylbanzidine 

v io le t ,  although i t  absorbs more in  the red . The speed o f  formation  

o f  the color- depends on the ox id ation  p o te n t ia l o f  th e so lu tion *  

Thus, w ith permanganate in  a c id  so lu tio n  ( normal p o te n t ia l, 1 .59 v . 

against normal hydrogen e lectrod e  a t  £ l? |* l ) , the co lo r  develops 

in sta n tly *  With dlohromate (normal p o te n tia l, 1*3 v* aga in st 

normal hydrogen e lec tro d e  a t ) , even a t h igh  hydrogen ion  con­

cen tra tion s and w ith a r e la t iv e ly  great excess o f  ox id iz in g  agent, 

the co lor  change i s  slower than with diphenylamine, but th e  presence 

o f  ferrou s iron  a c ce le ra te s  the rate o f ox id ation  tremendously (in ­

duced reaction )*  The v io le t  co lo r  i s  very marked, and t i t r a t io n s  

can be made even in  h ig h ly  colored so lu tio n s  vSiere diphenylamine 

oan not be used . The co lor  change in  an iron-dichromat© t i t r a t io n

! • • • • • • • *

Sarver and K o lth o ff, J#im*£hem*Soc*, ££» 2902 (1931).
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tak es Place a t a p o ten tia l o f about .83  -  .84  v .  {against the nonaal

hydrogen e lec tro d ej in  su lfu r ic  acid  so lu tio n s  between 0*5 and 2 .0  

normal,
(11  1

K olth off and Sarver a lso  e x te n s iv e ly  stud ied  th e use o f di~  

jSienylamine su lfo n ic  acid  in  iron-d idhr ornate t i t r a t io n s .  2hey recom­

mend using 7 to  10 drops o f .2 fa so lu tio n  o f barium diphenylamine 

su lfon ate  in  a  volume o f  100 to  250 c c . vftten .1  N diohr ornate i s  

used as t i t r a n t .  'fhe so lu tio n  should be .2 5  to  3 ,0  B w ith s u lfu r ic  

or hydrochloric a c id . Approximately 10 co . o f phosphoric acid  

should be present fo r  each 50 c c . o f  so lu tio n  to  reduce the ox id ation  

p o ten tia l o f the f e r r ic  -  ferrou s ion  system .

Although the in d ica to r  correction  in  iron-didhromate t i t r a t io n s  

i s  somewhat greater  fo r  the su lfonated  compound than fo r  diphenyl­

amine, K olth off and Saryer recommend the use o f the su lfon ate  because 

o f  i t s  other advantages.
(I2 )

W illard and Young were the f i r s t  to  suggest the use o f  sodium 

diphenylamine su lfon ate fo r  the determ ination o f vanadium in  s t e e ls  

contain ing tungsten , whose presence in te r fe r e s  w ith the Ind icator  

a c tio n  of diphenylamine. fh e  sample, a f te r  so lu tio n  i s  com plete, i s  

oxid ized  with permanganate in  the cold and the excess permanganate i s  

destroyed by sodium a z id e . A fter th e excess  o f azid e i s  removed by

^  K olth off and Sarver, J .im .Q iem .Soc., 53, 2906 (19^1).

 ̂ ^Willard and Young, Ind.Eng.Chem, (Anal.Sd, ) 4 , 187 (1932),
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b o ilin g , the varndio acid  i s  t i t r a te d  w ith ferrou s s u lfa te , using  

sodium diphenylamine su lfon ate  a s  indicator* An in d ica tor  cor­

rec tio n , which may be determined by standardizing th e  so lu tio n  

aga in st a standard s t e e l ,  must be used. I f  the in d ica to r  before  

use i s  subjected to  ox idation  w ith diohramate u n t i l  the co lo r  has  

become purple, and i s  then ju s t  decolorized  w ith  ferrou s so lu tio n ,

no blank correction  i s  necessary .
(131

W illard and Young a lso  recommend the use o f  t h is  Indica­

to r  fo r  the determ ination o f chromium and vanadium In  tungsten  

s t e o ls .
(14)

K o lth o ff and Mngane used diphenylamine su lfo n ic  a c id  in  

the determ ination o f uranium, fh e hexavalent uranium was reduced 

to  the quadrivalent s ta te  in  a Jones redactor, ex cess  o f  fe r r ic  

so lu tio n  was added, and the ferrous iron  thus formed was t i t r a t e d  

w ith dichramate. I t  was necessary to  add the f e r r ic  iron  because 

the uranyl ion in h ib it s  the speed o f  oxidation  o f  the ind icator*  

fh e  procedure may be app lied  to the in d ir ec t determ ination o f  

small amounts of sodium by p rec ip ita tin g  the sodium as sodium zin c  

uranyl a c e ta te , and determining th e uranium as b efo re .

Bennett recommends the use o f  the barium s a l t  o f  diphenylamine

( I ? 7/illard  and Young, Ind.Bng.Chem. (Anal.K d.) 154, 158 {19u3)•

( 14)K olth off and Xdngane, J,Am.(hem.Soc. 55, 1871 (1933).
« i a  .

W.Benaett, J.Am.Cham.Soo*, M,* 277 (1934).
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su lfo n ic  acid  fo r  the determ ination o f  uranium using permanganate,

s in ce  the use o f  the in d ica to r  made the co lor  change so d is t in c t

th at the usual correction  fo r  the masking o f the end-point by the

green uranium so lu tio n  was not n ecessary .

Ihphenylamina s u lfo n ic  a c id  may a l s o  he used as in d ica to r  in
(16)

the determ ination o f cobalt .  She cobalt i s  oxid ized  by sodium 

perborate, the ex cess  o f  perborate being removed by b o il in g . She 

so lu tio n  i s  then treated  with excess ferrou s iron , and the excess  

ferrou s iron  i s  t i t r a te d  w ith dichromata, using diphenylamine su l­

fo n ic  a c id  a s  in d ica to r .

In  the co lorim etric  determ ination o f n i t r a te s , diphenylamine 

and diphenylbenzidine may with advantage be replaced by the sodium 

s a lt  o f diphenylamine su lfo n ic  acid  .  She c h ie f  advantage l i e s  

in  th e  fa c t  that th e co lor  developed i s  more s ta b le .

hang recommends diphenylamine su lfo n ic  ac id  in  the detennin— 
(18)

a t  ion  o f  manganese .  when reducing t r i  va len t manganese w ith  

ferrou s s u lfa t e .  She in d ica to r  i s  p a r tic u la r ly  u s e fu l l in  the  

presence o f tungsten , but i t  can be used only fo r  sm all amounts o f

manganece.

(i§  j
Sarver, Ind.2ing.ChQm. (A nal.E d .) J>, 875 {1933)•

(17 )
K olthoff and Koponen, J.Am.Chem.Soc., M s  1448 U 9S3)*

( 18J
jjang, S.anal.Chom* 102.. Q (1935).
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( 19)
feng and G o ttlieb  use diphenylamine su lfo n ic  ac id  in  the  

t i t r a t io n  o f quinquevalent molybdenum with vanadate so lu tio n . fhe  

d irect t i t r a t io n  i s  not p o ss ib le  w ith diphenylamine, and i t  i s  neces­

sary to add excess vanadate and b a c k -titr a te  w ith  ferrou s so lu tion *  

S h is  i s  avoided w ith the sulfcmated compound* I f  the in d ica to r  i s

p re-ox id ized , the co lor  change a r is e s  more rapidly*
(20 ]

Stegeman and E n g lis  recommend the in d ica to r  in  th e deter­

m ination o f reducing sugars* fhe cuprous ox id e, p rec ip ita ted  by th e  

a c tio n  o f reducing sugars on 2*ehling*s so lu tio n , i s  d isso lv ed  in  d l— 

chromate, and the excess dichrcoiate determined w ith ferrou s s u lfa te ,  

using barium diphenylsmine su lfon ate  as indicator*

(19 )
Lang and G o ttlieb , Z.ansl.Ghem* 104. 1 (1936)*

Stageman and E n g lis , J . A s s o c  .O f f ic ia l  igr.Ghem. lg .  480 (1936); 
Gh.em.Ab. 3& 7067 (1936).
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P iphenyiara Ins monosulfonic a c id * Meahanism o f c o lo r  ohapga.

The mechanism o f the reaction  by which diphenylamine su lfo n ic

a c id  i s  converted Into the h ig h ly  colored ox id ation  product has

been studied to  some ex te n t, hut most of the work has been dona

w ith the parent substance, diphenylamine, sinca i t  i s  b e liev ed

th at both the rea ctio n s are e s s e n t ia l ly  the same*

The f i r s t  explanation came from Baeyer, who postu la ted  th at

the co lor was due to  a s a lt  o f the then unknown diphenylhydroxyl- 
(21)

amine .  This he b e lieved  to  be analogous to  tr ip h en y lcarb in o l,

which was known to  form colored s a l t s .
( 8 2 )

Wieland , a f t e r  considerab le study o f the question , put

forth  the follow ing explanation . The f i r s t  product o f  the oxida­

tio n  o f  diphenylamine i s  tetraphenylhydrazine, which adds a c id s  

to  form q u in o id -lik e  s a l t s .

< d h ™ d > d  X ?

I t ,
t f  «  l ? >

T his unstable s a lt  decomposes to fon t one m olecule o f  diphenyl—

amine and one m olecule o f diphenylchloram ine.

• « * i
A. Baeyer, Ber. 38. 583 (1905)•

(22JV/ieland, Ber. 39, 1499, 3036 (1906); 41, 3478 (1908); .
3260 (1910); 45, 495 (1912); 52, 886 (1919); Ann. 381, BOO (1911).
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iSwo m olecules o f  the ohloramine thus formed then condense to  g iv e

dl jiLQU.yldl'h vd rnvJifinfn^a.

Sh is substance adds hydrochloric ac id  forming a green, quinoid , s a l t -  

l ik e  ad d ition  product,

which o x id izes  to  g ive  the corresponding parazonium compound, the 

supposed observed blue ox id ation  product.

Kehmanp-and Micewioz and Kehrmamand Roy (34) postu lated  th at th e  

f i r s t  s tag e  of the rea ctio n  i s  th e  form ation o f tetraphanyihydrazine, 

•which rearranges in  acid  so lu tio n  to  diphonylbonzidine. She d iphenyl- 

benzidine i s  then oxid ized  to  a quinoid compound, dlphenylbenzidine

v io le t ,  which i s  b lu e .

f  C t f  4 ,

(2J5)

( 88)
KehrmarmandEioeifi.cz, B er. 45, 2641 (19121.

( » J
Kehrmann and Roy, B er. 55. 156 (1922| .
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J O  %  0 , 4 Q = & ' 0
s 1

(25}
W1 eland  M raself l a t e r  re je c te d  M s  f i r s t  p roposal and accep ted  

the meohanian ju s t  g iven , t u t  he om itted th e  form ation o f te t r a jh s n y l -  

hydrazine a s  an in term ediate*

Kehmapn and M s  oowoxicers a lso  p o s tu la ted  th a t  th e  s l ig h t ly  

so lu b le  green  ocmpound which i s  sometimes foamed a s  an  in term ed ia te  

in  the  ox id a tio n  o f diphenylamine i s  a  m olecular oompouhd of dipfcanyl- 

benzidlne and dlphsaylbenzidins v io le t*  According to  more recen t 

views, th e  g reen  in so lu b le  ocmpound i s  n o t a  d i -  b u t a  monomoleoular 

compound o f  the  semiquinone type , in  Which only one e le c tro n  h as  been 

lo s t*  Sarver and K o lth o ff by means of p o ten tiem etrio  t i t r a t i o n s

* ( & $
E* Wlelsnd, Ber* 3298 (1913).

(26 )
M iohaelis , <fc<»*Bev* U» 243 (1936), W aits, 2 .  E lec trocfc® .

34. 538 (1928V

(27)
Server end K o lth o ff , JUm.Qxaa.Soo*, M, 24 (199f|)«
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themed th a t  l a  the ease of dlphenylbenzidine su lfo n ic  acid ( an 

Intexm ediate l a  th e  o x id a tio n  e f  dipfcenylamina su lfo n ic  a d d )  

th e  aemiquinone and not the  m eriquinone was formedt

H H _  _  -H — - ,

0 » - 0 O - ' O  O  > 0 0 * 0 +  ■ * +  e .

   ----------• i

O i - 0 - C r i ' 0  < Z > h , = 0 = ' O b, o +e '* + c .

I h i l e  th e  foregoing exp lanation  I s  r a th e r  g e n e ra lly  accep ted ,
(2 8 1

two o th e r medhaalaas h a re  heem offered*  Madelung, B e iss , and H err 

s tu d ied  th e  b lue  and v io le t  compounds ob tained  from th e  p ara  sub- 

s t l tu te d  d e r iv a tiv e s  o f d i -  and triphenylam lne and from th e  correspond­

ing benzidine compounds, and concluded th a t  the c o lo r  l a  n o t produced 

by a  quinoid s tru c tu re  bu t by  a d d itio n  compounds o f  the  amines w iiii

inorgan ic  s a l t s .  Whose s tru c tu re s  can be in te rp re te d  by th e  Werner
(291

Theory. Weitz and Schwa Ghten p o s tu la ted  a  s im ila r  ex p lan a tio n , b a t 

they  regard  n itro g en  a s  th e  c e n tra l  atom o f th e  smmonton-lllce ocmplex, 

whereas Mad a lung, B e las , and H err b e liev e  th e  m etal atom I s  th e  c e n tra l  

atom*

# (28)*
Madelung, H eiss, and H err, inn* £§&» 7 (19271*

(29 )
VStoltz and SOhweohten, Ber* 2307 (1928)$ i g ,  545 (1927)*
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Jtphenyl&nine disulfonio acid*

l&phenylamlne d isu lfo n io  ac id  (4 , 4 * f | m s  f i r s t  prepared by 
(

Herz and Weith l a  1872* Ih e  d ir e c t  su lfo n a tio n  o f diphenylcmine 

w ith  concentrated  s u lfu r ic  a c id  was found to  g ive both the  monc- 

aad d isu lfonated  am ines, which were separated  a s  th e  barimn sa lts*  

She barium s a l t  o f  th e  m onosulfonic a c id  i s  only  s l ig h t ly  so lu b le  

so ld  water* w hile th a t  o f  the  d isu lfo n ic  a c id  i a  r e a d ily  soluble* 

She mother liq u o r  remaining a f t e r  tide d ep o sitio n  o f  th e  b a r im  s a l t  

o f  the  monosulfonio a c id  i s  t r e a te d  w ith  a lo o h o l, and th e  r e s u l t in g  

p r e c ip i ta te  o f th e  baritsn s a l t  o f  the  d i su lfo n ic  a c id  i s  d isso lv ed  

in  a  l i t t l e  water* f lo w e r- lik e  c r y s ta ls  o f  th e  d ihydra te  sep ara te  

i f  th e  aqueous so lu tio n  i s  allow ed to  stand  ever concentrated  s u l­

f u r ic  acid*
(31)

iwwm and Werdenbezg ob tained  th e  barium s a l t  o f  th e  d l -  

su lfc n a te  by h ea tin g  dipfcsnylamlne (80 g * ) w ith s u lfu r ic  a c id  mono* 

hydra te  (17 g * ) fo r  3 hours a t  130-140°, and a ls o  by h ea tin g  d i -  

(10© g . )  w ith  oleum (200 g*) fo r  3 hours a t  110-120®*

She potassitsa s a l t  was obtained  by  adding an eq u iva len t amount 

o f potassium  carbonate to  a  so lu tio n  of the bariwa s a lt*  On adding

* Mors and W eith, Ber* £ ,  283 (1872)* &, 1613 (1873)*

(31)
Onshm and Werdenberg, 3* angew.Chan* 1061 (18991*
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alooho l to  the  f i l t r a t e ,  w hite c r y s ta ls  w ith  1 * 5  m olecules ©f w ater 

appeared. fh e  oopper s a l t  was formed by evaporating th e  f i l t r a t e  ob­

ta in e d  from th e  double decomposition o f so lu tio n s  o f  th e  barium s a l t  

and o f oopper su lfa te*  I t  i s  r e a d ily  so lub le  in  w ater and co n ta in s  

4  m olecules o f w ater o f  c ry s ta l l is a t io n *

On evaporating a  so lu tio n  formed by passing  hydrogen s u lf id e  

in to  an a<jaeous so lu tio n  o f the  copper s a l t ,  a  th ic k  dark b lu e  syrup 

i s  obtained  Uhlch does not s o l id ify ,  although under m e m icroscope i t  

appeared to  c o n s is t C hiefly  o f sm all needles* I t  i s  re a d ily  so lu b le  

in  a lcoho l and water*
(32)

jyiewoncfld. and S u sso d d  obtained th e  d isu lfo n io  a c id  by the  

a c tio n  o f excess C hlorosu lfen ie  a c id  on a  e o la tio n  o f diphenylemine In  

n itrobenzene a t  110-115°. fh e  product was obtained a s  th e  magnesias 

s a l t ,  which has  2 * 5  m olecules o f w ater o f c ry s ta l l is a t io n *  th e  a n i l id e

m o lts  a t  239°* ^3 3 .

Dijfaenylanine d isu lfo n io  a c id  (2 ,4  ] was f i r s t  prepared by F isc h e r  

i n  1891 by the  a c tio n  o f a n i l in e  on 1 -brom benzenedisulfonic a c id  (2 ,4  J . 

fh e  f i r s t  product obtained i s  th e  a n i l in e  s a l t ,

Br ___

a o ^ . ^ y a g

' “ ’s n r a n ^ l  «nd U i W k l ,  S aM . iatm . w a d . p o lo n a l - ,  U N I ,  S06, 
Chaa. 4 b . ,  ££ , 1503 (1931)*

(3 0 )
P . F isc h e r , B er. 2^, 5807 (1691)*
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naphthalene frame* -n a ^ th y lam in e , th e  red u ctio n  o f th e  aso  to  the  

hydrazo compound, and th e  rearrangem ent o f th e  hydrazonaphthalene to

Haphthidine l a  only  s l ig h t ly  so lub le  in  e a te r ,  a  disadvantage

in  I t s  use a s  a  redox in d ic a to r . I t  was thought th a t  n a ^ ith id ln e

sn lfo n lo  ao ida  would possess a l l  th e  advantages o f  naphth id ine a s  a

redox in d ic a to r ,  to g e th e r w ith  the  a d d it io n a l  advantage o f  s o lu b i l i ty

in  w ater. I t  was expeoted th a t  th e  najh th ldens stO fonlo a c id s  could

he prepared in  a  wanner analogous to  th e  p rep a ra tio n  o f naghth ld lseo  
{36)

Lange showed th a t  d iasoniua s a l t s  o f  naphthalene and I t s  d eriv a­

t iv e s  g ive  the corresponding azo compounds when tre a te d  id  th  s u lfu r -  

ous ac id  o r i t s  s a l t s .
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K , Lange, D.B.P. 78225, F r d l .  i ,  1016.



-  24 -

I n  t h i s  way the sodium s a l t  o f  azonaphthalene (1 ,1*) d isu lfo n io  

a o id  (4 ,4*) teas obtained from naphthylsmine ( I )  su lfo n ic  ao id  (4)*

Sha produot appeared a s  a n a ll  yellow  p la te s ,  s l ig h t ly  so lu b le  In  co ld  

w ater, and d i f f i c u l t l y  so lub le  In  ho t water* S im ila rly  najhthylam ine (2) 

su lfo n lo  so ld  (3 ) produced th e  sodium s a l t  o f  azonaphthalene (2 , 2 *) d i­

su lfo n io  ao id  (4 ,6 * ) , b r ig h t yellow p la te s ,  d i f f i c u l t l y  so lu b le  In  water*
(371

I t  has been found th a t  su lfo n ic  a c id  d e r iv a tiv e s  o f (1,1*9 and 

(2 , 2 *) azonaphthalene t&em tre a te d  w ith  a lk a lin e  o r  ao id  reducing agen ts  

add two atoms of hydrogen to  d iam iuodinaphthylsulf onio a o ld s , which 

may s p l i t  out ammonia, forming th e  corresponding dinaphthoimino su lfo n ic  

acids*

Thus, when azonaphthalene (1 ,1* ) d isu lfo n io  ac id  (5 ,6 * ) I s  reduced

(37)
K hlle and Oo*, »*B*P. 343149, F rd l*  1§* 296 (1921).
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w ith stannous oh lo ride  in  concentrated  h ydroch lo ric  ao id  so lu tio n , 

an  ao id  i s  obtained in  th e  foam o f o o lo rlo ss  n eed les , d i f f i c u l t l y  

so lu b le  in  h o t water* I t s  a lk a l i  s a l t s  a re  re a d ily  so lu b le  in  

water* With n itro u s  aoid  i t  g iv es  a  yellow , d i f f i c u l t l y  so lu b le  

diazo compound* On h ea tin g  s&th d i lu te  hydroch lo ri#  a o id  a t  140°, 

ammonia i s  s p l i t  out* A weakly a lk a lin e  so lu tio n  o f  th e  ao id  on 

stand ing  w ith  sodium amalgam fe rn s  diamine ( 1 , 1 * 1  d in a g ith y l (2 , 2 * ). 

from th ese  re ac tio n s  i t  may be concluded th a t  th e  ao id  i s  diamino ( 1 , 1 *) 

dinajfcthyl (2 , 2 *) d isu lfo n io  ao id  (5 ,5*)•

Iro n  o r  s in e  and d i lu te  m ineral a c id s  can a ls o  be used a s  reducing

agen ts in  t h i s  reaction*

PA n g > ( i , i * ) d isu lfo n io  ao id  (4 ,4*) i s  ob tained  on

red u c tio n  of azonaph.ths.lene (1 ,1*) d isu lfo n io  ao id  (4 ,4*) w ith

an a lk a lin e  so lu tio n  o f soditsa h y d ro sa lf i te  o r  w ith  s in e  dust and

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



-  m

sodium hydroxide* T h is  ao id  oannot be d iaz o tiz e d , and fo o ts  d inaphtho- 

Imine (1,1*1 ©a h ea tin g  id th  m inera l ao id s  a t  180®* S im ila rly  

azonaphthalene (2 , 2 * 1 d isu lfo n io  ao id  (7,7*1 undergoes red u c tio n  

a s  shoua in  th e  equation  p rev iously  given*
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3M.thenrlamlne S u lfon ic  A cldai

She p rep ara tio n  o f  diphanylaialna m onosulfonic ao id  by th e  method
m i

o f K olthoff and Sarver was repeated* T his method invo lves th e  

a o e ty la tio n  o f  diphenylamine and su lfo n a tlo n  o f th e  ao e ty la te d  amine 

w ith  fuming s u lfu r ic  a c id .

c r t )  o " o  c r  y ^ H c r t

m i
K oltho ff recommends Clsus * method o f p rep a ra tio n  o f a c e ty l-

diphenylamine, in  which equim oleoular q u a n ti t ie s  o f diphenylamine

and a c e t ic  anhydride a re  re fluxed  f o r  one hour in  th e  presence o f  a
(40)

few drops o f s u lfu r ic  acid* Kaufmann s ta te s  th a t  a  h o t te r  y ie ld  and 

a  p u re r product can he obtained by re flu x ln g  diphenylamine and th e  

c a lcu la ted  q u an tity  of a c e t ic  anhydride in  xylene so lu tio n  f o r  two 

hours* Both methods were tried *  I f  o cm o rc ia l diphenylamine was used ,

(38)
K oltho ff and S erver, J«im*€hem.Soe*, J£§* 2902, (1931}*

(39)
A. Claus, her* SS66 (16811*

(40)
A. KBwftaann, B er. ^ g , 3480 (1909)*
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*  brown produot tfiich  oould no t be r e c ry s ta l l i s e d  from e th e r ,  a s  sug­

g ested  by Claus, was obtained by both methods# However, i f  the 

i s  f i r s t  p u r if ie d  by d i s t i l l a t i o n ,  Kaufinann*s method was found to  

g iv e  a  pure w hite product in  67$ y ield#

K olthoff *s method of su lfo n a tio n  was then  tr ie d *  She su lfo n a tio n  

m ixture was heated  w ith  w ater a f t e r  th e  e u lfo ra tio n  had ooeurred to  

hydrolyze the aoety ld ijhenylam ins su lfo n ic  ao id  to  diphenylamine 

su lfon io  ao id  and th e  unreaoted aoetyldiphenylam ine to  diphenylamine# 

fh e  diphenylamine obtained i n  t h i s  way was weighed, in  o rd e r to  determ ine 

the ex ten t o f the su lfonation#  In  one t r i a l ,  87$ o f  th e  o r ig in a l  ao e ty l 

diphenylamine was reoovered uneulfonated as  diphenylamine a f t e r  hydro lysis#  

I n  ano ther t r i a l ,  a  2 1 # 7 $  y ie ld  o f th e  barium s a l t  o f th e  monosulfonio 

ao id  was obtained# t h i s  c a lc u la tio n  o f  th e  y ie ld  i s  based on th e  t o t a l  

acetyldiphenylam ina used .

Since th e  foregoing method gave r a th e r  u n s a tis fa c to ry  r e s u l t s ,  i t  

was decided to  attem pt to  p repare th e  diphenylamine sa lfo n ie  ao id  by

o th e r procedures. D irect su lfo n a tio n  w ith  H -pyridlnirm  su lfo n io  ao id
(4 1 |

was f i r s t  t r i e d .  I t  has a lread y  been shorn th a t  t h i s  oempound i s

an e x c e lle n t su lfo u s tin g  agent#

H-pyrldiaium  su lfo n io  ao id , CgHgfr! S03 * was prepared according to  

th e  method o f Baumgarten and Mazggraff# fh e  aoid  was ob tained  a s  pure

White c ry s ta ls  in  85$ y ield#

(411
Baumgarten, B er. 1165, M** (1*26)* Baumgarten and M arggraff, 
B er. i i ,  1584 (1931).
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She a c tio n  o f N -pyridinlwn su lfo n ic  ao id  on acetyldipihenylamina 

waa f i r s t  tried *

32,® g . aoetyldipfcenylaBine was h eated  a t  ISO-170® w ith  41 g« 

E**pyridinium su lfon io  aoid fo r  3 hours* fh e  rea o tio n  m ixture was then  

poured in to  600 oo* w ater, hydrolyzed by b o ilin g  f o r  S h o urs, and th e  

so lu tio n  was f i l te re d *  36*0 g .  unreaoted diphenylamine was reoowared 

i n  t h i s  way* Since th e  32*5 g* o r ig in a l  acetyldiphenylam ine used 

would give on h y d ro ly sis  26*0 g* diphenylamine, i t  i s  ev iden t th a t  

K-pyridinium su lfon io  ao id  has p r a c t ic a l ly  ho a c tio n  on aoety ld iphenyl­

amine*

fh e  ao tio n  of E-pyridinium  su lfo n io  ao id  on diphenylamine was 

nex t tr ie d *

8 «® g* diphenylamine and 7*9 g* I-py rid in ium  su lfo n io  aoid were 

h eated  fo r  1 hour on th e  w ater bath  and then on th e  o i l  b a th  a t  140° 

fo r  3 - 4  hours* E ot w ater was added to  the  g reen , g la s s y  m ix ture, and 

the  in so lu b le , unreaeted  diphenylamine was f i l t e r e d  off* fh e  w ater 

so lu tio n  was ex tra c ted  w ith e th e r  in  o rder to  remove the  l a s t  tr a c e s  

o f  diphenylamine* Oonoentrated sodium hydroxide so lu tio n  was then  

added u n t i l  the  so lu tio n  became tu rb id , fh e  heavy p a le  yellow g e la t in ­

ous p r e c ip i ta te  which formed on standing was f i l t e r e d  o f f ,  d isso lv ed  

i n  e th y l a lco h o l, and re p re c ip ita te d  by the a d d itio n  o f ether* fhe  

s a l t  was again  d isso lved  in  a lco h o l, carbon dioxide was passed in  u n t i l
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th e re  was no fu r th e r  p re c ip i ta t io n  o f sodium carbonate , and th e  

f i l t r a t e  was concentrated  to  In c ip ie n t c ry s ta l l is a t io n *  Since no 

app rec iab le  amount of p r e c ip i ta te  was foamed on coo ling , e th e r  

was added, fh e  White p r e c ip i ta te  Which formed was f i l t e r e d  o f f  

and d r ie d .

With excess dlcihrcmate in  hydroch lo ric  ac id  so lu tio n , a  w ater

so lu tio n  o f  the s a l t  gave a  deep purple c o lo r , s im ila r  to  th a t  g iven

by K olthoff* s Ind icator*

fh e  p - to lu id in e  s a l t  o f  th e  diphenylamine su lfo n ic  ao id  th u s
<42)

obtained was prepared according to  th e  method o f  F ie se r  .  A fte r

one r e o ry s ta l l iz a t io n  from w ater, the s a l t  m elted a t  198-199°. fhe

p - to lu id in e  s a l t  o f  K olthoff*s diphenylamine su lfo n io  ac id  was a lso
c

prepared by th e  same method, and m elted a t  198-199. A mixed m elting

p o in t o f th e  two p - to lu id in e  s a l t s  e x h ib its  no dep ress io n , fhe  two
(43)

su lfo n io  ac id s  a re  th e re fo re  id e n t ic a l .  Gbhsn and Oesper showed th a t  

th e  diphenylamine su lfon io  ac id  prepared by the  a c tio n  of b u ty l s u lf a te  

on diphenylamine g iv es  a  p - to lu id in e  s a l t  m elting  a t  196-197®, and 

fM Bs an oxid ized  product Which d i f f e r s  in  co lo r from th a t  produced 

from K olthoff*s a c id , fhe  two su lfo n ic  ac id s  a re  th e re fo re  i  saner s .

(4 2 )
L. f i e s e r ,  Experiments in  Organic Chemistry, Hew York* Heath 
and Oo. (1935), p . 140*

(43)
Oahen and Oesper, Ind.Eng.Ohem. (A nal.E d.} £# 364 (1936)} Oohen, 
Sh.O. fh e  s i  s ,  U n iv ersity  o f  C incinnati ( I fS f  )*
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Sulfonation  of diphenylamine w ith  H-pyridlnium  su lfo n io  ao id  

g iv es  e x c e llen t y ie ld s ,  as  was shown fey fa b le  V, However, th e

•CABLE 7

Biphenyl- N -pyrld in - f  ime tem perature Dijfcenylamine
amine ium s u l-  Hours recovered un -

g .  fon io  ao id  s u l f  coated
g .  g .

17 24 6  130-170° 3 .7
17 32 6  150-170° 1.S

is o la t io n  o f the diphenylamine su lfo n io  ao id  as th e  sodium s a l t  

o ffe red  d i f f i c u l t i e s ,  fh e  s a l t  sep ara tes  from th e  so lu tio n  on th e  

a d d itio n  of sodium hydroxide a s  a  g e la tin o u s  p re o ip ita te ,  and i s  

q u ite  contam inated w ith  a l k a l i .  I t  was found im possib le to  r e -  

o ry s ta l l iz e  the sodium s a l t  from w ater, s in ce  i t  i s  too  so lu b le , and, 

on, evaporation  o f  th e  so lu tio n , i t  forms a  g e la tin o u s  mass. I f  th e  

sodium s a l t  i s  d isso lved  in  e th y l aloohol and re p re e lp ita te d  With 

e th e r ,  i t  forms a  w hite  powder, bu t th e re  i s  a  50$ lo s s .  S im ilar 

r e s u l t s  were obtained using methyl a lo o h o l.

I t  was th e re fo re  decided to  a ttem pt the  i s o la t io n  o f th e  d iphenyl- 

amlne su lfon io  aoid as  the  barium s a l t ,  fh e  follow ing procedure was 

u sed . B ljhenylanine and B-pyridinium  su lfo n io  ao id  were h ea ted  to  the  

s ta te d  tem perature f o r  th e  s ta ted  leng th  o f tim e, fh e  g reen , g la ssy
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re a c tio n  m ixture mas d isso lved  in  m ater, th e  in so lu b le  unreaoted d l -  

pheny lamina f i l t e r e d  o f f ,  and excess G.P. baritm  carbonate added*

She suspension was heated  fo r  SO m inutes, cooled, and f i l te r e d *  She 

f i l t e r  cake th a t  contained barium diphenylamine su lfo n a te , barium 

s u lf a te ,  and barium oarbonate mas ex trac ted  w ith h o t mater* On 

cooling , a  p r e c ip i ta te  o f baritsn diphenylamine su lfo n a te  mas formed* 

Evaporation o f  th e  so lu tio n  gave a  fu r th e r  y ie ld  o f  s a lt*  She r e s u l t  a 

obtained a re  given in  Sable 71*

fAarja 71

M jfaenyl- N -pyrid in - lem per- lim e Diphenyl- E x trac­ 7 o l .  Ba «
amine ium su lfo a -  a tu re Mrs* t io n  l iq u id  a f t e r  s a l t

8 * lo  a c id -g . recovered oc. evapo- g*
g* ra t io n

16 50 160-170°0 2*5 1.7 800 1 0 0  6*5
15 50 150-170° 5 .0 1 .9 800 dryness 1 0 . 0

15 46 150-170 0 2 .5 0*5 800 •  9 .0
16 60 100-170° 2*5 0 * 0 800 "  1 0 . 0

16 50 150° 0*5 1 . 0 800 » 5 .6

S h eo re tlo a l y ie ld  o f barium diphenylamine monosulfon&te from 16 g* 
dlihenylam lne i s  28*1 g*

I t  i s  ev iden t from Sable 71 th a t  a  considerab le  f ra c t io n  o f  th e  d i­

phenylamine su lfo n ic  a c id  formed i s  no t obtained w ith  t h i s  procedure, 

s ince  the  d isc rep an c ies  between th e  amount o f diphenylamine recovered
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uasu lfonated  and fe e  amount o f  barium diphenylamine su lfo n a te  ob­

ta in ed  a re  q u ite  g reat*  Slnoe fee  barium s a l t  o f  K olthoff*s ao id  

was known to  be only s l ig h t ly  so lub le  in  eold  w ater, and s in ce  th i s  

would be p r a c t ic a l ly  com pletely is o la te d  by th e  procedure used , i t  

was thought th a t  e i th e r  ano ther isom erle monosulfonio ao id  having a  

so lub le  barium s a l t  was formed in  th e  re a c tio n , o r  fe a t  p o ss ib ly  

di~ I t  t r is u lfo n a t io n  was occurring*

®o t e s t  th i s  p o s s ib i l i ty ,  15 g* diphenylamine was heated  w ife 

30 g .  Nvpyridlnltan su lfon io  a d d  a t  130° f o r  3*5 hours* fh e  re a e tio n  

m ixture was tre a te d  w ife 1 0 0  os* h o t w ater, th e  unreaoted diphenyl­

amine ( 1  g . l  f i l t e r e d  o f f ,  and excess barium carbonate added* fe e  sus­

pension was then  heated  to  b o ilin g  and f i l t e r e d  hot* On co o lin g , 3*5 

g* of fee w hite barium s a l t  p re c ip i ta te d . A fte r  a  second e x tra c tio n  

o f fee  m ixture o f barium s a l t s  w ith  fee  mother l iq u o r , 2  g* a d d itio n a l 

Of barium s a l t  was ob tained ; a  th ird  e x tra c tio n  y ie lded  no th in g , fe e  

so lu tio n  was th en  evaporated to  dryness, 26*5 g ,  o f a  p a le  g reen  so lid  

were th u s  ob ta ined , making th e  t o t a l  y ie ld  o f  probably impure product 

32 g , f e e  th e o re t ic a l  y ie ld  o f barium diphenylamine monosulfonate from

15 g , diphenylamine i s  28*1 g*

fee  above experiment shows th a t  su lfo n a tio n  of diphenylamine w ith  

N-pyrldinlum  su lfo n ic  ac id  g iv es  a t  le a s t  two p roducts, one foxming a  

barium s a l t  s l ig h t ly  so lub le  in  w ater, and th e  o th e r  a  barium s a l t

re a d ily  so luble in  water*

S im ilar r e s u l t s  were obtained  when strontium  carbonate was sub-
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s t i tu te d  f o r  barium oarbonate, in d ic a tin g  th a t  th e re  l e  lik ew ise  a  

g re a t d iffe ren ce  in  the  s o lu b i l i t i e s  o f the  strontium  s a l t s  o f  th e  

two products* fh e  strontium  s a l t  o f th e  ao id  g iving the s l ig h t ly  

so lub le  barium s a l t  was prepared by double dee exposition  between 

a  so lu tio n  o f  the a lig h t3 y  so lu b le  barium diphenylamine monosul­

fo n a te  and strontium  su lfa te*  fh e  strontium  s a l t  was obtained as  

ufeite shining c ry s ta ls*  A nalysis gave the follow ing re su lts*  *344$ 

g* gave *1106 g . strontium  s u lf a te ,  corresponding to  15.31$ strontium * 

{Calculated fo r  * 15*01$ s tr o n t la n .)

fh e  two su lfonated  products were prepared and separated  in  th e  

follow ing manner, to  determine Whether Hue ao id  having th e  so lu b le  

barim s s a l t  was a  mono- o r po lysu lfonated  diphenylamine* 10 g« 

diphenylamine and 20 g* K-pyridinium su lfo n ic  aoid  were heated  a t  

170° on an o i l  b a th  fo r  1 ho u r, fh e  m ixture was than, b o iled  w ith  

150 oc. w ater, cooled, and the  unreaoted  diphenylamine (1*5 g * ) 

f i l t e r e d  off* fh e  f i l t r a t e  was d ilu te d  to  700 oo*, excess C.P. barium 

oarbonate was added, and th e  m ixture was heated fo r  30 m inutes and 

f i l t e r e d  hot* fh e  f i l t r a t e  was evaporated on the  steam b a th  to  

50-60 o o ., and the l ig h t  g rey  p re c ip ita te ,A , Which had fom ed  was 

f i l t e r e d  o f f .  When dried  i t  weighed 4 .S  g* fh e  f i l t r a t e  was then 

evaporated to  d ryness. 16.5 g .  o f  a  l ig h t  g rey  powder, B, was thus 

obtained*
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P re c ip ita te  A was analyzed f o r  bar!m by h ea tin g  a  weighs* 

p o r tio n  (d ried  a t  HO®for 2 h o u rs) w ith oonoentrated s u lfu r ic  

sold* *6420 and .5206 g .  gave .1957 and .1332 g* barium s a lf a te  

re sp e c tiv e ly , corresponding to  21.28$ and 21.28$ barium, o r  an 

average o f  2 1 . 2 7 5 8  to r tu s*  fh e  o a lcn la ted  percentage o f barium 

in  barium diphenylamine m onosulfonate, C^HggHgSgOgBa, 21.88J6,

Whlah in d ic a te s  th a t  A i s  the  mono su lfo n a te .

fh e  p - to lu id in e  s a l t  o f  A was prepared according to  th e  method 

o f W ieser. I t  formed p a le  purp le  c r y s ta l s ,  m elting  a t  200-201® 

a f t e r  one r e o ry s ta l l iz a t io n  from water* Since th e  p - to lu id in e  s a l t  

Of K olthoff *s in d ic a to r  has  a  m elting  p o in t o f 198-199®, and since  

th e  s o lu b i l i t i e s  o f th e  to r tu s  s a l t  and the  c o lo r  o f th e  ox id ised  

form a re  app aren tly  the  same, the  two s a l t s  a re  probably  Id en tic a l*  

P re c ip ita te  B was analyzed fo r  b a ria n  by the same method a s  

was used fo r  i»  *6407 and .5649 g .  samples o f B gave .2389 and 

.2048 g .  barium s a l f a te  re sp e c tiv e ly , corresponding to  21.84 $  

and 21.7258 to r tu s ,  o r  an average o f 21.78$ barium* (C alcu lated  

f o r  b a riu a  diphenylauine m onosulfonate,

b ariu m .) f h l s  s a l t  i s  a ls o ,  th e re fo re , a  barium diphenylamine

monosulfoaate, and i s  an isomer of A. She p-toluidine sa lt could
(44 )•

no t be prepared e i th e r  by to e  method o f  P ie s e r  o r  o f  Kama .

(44)
0« Kama, Q u a lita tiv e  Organic A naly sis . Bow Yoxfc* Wiley and Co. 
(1920). p . 167*
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S his s a l t  i s  probably id e n t ic a l  w ith (die diphenylamine sulfon**
( 4 5 )  ( 4 6 1

io  aoid prepared by S tra in  and Oesper and Cbhon and O esper, s in e s

i t  g iv es  w ith  dichromata and hydroch lo ric  a e id  a  red -pu rp le  co lo r , 

n o t id e n t ic a l  w ith the  co lo r obtained w ith  K olthoff*s in d ica to r*

I t  was nex t deolded to  t r y  th e  e f f e c t  of so lv en ts  on th e  r e -  

a o tio n  between diphenylamine and H-pyridinium su lfo n io  a d d *  For 

t h i s  purpose, benzene was s u ita b le ,  s ince  i t  d isso lv e s  diphenyl­

amine re a d ily  and H-pyridinlum su lfo n io  ao id  to  a  l e s s e r  extent*

She e f fe o t o f H-^pyrldlnlwt su lfo n io  ao id  on benzene alone was 

f ln j f c  tr ie d *  5 g .  H-pyridlnium su lfo n io  ao id  and @0 oo* benzene 

were heated  on th e  w ater bath  fo r  2 hours* She so lu tio n  was then 

t re a te d  w ith  100 oo* w ater, th e  w ater la y e r  sep a ra ted , and excess

C.F* barium oarbonate added* She so lu tio n  was heated  to  b o il in g , 

f i l t e r e d  tto ile  h o t ,  and evaporated to  dryness* 0«dg* o f  a  tfh lte  

s o lid  which contained  barium was obtained  a s  a  re s id u e , f h i s  

small amount o f su lfo n a tio n  product In d ic a te s  th a t  the a c tio n  o f 

H-pyridihium su lfo n io  ao id  on benzene i s  p r a c t ic a l ly  n e g lig ib le .

10 g* diphenylamine, 30 g* H -pyrldiniwn su lfo n io  a o id  and 

1 0 0  g« anhydrous benzene were heated  f o r  one hour on tint w ater

(45 r
S tra ta  and Oesper, lnd.Eng.Chem, (inal*E d*| 455 (19341*

(45)
Oohen and Oesper, Ind,Sug*Chem* (Anal.Ed*) %  364 (1936)*
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bath* fh e  benzene la y e r  was ligh t; yellow , and th ere  wee a  yellow ish  

sem i-so lid  mass on the  bottom of th e  ftftflj|* fh e  benzene was decanted 

o f f ,  and th e  residue  h ea ted  w ith  130 oo* w ater in  whieh i t  d issolved* 

fh e  benzene was ex tra c te d  w ith  20 cc* p o r tio n s  o f  w ater u n t i l  no 

more diphenylamine su lfo n io  ac id  was p re se n t, a s  was shown by th e  

f a c t  th a t  a  few drops o f th e  l a s t  wash p o rtio n  gave only  a  f a in t  

purp le  co lo r w ith excess diohromate and d i lu te  hyd ro ch lo ric  acid* 

f h l s  wash l iq u id  was added to  the  ISO cc* o f w ater in  Whieh th e  

re s id u e  had been dissolved} th e  t o t a l  volume o f w ater so lu tio n  a t  

t h i s  p o in t was 250 cc* 37*3 g . 0.P* barium oarbonate (50$ excess) 

was added and th e  m ixture h ea ted  to  b o ilin g  f o r  30 minutes* fh e  

so lu tio n  was then f i l t e r e d  and th e  resid u e  was washed w ith w ater 

u n t i l  f re e  from barium diphenylamine sulfonate* fh e  volume o f  so lu ­

t io n  a t  t h i s  p o in t was 400 oo* fh e  so lu tio n  was evaporated on th e  

steam b a th , bu t no p r e c ip i ta te  appeared u n t i l  the volume Had reached 

approxim ately 100 oo* fh e  so lu tio n  sets evaporated alm ost to  dryness, 

and gave 14*7 g* o f a  l ig h t  g rey  powder*

fh e  product was analyzed fo r  barium in  the  u su a l way and w ith  

th e  follow ing re su lts*  *4928 g* and *5513 g* gave *2635 and *2967 g* 

of barium su lfa td  re sp e c tiv e ly , corresponding to  31*47$ and 31*66$ 

barium, an average o f 31*62$ barium, fh e  r e s u l t  in d ic a te s  th a t  Che 

product c o n s is ts  o f a  m ixture o f 49*7$ barium diphenylamine t r i s u l ­

fo n a te  and 50*3$ o f  barium diphenylaaine d isu lfo n a te . (C alculated
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f e r  barium diphenylamine d isu lfo n a te , C^gHgKS^OgBa, 29*53$ barium,

barium*

Bfaen th ese  re  s a l t s  a re  oompared w ith these  obtained under 

analogous cond itions wham no so lven t i s  used, i t  i s  seen th a t  th e  

presence o f  benzene f a c i l i t a t e s  su lfo n a tio n  o f diphenylamine, s in e s  

w ith benzene a  p o ly su lfo n a te  and not a  monosulfonate i s  formed*

Another run was made in  benzene so lu tio n  using  a  m olar r a t io  

o f diphenylamine to  N-pyridinium  su lfo n io  aoid  o f approxim ately 

1*1 in s tead  of th e  1*2 p rev iously  used* 10 g . diphenylamine astd 

10 g .  K-pyridlnium su lfon io  aoid in  100 g . anhydrous benzene were 

c a rr ie d  through th e  previous procedure. 9*3 g .  o f a  l ig h t  g rey  

powder was thus obtained* fh e  a n a ly tio a l r e s u l ts  were* .6729 g .  

and *5983 g* gave *2843 and *2983 g .  barium s u lfa te  re sp e c tiv e ly , 

corresponding to  29120 and 29.32$ barium, o r an  average of 29.26$ 

barium. S h is  an a ly s is  ag rees w ith th e  th e o re tio a l  value fo r  the  

d isu lfo n a ted  s a l t  (29*52$ barium ), in d ic a tin g  th a t  under th ese  

eond itions th e  pure d isu lfo n a ted  oompound i s  obtained*

When a  r a t io  of approxim ately 1 mol diphenylamine to  3 mols 

H-pyridlnium su lfon io  ao id  was used , th e  o ther co n d itio n s  o f  r e ­

a c tio n  being the same, 16.9 g . o f a  l ig h t  grey powder was obtained 

from lo  g . diphenylamine and 30 g . H-pyrldinium su lfo n io  aoid  in
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100 g .  anhydrous benzene, fhe  product was analyzed v t th  the f o l ­

lowing r e s u l t s .  .3433 and .3754 g . gave .3410 and .3052 g . barium 

s u lfa te  re sp e c tiv e ly , corresponding to  31.19$ and 31.21$ barium, 

o r an average of 31.20$ b aritm . fhese  r e s u l t s  in d ic a te  th a t  the 

product c o n s is ts  of a  m ixture of barium diphenylamine d lsu lfo n a te  

(56.4$) and barium diphenylamine t r is u lfo n a te  (41.6$}.

fh e  e f fe c t  o f n itrobenzene on the su lfo n a tio n  was nex t t r i e d ,  

lo  g . diphenylamine, 10 g . N-pyridinium su lfo n ic  a o id , and 160 g . 

g&$jfe>enzene were heated  on a  w ater b a th  fo r  one ho u r, fh e  n i t r o ­

benzene la y e r  was brown, and th e re  was a  y illo w  sem i-so lid  mass 

on the bottom , fhe  nitrobenzene was decanted and th e  dep o sit 

tre a te d  w ith  156 c c . h o t w ater in  which i t  d isso lv ed , fh e  n i t r o ­

benzene la y e r  was then ex tra c ted  w ith  20 oo. p o rtio n s  o f w ater 

u n t i l  a t e s t  p o rtio n  gave alm ost no purple co lo r w ith  diohrcmate 

and d i lu te  hyd roch lo ric  a c id , fh e  wash l iq u id  was combined w ith 

the  150 c c . o f so lu tio n  in  Which the deposit had been d isso lv ed , 

fhe  volume a t  t h i s  p o in t was 275 c c . 18.6 g . C.P. barium carbonate 

(56$ excess} was added, the  m ixture was h eated  f o r  45 m inutes, and 

f i l t e r e d  w hile h o t .  fhe  resid u e  was washed w ith ho t w ater u n t i l  

a  t e s t  p o r tio n  of the  wash so lu tio n  gave only a  f a in t  in d ic a to r  

c o lo r , fhe  volume a t  th i s  p o in t was 606 so . fhe  so lu tio n  was 

evaporated on a steam bath  to  100 oo. and the  2 .5  g .  o f l ig h t  g rey - 

purple powder formed up to  t h i s  p o in t was f i l t e r e d  o f f .  A nalysis
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o f  th i s  product f o r  barium by th e  u sual method gave the fo llow ing 

r e s u l t s .  .4811 g . and .4881 g . gave .1790 and .1817 g .  b a r i ta ^  

s a lf a te  re sp e c tiv e ly , corresponding to  21.90$ and 21.91$ barium , 

f i e  th e o re t ic a l  percentage o f barium in  th e  monosulfonated product 

i s  21.66$, which in d ic a te s  th a t  th e  above product i s  barium d i­

phenylamine mono su lfo n a te .

fh e  so lu tio n  was evaporated to  dryness, and 6 .5  g .  o f  a  l ig h t  

g rey  powderjtfas th u s  ob ta in ed . A nalysis fo r  barium in  th e  u sual 

way gave the  follow ing r e s u l t s .  .3931 g . and .6736 g* gave .1798 

end .2621 g . barium s u lf a te  re sp e c tiv e ly , corresponding to  26.92$ 

and 26.89 $  barium re sp e c tiv e ly , o r  an. average o f  26.91$ barium, 

fh e se  r e s u l t s  in d ic a te  th a t  th e  product i s  a  m ixture o f  barium 

diphenylamine mono su lfonate  (33.3$) and barium diphenylamine 

d isu lfo n a te  (66 ,7$ ).

Another experiment vt th  n itrobenzene as  so lvent using  h igher 

tem peratures was t r i e d .  10 g .  diphenylamine, 10 g . N-pyridinim a 

su lfo n ic  ao id , and 1 0 0  cc . n itrobenzene were re fluxed  fo r  1  hou r, 

fh e  re a c tio n  m ixture was b lack , and app rec iab le  q u a n ti t ie s  o f a  

b lack  s o lid  residue  in so lu b le  in  ho t w ater were formed, fh e  mix­

tu re  was tre a te d  w ith  2 0 0  oo. w ater, and th e  w ater la y e r  sep a ra ted . 

700 c c . w ater and l s .o  g . barium oarbonate 0 .# .  (50$ excess} were
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added, and th e  so lu tio n  was heated  fo r  45 m inutes and f i l t e r e d  w hile 

h o t .  fhe  so lu tio n  was d eo d o rized  by h ea tin g  w ith  anim al charcoal 

and was evaporated to  dryness. 1 .8  g . p a le  tan  p r e c ip i ta te  was 

thus ob ta ined , t h i s  was n e t analyzed.

Prom the above r e s u l t s  i t  i s  seen th a t v h ile  the  use e f  ben­

zene a s  a  so lven t f a c i l i t a t e s  su lfo n a tio n  o f diphenylamine, n i t r o ­

benzene appears to  have a  d e le te r io u s  e f f e c t .

The d ire c t  sy n th esis  c f  diphenylamine monosulfonio ao id  was

next attem pted* F isoher h as  shown th a t  th e  su lfo n io  ao id  groups 

o rtho  and para  to  the bromine in  1-bromobenzene d isu lfo n io  ac id  2 ,4  

render th e  halogen s u f f ic ie n t ly  re a c tiv e  to  condense w ith  a n i l in e

£03EXB* cnt"l nnl ft ftfll il 2 .4 a

I t  was thought p o ss ib le  th a t  one su lfo n io  ao id  group p a ra  to  the  

bromine would have th e  sane e f f e c t ,  although to  l e s s e r  degree, i n  

a c tiv a tin g  the  halogen, so th a t  th e  follow ing re a c tio n  m ight occur*

(471

S0*H

SOr̂H

(4 7 ) P . F isch e r, Ber. s^ 7  (1891)
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fh e  p-brorabenzene su lfo n ic  aoid was prepared by two methods*
/■* J

Bay and Bey obtained the aoid  in  85^ y ie ld  by Beating brcmbenzene

w ith  th e  exaot g u s n tl ty  o r excess o f concentrated  s u lfu r ic  ao id

a  tra c e  o f iod ine a t  1 0 0 °  f o r  2  h o u rs, fh e  aoid  was obtained  a s  th e

barium s a l t ,  from Which I t  was l ib e ra te d  by s u lfu r ic  acid* fh e  f re e

aoid  i s  deliquescen t and forms need les m elting  a t  102-3°*

fh e  method o f Bay and Bey was tr ie d *  but th e  y ie ld  obtained

was only  27*4# o f  th e  th eo re tio a l*  fh e  ac id  was no t pure w hite , bu t

s l ig h t ly  brown, undoubtedly due to  decom position, and melted a t

01-96°, probably because o f th e  presence o f m oisturco
(49)

H untress and Oarten prepared p-brcmbenzene sulfonJflL Chloride 

by d isso lv in g  brombenzene In  ohlorofoim  and tre a t in g  w ith  excess 

Chlorosulfonio acid* fhey  re p o rt th a t  f lu c r e -  and iodobenzene, as  

w e ll a s  sev e ra l o th e r d ihalogem ted  benzenes, g ive  corresponding 

su lfones along w ith  th e  ao lfonyl c h lo r id e s , b a t make no m ention o f 

t h i s  occurring  in  th e  case o f breabenzene*

f h e i r  procedure was c a rr ie d  o u t, b a t on a  la rg e r  s c a le , 2 0  g* 

of brombenzene being used* fhe  product obtained was r e c ry s ta l l iz e d  

from benzene, and h eated  w ith w ater f o r  sev era l hours to  hydrolyze 

th e  su lfc n y l ohloride to  the  su lfo n io  acid* Seme o f  the  product, 

however, did not d isso lv e , fh e  so lu tio n  was f i l t e r e d ,  and th e

*4 8 *B&y and Bey, J.Chem.Soo., 1405 (1980).

 ̂ ^Huntress and O arten, J.im.Chom.Soo*, £2* 8 1 1  (1940).
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a c id  was attempted* th e  condensation of a a l l ln e  ana s tO fa a i l lc  a c id

in  th e  presence of e i th e r  oopper powder (Ullmanu condensation), o r 
(60)

o f  benzole ao id  o r  both*

8  g .  s u lf a n i l io  ao id v 40 oo* a n i l in e ,  and * 6  g* benzole ao id  

were refluxed  f o r  severa l hours* fh e  m ixture was ex tra c te d  w ith  

a  d i lu te  so lu tio n  o f  sodium hydroxide* On ao id ify in g  a  t e s t  por­

t io n ,  and t re a t in g  w ith  exeess diehrom ate, no in d ic a to r  n o tio n  was 

observed, and the expected condensation had no t th e re fo re  occurred* 

S im ilar experim ents were performed using  8  g* s u lf a n i l io  a d d ,

6  g* a n il in e  hydroch lo ride , 2 0  oo. a n i l in e ,  and * 6  g* copper powder, 

and o th e rs  using 8  g* s u lfa n il io  a c id , 40 cc* a n i l in e ,  * 8  g benzoic 

acid end * 6  g* copper powder* Again th e  condensation d id  n o t occur, 

s in ce  th e  d i lu te  a lk a l i  so lub le  p o r tio n  did  no t possess any in d ica ­

t o r  action*

(50 )
Bayer and Oo*, 9 JUS* 71168, f r d l* J f  616*
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O ther Secondary Mima a&& f h e i r  S alfo n a tlo n  P red ao ts ,

B*eny l ^ ^ ^ h y l a m l n e  :

Ehenyl-tf -naphthylamine was prepared  in  1872 by G irard  and 
(fill

Tog* by hea tin g  a  m ixture o f  rf-napbthylaj&ine and a n il in e  

hydrochloride f o r  8 $ hoars  in  a  sea led  babe a t  280°• fh e  orads 

product was vaoatsa d i s t i l l e d ,  th e  s a l t  was then  formed by passing  

d ry  hydrogen ch lo rid e  in to  the benzene so lu tio n , and th e  prodoot 

obtained  by tre a t in g  the hydrochloride w ith  a lk a l i  was ag a in  d is ­

t i l l e d ,  She p u r if ie d  amine m elted a t  6 8 °  and was s l ig h t ly  yellow ,

b at on exposure to  a i r  turned red ,
(S2|

S t r e i f f  prepared jh e n y l-  dv -naphthylamine by h ea tin g  a n il in e

and ^ -najh thy lam ine hydrochloride in  a  sealed  tube fo r  30 to  36

hours a t 240°, P u r if ic a t io n  was accomplished by d i s t i l l a t i o n  and

re o ry s ta l l iz a t io n  from a lco h o l, fh e  pure product a e l te d ^ t  62 •
(S3)

J r ie d la a d e r  obtained phenyl-oC-najhthylamlne in  26% y ie ld

, , , e ,
(S I)  -

G irard  and Ycgt, B u ll.soc.dh im .C 2j, 1§L« ^  $1872|«

(1882).

207S (1883),

(62)
J .  S t r e l f f ,  in n  2g£, 152 

(53)
S . y ried lan d e r. Bar. 16*
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*y h ea tin g  a  m ixture o f ^ -n a p h th o l, a n i l in e ,  and calcium  Chloride 

in  a  sealed  tube* A fte r  d i s t i l l a t i o n ,  the  pro duet was r e c ry s ta l l iz e d  

from l ig ro in  and th en  from aqueous a lco h o l Qi.P* 60° )•
(64)

Iodine was l a t e r  found to  be a  c a ta ly s t  f o r  th e  oandenaation

Xhoeveaggel prepared the sp ine in  85$ y ie ld  by h ea tin g  <A-najfc.thol,

a n i l in e ,  and a  l i t t l e  iod ine  a t  180-800®, and by h ea tin g  <*-naphthyl-

smlne, a n i l in e ,  and iod ine a t  225-850°* She phenyl-<^-naphthyl«nine

was p u r if ie d  by vacuun d i s t i l l a t i o n ,
(66)

Bodgson and Karsden found th a t  ammonium iod ide  was a  t e t t e r  

c a ta ly s t  than  io d in e , fhey prepared phenyl-  ̂ -naphthylam ine in  

91*2$ y ie ld  (u n p u rifled ) by re flu x in g  a n i l in e  (210 g , ) ,  <A-naphthyl- 

amine ( 2 2 1  g . ) ,  and smmonium io d id e  (1 ,25  g * ) f o r  1 2  h o u rs , th e  

tem perature r is in g  to  180-280®, fh e  crude p roduct, a f t e r  one r e -  

e r y s ta l l iz a t io n  from l ig ro in ,  m elted a t  59°,

Since p h en y l--n ax h tb y lam in e  should be s im ila r  to  diphenylamine 

in  in d ic a to r  a c tio n , i t  was prepared and te s te d .  She method of 

Hodgson and Harsden was used , fh e  p ro d u ct, a  heavy b lack  o i l ,  was 

tre a te d  w ith  1 0 $ hydroch lo ric  ac id  sev era l tim es, then  with  d i lu te  

sodium hydroxid^to remove th e  a c id , and f in a l ly  Tit t h  pure w ater,

(54)
£• Knoevenagel, J.prekt.C hem , 2 ,  89. 17 (1914), K holl and 0 0 *,
D.K.P, 241868, P rd l.  180*

( 66) '
Hodgson and H arsden, J,flhem»So©*, 1181 (1938)*
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fh e  amine appeared to  1)® produced in  f a r i l y  h igh  y ie ld , hu t in  th e  

subsequent p u r if ic a t io n  the  lo ss  was considerable* Hodgson and 

H arsden had recommended l ig ro in  a s  so lv en t f o r  th e  r e o ry s ta l l is a t lo n ,  

h u t th e  heavy o i l  was p r a c t ic a l ly  in so lu b le  in  the  l ig ro in  av a ilab le*  

She crude product was found to  be q u ite  so lu b le  in  ho t g a so lin e , bu t 

i t  d id n o t separa te  on coo ling , fh e  amine separated  from th e  g aso lin e  

so lu tio n  as  an amorphous mass on s tan d in g . I t  was found th a t  th e  

se in e  could be s a t i s f a c to r i ly  p u r if ie d  by d isso lv in g  i t  In  b o ilin g  

e th y l a le tfe e l, adding w ater dropwise u n t i l  th e  so lu tio n  was ju s t  

tu rb id , h ea tin g  th e  so lu tio n  u n t i l  c le a r ,  and cooling* When the  

product was r e e ry s ta l l is e d  in  t h i s  maimer f iv e  tim es, a  l ig h t  ta n  

c ry s ta l l in e  m a te r ia l was obtained which m elted a t  59 .5 -60°. fh e  

y ie ld  o f p u r if ie d  product was 14$ o f  th e  th e o re tic a l*

A d ilu te  so lu tio n  o f  th e  amine in  concentrated  s u lfu r ic  a c id  

was prepared . A few drops of t h i s  so lu tio n  gave a  b lue-g reen  

c o lo r s im ila r  to  th a t  o f diphenylsmlae Then tre a te d  w ith  excess 

diohromate in  the presence o f hyd roch lo ric  a c id , fh e  c o lo r  was d is ­

charged by the  a d d itio n  of fe rro u s  s u lf a te .
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the  amine m elted a t  70°.

B -to ly l-c*  -naphthylamine should ha s im ila r  in  in d ic a to r  

p ro p e rtie s  to  diphenylamine. I t  was th e re fo re  prepared and te s te d  

fo r  use as  a  redox in d ica to r*  fh e  method o f Hodgson and Harsden 

mas a lso  used fo r  th e  preparation*

fh e  heavy black  o i l  obtained was f i r s t  steam d i s t i l l e d  to  remove 

unchanged prim ary amines* I t  was found th a t  p - t o l y W  napfethyl- 

amlne could no t he re e ry s ta l l lz e d  from th e  l ig ro in  a v a ila b le  a s  

recommended, SI nee i t  was only s l ig h t ly  so lu b le  in  th is  solvent* 

Hot g aso lin e  d isso lved  i t  r e a d ily , hut the  amine d id  no t sep ara te  

on co o lin g . On s tand ing , the so lu tio n  deposited  an amorphous 

mass*

B e o ry s ta ll iz a tlo n  from aqueous a lco h o l was nex t attem pted* 

fh e  amine was d isso lved  in  h o t a lc o h o l, w ater was added dropwise 

u n t i l  a  tu rb id i ty  re su lte d , and the  so lu tio n  was then h eated  to  

b o ilin g  u n t i l  c le a r , a small amount o f  alco h o l being added i f  

nedessary* i f t e r  sev e ra l r e c ry s ta l l iz a t io n s  in  t h i s  wayjp th e  

mains s t i l l  p re c ip ita te d  a s  an amorphous blaCk so lid*  Vacua®
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d i s t i l l a t i o n  o f the amine was th e re fo re  t r i e d ,  fh e  d i s t i l l a t e  was 

a  l ig h t  hrown o i l ,  which s o l id if ie d  on standing to  a  l ig h t  brown 

c r y s ta l l in e  solid* S h is  was r e e ry s ta l l lz e d  twioe from aqueous 

alohol* fh e  re su ltin g  l ig h t  ta n  c ry s ta l l in e  so lid  m elted a t  

7 7 .5 ° ( Id t .  78-79°). fhe  y ie ld  o f p u r if ie d  p - to ly W -^ ih t f a y la in in e  

was 2A$ o f th e  th e o re t ic a l ,  lo s s e s  in  p u r if ic a t io n  accounting f o r  

th e  low yield*

A d ilu te  so lu tio n  o f the m in e  i n  concentrated  s u lfu r ic  a d d  

gave a  blue co lo r w ith  excess dlohromate in  hydroohloric a d d  

s o lu tio n , s im ila r  to  th a t  g iven by dtpheaylamlme*
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(SOI ,
G irard  and Vogt prepared «M  -dinajiithylam ina by h ea tin g

(A-naphthylamlna and i t s  hydrochloride in  a  sealed  tube a t  150°«

She an in s ,  a f t e r  vacuum d i s t i l l a t i o n ,  m elted a t  113°.
(611

Landahoff found th a t  the  ecmpound was formed by th e  a o tio n  

of methyl ch i o r i  de on ^  -naphthylamine* She product was p u r if ie d  

by repeated  d i s t i l l a t i o n s  and f in a l ly  re o ry s ta l l ie e d  from aloohol
(m

(li.P . 1110 ) . Chlm prepared the amine by h ea tin g  a  m ixture o f 

c^-naphthol, sodiun a c e ta te ,  and aamonium ch lo ride  f o r  8 hours a t  

370®. Repeated vacuus d i s t i l l a t i o n s  and r e o ry s ta l l iz a t io n s  from 

a lfltfh il gave a  product m elting  a t  l l l ° t  1m sane eases a  c r y s ta l l in e

produet could no t be obtained*
(63) _

Bene obtained the amine In  67% y ie ld  by h ea tin g  a  m ix ture o f

(60J
G irard  and Vogt, B u ll.soc .oh im . 2 18r 68 (1872)* 

( 61)
Landshoff, Ber* Us 638 (1873).

(68)
A.Calm, Ber* g ,  613 (18SM .

(63)
8*Benz, Ber* 1&, 16 (1383)*
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d\ -najfathol and B ias ammonium oh lo ride  in  a  sealed  tube a t  260°. $he 

amine was ju r i f l e d  by repeated  vacuum d i s t i l l a t i o n s  followed by 

repeated  r e e ry s ta l l lz a t io n a  from aloohol (H#P« 1110 ) ,

Meyer and Hoflrann prepared th e  amine by heating©* '-naphthyl- 

■mine and i t s  hydrochloride in  an autoclave# £he crude product was 

rep ea ted ly  r e e ry s ta l l lz e d  from a lco h o l, and th e  amine was then 

d isso lved  in  ao e tio  ac id  and p re c ip ita te d  by cau tio u s  a d d itio n  o f 

w ater (M.P. 115°).

Hodgson and Harsden used ammonium iod ide a s  c a ta ly s t#  fhey  

h e a te d -n a p h th y la m in e  (57*2 g} and ammonium iod ide  f o r  l i  h o u rs , the 

tem perature r is in g  to  230°• fh e  crude -dinaphthylam lne (51.5 g # ) 

was r e e ry s ta l l lz e d  once from l ig r o in  (H#$# 110® )•

Since i t  was decided to  t e s t  d  -dinaffcthylamine f o r  in d ic a to r  

a c tio n , th e  amine was prepared according to  th e  Method o f Hodgson 

and Harsden#

th e  heavy blaolc o i l  obtained could not be re e ry s ta l l lz e d  from

(64)

(65)

(64) ' .
Meyer and Hofisann, M onatsh. M* 706 (1916)#

(65) Hodgson and Harsden, J*<MbuSoo#, 3181 (1958)#
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l ig ro in  o r from g a s lin a , sinoo i t  was only  s l ig h t ly  so lu b le  in  

the  form er and very re a d ily  so lub le  in  th e  l a t t e r  even a t  room 

tem perature• fhe  smine was d isso lved  in  ho t aloohol and w ater 

was added dropwise u n t i l  a  tu rb id i ty  occurred; the s o lu tio n  was 

then h eated  u n t i l  c le a r  and allow ed to  co o l. The amine separated  

as  a  b lack o i l ,  even a f t e r  the  attem pted r e o ry s ta l l iz a t io n  was 

repeated  3 o r 4 tim es. She amine was th e re fo re  vacuum d is t i l le d *  

She d i s t i l l a t e  was a  dark brown o i l  which s o l id if ie d  to  a  dark 

c ry s ta l l in e  so lid  on s tan d in g . She product was r e e ry s ta l l lz e d  

sev e ra l tim es from aqueous-aloohol, and then tw ice from a  g la c ia l  

a c e tic  ac id  •* w ater m ix tu re . She p u r if ie d  amine was a  ta n  c ry s ta l ­

l in e  p roduct, Which m elted a t  111-2° ( L i t .  115°)• f i e ld ,  7^ o f  

th e o re tic a l*

A d i lu te  so lu tio n  of th e  amine in  concentrated  s u lfu r ic  a c id  

gave a b lue-pu rp le  co lo r w ith  excess diehromate in  h yd roch lo ric  

ac id  so lu tion*
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Phenylaaphthylaralne (1} su lfo n io  ao id  (3) can be prepared by

h ea tin g  naphthylamine (Xf su lfo n ic  ao id  (3) w ith  ant i jn a  and
0(66|

a n il in e  hydrochloride a t  140 * fh e  ao id  and i t a  so d im  s a l t

a re  aomeyftiat so luble in  mater*

Ihenylnaphthylam ine (1) sulfonho ao id  (4) oan he prepared  

hy h ea tin g  naphth ionie so ld  w ith  a n i l in e  and a n il in e  hydrochloride
m t

a t  160° f o r  10 hours* fhe ao l£ t  tfhioh i s  is o la te d  a s  th e

calcium  s a l t ,  forms c o lo r le s s  p la te s ,  somevfoat so lu b le  in  mater*

fhe  sodium s a l t  i s  re a d ily  so lu b le  in  mater*

B e tte r  y ie ld s  o f the ao id  a re  obtained hy h ea tin g  a  m ixture

o f naphthol (1) e th y l e th s8  su lfo n ie  a o id  (4 ) w ith  a n i l in e  to
(68)

b o ilin g  fo r  IS minutes*

Ihenylnaphthylam ine (1) su lfon io  ao id  ( 6 | i s  prepared hy 

h ea tin g  naphthylamine (1} su lfo n io  aoid (5) w ith a n i l in e  and
m i

a n i l in e  hydrochloride a t  100-140°• fh e  ao id  i s  s l ig h t ly  so lu b le

# m i .......................................*
Bayer and Go*, D*R*J?* 70349, Frdl* jg, 513*

m)
Idem*

(49)
W itt and Schneider, B er. 3£, 3184 (1901)*

(69)
L o c .o i t .r e f .  (66)*
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in  w ater, fh e  sodium s a l t  forma p la te s ,  d i f f i c u l t l y  so lub le  l a  water*

ih eay ln a jh th y lan in e  (1} su lfo n ic  ao id  (6) i s  prepared  by h ea ting

naphthylanine (1} su lfo n io  aoid  (6} w ith  a n i l in e  and a n i l in e  hydro-
« (70)

ch lo rid e  a t  160-170 ,  o r  by h ea tin g  najhthylam ine (1) d isu lfo n io

ao id  (4 ,6 ) w ith  a n il in e  in  th e  presence o f  a  s n a il  amount o f benzols 
(71)

sold* fh e  ao id  i s  p r a c t ic a l ly  In so lub le  in  water* I t s  dod im  

s a l t  forms p la te s ,  d i f f i c u l t l y  so lu b le  in  water*

Shenylnaphthylamine (1) su lfo n io  aoid  (7) i s  prepared  by  h ea tin g  

naphthylamine (1) su lfon io  ao id  (7) w ith  a n i l in e  and a n i l in e  hydro­

ch lo rid e  a t  160-170° (72 ), o r  by hea tin g  naphthylamine (1) d isu lfo n io

ao id  (4 ,7 )  w ith  a n i l in e  in  th e  presence o f a  s n a il  amount o f benzoic 
(73)

ao id  • fh e  ao id  i s  d i f f i c u l t l y  so lub le  in  water* fh e  so d im  s a l t  

forms need les, re a d ily  so lub le  in  water*

# (70)#
h o c .o i t . r e f .  (6 6 ).

(71)
Afct.-Ges.f* i n i l i n f * ,  B*R*P* 159,353 ; F rd l.  £* 168*

(72)
h o o .o i t . r e f .  (66)*

(73)
L o o .o i t .r e f .  (711*
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H ianylnajhthylsm ine (1 ) su lfo n io  ao id  (8) i s  prepared by

h ea tin g  nophthylamiae (1) su lfo n io  ao id  (8) w ith  a n i l in e  and
« <74*

a n il in e  hydroohloride a t  160*170 ,  hy hea tin g  th e  ao id

w ith  a n i l in e  and a n il in e  hydroohloride in  th e  presence o f  w ater
o ™

a t  140 under p ressu re  , o r  hy h ea tin g  naphthylamine (1 | d i -
(76)

su lfo n io  aoid  (4 ,8 ) w ith  a n il in e  a t  180° • She ao id  forms

p la te s ,  d i f f i c u l t l y  so luble  in  w ate r. She sodim s a l t  i s  very 

re a d ily  so lub le  i n  w a te r.

Since H -pyridiniw a su lfo n io  ao id  su lfo n a te s  diphenylaailne, 

i t s  ao tio n  on p h e n y l^ n a p h th y la a ia e  was in v e s tig a te d . I t  was 

found th a t  pheny l-.( -naphthyleuaine mono su lfo n ic  ao id  could  he 

prepared in  th i s  way.

8 g .  phenyl*^ -najfathylaniine and 8 .4  g .  H-pyrldinium  su l­

fo n io  ao id  were h eated  a t  160-170° f o r  6 h o u rs. !2he re a c tio n  

m ixture was cooled, t re a te d  w ith  50 oo. h o t w ater, and th e  in ­

so lub le  phenyl- ^-naphthylam ine f i l t e r e d  o f f .  Concent ra te d

(74)
L o o .o i t .r e f .  (6 6 ).

(76)
B a lls  and Co., D.BJP. 170630, F rd l .  Jg. 168o

(76)
L o o .o i t .r e f .  (7 1 ).
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sodium hydroxide was added to  the f i l t r a t e  u n t i l  i t  was tu rb id . 

A fte r  s tand ing , th e  so lu tio n  deposited  a  w hite p r e c ip i ta te ,  f h i s  

was heated  w ith  200 oc. e th y l a lo d h o l, th e  s o lu tio n  f i l t e r e d ,  and 

150 oo. e th e r  added to  p r e c ip i ta te  the  s a l t .  A w hite powder 

weighing 2 g . was obtained in  th is  way.

She product was analyzed fo r  sodium in  the  fo llow ing manner.

A weighed sample was heated  to  ca rb o n iza tio n  in  a  p la t  im p  e ra o ib le , 

a  few o ry s ta ls  o f ammonium s u lfa te  and a  few drops of w ater were 

added, and the con ten ts  o f the o ru o ib le  were Ig n ited  c a u tio u s ly . 

•4030 g .  and .343% . gave .0923 and .0774 g . sodium s u lf a te  respec­

t iv e ly ,  corresponding to  7.41$ and 7.29# sodium, a n  average o f  

7 .35# sodium. (C alcu lated  fo r  sodium pfcenyl-rt -naphthylamine mono­

su lfo n a te , O ^ ^ S D ^ T a ,  7.17$ sodium.)

Corresponding attem pts  were made to  prepare th e  su lfo n ated  

p - to ly l - ^  -naphthylamine and ott<-dinaphthylsm ine, b u t th e se  su l­

fon io  ac id s  could n o t be iso la te d  a s  th e  sodium s a l t s  by the  fo re ­

going procedure.
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14). n itrodlphanvlaialna su lfa a lo  a o id  l2i «
(77)

Walden and Edmonds have shorn th a t  p -n l trodiphanylanilne 

fun c tio n s  as  a  redox In d ic a to r , g iv ing  a  red d iS h -v io le t ox ida tion

found to  he about 0*2 v o l ts  h ig h er than  th a t  o f d i phony lamina s u l­

fonio  aoid* Six d in i t  ao d e r iv a tiv e s  o f diphenylamine were a lso  

stud ied  hy these w orkers, hut no o o lo r change was observed when 

these  m a te r ia ls  were tre a te d  w ith e e r ie  o r permanganate io n s , or 

m m  sodium h i smuthate in  ao id  solution* A pparently th e  ox id a tio n  

p o te n tia l  req u ired  i s  ra ise d  so much hy m e second n i t ro  group 

th a t  th ese  powerful ox id izing  agen ts  a re  incapable o f  produelng 

the  reaction*

I t  was decided to  p repare a  diphenylamine d e r iv a tiv e  con­

ta in in g  one n i t r e  and one su lfo n io  ao id  group, and to  t e s t  i t  f o r  

in d ic a to r  a c tio n , f o r  th i s  purpose, (4) n i t ro  diphenylamine su l­

fon ic  ao id  (2) was chosen*
(78)

fiaoiher prepared (4) nitrodlphenylam ine su lfo n ic  ao id  (2) 

hy hea ting  (2) chioro  (5) n itrobenzene su lfo n io  so ld  excess

product w ith  strong ox id izing  agents* I t s  ox ida tion  p o t e n t i a l s

s a l l l r ~

-t-H CL

M)yj H

(77)
Walden and Etaonds, (Sham,Rev* 1£* 81 (1935}o

(78)
P. f is o h e r ,  B er. 24, 3798 (1891)*
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(79)
Ullmann and JJataea prepared th e  a c id  by h ea tin g  th e  sodium 

s a l t  o f  (a ) chloro (5 | n itrobenzene su lfo n io  acid  w ith a n i l in e  a t

was found to  form o liv e -g reen  p la te s  from hydroch lo ric  a c id  so lu tio n ,

and to he very  re a d ily  so lu b le  in  aloohol and in  water* She (2)

Chloro (5) nitrobenzene su lfo n io  ao id  to  he used in  the  p rep a ra tio n

o f  |4 )  n itrod ipheny lan lne  su lfo n io  ac id  (2) was prepared according
(80)

to  the  method of Ullmann and Jungel hy h ea ting  p -e h lo m itro -

henzene w ith  20$ fuming s u lfu r ic  ac id  f o r  6 hours a t  160®*

CJL LL

fh e  sodium s a l t  o f th e  (2) chloro (5) n itrobenzene su lfo n io  ao id  

was then  condensed w ith a n i l in e  aaoording to  th e  method o f  Ullmsaa and 

Bahmen p rev iously  discussed* fh e  re s u l t in g  green-yellow  sodium s a l t  

Of (4) nitrodlphenylsm ine su lfo n ic  aoid  (2) i s  r e a d ily  so lu b le  in  

water* A d i lu te  s o lu tio n  o f th e  s a l t  was te s te d  fo r  in d ic a to r  a c tio n  

w ith *1 K dichram ate in  hyd roch lo ric  ac id  so lution* I t  was found th a t  

a  red  o x id a tio n  product i s  produced im m ediately, "but the oo lor  fades

* • • • * * * • * •  • * • • ♦ ♦ *  • v » • • * •
( 79* . *Ullmann and Bsbsnen, B er. 44* ®746 (1908)*

(80)
Ullmann and Jungel, B er. 42, 1077 (1909)*

0180-5 in  th e  presence o f g ly c e r in  and calcium carbonate* fh e  aoid

N>*
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very  qaidlcly. f o r  t h i s  reason , (4) nitrodiEhenylam ine su lfo n io  

ao id  (0) i s  not s u ita b le  fo r  use as  a  redox in d ica to r*
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&»7 djacij.no f lu o ren e»

Since 2-7 diamino fluo rene  can rep lace  benzidine su c ce ss fu lly
f«X|

i n  many q u a li ta t iv e  t e s t a ,  i t  was thought th a t  i t  m ight a lao

fan o tio n , a s  does benzid ine, a s  a  redox in d ic a to r .  I t  has a lread y
(62}

been found hy G uglialm elli and Buiz th a t  2-7 dlamino fluorene

g iv e s  a  "blue-green oo lo r -cfoon tre a te d  w ith  a  very  d i lu te  ch lo rid e

so lu tio n , and a  deep blue p re c ip i ta te  w ith  potassium  pem anganate,

th e  presence o f oxidase o r peroxidase in  m ilk  or bloo<} can a lso
(82}

he detected  hy i t ,  Schmidt and H inderer rep o rted  i t s  use in

the d e te c tio n  o f p e rsu lfa te s  and perox idases, and m ention th a t  i t

has  the advantages over benzidine o f  g re a te r  s e n s i t iv i ty  and so lu -
(84 |

h l l i t y .  Like diphenylamine, i t  g iv es  an in so lu b le  tu n g s ta te ,

2-7 diamino fluoeene was prepared from fluo rene  by n i t r a t io n

w ith  fuming n ltr i©  ao id  and reduo tlon  o f  th e  d in i t ro  he th e  diamine
(86}

compound according to  the method o f  Schmidt and H inderer ,  i t  

(81}
P e ig l, Q u a lita tiv e  A nalysis by S p o t t e s t s ;  Inorgan ic  and Organic 
A p p lica tio n s, f r a n s .  hy J .  M atthews. Sew YoikjHordemann (1888),
p . 268,

G uglialm elli and B uiz, Anales asocn. quim. A rgentina, 33s ^89 
(1929}; Chon .Ah* 2±, 1067 (1980),

(86 }
Schmidt and H inderer, l e r .  J|§, 87 (1962},

(84}
L o o .e i t . r e f .  (82},

(88) Sofcraidt and H inderer, B er. §&, 1796 (1961),
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was found th a t  the n i t r a t io n  gave a  good y ie ld  o f the d in i t r e  

compound, hut In  the p u r if ic a t io n , which req u ired  r e c ry s ta l l lz a t lo n  

f ra n  la rg e  q u a n ti t ie s  o f g la c ia l  a c e t ic  a c id , a  co nsiderab le  amount 

o f the  product was lo s t*  fh e  y ie ld  o f p u r if ie d  2-7 d in l t ro  flu o ren e  

was-25.8$.

fh e  d in ltro  fluorene was reduced w ith  t i n  and hydroahloril^aold 

to  the diamino ooapound, which p re c ip ita te d  a s  th e  t i n  double s a lt*

2-7 diamino fluo rene hydreohlorlds was obtained by passing  hydrogen 

su lf id e  in to  the so lu tio n  o f  th e  t i n  doable s a l t  and evaporating  

the  so lu tio n  to  c ry s ta l l is a t io n *

2-7 diamino fluo rene hydroch lo ride  i s  a  w hite c ry s ta l l in e  s o l id ,  

re a d ily  so lu b le  in  water* A so lu tio n  o f  th e  hydrochloride g rad u a lly  

tu rn s  green on exposure to  a i r .  In  n e u tra l  or s l ig h t ly  a lk a lin e  

so lu tio n  i t  g iv es  a  b lue-green  c o lo r  w ith  ox id iz ing  agents* i n  ao id  

so lu tio n  tre a te d  w ith  excess dichrcm ate g iv e s  a  b lu e-g reen  c o lo r  which 

i s  re v e rs ib ly  d ischarged by fe rro u s  io n s, provided a c e ta te  i s  present* 

I n  an unbuffered a c id  so lu tio n  no d e f in ite  c o lo r  change can be observed* 

In  o rder to  g e t a  oo lo r change in  an iro n -d ich ro o a te  t i t r a t i o n  When 

the  amine i s  used a s  in d ic a to r ,  t a r t r a t e s  o r f lu o r id e s  must be p resen t 

to  reduee the f e r r i c  io n  co n cen tra tio n , and sodium a c e ta te  must be used 

i f  acid  i s  present*  JSven when th ese  p recau tions were taken , however, 

reproduoible end p o in ts  could no t be obtained w ith  *1 h  diohrornate
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and .1  H fe rro u s  s u lfa te  so lu tio n s , although sharp  oo lor changes 

were observed, fh e  r e s u l t s  v aried  over a  range of 1$.

Because o f the  n e c e ss ity  o f using  n e u tra l  o r s l ig h t ly  al& aline 

so lu tio n s  and the v a c i l la t io n  o f  th e  end p o in t, 2-7 diamino fluorene 

cannot be used as  an in d ic a to r  in  iron-diohrom ate t i t r a t i o n s .
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SttllQttiQ Acidat
(8 61

S tra ta  and Oesper and Ooben and Oesper
(871

have shown

th a t  naph th id ine , tf$x
‘e - s

9 I s  a  h ig h ly  s a t is fa c to ry

rad ox in d ic a to r . Sinoo however, I t  h as  th e  disadvantage o f being 

hu t s l ig h t ly  so luble  in  w ater, i t  was decided to  a ttem pt th e  prepa­

ra t io n  o f a  su lfo n io  aoid  d e r iv a tiv e , Which would he expected to  he 

soluble*

Haphthidina d isu lfo n lo  ao id  (6,6*1 (o r p o ss ib ly  th e  tm rearranged 

hydrazo compound) was prepared hy d ia z o tlz a tio n  o f naphthylamine (1) 

su lfon io  a c id  (7 ), and treatm ent o f the  diazo compound w ith  sodium 

s u l f i t e ,  foxming azonaphtbalene(1,1*1 d isu lfo n lo  aoid  (7 ,7 * J* fh e  

azo compound was reduced, rearrangem ent probably taken  p laoe a t  th e  

same tim e, w ith t i n  and hydroch lo ric  aoid*

Straka and O esper, lnd.Bng.Qhem. (Aaal.Bd. 1 465 (1934);
S traka, Ph.D. fh e s l3 , U n iv ers ity  o f ^ in o in n a ti (1934).

(871
Cohan and O esper, Xnd*Bng*Ohem. (Anal.Bd*) §, 364 (1936); 
Oohen, Ph.D. fhe s i s ,  U n iv e rs ity  o f C inoinnatl (1936)*

HQS > S o 3H

(s.)
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■*aT~ ~^aT"Jxr
+a5~lxr a.^oT’Scu.

Oamraercial m jfcthylam ine (1 ) su lfo n ic  ao id  (7} was p u r if ie d
(88)

in  th e  follow ing manner. She ao id  was d isso lved  in  strong 

sodlwa carbonate so lu tio n , h ea ted  w ith anim al Charcoal, and f i l ­

tered* fh e  f re e  ao id  was p re c ip ita te d  With hyd roch lo ric  ao id , 

f i l t e r e d ,  and washed* S h is p u r if ic a t io n  was repeated  twiee* She 

ao id  was then p r a c t ic a l ly  W hite, hu t on exposure to  a i r  tu rned  

purple*

She a c id  was d iazo tized  and tre a te d  w ith  sodium s u l f i t e  to
(89 |

form the azo footpound according to  th e  method o f Lange •

28 g* naphthylamine ( l )  su lfo n ic  ac id  (7) was suspended i n  #88 

oc. w ater, 80 oo* concentrated  hydroch lo ric  a c id  was added, th e  

m echanical s t i r r e r  was s ta r te d ,  and th e  so lu tio n  was cooled to  0®#

(881
Ihitmore and Sehihart, Ind*3&ig#0h6ra* (jknal*2d*) ^2. 654 (1958)*

(891
hangs, 2>*K*?* 78226, Frdl* % 1016.
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A cold  so lu tio n  o f  7 g . sodium n i t r i t e  in  80 oo* w ater was then 

slow ly s t i r r e d  in* A oold so lu tio n  o f 25 g . sodium a c e ta te  in  

100 oo. w ater was slowly ran  in ,  the tem perature s t3 .ll  feeing 

m aintained a t  0-5°* A oold so lu tio n  o f  IS g* sodium s u l f i t e  in  

150 oc* w ater was then  slow ly added* N itrogen was evolved, and 

the so lu tio n  became red-brown* On making th e  so lu tio n  a lk a l in e  

w ith  sodium hydroxide, the  sodium s a l t  o f azonajh thalene (1,1*9 

d isu lfo n lo  ao id  (7,7*} was obtained as  a  red  -orange powder* 

fh e  so lu tio n  was heated  to  eoagulate th e  p r e c ip i ta te ,  cooled, and 

f i l te r e d *  fh e  sodium s a l t  was r e e ry s ta l l lz e d  once from water*

7*6 g . o f  the  p u r if ie d  s a l t  was obtained in  t h i s  way#

fh e  s a l t  was analysed fo r  s u lfu r  fey th e  P a rr  Bomb method*

*2079 g . and *2893 g .  gave *2020 g .  and *2736 g* \> r iu m  s u lf a te  

re sp e c tiv e ly , corresponding to  13*34% ami 12*98% s u lfu r ,  o r an 

average o f 13,16% s u lfu r .  (O aloulated f o r  sodima azonaphthslen*{ 1,1*9

d lsu lfo n a te  (7,7*)* V l # 2S^ # a2* 12,18 *  s u lfu r ,)

fh e  sodium s a l t  o f the azo compound was reduced to  th e  hydrazo
(90)

compound according to  the method o f  KAlle and 0o* • Bearrsogsment

in  th e  ao id  so lu tio n  to  th e  naphthidlne compound probably  occurred 

a t  th e  sane time*

K hlleaad flo* ,  B*B*B* 64314f, P rd l,  JJg,
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10 g . sodium azonaphthalene (1 ,1*) d isu lfo sa te  (7,7*} was 

h ea ted  on a  w ater bath  i t t h a  so lu tio n  o f  U g .  stannous eh lo rld e  

in  50 eo. concentrated  hydroch lo ric  ac id  f o r  30 minutes* She red  

co lo r o f th e  azo compound d isappeared, and a  w hite p r e c ip i ta te  was 

formed. She so lu tio n  was oooled, f i l t e r e d ,  and washed w ith  concen­

tra te d  hydroohloric  acid* fh e  product th u s  obtained was d isso lv ed  

in  a  so lu tio n  o f  SB g .  potassium oarbonate in  400 oo. w ater, fh e  

so lu tio n  was heated  to  b o ilin g , and f i l t e r e d .  On co o lin g , t h i t e  

p la te s  were d eposited , fh e  so lu tio n  was f i l t e r e d ,  and the  s o lid  

product was r e e ry s ta l l lz e d  once from w ater. 2 .7  g . o f a  i h i t e  

shining p roduct, s ta b le  in  a i r ,  was th u s  ob ta ined .

fhe product was analyzed fo r  potassium  in  the  fo llow ing manner. 

A weighed sample was heated  to  carbon ization  in  a  c ru c ib le , a  few 

drops o f w ater and a  few c ry s ta ls  o f ammonium s u lfa te  were added, 

and the  con ten ts  were ig n ite d  c a u tio u s ly . .5515 g . and .6182 g .  

gave .1774 g . and .2068 g .  potassium  s u lf a te  re sp e c tiv e ly , co rre s ­

ponding to  14.93# and 15.00# potassium , o r an average o f  14.99# 

potassium , fh e  th e o re t ic a l  value fo r  th e  potassium  s a l t  o ^e lth o r 

hydrazonaphthalene {1,1*1 d isu lfo n lo  ac id  (7,7*1 ©r naphth id ine 

d isu lfo n lo  ao id  ( 6 , 6 * ) , l a  18.00# potassium .

fh e  product gave a  red  o x id a tio n  product s im ila r  to  th a t  p ro -
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duoed 1vs naph th id ine , when tre a te d  w ith  excess dldhromate in  hydro- 

Ohlorio aoid  so lu tion*  fhe  co lo r i s  re v e rs ib ly  disoharged by fe rro u s  

ions*
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(1) fh e  su lfo n a tio n  of diphenylamine hy I-p y rid ln iw a  su lfo n io  ao id  

h as  been studied* fh e  e f fe e t  o f using  benzene and nitrobenzene 

a s  so lv en ts  fo r  th e  re a c tio n  was determined*

(2) fh e  strontium  s a l t  o f  a  dijiienylsm ine mono su lfo n io  ao id  has 

been prepared*

(£>4 fh e  follow ing compounds have been prepared and found to  fan o tio n  

a s  redox in d ica to rs*

(a ) p - to ly l- tf  -naphthylamine
(b) tfwmyl-oC -naphthylamine
(o) efci —dinaphthylsm lns
(d) a  jhenyl-<* -naphthylamine mono su lfo n io  ao id

(4) 2-7  diamino fluorene was prepared and found to  possess in d ic a to r  

n o tio n , b u t q u a n tita tiv e  t e s t s  showed th a t  i t  was u n s a tis fa c to ry  

i n  iron-dichrom ate t i t r a t io n s *

(5) 4 -n itro d ip h en y laa in e  su lfo n io  ao id -2  was prepared and found to  be 

u n s a tis fa e to ry  as  a  redox in d ica to r*

(d) H aphthidine disuLfonlo ao id  (6,6*1 (o r  p o ss ib ly  i t s  ! • * • *

hydras onaphthalsne (1,1*1 d isu lfo n lo  ao id  (7,7*1 1 was psepaared 

and found to  fu n c tio n  s a t i s f a c to r i ly  a s  a  redox in d ica to r*
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