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Introduetion

The incentive for developing an improved P?apﬁfaﬁ
~~ tion of naphthidine was inspired by the work of Straka
”  1 &@§ Qesper (1) who found that naphthidine serves as an
" ff exce1lent oxidation-reduction indicator in the volu-
4“¢7i  m&tr1c determination of iron and chromium. The naphthi-
/ ;”‘ f~diae used in their work was prepared by reducing azoxy-
: <f g#ghtha1éne with stannous chloride as recommended by
”1*,[iiCumm1ng and Steel (2). Only small yields were produced
Wif~bY,this procedure. The present investigatlon was under-
3Jff j£§ken in an effort to develop a procedure which would
  ;f;bé;beth‘a slmple and a practical preparation of
. naphthidine..
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Historical
Naphthidine was first prepared by Nietski and

’ififiééil (8). Their starting material was azonaphthalene
 ﬁ?i;1prepared by dlazotlizing amino azonaphthalene and
- reducing the resulting diazonium salt with boiling
ﬁ5?fﬁethanal, The reduction of the azo compound and the
i“77}':j,'1‘-4earrangc-zm«a-n'c of the hydrazonaphthalene thus obtained
was carried out in two ways:

’ l. One part of finely divided azonaphthalene is
;f3ﬁ suspended in a solution of one and one half parts of
‘ ‘] sodium hydroxide in 160-170 parts of alcohol. The
;    suspension is heated to boiling, and zinc dust is
“?f;introduced cautiously until the color disappears.

o ,The solution is filtered, and since the dissolved
’a “product oxidizes’very readily in contact with air,the
   ,ff1ltrate is delivered directly into very dilute
"  'ammon1um sulfide solution. The flocculent,light red
" *;:jprecipitate which appears is dried and then extracted
s ~ with hot benzene. Upon cooling of the solution the
‘111;hydrazonaphthalene separates, and after numerous
| ‘i; r§¢rystallizations from benzene finally is obtained
"’.'vk'in crystals melting at 275°. If the hydrazonaphthalene
:‘,15 warmed»eautiously with the calculated quantity of
| :‘ 7{3‘é1lute hydrochloric acid upon the water bath, main-
'°'77ff ~taing the temperature at 70-80°, the hydrazo compound

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



‘7.‘;ﬂ;gaea slmost completely into solution and upon the additien
‘ 1 ef,eeneentrateé hydrochloric acid, the diffieultly soluble
"hyér@chieriée of naphthidine is precipitated. The guantity
”'1,éf~this salt is small., The greater portion, about two-
" thirds, of the hydrazo compound is transformed into the
‘ f 1éemerie dinaphthylene, whose hydrochloride remains dis-

wfs§1Veé in the mother liquora.

k‘ f Hydrazonaphthalene Naphthildine Dinaphthylene
: 2. Naphthidine is obtained in sbundant qusntity
Dby reduction of azonaphthalene with stannous chloride.
  The procedure 1s:
| Dissolve the azo compound in 45 parts of hot acetle
~ﬂ{§¢1é and add stannous chloride solution (one part stamnous
" :_éh1@r1de, two parts of hydrochloric aﬁi&, two-three parts
| ff_fﬁaﬁer) until the red mixture turns colerless. Upon addi~
 tien of concentrated hydrochlorlc acid the difficultly
) ‘:ﬁeluple hydrochloride of naphthidine is precipitated and
; f;*i{   ,’9btaiEeé pure by washing with dilute hydrochlerilc =acld,
o ; &iséolving in hot water and precipitating with concentrated
‘; ;hyﬁrechler1e acld.
By action of alkalies upon the hydrochleride

> ,ébtaiaed by these two methods of preparation, a base,
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4
  naphth1din, is liberated which crystallizes from dilute
J'aic@hcl‘in silver shining leaves or as colorless tablets

‘7 ‘” rrom benzene. Both forms melt at 198-199°.

| The next method of preparing naphthidin was'that
, - proposed by Reverdin and la Harps (4) . One hundred grams
. fﬁvbt~alpha naphthylamine is dissolved in 88% sulfuric:acid
:fi( higher concentrations of acid must be avoided, to pre-
vent sulfonation ). To this solution cooled to approx-
; v,1mate1y 400, s qﬁantity of impure ferric oxide corre-
%5 2fépond1ng to 55 grams of pure ferric oxide is added, and
~ the mixture allowed to stand for 24 hours. The ferric
oxide is transformed into a white powder of ferric sulfate,
‘, and the mixture becomes light grey. After heating for
,»isix or seven hours slowly to 75° and finally several
- hours at 100° with good stirring, the reaction mixtume
 '/4ﬂfis‘poured into § liters of water and let stand overnight.
  ‘The‘suspended matter, consisting of naphthidine sulfate
~ with some napkthylamine sulfate and iron sulfate,is
’  5»filtered off and washed with 2-3 liters of warm water
‘ZIVg;and then treated warm with sodium hydroexide in the
 '  présence of 1 liter off water. The transformation of the

; ~ naphthidin sulfate is rather slow. The solid is filtered,
“'" j'washed and again dlssolved in dilute hydrechlerievacid.

‘"”ﬂfi_After filtering 120 grams of sodium sulfate is added to
" the filtrate and impure naphkhidin sulfate is precipi-

"Qiftated. This is transformed into the free base by treating
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 57 ‘ fi1ter1ng and washing with water. In order to completely
: _ purify the naphthidin it must then be dissolved in boil-
’  5; ing aicahol and precipitated by the addition of a: little.
‘;, ﬁéter..The produet looks much like benzidine, namely,
H:f\éilvery, shining leaves, which melt at 198°., Reverdin
‘“‘  and 1a;Earp claim to have obtained a 60% yield of
1'{}fnaphth1dine by this procedure. The equation for this

reaction may be represented as follows:

" alpha naphthylamine naphthidine

L The next preparation concefns a naphthidins deriv-
n {ff*a¢1ve prepared by the oxidation of g methyl aminonaph-
 *f;tha1ene. Fries and Hohman (5) in their research in the
  5 ~$¢riea4of g2-~methyl naphthalenes report a preparation of
 3-3! dimethyl 1-1' naphthidine(4-4') from 2-methyl
amino(l) naphthalene formulated as follows:

™ ‘ NI
N %
3 <)
(0)
—_—
e f2~methyl l-amino 3-3! dimethyl
f »;‘fnaphthalene 1—1'naphthidine(4-4')

Five grams of the sulfate of 2-methyl l-amino

ffjﬁ@phthalene is'dissolvedﬁip 25c.c. glacial acetic acid
~ and a few drops of 36% hydrogen peroxide added to the
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. f7b¢iling solutien. Bright shining crystals separate from the
 Hée1uti@E; these are filtered off and the filtrate again
_ treated with 2 drops of 30% hydrogen peroxides A further
'  aryéta1 separati@n takes place, and this procedure can be
,irapeated. Finally no more crystal separation takes place,
 ?fgaé[@n1y 2=methyl 1~4 naphthoquinone can be obtalned. The
 erystals are purified through extractions with eleohol. Twe
  i gra&a of the sulfate salt are obtained out of whieh the free

'-j;»&baae may be obtained by treatment with ammonium hydroxide.

: f?@ﬁmtraeti@n with hot alcohol separates the deslred reaction
i:pre@uet from the aleohol insoluble impurity. The amino com=
pound is precipitated from the alcoholic solution by additiem

fffgf;water. After recrystallizagion froem high boiling gasoline

J"tg?(lﬁanlsoe), crystals of 3-3! dimethyl l-l! naphthidine(4-4')

"~J‘;f’vtare obtained which melt at 2139,

e Cumming and Steel (2) state that the work was un-
;;ﬂéértaken in order to reduce, if possible, alpha nitronaphe
: 4 £hé1éne to the hydrazo compound and to then eonvert this

into naphthidine as shown in the following equation:

. ~H |

-

NH-.

pha nitro hydrazo
hthalene naphthalene naphthidine
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Their attempts to reduce the nitro compound to azoxy-

f,naphthaiene by means of sodium amalgam or zine and-

k £ stium‘hydroxide proved unsuccessful.. The azoxy-
R :ﬁﬁaphtha1eneswas finally isoclated in the fo6llowing
 manner: |
| Twenty gremssof alpha nitronaphthalene,175 c¢.c.-
,‘£: ef'water and 40 grams of ammonium chloride were
‘;TJ ;heated together on the water bath at 70°, the hitro—
- naphthalene going completely into solution, but some
53wf]f6£;the ammonium chloride remaining undissolved. To
‘mziwéhiszsolution was added 28 grams zinc dust at such
a rate that the temperature was maintained at 70-75°;
} ”‘above 759 tarring took place, and below 70° & part of
Vj, the nitronaphthalene was precipitated. The solution
\1whieh gradually turned from yellow to red was filtered
‘H   ‘hot, the residue extracted with boiling 90% aiéohol,
7 f and the comblned extract and filtrate cooled. The yel-
"low erystalline precipitate was remo#ed, and the fil-
trate concentrated under diminished pressure, a fur-
1“ f ther deposit being obtained. When kept for more than
L 12 hours, or if hsgted, the filtrate became dark in
"  ;c®1or and decomposition took place. The crystalline
product was extraeted with warm water to remove am-
 iff’monium chloride and then several times with alcohol.

':gj;__The produet obtainsd from the alcohol extracts was

'Lracrystallized frem alcohol, and the yellow'crystals
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 deposited melted at 127° and displayed the characteristic
‘”fireactiens of 1-1' azoxynaphthalene.

' Naphthidine was obtained by
'i  ffeducing azoxy naphthalene by means ka;N
| - of stannous chloride dissolved in hydrochleric acid,
4); >( under similar conditions alpha‘nitfe naphthylamine 1is
;’37;fﬁh§t reduced) . Reduction readily took place, and no alpha
o naphthylamine was detected. The white compound that
‘ff[ixprecipitated on the addition of concentrated hydrochloric

:’fh¢id,was washed with dilute hydrochloric acid and then

f 5aisselved in water, and the solution treated with sodium
~ hydroxide. The base was recrystallized from alcohol and
“"~?§fjf formed silvery plates, m.p. 198°.

A rather anomalous result is recorded by Clemo,

»'Ceckbnrnkand,Spence (e).
4-4' dinitro 1-1!' dinapbihyl(l gram)
"‘“fj}was dissolved in boiling glacial acetic ,
:  f ac1d (100 ¢.c.), and zinc dust (5 grams) N, "%
f fj'added. Hydrochlorie acid (5 c.c.) was added drop by drop,
‘ 3$fand after ten minuﬁes the solution was diluted with an
;? €€équa1 volume of water and filtered. The naphthidine was
x’"';g}szreeipitated by the addition of solid potassium hydroxide
' 55 3 in snrficiént quantity to keep the zinc in solution, and

i-ﬁthekprecipiﬁate was then extracted with a little dilute
»g_?hydrochleric aeid ta,remove the zinc. The residue is

_agein heated with sodium hydroxide, collected, dried ,
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and distilled at 1 m.m.( no boiling point is given ).
" The pr@duét*uhan recrystallized from alcohol appeared as
l€ ?an?shaped needles, melting at 191°, either alone or
ﬁized with ﬁuthentic naphthidine.
e In connection with the abowe experiment Cumming
’;_g,and Howie (7) state:
”{ !! it may be mentioned that 2-2! dismino 1-1' dinaphthyl
_melts at 191° ( Meisenheimer and Witte (8), Cumming and
;  iWFerrier (9), Chudozilov (10) records m.p. 187°). In our
S ffff;hands the conditions of Clemo and co-workers did not
: ff}nygive a product of m.p. 1910, but 196-197°; the yleld.
o from one’gram being insufficient for further purifi@étion".
- Cumming and Howie observed further that attempts to
.   ffpr§pare naphthidin@ and its diacetyl derivatives by con-
o dénéation of l-bromo 4-naphthylamine v
| gfi‘and its acetyl derivatives respectively,
, a; bymeans of ceppeﬁ powder, sodium, <
~ sodium amalgam, or aluminum chloride, with or without
| - solvents, and at temperatures up to 230° failed. Naph-
;2f,thidina was finally isolated from 4-4! dinitro 1-1!

N‘HL N“?.
m

 4-47 dinitro 1-1' dinaphthyl naphthidine

"'dinaphthyl as follows:

5 grams dissolved in 100 c.¢. glacial acetic acid

"and 10 c.c. of concentrated hydrochloric acid were gently
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boiled under reflux. Zine dust was added, a little at a

| vf,,i-,me, until a clear solution was obtained (1 hour). On
,5§é§eling the filtrate naphthidine hydrochlorlde separated,
o iand this recrystallized from boiling water several times,
‘ ,,géve the free base on treatment with ammonia. When re-
 ,¢rysta1l1zed several times from alcohol, 3.5 grams of
} * ;ﬁaphth1dine wore finally obtained in silvery plates,
~ m.p.202%, It was found that the reduction of 4-4' dinitro
s ff 1-1' dinaphthyl could be effected with zinc dust in a
melt of salicylic acid, th naphthidine obtained melting
- at 198-1990. Boiling dilute hydrochloric acid and zine
7‘>dust of iron are incapable of reducing the dinitreo com-
if"ﬁpound. -
Cumming and Howie (11) reviewed methods of prepa-
\ff'fation of some dinaphthyl bases, such as hydrazonaphthalene,
“azonaphthalene, naphthidine, etc. Their results on the
'f preparatien of azonaphthalene and asphthidine follow:
1-1' azonaphthalene |
. | 1-1! azoxynaphthalene prepared in 32% yield by the
%‘ /jfi[meth9d of Cumming and Steel (2) could not be reduced to
‘ﬁathe azo stage with 5% excess zine in neutral media.
The method of Nietski and Goll (3) for the preparation
of azonaphthalene was modified by Cumming and Howie as
7 °’ ;fol1ows:
i 9 grams of 4-amino 1-1! azonaphthalene (prepared by
. coupling l-naphthalene to diazotized l-naphthylamine in
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- 900 c.c. absolute ethanol and 26 c.c. concentrated sul-
_,‘ ifax1c acid) was trested with-an excess of amyl nitrite,
' and the whole refluxed wntil it was deep red. addition
of water precipitated a brownish mass which recrystal-
‘  1 lized from acetlic acid with boneblack yiélded orangeQ
“}7 *§édfcrysta1s of azonaphthalene,, m.p.. 188%; a further
yleld was obtained by addition of water to the filtrate

‘(total-3 grams). The equation for the reaction iss::

50— 0000

MH50,

N=N

<
<

B Thé method of Hantzsch and Schmiedel (12) via l-naph-
‘{'l ‘thalene syn diazonium sulfonate yielded in the hands of
llf:;gumming and Howie (11) only 2.5 grams of azonaphthalene
" from 20 grams alpha naphthylamine, but is nevertheless:

' 771j1~\the more convenient. The'reaetien,may‘be written as follows:

RiHCl
 alpha naphthylamine alpha naphthalene
- . hydrochloride diazonium chloride
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0000)

alpha naphthalene syn azonaphthalene

":?  diazonium sulfonate

, Cumming and Steel record azonaphthalene as melting
“ V:g$,186°; Hantzsch and Schmiedel record 188-189°. THe
Hﬁ ﬁariation is explained by the fact that azonaphthalene
. begins to sublime at 1700. '
| Cumming and Howle obtalned the following resultss

; f¢fffﬁia reviewing several methods of preparing naphthidine:

1. One gram of 1-1l!' azoxynaphthalene was reduced .
with zinc dust according to the directions of Cumming

:  and Steel (loc. cit.) until the solution became color-

3"‘ 1988~ The solld residue obtained by concentration of

ilfithe solution almost to dryness under reduced pressuse

e ﬂwas quickly dried and extracted with benzene. After

”75,,eoncentratien to about 20 c.c., the benzene solution

' : gas cooled and deposited naphthidine in colorless plates,

' which after several recrystallizations from ethanol

u**f:;};malted at 2020, Traces of hydrazonaphthalene and dinaph-

:f :thy1ene were also obtained by further concentration of

 the filtrate.

| 1' 2. Reduction with ‘stannous chloride of 8. and &s.

7”ﬁ “?azaxynaphtha1ene by the method of Cummins and Steel (2)
x*(ve a. very peer yield of n&phthidine, silvery flakes,

m.g. 2@20 ( The s. form is more readily reduced in aeid
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‘ ”f;  solutions than the as. form, whilst in alkaline solutions

~ the reverse holds).

» | 3. Reduction with stannous chloride by the method of
Nietski and Goll gave a very nearly theoretical yield of
 ; naphthidine from 1-1' azonaphthalene.

| Straka and Oesper ( 1 and 21 ) in their preparation
}of naphthidine for use as an oxldation-reduction indi-
’Cator, followed the procedure of Cumming and Steel(2).
Alpha nitronaphthalene was reduced with zinc dust in

~ alcoholic solution to form 1-1' azoxynaphthalene. Twenty
ngrams of the nitro compound yielded five grams of the
éZoxynaphthalene, One part of the azoxy compound was
dissolved in 45 parts of acetic acid. The red solution

- was treated with stannous chloride solution (one part of

| T, stannois chloride; two parts of concentrated hydrochloric

acid; two parts of water) until the color was almost

 7  discharged. Concentrated hydrochloric acid was then
' 6, added and a precipitate, the hydrochloride of naphthi-

~dine, appeared. The hydrochloride had a decided blue
‘f;‘gppearancé and was recrystallized from hot water. It

Was then suspended in cold water, and a concentrated

“°f,‘501utian of sodium hydroxide added. Methyl alcohol was

' found to be the best medium for recrystallizing naphthi-
~dine. Accordingly, the base was diésolveé'in hot methyl
*falcohol, and water was carefully added to the cooled

, §6lutien. A silvery precipitate separated which was

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

13



. 'l?,\"fcr'ystalline and quite pure, melting at 197°. One gram of
S azoxyna.phthalene yielded 0.2 gram of naphthidine.

The small yield of naphthidine is due to the com~
‘"ji‘plicaticns;arising during the rearrangement of the
~ nydrazo compound. Nietski and Goll showed that in this

D - rearrangement two isomers are obtained, one which they

; ‘named naphthidine, and tﬂ: othe:'“z

Co i Ny P08
which they designated dinaphthylense,

 the former having an insoluble hydrochloride, and the
latter giving a very soluble hydrochloride. Upon heat-
y,‘,.'infg of dinaphthylene, ammonia is lost and there is

formed dinaphtho carbazol, as shown:

hydrazonaphthalene

s_'_

T
=z

HC1
NH, NH,

naphthidine
H
N
m.p.216°
‘ ~dinaphthylene dinaphtho carbazol
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| The above structures were those assigned to naph-
. thidine and dinaphthylene by Nietski and Goll. The
‘Qggﬁructure:assigned to dinaphthylene was subsequently
;vi;shOWH to be wrong. Vesely (13) corrected the error
V ~‘by preparing 1-1' dinitro 2-2' dinaphthyl synthetically.
V_fIt gave upen reduction and removal éf ammonia the same

‘7Wdinaphtho carbazol which the discoverer had on hand.

~~1-1' dinitro 2-2' dinaphthyl

NH, NH,

1-1' diamino 2-2!' dinaphthyl

Zx

i + NHg
. 1-1' dinaphtho carbazol

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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“w{jfﬁreparation of Azonaphthalene

Inasmuch as a successful preparation of naphthidine

' fappeéred to require as 1ts first stage a practical prepa-
 ° ration of azonaphthalene, the present worker first set
"; about to investigate this problem.
The original preparation of azonaphthalene by
| ”; Qietski and Goll (38) involved the diazotization of amino-

.~ azonaphthalene followed by the reduction of the diazonium
vﬂgsalt with boiling ethanol. This procedure was discarded

'~}?sbeéause of low yields and because of the excesslvely large

'hfffvolumes of ethanol required in preparing azonaphthalene in

L“~ ;fany considerable quantity.
’ Hantzseh and Schmiedel (12) started with alpha-

:‘f{ﬁaphthylamine which was diazotized and the diazonium salt

: sc;lution poured 1nto an excess of potassium bisulphlte

‘~[7éblution, whereupon the alpha naphthalene diazonium sul-

'~Eph0nate precipitated. 1-1!' azonaphthalene 1is obtained from

~.the diazonium sulphonate by allowing the latter to stand

“  ffgin a desiccator at ordinary temperature for a few days.THe

¥'evébérated, and the residue recrystallized from acetic
' ?an¢id. The product, azonaphthalene, was obtained in reddish
'fp igreen needles, m.p. 188-189°, No yield is stated, but Cum-

'“51,ming and Howie (7) who repeated this procedure found that

«5‘grams ef'thggazo compound ﬁerewObtained fremfgergrams

f alpha naphthylamine.
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Wacker (14)prepared azonaphthalene by reducing
U  azoxynaphthalene with zinc and pataSsium hydroxide in

f"«» ethanol solution. The reaction may be represented by the

‘f‘f ff;f fellcwing equations: -

k‘  ff l~l' azoxynaphthalene 1-1' hydrazonaphthalene

0 00—

1-1' azonaphthalene

The hydrazonaphthalene is oxidized to azonaph-

. thalene by standing in air for several days. This proce-
- dure requires azoxynaphthalene which by even the best
 *‘ ithhod that of Cumming and Steel, can be obtained in
 only 32% yield.

Borngtein (15) obtained some azonaphthalene by

 the action of copper sulfate and sodium thiosulfate on

 3~] alpha naphthalene diazonium chloride. No yield is men-~

| 'Jfﬁtiened. The equation is as follows:

A N=N

_alpha naphthalene azonaphthalene
1azonium chloride
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Brydowna (18) obtained azonaphthalene by the re-
" duction of the iso diazo salt of alpha naphthylamine.with

Z"7é19°h°l at 5°. No yleld is stated. The equation for this
 reaction is the same as that used in the preceding prepa-
 ‘frat1on. |
| Lochor (17) obtained azonaphthalene by the action
'  :H6f\potassium‘ferrocyanide on the diazonium salt of alpha
‘f;:naphthylamine- No yield is stated. The equation for this
‘,f, l reaction is the same as that represented for Bornstein's
‘ \ij preparat1on.
| In thelr present form none of these preparations
"”   - of azonaphthalene have any practical significance. The
|  {$‘procedure finally employed in this study was a modifi-
|  iT f?'cat1on of that proposed by Lange (18).
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Experimental

2 Preparation eof Azenéphthalene

35,0 grams alpha naphthylamine hydrochloride was

 k\§tirred up with about 500 c.c. water iam an 800 c.c. beaker,
" 4“17.5 e.c. concentrated hydrochloric acid was added and
';ﬁﬁa~mixture cooled in an ice bath with mechanicel stirring
i . to About 0%, and then this is treated with 21 c.c. concen=-
| trated sulfuric acid diluted to 200 c.c. A cooled solutien
_»éf 14 grems sodium nitrite, acidified slightly with very
,jﬁailute, ice cold hydrochloric acid, is added slowly te
  £héfauspensioﬁ of the amine salt with good stirring. When
_ all tho nitrite has been added there remains a reddish
‘:   fbr9wa solution of the diazonium salt. After five minutes
 ',§§éné1ng in the ice bath filter with suctlon, the receive
  1133 flask being placed in an ice bath to keep the filtrate
‘: 727¢91a. This is then placed in a two liter beaker, and to
"~{Jiﬁiis added slowly with stirring ( maintaining the temper=
o ature between 0° and 5° ) a solution of 66 grams fused
| '»kgatum acetate in 300 c.c. water. After this addition is
| ,3 §§@391eted a solution of 31 grams sodium sulfite in 200 c.c.
l f§§£er is run in slowly. A vigorous evolution of nitro=-
‘: ;ggeﬁ-ensues, and l-1!' azonaphthalene separates as a brown
~f :§r’an orange flocculent precipitate. After all the sul~
M'  ;£ité has been added the solution is stirred for five mine
'7 ;ﬁ$e8~and then taken out of the lce bath and warmed on

fﬁhg_water bath. This warming causes the precipitate of
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: ?  the azonaphthalene to separate in better form for filtra-
 tion. Allow the mixture to cool and filter with suction.
' iThgfpiecipitate is pressed out on a porous plate and
"ffinally dried at 100°. The average yield is 31 grams
| ':‘ t calculated 27.5 grams ) of impure azonaphthalene, melt-

"5   i'ing[over the range 180-184°. The melting point of pure
"ig;gzénaphthalene is given as 186° by Cumming and Steel,
while Hantzsch and Schmiedel record 188-189°. This azo-

7ifaaphthalene was found quite pure enough for the prepa-
"'ﬁffratien of naphthidine sb that no attempt was made to pur-

“iff< ify it further. The equations for the reaction follow:

N,CI N, S0, Na.
— [:::[::] + NaCl
~ alpha naphthalene ' sodium alpha naphthalene
©diazonium chloride dlazonium sulphonate

o ¢l N, S0, Na.

iél' azonaphthalene
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; ifPreparatien of Naphthidine
| The method of Nietski and Goll (3) for the prepa-
‘,g;ation of naphthidine by reduction of azonaphthalene in
Lhtééetic acld solution with stannous chloride was found by
"'i'the present writers to give only 34% yield. In addition
large volumes of acetic acid are required, 45 c.c. glacial
fl¥écetic‘acid for every gram azonaphthalene used or about
135 c.c. for every gram of naphthidine obtained.The method
| described below was developed by the authors and was found
,g;s°to~be more convenlent and profitable than any previous
xm%ﬁrcposals.

Twenty grams of powdered 1l-1' azonaphthalene is
‘*;  $uspended in 200 c.c. ethanol, and the mixture heated to
1 f  é1weak boil. To this suspension a solution of stannous

1i éh1oride ( 40 grams stannous chloride in 100 ¢.c. concen-
: '  itrated hydrochloric acid ) is added slowly until the pre-~
”’ jf§ipitate turns to a light tan. Occasional shaking hastens

‘? the reduction of the‘azo compound. When the reaction is
‘" '{}¢ompleted the'boiling is discontinued immediately, since

~ otherwise the dinaphthylene ( 1-1' diamino 2-2! dinaphthyl)

;wfé&isting in solution when boiled with hydféchloric acid
  ? 10868 ammonia to form dinaphtho carbazol which contam-
T~f;;:1nates the naphthidine and prevents an easy purification
*f;: of the latter. Concentrated hydrochloric acid is added to
w‘‘7’ti’]g;;:n;';sgc::‘Lp:H:zaLta‘an;;rn;a1::111:11:1,d:Lne hydrochléride whiCh~is in so~

lution. The mixture is then cooled and filtered. The
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Jp£écipitate of crude naphthidine hydrochloride is suspen-
‘ :déd in water, and the base is liberated by adding sodium
~ hydroxide solution. The suspension is kept warm, stir-
Mﬁring occasionally. The crude naphthidine is then filtered
V_;i  °ff’ washed with water and dried. Various recrystalllzing
"fﬁf i“media for purification of this crude naphthidine were
;%fé £r1ed. Methyl. ethyl, propyl and butyl alcohols were sat-
: "‘f ;iQisfactory for small quantities, but naphthidine is iny'
. slightly soluble in any of them. The solubility in iso-

~;,jj*ﬁa‘;myl alcohol is greater, not sufficlent for actual use,
\ f7:Sut the product melted rather low, (ca.) 190°. Ethyl, |
kff_butyl and amyl acetates were tried with very little suc~
 ¥ ;¢353. Xylene gives a very nice looking product, but the
solubility of the naphthidine in this solvent is too

;'xfémall. The best method which did not entail large vol-
ihﬁff’ﬁmes, gave a pure product and did not require a great

| amount of manipulation consisted of boiling the crude

”'7:fnaphth1d1ne with ethanol, adding pyridine until a clear

'“"~77ff*éolution was obtained, filtering and allowing to cool and

jﬂujcryStallize. Accordingly the dried precipitate of the
S  crude base is placed in a 300 c.c. round bottom flask
*;7;j gith 120 c.c. ethanol and the mixture heated to beiling
"and maintained at thils temperature while pyridine is al-
?Kﬂqlewed to run in slowly until the material‘dissolves,about
;@0?45 c.c. of pyridine being required.'The solution is
¢ffiltered hot and allowed to cool slowly, preferably over-
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‘f;hight, whareuponrlight tan crystals separate, m.p. 197.5-
‘2  1199° (uhcorrected). Cumming and Howie (7) report a melt-
"QQj  ing,point of 2020 after several recrystallizations from
;€  ; ethanol. Six grans of naphthidine were obtained from 20
’T  grams of crude azonaphthalene. This corresponds to a
’: ;f'53.5% yield of pure naphthidine based on pure alpha naph-
" thylamine hydrochloride.
| The method of Reverdin and la Harps (4) was re-
51;:V13wﬁd in light of the fact that the authors claim a 60%
‘Mﬁfkf?yiéld of naphthidine. This method depends on the oxidation
fi~ef alpha naphthylamine in sulphuriec acid solution with
‘  f f‘ferric sulphate. They use ferric oxlde and allow this to
‘ f {stand in contact with the sulphuric acid overnight to
Tiiferm ferric sulphate. It was found, however, that the
k"J fferric oxlde reacts very slowly with the sulphuric acid,
o ,and we observed that it is much more convenient to start
with anhydrous ferric sulphate. The mixture of alpha naph-
v ~thy1amine, ferric sulphate, and 8@%'sulphuric acid was
; héated 6-7 hours at 75° and 3 hours at 1063 with stirring.
" *?ﬁf§§e~reaction mixture was poured into water, allowed to
59 Stand overnight, and then filtered. The mixture of naph-
S k»~"“:thyl\amine sulphate, iron sulphates, and naphthidine sul-

*55 ”phate was washed with warm water and then treated warm

 with sodium hydroxide solution to precipitate the free
bases. Reverdin and la Harps claim to have purified the
naphthidine by dissolving the crude base in dilute
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 ‘?)s;hydrochloric acid and precipitating with sodium sulfate.
 We found this a well-nigh impossible task due to the in-

" solubility of the naphthidine hydrochloride. Attempts to
'7f757pﬁrifY the naphthidine by extraction of this mixture with
 ?,‘1ethano1 proved unsuceessful, the naphthidine obtained was
‘h?;?;‘ééntaminated with alpha naphthylamine and melted at (ca.)
o 1800,

Sl | Attempts were made to prepare naphthidine by ox-
i fftfidation of alpha naphthylamine sulphate in acetic acid.

*SFfiFive grams of alpha naphthylamine sulphate were dissolved

lq:; i in 50 c.c. hot glacial acetic acid, 2 drops of 304 hydro-

’f figsﬁ,perox1de added, the mixture cooled and the precipl-

: f gtate filtered off. This 1s then suspended in water and
"i#figgeated with sodium hydroxide solution. Brown flocks
ﬁ&°i'?immediate1y formed, and the solution smelled strongly of

’:i;*;;gipha naphthylamine. Thé precipitate was tested for naph-
‘“f tﬁidine, but only a trace could be detected. By decreas-
w7 }ff1ng the original concentration of the alpha naphthylamine

fébout 5 times no precipitate was obtained on treatment
;?1th hydrogen peroxide and no naphthidine could be de-
f,Ffééted.

. Other methods of reducing the azonaphthalene
;r"ffﬁere tried. Sodium amalgam did not reduce the azo com-
;Qcﬁnd either dissolved in acetic aclid, or when suspended
3n,dilute sulphuric acid. Stannous sulphate was tried as

réducing»agenﬁ, but its use offered no advantages over
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¥ j£he~staanus chloride reduction. Various modifications
J’ﬁlof the stannous chloride method were run, such as sus-
°;lf,”pending the -azo compound in cold concentrated hydro-
“féhloric acid and adding the stannous chloride solution
with stirring; or suspending the azonaphthalene in cold
- aleohol and adding the reducing agent. The advantage of
A f:_  rﬁnning the reduction hot is that the naphthidine hydro-
E“Tféhleride precipitate is easier to filter, complete re-
xf;~<=duction is obtained more rapidly, and it is not neces-
 ':1f s§ry to grind the azonaphthalene very fine to avoild

 $ma1l Jumps of unreduced azo compound.
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. The Preparation of Sulfonated Aromatic Amines and
- their Employment as Oxidation-Reduction Indicators
,,’, ? This study was a continuation of the work by
'“ ‘Straka and Oesper ( 19 and 1 ) on sulfonated derivatives
,*f af aromatic amines, in particular, those formed by the
:?} a¢£ion of ethyl sulfate on diphenylamine. These workers
5 1 énceuntered a very queer reaction between ethyl sulphate
"‘ fand‘diphenylamine, and an investigation of this reaction
H‘ﬁas the starting point of the present study. |
| . 33.8 grams diphenylamine (0.2 mol) and 30.8
[]}grams ethyl sul?hate were heated on the water bath for
| gfi hour and then on the metal bath at 130° for 1 hourj;the
‘n:.f product obtained, a light colored tar, was refluxed with
P " é“solution of 7.5 grams of sodium in 275 c.c. 95% ethanol
| :   1'ﬁntil the product became nearly white. The solid obtained
‘i fﬁas separated by filtration, suspended in water, the wa-
” t¢r insoluble portion removed by filtering, and the fil-
/Sf “tiate extracted with ether. The aqueous solution was sep-
' ~arated and the ether removed by a current of air. Excess
' ‘]&L;¢dacentrated sodium hydroxide was added and by common ion
 4“efrect caused the sodium salt of the sulfonated compound
' ;34to precipitate. The gel which formed at first baﬁ&mé;@ni#ml
17 €tall1ne after standing three days. This compound wheﬁ?%
  5f t€Sted as an indicator in iron and chromium analyses was

'"*ifeund‘entirely satisfactory. The directions Jjust outlined

“fére’fcllowed in subsequent preparations, but of their

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



"”7x;ffﬁumerou5,attempts to repeat the preparation none proved
'1f isuQeessful. A1l indicators which they cobtained subsequent
’~;f§§5'thﬁ original preparation gave a red oxidation product
   ;fwhose developement‘during a titration is accompanied—by

‘;_€? «a yellow-red intermediate stage which is objJectionable.

~ They postulated that the difference in the products ob-

 i 3£ained might have been due to the fact that in the first
'“f,ffpreparation an old lot of ethyl sulfate was used, and
’"lfﬂthis,may have contained some material which served to
,H 5? ;¢g£alyze that reaction and to direct the sulfonation

'””{‘along a particular line.

In reviewing the above work we were very fortu-

”'f;;nate in being able to procure a sample of ethyl sﬁlphate,
. manufactured by Kahlbaum, about 15 years old. Upon repeat-
| x  jing the above reaction between diphenylamine and the old
«ﬂ‘[ ff;ggmp1e of ethyl sulphate the same satisfactory indicator
"fkﬁas obtained. The precipitate resulting from treatment
  ii ﬁith concentrated sodium hydroxide was dissolved in a min-
 77{ 1mum guantity of alcohol and then precipitated by the
,,; ;f£§§d1t1on of ether. This removes a large part of the so-

'ivfg,}fdium hydroxide. The precipitate was filtered, redissolved

* in~alcoh01, and carbon dioxide passed into the solution

:is;;until no more sodium carbonate precipitated. The filtrate

7t1 7£rom this treatment was evaporated to a small volume,

fiitered and allowed to stand until crystallization took
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:‘  df diphenylamine and the old sample of ethyl sulphate,
“}  purif1ed in the above manner, showed'percentage of
"féadium: 8.37 and 8.,49%. Calculated for diphenylamine
. ’;sodiﬁm sulfonate gives: 8.49 % sodium. An aﬁalysis for
V‘f ;su1phur showed: 11.37 % sulphur. Calculated for diphenyl-
. ;é.mine sodium sulfonate: 11.48 % sulphur.

Attempts to use fresh ethyl sulphate and alter}
“k"the conditions so that we might obtain the above indi-
’ y& ,eator failed. Various additions to reaction mixtures such
:”zj;és'Small Quantities of sulphuric acid, butyl sulphate,

1f“ethyl hydrogen sulphate always produced a compound whose
 indicator actlon was not identical with that of the indi-
' cator obtained from old ethyl sulphate.
,_ It was thought interesting to investigatea reac-
H  tion between one of the higher homologues of ethyl sul-
ff ,phate and diphenylamine. A new method of preparation of
’*lfprimary,nralkyl sulphates had just been published by
'i 7ffEarkenbus'and Owen (20), using the reaction between the

 alkyl sulfite and the alkyl chlorsulphonate. Using this

' pfmgthod,'which works very well, we were able to prepare
 }‘&ibutyl sulfate,b.p. 97.4° at 3 m.m., in 70 % yield.
 “" 21.0 grams of dibutyl sulphate (0-l’m01)'and
,;jf7 k16‘9 grams diphenylamine (0.1 mol) were heated on the
*"”??_water bath for 1 hour and then on the metal‘bath at 130-
*"1g90 for 1 hour. The tar obtained was refluxed with a

‘iﬁtienl9f74,8 grams SOdiﬁm_in 2007c.c@ ethanol, until
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" the tar was completely changed into a white precipitate.
k  7The aleohol was removed by evaporation, and the residue
_ dissolved in water, the solution filtered, and the fil-
G}f;trate extracted thoroughly with ether. The water layer
nif;,was warmed and air passed through the solution until
|  all the ether is removed. Concentrated sodium hydroxide
~ was then added until a faint turbidity persists, and the
'15fﬁg sdlution is allowed to stand for 24 hours. The precipi-~
tate was filtered and then purified as deseribed previously.
  $hg:comeund analyzed for sodium showed: 8.32; 8.39 % Na.
':i:ééiculated for diphenylamine mono sodium sulphonate:
: ¢¥;;?8€49 % Na. A sulphur analysis of the compound showed:
’ 75ff11.42 % 8. Calculated for diphenyl amine mono sodium
 75;,sulphonate. 11.48 % 8.
e A 0.1 % aqueous solution of this compound was
‘”*71 §rePared, and a series of titrations were run to deter-
‘  ;mine’ﬁhether‘or not it possessed suitable indicator
‘Jj;ggoperties. The ratio of ferrous solution to dichromate

. x%gi}is‘given in the table below.

: ””Féébgf(c;clj;‘gécrgov Kc.c;) _Conditions J
20, i 23.0 KsFe(cm)s as_ indicator
20 ; 23.12 '
20 z 23.09 .| solution
~ : 1 1546 c.C. retarder

v/lé@ic;c. ngr
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In the case of the internal indlicator the end-

' f point is very sharp and unmistakable, the color changing

 from the green of the chromic ions to the purple color
 of the oxidized indicator.
' In the next seriles of titrations mercurie, mer-
7 f'cﬁrous and stannic lons were intfoduced to determine
'  = $ﬁhether or not they wouldiinterfere with the indicator
  a?iaction of the compound. 150 c.c. iater, 15 c.c. retarder
solution, 1.0 c.c. indicator solution (O.l%), 2 drops
'35Q;étannous chloride solution and 20.0 ¢.c. 0,1 N ferrous
‘nf}‘féulphate were mixed in a 250 c.c. beaker and 5 c.c.

°°Tlxsaturated mercuric chloride solution was then added and

 the solution titrated without delay. The results are
|  given in the following table. In the case of the ferri-
'  fcyanide, 10 c.c. dilute sulfuric acid were substituted

;,;;  for the retarder solution.

. f’.JFeSO4 (c.c.); K§5f207 (c.c.) Indicator
20 | 23.0 (cx)
: KzFe (CN
20 | =s.0 8 6
20 7 23.10 . 1l ¢c.c. internal
: : indicator
20 | e3.12 | \ R N

A series of iron ore analyses were run using the
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f¢éompound‘as indicator and comparing the values with those
H1 obtained by the §§andér§ ferricyanide method. The iron
 W7 k ¢ﬁ#alueS of the diéhrométe employing the external indicator
i ylﬁere obtained from a standard iron ore from the Buréau
_;@¢£§;[¢f Standards ( # 27 containing 69.2 % Fe ).
e The iron ores were analyzed by treating a 0.3
| gram sample in a 100 c.c. beaker with 15 c.c. concen-
*°5< ‘trated hydrochloric acid and 3 c.c. stannous chloride
:5'801ution and warming to decompose the ore. If the solu-
 7 f£ion became permanently yellow the color was discharged

;  with stannous chloride. The reduced solution was rinsed

| "into a 250 c.c. beaker containing 100 c.c. water and 5 cec.

”f } _saturated mercuric chloride solution. When the internal
© indicator was used 1 c.c. of a 0.1 % solution was added
 and also 15 c.c. retarder solution. The results obtained

, «;ﬁfﬁware given in the tables below.

Iron Value from Standard Ore

Indicator K20r207 (c.c.) Fe value (average)
S ro i 36.53 .005682
| R.Fe
8 6 36.55
- 36.62 . 005668
Internal
Indicator 36.65
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l %%

S Analysis of Iron Ore (a)
~ Indicator KoCrghy (c.c.) % Fe
23.31
23.32
1 Internal 23.39
Indiecator 44,20
23.40 ,
| Analysis of Iron Ore (b)
| Indicator KoCro0n (c.c.) % Fe
, 25,89
KzFe (CN)4 49.06
' 26.92
Internal
‘Indicator 25.95
49,08
£26.00
'“j#{l;”f Analysis of Iron Ore (o)
: Indicator KaCrs0np (c.c.) % Fe
E 22.65
K Fe(CN)g 42.88
22.63
Internal 22.66
Indicator 42.83
2E.68
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From these results we may conclude that this
. indicator may be used in iron determinations with accu-
 rate results.
The similarity in indicator action of this com-
’>fpound produced by reaction of butyl sulfate with diphen-~
  ;y1amine and that produced by reaction of 0ld ethyl sul-
Mi phate with diphenylamine raised the question as to wheth-
er they are identical. The para toluidine salts of these
'”  compounds were prepared and the melting points of the
L”; salts taken after two recrystallizations from water. Both
 melted over a range 196-197°. A mixed melting point
Showed no depression, so that this evidence coupled with
- the sulphur and sodiﬁm analyses proves the identity of
"i'the two sulfonated derivatives. The evidence is collected

in the following table.

butyl sulphate ethyl sulphate
with diphenylamine |with diphenylamine
% Na 8.36 8.43
| as 11.42 11.37
melting point
of para tolu- 196-197° 196-197°
~1dine salt
color on
oxidation purple purple

-mixed m.p. of

1 p—igluidine no depression
| salts
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Another indicator was prepared by Straka and
Qesper (1) by a reaction between ethyl sulphate and

‘H:~acety1diphenylamine, but they were unable to isolate the

“‘~7pure compound from the reaction mixture. By an improved

method of purification we were able to purify the com-
pound and analyze 1t. The procedure used was the same

as that desribed for the sulfonated compound obtained by
- reaction of the old ethyl sulphate with diphenylamine.

¥hen analyzed for sodium the compound showed: 8.42; 8.49%.

. Percentage sodium in diphenylemine mono sodium sulfonate:

8.49.

An attempt was made to condense para amino ben-
zene sulfonic acid and brombenzene to form a sulfonated
' diphenylamine with the position of the sulfonic group
'1*known. 25 grams sulfanilic acid, 25 grams brombenzene,

150 grams nitrobenzene as solvent, 10 grams potassium

i ihydroxide as condensing agent, and 0.1 gram each of cu~

‘fprous iodide and iodobenzene as catalysts, were boiled
on the metal bath for 20 hours. The nitrobenzene was
removed by steam distillatlion, and the remaining liquid
:‘ tested for bromide which would be present had conden-
sation taken place, however, the test was negative. The
 1liquid was also tested for indicator properties, but no |
indicator was present.

Straka and Oesper investigated the indlcator
;*properties of ortho-~, meta- and para-tolyl phenyl amines.
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“They found that the ortho compound gave a colored oxida-
i tion product but of too little merit to warrant its use
4‘  as‘aﬁ oxidation-reduction indicator. The meta- and para-
 'f tdlyl phenylamines function satisfactorily with the ex-
‘iix_ ception that thelr action is inhibited by mercury salts.
:'It was thought profitable to investigate the action of
‘;'ethyl sulphaﬁé on these compounds and the indicator pos-
 sibilities of the sulfonated‘cempounds, if obtained.
The method of Ullmaégwas followed for the prepa-
~ ration of the tolyl phenylamines.

H
_CH
: rt'x—céHo,'Cﬂs N - CeHa Gl
,g;,,f—cooH - +CO,

e

The ortho chlorbenzoic acid used in this synthe-

; sis was prepared by the method of Graebe (22) and puri-

, ‘ fied as recommended by Straka and Oesper by dissolving
"L;'iﬁyalkali and precipitating with acid. The ortho-, meta-
and para—tolyl anthranllic acids were prepared by heating

T boiling for 2-4 hours 12 grams of ortho chlorbenzoic
‘&T:y;‘ acid with 12 grams potassium carbonate, 0.06 grams natur-

' %kupfer and 48 grams of the respective toluidine. The

:bgpwn mass was then boiled with dilute hydrochloric acid
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to remove any unchanged toluidine, filtered, the residue
 then dissolved in sodium carbonate solution and the acid
}pfecipitatéd'with hydrochloric acid. These tolyl anthra-
‘nilic aclids were not purified further‘but used directly
in the next step. |
The acid was heated for about £ hours to 250°,
  ﬂ"and a lively evolution of carbon dioxide took place. The
»temperature was then raised to or above the bolling point
"of the amine. The boiling points of the ortho-, meta-
"»and para-tolyl phenylamines are respectively, 305°, 313°
 and 315°. The heating of the acid and the distillation
of the resulting amine is preferably carried out in a
50 c.c. distilling flask and the product passed directly
from the side-arm into a test tube for condensation.
Reaction mixtures consisting of 9.5 grams of the
 “' respeet1ve tolyl phenylamines and 7.5 grams ethyl sul-
i  phate were heated on the water bath for 1 hour and then
k? 0n the metal bath at 130-140° for 1 hour. The reaction
Do nixture was then refluxed with a solution of 2 grams of
 fj:‘Sodium in 100 c¢c.c. ethanol until all the tar had been
:  changed into a white mass. The alcohol was evaporated
and water added to—the mass. The solution was filtered
from the solid residue, extracted thoroughly with ether,

and the water layer warmed and air passed through the

‘ §®1ut10n to remove the ether. Concentrated sodium hydrox-
;iiéé was added until a slight turbidity persisted, and

'f,  the solution was allowed to stand for a day to allow
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% 5precip1tati0n to take place. The precipitate was filtered

w   off and purified as described for the other sulfonated

'fwdarivatives. The table below gives the analyses of the

“;products obtained. -

% Na_found
o-tolyl phenylamine + ethyl sulphate 8.21
- m~tolyl phenylamine +ethyl sulphate 8.19
- p-tolyl phenylamine + ethyl sulphate 8.22

Calculated percent sodium for ortho-, meta- and

:~‘ ;para-tolylphenylamine mono sodium sulfonate: 8.09.

The meta-tolyl and para-tolylphenylamines formed

sulfonated derivatives which gave no color change when

employed in the titration of ferrous solution with di-

chromate. Ratios run between ferrous solution and dichro-

mate show that ortho-tolyl phenylamine sodium sulfonate

~a  works satisfactorily in such titrations 1f there is no

-appreclable concentration of hydrochlorie acid. The

results are given in the table below.

Ratio of FeSO4 to K20r207

'FeSO4(c.c.) KoCrgOn(c.c.) [Indicator | Conditions
20.0 23.10 Internal 150 c.c. H20
20.0 23.12 Indieator 15 c.c. retarder
le.c, indicator
20.0 23.0 ; .C.
20.0 £3.0 10 c.c. dil.
_H 80
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The indicator was also tested in the presence
of mercuric, mercurous and stannic salts.150 c.c. water,
15 c.c. retarder solution, 1 c.c. 0.1 % indicator, 2
- drops of stannous chloride, and 20 c.c. 0.1 N ferrous
- solution were placed in a 250 c.c. beaker and 5 c.c.
‘ ksaturated mercuric chloride solution added and the solu-
gt ‘tion titrated with dichromate. The results are given in
the following table.

FeS04(c.c.) K26r207(c.c.) Indicator
20.0 23.0
KgFe (CN) 6
20.0 83.0
20.0 23.1 Internal
20,0 23.1 Indicator

The indicator does not give a very sharp endpoint
in any appreciable concentration of hydrochloric acid. It
 was found that erratic results were ocbtained, the indi-
': :‘cator giving a colored product approximately O.5yc.c.
before the actual endpoint. Only & few c.c. of hydro-
iﬁéhloric acid may be present in 200 c.c. of solution if a
| sharp endpoint is to bé obtained.
’ In view of thé suifonating properties of ethyl
o   fsulphate it was thoﬁght of interest to investigate its

'u~action on diphenylbenzidine. The latter compound was
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prepared by oxidizing diphenylamine in dilute sulfuric
and acetic acids solution with pétassium dichromate
'according to the directions of Sarver and Johnson (23).
About & 50 % yield was obtained melting at £245-247°.
Sarver and Johnson record melting point, 244-245°., Mar-
J,‘quuEyrol and Muraour record melting point £50-251.5°.
¥ 10 grams diphenyl benzidine and 24 c.c. ethyl
sulphate were refluxed for 5 hours in xyleneusolution.
A solution of 8.5 grams sodium in 300 c.c. ethanol was
' ,refluxed until the so0lid was light grey in color and the
' ~solvents then evaporated on the steam bath. The solid
'f ; ‘residue vas ground, extracted with xylene, and then dried
and washed several times with ethanol to remove gummy
matter and then extracted with ethanol. The alcocholic
eXtractﬁﬁas evaporated to a small volume and ether
. ~Aadded to preclpitate the sodium sulfonate whiéh was fil-
tered off and recryétallized from ethanol. The material
",obtained is very sensitive toward oxidation, turning to
& brown color in the presence of alr. It was analyzed
kfor sodium, percent obtained being 5.40. Calculated for
diphenyl benzidine mono sodium sulfonate: 5.25 %
The indicator properties of this‘compound were

investigated, and it was found to work satisfactorily

 with the exception that the endpoint is indistinet in
;Lithe presence of hydrochloric ééid, in this respect,
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- resembling the sulfonic acid of ortho tolyl phenylamine.
The results given in the following tables show its re-
.~1iability in the absence of an appreciable concentration

 of hydrochloric acid.

Ratio of FeS0, to KoCrpOn

| Indicator FeSO, KpCrO; | Conditions
Internal 20,0 23.07 150 c.c. water
. 15 c.¢. retarder
| Indicator 20.0 25.10 1 ¢.c. 0.1% indicator
; 20.0 23.0 150 c.c. water
KgFe(CN)s
20.0 23.0 10 c.c. dil HgB0,

Internal 20.0 25.08

: Same as above, only
| Indicator 20.0 2%.08

that Hg', Hg ', and
e
20.0 23.0 Sn , were present

20.0 23.0

| KzFe(CN)g

N-N! Dimethyl benzidine e, - N-CHg

. was tried as a possible indicator
’   ‘1n view‘of its relation to benzidine and diphenyl ben-
zidine. This compound was prepared as recommended by
Willstatter and Kalb (24). When employed as an indicator
"it was found that the change at the endpoint 1s not very
’distinct, the change from the green of the chromic ions
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to the yellow of the oxidized indicator being insufficient
for practical use.

Benzidine mono-sulfcnié acid was prepared by sul-
fonation with concentrated sulfuric acid at 170°, ac-

:: cording to directions given in a patent to the Friedrich

~ Bayer Co. (26). When employed as an indicator it was

found that the endpq?nt change from green to yellow was
too faint to be of ahyvpractical value.

‘/’ The indicator properties of the compound ob-

o tained by reaction of diacetyl benzidine with ethyl
sulphate was next investigated. Diacetyl benzlidine was

- prepared by refluxing benzldine with glaclal acetic acid
according to the directions of Strakosch (27). 20 grams
of this compound was refluxed with 16 grams of ethyl
sulphate in the presence of 100 c.c. chloroform for
‘about 10 hours. The resultant mixture was refluxed with
a solution of 5.8 grams of potassium hydroxide in 150 cec.
ethanol until a grey-white precipitate was obtalned, the
 mixture then being evaporated to dryness. The residue

was taken u§ in water, filtered, and the benzidine sul-
fonic acid precipitated by the addition of sulfuric acid.
When this precipitate was tested for indicator properties
-1t was found that only a slight color change was obtained

. .at the endpoint.

TR
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Dinaphtho carbazol was next investigated. This
compound 1s obtained as a by-product in the preparation
»'fdfrnaphthidine by reduction of azonaphthalene with stan-

nous chloride. The filtrate from which the naphthidine
hydrochloride has been separated is boiled for 2 hours
during which time all the dinaphtho carbazol will have
"‘ ’precipitated. This precipitate is recrystallized from
""“ _‘d1lute alcohol, m.p. 214°. recorded m.p. 216°. When
 !tested for indicator properties, however, only a slight

7"f: Purple color was given by the oxldized compound.
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Summary

An improved preparation of naphthidine has been
devised.. ‘

The compound produced by the reaction of old ethyl
sulphate with diphenylamine has been isolated and
its cbmposition established, as the sodium salt

of a mono-sulphonated derivative.

A satisfaétory indicator has been produced by

the reaction of butyl sulphate with diphenylamine.
This compound has been shown to be the sodium

salt of a mono-sulphonated derivative of diphenyl-
amine.

The identity of the indicator produced by reaction
of o0ld ethyl sulphate with diphenylamine with that
produced by reaction of butyl sulphate with di-
phenylamine was proved by means of sulphur and
sodium determinations and by the identical melting
points of the para-toluidine salts of these prod-
ucts, both individually and in mixture.

The pure indicator from the reaction of ethyl
sulphate with acetyldiphenylamine was isolated

and analyzed and found to be the sodium salt of

a mono-sulphonated derivative of diphenylamine.
The following new compounds were prepared and

analyzed.‘They gave no eelcr'changes when employed
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as oxidation-reduction indiecators.
meta~tolyl phenylamine mono-sodium sulphonate
para-tolyl phenylamine mono-sodium sulphonate
- (7)) The following compounds were prepared and found
to give color changes, but these color changes
are of too little merit to warrant the use of these
compounds as oxidation-reduction indicators.
benzidine mono-sulphonie acid
dinaphtho carbazol
dimethyl benzidine
(8) The following new indlcators function satisfacto-
rily in the absence of appreciable concentrations
of hydrochloric acid.
diphenyl benzidine mono-sodium sulphonate
ortho-tolyl phenylamine mono-sodium sulphonate
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