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ABETRACT

Sulfanilic acid (I) was examined for purity and
character. Sodium and rotassium salts were acetylated
and ‘helr isclation and ylelde were investigated,

The salts were nitrated with mixed scids and
the reactlion mixtures were treated in various ways to
ascertain a good method for isolating the desired 2-nitro-
sulfanilic acid (II). An attempt was made to characterise
the resction products, and to devise quantitative methods
to sstimate the yleld of 2«nitrosulfanilic acid. A pre-
viouely unreported by-product of the nitration, 2,4,6«tri-
nitroaniline (Ile), was 1solated. Several new gslts of
2-nitrosulfsnilic acid were prepared, and a possible new
derivative was observed from the resction of phenanthra-
quinone and the diamine obtained by the rcduction of the
nitro group in 2-nitrosulfaniliec acid,

Conversion of the 2-nitrosulfanilic acia (II)
to 2~nitrophenol-4-sulfonic acid (I11) was accomnlished
by the replacement of the amino group by hydroxyl with
boiling alkali, and the rate was estimsted from the
smmonla evolved,

Reduction of the nitro group with hydrogen gave
the desired 2-aminophenol-4-sulfoniec acid (IV).



LISCUSSION

GYNURAL CONDIDY ATIONE

The steps in the prepsration of 2-aminophencle

4agulfonic acid from sulfanilie acid as concerne this

project ~re <hovn in the followin. simplified outline:

NH, NH, ot OH
@ HNO3 NO,  Hou ©No,, Ha M~
— — —
saH SoH SO.H soait
I I I ~r

The variou- comvounde and reactiong involved
are knovn or hsve been descrided in the literature.
Yowever, this varticular overall method, involving the
ashove stepme, has not been rsnorted.

"inneviteh (5) describee a method employing
chlorobenzene &8s the starting material., Fla method ine
volves sulfonrtion, nitration, hydrolysis of the chloro
to hyiroxyl, an< finally reduction of the nitro group
to give the 2-arinophenol-4-sulfonic acld, Thie method
ig also the subject of a theseis by kilazzo (6) who
gtudied in detall the rydrolyele step,and wse studled
for detalles of nature an< yield by Conradi and Bradley

(29).
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¥sny reports in the literature, in dercribing
compounds en-ountered in this syntheeis, are inconclusive
regarding proof of identity and ylelds based - hereon thus
establishing a gen-<ral phase of this irvertigation: proof
of identlity and determination of ylelds of corpounds of

prover icdentity.



SULEANILIC ACID, (1)

The original sample of sgulfanilic acid
obtained wae 8 grey vowder, obviously impure. It wae
purified by recrystallizing from water, and altepr~
natively, by precipltating the free acid f:ox an agueous
solution of the s&odium ¢alt with concentrated hydro-
chloric ascid. Precipitation gave a higher weight yield,
but the produet was contaminated wit: esodium chloride.
“ubsecuent starting material obtained wae anhydrous and
nearly pure,

fulfanilic acid 1s revorted as a monohydrate
(18), an’ av a dihydrate (7). In both casee dehydration
is remorted to occur at 100°C, However, crystals obe
tained from dilute aqueocue (1%), and also from con-
centrated (7%) a~ucous solution showed no dehydration on
prolonged drying at 120%C, followed by further drying at
155°%¢,

Tre acld does not melt. Th: decomposition point
(7) is not sharp enough for use &6 a criterion of purity.
Estimation of sulfanilic scid purity is best made by
determination of the neutral equivalent (10), an by a
diazotization titration (9). The amino group cannot be
titrated wit- acid since it ie too weakly baric to form

galts,
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2-NITROTULE ANILIC AGID. (II)

Conditioning Sulfanilic Acid for Nitretion,

Several methods for the prenaration of 2-nitroe-
eulfanilic acid are degcridbed, and are considered here
briefly for comparieont
1) lebromo-2-nitrobenzene~4-sulfonic moid is treated with
alecholic ammonia (11},

2) l-chloro-2enitrobenzene-4-gulfonic acid is treated with
alcoholic ammonia (13).

3) Sulfonation of o-nitroaniline (12),

4) Sulfonation and nitration of acetanilide (2),(3).

5) Nitration of sulfanilic -~cid (2)(4)(14).

In this project, only the preparation by
nitration of sulfanilic acid is applicable.
| The direct nitration of eulfanilic acid has
been found to lead to ambiguous reculte (14),

Sulfanilic acld hae an inner salt structure
{15)(16), The powerfully acidic sulfonic acid group
inductively neutrslizes and predominstes over the feebly
basic amino gubstituent, Nitration of the free acid wlth
nitric acic alone has the weakly meta~directing lonized
amino (KHi*) group competing with the etrong meta-
directing sulfonic acid group. Substitution of a nitre

G-



group in the ortho position to the amino group would
predominate, but some mets nitro would be expeeted, The
amino group is alac sensitive to oxidation, and
coneildera! le destruction would occur,

A salt of the sulfonio aocid destroys the inner
salt structure, ocresting a strong ortho directing
non-ionized amino (NHQ) group, which 1s, howevepr, still
susceptible to oxidation. Solution in concentrated sule
furie ascid stabllizes against oxidation, but reforms the
foniged smino group, Acetylation forme an ortho directing
group almost as strong ae the non~ionized amino group,
and also protects againet oxidation,

Thus, conditioning sulfanilic acid for nitration
to yleld optimum ortho nitroamino substitution conslists
of forming a salt, acetylating, and then dieéolving in
concentrated sulfuric acid,

Hietzki anc¢ Benckiser (2), and Sakellarios and
Jatrides (4) employed essentially the technique described
to prevare 2-nitroeulfanilic acid (II). Ko isomers are
reported.,

Nietzki an¢ Benckirer (1%) report failure to
acetvlate free sulfanilic soid with acstic anhydride, This
wag confirmed, Of note 1s one experiment by the asuthor
which became uncontrollable and ex»elled the contents of

the flask,



However, the acetylation of an alkali metal
881t 18 simnle anc convenient (4)(17). Only the sodium
an” the potassium salts were investigated.

The dry sodium salt, and 1te agquebus eolutlon,
were gcetylated with acetio anhydride (1){4)(15)(17). The
sodium salt 1t di1fficult to isolate pure since it 1s very
soluble in wzter and ies obtained by concentrating the
re ction mixture to dryness, The residue contains about
90-95% sodium N-acetylsulfanilate, Acetic acid ie aiffi-
cult to remove, Schroeter (1) washed with ether, dried
over soda-lime and then in an alr stream at 150-160°C for
ten hours. Fortunately, for nitration, such complete
removal of acetic acid ig unneceseary. For other purposes,
such as anslytical, it has been found that Schroeter's
procedure can be avolded by washing the dry residue with
acetonitrile, followed by several anhydrous ether washes,
and then drying at 110°C. Another successful method consists
of triturating the dry residue vith benzene and distilling
8t atmospheric pregeure to remove the benzene-acetic asocid
azeotrope, repeating if necessary.

The potsasium sglt was acetylated with acetie
anhydride, essentislly according to the procedure of
Sakellarios and Jatrides (14), Thie appeared to be the
better method, The potsssium salt 1ls obtained in nearly

quantitative yleld, and ies easy to 1solate because it
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erystallizes well from water, Merely cooling the acetyl-
ating mixture deposiis & good erop of maﬁerial requiring
only guick washes with acetic anhydride, acetonitrile, and
anhydrous ether to obtaln an essentially pure product.

The acetyl group is stadble to hydrolysie in cold
dilute agueocue solution (17). In cold concentrated aqueous
solution, or in warm dilute, the hydrolysis rate Aincreasses,
This, in the case of the sodium salt treatment for isolae

tion, could contribute to impuritles,
Nitrat of H-A T ¢ Aelid S 8

The general procedure used for nitration was
as follows (4): the snlt was dissolved in concentrated
eulfuric acid and the rolution was cooled to the desired
nitration temperature, With stirring and external cooling,
the nitrating mixture (nitric acid in concentrated
sulfuric acid) was added at a rate to maintain the desired
reaction trmperature. The reaction was stirred at lce-bath
temperature for a time, Then after storage at room tenp-
erature, or in the refrigerator, the mixture was poured on
ice, In many cases a water insoluble material in emall
qusntity resulted. Examination of this orange product
showed it to be trinitroaniline, The average amount was

equivalent to about 5% of the starting material,
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It was observed to result only in the nitrestion of the
rotassium salt, Its presence could be detected qual-
itatively by Janovsky's reaction (26). Thie color test wase
aleo r-ported by Bost and Kicholeon (27), but curiously,
according to thelr stipulations the test should be negative
for a comnound of this stiructure., The comvound hed the
char&cts%isticﬁ reported for trinitroaniline, and sfter
recrystallizing from acetonitrile-wster the yellow cryestals
relted at 189-1919C, Fitration at 25-30°C gave aporoximetely
twice the amcunt of trinitroaniline obteined from
nitrations at O-SOG.

The diluted nitration mixture was irested with
barium or czlcium compounde to remove sulfuric scid as an
Inaoluble culfate., Barium and calclum salte of 2enitro-
sulfanilic acid (II) are moderately soluble in vzter =nd
are not precipitated., After adding a filter sid, the hot
elurry »ae filltered. The filter cake wze wished with hot
vater end the ceke was diecarded. The conbined filtrates
vere concentirated to a low volume of solution from which
the 2-nitrosulfanilic acld (1I) could be isolated.

The free acld wes 1solatec by precipitating from
a concentrated a-ueous solution with concentrated hydro-
chloric ucid. Il wae nurified by dissolving in hot 99.5%
ethanol, filtering off insoclubles, and evavorating the

filtrate to dryness followed by reprecipitation as above,
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Another mcthod of isolating the free acid con-
siastas of passing s sclution of a salt thru a cation resin
exchanger. The raffinate is concentrated to dryness, re-
dissolved in hot 99.5% ethanol, and f1'tered from insolubles
which may remain (infrequently obtained from s properly
operated column). Sthanol is removed, and precipitation
from concentrated aqueous sclution with concentrated hydro=-
chloric acid yilelde the vurified free acid. Yields from
hydrochloric acld precipitations may be improved somewhat
by saturating the cold mixture with dry hydrochloric acid
ga8 and cooling well before filtering. After flltering,
the 2-nlirosulfanilic acld 1s washed on the filter, in
succession, with concentrated HCl, several times with dry
acetonitrile, and finally with anhydrous ether,

Altho requiring more time and effort, the lon
exchenge method insures s product which is free of poseibly
co-precipitated salte, a souree of contamination in HCl
precipitated salt solutions, An impressive performance
wae observed in the treatment of a solution of 2 bulk of
various types of orude materials obtained from about ten
nitrations with Amberlite IR-120 (H form). The column
capacity was calculated on the basis of assuming 100%
barium e»2lt of 2-nitrosulfanilic acid being presant., No
ethanol insoluble material was obtained, and the neutral

equivalent of the product indicated a purity of 1004,
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The 1csolstion of the ecid As a gslt wae best
sccorplirhed via the »otseeium eslt, which is salted out
of a concentrated anueous solution vith a concentrated
golution of motaeriur acetate. After cooling and filtering
the ralt is washed with 99.5¢ ethanol, ir which potessium
acetate 1s oulte soluble, A wagh with anhydrous ether gives
p dry product -fter a ehort mir dry.

Hydrolysie of the sulfonic seid group with
boiling strong sulfuric ascid solution gave a 727 yield of
o-nitroaniline (IId)(19)} indirating that nitrztion was
predominantly in the »nosltion ortho to the amino group,
and only one niltro group was introduced. This inference
was substantiated by a determination of the neutral equie
valent which agreed with the caleul-ted value for 2-nitro-
gulfanillic acid.

The amide of II was prepared (11)(25) and was
found to have z melting point of 207-209°C. The melting
noint is revorted as 206-207°¢ by Fischer (13) who found
that Goslich's (11) value of 185-156°C wae incorreot.

The sodium ealt of Z-nitrosulfanilic acid(I1l)
reduced guantitatively with hydrogen cver Raney nickel,
snd the resultant diamine was reacted with phenanthrae
culnone (18)(20)(21)(22)(23) to give, aspparently, 8 new
derivetive: the sodlum salt of dibenzo [a,c,] rhenazine=~

1il-sulforic acid (VII), Thie ie an established behavior

-
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of orthe diamines, The derivative, however, could not be
charseterized st ‘his time,

Similarly, an attempt was made to react the
diamine with glyoxal, and w»ith N-acetyl 1sstin, Neither
substsnee gave a water insoluble derivative, and the
invertigrtion of any possible water soluble derivatives was
deferred at this time,

The disulfonate of benzidine (V) wae prepared as
a nossidtle means of quantitatively estimating ylelds of
2-nitrosulfanilic acid, as was the p-toluldine salt{Vli).
Both are unr=norted. The p~toluidine salt proved to be too
goludble in water to be used for quantitative precipitation,
but a relatsvely well defined melting point of 193-194°C
is8 of value in characterizing 2-nitrosulfanilic acid.

The benziéine salt (V) wzs found to have &
s0olubility in water at 25°C of 0.35%, & value vhich could
probebly be adspted for quantitative estimations of
2enitrosulfanilic aclid. However, ii{ wag observed in attempts
to employ the salt for specific and guantitative preciplte-
ation of 2-nitrosulfanilie acid that its behavior was
erratic in relsatively crude solutions from nitrations.
Major factors, such ae presence of dissolved salts, appear-
ed to be without effest. A more detalled investipation
had to be curtailed,

Several other orgeanic bases were tried for

-l e



precipitating & water insoluble salt of 2-nitrosulfaniliec
scid (Judged on sn arbitrary basils of producing almost
immediately & crystallime precipitate in large quantity).
Piperazine (28), and benzylaniline gave noining, while
4,4'«dlaminodiphenylmethane began to precipitate on initisl
adcition butl subsequently rediscolved on further addition
of the amine hydrochloride solution., Structural comparison
with benzidine sugeesied & possibly better precipitant,

Proposed, but not tried because the resgent could
not be avaeilable in time, was the use of 4,4'«dlaminctelan
a8 a precipitant., It 1s claimed (3C) that its esulfonic acid
salts are less soluble than the benzidine salts.

Another analytlcal approach, whi.ch wae contemplated
but not trled due Lo lack of time, was to eetimate ylelds
ont the bacslis of an anslytlical delermination of potlassium
in the potassium salts of the sulfonle acld by the method
of Suzuki {31) which employ& tartarlic acld in place of the

ctherwiée expensive reagents,
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The labilizing effect of a nitro group, ortho or
vara t0 an amino group on the benzene ring, was employed to
prepare 2-nitrophenole4-sulfonic acid (III)(3). King (24)
reports a different method of preparation via nitration of
sodium phenol-4-gulfonate, which is of comparative interest.

An azueous solution of the salt of Z2-nitrosulf-
anilic acid was bolled with alksall urtil smmonls was no
longer given off, The hydrolysis rate wace e:ctimated by
measuring the zmount of emmoniu given off, It appesared that
an incressge in the concentration of tre slkall incressed
the hydrolyeis rate, but a2t the same time incressed the
amount of eodium Z2e-nltrophencledegulfonate which hae a
relatively low solubility. The precipitated #z1t wee the
csuse of some extremely violent bumping 2t times, especlal-~
1y in reactions with alkeli concentrations approaching the
upper portion of the 5 to 19% range.

Hydrolyseis wee effected to the extent of about
80-85% of theory when pure 2enitrosulfanilic acid wse used
ag starting raterial.

Hydrolysils ol crude solutions resulting from
nitration of relatively pure Neacetylsulfanilic acid
gndium or potsseium s2l'e showed the peneral effect of

in:reased hydrolysie rate and %‘otal hydrolyels with an

=1d4=



increase in the alkall concentration. The estimated
overall yleld of 2«nitrophenol-Ad~sulfonic scid based on
hydrolyeis mersurements varied from about 474 to about
78% (calculated on the basis of theoretical overall
yields from the K-acetylsulfanilate),

The 2-nitrophenol-4-sulfonic acld was isolated
as the sodium =salt from concentrated aqueous solution.
the free acld was obtained by stripping the sodium salt in
an Amberlite IR-120 (H form) lon exchange column, The acid
wag obtained by concentrating the soweous column raffinate
on a steam bath under water vacuum pressure., The acid was
usually of a yellow color, but curlously, one nreovaration
of the free acid sfter concentrating to a heavy sirup
#011d1ified to a c¢rystalline macg having an intense dark
blue color. The blue material, however, gave a deep yellow
acueous solution.

The free acid ia too soluble in water to be
isolated by means of precipitation with concentrated
hydroechloric acid,

The free acid ié reported by King (24) ss a
trihydrate melting at 51.5°C, but this form was not
encountered. Only material melting at 122°C was isolated,
which 48 the vrlue revorted by King for the anhydrous

Senitrovhenol-4-gulfonic acid,



2=AMIN “NOLwd-3

Reduction of the nltro group in 2~nitrophencl-
4epulfonic acid (III) results in the desired 2~aminophenols-
4egulfonic acid (IV). An investigatlon of the many avalle
able methods for reducing nitrogroups to amino is beyond
the scope of inis project, but without doubt, most could
be succesefully employed for the prevparation ef 2-amino-
phenoled4=sulionic acid.

LKeductlion was zccomnlished wlth zinc and hydro-
c¢hloric acid, and with hydrogen over Raney nickel, In both
czses the wrogress of the r.duction was indlcated by the
gradual dissappearance of the yellow color of the solutlen,
with complete reduction resulting in & nearly colorless
solution of 2=azinophencl~4-sulfonic acid.

The r-action mixure after reduction with zinc 1is
worked up in th- usual manner, the acid then belng precip-
itated with concentrated hydrochloric acid. Ieclation ecan
also be effected by use of the ion cxchanger.,

2e=nitrophenol=4d-sulfonic acid ie reduced by
hydrogen over Leney nickel catalyet in acueoue eolution at
atmospheric pressure and room temperature (25°Cc), acocomp~
snied by the ususl decolorization of the =clution. A red-
uced abeorpiion rate wss obeerved in an attempt to reduce
& crude alkaline solution from a sodium hydroxide hydrolysie
of II.

16w



Reduction of the free acid requires only filt-
ration of the catalyst and concentration of the aqueous
golution to low volume from which the sparingly soluble
2-aminophenol-4~sulfonic acid crystallizes. The normally
white oryetals have occasionally a lavender tint,

A solution of a salt of the reduced acid can he
treated with hydrochloric acid as previously described to
yield the free acid.

Paseing a solution of a salt of 2e-sminophencle«
4wgulfonic s:21d resulting from a Raney nickel reduction
thru an Ambsrlite IR-120 (H form) column yielde the free
acid in solution., The free acld 18 crysiallized by
goncentration,

2-Aminophenol~4«~sulfonic aiced is similar in
nature to sulfanilic acid in that it ls apsringly soluble
in w-ter and does not melt, It may be charscterized by the
neutral equivslent, and a positive test with Tollen's

resgent.

17w



PE 2NTA E
(A1l observed melting points are corected)

Sulfanilic hoid (1)
Purification by Regrystalliization: 210 grams

0of erude sulfanilic aicd were dlesolved in 3 liters of
boiling water. The solution was trested with charcoal,

and filtered rapidly while hot. The white crystsls which
deposited on cooling were filtered off, suck<d dry as
voesible, and air dried, giving 164 grame of product which
contained 98% sulfanilic acid {(dlazotization titration} {(9).
On & recovered welght bssis, the yield wae T77%. Neutral

equivalent: Found, 1763 Csle., 173.

17.3 grams
(0.1 mole) of crude sulfanilic acid were dissolved in
100 ec of 1 K sodium hydroxide solution with the ald of heat.
The solution waeg treated with charcoal, and filtered brile
lisnt, To the fiitrste wae added 15 cc of cone, HCl, The
precipitated white crystale were filtered off, nfter
cooling the mixture, and air dried, giving 16.3 grame of
product found to contain 91% sulfanilic acid} the yield
on & recovered weight basis was 85%, heutral ecuivalent:
found, 1763 cale., 173,

Water Content; 10 grams of water recrystailized
gulfanilic acid were dried in an oven at 110°C for 1 day,

"‘18“'



Feight 1lost by the easmple weos 0,029 gram, This is equi-
valent to 1,7% of theory if 2 H,0 were originally oresent,
and to 3,1% of theory if 1 H,0 was originally present,

Solubllity: At its boiling point, 99,5% ethanol
41ssolved less than 0.1% of pure anhydrous sulfanilic acid.
The s¢id ie insoluble in most common orgenic solvents, It
ie mocderately snluble in formamide, and in dimethyl form=
aride, The sodium andé votassium selts sre rcsdily soluble
in rater.

Other Charscteristics: The acid does not melt.

At =bout 30000 it begine to sinter and become ¢=rk in
color, snd at about 320-330°C the msterial 1s ao dark that
ntservation is Aifficult. The neutral ecuivalent, and
titration *ith endium nitrite (9) can be used for esti-
rating sulfenilic acid, It can be detected qualitatively
with nitrite irn the nresence of alpha-naphthylamine
oxazlate -~ an indicator (8) by the red color develoved

by the enlution.

Sodium N-Acetylsulfanilate (Ie)(1)
Sodium sulfanilste, 92 grame (0,47 mole) and

51 grams (0.50 mole) of scetic anhydride were mixed in a
flr8k, No rcsction occured. An additional 51 grams of
acetic anhydride were added. After s short while, spon-
taneocug renetinn occured giving sufficient heat to reflux
the sc-tie nrnhydride, The mixture was heated on a steam

19«



bath for one half hour, cooled, and flliered, The s=o0lid
wag washed once with acetic anhydride, and 3 times with
anhydrous ether. Drying at 110-115°C for 1 day gave

121.2 gramse. Theory for 1 HEO la 120 grame. Further dry-
ing for 2 days at 155°¢C gave 107.7 grame. Theory for the
anhydrous ealt 1e 111 grams. Titration vith e~dium nitrite

showed 97.5% acetylation. Th- net yield was 94,5%.

Potsgeium N-Acctyle . lfanilate (Id) (&)

51,9 grame (0.3 mole) of sulfanilic acid (I)

vere dissolved in 100 ec of water with ~he aid of 20,7
grams (0,15 mole) of rotaselum carbonate. Th: eolution
wags wormed to 5C°C, and vith stirring, 3%.6 grems (0,33
mole) of aceiic anhycride vere adced at & rate to maintain
the reaction temperature between 65 and 70°C, The mix~
ture wag sllowed to cool with stirring after the addition.
Cryetals began to appear when the mixtu:e had cooled to
absut 50°C, After storage at 4°C, the crystale were
filtered, washed 2 times with 99.5% ethanol, and 2 times
with anhydrous ether. Overnite drying at 114°%¢ gave 63
grams., The filtrate gave an additional 12 grame, The
product contained 99.%% scetylated material, snd the net
yield wae 98,4%, The alpha-naphthylamine nitrite teet was
negative altho diazotization titration showed O.5% non=

acetylated material present (experimental error?).
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2~-8 o8 8 g _Acid 4

75.9 grame (0,3 mole) of potassium N-scetyls
sulfanlilate (Id) were added to 225 grams of concentrated
gulfuric acid in vortionse, with stirring, to maintain a
temperature of less than 60°C, The solution wae cooled to
5°C with an ice-salt bath, To the stirred golution was add~
ed a wixture of 21.3 grame of 90% nitric acld (10% excess)
and 22.% grams of concentrated sulfuric acid at ¢ rate te
maintain the re~ction temperature around 5°C, sesisted by
external coolling. The resction mixture was then . tirred at
atout 4°C for about 4 hours, and tren allowed to warm up
to room tempersture on storage overnite,

The reaction wixturc was noured on ice. It gave
2 deep yellow colored solutlon with a strong acetlc odor
{warming th- solution results in rapid de-ascetylation and
the solution becomes deep orange). The solution, roughly
2 liters, wae heated in a 14 quart enameled pall on an
electric hot plate and vigorousely stirred while 287 grams
of calcium carbonate were added quite rapidly 1in falrly
lsrge portions. Water additions, ir conjunction with the
carbonate additione, were rade as required to malntsin
fluidity of the slurry. {(Note: a large volumes ratio,
of container to solution, ie of considerstle value, slong

with high speed stirring in the control of frothing and
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reducing the time reruired to effsct the neutralization,
And if, in addition, very finely powxdered cslcium carbe
onate is =dded as a slurry in water, the neutralization
can be completed in a few minutes.)

The neutrsl slurry vas brought to & boil, and the
heat wae turned off, About 1 liter of Hyflo filter sid
(meaBured loose and dry) was stirred in, and the slurry
was filtered, The filter cake was washed with hot water on
the fi"ter by rinse-thru until most of the color was gone
{(about 3 times)., The filltrate, about 4 litere, was :lssgh
concentrated to a volume of aprroximstely 500 c¢c, which
after trerefer and rinee messured 63C co.

Eree Acid: A 200 oc allouoct wes treated with
400 cc of concentrated HCl. After cooling anc filtering,
the crystale were washed once with oonc. HCl, 2 times
vith dry scetonitrile, and them 2 times with anhydrouse
ether. Lrying at 115°C gave 1C.1 grams (49%) of 2-nitro-
gulfanilic acld, having a purity of about 99%.

Potagslium Sa :+ 'To a 200 cc alicuot was
added 200 c¢c¢ of a concentrated potassium ac<tate solution,
Crystals formed qulckly, and after storage in the refrig-
erstor, they were filtered, and wsshed with 99,5k
ethanol, and then with anhydrous ether. Drylng =2t 115°G
yielded 20.0 grams of the notassium palt. The filtrate
gave an additlonal 1 gram. Total crude yield was B85%.
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A 97% recovery of free acid from an anslyticel stripping
of the crude notasgeium salt in an acid form Amberlite IR-120
ion exchange column resulted in a net yield of 8245 of

petsgcium 2-nitrosulfanilate (Ilc).

Ow roan i IOm Zen ulfanilic “eld I

Evidencs of Structure.
If nitration had oecured in the ortho position

-e

to the arino group in sulfasnilic acid, then hydrolysie of
the sulfonic acld group should yleld o-nitroaniline (IId),
(19},

2.19 grams (0,01 mole) of 2enitrosulfanilic asckd
(II) were added to & hot mixture of 7.75 ec of conc.
sulfuric acid and 9.5 cc of water. The solutlon was refluxed
for one and one half hours, poured into cold water, and the
yellow preci»nitate was collecled and drled. Yield was
1 gram (72%). “he melting polnt wae 67-68°C. A mixed melt-
ing point of 68-7000 wage obtained with an authentic sample
of o=nitroaniline which melted at 69-71°C,

Benzid g f 2N guliznilic scid. (V)

4,36 gramg (C.02 mole) of 2«nitirosulfanlilie
acid were ciscolved in 30 cec of water. io this solution
was asdded 125 ce of benzidine reagent (9)., A vprecipltate
formed immediately. The solution was eooled and filtered,

The salt was washed 2 times on the filter with small
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amounts of cold wster, and then dried at 115°C, The yleld
wag 5.5 grams (89%), The crude mate. lal had a decomposition
point of stout 289°C (very dark and cifficult to observe).
A pample recrystsllized from water wac observed to decome
voge at 293-795°C., The e¢olor of the salt was bright yellew,

The solublility of the Venzidine gzlt in water
at 25°C wae 0.35¢ (grams in 100 cc of water). It vas found
to be corsiderably more eoluble in hot water, from which
it cryetallized well for purificstion,

The ealt ie slightly soluble ir acetone, 99.5%
ethanol, methanol, and scetonitrile., It is insoluble in
anhysrous ether, and in petroleum ether (b,p. 30-60°C).

The ealt can be auantitatively titrated with
standsrd scdlium hrdroxide solution, by me-ng of which a
neutral ecuivalent of 300 was observed. Thls agreement
with a czlculsted value of 310,.3 for the assumntion that
both amino groups react for eslt formation, confirms the

gtructure as & disulfonate of benzidine., (V),

p«Toluidine 21t of 2-Nitrosulfanilic Acid, (VI)

The sslt wae prepared by mixing acueous solus

tione of the scid and p-~toluidine hydrochloride. Cooling
and ecratchings induced crystallization. After recryet-
allizing ceveral times from ethanol«sther, the yellow

salt melted 2t 193-195°C., It 18 moderately soluble in
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wvater, ethsnol, an’ acetone; only slightly soluble in
acetonitrile, and ethyl acetate; and is insoluble in
anhydrous ether, The observed neutral eculvzlent ootained
by titrating with etandard sodium hydroxide agrees with the
caleulated value for the p-toluldine szlt of 2enitro-

gulfaniliz scid,

Dibenzo [a.d phenazine-ll-gulfonic fcid Jodium Salt, ;y;;z(ng

1,2=vhenylenesiamine~4-~suifonic acid (Ila)
obtained by .e‘ucing 2-nitrosslfsnilic acid (1.} with
hydrogen over Raney nickel was rcacted with phenanthra-
cuinone bisulfite,

Jones and Jobinson (21} describe a similar pro-
cedure using zinc and hydrochloric acid for tne reduction.
An gdsptation of theilr wmetnod 1s used in the prenaration
kereln described.,

1.22 grars (0,005 nole) of Zenitrosuliznilic
acid (II) was diseolved in 15 cc of water, #2nd 5 cc of con-
centrated ECl were zdded, To the bolling solution was added
2 grams of zinc dust, and the boiling waee continued. After
g few minutes, 3 grame more of zinc dust were added, and
the solutior wac boilled until it became ncarly colorless,
It wae diluted with water and filtered., To the hot Tiltrate
vas added sodiun scetate followed by a hot soiution of

phenenthracuinone in codium bisulfite (containing added
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sodium acetate). Bo ling lor o short time resilted in the
formation of a voluminous procinitate. ¥icroscopic exeame
ination reverled = mass of long yellow filaments, The

product wssa collected by filtration.

1,2=Phenylenedisnine=-4=-sulfonic Acid, (iIa)

1.09 grams (0,005 mole) of 2-nitrosulfanilic
acid (II) vere dissolved in about 10 ec of water snd
titrated to neutral with 50 e¢ of 0,1 N sodium hydroxide
(1 equiv-lent) to fors the s=>diur ealt., Apnroximately 1/4
tcvasnoon of » o er wet Kaney nickel catealyet wae added and
the r duction wasz nerformed in a burette type apvarastus at
room Lemwer-ture {249C) and aimospheric pressure. The
commound showes a normal reduction curve, and adsorption
was 93% comnlete in aboun 3 hours, during the couree of
witlch the s»lutlon gradually became colorlesa, ihe
raduction ns porizsraicd only to estimate 1ts general
nature for use as a posaible analytlcsl tool. The product
wag not isolated; the formatlion of the characteristic long
filamentg® - ith vhenanthracuinone was accepted as sufficient

evidence, in this csse, of reduction to the diamine,

i ¥ - £ it} e I
‘1th Shriner and Fuson'e (25) nrocedure as &

rulde, 5 grame of 2epitrosulfsnilic ascid (11) and 10 grame
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of phosphorus pentschloride were heated together in a
flagk in an 01l bath at 150-180°C for a half hour. The
reaction was cooled and 50 ec of dry benzene were added.
(Ether also added to aseist solution), The benzene-ether
solution was washed with cold water, and dried with
anhydrous sodlum sulfate. The drled solution was then
noured into cold concentrated ammonium hydroxide solution
wlth vigorous stirring. No prescipitate was formed. The
mixture wae evaporated to drynees in vacuum eand the res-
idue wsa dissolved in warm water. After charcoal treatment,
the solution was cooled, The crystale were filtered off.
The crude amide melted at 201~207°G. Recrystallizstion
from hot water gave plates which melted at 207-209°C, with
a8light decomvosition. Fischer (13) reporte the melting
point of the amide as 206-207°C,

2-Nitr . o T Ao

2,18 grams (0.0l mole) of 2-nitrosulfsanilic acid
(11) and 60 c¢c (0,06 mole) of 1 N sodium hydroxide were
placed in a reflux apparstue connected to a system for
collecting evolved ammonia in standard hydrochloric acld.
The solution was boiled and the gases were drawn gently
thru measured amounts of 0,1 N HCl, At intervale, aliquotis

of the standard acld were withdrawn and titrated with
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standard 0,1 N sodium hydroxide, The values were used %o
calculate the rate and the asmount of ammoniz evolved. The
results are shown graphlcally in figure 1 on page 29,

The hydrolysis was repeated under the same
conditions as above except that an equivalent amount of
3 N sodium hydroxide was used. The results are alsoc shown
in figure 1 on page 29 for comparieon,

The dats available for the evaluation of the
hydrolysis was limited due to mechanlical nrobleme
encountered wit> respeet to aprnaratus refinement and
sarvwling methods, and can only used for a broad generale-

ization of the nature of the hydrolysis.
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AMwNT HYDROLYZED - % OF THEORY”

Figure 1,

Hyd~nlveis rate of 2-nitrosulfanilic acid to
P-nitrovhencl-4-sulfonic acid with 1 N and

3 N sodlium hydroxide,
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2«8 e wdi 3 Agic

Isolation.

The aqueous solutlon fro the alzaline hydrolyeis
experiment described atove war neutralized with scetic acid
snd concentrated to a 1l-w vola&e. After cooling, the
solution was filtered. The crystals were csrefully wsshed
with cold 99,5% ethanol, then anhydrous ether, and dried
at 110°C. Tve yield was 1.7 grams (70%).

A solution of the godium salt in water wss
pagsed thru an Amberlite IR«120 column, and concentrated
to drynegs under weter pump vacuum on a steam bath, The
regidue was trested several times by trituration with
acetonitrile and distilling off volatiles, and finally
heated on a stesm bath under water pump vacuum for a
vhile, A sample of the dried brown resldue melted at
121-123°c {24), (Note:s another preparstion of the free
acid in the same manner gave a ddep blue prnduct which
melted at 12?06). King (24) reports a melting point of
122%C for anhydrous(III).

2=A e wdi n v

2.4 grams (0,01 mole} of sodium 2-nitrophenole
4.pulfonate vere diseclved in about 50 cc of water and
about 1/4 tenespoon of water wet Raney nickel catalyet was
added. Reduction with hydr-gen over a period of sbout 3

hours showed an adsorption of 2%6 oc of hydrogen measured
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at 27°C and stmospheri-: pressure. The maximum prcssure
during the r-<duction was 100 cm of water. Theory requires
246 cc of hydrogen measured as above, The adgorntion was
9%% of theory.

The cetalyst was flltered off. The solution
was diluted with» water to about 200 e¢c and warmed to
about 50°C. The wrrm solution of the sodium salt wes vassed
thru an Amberlite IR~120 column, and the raffinste on
concentration and coaoling yielded a total of about 1.6

grams »f the free seld. ¥Yield: about 85-90%,



STRUCTURAL INDEX
Position Numbering of the Parent Ring:

Table of Sudbstitutions and Poeitions:

Compound | Ring Positions of Substituente (No entry H)
Number T T2(0) | 3(m| 4(p)| 5 | 6
I NKQ - - u% H - -
la Hﬁz - - Sojﬁa - -
Ib NHQ - - SQBK' - -
Ie ﬂHGOGH3 - - SOBNa - -
Id NBCOGBB - - 303K - -
II NH2 KOQ - SQBH - -
Ila NHQ Hﬂg - SOBKQ - -
I1v ﬁHQ N02 - SOQHKZ - -
1o RH2 802 - 303K - -
114 NH, NOQ - - - -
Ile Hﬂe HGQ - N02 - 02
I1X OH NGQ - SO3H - -
Illa OE KO, - 803Na - -
Iv OH RHQ - SQBH - -

{Continued of next page)
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STRUCTURAT INDEX

(continued)

Cmpd, V

NH+ N

i JNO-,, O’NO

50.‘5!-\4 H-LM Q@Nﬂ‘_o r(O-,_, s
tmpd, VI

NH,y

"

503H . H.,_NO QH3

Cmpd, VII
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