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TEE SYNTHESIS OF ReAMINOw4wCHLOROPHENOLwE«SULFONIC ACID

INTRODUCTION

A survey of the literature hes shown a varisty of methods
for the synthesis of 2waminowdwchlorophsnol=tegulfonic scid (V) by
the following processes: (A) sulfonstion of 2eaminowdechlorophenol,}
{B) sulfonation and hydrolysis of zuautmim-mhzemphml,a
{C) nitration snd reduction of 4wchlorophenol«8esgulfonic uaié,a and
(D) Ssndmeyer reaction on, nitration and reduction of 4wsminophenclwée
sulfonic mold.® A paper by Kiprianov and Mikhailenko reports s
preparation by preesure hydrolysis of 2enitrowl,dedichlorowbensens
and subaeguent sulfonstion and reduction of the phenol in good yhld.‘
A subsequent Russian psper 1s rather vague in écuriptim.s Armstrong
and Prevost have studied the reaction of sulfuric and nitrie aoid eon

the iscmerie mmchloryhenohos

le AkttewGosefeAnilinf,, Gers Pate 144618 (1803),

2+ Bayer & Co., Ger. Pat, 184955 (1908),

3. Bads Anilin usSodaf., Gers Pat 1524283 Frdl, 6, 118 (1900=1902).

4+ Eiprianov & Mikhailenko, Ukreineki Khem. Zhure 5, Teche Pt. 22639 (1930).
64 I» I, Voromtsov, Je Chems Inde (U.S.5.R.) 18 Noe 23/24, 16-22 (1941),

8. Armstrong and Prevest, Bers, 7, 405 (1874)e
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However, the course of this investigsation was comcerned
with the following feasible synthetie rcute essentially descrithed

in the Fremch patcn’e:?

el
&) st e Ut
209,503 NaNoy
ct

Ct
I II I1X Iv v

German imutigataras cleim a poor yleld of the amimo
sulfonic scid (V) following this method but give no experimental
data to suppert this clsim, Our investigation was concerned
shiefly with the hydrolysis of the sodiume2enitrowl dedichlore~
benzenewbegul fonate (III) to the sodiumeZenttrowiwchleorophencleéw
sulfonate (IV), and the reduction of the product (IV) te the
desired 2eaminoedwchlorophenoiwGesulfonie acid (V) im practieabdle
yleld,

It has been roms that the preparstion of the sodimmwie
nitrowl,dedichloresbenzene~busul fonate (III) proceeds in almest
quentitative yield (91£) through the sulfomstien and nitration
steps, using fuming sulfuriec acid and sodium nitrate, when the
product is "salted out” by the use of sodiwm chlerides In an
alternate procedure the exeess sulfurie acid after the nitratien

may be converted to the esleium salt by the use of caleium

7« French Patent 301530 (1900).
5; Thﬂ.l t}ke.i" PQ 27Q



hydroxides & process known as "liming out", A yield of only 75.2%
of (I11) was realizable even efter a rewextraction of the insoluble
caloiwm sulfate eakes This oould be explsained by the formation of
& basic snw: (which would be inselubls), by inefficient weshing, or
possibly by Im adsorption of the product on the oske, & d4iffioulty
which is not encountered in thai‘salﬁng out® procedure,

Investigatore of the Badische Anilin wnd SodewFabrik in
Indwigshaven reported that a technieal preparation of Swemingwde
chlorophenolw6waul fonie noid was not reslizable following the process
deseribed in the Fremeh Patent,® They stated thet when ene sulfensted
pedichlorobenszene end nitrated the resulting pedichlorgbensens sulfonie
acid aceording te the directione of the French Patent, even though
the formation of the monoesulfonic seid (II) proecseded smoothly,
nitration of the sulfonle acid, contrary to all expectations, apparently
introduced the nitroegroup meinly in a position pars %o the sulfonie
acid group and only to a small axtent in the desired metawpositions
When the nitration products (IIX, VI) were heated with aguecus alkali,
they elaimed, only the 2enitreel,4«dichlorosbenzeneetesul fonie
acid (I1I) was converted to the corresponding Zenitrowdechlerophenolefs
sulfonis acid (IV) which upon reduction produced the Zwamingwdw
chlorophenol=tewgulfonie scid (V)s The "main product® of the nitration
reaction according to this explanation was hydrolysed by loss of the
nitroe group with the formation of sodium nitrite and apparently formed
a dichlorephenclesulfonic acid (VII) whioch was of no use im this

particular preparation,



The reactions claimed by these investigators are:

el
@ Hasoy Sosll  ywo, S S03H
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111 VII
dqueous alkals,
heat,
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Iv
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NN So3H
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In sconsidering the fwasability of nibtration para to the
aulfonic aocid group in compound (II) it is necessary to consider
the resonance and elsctricsl effeots inherent in this type of
molecule, The approach te the prodlem would involve an evaluation
of the contributing or opposing effects the substituents have on
the benzene ringe This would be best accomplished by exemining the
slectronic structures of chlervbenzens and bensenesulfonie scid in
order to rationalize e point of attack on the benzens nucleus
during the nitration, considering (II) as & composite structure
of the twoe Dipcle moment dets show that chlorine has the highest
dipole moment of the healogens end thus attracts eleotrons strongly
from the benzene rings This induces in the nucleus a condition
of low eleotron density and hence of lowered vulnerability ¢o
attack by electron ecoeptor sgentes

Chlorobenzene is regarded as a resomance hybrid of the
following structures '9

Sﬁ' alt

A Q= —r

In chlorebenzens, howsver, btwo different sffests have
to be considered separately,s The first of thess, previcusly
mentioned, resulbs from the fact thet the chlorine atom is strongly

slectronegative and pulls electrons away from the carbon atem te

9 Fioser & Fleser, "Organic Chemistry", D.C, Heath and Cos,
Baston, Muss, lst Edition, 1944, p, 580,



whioch it 1s attached, If this displecement of charge were the only
factor to be considered, the orlentation should be just as in pyridine
or in the trimethylanilinium lonj mets with deactivation for the
elsotrophilic reageuts and orthowpars with sctivation for radical

or nucleophilic reagents, The situation ocould then be represanted

by the structure in equilibrium with the quinoid typs structure,

¢l
/T A
—J
+
A secopd effeot which must be considered, however, results from the

fact that the chlorine atom hag an mmghared pair of electrons and so

oan initiate the effect symbolised by the atrueture

If this displacement of charges were the only fsetor involved, the
orientation would be orthospara with sotivation for an slsctrophilie
reagend, indeterminate for a radleal reagent, and meta with
deastivation for a mucleophilic resgent,

The two effects dus respectively to the electromnezativity
aud te the unshared pair of electrons are largely in confliot with
each others It cannot be predicted with any assurange what the sotual
orientation will be for any of the different types of reagent,
Experimentally it is found that the orlentetion is orthowpars with
deactivation for an eleotrophille reagent and orthospara for a
radioal reagent,
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The structure of benzensulfonic scid may alse be

represspted by a resonance hybrid,

OH oH
-5 —o- 0:g-0" o-s o~

SRR Q — O

Displacement of electrons to the sleotronedsfiolent oxygen atom

rust tond to set up positive centers at the ortho and pars position

and hence to remder these sites partiocularly unascaeptable to
electrophilie reagents, The meis carbon, however, iz probably
quits vulnerabls to atitack by an elestrophilis reagent,

It is now possible Lo predict what point our sleoctro=
philio or estionold agent will attmok in the nitration of
pedichlorebensencsulfonic acid in view of the forsgoing theoretical
considerationsy The resomating hybrid of pedichlorebenzenesul fonls

aolid may be represented as
e,

D -
d o A;’A,;,*"v el

v}
. <,
SToH Tl AL = g-oH
) C—> "
(o} + + O

cl el
A B

sines now the electrieal effacts of the chlorine atoms in parse
position to each other are neutralized by thsir own influance,

We can thus see that in (B) the meta position to the sulfomle ecid
group is the only one open to attack by the positive cationcid
m;g In the nitration the nitric sold remcts in this ferm,
the hydroxyl taking with it on separation both of the covalensy
eloctrons originally binding it to nitrogen and leaving the



L a

pesitive residue 7H0; to attach ;L;u‘.‘.r to the nucleus &t & point
where the nitrogen ootet may be [e@glmd.

The newly formed 2enltirosl,dedichlorewbenzenssbfesul fonie
nold now constitutes a compound where the chlorine atom orthe te
both & nitre and a sulfoniec neid group should be partioularly
subsceptible to hydrolysis,

This is due to the fact that both the strong sulfonie scid snd nitre
groups withdraw electrons from the ring making the lecarbon strongly
¢lectropositive and facilitating the ionization of the moleculs inte
chloride and free ocarbonium ionss The stability of the earbenium
ion is enhanced by its ability to achieve a coplaner configuration,

The resomating structure of the ocsrbonium ion may be represented as,

O\ + t o

+ * 9
Nz -0l O“IN = 's‘~ off
o 6 >4 +0

el ol

Anpther interesting point which explains the lability of
the chlorine atom in the l«position is the "steric inhibition of
resonsnce®, The fact that the lwohlorine is the one replased in
spite of the steric hindrance of the nitre and sulfonie acid groups
is explained on this basis, Position 1 is activated to the full

sxtent for reaction with a mucleophilie reagent becsuse the chlores



group in position 4 ls free to assume the necessary ecoplanar
configuration. Position 4 on the other hand is sotivated b0 a
much smaller extent probably because the chloroegreup in position
1 is offectively held cut of the plane of the riug by the bulky
nitro and sulfonie acid groups. Several sxamples of this type
are cited in the literature,lOs11,12

10¢ Ke Ibbotson and J, Kenner, J. Chem, Socs, 123, 1260 (1923),

11, He Burbon and J, Xenner, J, Cheme Socc., 119, 1047 (1921))
Je Kemmer and M, Parkin, ibide, 117, 8852 (1920).

12, Vo Cs Spitzer and G, W, Wheland, Je Am. Chems Soce, 82, 2085 (1940),



Part 1
THE HYDROLYSIS OF SODIUNm2eNITROw] ,44#DICHLOROwBENZENEwGe
SULFORATE (III) TO SODIUMw2eNITROwdeCRLOROPHENOLmE«SULFORATE (IV)



w 10w

To study the hydrolysis of compound (III), the optimumm
sonditions for the hydrolysis of the chlorine atom in the 1 position
to produce ths phennl (IV) had to be determined, Preliminary
expariments weres run emn the sodiumwZenitrowl 4wdichlorowbenzencele
sul fonate in solution after conversion te the sodium salt in the
*liming out® procedurel® instend of isolating s sclid product, The
amount of ohlorine hydrolyzed was determined by a modified Volhard

titration, 435  The results are summarized inm Table I and Figure I,

o

15, This thesis, pe 26,
14, This thewis, pe 55.

15, The percentage of chlorine hydrolyzed was hesed on 1 gramewatom of
hydrolysable chlorine in the leposition for every gram mole of (III),

18, "Ssott's Standard Methods of Chemical Anslysis™, D. Tan Nostrand
Coey Ince, New York, N.Y., S5th Edit., Vol: 1, 1938, p. 2T1iw272,
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Table I

Hydrolyeis Rates of

Sodiumegeni trowl ,dmdichlorosbenzenewgegul fomte”

% Chlm‘lnl % Maximum

Moles of |Concentration|(a) Hydrolysing |7°C of |Time of
Sodiumw2e | of Sodiumwle |agent used (moles)| hydrole|hydrole hydrols |yield of
_nitro~l,de| nitrowl, 4= (b) % Molar axonal ysis ysis, |ysed Sadiumele
dichloro~ |dichloroe {¢) Molar hours nitronés
banzenewte| bensensmGn concentration chloroe
sulfonate |sulfonate phenoleis
uged (molarity) sulfonate
0.0?5 Q.” 5‘; ME. (0;18) W 1 18,2
b) 8.0 4 45,2
Bxptte 1 (o) Oud 3 474 4744
04078 0423 (a) NayC0,, (0417) | 96 1 1048
{b; 1040 4 1848
Bxptts, 2 8) Oub 73 395 38,48
0,078 0428 (a) ¥aOH, (0430) 98 1 51,0
(v) 100,0 4
Exp'ts 8§ (O) 05 3 51,0 51,0

1, Al)l hydrolyses run iz aqueous medium,
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Figure 1

Hydrolysis Rates of Sodium-z-nitro-l,4-dichloro-benzene-G-sulfonatol

654

Exp't, 3

Per cent Chlorine hydrolyzed.
8

100#% excess NaOH
&p'to 1

o (c)

—o (a)

5% excess NaOH

i | | | L } ]

—a (1)

1

le. All at 95°C in aqueous medium.
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An examinetion of the rate curves in Pigure 1 showed thet, under the
sonditions specified,

(1) A strong base such as sodiwm hydroxide is more effective
then & week one such as sodium carbonate;

{2) The use of & large excess of a strong base (100%) causes
the hydrolysis to remch itas limit within approximately 1 houry

{$) The use of a small oxoess of stromg base (BX) causes the
hydrolysis teo be completed within approximately 4 hoursp

{4) The maximum amount of chlorine hydrolyszed under thess
eonditions was approximately 40 te 504,

In view of the fact that the chlorine in the lsposition in
(II1) should be quite labile, it wes somewhat suprising at this time
to find that & maximm of only 50 percent was hydrolysed under the
influence of such a strong meleophiliec reagent as the hydroxyl ion,
There was still, of course, & remote poesibility that the undesired
Benitro isomer {VI) was being formed te some extent, A separation
of the Zeand Senitro iscmers would seem extremely diffieult due te
the highly poler nature of the compounds, It was desmed worthwhile,
however, to atbempt a separation by frmctionsl erystallization and
to determine the chlorine hydrelyzed from each fraotion, the theory
being that the 2enitro isemer (III) would hydrolyse chlorine to =
much greaber exbtent than the Senitro isomer (VI)e The results are
summerized in Teble IX and Figure I,
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Table 1

Hydrolysis Rates of

Sodiume2eni trowl, 4=dichloroebenzone=amgul femtoz

¥oles of |Concentration|(s) Hydrolysing |79 of |Time of (¥ Chlorine| Fraotion
SodiumeZe | of Sodiume2e |agent used (moles)| hydrole|hydrol=| hydrole |hydrole
nitroel, 4=| nitro=l, tw ih) Roler excess |ysis |ysis, yeed yzed,
dichlore=~ |diohlorew o) ¥olar hours X bty wt,
benzeno«Gw| benzene=G« concentration of total
sul fonate | sulfonate
nsed {molarity)
0,017 0s23 (s) Na0H,{0,043) |85 4 54.8 Praste #1,
) 28, 577
Exptt, 4 ﬂ) O.588
04010 0423 {a) ¥aOH,(0,028) |98 4 47,7 Fraot, #2,
gb 2840 19.68
Exptts B ¢) 0,568
04010 0.23 a; HaOH, (0,028} |95 4 47.7 Fraot. #8,
b) 25,8 12,6
Exptts 8 o) 0,568
0,010 0,23 a; NaOH,(0,028) (98 4 2945 Fracte #4,
b) 2840 10,1
Bxpite 7 o) 0,588
0.010 0423 (a) FaOH,(0.026) |96 e 4747
2 (b) 2640
Exptte 8 {c) 0.568

1, Fraotionmlly crystallized.

2+ This is the produot obtainsd from a second
orystallization of Fraction #1, which wes
then again hydrolysed.
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The rate curves in Figure II showed that separation of
iscmers was sccomplished by the freectional eryetallization, The
materie) that came ocut first (Frection 1, Curve 4) weas the isomer
most easily hydrolysed (the 2enitro isomer, 1I1), while subsequent
fraotions were hydrolysed with inereasing diffieculty. Thus between
fractions 3 and 4 there was e sharp decrease in the czse of
hydrolysis, indlcating that fraction & may be "rich" in the Senitre
isomer (Vi)e PFraction 3 may also possibly contain & good deal of
the Senitro isomer, and since fractions 3 and 4 constitute
approximetely 23% (by weight) of the total weight of fraotions,
this correlates falrly well with later experiments where the
maximum amcunt of hydrolysable ehlorine wasz found tc be approximately
75%« In an attempt to further purify fraction ) Yy asother
erystallization, the percentags of chlorine hydrelyszed dropped
slightly from B8% to 48% (ses Experiment 8, Curve s)s The maximmm
smount of chlorine hydrelyzed again seems to be approximately 50X
of the 1 gram atom that 1s desireds

In an effort teo reise the molur percentage of chlorine
hydrolysed above 50¥, the following twe routes were decided upons

Ae Obtaln a pure sodiumeZenitroel,4edichlorosbenzenewde

sulfonate from the "salting out® prosedure, shromategraph
the compound by paseing it in sleoholie solution over
elumine, snd run hydrolyses under various conditions on
this producte

Be Determine the maximum amount of chlorine hydrolyzable
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on & pure sodiume2enitroe),4«diohlorowbengenawse
sulfonate under various conditions,
The results of route 4 are summarized in Table III and
Pigure 111, Those of route B in Table IV and Flgure IV,
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Table IXI

Hydrolyseis Retes of

1

SodiumeZenitros=l, 4wdichloro=benzene-6wsul fonate

Moles of |Concentration |(a) Hydrolysing |2°C of |Time of|% Chlorime|% Meximum
Sodiume2» |of Sodiumw2~ |sgent used (moles)|hydrole|hydrole|hydrole |yield of
Bibrosl, 4= | nitroel, 4e {b) % Molar excess|ysis |ysis, |ysed Sodiumele
dichloro= |dichloree {e) Molar hours nltrowde
benzenewl« | bensenewte concentration shloroe
sulfonate |sulfonste phenolege
used {molarity) sul fonete
04001 Oe28 (x) NaOH, (0,0038) |95 4 835.7 83,7
b) 28,0
Bxp'te B e) 0.568
0,001 0el3 {a) Ra0H,(0,004) |95 4 TOu
(v) 100 10 0.1 70.1
Exp'ts 10 (e) 0.812
0,001 0s23 él) ¥alH, (0&904) 95 1l 6l.8
2 b) 100 4 7542
EXP'ﬁ' 11 (6) 0.912 10 73.2 7342
0,001 0e28 (ag NaOH, (0.004) |80 1 64,8
3 {v) 100 4 84,8
Bxptt, 12 {c) 0922 0 4.8 84.8

1ls Crystallized from ethyl aleohol and chromstegraphed,

24 Chromstographed twlice,

8+ Chromatographed twicej hydrolysis run in 95% ethyl slcokol.
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Table IV

Hydrolysis Bates of

Sodiume2wnitrowl, 4wdichlorg«benzenew=Sesul fonnte

Moles of |Concentration|(s) Hydrolysing |T9C of [Time of|% Chlorine|% ¥aximwm
Bodiwme2» |of Sodiume2« |ngent umed (moles)|hydrolw| hydrole|hydrolw |yleld of
nitrow], dw| nitrowl, 4w gb} % MWolar excess|ysis |ysis, |[yzed BodiumeRe
dichlerow |dichloros 8) Molar hours nitrowds
bensenewi«| bensenewim concentration shleros
sulfonate |sulfonate phenolwbe
used {molarity) sulfonate
0,010 0,23 {a) Ba0H, (0.028) |98 4 B8le8 81,5
Bxpttes 13 ¢) 0,568
04001 0.23 {a) m:ﬂ.(ﬂsma) 96 4 TOuT TOeT
2 (b) 2540

Bxptte 14 (o) O.568
04002, 023 {a NaOH, {0,004) |96 4 8742

» s b) 100 10 %2 672
Exptt, 18 (o) 0,912
0,001 0428 (a) Wa0HE,(0,003) |98 4 6146 61,8

4 (b) 25,0

Exp'te 18 (o) 0.568
0,010 023 a% EaOE, (04028) |95 3 40,8 4045
RBxptt, 17 8) 0,568

1, Reerystallized from sthyl aloohol,

2, Recrystallized from mebutyl aleohol, then sthyl slsohel,

3. Reorystallized from ethyl alcohole

4¢ Reerystallized from ethyl alechol, then from water,

Bs Compound reseining in mother liguer of orystallized
sompound used in Experiment 16,
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Exp'te 17, compound remaining in mother liguor

of crystallized compound used in Exp't. 16.

10+
s+
i L } | | | 1 L | |
{ I 1 1 i | I 4 T T
0 1 2 3 4 5 6 7 8 9 10

Time of hydrolysis, hourse



w2

Discussion of the rate curves in Figure IIls

Use of a crystallized end chromatographed purs sodiumede
nitroel,dwdichlorosbenzenewiesul fonate resulted in an inecrease of
15 to 25 percent of the chlorine hydrolyszed above the yield obtalned
when the hydrolysis is run on the orude "limedwout”™ compound in
solution without preliminery isolatiom (compare Pigure l)s Hydrelyses
run with 25 peroent and 100 percent exeess sodium hydroxide in these
sases are sompleted within approximately 4 hours, but the use of 100
percent excess base improves the ylsld considerably (Curves g and h)e
Yhen the compound was chrematographed twics, the "chlerine value"l?
inoreased s negligidle amount (Curve 1), The use of slcoholic sodium
hydroxide as & hydrolyzing medium wes of no advantage over the squeous
modivwm (Curve j)e
Discussion of the rate curves im Figure IV:

Again it is indleated that use of sodiume2wnitrowl 4=dichlorow
benzenewegul fonate purified by erystallization results in inereases
of the ohlorine value from approximastely 10 to 20 percent over that
roalized when the orude compound in solution is hydrolyzed witheut
isolation {eompare Figure I), Eydrolyses run with 28 perceent and 100
peroent exeese sodium hydroxide are finished within approximately 4
hours, and the yleld is several percent better in the latter thasm when
smallor e:oess concentrations of NaOH are unsed {(Curves k and m)e

Curves (n)and (k) are identical even though the compound used for the

17« Hereafter meaning “percentage of labile ehlorine hydrolyzed",
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rate dotermination in (n) was erystallized a seoond time from watere
Curve (o) has a low chlorine value (mother liguor of compound used
in n), indieating either an impure compound or & partisl separstion
of the unwanted 3enitre isomer (VI)e

It is evident from a consideration of Tablss III snd 1V
that a maximm yield of epproximetely 70 percent te 73 percent of
the phenol (IV) is obtminable when using a pure sodiummZenitroel ,de
dichlorewbensenewBesulfonste and a large excess concentration of
base (100%), The use of chromatography is not warranted on a large
soale, sinoe there is no better yield of the phenol (IV) than whem
using the compound (II1) erystallized from ethancl {eompare Experiments
10 and 14, Curves h and 1)s Yields in the chromstography were 83
percent for a pazs through one c¢olumm and 66 pereent over two columna,
An almost colorless sodiume2enitrowl,dedichlorgebenzenewimsulfonate
was obtained, The preparation of the pure compound (III) fer
conversion to the phenol (IV) may be done by crystallizatiom from
absolute ethyl aloohol with erystaliization ylelds of approximately
80 percent to 986 perdent,

The assumption by the German investigators that the 3enitroe
isomer {VI) is formed is based on the claim that during the hydrolysis
this isomer splits off the Senitre group ss sodium nitrite, If this
be true, one should be able to determine the nitrite lon quantitatively.
A first sbtempt by potessium permsngenate oxidationl® failed beemase

184 UeBePu X1V, NMaok Publishing Coe, Baston, Pu., 1950, ps 567
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of the presence of & strong reducing agent, namely the sodiumeie
nitrowdmohl orophonolwdwsul fonate formed in the hydrolysis. A
method using titration ageinst standsrd sul fanilemidel? railed to
detect any sodium nitrite, In order to verify this, the mitre
group both before and after hydrolysis was reduced with zine and
hydrochlorie scid, and the resultant amine group titrated by
dissotization with standard sodium nitrite?®, Results showed ne
loss of the nitro group during the hydrolysis and indicates that
the German theory on this phase of the reaction is inwvalid,
Thers wes also the possibility that the 80gNa group was
being hydrolysed coneomitantly with the chlerine to form
2,5=dichloroe3enitre phenole In this ecompound both chlorine
atoms would be inactive, and this would account for the 73%
maximum chlerine value, Bush an explenation, however, is une
satisfactory, since analysis showsd thet the sulfite formed
during hydrolysis was only 3.6% of the maximum theoreticslly

pouihlhm (a)

19, UsSePe XIV, Mack Publishing Cos, Easton, Pa., 1950, ps 587.

20, Sigglas, "uentitative Organie Anslysis via Funetional Groups®,
John Wiley & Sone, New York, N.Y., 1949, p, 70«72,

() Determined by microanalytical gravimetric sulfate debermination
with barium chloride,
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Exporimental

Sodiumm2ent troel , dedichlorowbonzonewtesul fonate (I11)em

In & one=liter,3«neck roundebottom f{lask ecuipped with glasga stirver,
2650 mle dropping funnel, thermometer, and rsflux condenssr vented to

s oaloiwm ohloride tube there was placed 147 gzo (1 mole) of
pdichlorobenzens (Merek), and while agitating ths crystsls vigorously,
thers was added 400 gs (215 ml,) of fuming sulfurie acid (Merck Reagent,
sontsining approximately 20 percent 50;) during 15 minutes. The
temperaturs rose gradually from 22% to 42°, then fell offs The mixture
was then heated at 96° for two hours with an slestric heating mantle
forming a brown colored solutions The solution was allowed to cool
slowly and stand st room temperature over nights The solid white
eryutalline mass which formed upon standing®} was hested to 48°, snd
85 ge (1 mole) of modium nitrate (Mereck Reagent) was added during 48
minutes with vigerous sgitation, the temperature rising te 82% The
sxothermic resotion at the beginning of the addition period necessitated
cooling with am 1oe bath, The solution was orenge in coler with
frothing at the surface. It was heated at 95° for two hours, forming
a olear amber oolored solution, The solubion was them allowed te

sool slowly and stand at room temperature over night, The orange
solored thlek orystalline mass was poured into approximetely 3 liters
of ice and water, and gave a yellow somewhat turbid solution. This
was extrached with approximately §00 mle of ethyl ether to remove &

small amount of Renitroel ,dwdishloro~benzene that formed as e

21, Conbained 2,46% water by Kerl Fischer titratione
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byproduct of the resstions The solution was them trested hy
either of the following proceduresy
Ae Conversion to SodlumeZenitros],dwdiohlorowbensenemge

sulfonate (III1) by the "liming out™ procedures~ To the aguecus

solution while agitating vigorously were added 268 g, (3,58 moles)

of finely powdered caleium hydroxide (Merok U.S.P.) during 1 houre
The temperature rose steadily to 50° and the coler of the solution
changed from light yellew te light orange, Afbter stirring san
additional hour, the resctlion mixture still gave am alkaline test

to phenolphthalien indicators The insoluble caloium sulfate cake
was filtered off and extracted with 3,7 liters of bolling water

for 30 hours, The filtrate and weghings were oombined and, while
agitating vigorously, 2146 g+ (0e2l moles) of modium carbonate

{as an 18% aqueous sclution) were sdded until a filtered ssmple

of the reaction mixture did not give s presipitate when more sodium
sarbonate solution wes added, The insoluble caleivm carbonate was
filtered off, and the orsnge colored filtreate soncentrated Lo a
volume of approximately 3 liters in vaoue (stesm bath), This
solution (3412 g,) contained 321 go (76.2%) of the sulfonate (II1)e52
(I1I) was pot isolated as a eolid but hydrolyses were run directly
on sliguot portions of the solutiome (Experiments 1, 2, end 3, Table I).

224 Based on organic chlorine snalysis of a solid regidus elicuoet
of the solution,
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By Conversion %o Sodim-amitrwlghﬁiehzerwbmm«s-

sulfonate (I1I) by the "salting out” progedurese To the agueous

solution while agitating vigorously was added 450 g. (7.7 moles)
of sodiwm chloride, The produst came out shortly as & thick white
erystalline mmes, It was filtered and dried by suetion as completely
as possidles The moist product was then dlssolved in 2 llters of
warm water, noutralized to pH 7 with 80 ml. of 30 percent sodiwm
hydroxide, svaporated to dryness, and dried at 110° 30D go of the
orude sulfonate (IXI) wers obtained, Reorvstallization from 4.6
liters of boiling absolube ethanol gave 109 g (37.1%) of pure (I11X),
Anale Caleds for eazgaﬁmznsm; C, B4,803 H, 0,693 X, 4.7€)
Cl, 24411, Founds C, 244325 H, 1,023 XN, 44433 Cl, 24,54,

If, in the above erystallization, the hot ethenolie
solution (4.5 liters) was first concentrated to a small volume
and then ellowed to slowly erystallicse, there were formed
268 go (9%:3%) of pure (III)e Amal, Calods for CgH,0.Cl HSNas
N, 44763 C1, 24411, FPounds N, 44685 Cl, 23,68,

The sulfomate (III) geve a sulfonemide, meps 14d=147°
and a petoluidine salt, mipe 240w280° (d), (Table VIII),

Eydrolysis procedurss= To a well stirred solution of

2,94 go (0.01 mols) of sodiumeenitroel,4sdichlor owbenzonsnte
sulfonate (III) in 46 ml, of water in o 125 ml, Seneck roundw
bottom flask souipped with glass stirrer and reflux condenser
there was sdded 1,6 za (0.04 mlet)% of sodium hydroxide

238, This corresponds to a 100% molar excess,
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pellets (Merck Reagent)e The solution was heated at 98° for 4

hours by meens of an elestric mﬁlaoa‘

During the first ten
minutes of heating the coler of the solution changed from orange
to deep red and reemined that way throughout the hydrolysis.

The smount of echlorine hydrolyzed at various time intervals was
determined by titration (ses Anmalytieal Seetion, pe 55)e

Founds 0,288 g, chlerine (73%)., This procedurs gave the best
yield of the phenol sulfenate (IV) and wss used in preparing the
mterisl for subsequent reduction experiments, The sulfonate (IV)
was never isclated as a solid, but its yleld wes based on the
ehlorine titration velué, The other hydrolyses run are merely
modifieations of the abave and are summarised in Tables I, II,
111, and IV,

Fractional erystallizetion of sodivmmwZenitrowl de

di chloreebencenewguaulfonate (111)e» Sixty and threewtenths

grams of erude sodlwmwfenitrosl,d=dichloro=benzenemgesul fonate (111)°°
wore suspended in 600 ml, of bolling absolubs ethyl alcchoe) and
filtereds The orange colored filtrate was allowed to cool slowly,
wharyxpea orystallization took places It was then allowed to stand
over night at 5° The orange colored orystalline product wes
filtered off and dried in wvacuo ad room temperature, The first
fraction {57,7% of total wt, of all fractiona) weighed 17.0 ge

\

24, The time of hydrelysis and percent excess of hydrolysing agent
was veried in meny of the experimenta,

28, Obtained by comcentration of an allquet of the aguecus solution
of (II1) in the "liming oui®™ procedures
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Anale Calede for eanzaamgm” Cy 24,505 H, 0,693 H, 4,763

Cl, 24,11, Founds C, 24,253 H, 0,803 N, 4,485 Cl, 24344

The mother liquer from the first fraction was soncentrated in

vaouo (stesm beth) to approximately three quarters eof its original

volume end chilled st 5° evernighte The orystalline preduct was

filtered off and dried in vacus at room temperature, giving 5.78 g

as the sscond fractlon (18.6% of total whts of all frastions)e

This procedure was repeated twice more, as above, giving 35,70 ge

a8 the third fraction (12.8% of total wt. of all fractions) and

340 ge as the fourth frection (10.1% of botal whs of all fractions).

Fractions 1, 2, 3, snd 4 were hydrolyzed as deseribed above, but

using & 25% excess of sodimm hydroxide (ses Table II)s
Chromatography of sodiumeZenitrowl, 4wdichlorgwbensengwis

sulfonate (II1)e=

As Five grams (0,017 mole) of sodiumeZwnitroel,dwdichlorow
benzenewdwsulfonate (111) were dissolved in 300 mle of absolute
sthanol and chromatographed through a 6 ome OuDs column pecked o
2 height of 4 eme with Harahaw Alumine, The e¢thanol fixed the
gsompound on the alumina, This was eluted with 400 ml, of mt.ha.nei“,
and coneentrated and dried in vacuw at room temperaturey There was
obtained 4,136 ge (82,6%) of an slmost white nisely orystalline
powder, This was hydrolyzed in the usual mwammer (Experiments 9 and
10, Table III),

8684 A small yellow band formed on top of the alumina.



Be Ten grams (0,054 mole) of sodiumewenitroel,dwdichlore=
bensenesGwsulfonate (II1) was dissolved in 600 mle of absclute
ethanol end chromategraphed through & & om, Ol column packed te
e height of 8 oms with Harshaw Alumina, The ethanel rfixed the
compound on the alwnines The column wes eluted with 800 mle of
mc‘khamize and the methenoliec elunte chrematographed & second time
through an ldentical column, finslly weshing the columm with a
small amount of methanols The methanollie solubion was concentrated
in vacuo teo dryness and the residue dried in vameuo at spproximately
50% There was obtained 6.6 ge (65%) of an almost white nicely
orystalline powders This was dydrolyzed in the usual menner
{Experiments 11 and 12, Table III),

Reerystallization of sodiwmelwenitrowl,dedichlorgebenzonsmts

sulfonate (III) from waters= Five grams (0.017 mole) of sodiumele

nltroel ,4edichlorowbenzonswdwsul fonnte {I11) wes dissolved in 20 ml,
of beiling water and the olear solution chilled, The preduct csme
out hesvily 4in nioce erystalline forms This wae filtered eff and
dried in vaouo at 50°, There was obisined 2,08 g. (40,2%) which
was hydrolysed sccording te standard precedure {Experiment 16,
Table IV)e The mother licquor of the above crystaliization sontaime
ing 2,98 ge (0,010 mole) of (II1) was alse hydrolysed (Experiment
17, Table IV},



Part 11
THE HEDUCTION OF SODIUMe2eNITROwd«CHLOROPHENOL=8«SULFONATE (I1V)
TO 2wAMIEOwdwCHLOROPHENOLw6SULFONIC ACID (V)
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The study of the reduction of sodiumefenitrosde
shlorophenclegwsul fonate (IV) to Zwamingedenhlorophenolete
sulfonic aold (V) was omrried out using various redueing
agents and conditions, The usual reducing agents sodium
sulfide, sodium polysulfide, sine and hydroochlorie acid,
and starmmous chloride snd hydrochloric acid were used in
the first experiments, Catalytie hydrogenation was alse
undertaken since this is usurlly a clean method of reduction
for aromatic nitro compoundss The eatalysts palladivm oxide,
palladium on charcoal, Eaney nickel, snd platimum oxide were
useds Results of the flrst expsriments with inerganic redusing
agents are sumarized in Table V. Catalytie hydrogenations run
on the alkeline side are susmarized in Table VI, while those
run on the scid side are swmmarized in Table Vil, Hydrogenation
rate curves are shown in Figures V, VI, VII, and VIII,
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Table V

Reduction of Sodium=2enitro=4=chlorophenol=6=sulfonate

with Inorganic Reducing Agentsl
2 qLOWNH
Conce h- A )’/e(c/ Pomty of
(@) Redvcing agent ° 7 o reld
ﬁok" Of thation used (lﬂofle s) :fc la”f‘e Of HkN :o:jfosu y of
ONz oNa (b Molar excess € +educ- oH oH
oN e ®) 7 Reduc- | ¢1on, H:“@“:“ ’41‘@5‘%
> (5 tion
< Y (€) Molar concentration ° houts 4 l(?q[!f:;({}e[ 5
itratt
vsed (motan{]) ([;;z‘m’g ok,
(€) Drazotrzation
Unable to
0.011 0.164 §;g ggzg 9H,0 (0.038) | 100 6 ,,olafeq
Exp't. 18 (c) 0042 product
0,006 0.140 |(a) Na S, (0.,011) 100 6 17.4 (a) 217
(b) 75° 2 (b) 100 |10
Exptte 19 (C) 0.24 (C) 99,2
0,007 0,081 |(a) Zine (0.032)7
HC1 (0.47) (a) 220
(v) Zine, 43; HC1l, 970 | 5=10 1 5743 (v) 100
(c) Zine (0.350) (o) 94 38.2
Exptte 20 HC1l (5.20)
04007 0.121 {(a) Zime (0.045)7 (a) 216
HC1l (012) (bv) 100
(b) Zine, 104; HC1l, 172[0-10 36| 36,8 (¢) 100 2446
(o) Zinc (0.742)
Exp'te 21 HCl (1.99)
0.007 0,067 |[(a) SnClp.2H,0 (0.060) (a) 210
EC1 (O, o7o) (v) 100
(b) SnClp.2H,0, 173 0-10 48 80.7 () 92 5348
BC1l, 148
(¢) snCl, .zago (0.545)
Exp't. 22 HC1 (6
1, All reductions run in agusous medium,

2

Taole V, where the yield of (IV) was 63%.

3e
4.

Based on p~dichlorobenzene,
Extraction of the crude reduction product with NaHCOS and attempted

Based on sodium=2-nitro-4=chlorophenol=6-sulfonate(IV).
was 737 in all the Expt's cited in Tables V,VI,VII, except in Exp't. 13,

The yield of (IV)

precipitation of the acid with concentrated HCl or HCl gas resulted only

in the formation of

boiling methyl alcohol extracted mostly sulfure

Se

Theory is 22346,

6+ Based on stolichismetric equation,

Te

Here expressed as gram=atomse

NaCl; extraction of the crude reduction product with
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Table VI

Reduction of Sodium=2=nitro~4=chlorophenol=5=sulfonate

by Catalytic Hydrogenation in Alkaline Medium'
Conce - 70 ylelJ" ' P"Ht.);‘ of %
Moles of | 52"*" Ratio: | imeof | Moles of ey | overl
oNa oNa wt of |Fedve- of ol yred?
PN @@aw Catalyst |catalyst |ton, |pydroge |y W ondl < *f
used wt of | houts takeS f @) Mevtna( oH
cl el ewmpd. uptake oL egutv.
used b) Titratron
€ (”‘°Ia"dy) 39a1ust Naoll &l
(¢)biazotzation
tsolated
0,007 0.163 |Palladium [0.136 |5.5 2430 | 10|product
oxide to wm -
kp't. 23 12 Stwdmy
0,007 0,163 |Raney 0.136 |5 2,00 10 (a) 220
nickel to| 37.7 | (b) 100 | 25,2
Exp'te 24 12 (c) 100
0,007 0,163 [5% 0.136 |6e5 2.64 | 10 (a) 222
Palladium to| 7648 (v) 100 | 51,2
Exp't. 25 on charcoal] 12 (c) 99.5
0.007 0.163 |Platinum |0.136 |6.8 1.73 10 (a) 223
oxide to| 80.0 (b) 100 | 5343
Exp'te 26 12 (¢) 100
0,099 0.168 |5% 0.139 |5.5 2.36 | 10 (a) 222
Palladium to| 80,3 (b) 100 | 53.5
Exptte 27 on charcoall 12 (c¢) 99.8

l.
2e
e
4.

All reductions run in aqueous medium at room temperature (25°C)e

Based on sodiume2enitro=4-chlorophencl=6-sulfonate(IV),

Based on pwdichlorobenzene.

The product dissolved readily in dilute NaHCOg solution, but could not be
e

re-precipitated with dilute HCl; qualitative st for elements indicated

Nitrogen, Sulfur, and Chlorine present; the compound had a neutral
equivalent of 845,

Se
6e

Theory is 223.6.
Corrected for blank,
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Table

Vil

Reduction of Sodium=2«nitro=4=chlorophenol=6=sul fonate

by Catalytic Hydrogenation in Acid Miedium1
0 2 Pority of | Fo ‘
Coucet- Fa f/o : MO(C‘ 7i ”D(CS YIClJ ol overall '
Moles of t:;\‘,lon wt- of of o‘;‘ of of  lum sosH y/eldlfdji'
oNa ONa catalys t Hel oH ol
M@m,ﬂ. M@’W Catalyst |t of y #:Juc~ kydroges pH P )NdM ™
b ad USCJ C“'H' use /0", urtakes el e ‘::.3 o
hovts b) 7itration
vsed (be’ty) @93 T
<) Dxazo-
¢rzation
!
0,007 04153 |5% 0.136 [0,035| 7 1.9 3.0 83.0[ (a) 212 3
Palladium| (b) 100 | 55.21:
on (c) 100 .
Bxp'te 28 charcoal :
0,007 0133 [Palladi 0.136 [0e4116] 27 1.5 1.0 70.6] (a) 224 )
oxide (b) 99,5 47.1
Exp'te 29 (e) 100
0,007 0.113 |5% 0.136 [0.232| 48 | 0.382 | 1.0| w:‘able
3 (]
Palladium /5ol ate
on ¢
Exp'te SOA charcoal prodve
0,007 00153 [Platinum | 0,136 [0,035| 7 2457 [ 3.5 49.1] (a) 222
oxi de (b) 100 | 32,8
Exp'te 31 (e) 100

1.
2
Se
4.
Se

All reductions run in aqueous medium at room temperature (zs°c).
Based on sodiume2enitrow=4e=chlorophenol=6-sulfonate(IV),
Theory is 223.6,
Based on p~dichlorobenzenee
Corrected for blanke



Figure V

Hydrogenation Rates of Sodiume2~nitro=4echlorophenocl=€-sulfonate
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Moles of Hydrogen absorbede
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Figure VI

Hydrogenation Rates of Sodiume2enitro=4=chlorophenol=€=sul fonate

¥
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Curve (4): Exp't. 26, Platinum oxide, PH 10=12¢
Blank, 0.412 moles of hydrogen,

Curve (5)s Exp't. 27, 5% Palladium on charcoal,
pH 10-12.
Rlank, 04069 moles of hydrogene
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Figure VII

Hydrogenation Rates of Sodiume=2enitro=4=chlorophenol=6=sulfonate
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Figure VIII

Hydrogenation Rates of Sodiumelenitro=4=chlorophenol=€=sulfonate
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Of the inorganic reducing agents, stannous chloride
and hydrochloric aoid when present in large oxcess over u long
reduction period at low tempersture produced the highest yield
{8047%) of the smine sulfonic seid (V), while zine and
hydrochleric acid, when present in favorable coneentration,
give s fair yield (57.,3%), (Experiments 20 and 22, Table V).

The uss of s largs molar excess of rine and & smaller excess of
kydrochloric seld then in Experiment Z0 resulted in a poor yleld
{36,8%) of (V) ovan over a much longer reduotion peried
(Bxperiment 21, Table V)e

High temperetures employing sodium sulflide or sodium
polysulfide seemed definitely unfavorablej; im the former case
resisting efforts to isolate a product, while in the latter |
oase & product was isolated with diffieulty esnd in very poor
yvield (17.4%), (Bxperiments 18 and 18, Table V).

Catalytis hydrogenstion affords a smooth, though some
what more expensive, method of reducing the sodiumwlenitrowde
shlorophenoletesul fonate (IV) to the Zeaminewimohlorophenoiwte
sulfoniec scid (V)s Platinum oxide and 5% pallsdivm on charsoal
are exosllent catalysts at & highly slkaline pH with ylelds of
80 persoent and 80,2 percent respestively (Experiments 25, 26,

27, Table ¥I)e Hydrogen sbsorption is repid withim the first hour
and 1s completed in approximately 4 to 8 hours for the palladium
on charcoal oatalyst, while for the platinmum oxide catalyst the
limit is resched within approximately 2 hours (Curve 3, Figure V,
and Curves 4 and §, Figure VI), Raney nickel afforded a poor



yield (57.7%) of compound (V), (Experiment 24, Table VI)e
Hydrogen sbsorption was rapid withim the first hour in thia
case, remohing its limit in approximately & hours {(Curve 2,
Pigure 5)s Palladiuvm oxide at a highly alkeline pE is
detrimental to the formation of compound (V), since, after the
hydrogenation period, when the reduction mixture was exposed to
a8ir, immediate deep coloratiom took place indioating some kind
of oxidation, and the isoleted product was not the desired one
(Experiment 23, Table VI)s Hydrogen absorption im this instence
was gradusl within the first é hours and was csompleted within
approximately 5 hours {Curve 1, Figure V).

In hydrogemations employing an acidie mediun the pH
ssems to have definite influence on the rate and molar absorpiion
of hydrogens Palladium on eharcoal at a pH of 3 affords & good
yield (83%) ef compound (V) somparable to that on the alkaline
side, Hydrogen absorption was gradual within the first 6§ hours
and reached its limit im approximately 7 hours (Experiment 28,
Table V1I, snd Curve 6, Figure VII)s When the smount of
hydrochlorie acid was increased approximately EOOZ snd the pH
lowered to 1 a product could not be isolateds Hydrogen absorption
was not obaeyvable before 7 hours snd required about 47 hours for
sompletion, The molar upteke of hydrogen was very low (Experiment
30, Table VII, and Curve 9, Figure VIII).

However, & good yleld {70.8%) of compound (V) was
exparienced at a pH of 1 using pallsdium oxide even though the
time of reduction was rather longe Hydrogen absorption started



whlw

afier 4 hours gradually resching its limit after epproximately
25% hours (Experiment 29, Table VII, snd Curve 8, Figure VIII),
It is to be reoalled that use of the same catalyst st a highly
alkaline pH did not give the desired smino phenolsulfonie aoid (V),
{compare Exporiment 23, Table Vi)e Platinum oxide at a pH of
346 afforded a falr yield (49.1%) of (V)e¢ Bydrogen absorption
did not start wntil afber the Pfirst hour, incrsssed rapidly in
the next hour, and finelly reached its peak within approximately
4 hours (Experiment 31, Teble VII, and Curve 7, Figure VIiI)e
Platinum oxide cn the alksline side gave a batter yield of (V),
(compares Experiment 26, Table Vi)e
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Bxperimental

Redustion of sodiumw2wnitrowdeghlorophenoletmsulfonate {IV)

to Zwaminowéwshl orcphenoleSugul fonie acid (V)ee

Ay Bodustlon procedure with imerganic redusing agents’

1, Conversion of sodiume2enitromdwehl orophenolefe

sulfomate {IV) te Zwaminowdwehlorephenol=8esul fonie soid (V)
with stannous chloride end hydrpchloric acide= The well stirred
eooled zolubtiom (109) after the hydrolysis containing 2.18 ge

(0,097 mole) of the sodiummBenitromdechiorophenoledesul fonate (1V)23
was noutralized with 5 ml, of concentrated hydrochlorie acid, Then

& solution of 15,5 ge (0s060 mole} of etannous chlorides2Hy0 (Merck
Resgent) in 60 mle (26544 ge, 02070 mole) of conventrated hydrechleric
aoid was addeds After stirring for s half hour between 5 and 10° ¢
the oompound started to crystallisze outs Stirring wes continued for
another hour, Then the reaction mixbture was placed in the refrigerator
for approximately 48 hourse The product was filtered off, washed with
a small amount of loe cold water, and drica in veeuo at 50% A yield
of 1,315 ge (8047%) of 2wamincedwchlcorophenol~Gesulfonic acid (V),

& buff solored oerystalline powder was obtained, Its purity was

27, To obialn the maximum yield of the phemel sulfomete (IV) the
hydrolysis procedure as dessribed in the experimental part
(pe 27) was followed throughoute (IV) wes never isolated as
e solid compound but the reductlons were run directly on the
bhydrolysis mixture,

28, Determined shlorids titration, correspondimg to s 73%
yield of (IV)e



determined by titration agalnet standard sodium hydroxide snd
againgt sodium nitrite (see the Analytieal Section and Experiment
22, Table V).
2. Conversion of sodiumeZenitrosd=chlorophenol«Gegul fonste {(IV)

to 2eaminowtwchlorophenolebesulfonie acid (V) with sine and hydrochlorie

acide= The wellestirred and cooled solution (10°) after the hydrolysis
containing 2.18 ge (0,007 mole) of sodium=2enitrowiwchlorophenolefe

sulfonate { 2?’)33

was neutralized with 5 ml, of concenbrated hydrochlorie
acids Then there was added 45 ml. (17.2 g, 04T mole) of consentrated
hydrochlorie aold, and to this slowly with vigercus stirring 2,08 g
(0,032 mole) of sine dust (WMerck Reagont)e After approximately e half
hour the product started to orystallize oute Stirring was contimued
for an additional half hour until all of the zinc was dissolveds The
product was filtered off, weshed with a small amount of ice cold weter,
and dried in vacuo at 40% The product was 0.840 g (Bl.5%) of
Zesmingwdmwghlorophenolwdesul fonio acid (V), a ten colored orystalline
powders Upon etanding in the refrigerator for some time the mother
liquer ylelded 0.095 g¢ more of the seme orystslliine powder, This
brought the total yleld te 57.5%. Its purity was determined by
$itration against standard sediwm hydroxide and sodiuwm nitrite
{see Analytiosl Sectiom end Experiment 20, Table V),

A similar experiment in which the molar soncentrstion of
the zine was increased snd that of the hydrochlorioc asoid decreased
resulted in & lowering of the yield of ( V), (Experiment 21, Table V).
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3y Conversion of sodiumelenltrowdechlorophenolefe

sulfonate (IV) to 2eaminowdwchlorophenolefesulfonie acid (V)

with sodium polysulfide,» To the solution after the hydrolysis

conteining 1,87 g« (0.008 mole) of the sodiumeZwnitroeds
ehlorophenolegwsul fonate (17)%° was added 1421 gu (0,011 mole)
of sodium zwlyonlridom and refiluxed for 8 hours at 100° forming
s dark gresn solutiom. The solution was then ¢oocled te 10° end
20 ml, of concentrated hydroehloric acid added until the solution
had a pH of la A grayisheyellew solid eame out shortly. The
stirring was continued for an sdditional hour, and the meterial
was placed in the refrigerator over night, The preocipitate was
filtered off and airedried obtaining 1408 gs of a green colored
producte This solid was extrasted with $0 ml, of boiling water,
the filtrate deecolorized with norite, and chilleds, The product
came oubt in besmutiful almost white patelets, 1t was filtered
and dried in waouo at 50% There was obtained 0,245 g. (17.4%)
of Zeamines=feghlorophencleéesulfonic aoid (V). The purity was
detormined hy titreation ezeinst sbandard sodiuwm hydroxide and
against sodivm nitrite (see Analybical Section and Experiment
19, Table V)e

A similer experiment utilising sodium sulfide was
wunauceossul (Experiment 18, Table V),

28, A yleld of 63% of (IV),
50, Prepared in the usual manner from sodium sulfide and sulfure
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Be Reduction procedure with ecatalytic gzdragmﬁon-”

The appsratus used in all of the following hydrogenations is
essentially the same as one designed and employed in the hydrogenation
laboratory of Merek & Co., Inc., Bahway, Hu.J. It consists of a
pressure tank filled with hydrogen, connectsd to & ¢calibrated guuge,
and thence to the shaker bottle contalning the eatalyst and solution
which is continually agiteted by a motors The moles of hydrogen
taken up sre determined from the drop in pressure (lbs.) registered
by the gauge, All the hydrogenations were run at room temperature
{24#25° C) at an initial pressure of approximstely 45 1bs/sqeine
The palladium oxide, palladiwm on charcoel, Reney niekel, and platinum
oxide oatalyste were obtalned from this laberatorye

le Catalytic hydrogemation of sodiumeZwnitrosdwohlorophenclefe
sulfonate (IV) to Zeaminowdsphl orophenoletwsul fonie aeid (V) with 5%
palladiom on ohareoal at & highly alkaline pHye To the cooled solution

{28°) after the hydrolysis containing 2,18 ge (0,007 mole) of sodiumele
nitroedwchlorephenclegesul fonate (IV)*8 was added 0,297 go of 6%
palladium on charcoml catalyst and hydrogenated to eompletion using

the apparatus desoribed aboves The upteke of hydrogen in spproximstely
8% hours was 2,64 moles (see Curve 3, Figure V)s The ostalyst was
filtered off from the dark solubion and 10 mls of concentrated
hydroehloric soid were added to the filtrate which then turned deep
maroon in color (pHl)e The filtrate wes chilled and the product
orystallized out im besubiful prisms, This wus placed in the
refrigerator for several houre, the product filtered off and washed

with & small amount of iee cold watere It was dried in veouo sk 50°



giving 0,800 go (49.2%) of 2eamingedwchlorophenclefwsulfonic acid (V)
a8 besudlful tan colored shining platelets, Concentration of the
mother liguor im vecuo {stemm bath) to approximately one third volume
yislded 0,450 g+ more of less erystalline produet, This brought the
total yleld te 76.8%. Its purity was determined by titrations egainst
standard sodium hydroxide and sgainst sodium nmitrite (eee Anslytiosl
Section and Experiment 25, Table V1)s

In an experiment as sabove on & larger soale, & yleld of
80.2% of (V) wan obtained (Bxperiment 27, Table VI)e Purity ef the
product was determined by micreanalysiss
Anale Caledy for cexﬁa‘em& C, B324223 H, 2,703 N, 6,283 C1, 15,86,
Foundt C, Bl.981 H, 3,003 ¥, 6,523 Cl, 15,58,

The Zesminowdwohlorephenclegesnlfonic aold (V) gave an
scetyl derivative, m.ps 135«137%(d); & benroyl derivative,
meps 2690201°; and & petoluidine salt, mepe 2672687(2), (soe
Table VIII), It also gave a desp red oolor with ferric shloride,
reduced Tollen's reagent at room tempereture, and reduced both
Fehling's solutien and dilute potassive permanganete with warminge

Catalytiec hydrogenations with palladiue oxide, Raney
nickel, and platinum oxide were run, using the seme procedure as
desoribsd sboves Resulis are swswarized im Table VI,
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2+ Catalytio hydrogenation of sodiumefenitrowde
chlorophenolwBesul fonote (IV) te Swaminowdwohl orophenclwe

gulfonio acid (V) with §{ palliadium on charcoal in eseidis

mediumes To the cooled solution (26°) after the hydrolysis
containing 2418 gs (0.007 mole) of sodiumeBenitrowde
shlorophenols6esul fonate (IV‘)33 was added 3 mls (127 g,

0,086 mole) of econcentrated hydroohlorie acid to pH 5 end

04297 g+ of 5% palladium om sharcoal oatalyst, The hydrogenation
was run to completion, using the apparsatus desecribed above, The
uptake of hydrogen in approximately 7 hours was 1.9 moles {Curve 6§,
Figure VII)s, To the hydrogenation mixturs (yellow supersatant
liquer) was then added 50 mls of 54 sodium bicarbonate solutien
to pE 7+ The selution turned quite darkes It was filtered frem
the catslyst and 10 ml, of ooncenirated hydrechloric acid were
added to the filtrate until a pX of 1 was reached, at which time
the solution turmed deep ambere The solution was chilled, and
the produst erystallized out shortly as long needles, It was
placed in the refrigerator over night, end the produet filtered
off and washed with a small amount of ice cold water and dried

in vaouo at 50% The yleld was 0,676 g (41.4%) of 2waminowde
shlorophencle8egulfonis scid (V) as tan colored triclinie needless
Coneentration of the mother liguer in veouo (steam bath) teo
spproximately one third volume ylelded 0,423 g¢ mores of a less
erystalline products This brought the total yleld to 83%. Its
purity was debtermined by titrations against stendard sodium
hydroxide and against sodium nitrite (see Analytisal Seotionr and
Experiment 28, Table VII)e



Catalytie hvdrogenations with palladive oxide at pH 1,
palladium on charcoal st pE 1, and platinum oxide at pH 5.5 were
run, using the same procedure as desoribed above, except thet the
molar quantity of hydrochloric acid in the experiments varied (see
Table VIiI)e The final isolation of the product in Experiment 31
{platinum oxide) was umusvel in thet the catalyst was filtered off
at pH 3.5, avoiding the addition of sodivm bloarbonate, and the
product orystallised by adding the usual smount of eoncentrated
hydrochloris acide



Part IIX
THE PREPARATION OF DERIVATIVES OF SODIUMeZeNITROwl,4w
DICHLOROwEENZENE»G@SULFORATE {I1I) AND ZmAMINOwdw
CHLOROPHENOL=GwSULFONIC ACID (V)
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Sinoe the purity of the compounds used in the course of
this investigation could not be determined by melting point and
since the literature doss not liet any derivatives, it was deemed
worthwhile to characterize the intermediate sodivmeRenitrow],ds
dichlorgwbenzenestegul fonate (III) snd the finel preduct Zeamingedw
ohlcrophencle8wsulfonie aoid (V) by preparing solid crystalline
derivatives with melting pointas, The acetyl and bensoyl derivatives
and the petoluidine salt of (V) wers prepared, along with the
sulfonamide and petoluidine salt of (171)e%1 The results are
summarized in Table VILI,

Sle Abtempts to prepare the sulfonsmide, methyl sther, and
chlorcacetyl derivetives of (V) in the usual manner faileds
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Table VIII

Derivetives of 2«-Amino~4-chlorophenol=6=sul fonic acid

and Sodium=2=-nitro=1,4=dichloro=benzene-S=sulfonate

NMame o Structural | Molecvlar |Mobecdar| Mps| Carbon, | Hydrogen, % | Milrogen %) Acel
Ocl
Compound Formula | Formula |Weht | "¢ [0 Tr 1 Gl rund | Coled] ond Col o
/- Acehoxy-2- | o o&eu,
do- ¥-Chlaro| CHEHN Sosi
}_Zc:f - o_:, CioH,0OsCNS |307.72 /35/37 3703713887328 308 2778\ V.73
zene cl (dec)
Sulfonic Ferd
Sodivm-a-bewz|
Imido - 4~ chloro- | GHEHN S0;Na
phenol -6~ C3 Ng QN Nay| 37/- 7 ae?/y/ Y2.00|U-26 |47 | 292|3-77|3-79
s ulf onate al
F foluvidine e NH3+
salt afz~ammo- H s0,
-4 - Chlorophenol- C 3 H)s Oy N, S| F3078 267/68 4720|4682\ 457) 9 7% |847| 82a
-6~ sulfonic actd o CHg (dec.)
B-Nrto ~/, ¥~ el
d/CA /0 ro -~ %N SogNyl
benzene -6~ @ Cg”‘/O’dQNIS 27/ /2 /‘f‘//w 2658 | 26-28 1921/ 48 110.33| 1043
Sulfonamide cl
- ~ +
P -toluvidiue a NH,
salt of 2 miro-| oy 03
1,4 dschloro- Gyl Os eS| 37222 |315fs0| 9417 | 9138|319 | 398 | 739|717
benzene-6- o CHa (dec)
Suvl{foruc gerd

1, All melting points were taken with an Anschutz (immersion) thermometer.
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Experimental

I*Ac-bommmmaﬁwwh}m'wm:mo—%mlronia aeid.-sz

A half gram {0,002 mole) of Zwaminoedeghlorcphencledesulfonie soid (V)
was suspended im § ml, of acetic anhydride (Merck Reagent) and 3 drops
of soncentrated sulfurie soid added. This mixture was then hoated on
the steam bath for & few minutes, It gave a clear, slightly yellow,
oclored sclutiens The selution was allowed te stand at room temperabture
over night, then diluted with 10 ml, of water and again alliowed te
stand for several hours, The seolution was then concentrated in wasuo
(steam beth) to & thick syrup whioh gradually orystallized on standing
at room temperature, Upon drying In veouno over night thers was obtainsd
04858 g+ of a orude, somewhat gumy, almest white product;

®epe 131,5-134%(d)s This orude product was purified by dlasclving

in 2 mly of & 131 boiling ethyl scetatewmethenol mixture, ‘asing norite
to clarify, then vooling to room tempersture, Te the filtered alear
solution waz then added 40 ml, of eothyl acetaie, whersupon the product
ocame out as sn oil, but gradually orystelliszed upen chilling and
seratehings It was allowed to erystallize further im the refrigerator
for several hours, filtered off, washed well with ethyl ether, and
sirwdried at room temperatures The yield was 0.2 go (2941%) of white
orystals, m.p, 135=137%(d)e The strusture was proven by micreanalysis
{see Table VIII),

32, This is s modification of the standard ssetylation procedure as
desoribed in Fieser, "Experiments in Organic Chemistry”,
De Co Hoath & Cos, New York, H.Y.,, Second Edition, 1541, p. 168,
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One gram (0,005 mole) of the Zeaminowdwshlorophennlegwsulfonie
acid (V) was dissolved in 20 mle of 10X sodlum hydroxide, and
2 mle of benzoyl chloride were added in portions with vigorous
shaking, The reaction mixture warmsd up to approximately 50°,
and the produect separated az fine ysllow needles, It was filbered
off and recrystellized from 1,5 ml. of boiling absolute ethyl
nlochole There was obbained 0,475 ge (2848%) of small yellow
nesdles, mepe 289=261% The structure wes proven by microsnalysis
(ses Table VIII)e

peToluidine salt of ZaminoedwchlorophencleGwsulfonie
g_ggg_w%(‘) Threewtenths of a gram (0,001 mole) of Sweminpgeds
chlorophenclegesul fonie acid {V) were dissolved in 6 mle of
boiling waters Te this solution was then added 0.3 ge (0,003 mole)
of peboluidine and 2 ml, of coneentrated hydrochlorie mcids The
resultant, slmost colorless, clear solubtion was ohilled and the
product erystallized ocute The compound was filteresd and
recrystallized from s minimus amount of bolling water mund gave
D2 go (45%) of white orystals, mep. 267«268%(d), The structure
was proven by micrcenalysis (see Table VIII),

33, The SchottenwBaumarm reaction, Shriner & Fuson, "The
Identification of Orgenie Compounds™, John Wiley 4 Sons, Ine.,
How York, N,Y., 3rd Edition, 1948, p. 88,

(i) ivid, pe 2163 (b) ibide, Pe 2183 (Q) ibide, P» 216
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Mitrml_;é»dichlamhmunmal i’wmsdn-ag (v)

One grem {0,004 mole)} of sodiumeZenitroel,éediohlorowbenzsnonie
sulfonate {II1) wes intimstely mixed with 2,5 gs of phosphorous
pentachloride (Merok Resgent) and heated at 150° for 30 minutes,
To the cooled mixture was then sdded 25 ml, benzene, It wes
bolled for & few minutes, and filtered, The benzene filtrate

was cooled, weshed with 50 ml, water and dried (drierite), It
was concentrated in vacuo (stesm bath) to a yellow oil which
refused to crystallize, This oil was redissolved im 10 ml, of
bensene and added dropwise to & rapidly stirred solution ef

20 ml, of concentrated amnonium hydroxide, 7The sousecus ammonisoal
phase was separated from the benzene phase and concenbrated in
veous (steam beth) to dryness, It gave 0,850 ge of erude yellow
erystalline product, mepe 155w145% (containing ehleride)s This
orude compound was purified by continucusly extracting it in e
Soxhlet extractor with 250 mle of chloreform for fourteen mrc.“
The ehloroform extract was concentrated im vacuo {steam bath) to
dryness and finelly flushed with ethyl ethers Obtained 0,476 g,
(5145Z) of a yellow orystalline powdsr, m.pe 144w147% The
structure was proven by micreanalysis (ses Table VIII)e

34+ Reorystallizatlon was not poesible besceuse of the insclubility
of the compound in all organiec selvents in which the sodium
chloride formed was also insoluble,



PrTeluldine salt of Renitrowl,dwdichlorowbensene~te

sulfonic acidee>>(®)

Ome gram (0.004 mole) of sodiumelenitrow],dw

dichlorowbenzene~Gesul fonnte (111) was dissclved inm 4 ml, of boiling
waters To this seolution was then sdded 0,5 ge (0,005 mole) of
petoluidine end 2 ml, of concentrated hydrochloriec acide A
preeipitate formed at thie time, 20 1 ml, more of concentrated
hydrochloriec acid was added and the wvolume inocreased teo
approximetely 50 ml, with boiling water, A clear yellow
soluticn was obtained, The solution was chilled end the
product crystallized outs The product was filtered off,
yielding 0.995 go of fine yellow needles, m.p. 284=246%(d).
The sruds compound was purified from 30 ml, boiling water,
giving 0,550 ge (3442%) of fine yellow needles,

MmyDs 2406280%(d)e The structure was proven by miersenalysisy

(see Table VIII),
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Analytionl

1, Determination of chlorine hydrolyred in the conversiom

of sodiumeBenitrowl,dwdichloroebensene=gmsulfonnte (I1I) to sodiwawie

nitrosdechlorophencledesulfonate {IV)es The method used was s

wodified Volhard titration with silver thioeyanate, using ferrie
alum as an indleator’® The total weight of the hydrolysis mixture
(see ps 28) was first determined, then aliquots (ususlly 1/100th
of this) were taken, either during time intervels or at the end of
the hydrolysis, These were cooled to room tempersture in & small
tared flask, and accurately weighed, The ssmple was then transferred
to & 250 ml, Erlemmsyer fleask and diluted to approximately 150 ml,
with distilled watere Emough pure nitris acid {Merck Reagent) was
sdded to meke the solution acid and about § ml, excesss Five nl,
of nitrowbenzens and approximstely 25 ml, of standard tenth normal
silver nitrete were then added and the mixture shaken until spongy
flakes of silver ochloride were obtained, The mixture was then
titrated with tenth normal ammonium thicoyanate after adding ferrie
alum indicator, which gave the sharp charscteristie reddishebrown
end point of ferrie thiocsysnates From this it was possible %o
caloulate the degree of hydrolysis.
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f¢ Dotermisntion of the neutrel squivalent end puriq_

of Zesminowiwohlorophenolefesulfonic acid (V) hy titration with

stendard sodivm hydroxi MW!S

A ssmple of the acid (aboub 0.l g.)

wes welghed agcurately and dissolved in approximately 200 mle of
water {warming 4f necessary to dissolve all of the compound), This
solution was then titrated with standardized tenth normal sodium
hydroxide, phenolphthalein being used as the indieator, The neutral
squivalent of the aoid is ealculated according teo the formula

Neutral equivalent = wt, of mEM &2 x 1000
volume o a s) X NOTRMe

The purity of the seid is ocaloulsbed sacoerding te the formuls

% purity » ml, of aliali x Norms x milll ecuiy, wt, of and x 100
whe e? sanpie \g)

3¢ Determination of the purity of Zeaminowdwchlorophenolege
sulfonie soid (V) by titratiom with standard sodium nitrite.~ Siggia'e

nwbhadm for the diszotisation of amines was used, A sample of the
wold {about 0.l ge) was accurately weighed sand dissolved in aboub
200 ml, of water in a 1 liter beskers Thirty ml,. of conoentrated
hydrochlorie mold and encugh chopped ice were then added to bring
the volume up to about 500 ml, When the temperature was about §%,
the tip of the burette was placed well below the surface of the
solution and tenthenormal standsrd sodium nitrite solution added

38, Shriner & Fusen, "The Identifisabtionr of Orgsnie Compounds®,
John Wiley & Sons, Ine., New York, K.Y., 5rd Edition, 1948, pe 128,
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dropwise while sgitating intermittently with a glass rods The
ond polint was taken es the point at which the blueeblack coler
was produced on the starchelodide peper when the solution had
stood for some timee The purity of the acid is oalculated

ascording to the formule

% purity based on mle of nitrite x Norme x milli equive wte x 100

desobization 5 ) at‘r_r)__cgwom
wte of senple (g
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Sumemry

The work desoribed inm this thesis was undertaken with
the view of exploring e resction sequence suggested by early
French investigators to synthesize 2eaninowdeshlorophencie@m
sul fonie acid especlally in reference to the German claim that
& low yield of product would result fellowing this preparations
In partioular, & suscessful application of this proocedure would
afford a relatively direct and inexpensive route %o the sulfonie
acid which is used as an azo dysstuff intermediete and ocould
possibly find spplication in medicinal chemistry.

1t was found that sulfonation and nitration of
pedichlorobenzene gave & high yleld of the sodiumwBenitrowl dm
dichlorowbensenesgesul fonate {91£) whem using the "salting out"
prosedures Rate studies on the hydrolysis of this product indicate
that high purity of the sulfonate as well as conoentration and
strength of base are essential for conversion to the sodivmele
u&tm«#hlorogheaah&auifomﬁm Use of & pure starting material
afforded a substantial inoresse in yield (10+20%) over use of
erude sodiume2enitrosl, dedichlorowbenzeneméesul fonate, Purifieation
may be scccmplished by reerystallization from sbsolute sthanole
A ratie of four moles of sodium hydroxide per mole of the sodivmeZe
nitrosl,4edichlorosbeonsenswbusul fonate in squecus medium gave the
maximum yield of the sodiume2enitreedeehlorophenolegwsulfonate (73%)
during four hours at a temperature of 95° This was in contrast
to the Germsn elaim of & preponderance of their undesired
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"Zenitro isomer” along with the formation of sodium nitrite
which sould not be detected by several analytieal methods,

The employment of inmorganic reducing agents for
the conversion of scdiumeRenitrowdwchlorophonoletesul fonake
to 2wsmino-dwchlorephenoleGwsul fonie noid resulied in elther
failure or poor ylelds except for stannous ochloride and
hydroohleric acid which gave & yleld of 81¥ and zinc and
hydrochloric acid which gave 57%. Catalyhie hydrogenstion
in either acueous acid or alkuline media afforded a smooth
means of reduction, yields of 70 to 83% bLeing sxperienced
with 8% palladium on charceal, platinmm oxide, and palladiwm
oxides Raney nickel gave only $8% of produocts

By & careful study of resstion conditions it wss
porsible to obtain the 2eaminewdschlorophencleSesulfonic aocid
in overall ylelds of 51 to B5%,
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