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ABSTRACT

The proof that a nitro group enters meta to the sulfonic
acid group of 2,5-dichlorcbensenesulfonsmide and 2,5-dichloro-
bensenesulfonanilide is presented.

The preparation of several new compounds is
deacribed.

An unsuccessful attempt to prepare 2,5-dichloro=-3-nitro-
bensenesulfonyl chloride from 2,5~dichloronitrobensene is also
deseribed.
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STATEMENT OF PROBLEK

The objest of this project was to study the effect of
various groups substituted for the hydroxyl group of 2,5edichloro~
benzenesulfonis acid on an entering nitro group. The compounds
reported herwin are 2,5-dichlorobensenssulfonmmide and
2s5-dichlercbensenesnlfonanilide.
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CTIOR

A thorough search of the literature siwwed that very
1ittle work has been done on ths nitration of 2,5~dichlorcbenzens-
sulfonic scid and its derivatives. (Crowell and Raiford (1) nitrsted
2;5~dichlorobensenesulfonic sacid and they cams to the conclusion
that the nitro group entered in the L-position or para to the
sulfonic acid group. They fail to mention the formstion of isomers
and it is deduced frcm their report that no lsomers are formed.

S3ince & sulfonic meid growp is usually meta-directing and
8 halogen is usually ortho-pare directing, it wounld seem likely
that the combined influence of these two groups would direct an
entering group into the 3-position, that is, meta to t{he sulfonic
acid group.

Others workers (2) sssume that the nitro group enters
mota to the sulfonic acid group, but no yields are given. Another
report (3) states that the nitro group enters chiefly para and to
a lesser extent meta to the sulfonic acid group.

The nitration of 2,5~dichlorcbensenssulfonyl chloride was
reported by Gebaver~Fuhlneg and Figdor (L) to yield 2,5~dichloro-3-
nitrobenzenssulfonyl chloride with a melting point of 65°c.
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They fail to report a yleld or the presence of isomers. Many attempts
to duplicate their resulis resulted in an oil which was impossible to

crystallize and from which no sterting material could even be
recovered. It was, therefore, assumed that all of the a,Stgichlew
benzenesulfonyl chlorids had rescted.

An unsuccessful attexpt was made to prepare 2,5+dichlorge3-
nitrobenzenesulfonyl chloride by reacting 2,5-dichloronitrcbenzens
with chlorosulfonic aeid wnder various conditions.



-5~

DISCUSSION

Pigure 1 shows thas proof of the strusture of 2,5-dichloro-3~
nitrobensenesulfonsmide. An indicstion thet the nitro group is ortho
to the hydroxyl group in Compound VII was given by the fact that upon
prolonged heating with sodium hydroxide sclution the color of the
compound became & dark orange brown differing from the original
light orange color. This shows that there is s guinoid structure

present OH 0 0
A ! £ _
I Xy-N=0 ! =N~-0H =N-0
_ = 4+ H,0
_——— i OH 2
// /

which could not be possible if the nitro and hydroxyl groups were meta
to each other. Furthermore, on reducing Compound VIX to Compound VIII
another colored solid was formed which would not melt and which
reduced Tollen's reagent showing that either & pars or an ortho
aminophenol wes present. The sulfensmide was ultimately degraded to
Compourd X, L~chloro-2-nitrophencl, which was proven by a mixed melting
point with an authentic sample.

The structure of 2;5-dichloroe=3«nitrobenzenesulfonanilide
was proven &8s shown in Pigure 2. The preasnce of a nitro group
orthe 0 a hydroxyl group was indicated by the use of sodium hydroxide
sclution as mentioned sbove. Compound XIV also had the same appearance
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a8 Compound VII., Compound XV also reduced Tollents reagent as in the
case of Compound VIII indieating the presence of a para or an ortho
aminophenol. The occurrence of nitration in the amilide ring was
alsc noted as evidenced by the isolation of penitroaniline. Ho
explanation can be given for the absence of iscmers, bul no other
nitroaniline could be isclated. The sulfonanilide was finslly
converted to the known li-chloro-2-nitrophenol, and a mixed melting
point gave no depression thereby proving its identiiy.
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Fig.l. PROOF OF THE STRUCTURE OF
2,5-DICHLORO=-3-NITROBENZ ENESULFONAMIDE
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Fig.2. PROOF OF THE STRUCTURE OF
2 ,5-DICHLORO-3-NITROBENZENESULFONANILIDE
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EXPERIMENTAL PROCEDURE (5)
2;5-Dichlorobsnsens sulfonyl chioride. I. (6)
One mole of p~dichlorobensene and 5 moles of chlorosulfonic

acld were heated at 120°C. with stirring for one hour, The brown
colered oil was cooled to room temperature and poured cautiocusly on
cruzhed ice while stirring. The solid which formed was filtered off,
washed thoroughly with cold water and dried in & desiccator. The
yield of crude material was 227 gms. (93%). Upon recrystallisation
from low boiling (30-759C.) petroleum ether, white needles were
obtained melting at 37-39°C. (1it. 39°C.)

2,5~-pichlerobensenssulfonamide. II, (7)

Fifty gms. of 2,5«dichlorcbensene sulfonyl chloride and
500 ec. of ammonium hydroxide (sp. g. 0.90) were boiled for 20 mins.
The mixture was cooled in an ice-water bath and 500 cc. of cold water
was added, The solid was filtered off, washed thoroughly with cold
water and dried. A yield of L5 gma, (974) of erude material was
obtained which melted at 179~180°C. (1it. 181°C.) upon recrystallization
from aqueous alechol.

2y5-Diehlorcbenzenssulfonsnilide, XI. (L)

Twenly-five gms. of 2,5~dichlorobensensesulfonyl chloride were
dissolved in 50 co. of ether. 23.7 gms. (23.5 coc.) of redistilled
aniline were added and the mixture was heated on the water bath for
one hwur. The ether was distilled off and the resulting light brown
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s0lid was slurried with spproximately 50 cce of N HCls The solid was
filtered off; washed thoroughly with water, and dried in a desiccator.
A yield of 88% (27 ems.) of crude msterisl was obtained which, upon
recrystallizing from aleohol, formed white crystals melting at
159-160°¢, (3it. 160°C.)

2;5-Dichlorobensenssulfonacetanide. III. (8)

Pwanty-one gms. of 2,5-dichlorcbenszenesulfonamide and 52.5
gms, {48 cc.) of acetyl chloride were refluxsd for 5 mins. Since no
solution formed, LS cc. of gl. acetic acid were added and the mixture
was refluxed 30 mins. A cloudy solution resulted. The excess acetyl
chloride was driven off and the cold reaction mixture was poured into
25 oc. of water. The solid was filtered and washed with water.
Without drying, the wﬁdmﬁaﬂnwhmlﬁ%ﬁammmw
while still warm. The filtrate was acidified with gl. acetic acid
and, after baing covled to about 15°C., was filtered. The white
crystals were washed with water and dried. A yleld of 10.5 gms. (L2§)
of ecrude material was obtained whieh, upon recrystallizing from aqueous
alcohol, was in the form of short white needles melting at 213-211°C.

(14t. 214%.)

2,5-Dichloro-3enitrobensens sulfonyl chloride. Vie

This compournxi waa prepared by a modification of the method of
Gebausr-Pulilneg and Figdor (k).

Twenty-five gms. of 2,5-dichlorobensze sulfonyl chloride, 10 cc.

of sonec. aasah (spe g+ 1.84), and 25 co. of m3 (8p. g« 1.5) were heated
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on the steam bath for 5 hours. The mixture was cooled to room temper-
sture and the oil was separsted. The oil was washed with water, a 13
solution of xazao » and again with water to remove any eeccluded oxides
of nitrogen. The light yellow oil was dissolved in ether (25 cc.)
anddmamrmzae. Upon distilling off the sther, L gms. (13%) of
a8 light yellow 0il wers cbtained. This oil could not be crystalliszed
and no starting material could be extracted from it.

Amide ~-= Four gms. of the oil were slowly added to LO ec.
of cone., ssmonium hydroxide. Heat was evolved and a yellow solid
formed immediately. The mixture was diluted with L0 ecc of cold water
and the yellow solid ( 1 gm.) was filtered off. The solid melted at
203-5°C. upon recrystallizing from equecus alcohol. A mixed melting
point with Compound V gave no depresaion showing that the two compounds

were the same.

2;5=Dichloro~3-nitrobensenesulfonascetanide. IV.

Ten gus. of 2,5-dichlorobensenesulfonacetamide and 50 cc. of
cone. Kasah {spe g. 1.8L) were cooled to 5°C, Four cc. of mB
(8p. g. 1.5) were sdded at 5-10°C. while stirring over a period of
20 ming. The milky mixture was stirred at room tempersture (259C.) for
one hour, The mixture was slowly poured on ice with stirring and a
greenish-yallow solution resulted. The solution was concentrated in
vacuo until orystals formed. After cooling to about 10°C., the
slightly yellow crystals were filtered on a sintered glass fummel and
pressed dry. A yield of 5.1 gms. (L3%) of crude materisl melting at

149-151%C. after recrystallisation from alcohol was obtained.
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Celeulsated for 585‘6512‘23536 Cl, 22.63 Hs 8.95.
Found: €1, 23.03 ¥, 9.22.

2y5-Dichlore«=3=nitrobensenosulfonamide. ¥.

Four gms. of IV and 25 cc. of 10% HCL were refluxsd for one
hour. A light yellow solution resulted which deposited short needles
on cooling. This sclid proved to be unrescted IV. An additional
25 cc. of 10% HC1 was added and refluxing was contimved for an
additional 7 hours. Total time of reflux was 8 howrs. (n cooling
the solution 2.2 gms.(63%) of long, pale yellow needles formed which
melted at 205-206%C. after recrystallizing from asqueous aloobols

Caleulated for c&‘umz”ac’hs’ Cy 26425 N. 10.3.

Found: C, 26.55; N. 9.85.

Sodiun salt of L-chlorg-2~nitrephencl-S-sulfonic asid. VII

Three gms, of ¥ and 20 ce. of 82 NaOH were refluxed 8 hours.
The originsl pale yellow color became bright orange. The solid was
filtered, washed with water and dried. The yield was 1.8 gms. (59%).
Thiz solld was assumed to be the sodium salt since it did not melt.

(n prolonged heating with WaOH solution the color became
orange brown indicating that a quinoid structure existed and that the
nitro gronp wes ortho to the hydroxy group.

Sodium salt of li~chloro~Z-sminophenol-H-sulfonic acid. VIIZI.

Two gms, of VII and b gms+ of mossy tin were added to 10 cc.
of aleohol. Porty sc. of 10% HCl was added in portions through the
reflux condenser. The bright crange color of VII changed to yellow.
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The mixture wae hested on the steam bath for 20 mins. whereupon all
the solid went into solution. The solution was decanted while still
hot into 20 ce. of water and LOf NaOH was added to dissolve the tin
hydroxide. The yellow oil which formed was separeted and upon ceoling
solidified to a yellow amorphous solid. The yield was 1.3 gms. (73%).
The solid did not melt and redused Tollents resgent indicating that
it was an o-sminophenol.

li=Chloro-2-nitrophencl-b-sulfonyl chloride. IX.
Pour gms, of VII was mixed with 10 gms. of phospherus
pentachloride. The mixture was heated in an oil bath at 150°C. for

30 mins. Twenty ec, of dry bensens was added to the oil which resulted
on cooling. The bensene sclution was washed thoroughly with water and
dried over uazaa + A light brown oil weighing 3.7 gns. (85%) resulted
on distilling off the bensens. Variocus attempis to crystallize this

odl failed.

l~Chloro~2enitrophencls X.
Four gms. of IX and 25 cc. of 65% 32”"}; wors reflinxed for

10 houra. The resulting olly mixture was cooled to room temperature
and extracted with ether. The ebther extract wasz washed with water,
10% Easmx, and again with water. The ether was distilled off after

drying over Eazﬁah leaving 1.k guns. (55%) of a yellow solid, The solid
was recrystsllized from alecohel. M. p. 83-84°C. 4 qualitative test
showed sulfur to be absent. A mixed melting point with k-chloro-2-
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nitrophenol prepared by the method of Mottisr (9) gave no depression
indisating that the two preducts werse identical.

l~Chloro-2~nitrophencl. Prepared by Mottierts method (9)
Five gms. of p~chloropheno) was added slowly to a mixture of
50 ecc. of mtoB {8pe g+ 1o5) and 75 cc. of water at room temperature,

The mixture wes stirred 46 hours at room temperature, The crystals
were filtered on a eintered glass furmel and washed with cold water.
Upon recrystallising from aleohol, yellow needles formed melling at
85~87°C.

2, 5~Dichloro=3~nitrophenylsul fonamidom;t~ni trobenzens (XI1).
Fifteen gms, of 2,5-dichlorobenszenesulfonanilide and 50 cc.

of conce. HZBO& {sp. g+ 1.84) were coocled to 59C. in an ice-water bath.
§ix cc. of HNO, (sp. g 1.5) was added with stirring at 5-10°C. over

& period of 15 mins, After the first few drops of acid were added

an crange~brown solid began to form. The mixture was stirred at room
temparature (28°C.) for 30 mins. The dark brown oil which had now
formed was poured on crushed ice while stirring. 4 light yellow solid
formed. The solid was filtered, washed with water snd dried. The
yisld was 6.2 gms. (35%). The melting point after recrystallizing
from alcohol was 124-125°C.

* 8‘ m.
Caleulated for 9123,113121130 58 C1l, 18.13 N, 7

Founds Gl, 18!52; R, 10.97.
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2,5-Dichloro=3-nitrobensenesul fonic acide XIII.

Five gms. of XII and 50 c¢ec. of 10% HCL were refluxed & hours.
Upon cooling the reaction mixture a brown solid separated. The solid
was filtered off, washed with cold water, and dried, It weighed 0.8 gas.
after drying and had a melting point of 136-140°C. This solid was
recryetallised from alcohol giving yellow needles melting at Lih-145°C.
An analysis showed it contained no chlorine. A mixed melting point
with a commercial sample of p-nitroaniline was not depressed. The
compounkd was proven to be p-nitreaniline by acetylation which gave
pnitroacetenilide, M. pe 213-215°,

¥o isomerie nitroanilines could be found.

The original filtrate was extracted with bensens and after
washing the extract with water it was dried over xa.aseh. Upon
distilling off the benszens, 2.9 gns. of & dark brown oll were obtained
which would not cyystallise., The yield was 7h% sssuming that the
sulfonie acid had been formed.

Sodiwm salt of L~Chloro-2-nitrophenol-Gwsulfonic acid, XIV.

This compound was prepared in the seme manner as VII. The
brown eil, XIXI, becams & dark orange molid after heating § hours
with 8% NeOH and on prolonged heating the coler changed to brown. A
yisld of LBY of solid which did not melt was obtained.

Sodium salt of li~Chloro-2«~aminophsnol-b-sulfonic acid. IV.
Qompound XXV was reduced in the same mamner as ViI. The resulis

were the same except that the yield was ondy 62%. The yellow solid did
not melt and reduced Tollen's resgent indicating the amino group is ortho
to the hydroxyl.
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lp=Chloro~2-nitrophenol«b=sul fonyl chlorides XVI.
Qompound XIV was reacted with phosphorus pentachloride in the
same manner as VIX. 3.2 gas. (738) of & light brown oil which would not

crystallize was obtained.

M&om&«nitmgmm‘ Qg'
saxm‘ of XVI and 50 cc. of 65% HpS0) were refluxed for

10 hours, The reaction mixture was steam distilled. The yellow solid
was filtered from the distillate, weshed with water, and dried. Tield
2.3 gas. (603). The yellow nesdles melted at 84-85°C. after re-
orystallising from alcobol and a mixed melting point with an authentic
sample of li~chloro-2-nitrophencl was not depressed.

1. Arematic halogen conpounds have been succesafully
chlorosulfonylated (7).
2;5-Dichlorenitrobensens, 1 gu., was diasolved in 5 ce.
of chloroform. The sclution was cooled to 0°C. in an ice bath and

5 gms. of chlorosulfenic acid were added dropwise, maintaining the
taspersture between 0°and 5°C. After the addition of the acid was
complets, the mixture wes allowed to stand et room tempsrature fer

20 mins. and was then poured into a 50 ml. beaker of crushed ice. The
solvent layer was separeted and washed with cold water. After drying
over anhyd. sodium sulfate, the sclvent was distilled off lsaving an
orange yellow solid which melted at 53.54°¢. after recrystallizstion
from lowe-boiling petroleum ethar. A mixed melting point with the



“l7~

starting material gave no depression showing that no resction had tsken
place.

2+« A genersl procedure for the chlorosulfonylation of a nitro
compound (10) was followed in this experiment.

2,5-Dichloronitrobensens, 19.2 gms., was added to 58 gms.

(33 ce.) of chlorosulfonic acid with stivring. A reddish brown
solution resulted and the temperature dropped fram 27%o 18%C. The
temperature was raised slowly to 100°C. and stirred at 100°¢. for
2 hours. The mixture was then stirred at 110-120°C. for 6 hours.,
and finally st 130=140°C. for 2 hours, giving & total heating time
of 10 hours. 7Ths mixture was then cooled to room temperature and
cautiously poured, with stirring, on erushed ice. The brown solid
which formed was filtered off, washed with water, and sir dried. The
crude material was dissolved in 50 co. of glacial agetic acid,
decolorized with Norit A and filtered while hot. The filtrate wes
cooled below 15°C. and 20 oc. of cold weter was added cautiously.
A light orsnge colered sclid precipitated. The solid was filtersd,
washed with 50% acetic acid, and air dried. Upon recrystallizing from
low-boiling petroleum ether the melting point was found to be 52-53°C.
A mixed melting point with 2,5-dichlorcnitrobensene was not depressed
indicating that no reaction had taken plsce.
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¥rom the resulis obtained as described sbove, it is shown
that both 2,5~dichlorcbensenesulfonamide and 2,5-~dichlorobencene~
sulfoanilide nitrate in the 3-position, that is, meta to the sulfonic
acid group. This fact agrees with the rules of orientation. That
is, that a sulfonic acid group is meta directing, a halogen is
ortho-pars directing, and the combined infilusnce of tha two groups
would direct an entering group into the 3eposition., Other authors (3)
have assumed aboormal orientation.

The following new compounds have Leen prepared:
2,5-Dichloro=3-nitrobensenssul fonacetamide (IV)
2,5«Dichloro=3=nitrobensenesulfonamide (V)
h=Chloro=2-nitrophenol-b-gnlfonyl Chloride (IX)

2, 5~Dichloro=3=nitrophenylsul fonamido~lt-nitrobenzsene (XII)



1.
2.
3.
ke
Se
6.
Te
8.
Fe
10,
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