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INTRODUCTICN,

The formation of sulphonamide derivatives is
often of distinctrimportanoe. These substances are eas-
ily purified and give sharp nepting points which make then
of wvalue for identification phases of research work, Also
they are of value'commercially as in the production 6?
saccharin and other similar coupounds, The purpose of this
investigation is to secure information on the couparative
oroduction and yield of sulphonamides, and intermediate‘
products, formed from their respective ring hydrocarbons,
as benzene and toluene, Careful melting points are taken
on purified products and solubility curves developed for
different solvents. The latter give an interesting basis
for comparison.

It is the hope of the author to gecure later,
similar data on other sulphonnnide derivatives,

It is also the wish of the author to express
his sincere appreciation for kindly assistance and sugges-
tions given by Dr. W. D. Turner and Prof. H. L. Dunlap

during the course of the work,



GENERAL CONSIDERATIONS,

The metholds employed in synthetic preduction
have been.&rawn from various sources such as are avail-
able from the publications listed in the bibliography,
page 34, of this work, An effort has been made to make
the methods of procedure as sinple as possible;

The benzene and toluene, from which the sul-
phonic acids were formed, were dehydrated, purified and
I'reshly distilled, The theoretical amount of 7 per cent
funmling sulphurlc acid necessary to sulphonate the quanti-
ty of benzene or toluene taken was used in éaoh sulphon=-
ation, and the agitation and temperature controlled by
means of an electrically-driven, steam-jacketed sulphon-
ator, |

The per cent yleld on sulphonations was cal-
culated from the amount of benzene or téluene actually
sulphonated; thus avoiding the necessity of deternining
the quantity of free acid present in the sulphonates,

No attempts were made at solvent extraction of the sul-
phonates,

A DeKhotinsky thermostat, in which constant

temperature control to within one-tenth of a degree Cen-



tigrade was npossible, was enmployed in solubility work,

In the determination of melting points of
difrerent compounds a thermometer standardized by the
German Bureau of Standards was enmployed and full correctidns
made, All samples were thoroughly dried before making a |

determination,



PROCEDURE,
Production of Benzene Sulphonic Acid,

_ Benzene (3,520 grams) and 7 per cent fuming
su}phuric acid (4,372 grams) were placed in a sulphon-
atbr and stirred for three hours, The acid was added
in a steady streanm during the flrst half hour..The temp-
erature for the first hour was held at 40°C., for the

second hour at 45°¢ | and for the third hour at 50°C,

oy
At the conclusion of the third hour the product was drawn
off, allowed to stand, cool and separate into layers,
The layers were then separated., There was found to be
5231 grams of benzene sulphonic acid, 1399 grams of sul-
phuric acid and 1144 grams of benzene present, A loss
of 3 per cent occurred due to evaporation and mechanlcal
manipulation, The actual yield was 68 per cent of the
theoretical,

A similar synthesis gave a yield of 66 per cent

and \a loss pf'S per cent,



Pboduction of Ortho- and Para-toluene Sulphonic Acids,
Toluene (3,480 grams) and 7 per cent fuming

sulphuric acid (3,552 grams) were placed in a sulphona-
tor and stirred at a temperature of 75-80°C,, for three
hours. The acld was added in a steady stream during the
first half hour., After the three hours had elapsed the
pfoducts were drawn from the sulphonator, allowed to stangd,
and cool and separate into layers, The lower layer of
sulphonate was dark brown In color and very viscous at
20°C., There was found to be 8542 grams of ortho- and
para-toluene sulphonic acid, 355 grams of sulphuric acid,
and 322 grams of toluene present., There was a loss of
three per cent due to evaporation and mechanical manipu-
lation. The actual yield was 90 per cent of the theoretic-
al. (See General Conclusions, page J/, with regard to

this yield,



Formation of the Sodiun Salt of Benzene Sulphonic
Acid,

An excess of saturated sodium chloride solu-
tion was added to the sulphonic acid and the mixture
stirred thoroughly and permitted to stand. No crystal
formation waa evident. A small quantity of the liquid
showed no crystals after standing at room temperature
for two weeks., Accordingly the entire mixture was plac-
ed in a large porcelain evaporating dish and concentrat-
ed t11l a test showed crystal formation upon cooling.
The whole solution was then cooled, the crystals of
sodium benzene sulphonate filtered off, centrifuged,
and dried, The liquor obtained from centrifuging was
added to the filtrate, This process was continued till
only & small amount of mother liquor remained. The
dried sodium benzene sulphonate was recrystallized from
absolute alcohol in order to remove any sodium chloride,
sodium sulphate, or other impurity present, Thls was
accomplished by placing a quantity of impure crystals
in a round-bottom flask; adding absolute alcohol, heat-
lng the alcohol to 1ts boiling polnt, and filtering by
suction through a filter paper 1n a glass funnel contaln-
ing a porcelain cone. The fil@pate was chilled and
the crystals formed were filtered off, centrifuged, and

dried, These dried crystals were again put into solu-

-8-



tion in hot absolute alcohol, the solution filtered and
cooled, and the resulting crystals filtered off, centri-
fuged cnd dried. A pure product of sodiumbenzenesulphon-
ate was thus obtained, Tests were made to Getermine

~the conplete absence from thie orystals of such impuri-
ties as sodium chloride ond sodium sulphate; A yleld

of approximately 81 per cent was secured., A part of the
19 per cent loss was due to mechanical manipulation,
unsulphonated benzene present in the sulphonate, (See
General Conclusions, page 31.), and to the final bit of
mother liquor that was not brought to dryness and the cry-
stals purifiled,

Extractions were run on each crystallization
of the sodium salt from the mother liquor. A weighed
amouht of the dried sodium salt was placed in an extrac-
tion thimble and extracted 3 hours with absolute alcohol.
The loss in weight at the conclusion of the extraction
gave the amount of pure sodiumsulphobenzoate present as
the insoluble sodiunm chloride, sodium sulphate and other
impuritiesAremained in the thimble, The extraction solu-
tion of alcohol was evaporated to dryness and a check
run on the amount of sodiumbenzenesulphonate present,

The sodiumbénzenesulphonate obtained from the extraction

solution was also tested to determine if any sodium chlor-



ide, sodium sulphalte or other impurities were present.
It was found that the extraction gave only pure sodium-
benzenesulphonate, The crystals of sodium salt were
thoroughly dried before the extraction was started in
order to remove all water present, especially from the
sodium sulphate, Sodiunm sulphate containing water of
crystrllization is somewhi:t soluble in absolute alcohol.,
A curve, page 19, wus plotted with the per cent of im-
purity present in the product of each crystallization
against the serial nunber of the cryétallization. The
only variable was that no definite per cent of water
was volatilized before each cooling to crystal formation,
The crystallization was‘goverﬁed bj frequent testing of
small portions of the mother liquor to find if crystals

separated upon cooling.

-10-



Formation of the Sodium Salt of Ortho- and Para-
Toluene Sulphonic Acids,
The mixture of ortho- and para~-toluene gul-

phonic acids and free sulphuric acld was treated with
an excess of a saturated golution of sodiun chlofide.
After stonding for a period of 18 hours a slight forma-
tion of crjstuls was notlceable., The mixture was now
placed in a large porcelain evaporating dish and frac-
tionally crystallized till only a small amount of mother
liquor remained., The crystallization product of ortho-
and para-sodiumsulﬁhotoluate was purified and tested
in the same manner as described under "Formation of the
Sodium Salt of Benzene Sulphonic Acid”, page 8, A yield
of approximately 77 per cent was secured and some loss
was due to mechanical manipulation, unsulphonated toluene
ﬁresent in the sulphonate, (see General Conclusions, page
3L.), and unused mother liquor, A curve was plotted,
pagé 20, with the per cent impuritles against the serial
number of the crystallization, similar to the one plotted
for the crystallizations of the sodiumsulphobenzoate,

page 19, and subject to the same variable,

11«



Conversion of Sodiumsulphobenzoate to
Benzenesuiphonchloride.

A quantity of sodiumbenzenesulphonate was
placed in a vporcelain evaporating dish, treated with
an excess of phosphorus pentachloride and warmed on a |
water—bath till the action was complete, This reaction
should be carried on in a hood and care taken to avoid
inhaling the fumes or permitting them to attack the
eyes. Cold water was now slowly added and the liquid
contents of the &wapordting dish transferred ﬁo a sult-
able separatory funnel, The lower olly layer of ben-
zenesulphonchloride was drawn off and washed -several
times with water, The specific gravity was found to
be 1.385, A yield of 76 per cent of the theoretical
was secured, Three duplicate conversions gave yields

of 70, 76, and 75 per cent of the theoretical,

-18-



Conversion of Ortho- and Para-sodiunsulphontoluate
to Ortho- and Para-toluenesulphonchloride.

A guantity of ortho- and para-sodiumsulpho-
toluate was treated with an excess 6f phosphorus penta-
chloride, warmed and set in a hood till the reaction
was complete, Cold water was slowly added and the
solid paratoluenesulphonchloride filtered from the
water and liquid orthotoluenesulphonchloride by suction.
The para compound was washed with water, centrifuged
to remove the last traces of orthotoluenesulphonchlor-
ide, again washed with water, and then dried by vacuum,
The melting point of the product of paratoluenesulphon-
chloride was found to be 69.3°C. A yield of 79 per
cent of the theoretical was secured, A duplicate syn-

thesis gave a yleld of ‘78 per cent of the theoretical,

13-



Synthesis of Benzenesulphonchloride to Benzene-
sulphonamide,
To a quantity of benzenesulphonchloride

a 8light excess of concentrated ammonia was added over
the amount theoretically required to complete the re-
action. Upon completion of the reaction the resulting
clear solution was boiled t11l only a slight test for
ammonia gas could be detected in the vapors. The solu-
tion was now chilled, the crystals of benzenesulphon;
omide filtered off, washed with a small amount of water,
and dried. These crystals were in turn recrystalliz-
ed from concentrated ammonia and from alcohol before
they were considered of sufficiént purity for solubil-
ity work. The melting point of the final benzenesul-
phonamide was found to be 151,1°C, A yield of 81
per cent of the theoretical was secured. A duplicate

synthesis gave a yleld of 823 per cent,

m;Q-



Synthesis of Paratdluenesulphonchldride to Para-
toluenesulphonamide,
A quantity of paratoluenesulphonchloride

was treated with concentrated ammonia till the conver-
sion to the cmide was complete., The resulting clear
solution was boiled till only a 8light excess of ammonia
remained and then the solution was cooled, and the
crystals purified in ﬁhe s~me manner as described for
benzenesulphonamide crystals under Synthesis of Ben-
zenesulphonchloride to Benzenesulphonamide on page /4.
The rinal product of paratoluenesulphondmide gave a
melting point of 137.7°C, A yield of 71 per cent of the
theoretical was secured. A duplicate syntheéis gave

a yield of 75 per cent.

-15-



SOLUBILITIES.
Solvents and Solutes,

The solvents used were alsolute alcohol and
pure water, The alcohol was made absolute by distilla-
tion from lime followed by a second distillation from
anhydrous copper sulphate and by a final standing over
metallic calcium. The water was freshly distilled and
tested for purity,

The compounds whose solubilities were detern-
ined were those prepared by methods outlined under "Pro-
cedure", page 6.

Solublilities were determined at 15, 30"45,
and 60°C, A1l compounds were thoroughly dried before

starting a determination.

Method for>Determination of Solubilities,

Solute znd solvent were placed in 250 c.c.
glass bottles fitted with ground-glass stoppers, heat-
ed to the degree of temperature at which they were to be
subJected, and the stoppers tightly fastened, This pre-
heating served to counteract subsequent pressure which

might be developed and as a guide to the approxinate propor-

18-



tions of solute to solvent, The bottles were tested for
leakage, placed in a constant-temperature DeKhotinsky
thermostat, and rotated continuously Tor 10 hours., At
the conclusion of this 10 hour rotation the bottles

were removed from the rotator and, after loosgening the
stoppers, left standing in the thermostat for a short
time to permit the solute to settle, With pipettes,
heated in an electric oven to a temperature slightly
higher than the temperature of the thermostat, a small
amount of the solvent containing the solute in solution
was placed in tared, glass-stoppered weighing bottles, -
The reason for the use of heated plpettes was to pre-
vent the crystallization of the solute from the warm
solvent, The weighing bottles were cooled in a desica-
tor, weighed, transferred to the electric oven, and the
solvent evaporated at about 10°C., below its boiling
point, After complete drying the weighing bottles and
contents were cooled in a desicator, weighed, and the
grams solute in 100 grams solvent calculated., These
calculations were not taken for final in curve plotting
till they were checked in triplicate to the second deci-
mal place from different determinations, The amount of
solvent contalining solute in solution that was placed in
the tared weighing bottles depended upon the solubility of

the solute, The greater the solubllity of the solute



the more difficult it was to obtain a thorough evapora-
tion and drying. The pipettes were inverted to permit
of faster transference of liquid and a short piece of

rubber tubing attached to prevent burning the lips,

curves,

Curves were nlotted which show the solubil-
1ty of sodiumbenzenesulphonate, ortho- and para-toluene-
sulphonate, benzenesulphonamide and paratoluenesulphon-
amide in pure water and absolute water at various temp-
eratures. Two sheets of comparative curves were also
drawn, A complete 1ist of these curves can be found

in the index, page J9.
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GENERAL CONCLUSIONS,

Benzene sulphonated with the theoretical amount
of 7 per cent fuming sulrhuric acid and agitated for 3
hours at a temperature of 40-50°C., gave & yield of 67
per cent of the theoretical and a loss of 3 per cent due
to evaporation and mechanical manipulation,

Toluene sulphonated with the theoretical a-
mount of 7 per cent fuming sulphuric acid and agitated
for 3 hours at a temperature of 75-89°C., gave a yield
of 90 ver cent of the theoretical and a loss of 3 per

cent due to evaporation and nmechanical manipulation,

However 1t is very probable that this 90 per cent yield
ls boo high since some of the toluene must have been
contained in the viscous sulphonate., (See "General Con-
siderations", page 4, as to the calculation of yields.)
It would be necessary to extract the sulphonic acids

to get quantitative data on the amount of benzene or
toluene present.

A comparison of the two curves, page 19-80,
show the ortho- and para—aodiumtbluenesulphonate is
more insoluble in a hot, acid solution of its mother
liquor than the sodiumbenzenesulrhonate under similar

conditions., The bulkknf the former comesg off in the
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first 7 crystallizations with less than 4 ver cent of
impurity, while the latter largely conmes off in the first
9 crystallizations with slightly more ﬁhan 27 per cent

of imvurity,

The chlorination of sodiunbenzenegulphonate
gave a yield of 77 per cent of the theoretical for ben-
zenesulphonchloride,

The chlorination of ortho- and para-sodiun-
toluenesulphonate gave a yield of 79 per cent of the
theoretical for the chloro-derivative. This was entire-
ly paratoluenesulphonchloride for the ortho isomer was
discarded at this point, The ortho isomer was of only
slight amount.

In the formaﬂion of benzenesulphonamide and
paratoluenesulphonamide from benzenesulphonchloride and
paratoluenesulphonchloride the yield was 81 per cent
and 73 per cent respectively of the theoretical yield.

The melting points of pure conpounds were

found to be:

Paratoluenesulphonchloride--—-=-- 60.3°C,
Benzenesulphonanide------ _——————— 151, C.
Paratoluenesulphonamide--=-==-=- 137.,7° C,

The specific gravity of benzenesulphonchloride
was found to be 1,385 at 20°C.

Sodiumsulphobenzoate and ortho- and para-sod-
lumtoluenesulphonate were moﬁe soluble in pure water

than their corresponding sulphonamide derivatives, Ben-
~-38w



zenesulphonamide and paratoluenesulphonamide were more
soluble in absolute alcohol than the sodiun sélts of
benzene- and toluene-sulphonic acids. Ortho- and ﬁara—
sodiumtoluenesulphionante was more soluble in pure water
and absolute slcohol than was sodium benzenesulphonate,.
However below 25°C,, the reverse was true but above the
temperature of 25°C,, the general statement'holds true,
Benzenesulphonabide was more soluble 1n pure water than
paratoluenesulphonamide but in absolute alcochol the para-

toluenesulphonamide was the more soluble,

-B B -
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