Copyright Warning & Restrictions

The copyright law of the United States (Title 17, United
States Code) governs the making of photocopies or other
reproductions of copyrighted material.

Under certain conditions specified in the law, libraries and
archives are authorized to furnish a photocopy or other
reproduction. One of these specified conditions is that the
photocopy or reproduction is not to be “used for any
purpose other than private study, scholarship, or research.”
If a, user makes a request for, or later uses, a photocopy or
reproduction for purposes in excess of “fair use” that user
may be liable for copyright infringement,

This institution reserves the right to refuse to accept a
copying order if, in its judgment, fulfillment of the order
would involve violation of copyright law.

Please Note: The author retains the copyright while the
New Jersey Institute of Technology reserves the right to
distribute this thesis or dissertation

Printing note: If you do not wish to print this page, then select
“Pages from: first page # to: last page #” on the print dialog screen



The Van Houten library has removed some of the
personal information and all signatures from the
approval page and biographical sketches of theses
and dissertations in order to protect the identity of
NJIT graduates and faculty.



THY SULPORATICH OF s50UR AZCGHATIC CGIPOUND

USING SULPURIC ACIR

IN THE PREISINECE OF THICAYL CHLORIDE

SUB

&
R

BY
PAUL JUERGENS

A THESIS
PPED TO THE FACULTY OF

THE DEPARTUAZNT OF CHEMICAL ENGINIIRING

Jigs

CF

ARK COLLEGE OF HRGINNIRIE

£
5
r3
&
B

IX PARTIAL ¥ ULFIL.GIE

REGUIREMENTS PO THD DAGRIE

I

OF

HACTRR OF <CInACE
X CHEUICAL ENGINEERING

T TR ey v 1953
NEWARK, Ti0v JEX

1955



APPROVAL OF TEISIS

DEPARTMYNT OF CHEMICAL ENGINEHRING
HEGARL COLLEGE OF BHGINHERING

BY

FACULRY COLITTEE

APPROVED:

HIZARE, Wiy JERSE
JUFE, 1955

ii



Abgtract

The rate‘of reaction in the sulfonation of
gome aromatic compounds with sulfurle acid wae
incressed by the presecnce of thionyl shloride which,
by rescting with the water of formation, effeotively
maintained the concentration of sulfuriec acid zbove
the level at which snlfonation cen occure. The
thionyl okloride had no messureble effect on the

formation of 1s0ners.

The sulfonation resctions gtudied ineluded
those of toluene, naphthalene, bromobenzene, ortho-

bromotoluene, and chlorobenzens.
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I. LuTHODUCTION

The sulfonetion of aromatle compounds has been
acoonmplished by the use of s number of %nlf@ﬁ&tiﬂé agentsa,
smong which are included fluorosnifonie acid, chloro-
sulfonic seld, salts of chlerosulfonic acid, c¢hloro-
sulfonic enhydride, salfamic scld, oleum, und sulfuriec
seid in varying concentrations znd in the vresence of
varioug catelystss. 4among some of the snbsiences which
heve been used as cntalysts In snlfonstions are iaéineei},

mercury =znd its selte, vansdiom and its calts, =nd boric

80l .

When aulfaric zcld is nged in sulfonstions, the
resction astops if the sulfuric acid concentration is rew
duced te & certsin yoint which varies with the temperature,
znd differg with each comnonnd tresteds This limiting
eoncentration is defined ns the 7 valme(gi. In the sule

fonntion of toluene, water is formed ag a product,

6635333 + EQ$Q422:2' 36843333a33 + 320.
In order to maintaln the concentrationm of sulfuric seid
sufficiently high for sulfonation to proceed, the water
formed in the reuction must be renoveds. This can be done
by elther ohysical or chemicsl methods. The rthysicel re=

moval of wster has been accoaplished by puch methods usg



ragging the arosatle vepor through hot enlfarice asclid, by
distilling the water undier reduvced rressure, Or by using
an inert ges. Sulfonation has slso been rerorted facili-
tated by the use of boron fluoride's’ or hydrogen fluc-
ride(4)‘ which rescted with the wuter of formution to
maintsein the concentration of the oulfuric acld sbove the

lower limit =t whieh sulfonstion car cocours

The stuldy of the effect on the eguilibriom of some
sulfonution rezctions using thisnyl chloride to remove the
water of formation is rerarted Im thig narer, The removal

of the weter ls indicuted by the ecuations:

Geﬁﬁﬁﬂg + YZ S, — (o K 533 07§ + H 2

4
E50 4 »:;*U(;}_Q — 2HC1 4 30,

The formation of sulfone eccurs g & sl e renction

according Lo the ecuastiom!

c&ﬂ 3 33 L GgESGE:;,’ (Bfﬁtl@g?} g + g O

The water formed in thig renction must alss be re=-

moved by the thionyl chicrides

The enlfonation resctions reported are those of
toluene, narhthalene, bromohenzene, ortho-bromoiolucne,
and chlorohenzene, Agitotion was not used in resciionsg

garried out 2t rofiux temperature.



ITe EXPERIGNTAL ZROCEDURE

The setusl conditions of sulfonation nre rejorted
with ench exﬁeriméntal anlfonation. However, the folliow-
ing geversl procedure was nsed in preparing the semvles

for smalysin, with certsin excertions noted:

A. The excess volatile matter was removed by
aspirations The tempersture and length of time of ssgrira-

tion were reported with each snifonation.

B. The suylfonstion mixturs wen diluted with cold
water snd the remninine volatile zolvent was driven off by
heating the acneons golutions. In the sulfonetlion of nuihe
thalene, excess naevhihelene wus resoved by filtretion znd
the agueous solution wes then hested to drive off volutile

materials.

€. After the mgueous solution had been allowed to
gool, it wea filtered into a volumetric fleok and the
woter-insoluble matter wos filtered ont, dried, and weighed.
The filtrate in the volumetric flask wag diluted to the
mark with distilled water and snsiyzeds 1In the sulfo-
nation of marhthalene, excesg narhthelene was removed 1o~

gother with any sulfones which may have formed.



1T ALLLYTICAL PROCEDUHES

Ao Determination of Sulfopic Acid

Totsl roidity of the resction mix wss found by ti-
trating an aliquot portion of the wuter solution to the
vhenolphthalein end point with & standsrd noiuntion of
gsodium hydroxide. Uorrections were made for hydroshlorie
acld and anlfarie 2¢id4 present and the result was revorted

ag gulfonic acid.

The correection for chlorldes wss made by neutrsl-
izing au slicuot vortion of the water solntion with calelunm
carbonate and titratiog with » stondard oolution of silver

nitrates Yotsazsium chromete ving used 23 the indicstor.

C, Determination of Uprescted Iulfuric secid

dp aliguot pertion of the water solution was taien,

diluted to 200 ml. with dizstilled water and brought to a
boil after adding § aml. of & ¥ hydrochloric aeids The
sulfate was precipiteted with a 25 ner cent solution of
bariom chloride and allowed to dlrpest. The precipitete

was filtered, ignited, and then weiphed as barium sulfate,

of the Sulfounsmide Bgyivativs‘S’

A five gram s:mnle of the dried godium salt of the

sulfonic acid was rescted with 12.5 grams of Eelﬁ to form



the anlfonyl chloride. The zmide was prepasred from the

sulfonyl chloride by mixing with conecentrated ammonia.

The sulfonamide was vrepared to determine the iso~
mers of sulfonic acid vresent at the end of the sulfo-
nation resction, since the melting roint of the sulfonie
&c;d is unsuslly too low for this determinations The
percentage of each isomer present may be determined from
the melting point ourve of the sulfonamides of the lsomers.
1f two compositlons onm the curve are possible for the
observed melting point of an experimental sample, one of
the possible compositions nay be eliminated by adding a
pure sample of one of the imomers to the experimental
gamples The melting point of the mixed sanple thus obtained
will then be either higher or lower than thst of the
original exverimental sample md will show which of the two
possible compositions was correet for the original experi-

mental samvle.



IV, BXPomIHENTAL RESULTS AND DATA

A, Sulfonstion of Toluene
Experimentol Run 1

Hole ratiog. 2482 moles toluene : 1 mole sul-
furic scid 3 1,12 moles thienyl chloride.

Resction gonditions. To a 500 ml. round-bottom
flask were added 13,9 gm. toluene, 5.25 gm. sulfuric
acid, snd T«l4 gm. thionyl chloride. The flask was
attached to a water~cooled condenser, and the contents
were agitated with a megnetic pole stirring bar and
motor at room temperature for one hour (the mixture
was homogeneous after 50 minutes). The flask was then
storpered and allowed to stsnd four days at room
temprerature, at the end of which time the excess
volatile matter was removed by eapirating 45 ainutes,
with heat applled daring the last 15 minutes of aspi~
ration. |

Some of the resction mixtnre was lost during
aspirstion, For thig resson, the yleld reported for
gulfonic sneld on this run is rejected.

Repults. Reacted Sulfuric Acid {(sulfonie
8Cid)s « o s 5 ¢ x s 8 + 5 » ¢ » o » » (Rejectedw-T1l.0%)
Unrescted Sulfuric #c1de « o o o » ¢ & + o » » o Hil

Yatar 1!:3&111’019 ﬁ&tt&l’ 5 % % # B W B B e B Hil



Byperimental Run 2

Hols rutioge 3 moles toluene : 1 mole sulfurie
acid : 1,2 moles thionyl chloride.

Reagtion conditionss To a 500 ml. Erlenmeyer
flask were added 4l.4 gms toluene, 14.7 gm. sulfurio
aoid, and 21.4 gms thionyl c¢hloride. A water~cooled
condenser wag attached and the anixture was agitated
at room temmerature with a glass-govered mmgnetic pole
gtirring bvar snd motor for one hours The mixture was
then aspirated 15 minutes, storpered, and allowed to
gtand at room temperatore for four days, sfter which
the excess toluene wss steom distilled.

Bemultgs DReacted Sulfuric Aeid {sulfonie
Y I ) V3
Unreacted Sulfuric Aclde o « o o o ¢ » ¢ o « Hil

Yoter Insolutle Hatter (sulfone) « « » « & o Hil

Experimentsl Hun %

Hole vatiose 3 moles toluene : 1 mole salfurie
acld.

Resgtion conditionss To a 500 mls Erlenmeyer
flaak were added 4l.4 gme toluene and 1&.7 gae sulfarie
acids A wster-gooled condenmer was attached and the
mixture wes agitated ot room tempersture with & glagsw

govered magnetic nole stirring bur and motor for s peried



of thres and one-~half hourss The mixture was then
asnirated flve aminutes st roocm temperature snd the
excesg toluene was stesm dizstillied.

Resultss. EHoscted Sulfuric 4eid {sulfonic
aciﬁ)wgiiatt.‘Qmi~‘ii'&!“-'iét3}-lgi}%
Unressted Sulfuric 6Lds o« » ¢ o s o » o « » o 06.5%

Yater Insoluble Haotter {sulfone) » » » ¢ » o« » Hil

Hole yatioge 3 moles toluene : 1 mole sulfurie
acid ¢ le.2 moles thionyl chlorides
To s 500 ml. Erlemeyer

flssk were added 4l.4 gine toluene, 14.7 gms sulfuric
acid, and 21.4 gn. thionyl chlorides & water-cooled
reflux condenser wae sttisched and the mixture was
agitated at room temversiure with a glsssecovered
magnetic pole stirripg bvar and motor for a period of
two hours. The mixture waa then aspirated for 20
minutes and the excess toluene wag steam dlatilled.
Results. Hescted I:lfnrie scld {sulfonie

8C13)s 5 o s 5 & % w v ok 8 s s 2 b s 8 s 0 s OCudls
Unreacted Sulfurlc ACLde » o o o 5 ¢ 5 o o & Te5h
Water Insoluble Hatter {solfone)l « + « s « o Nil

KMelting Point of Sulfonamide Derivative. « « 130°C,



Zxperimentnl Sun 16
¥ole ratios, 3 moies toluene : 1 mole sulfuric

reid 1 le2 moles thionyl chloride,

Zeasction gagﬁitions; Te n 207 mls rounde-bottom
groung-glass flaék”wer@ added 27.0 gme toluene, 9.8 gm.
sulfariec seld, and 14«% gme thionyl chl ride. 4 wuter-
cocled reflux condenser wus attached, s thermometer
was lowered into the flask through the reflux condenser,
and the mixture was sllowed to reflinx for one hour.
The mixture was then sgpirated for 15 minutes at room
temperature and ewxcess toluene was steam distilieds
Regyitss Heacted Sulfuric Aold {sulfonio
8834J4 & o o« 2 o & v v v 4 4 5 o 0 v s 5 s 52455
Unrescted Sulfuric 50ide v 2 » ¢ s » » o & o 40.7%
¥ator Insoluble Matter {sulfoue) » v« s « « « 0.05%

Mole ratioge 3 moles toluene : 1 mole sulfurie
gcid ¢ l.2 moles thionyl chloride,

Heaction gonditionse To a 200 mls round-bottom
ground-gless flousk were sdded 4led gue toinene, l4.7
gune #syulfuric acid, snd 21.0 gae thionyl chloride. A4
weter-gooled reflux condenser was attached, s thor-
mometer was lowered into the flask through the reflux

sondenser, and the mixture was siiowed to refiux far



iC

one hours The volatile matter wsn then removed by
agpirotine for %0 minutes st room temperature and the
excees toluene wag steam distilled,

Regultss Besoted Sulfuric Acid (sulfonie
BCIA)s 4 o o 4 & 2 5 4 & 4 8 6 2 kb6 E s e 54#1%
Unrencted Sulfuric Aclde o« s v o » s s o » » 20,88
Water Insoluble %aéter (sulfone) s « » » » 3+ 0.3%
Melting Point of Sulfonamide Derivative. . 137.5%C.

3 moles toluene : 1 mole suifuric
acid ! 1.2 moles thionyl chloride.

Resgtion sonditions. To & 250 2l. Frlemmeyer
flagk were added 4ls4 gme toluene, lie«7 gae sulfuric
seld, and 21.4 gme thionyl chlorides & water-gooled
condenser was sttsched, and the alxture wvas agitsted
st room temperature with a gluss-govered magnetic nole
stirring bar and motor for fifteen minutess The
mixture was then aspirsted with sgitetion at room
temperature for 30 minutes, and the excess toluene was
steam distilled, Less than 0.5 per cent of the originsl
thionyl ehloride wsg present in the mixture sfter the
sgpiration snd distlllations

Besnlts. Reacted Sulfuric scid {sulfonic

BCiA)s o w s % ¥ » 8 8 & & 2 2 o8 2 b0 o help



il

Unrescted Sulfuric ACids + « 2 » 5 5 # o o @ 5;9%

Yater Insoluble Hatter {mulfone) « « ¢ » o« o il

Mole ratioms 2 moles naphthaulene : 1 mole
gulfuric acld i l.2 moles thionyl ehluride.

Aesction gouditionse To & 200 mls round~bottom
ground-glass flagk were added 38.45 gms naphthalense,
1447 gms mulfurle secid, sand 2l.4 gme thionyl ehlorlde.
A water-cooled reflux condenser was attached, &
thermometer was lowered into the flask through the
reflux gondenser, and the nixture was allowed to
reflux for one hour. 4%t the end of the reasctlon the
prodnct mixture wes viscous snd deep black in eolors
The excess naphthalene was removed by filtering.

Regultss Reacted Sulfuric scid {(sulfonie
8013)s o » % o v % 6 8 v 8 2w e iﬂt*icsgﬂ6%
Unrescted Sulfuric 50ide o » « o o ¢ « & » & 1567
Helting Point of Sulfonamide Derivstive. « 209.5%C,

B Xparipen al ’- L]

Mole ratiose 1 mole naphthelene : 1 mole

gulfurie ascid 1 1,2 moles thionyl chloride.
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Reaction gonditiong. 7o & 200 ml, round-bottom
ground-glass flask were added 19.2 gm« naphthalene,
14«7 gne sulfuric ascid, and 21.4 goe thionyl chloride.
A waterw-cooled reflux condenser was stiached, s
thermometer was lowered into the flaskt through the
reflux ocondenser, and the mixture was allowed to
reflux for 20 minutes. The product mixture wass deep
blaek in color at the end of the reaction, but less
viscous then that of Run 54 Excess naphthalene was
removed by filtering.

Regultses Reacted Sulfuric acid (sulfonic
a@iﬁ}qi»t'*t*uib&i&t‘ii&tiﬁfﬁis%

Unreascted Sulfaric Aclds « o o # % # % « o & 2@.&5?%

ixperimentsl Znpn 12

Hole rstiose 1.2 moles naphthalene : 1 mole
snlfuric aeid ¢ 1.2 moles thionyl chloride.
Resction gonditions. To a 500 nmle Erlemmsyer

flask were sdded 231 gm. naphthalene, 147 gms sul-
furie acid, and 21.4 gne thionyl chioride. 4 water-
ocoled condengser was attached and the nixture was
egitated with a gless~covered magnelic pole stirring
bar and motor st room temperature for two hourss

The mixture began tasiing on & dlsci color immedistely

after agitation wag started, and the reaction flaek
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was about half fillled with foam 20 minutes after
agitation wss started. The product mixture was black
and viscous st the end of the run. The excess nsph-
thelene was removed by filtering.

Regnltse DReascted Sulfuric Acid (sulfonie
P . P P

Efnrezzew& Sulfuria ﬂ@iﬁ.t « % F 8 B W K e ¥ @ 3%«7;%

Mole ratiogs 1.2 moles naphthalene : 1 mole
gulfuric acid : 1.2 moles thionyl chleride : 1,2 moles
chloroforme.

Resation conditions. Teo a 500 ml. Erleumeyer
flask were added 23,1 gm. naphthalene, 2l.4 gme thionyl
ghloride, and 21.5 gm. chioroform. Agitation was begun
with & magnetic pole stirriug bar and motor, and 14.45
gme sulfuric acid were added In three portions over a
period of 20 minmntes. Agitation at room temperature
wan then continued for 15 minutes more., At the end of
this period, the mixture was diluted with water, heated
to drive off the chloroform, and the excess naphthalene
was removed by filtering.

Foaming was noted after each addition of sulfurioe
scide The resction mixture wes tlack at the end of the

ity
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Regults.e Rescted Sulfurie deid {sulfounic
3Giﬂ}& 4 % % B & % % S & 4 & & € B & 5 & % » 63;1%

Unrescted Sulfuric Acide v » « o o o % « & 24475

Zxperimental Hun 14

Mole ratiom. 1.2 moles navhthealene : 1 nmole
sulfuric acid : 1.2 moles thionyl chloride : 1.2 moles
chloroform.

Resetion econditions. To & 500 ml. Erlemmeyer
flask were added 27.1 gme. nsvhthalene, 21l.4 gn. thionyl
¢hloride, and 21.5 gm. chloroforms. 4 water-cooled
gondenser was attached, agitation at room temperature
was begun with s magnetic pole stirring bsr and motor,
and 14.9 gme. sulfuric scid were added in four vortions
(448, %43, 3.9, snd 2.9 gme), each ot an interval of
20 minutes. Agitation was then continuned sn sdditional
three and one-~fourth hours. The chloroform was then
removed by heating the mixture snd the excess nsrhtha=-
lene was removed by filtering.

The resction mixture was black in color within
five minutes after addition of the first rortiocn of
sulfuric ecid, and fomming was noted after sdlition of
each portion of =ncide

Regultoe Hescted Sulfurie acid {sulfonie

aﬁid)t LI A D 2 T L D T Y I N 2N DS D D . B 82&2%
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Unreascted Sulfuric Acide « « o » s s s « » o 11,65

Melting Point of Sulfonamide Derivative. ,» « 13890,

Hole ratioss 1.2 moles narhtholene ;3 1 mole
sulfuric acid ! 1.2 moles thionyl chloride ! 142 moles
ohlorofom.

To & 500 ml. Erlemmeyer

flepk were sdded 2%.1 gms narhthalene, 1447 gne sulfurie
acid, 21,4 gn. thionyl chloride, and 21,% pm. ghloro-
form (the licuide were chilled to approzimately 10¢C.
bofore adding them to the flask)e. The flask was
partially submerged In s water bath through which ecld
tap water at 6.59C, to 7.090, was continmously eire
onlated, 8 water-eooled condenser wag attached to the
filask, and the mixture woas agitated with s glassgw
eovered magnetiec pole stirring bar and motor for s
period of four and one~half hours, The tenrerature of
the mixture, which was checked frequenitly with &
thermometer 1l wered through the condenaser, vsried froam
89C, to 11%C., with en average of utout 9°C, At the
end of the rang the mixture wasg diluted with cold
distilled woter, the excess mavhihalene wesg filtered
out, and the chloroform was removed by heating the

mixtures
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Bosnltse Heseted Sulfuric Acid (enlfonie
BCidJe » % o 4 o 4 2 4 s 0 s 6 s o 8 s s o ¢ D30F
Unreascted Sulfuric 40ide o « o » ¢ » » « » 5 29¢3%
Helting Polint of Snlfonemide Derivative. + o l@B“ﬁ.

: 1 mole
gnlfuric aecid i 1 mole thionyl chloride.

Reagtion eonditionss To & 200 ml, round-bottom
ground-glags flask were added 47.1 gm. bromobenzene,
.8 gme sulfuric seld, snd 11.9 gae thionyl ohloride.
A water-cooled reflux condeunser was sttached, a
thernometer wsg lowersd into the flask through the
condenser, and the mixture was allowed to reflux for
two and one~hslf hourss The mixture was homogensous
after two hours. The excess bromobenzene was stean
distilled,

Resulta. Hescted Sulfonric dcid {snlfonie
818)e » v 2 2 6 2 v o 0w w b w s v a o ow TSe4R
Unrescted Sulfuric Acids o » « o o s » = o » 16,95

Hater Insoluble Hatter (sulfonel « o s o s & 1;3}(%

By

¥

Mole retios. 3 moles bromobenzene : 1 mole
gulfuric acid : 1.2 moles thionyl chlorides
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Renction conditions. OSame ns Experimental Run

b, excert that the refivux time was reduced to one-
half hour. The mixture was homogeneous snd gug eve
oluticn had stooped after refluxing for 20 minutes,
Regulte., Hesoted Sulfaric deid (sulfonie
AL e & 4 4 5 a2 a8 s 8w a s s e s s e s TTe2R
Unrescted Sulfuric Acide ¢ » o o o » » » » » 22,95

Water Inmoluble Matier (sulfonel + o o o » o« 0,70

Nole ratioss 3 moles bromobenzene : 1 mole
salfnric seid i 1.2 moles thionyl chloride.

itiong. To a 507 ml. Erlemmeyerxr

flesk were sdded 70,7 gms bromobenzene, l4e7 gus
gulfaric seld, and 21.4 gm. thionyl chloride, 4
wvater-oooled condonser was sttsched and the mixture
wes sgitated st room temnerature with a megnetie pole
stirring bar end motor for four and one-half hourss
The mixture woe pot homogeneous at the end of the rum.
The excess bromobensene was steam distilleds

Reguliss Rescted Bulfuric icid {sulfonie
BCIA e % o o o o ¢ » 5 8 6 2 v n v v s o s s 33,08
Unrescted Sulfuric A0i8e o s # s = » & » » s D3,1%
Water Insoluble Matter {sulfonel o 4+ » s o » il
Helting Foint of Sulfonamide Derivatives . . 1659C.



Experimental R
Mole ratiog. 3 moles ortho-bromotoluene : 1 mole

sulfuriec seid ¢ 1.2 moles thionyl chloride.

Resction conditions. To a 200 ml. round-bottom

ground~-glass flask were added 51.% gm. ortho-bromotoluene,
3.8 gms sulfuric acid, and 14.3 gme thionyl chloride.

4 water-cocled reflux condenser was attached, a ther-
mometer was lowered into the flask through the condenser,
and the mixture was allowed to reflux for two hours.

Some of the resction mixture was lost when an attempt

wag made to steam distill the excess ortho-bromotoluene.

Resylise. ¥Water Insoluble Matter (sulfone} Nil

Brperimental Hun 9

The same mole ratios and resction conditions which
were used in Experimentsl Run & were also used in this
ran, except thet the reflux time wag increased to two
and three~fourths hours,

Regultg. Regcted Sulfurie Acid {sulfonie
BCIA)s o o o v 5 o 2 s s 4 v s v 6 o s s v o 53.9%
Unreuoted Sulfuric Acide o « o » = = s ¢ o » 22445

Water Insoluble Matter (@ulfone) ¢« + o ¢ o « HNil

Experimental Run 11

The same mole ratios and rezction conditions which
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were used in Bxperimental Buns & and § were also used
in this run, except that the reflux time wae reduced

to 45 mimutes. The mixture was homogeneous after 40

minutes,

Reaults. DReaeted Sulfuric Acid {sulfonio

8CLd)e o v o o % 4 s 0 o 5 s s 2 8 v s 0 s s s 43.42%
Unreacted Sulfurio 4¢ide + o v o « s ¢ s » v » 29415
dater Insoluble Matter {(sulfone) « « « » » « o Hil

Bxperimental Run 15

Mole rstios. 3 moles ortho-bromotoluene : 1 mole

sulfuric ecid 1 1.2 moles thionyl chloride,

Resgtion eonditiouns. To & 500 ml, Erlenmeyer flask
wore added 77.0 gm. ortho-bromotoluene, 14.7 gn. sul-
furic acid, and 21,4 gm. thionyl chloride. 4 water-
cooled condenser was sttached and the mixture was
agitated at room temperature with a glass-covered
magnet ic pole stirring bar snd motor for two and one-
fourth hours., The mixture was then diluted with water
end hested to drive off volastile matter and to stean

diatill the excess ortho-bromotoluene.
Bgsults. Heascted Sulfuric 4oid (sulf nie

&aid)st,&tﬁ‘aﬂﬁ;;1*0.00&&::&60:1%
Unreacted Sulfuric Acide o » # o ¢ o s o o » 37.2}%

Water Insoluble lMatter (suifone) « + « « « « o Hil
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Sulfonstion of Chlorobenzene

Exverimental Rpn 20
Mole ratios. 3 moles chlorobenzene : 1 mole sul-

furie ascid ! 1.2 moles thionyl chloride.

Renction eonditionse. To & 200 ml. round-bottom
ground-glaes flask were sdded 33,8 gms chlorobenzene,
9.8 gms sulfuriec acid, and 14.3% gm. thionyl chloride.
A waster-cooled reflux condenser was sttached, a
thermometer was lowered into the flask through the
condenser, and the mixture was allowed to reflux for
15 minutes, after which the mixture was homogeneous.
{Gas was evolved throughout the entire run.) The
mixture was then sepirated for 30 minutes and the
excess eéhlorobenzene was steam distilled.

Begultis. Reacted Sulfuric Aeid {smulfonic
BC1A)a o o 4 0 4 4 4 o s e v s s s w e s s 0« 69.5%
Unreacted Sulfuric Acide o ¢ o s o « s s o » » 25.%%

Water Insoluble Matter (snifone) o « o o o s« o 0u7%

Experimental Rup 21
Mole ratiogs 3 moles chlorobenzene : 1 mole sul-

furiec acidt * 1.2 moles thionyl chloride.

Resction sonditionse To a 250 ml. Erlemmeyer
flask were added 33%3.8 gm. chlorobenzene, $.5 gm. sul-
furie aeid, and 14.3 gme thionyl chloride. & water-

eooled condenser was attached and the nmixture was



21

agitated at room temperature with a gless-covered
magnetic pole stirring bar snd motor for four and one-
half hourss (The mixture was homogeneous after three
hours of agitation. Gam evolution ocourred throughout
the entire run,) Tha mixture was then aspirated with
agltation for 20 minutes snd the excess chlorobenzene
was steam distilled.

Regultss Reamcted Sulfuric Acld {sulfonie
BOLA)a v o s v s 2 s w e v w s s w e on e s s 0T
Unrescted Sulfuric 20ide » » & ¢ o « o + ¢ » o 15.8%
Water Insolubtle Hatter {sulfone) « « o # o o 1.0%
Melting FPoint of Snifonsmide Derivative. . « » 145°C,



RUN

1.
2.
3.
be
18,
19
22,
5.
10,
12,
13.

17.
6.
7.

16.
8.
9.

11.

15.

20,

Toluene

Toluene

Toluene

Toluene

Toluene

Toluene

Toluene
Naphthalene
Naphthalene
Naphthalene
Naphthalene
Naphthalene
Naphthalene
Bromobenzene
Bromobenzens
Bromobenzene
Ortho-bromotecluene
Ortho-bromotoluene
Ortho-bromotoluene
Ortho-bromotoluene

Chlorobenzene

21, Chlorobenzene

*Rejected

REACTANTS (MOLES)

Y.  [UMMARY

YIELD (PER CENT)

Aromatie Sulfuric Thionyl

Compound
2,82
3.00
3.00
3.00
3.00
3.00
3.00
2.00
1.00
1.20
1.20
1.20
1.20
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00

3.00

Acid

1.00
1.00
1.00
1,00
1,00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1,00

1.00

Chloride

1.12
1.20
0.00
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.00
1.20
1.20
1.20
1.20
1.20
1.20
1.20

1.20

Sulfonie Sulfurie
Acid

(m.0)"
97.1
31.9
88.4,
52.5
54.1
88.2
58.6
43:5
421
63.1
82.2
63.0
7544
77.2
33.0
53.9
43.2
60.1
69.5
87.2

Acid

Nil
Hil
665
7.5
40,7
26.8
6.9
15.8
24.5
39.7
24.7
11.6
29.3
18.9
22,9
63.1
22.4
29.1
37.2
25.3
15.8

Sulfons
Nil
Ril
Nil
Nil
0.8
0.3
Nil

1.3
0.7
N1l
Nil
Nil
Kil
Nil
0.7

1.0

CONDITIONS

Room temp. (259C.), 1 hr., followed by 4 days without agitation,
Room temp. (26°C.), 1 hr, followed by 4 days without agitation.
Room temp. (25°C.), 3 1/2 hrs.

Room temp. (25°C.), 2 hrs.

Reflux (80°C.), 1 hr.

Reflux (100°C.), 1 hr.

Room temp. (24°C.), 1 hr.

Reflux (170°C.), 1 hr.

Reflux (150°C.), 1/3 hr.

Room temp. (23°C.), 2 hrs.

Room temp. (24°C.), in chloroform, 1/4 hr.
Room temp. {21°C.), in chloroform; 3 1/4 hrs.
Cooled (9°C.), in chloroform, 4 1/2 hrs.
Reflux (150°C.), 2 1/2 hrs.

Reflux (150°C.), 1/2 hr.

Room temp. (19°9C.), 4 1/2 hra.

Reflux (175°C.), 2 hrs.

Reflux (175°C.), 2 3/4 hrs.

Reflux (175°C.), 3/4 hr.

Room temp. (24°C.), 2 1/4 hrs.

Reflux (100°C.), 1/4 hr.

Room temp. (24°C.), 4 1/2 hrs.



VI, COUCLUUIVHES

A+ Bulfonstion of Toluene

The prescnce of thionyl ghloride promoted the
sulfonation of toluene when nsed In giight molax
exceng with respect to sulfuric ascide ‘then s ratio
of three moles of toluene to one mole of sulfuric
s0id wag uged in the nresance of thionyl chloride at
room temperature, 8.2 per cent of the sulfuric scid
reacted to form toluenesulfonic acid after one howr
of agitation. After 2.3 hours of sgltation at room
temversture, the yield of sulfonle neld wen Cu.4 ver
gent, and vhen one hour of agitation at room tempergs
ture wag followed by four days of stsnding st roon
tenperature without agltution, the yield of sialfounlie
acid wag 97.1 ver cente The yield afler one hour st
reflux temveratare withont ggltation was 54.1 rer cent.
“hen thionyl ehloride wes omitted, the yield of sulfonle
aecid following three and ons~half hours of agitation
at room temverasture was 31,5 per cemt, Litile or no
gulfone formation wes observed In the toluene sulfo-

pation resciionse

The thionyl chloride had no messurable Influence
upon the formation of isomerss This was shown by

gulfonanide malting point deberainations usliung the
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product nmixtures from two s=lfonation remctlons, one
recotion carried out &t room tenvernture und the other
at reflux tenrerstures The melting poiut of the sul-
fonamide prepared from the product of the room temperaw
ture reaction was 130%., indiceting the wrosence of
igomeras A miwed melting point deteramine’ by adding
parawtoluenes lfonanide indicated that the composition
of the experimental samnle was on the para-toluenes
anlfonamide side of the sntectic roint on the melting
point aurve‘7§ and showed that the mixture was &7 per
pent pars-tolnenesnlfonamides The product from the
sulfonation resction earried out at reflux tewreraiure
yielded # sulfonsmide with a melting voiut of l}?.ﬁﬁﬂg,
which similerly ilndiented the rresence of 100 per cent
para-toluencenlfonanide, Since the mavrs lsomer is
normally formed in larger smounts at higher temperse-
tures, it is concluded that the vwresence of the thionyl
chloride hed no measureble influence unon the formation

of isomors.

H&rﬁinﬂtgj reported the reaction of 07.5 per cent
of the sulfuric sclid to form sulfonic aecid after four
hours of agitation at room te nersture when & siniley
ratio of three moles of toluene to one mole of snlfurie

acld was nszed in the rresence of thionyl chloride.
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After one-half hour of agitation 2t room temperature
followed by three hours at ?ﬂ“ea, J40 per cent of
the sulfiurie scid resoted to form sulfonic acid, of
which 95 per cent was the rurs isomer. These results
are in general agreement with those of this report.
Harkins' use of agitetion is responmsible for the
ﬁiffareﬁaes in the results revorted for the reactions

at reflux teaperature.

Sylfonation of Naphthalene

When a ratio of 1.2 moles of nanhihalone to one
mole of asulfurie agiﬁ was ugcd at room tempersture in
the »resence of thionyl chloride, 42.1 rer cent of the
gulfuric acld rescted 3o form nanhthalencsulfonie acid
after two honrs of agitution. The presence of the
thiongl chloride resalted in gharring of the naphtha-
lene to some extent. The charring was reduced and the
rate of resotion wag increased when chloroform was
added in moler gusntities egual to that of navhthalene
in the mixture. Hhen chloroform was added, 63.1 per
cent of the sulfuric scid reaocted to form navhthalene-
enlfonic scld after 15 minutes of agitation st room
tenperature, In the presence of chloroform, the yield
of naphthalenesnlfonioc ecid was increased to 82.2
per cent when the time was lncreszsed to three end ouee

fourth hours, snd when the temperature was reduced to
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9%C., mnd the time incressed to four and one-half
hours, the yield of narhthalenesulfonic scid decroased
to 63,0 ver ecents The reuction rato at reflux |
temperatures without agitation was higher than the
resction rete at room tempersture with sgitatlon, when

chloroform was not ansed,

| The formation of isomers wes not measurably
infinenced by the nresence of sither thionyl chloride
or chloroforms The melting point of the sulfonamide
prepared from the prodact mixture of s sulfonstion
reoction carried out ot reflux tenneratare was
209.5%C,, indlcating a high percentsge of beta-
navhthelenesnlfonamide in the melting polnt sanples
The melting points of the sulfonamides prepared from
prodnct mixtures of reactions carried out at roonm
temperature and 9°C, were 138%C, and 143°C., respec-
tively, indloating high prercentages of alphe-
narhthalenesulfonanmide in the melting polnt sauples.
Thie aprees with the normel predominsnce of bets seclds
in high temperature reaction products snd of alpha

{10
aglds In low temperature reagtion products .

1 0f Bromobens

»» ‘§~
The yield of brozobenzenesnlfonle acid after two

and one-half hours at reflux tenreratnre was TS.4 ner
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gent in the presence of one mele of thionyl chloride
per mole of gulfuric scide %hen the smount of thionyl
shloride was incressed 20 vper cent, the yield of the
gulfonic scid was T7e2 ver cent after one~half hour

at reflux temverature, ‘Then sgitated at rouom tempers-
ture for four and one~hslf houre in the vrresence of

20 rer cent nolar excens of thionyl ehkloride with
regpect to sulfuric acid, the yleld of the sulfonie
acld decresged to %2.0 wer cent. Little or no sulfone

formation waa observeds

The preserce of the thionyl ehloride during the
resction d1ld vot alter the mra directing nature of
the bromo groun, sinee the melting noint of the

gulfonami e indiested 100 ver ¢ont wmara~bromobenzene-

aulf-nic acié‘s}f

“hen a 20 per cent excess of thionyl c¢hloride
with respect to sulfuric aeld was ased in the snl-
fonation of ortho-bromotoliunene, the yield of the
sulfonic seld wus 53.9 per cent after two and threow
fourths houra at reflnx tewwerniure. After 45
minutes nt roflux temperature, the yleld of the

sulfonic seld wis 43.2 mer cents. The reaction wsas
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faster at room temversture with agitation, the yield
being 60,1 ver cent after two and one-fourth hourse

No sulfone formation was observed.

The yield of chlorobenzenesulfonic acid was 6845
ner ceunt after 15 winutes at reflux tenperature in the
pregence of 20 ver cent excess thionyl chloride with
rezgrect to sulfurie scide “hen sgitated at roon
tempersture for four oud one-half hours, the yield of
the mlfonic noid wea £7.2 wer cents. 4 small aaount

of snlfone wag found in the producte.

The rresence of the thionyl chleride 4id not
affoot the rare directing nsiurs of the chloro group,
pince the melting voint of the sulfonamide indieaﬁaﬁ
the rreaence of 100 per cent para-chlorchensenssulfonie

acld in the\prodaat{ﬁ)-

Harkine'S) reported a yield of 90.5 ner cent
sulfonio seid after agitation for 15 minutes at reflax
temversture, 90.0 ver cent after three hours of
sgitation at room tesveroture followed by flve hours
at reflux teaperstnre withont sgitation, and 65.7 ver
cent after five hours of agitation at room tenperature.
The prodact eontained 100 ner cent pars-chlorobenzetiew

gulfonic sceid, Harking' eoabined vse of heat and
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agitation sceounts for the difference belween hisg
firat result and the resunlts revorted in this
paper. The last resvlt is in good sgreement with

a similar exverimental run renported in this paver.
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