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ABSTRACT

With sulfurie acid as the sulfonating agent,
phosphorus trichloride is demonstrated as being
effective in faeilitating the sulfonation of some
aromatic compounds. Optimum conditions are a molar
ratio of 0,5 mole of sulfuric acid: 1.0 mole
of aromatic eompound with 4 - 5% more phosphorus
trichloride than is required to react with the
avallable water in the system, and reaction tempera-
tures between 50°C. and 60°C,

The aromatic compowunds studied were benzene,

ehlorobenzene, bromobenzene, and nitrobenzene,
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frvl zulfonation mwey be doelined ss the orocess of

replaeing & hydrogen of an aromatlic nucsleus with the
sulfo group illustrated.

0

f

- & ~0H
L
0
Sulfonatlion, whlch ia of cqga&&arabla cor arcial

importsnce, involves, in aaaitieﬁlta_suifuric acld of
various concentrstions and in tﬁ@rﬁfesenea of n varlety
of catalyst, any one of s number of sulfonating azents.,
A few of the raag&ntskiﬁ enployed are chlorosulfonle aecid,
saits of chlorosulfonic seid, ehlorosulfonie anhydride,
fluervsulfonic acid, sulfamiec aeld, suifw trioxide, and
addition products of sulfur trimxidé with slightly basie
substences us dloxane., The selsetion or emnlioyvment of
any particular reagent depends upon the arvyl to be sul~
fonated and the degree of sulfonation degslired. The
setalysts employed in ihis process mav in »d4ition to
zocelerating the renction, exercise orienting effects as
doss m@reuryleﬁ and its sslts. Vonadium salta,l vanadium
cxidaa,l and alkaiine bisulfates3 accelerste normal sulfo-

nation rezctions without oxienting effects,



- 2 -

With sulfuric aeld ag the sulfonating agent, a
condensation reaction occurs establishing an equllibrium
sys tem; the reactlion may be generslly represented

ArH 4+ H,80, — ArS0,0H 4 H 0. (1)
The reaction is slow at room temperature and even after
thirty hours reflux of ecual volumes of benzene and
suifuric aeid equilibrium is established with only 80
per cent sulfonation. It has been shown thet egullibrium
is established between 100 and 200 degrees centigrade

when the ratlo
Eé&ﬂh

Hy80, + HyO
Guyotts work on the sulfonation of benzene substantiates

the above ratio, Guymté nas shown that sulfonation stops
at 8 definite sulfur trioxide concentration regardless of

_ 0.78%5,

temperature, agitation, or catalyst employedj this sulfur
trioxide eonceniration, which Guyot designated as the
PL,T, value i3 64 per cent, A sulfur trioxide con-
centration of 64 per eent corresponds talthe hydrate
5,80, 1.5 Kéﬁ;

The removal of the water formed during sulfonation
invelving sulfuric acid as the sulfonating agent results
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in shiftlng the enuilibrin: townrd the right or increases
the yvleld of the sulfonic acld, ﬁammereialiy, tre water
of resction has beor ryemovel Ly varlous methods: & few
such methods® are the use of reduced ~ressure resctors,
azeotropic distillation, and the use of olewm. Reports
of the uze of horon trifiioride’ and hvdrogen rlaﬁriéag
a8 sulfonation alds have been published,

Phosphorus trichloride as an aid in mono-arwyl siul-
fanatimn ig repopied In this worit. It %s argumed that
the fellowin equat’.,n indieates the reactlon as 1t oeeurs,
ArH § Hos0,0n 4+ 1/3 P613 — ArS0,0H 4 HC1 4 1/3 ?(GH)3¢ (2)

The oecurrencs of the reasction ag indiented in e-uvation (2)

Iy

g guabstantisted by the resctisn oroductz obtained when

fote

the rescticn tewpereture is held “elween 70°C, and 67°¢,
preferably about 55°C,

Reactior temperatures exseeding 60°C, «nd excess
vhosphorus trichlorlde, around 29 per cen® aveess, initiate
gide reactions that result in lowar ylelds of the sulfonie
acids., Among the products obiained from these si‘e re-
actionz 13 sulfone,

2bri 4 HB0, —  ArsSOyir 4 230, (3)

Sulfone 1s a commonly obtained by-product frox most sul-
fonation reactionsy however, its formation in this work,
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during controlled reactions, was nil.,
Tha following gsequence of raaationsgil@ is postulated

to deseribe the other side reactions,

6H,50, + 2PCly — 6HC1-50.]4 2P(0H), ()
%oy HCY ¢ 2P(0H)3— 280, + 2HPO, ¢ 2HC1L  (5)
2H,PO, ¢ POC1;— 3HPO, 4 3HC1 (6)

+ HCL (7}

[$m3. mel) 4 PCly —s SQ?‘ ') P::;az.B

68,80, + 3PCly — 3504 HCL] 4 380, + 3HPO, § 6HCL (8)
20,50, 4 Fcz,s_,[saa- HCL) } S0, # 1POy $ 2HC1 {8-4)

Equation (8-A) represents the overall reactiony the ocour-
rence of thls reaction was not conclusively substantiated;
however, the phosphorus trichloride was completely gonsumed
in reactions where the sulfonic acid formed was low. This
would indicate some reaction, other than sulfonation, was
consuming the phosphorus trichloride. Sulfur dloxide was
detected in the gas absorption flask included in the apparatus
employed for experimentation,

The sulfonation reactions studied were benzene, chloro~

benzene, bromobenzene and nitrobenzens.



While the purpose of this work is not en elucidation
of the mechanism of sulfonation, a brief discussion of
the reactions in terms of the Lewls concept of aecld and
base catalysls as discussed bxhﬂﬁder and Zufianﬁill will
be presented. o
The more tenable theories on sulfomation®?5112,17
describe the reaction as a cationocid mechanlism involving
the electrophilic raagent'gﬁl%ur trioxide, Diagrammatically,
the reaetion is as follows:
A H 1 | 2o | o,y proben Bkl
V' Bo =)= (U7 0
Equatiéz ‘9) 1s postulated as being the probable

mechanism invoived in sulfonation with sulfuric acid; since
it has been shown that the inerease in concentration of
sulfur trioxide in sulfur acid of less than 100 per caent
and the increage in conecentration of sulfur trioxide in
fuming sulfur acid,l3s1%s15 increases the rate of sulfona~
tion.

Luder and 3u£fant111 using Lewis' coneception of asids
and bases, have deseribed an acid catalyst as an electro-
philie reagent ecapable of accepting a share in a lone
electron~pair, and & base as an electrodotic reagent capable
of donating an electronepalr; further, they indlcate that
any substance ¢an be made to behave as & base providing a
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sufficiently strong acid is avallable, This indi-
~ates that most substances are amphoteric or capable
of behaving as either an acld or a base.

The comnotetion given above éo catalyst is not the
classlcal conception uwsually asecepted; rather, it is
a brozdened interpretation. Hammettl2 points out that
there 1s no irportant distinction between a catalyst
in the classical sense and the effect produced by a
base which appears as the conjugated acid at the end
of the reaction,

In thls work rphosphorus trichl . ride behaves as an
acid catalyst analogous to the behaviour of boron tri.-
flouride’ s>} in sulfenation reactions involving sulfurie
aclds The action of the phosphorus trichloride may be
portroyed in the followlng equation.

1/3pCly 4 Hy80, — [HCL.805) ¢ 1/3P(0m), (10)

The phosphorus trichloride iz electrophilic, or an
acid catalyst, In the eomplex HCL 393 the guifur
trioxide is foreing hydrochloric acid to behave as a
base, The subsequent sulfonation cecurs in scecordance
vith equation (11).

[soy HCY 4 ArH — ArSO0H 4 T (11)

In equation (11) the bengzene behaves as a base, donating



the electron-pailr. The summation of equation (10) and
(11) glves equation (2), the equation postulated as the
overall reaction occurring under controlled conditions
previously deseribed.

Evidence supporting the oecurrence of equations
(10) and (11) 4s purely circumstantialj however, it is
presented for consideration., Sulfur acidl i3 a genepic
name for a series of solutions of sulfur {rioxide in water;
endothermically, these hydrates digsociate into aulfwe
trioxide and water. Sulfonation with sulfuric acid is a
mild exothermic reaction, (Mild compared to the eiﬁtherm
from sulfonation with sulfur trioxide), In thiz reaction
(equation 2) the addition of a solution of phosphorus
trichloride in an aryl as chlorcbenzene to sulfuric aai&
initially results in an endothermic rcaction; a definite
noticeable temperature drop is observed, This initial
endothermic r&a@tioﬁ is very short iu duration, and very
1ittle hydrogen chloride 1s liberated during this stage.
The second stage occurs as a violent exothermie reaction
with vigorous liberation of hydrogen chloride. This
behavior is noted only when reactions are carried out be-

tween 50%C., and 60°C.



The conditionsz of sulfonation are given with sach
experimental run reported, however, the following pro-
cedure was standard for processing each run.

A. Sulfonation was carried out in a three-
necked round bottom flask equlpped with an agitator,
Hopkins condenser, dropping funnel, and agitator., 4ll
Joints were ground glass,

B, S8Sulfonation was carried out using Fisher's
reagent grade sulfuric aeid (94.42%), Fisher's reagent
grade aryl cumpounds and Merck's reagent grade phosphorus
trichloride,

C« The phosphorus trlichloride was dissolved
in the aryl compound and the solution added from the
dropping funnel to the agitated sulfuric acid. Standard
agltator speeds were used in most run#.

D. When sulfonation was thought tc be complete
the reaction mix was transferred to a vacuum distillation

set-up and distilled to remove any remaining volatile matter.
E, The mixed aocids remaining in the distillastion

residue were poured into cold distilled water. Any ine
soluble matter was filtered out, alr dried and weighed as
sulfone. Discolored solutions of the acids were clarified
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by warming and stirring with Norit-A, The Noritei was
filtered out, washed several times and discarded. The
washings were added to the c¢larified solutiona.

F. The clarified filtrate was then diluted to
a definite volume in a volumetric flask, Analysis for
sulfonic aeid, hydrochloric acid and unreacted sulfurle
aclid were conducted as desoribed under analytieal pro-

cedures,



A+ Determination of Bulfonle acids,
An aliquot portion of the mixed scids was

diluted with distilled water and neutralized with
ealeimm bhydroxide; ecaleium hydroxide was asdded until
& pH of about 10 was obtained. The precipitated
phosphates and sulfate were filtered out, washed several
times and discarded. The washings were added to the
ealofum sulfonate solutions, The filtrate waz treated
with earbon dloxlde to remove excess calaiuws by bubbling
carbon dioxide through the solution, initially, precipi~
tating the ¢sleium as calolum carbonete; carbon dioxide
treatment was ¢continued untll the precipltate redissolved
as the soluble blearbonate., Uron bolling the carbon
dioxide treated solution the soluble blearbonate converted
baek to the insoluble carbonate, The solution was evapor-
ated to a small volume before filtering out, and weshing
the parbonate., The filtrate, oaleium sulfonate, waes
evaporated to dryness, dehydrated and weighed, Corrections
for chloride were made, if' necessary,

B, The unrescted sulfuric acid was determined by
difference,

¢, Determination of Chloride

An aliguot of the mixed acids was neutralized

with N/10 sodium hydrozide and titrsted with standard silver
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nitrate using potassium chromate as indlaeator.
De Preparetion of the sulfonamide éarivativaléa

Two grams of the anhydrous selt was mixed with
four grans of phosphorus penitachloride in a small round
bottom flask eguipped with a water ccoled condenser. The
miz was heated with a small flame for several minutes;
vhen the reaction was complete the mix was added cautiously
to 15 =ml, of ice water, The solution was washed into a
geparatory funnel and the aguecus layer containing the
hydrochloric aeid and phoaphorie acid was separsted from
the sulfonyl chloride. 7The zulfonyl chloride was washed
several times before adding it %o about 20 ml., of smmonia.
The solution was boiled for a few minutes, then cooled
and allowed to evaporate slowly, The sulfonamide wag usgsed
to determine the melting points for verification of the sul-
fonie aoids, |

E, Infrared Speetroseopy

Infrared was used to verify most experimental
runs after the initial run. 4 pample cf‘aauh acld salt
prepered in the inltial run was converted to the sulfonamide,
the melting point determined and verified with that published
in literature (Rubber Hendbook), An infrared speetrum from
the acld salt was then prepared for reference, Visual
eomparison of spectra with this reference speetrum served

to verify products,



ayrimental Hun |

Mole Ratlog: 0,885 mole of sulfurie acid:
1.770 moles of benzene:0,389 mole of phosphorus
trichloride,

To the 500 ml. round

bottom flask was added 92 gme. of 94,42% sulfurie
acids, 4 mixture of 53.50 gms. of phosphorus
trichloride and 138,20 gms. of benzene was added
to the dropping funnel and the solutlon added slowly
to the vigorously agitated sulfurie acid, The
reaction temperature varied between 30°C. - 3590-;
total resction time was 3 hours, HReaction produdt
was transferred to a vacuum distillation apparatus
for a removal of volatile matter.

Besultst Sulfone + + « ¢« « « + Nil,

Reacted Sulfuric acid(sulfonic i
acid) 6 % K 5 B s § € & % % % 76;8%

Unreacted Sulfuric acid (by
Aifference « « « « » ¢ « » » & 23&2%

Sulfonamide melting point 153°C.

Reactants: (1) Sulfuric acid - 92,00 gms, used,
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92 x 0,942 x 1/98,08 » 0,885 mole
(2} Benzene - 138,20 gms. vsed (100X exeess)
2.888 x 2 x 78,11 2 138,20 gus.
(3 ?hasphmfua trichloride -~ 53.52 raus. used
water in the E’izﬂ%
92,00 - 86,9 = .1 gms, = 0,283 mole
The water Tormed is 0,325 meles (1 mole
of Hy0 formed for sach mole of 1,50, rescted),
Total H,0 to be consumed by FGIB is 1,168 moles
1/3 wole PﬂlB reacts with 1 mole of H,0.
Total PGIB required:
173 % 14168 = 0,385 mole 3 53,5 gms,
Produgts 6 gms. of ecalelum benzene sulfonate isolated
from 50,00 ml, of 1000 ml, of the mixed scl o,
& x 1000/50 = 120,0 gms, = 0,339 mole of calelunm
sulfonate
1 mole of celclium sulfonate = 2 moles of sulfuric
acld
reacted sulfuric acld » 0.678 mole
§ vield = 04678/0,885 x 100 = 76.604

9+30 ml. of 0.100° AgRO; = 5,00 ml, of aeid solution
Ue30 X L1008 x L0346 = 0.00105 gums. of chloride
50/5 % 4,001 = 0401 chloride ecrrection
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GO0 = D01 B 5,99
7,89 x 1000/70 2 120 gm. ® 0,3375 molea = «H77

qples of peacted sulfurice acid

C 677/5.885 = 100 = 726,73 vield

Mgle Ratios: 2477 mole of sulfwrie aeid:
0.9%% mole of benzene: 7,252 mols of phosphorus

trichioride, (207 excess),

: tong: To the 500 nl. Tlask was
addod the suliwrile ascid. The amixture of phosphorus
triehloride and benzene was added from the dropping
funnel, The procedrvre of Hun 1 was then followed.
The reaction temperatire was 25°C, Total reaction
time was 14 hours,
Desultas

Sulfone + o « o 4 s &« » » ¢ @ Nil.

Tnreacted sulfiric acld . . . ©3,9%

Reaated sulfurie acid 49,1%

RN R R e

Hela Bsdloa: 04551 mole of sulfuric seid:

1:1 moles of benzener 0,243 nole of phosrvheorus tri-
chlvFide’ :

Bezgtlon Conditions: To the 500 ml, flask was
added 57.26 gms. of sulfuriec acld and agitation and
heating were begun, A mixture of 21.2 ml, of phosphorus
trichloride and 97.% ml. of bengene waz preparsd and placed
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in the dropping funnel, When the snlfuric acid was at
60°C, the addition of the phosphorus trichloride and
benzene mix was begun. fotal reaction tiuwe was 1
hours Volatlile metter removed by vacuum distillation.
Reguliss
SULTONE » o o o a o s s « » & & o Fil,
Reacted sulfuric acid ¢« + « « « « 73439
Unrescted sulfuric 80id « « « « » 26,75

Hole Ratiogr 0.5072 mole of sulfurie &ﬁiﬁt
1.05 moles of bLensene: 0,279 mole of phosphorus triw
chloride (257 exessa),

ttlons: Bame as for Experimental

Run 3, except for the amowny of reactants and the re.
action time was 2 hours.
Reaults:
Water ingoluble meterisl (sulfone) . « 11,68%
Reacted sullurie acid « » o « = » « o« 71,8%
Tnresctod sulfurle seld o « « o o « o 16,52%

Melting point 123%, - 124°%C,

ipinental dun
dole Ratlog: ©.50 mole of sulfurle agid: 1,00

mole of bensens: 0,221 mole of phosphorus trichloride,

Ssme ss for Experimental
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Rug 3 excont for tho nwount of reactazntss reaction
time was 2 hours and reaction temperature 65°C.
Results:
Gulfong ¢ » s s 5 4 s & » - N7,
Rescted Sulfurie scld . . » 88,70%
Unrescted sulfuric aeld 11,3%

o By

¥ole Retdos: 0.370 mole of gwifuric metd: 1.0k

moles of henzene: 0,727 mole of phosphorus trichloride,

S8amae as for Bun 3, excend
for amount of roactants ~nd reaction time was 2 hours,
fesultas
Sulfong . « + v s » s ¢ « o Nl
Reacted sulfuric aeld . . « 87,95
Unrezeted sulfuric acid . . 12,1%

0, 520 mole of sulfurle zold: 1,0
mole of benzsne: 0,229 mole of phosvhorug triechloride

(4% azcass),

aackion Condlilons: To the 500 ml. flask was
added 52.00 gns, of sulfwrie acld, agitation and heating
berm. When the sulfurle aeid was at 50°C the solu-
tion of 31.% gns. of phouphorus trichloride and 73,11
gmg. of benzene, whieh had been heated to 50°C, was added
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from the dropping funnel. Initially, the tempera-
ture went down ¥4°C.; & violent reaction started
when the temperature again reached 50°C.; a cold water
bath was applied to maintain temperature at 50°C,
The cold water bath had to be applied intermittently
to meintain an average temperature of 50°C. After
one-half hour the temperature was raised to 60°C.; this
temperature was meintained, with heat, for 14 hours.
Total rezction time was 2 hours.
Regultss

BUlfone o « ¢ « o » o » » = + » » Hil,

Reacted sulfuric seid . « + « » « 99.60%

Unreacted sulfuric acid . . . . . 0.40%

0.500 mole of sulfurie aclds 1,00
mole of henzene: 0.229 mole of phosphorus trichloride,
To the 500 ml, round
bottom flask were added 52,0 gms., of sulfuric acid,

78,11 gms. of benzene, and 31.5 gms. of phosphorus
trichloride, Agltation end heating were begunj when
the temperaturs reached 50°C., a violent reaction was

occurring and the temperature was rising rapidly.
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4 e0ld water bath was now applied and the temperature
maintained at 60°C. for the next 2 hours. Heat had
to be added during the last 35 minutes to mesintain
the temperature at 60°C, Total reaction time was 2

hours.
Regultas
Sulfone + o ¢« o« + o ¢« « o « o« Nil,
Reacted sulfuric acid « « » « 99.60%
Unreacted sulfuric aeld . . « 0.,40%
B,

Mole Ratlosg?® 0.490 mole of sulfuric acid:
22097 mole of phosphorus trichloride: 1,0 mole of
ahlarebenxenﬂn
To the 500 ml, flask
was added 50.97 gms. of sulfurle acid, heasting and

agitation were begun, A mixture of 28,8 grams of
phosphorus triehloride and 112,56 gms. of chloro-
benzene was prepared and added to the dropping funnel,
When the sulfuric acid was at 60°C, the slow addition
of the phusphorig trichloride and chlorobenzene was
beguns The total reaction timé was 1 hour. The re-
action mix was then transferred to a vacuum distil-

lation apparatus to remove the volatile matter,
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Hegulis:
Gulfons . « » « « » » o # » + il
Reschted sulfuric seld + o + . 68,37

Unresated svlfurio acid ., . » 3le2-

pinants

PR LY

s bk S ol BUE g S0

Mole Ratinat 0.500 mole of sulfuric selds
2,229 mole of vhosphorus trichloride: 1,0 mole of
ghlorobenzens,

aschion tiongt To the 500 ml, flask was
added 52,0 gms, of snifuric acld. ieuting end agl-
tation were begunj when the acid was at 509C, a mimture
of 112,56 gms, of ehleorohenzene snd 31,5 gms. of phas?
phorus trichloride wpe added szloviy., Initially, the
'tamp»raﬁara dealined, then s prapld reaction began and
a eold water bath was neoessary to sontrol the reaction
temperature, The total reaction time was 3 hours,
Hegeltas

SULPONE « o « o ¢ o o + & o Fll,

Resoted sulfuric acid . . « 48,88

Unreacted sulfurie aeid . o 11.2%

Sultonamide melting point . 144OC,
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St ogt 0497 mole of sulfurdc scids 0,263
mole of phosphorus trichloride: 0,992 mole of chloro-

benzens,

stion Conditions: To the 500 ml. flask was
ad&ad 51.%6 gns, of sulfuric aeild snd heating and
agitatian begun. A mixture of 111.66 gms, of chloro-
henzene and 36,08 gms, of phosphorus trichloride was

- added from the dropping funnel, The procedure of

Experimentsl Run 3 was followed. The reaction tempers-
ture was ﬁsamﬁ and the totsl reastion time was 2 hours,
Aeguliat
Bulfone « « » » » » « « » + s » Hi,
Reacted sulfuric 8eld . o « ¢ 74,008
Unreacted sulfuric aoid . o ,» o 26,007

ole Ratlos 0499 mole of sulfuric asld:s 0,222
nole of phosphorusz trichloride: 0,935 mole of ehlorow~
henzene,

spgtlon Condlilongr To the 500 ml, flask was
added 51,87 gms, of sulfuric aeid and agltation begun.

A mixture of 30,49 gms. of phosphorus trichloride and
112,10 gms. of chlorobenzene was added from the dropping
funnel, The procsdure of Experimental Rum 1 was followed.
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Total resction time was 2.8 hours. Reaction temperae
ture was 23°C.
Besultas
Sulfong + o « » » = » » » = « « Hil,
heacted Sulfurie acld . « + + + 57007
Unreacted sulfuric acld « » « » 43.00%

nle Ratio: v moles of sulfuric acidr
0.231 mole of phosphorus trichloride (5% exeess):
04500 mole of romobensene,

Besction Copditiong: To the 500 ml, flesk was
added 52,00 gms, of sulfuriec seid, A mixture of 30.73
gns, of phosphorus frichloride and 78,51 gms, of btromo-
benzene was added o the hot agitated sulfurie acld,

The procedure uged in Experimental Bun 7 was used,

Bulfone ¢« « » o« # » ¢« » « « » N1,
Reacted sulfurie acld » « » » HOMOF
Unreacted svifurle acld . . o 59.607F
Sulfonsnide melting point 165°C,

Mole Bations 04500 mole of sulfurie seid: 0,231
mole of phosphorus trichloride: 0,500 mole of bromo-




Bame asz Experimental

3MGMQiQQ‘ﬂﬁ¢&§§11Q

neasted sulifuric acid . . . 2,49

Inreacted sulfuric aeld , . 57.6%
D,

04235 mole of phosphorus trichloride: 1,02 moles of
nitrobenzens.

Rengtion ditionss To the 500 ml, Ilask
was sdded 52.8 gme, of 217 rle aeld od heating and
apitation were begun., A mixture of 32,3 gna. of

phogphorus trichloride cnd 125,90 gms. of nitrobensene
was added from the dropping funnel after the sulfarie
aeld waa heated to 65°C, Total veaction time was 3.5
hours, OSteam distillatlon was used to sevarate the
gxgess nitrobenzens fron the aclds,
Resultss

BULLONE o « » » » » « o » « Hil,

Reaoted sulfiwric acid + « « 17.70%

Unreacted sulfuric acid . » 52,30
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_ b1 0, T30 mole of sulfurie aclds 0,267
mole of phosphorus triehlorides 1.44% moles of
nitrobenzene.

Liepotion Conditlions: 7o the 700 ml. flask was
added 52,C gms, of sulfurdc acid, hesting and agi-
tation were begun., 4 mixture of 36.2 gms, of phoaphorus
trichloride and 177 gms, of nitrobenzene was added
to the dropping funnel, The procedure used in
Fxperimental Hua 17 wss followeds

Resullas

Bulfong , o« o » = s » & » o « Nil,
heacted sulfurie seld . . .+ « 14.4E

Pnrescted suli oo aeld . . o 15,64
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VII, CONCLUSIONS

It may be concluded that the presence of phos-
phorus trichloride facilitates the sulfonation of
benzene, The optimum yields are obtained when molar
ratlo of reactants is 0.5 mole of sulfuric aecid:

1.0 mole of benzene: 0,229 mole (4% exeess) phosphorus
trichloride, reaction temperaturs 1s 50°C.- 60°C, and

2 hours reaction time. Large excesses of phosphorus
trichloride result in lower yields of suifone and

the formgtian of sulfone; reactlion temperatures exceed.-
ing 60°C. will result in lower ylelds of sulfonic acid,
The farﬁatioﬁ of sulfone i1s nil. vwhen reactions are
carried out under optimum conditions described above.

A yield of 76% sulfonic acid may be obtalned from
reactions carried out at 30°C. - 35°C. |

B, Zulfonation of Chlorobenzene

The sulfonation of chlorobenzene is facilitated
by the presence of nhnsvwhorus trichloride. A slight
molar excess (4%) with respeet to the avallable water
in the sulfuric acid and the water formed. The optimunm
ylelds are obtalned under conditions described in A. above.

The phosphorus trichloride does not alter the normal para
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sulfonation of ehlorobenzene,

Bromobenzene is more inert to sulfonation than
bengene or chlorobenzene, When molsy ratios of 0,500
mole of sulfuriec aeids 0,500 mole of bromobenzene:
0u229 mole of phosphorus trichloride are reucted two hours
tetween 50°C. and 60°C, only 43% sulfonation occurs, The
melting point of the sulfonamids was 165°C,, indicating
100% para substitution; hence, the phosphorus trichloride

does not alter the usuval para sulfonation of bromobenzene.

The presence of phosphorus itrichloride does not
faeilitate the sulfonetion of benzene., Nitrobenzene is
normally extremely inert to sulfonation with sulfurie

aclid.
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