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ABSTEACT

A sligkt modification of tle existing plant procedure
at the Fred'k. H. Levey Co. is describeu whereby zreater and more
congistent yields of ethyl benzyl aniline meta-sulfonic acid may be
obtained.

Proof is presented that the .ulfonic acid group is in the
mete dosition in the bhenzyl radieal.

Sthyl benzyl aniline meta-sulfonic acid is invesbigated

as regards absorption in the ultre violet.



Statement of chs Problem

The object of this pa,er is to dztermins which veri-
sples must be mors closely conbroiled in order to obtain more
consistent und greater yields in the plant ;1ocuciion of sthyl
benzyl =niline metve—-gulfonic :cid.

£ further object of this report is o estublish the

sosition of che sulfonic . cid grou, =s being uets in .he bonzyl

Finally, ethyl benzyl sniline meta—sulionic «cic is
investigatsd as to the feauibilibty of analysis by spesctropho-

tometric metbhod.
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Introduction

A search of the literature indicated that there was little
or no published data on the manufacture of ethyl benzyl aniline meta-
sulfonic acid regarding yield. Blangey, Fierz-David and Stamm (1)
indicate a yield of only 71-73% of the meta-sulfonic acid, this being
impure meterial. It should be noted, however, that the primary
purpose for publishing their p=per is to establish the position of the
sulfonic acid group as being meta to the CH. group on the benzyl
rodical in the above product, and not to estahliish yields.

It will be shown, that by keeping the volume of caustic
guench used in preciriteting the sulfonic acid within certain limits,
an average yield of 91.7% was obtained with a mean deviation of :0.67
in a run of six batches, where an attempt was made to 1limit guenching
volume.

Plant yields at the present time average 87.3% of theory,
fluctuating bebvesn a low of about 86% and a high of sbout 88%.

Cain (2), by a procedure spparently very similar to the one
employed by the writer, indicates that sulfonation of N-ethyl benzyl
aniline takes place in the 4-position on the benzyl radical or para.
Beilstein (3) agrees with the zbove author. Blangey, Fiersz-David
and Stamm (1), however, disagree with both, stating and proving
through derivatives that the sulfonic acia group is in the 3 or meta
position.

In view of the above conflicting information, the structure



of the perticular sulfonic acid obiteinzd by the writer was investigated
by the method of Blangey, Fiersz-David and Stemm (1).

Derivatives of the sulfonic acid were obteined which prove
that the sulfonic acid group enters in the 3 or meta position under the
particular conditions of the sulfonation.

Nothinz could be found in the literature pertaining to whether
ethyl benzyl aniline meta-sulfonic acid ebsorps in the ultra violst.

It was found that this compound does absorp in the ultra violet.

An effort was made to establish its molar extinction coefficient.
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Discussion

b}

lsta froa ten sulfonations

B

Table ;1 conteins a summary of the
of N-ethyl benzyl aniline.

The results of the sulfonations indicate that greater yielcds
arce obtainable when the volume of caustiec (uench for precipitation of
the ethyl benzyl aniline meta-sulfonic acid is kept within certszin low
limits, thereby keeping losses through solubility low. The best yields
are obtained at a quench-volume range of from abouv 1500 to 2100 mls.,
5s indicated by batches 3, 6, 8, 9, and 10. Figure ;1 shows a plot of
volume of guench or filtrate versus yield in grams of 100% ethyl benzyl
aniline meta~sulfonic acid. The yields are found to increasse with
decreasing vusnch volune.

Further decrease in volume results in excessive sodium sulfate
end sodiur bisulfate precicitabion. It shoull be noted here that in
plant operation it is not economically feagible or necessary to recrystal-
lize or dry the sulfonic acid. Previous experience has shorm that sodium
sulfate and sodium bisulfate present in the crude sulfonic acid do not

interfere in a following condensation reaction. Sulfates must finally

o’

f=3
<

removed, bubt at a later more convenient step in the process. &t this

oint it is possible that the added cost of material for sulfate removal

LS

could offset the gain resulting from higher yields, which necessitate
lower guench volumes and thus greater sulfate precisitation. By observing
the range of volumes mentioned above, better yields are realizel without
excessive sulfate precipitetion.

Sulfonztions were carried out at 30°, 40°, 50°, and 70°C. in

an effort to determine the effect of temperature on yield. A tempersiture of
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Summzry of Date . Sulfonucions-Batches 1 tu 10 Table—xl

Batch No. 1 2 3 4 5 6 7 8 9 10
Sulfonztion lemp.-°C. 30 40 40 50 50 50 50 50 70 70
sulfonation Time-Min. 4, 3 21 17 15 16 14 16 11 12
wuencn Time-kin. 15 5 A 10 3 4 3 3 2 2
Vol. of Filtrate-c.c. 3325 2880 1870 3380 2650 1450 1950 1920 2130 2020
®*BSeha. in Filtrute-gr. - 1.3 negl. Ledy 0.5 negl. 0.5 0.1 l.v negl.
“FEJBebeBS. 2.Uive t0o B3 A-Zre - 1.7 - 3.3 1.1 - 0.7 0.1 2.7 —
Yield "a. ig" n.B.h.S.-gr. 232.1 Q34,9 320.0 200.6 359. 6 396.9 301.7 292.3 27<.9 291.7
A rurity of £.B.A.0. 63.0 85.c 66,8 841  57.6  53.9 69.8 V.3 T1T 3.7
100% £.B.A.S.,-gr. 160.1 200.1 213.8 168.7 207.1 213.9 =210.9 211.3 212.0 Z215.0
% of Theory ) 68.8 86.3 92.1 72.6 89.3 9z.x  Y0.8 9l.2  9l.3 92.7

#*5.B,A.-N-Ethyl Benzyl Aniline

#E.B.A.5.-Ethyl Benzyl A niline mera-Sulfonic Acid
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50°C. appears to be too low to carry out the sulfonation., During the
sulfonation, it was noted that there was considerable gumming and thug
improper mixing of the oleum with ethyl benzyl aniline. This probably
accounts in part for the extremely low yield obtained at this temperature
(batch #1), the otéggyﬁg;tributing to the low yield being the high
filtrate or guench volume.

Sulfonatioas carried out at 40°, 50°, and 70° (batches #3, 6,
7, 8, 9, and 10), where an effort was made to keep the volume of the
cuenches close, show only small variations in yield, the difference
between the lowest and highest yield being 1.97%. Batches #2 and 44 were
run at 40°C. and 50°C. respectively as above, however, the quench volumes
were much higher (2880 ml. and 3390 ml. respectively) and the yields
mich lower. (86.3% and 72.6%)

Since the sulfonation is so highly exothermic, difficulty mey
be readily encountered in keeping the reaction at a specific temperature.
1t is therefore necessary to sacrifice time in sulfonating. The sulfona-
tion is thus carried out at sueh a rate that, with the cooling system at
its maximmm capacity, the desired sulfonating temperature is not exceeded.

The ethyl benzyl aniline remeining in the filtrate was
extracted in an effort to obtain a material balance. &g indicated by the
data, no correlation could be made, A possible explanation lies ian the
fact that varying amounts of the ethyl benzyl aniline are occluded by
the sulfonic acid crystals during precipitation.

Figure 11 shows the two methods followed for proving that the

sulfonic acid group enters meta to the CHp group in the benzyl radical.
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Fig. 11

Rezections Involved in Proof of Structure

of Ethyl Benzyl Aniline meta-Sulfonic Acid

/~ A 4{4_(;235 ——— T < >—-& CoHs

CH,
\\)—SO;,H ©-502r31
1 11
NE 40H
7\ —If—C2H5
CHyp
72
\ 2“002NH4
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Fig. 11 (con't.)

Br SGLH
K Br 3
@—II]-02H5 ——e BT -NHz -+ Br—CHZ—
CHy Br
v
~30,H
1 1y
‘ KMnO4
ir
50,C1 " S0sH
NEOK 4 clo0 —~— POl OZHC-Q
vil ) Vi
l
SO0oNH

NH;0C~

V1il
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In the first rewction the gurifiec sulfonic zeid, compound 1,
was reacted with PC15 to form the =28hyl bensyl =niline mela-sulfonyl
chloride, cowpowac 1. This was in furn .e_coed  1th @ mmonium hyuao . ice
vo form an -mide. <The resulbing snide .us found to be ethyl senzyl sniline
meta—sulfoncuias, comno.nd 111, by meltin; point. IS muy thus be concluded
thet the sterting material is the mst.-zulfonic =zcid,

Tlie second reection involven oplinting compount 1, by Liomina—
tion, inbto cribromo aniline, compound 1V, and tle socium salt of brom
methyl benzens nmeite—sulforic acia, compeunc V. The .rive=: coulu not

1

icoleve biz tribromo :vilins in an i..ealifiills form.  Compound ¥ vas

[}
¢
f
[nh
e
2
<t
ol
e

th _otassium permeng.n.ete zne iwolsbec ag the socium salt of
me se—sulfeobancole seil, compounc VI. Compouny V1 .=: in lLurm reca.iec aith
P015 bo foim .t upgeenls oll, mesto—-chorc ulfen,l ovenzcyl chlie ics, comound
Vil., Finally compouns V1l .ng corys, oo to & dirmice witl smmonia wecer.
The m=lting point of bthi: compounu dcentifi-q it se benzemide peia~sulfon-
wmide, cormpoune V111, The sterting metericl oo thus i.entifisd as the
meta isomer, ethyl benzyl aniline meta-gulfonic =2cid, comicunu L.
In an erffort to determine uheitnesr <ohyl benzyl aniline mzte-

sulfonic avia could be analjzed by spectrophotomeiric wesang, a tuice-

ryerysballived nelgned smount of th: sulfenie ccid from beich 41 was
disocived in Jiscillsc ater and cecenned ia thi: ulore violet in = range
from <203 £ to U200 A. Ls illusiravec by Dig. 73 end Table ;-2 (;gs. 13,
14 ené 15), the sulfonic icid obtainzd ia belckh ,1 (and subse usat baicles
randonly selcocted for analysis) .es found to pive & chirectzrisvic nusiz in

susorooion ot 2540 f.
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Table Ll-Absorption Dete for wmthyl Benuzyl Aniline meta-Sulfonic Acid

Batech #l-Unwashed Bateh #l-Tashed
W.L.-f  0.D, WoL.=&  0.D.  ¥.L.-A  0.D.  W.L.ck 0.0, ¥.L.-k 0.,  w.L.-& 0.1,
2200 360 2500  .282 2800 ..054 2200 405 2500 .339 2800  .125
2220 .293 2520 .29 2820 .04 2220 335 2520 .350 2820 119
2240 .239 *2540  .296 2840 J046 2240 275 %2540 358 2840 117
2260 175 2560  .285 2660 W04 2260 .205 2560 344 2860 116
2280 123 2580 .270 2880  .043 2280 153 2580 327 2880 115
2300 .104 2600 .247 2900 .042 2500 133 2600 .303 2900 114
2320 .103 2620 .219 2920 .04l 2320 .131 2620 253 2920 113
2340 14 2640 .190 2940 J040 2340 149 2640 .263 2940 112
2360 .129 2660 163 2960 .039 2360 169 2660 4234 2960 .11l
2380 147 2680  .138 2980 043 2380 .197 . 2680  .209 2930 112
2400 .170 2700 113 3000 J043 2400 .227 2700 184 3000 .11l
2420 .195 2720 .097 3050 .042 2420 .252 2720 .168 3050 J1l4
24,0 216 2740 085 5100 .039 440270 2740 156 3100 L112
260 W24 2760 .O7L 3150 .033 2460 301 2760 142 3150 .109
2480 .266 2780  .060 3200 .023 2480  .325 2780 J131 3200  .103

st-Maxima in Absorbtion #*C0rt . =006 Unwashed #Corr.~.023 Lashed



—Lhe

Tenle Li-2bLo0 Poion Do bu For Bbthyl Sensyl Aniline wete~Sulfonic fcid-con'tb.
Bateh #2-Unwoshed Batch r2~Cther #Washed
o -
VsoI..c"‘Ae OsD. .Hth"‘A O.Dc
<500 301 2500 255
<520 . 376 2520 305
®2540 372 #2540 310
2560 s 2560 .04

3530 L3

[
™)
v
(o33
O
”
Foe]
O
~

2600 315 «£30 77

Fmax.-coTl. —«01., FMARe~COTT —.008
Batch 36 Univ sheu Beteh #b~2iho1 Washed

(¢}

W.L.-&  0.D. S Y 0.D.
2500 W29 2500 .76
2520 ..55 £520 297

#2540 460 #2540 .507
2560 W LLG 2560 298
2580 4.0 25380 283

2600 . 380 2600 LY
FmaXe-corr. —.01lc KMUR ¢ ~COTL e =003
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Table 1l-focorPtion Dats fo: Ltlyl Benzyl fniline mste—~culfonic cid con't
Batchs 83-Ether Vashed Batch 7Yy-Ather wasned
- o -
Welie—A UeDa Velie—f Jele

«509 357 «500 KTR

<560 370 2560 85
<530 <365 <580 272

00 325 2600 e y8
F b e=e GO Lo —o 06 52 .4 COYT1'e o000
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Beteh 4
5 surity by titiatien

Uy ookl

Conc.-mg./100 ml,
Correchbza OJD. ot
EZ value
wolar fst, GCo=ff.

ETHZR 1.ASHED

Conc.-&,./100 ml.

Coriected C.D. &%

Moltr #:t. Coeff.

RMolar

Men
RO w)

“540 &

-16-
Tebuletion of U.V. [esultg-con't

1 2

o
(e

99.96  100.05 ST

|—J
L]

[,-J
*_J
o

l’/ )

L

<4 202

7990 3300 075 —
2.3 1.9 1.5 2ol

.18 315 296
167
1,820

£860 4330 4500

Samile C.lculation

Ixtinctioh Cozafficient-Batch #1 deshed

1 I
Bz —2- log ~——--2

cl I

fa
Smlloler Satinction Coefficient
e= cone. of o zpl. in ur. 1.
1= ¢vl1l length=lcm.
l= molecular whe of sulfonic acid= 308
Ie .- .
log———=— = oy ticel _oa. ity
I 1

(]

9999
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Teble 42 Tebuletion of U.V. hesulibs-conclude=d
The % % velae w-s d=tsrmined as follovis:

optical dengivy

=

% =

conc. of szmpl: (m../ 100 ml.)

v here &5 = pxtinction Colfficient
Then for Bateh # 1 Lashed,
331 X 1000

= e e = 165
203

b
€
RTS S

A 1000
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Having found that bthe sulfonic acid had a charactarislic
peimu gbsorntion in the ultra viclet, an effort was made to establish
a moler 'extinction coefficisnt specification.

In undertaking the last mentioned project, con:.idersble
difficﬁlty a5 =ncountered., In all semples run, absorpnion perks .ere
found to exnist at 2540 Z, however, consistent molar ertinciion coefficient
veluss could not be obtained for differsnt concantrations of the
sulfonic acids analgzed, although the compound was supposedly pure as
determined by titration. (table »2 pg. 16)

Or. the assumption that the discrepencies‘;n extinction ceef-
ficients could be duc to the sresence of some iapurity that still
remained in the sulforic acid even after purification, and vhose
pregence could not be assuredly detecuad by ordinsry titrabion metlod,

samy.les usew in the u.v. analyses uvers ashed 1.ith ether and reanilyzed.
More consistent results were obtainable as showm by tebls 42, pg. 16.

In scanning a sample of N—ethyl venzyl anilinz in an alcoholic
solution in e pursly cuslitetive manner for information, it vas found
to absorp at eractly the same wave length on the sulfonic seic, i.e.
at 2540 A.

Since optical densities at the scme wave length are algebrai-
cally additive, it is reasonable to assums that the uniashed recrystal-
lized sulfonic acid samples still contained varying small amounis of
li—ethyl benzyl ariline. These trace amounts, ho. =ver, .ere still detected

-

by thz spectrophotometer, giving positive errors in absorption.
™ 1 Lo F i s
To the best knouledge of the vrier, the molar e:xtinction
coefficient for ethyl benzyl aniline meta-sulforic acid lies in the

range of 4730 to 4360, and correspondingly, the B betuesn 1632 and 167.
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Experimental

A, Sulfonation

The sulfonation of N-ethyl benzyl aniline is shown as follows:

’ HpS0,°805 _ _
-7—02H5 - -?-0235 +  HS0,

CHy CH,

-803H

Compound 1

525 grs. of 20% oleum were cooled to 15°C. 168.5 grs. of N-ethyl
benzyl aniline were added dropwise to the agitated oleum at such a rate
that the different sulfonation temperatures indicated by Table #1 (i.e.
30-40-50 ang 70°C.) were obtained. Following the sulfonation, the reaction
mixture was stirred one hour at the temperature of sulfonation and then
quenched into a sodium hydroxide (280 grs.) water-ice mixture at such a
rate that the temperature of sulfonaticn was not exceeded. The time re-
cguired for guenching and volume of guench or filtrate appear in Table #1.

The precipitated meta-sulfonic acid was cooled to 25°C., stirred
one hour at this temperature, filtered, tamped, ancd sucked dry.

The semi~dry cake was weighed ("as is welght") and a sample
analyzed by titration. (Table #1) It is because of the varying amounts
of moisture present in the sulfonic acid after sucking dry on the filter

that the M"as is weight" shown on Isblei#l variss so from beteh to batch.
To determine the amount of unreacted N~ethyl benzyl aniline, a
100 ml. sample of the filtrate was exiracted with 4 X 25 ml. of ether.

The ether was placed in a tered evaporating dish, evaporated to dryness on a

steam bath and weighed. The total amounts of N-ethyl benzyl aniline
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found in the filtrate are recorded in Table s1.

B. Determination of Structure

sthyl Benzyl Lniline meta-Sulfonamide 3111

31.5 grs. of pure ethyl benzyl aniline meta-gulfonic acid,
Compound 1, and 34.5 grs. of PCl5 were added to 125 mls. of dry benzene.
After the initial heat of reaction had subsided, the mixture was re-
fluxed on a water bath at 80°C. until the evolution of HC1 had stopped
and a clear light yellow solution remained.

After cooling, the sbove solution was poured into 750 mls. of
cold water. The oil which separated (impure Compound 11) was redissolved
with agitation. The acqueous layer was nov extracted with benzene, and
the benzene layer was washed with cold vater until acid free, as indicated
by congo red paper. Sodium sulfate was used to dry the benzene layer.

Upon distilling off the benzene, a pale-brown, viscous, oily
residue remained, pure Compound 1ll. 62.5 nls. of 20% ammonie water were
poured over the oil with vigorous shaking. A brown-white product precipitated
after overnight standing, impure Compound 1ll. The cake was broken up,
filtered, water washed, and dried. Impure Compound 111 melted at 38-39°C,

Lfter recrystellization from hot alcohol, 16.2 grs. (557 of
theory) of Compound 111 vere obtained vhich melted at 98.2-98.8°C. (1it.

m.p. $8-99°C.)

Sodium Salt of meta-Sulfobenzoic Acid ¥l

7.3 grs. or 1/40 mole of nure Compound 1 vas dissolved with 1.4
grs. of soda lime and 100 mls. of water. A bromination mixture, consisting

of 15 grs. of XBr and 4.2 grs. of KBrd3 , vas dissolved in 250 mls. of

o
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water and slowly added to the above alkaline solution with agitation.

Following the bromination, the solution was uvarmed on a steam
bath. During the warming, concentratszd HC1 was added dropwise until
bromine vapors began to evolve. Healting wes continued for one hour.

During the heating period, a brovn oil settled out of golution.
Lfter cooling, the oil solidifiesd into a browmnish-black amorphous residue.
This residue was filtered and aried. The writer dicd not find it possible
to identify this material, since it could not be obtained in a crystalline
form. It was assumed to be very impure Compound 1V.

The filtrate from Compound 1V, containing Compound V, was extracted
iiith ether to free it from any residual Compound 1V, and then concentrated
to 200mls. on a steam bath. After cooling, 6.5 zrs. of pulverized KMNOA
were gradually added to the concentrated solution. Upon heating on a steam
bath, bromine vapors began to evolve. Folloving one hour of hesting, the
manganese dioxide residue was filtered off and washed with 2 ¥ 20 mls.
of hot vater, the wash being added to the filtrate.

The filtrate weg mede slightly acidic «ith ECl, evaporated to
150 mls. on a steam bath, and saturated with Nall.

After standing overnight, the mono-godium szlt of meta-sulfo-
benzoic geid crystallizsd out in the form of white scales, Compouna V1. It

ot

vags filtered, washed with 10% NaCl and dried. (Yield 2.5 grs.-47.2% theory)

Chdorosulfonyl Benzovl Cllo dde V11

.
£.5

=

rs. of Cormound V1 -+ sre wied thoroughly with & grs. of PCl5
end reflvved vith 50 nls. of benzene for one hour using 2 steam bath. The
benzene was distilled off under v-cuum, leaving behiné a brown oil,

Compound Vil.



Benzamide meta-Sulfonamide V111

Concentrated NHy water was slovwily adced to Compound Vil. After
vigorous ghaking, z gray-vhite precinitate appeared. This was filtered
anc dried. Recrystellization from hot zlcolol

(40% theory) of a grainy vhite precipitate, Compound V111, The melting

.

point of this compound, 176-176.5, compared well with the literature

m.p. of benzemide meta-sulfonamide, 176°C.

C. Ultra Violet Anslvses

Samples of crude ethyl benzyl aniline meta—sulfoniec acid

-+ - ~

selected at random from Batchez 1, 2, 6, O, snd 9 vere recrystallized
toiee from hot vater usdng Ruchar C as a cdecolorant. Bach sample was
dried overnight at 100°C.

The purity of the recrystallized sulfonic zcid ras determined
by vitration with sodiur hydroxide. £n approximately one gram sample
vias accurately veighed and dissolved in 200 mis. of distilled water.
The solution was titrated with decinormal sodium hydroxide using
phenolphthalein as an indicator. Results appear on Teble 11, pg. 16,

For ultra violet analysis an approsimabely 40 mg. sample of
recrystallized Batch 1 vas accuracely =i
gractly 100 mls. of distiiled water. & 5 ml. portion of this solution
wvas pipreted into another 100 ml. volumetric flasgk ant Ai”uted to the
merk with distdlled weter.

Using a Deckman uodel DI Spectrophitometer, (- ich Adrtillzd

f‘“

Q
s a blank) the sulfonic acid wag scanned from 2200 ? o <00 A

4 3

to determine whebther it exibited a maximam in sbsorp-ion. 4 maximum



.

appeared at 2540 &. In all subsecuent runs on Batches 2, 6, 8, and 9,
the characteristic peak appeared at this same wave length. (Tazble 11,
pgs. 14 and 15)

Although the absorption maximum had been establishedq,
inconsistencies were found to exist when the molar extinction coefficients
were Ealculated. (Table 11, pg. 16; Unuvached)

In view of the gbove varistions, an effort was made to further
purify the samples under invesgtigation.

Samples of each of the batches anal¥zed by ultra violet were
placed in a buchner fumnel and washed thoroughly with ether.

Ir reanilyzing these washed samples by the same forementioned
ultra violet methoc, more consistent results as regards molar extinction

coefficient values were obtained. (Table 11, pg. 16, Vashed)



2

Conclusiong

It has been shovn that the volume of caustic yuench, used to
precipitate the ethyl benzyl aniline meta-sulfonic acid, bares a direct
relaticn to the obtainable yield. By keeving the quench volume within

certain low limits, greater and more consistent yields then formerly

obtainable st the Levey Co. sre realized.

Vith the particular conditions under which the sulfonations
vere run, it has been proven by the use of derivatives that the sulfonic
acid group on the ethyl benzyl aniline sulfonic acid compound enters

meta to the CH2 group in the benzyl radical.

Zthyl benzyl aniline meta-sulfonic acid has been found to
exibit a mazimum in =bsorption in the ultra violet at a wave length of
Q
2540 A. The molar extinction coefficient value for this compound vas

shoun tc be in a range of from 4730 to 4860.
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