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•%Synthesis and Rigorous Purification of Sodium
Alkylbenzene Sulfonates
R.S. B u d h r a m a n d E.J. E i s e n b r a u n *
Department of Chemistry, Oklahoma State University, Stillwater, OK 74078

T h e detergent properties of sodium alkylbenzene sul-
fonates frequently do not allow the u s e of conventional
solvents and methods of organic chemistry for isolation
and purification. T h e preparation of large quantities of
highly purified linear and branched alkylbenzene sul-
fonates was achieved through purification of the cor-
responding methyl sulfonate ester obtained in one step
by chlorosulfonation of the hydrocarbon and quenching
the reaction mixture with methanol. Preparative HPLC
of the methyl sulfonate ester and the u s e of special tech-
niques in analytical HPLC provided highly purified
sodium alkylbenzene sulfonates .

Linear and branched alkylbenzene sulfonates are of con-
siderable in t e r e s t t o t h e pe t ro leum indus t ry because of
their su r fac tan t properties in tert iary oil recovery. The
sur fac tan t ac t iv i ty var ies , depending on chain length,
chain branching and position of the benzene ring on t h e
alkyl chain (1). In thermodynamic studies of sod ium
sulfonates related to tertiary oil recovery, it is crucial that
highly purified material be used to place the thermo-
dynamic da t a on a credible basis.

Rigorous purif icat ion o f sod ium alkylbenzene
sulfonates is a formidable task . Because of their detergent
properties, these compounds generally do not lend
themselves t o the use of conventional organic solvents
for isolation and purification.

The synthesis of alkylbenzene sulfonates also presents
problems, particularly in t h e generation of u n w a n t e d
isomers dur ing sulfonation of the benzene r ing . Isolation
of crystalline sodium sulfonate from this mixture was dif-
ficult because o f de t e rgen t ac t ion (3,4). Separation and
purification to a single isomer could not b e achieved.

EXPERIMENTAL PROCEDURES

Synthesis of alkylbenzenes. 4-Phenyloctane, 3a. A 12-1
f lask equipped with a n overhead mechanical st irrer, a
metal, mult i - tube condenser and a thermocouple p robe
was flushed with n i t rogen and charged with two 1 of 2 M
butylmagnesium chloride (4 mol) in e ther . The reagen t
was di lu ted with two 1 of anhydrous ether , and t h e reac-
tion f lask was cooled in an ice-water b a t h and 600 g
(4 mol) of n-butyrophenone, la , in one 1 of anhydrous e t h e r
were a d d e d drop b y drop over one hr. Af t e r addition, t h e
mixture was h e a t e d a t ref lux for two hr, cooled and
quenched with 100 ml of di lute HC1. It was then p o u r e d
into di lute HC1 and ice, and the layers were separated.
The aqueous layer was extracted with e t h e r and the com-
b ined extracts were washed with di lute HC1 a n d wate r
and dried (MgSO4), filtered, and concentrated t o 844 g o f
c rude alcohol, 2a. A small quan t i t y (10 g) was Kugel rohr
dist i l led t o give a colorless lqiuid, bp 180 C (0.3 mm Hg).
Gas chromatography and nuc lea r magnetic resonance
studies indicated t h e mixture t o be alcohol 2a, alkene lb ,
and unreacted ketone la , in the approximate ratio 8:1:1.

*To whom correspondence should be addressed.

The crude alcohol, 2a (Grignard product) was s t i r red
overnight with an excess of acidified 2,4-DNP reagen t and
filtered to remove la . The filtrate was concentrated u n d e r
reduced pressure and s t e a m distilled from oxalic acid. The
distillate was collected in a separa tory funne l containing
ether. The layers were separated and the aqueous layer
was extracted with ether . The combined e t h e r extracts
were dr ied (MgSO4) and concentrated t o give 662 g (97%
overall yield) o f alkene, 2b.

Trial a t tempts a t hydrogenation o f alkene 2b with 10%
Pd/C in acetic acid were unsuccessful. Hydrogen uptake
was very slow; af te r 6 hr, as shown b y GC analysis, only
par t ia l hydrogenation had occurred. Hydrogenation was
achieved in two batches each o f 331 g with one 1 of acetic
acid, one ml o f conc HC1 and 15 g of 10% Pd/C. U n d e r
these conditions, hydrogen uptake was very rapid and
ceased within one hr. Work-up gave 4-phenyloctane, 3a,
showing a single impurity of shorter retention time in GC
analysis.

Purif icat ion of 3a was achieved by fractional dist i l la-
tion t h r o u g h a 2 ft Vigreaux column. The best cuts were
redistilled slowly on a spinning band column t o achieve
approximately 99% pur i ty as shown by capillary GC and
HPLC studies. 'H-NMR (CDC13) 6 7.6-7.3 (m, 5H), 2.75
(m, 1H), 2.0-1.0 (m, 16H); '3C-NMR (CDCl~) p p m 146.2,
128.1 (2c), 127.5 (2c), 125.7, 45.9, 39.5, 36.9, 29.9, 22.9,
20.8, 14.1, 14.0.

Synthesis of alkylbenzenes. 1-Phenyloctane (3b). A 12-1
flask, f i t ted with an overhead mechanical st irrer, a con-
denser and a sod ium carbonate HC1 t rap , was flushed
with n i t rogen and charged with 500 g (3.0 mol) octanoyl
chloride, one 1 of benzene, and one 1 of methylene chloride.
To the cooled, s t i r red mixture, u n d e r nitrogen, was added
400 g (3.0 mol) o f anhydrous aluminum chloride over a
period of 1.5 hr. Af t e r s t i r r ing for a n additional 3 h r a t
room temperature, the mixture was poured onto crushed
ice, filtered through Dicalite and the layers separated. The
aqueous layer was washed with e t h e r and t h e combined
organic extract was washed with sod ium carbonate,
water , dr ied (MgSO4), fi l tered and concentrated u n d e r
reduced pressure to give 498 g (80%) o f colorless ke tone
lb , b p 105 C (0.1 mm Hg), l i t . (6) bp 166-168 C (14 mm
Hg). Ke tone lb was purified fur the r by t h e prepara t ion
and repea ted recrystallization of the semicarbazone, mp
125-126 C, and regeneration to lb with conc HC1 and
e t h e r extract ion.

Catalytic hydrogenation of 320 g (1.57 mol) of ke tone
lb with Pd/C a t 40 psi and room temperature for 1 h r gave
290 g (97%) of 1-phenyloctane 3b. This was purif ied b y
fractional distillation u s i n g a spinning band column, b p
7 0 - 7 2 C (0.1 mm); li t . (1) 95-97 C (0.5 mm).

Chlorosulfonation of octylbenzenes. 4-n-Octylbenzene-
sulfonyl chloride (4b). Chlorosulfonic acid (20 g 0.315 mol)
was placed in a 250-ml, 3-neck f lask equipped with
magnetic stirrer, thermometer, addition funnel and ni t ro-
gen atmosphere. The f lask was immersed in a wate r b a t h
and 1-phenyloctane (36.7 g; 0.315 mol) was a d d e d drop
by drop; the temperature was kept between 20 and 25 C.
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Evolved HC1 was t r apped with sa tu r a t ed sod ium car-
b o n a t e solution. Af t e r addi t ion was complete, t h e mix-
ture was s t i r red for one h r a t room tempera ture . Acid
chloride 4b was isolated by extract ion with CC14 t o give
21.8 g (90%}.

Chlorosulfonation of octylbenzenes. Methyl 4-(4-octyl)
benzenesulfonate, 5a. 4-Phenyloctane, 3a, (247 g, 1.3 mol)
was added drop by drop t o stirred chlorosulfonic acid (233
g, 2.0 mol) in an ice-water b a t h a t 2 0 - 2 5 C. Evolved HC1
was t r apped with sa tu r a t ed sod ium carbonate solution.
Af t e r addition was complete, the mixture was s t i r red for
one h r a t room temperature, cooled with a n ice-water bath
and quenched by dropwise addi t ion of methano l unt i l
reac t ion ceased. The solution was di lu ted with ether,
w a s h e d with water , dr ied (MgSO4}, and concentrated to
give 250 g {80%} o f methyl ester, 5a, as a yel low oil.

Es te r 5a was passed t h r o u g h neu t ra l alumina u s i n g n-
hexane and then t rea ted with activated charcoal. Fur the r
purification u s i n g a sil ica column in t h e Wate r s Prep LC
500 Sys t em and elut ing with n-hexane gave 200 g (65%)
of purified methyl sulfonate 5a. 'H-NMR (CDC13) 6 8.1-7.3
(m, 4H), 3.69 (s, 3H), 1.8-0.7 (m, 17H); 13C-NMR (CDC13)
p p m 128.1 (2c), 127.7, 127.6 (2c), 127.1, 55.7, 45.5, 39.8,
36.3, 29.4, 22.5, 20.2, 13.5, 13.4.

Chlorosulfonation of octylbenzenes. Sodium 4-(4-octyl)-
benzenesulfonate, 6a. The methyl sulfonate 5a (10 g;
0.035 mol) was m i x e d with a 10% solution of NaOH (2 g;
0.05 mol). The mixture was slowly warmed in a r o u n d bot-
tom flask attached to an expansion chamber surmounted
by a wate r condenser. The expansion chamber is essen-
t ia l to control foaming. Heat ing was discontinued a t f i r s t
signs of foaming. Af t e r the vigorous reac t ion and foam-
ing into the expansion vessel subsided, the reaction mix-
ture was allowed t o cool to room temperature. The
aqueous layer was p o u r e d off from the gel which sepa-
ra t ed . This gel was washed with wate r by st i r r ing and
decanting, dry ing t o a white solid in a s t ream o f dry
nitrogen a t room temperature. It was suspended in ether ,
h e a t e d to boi l ing for a few minutes , cooled to room
temperature and filtered. This leaching operation was
repea ted twice o r unt i l all the impuri ty, which appeared
as a shoulder in t h e LC, had been removed. The whi te ,
crystalline solid, shown to be 6a, was then dried u n d e r
v a c u u m overnight. The recovery of 6a was a b o u t 90%.
The whi te , colorless sod ium sulfonate 6a was also
recrystallized from isohexane/ethyl acetate, 8:2. The
HPLC of the final sample showed only a single peak. 1H-
NMR (D~O) 6 7.8 (d, 2H), 7.25 (d, 2H), 2.5 (m, 1H), 1.65-0.7
(m, 16H); '3C-NMR (D~O) p p m 151.9, 143.5, 130.3 (2c),
128.4 (2c), 47.9, 41.2, 38.8, 32.2, 25.2, 23.0, 16.5, 16.3.

Chlorosulfonation of octylbenzenes. Sodium n-octyl-
benzenesulfonate, 6b. Acid chloride 4b was p o u r e d into
a cold solution of 10% sod iumhydroxide (0.32 mol). This
solution was h e a t e d t o n e a r boiling to achieve complete
hydrolysis of acid chloride 4b. Af t e r cooling, the p H was
ad ju s t ed to 7 and t h e sod ium sulfonate, 6b, was filtered,
w a s h e d thoroughly with cold wate r and dried u n d e r
vacuum. 1H-NMR (DMSO-d6) 6 7.48 (d, 2H), 7.15 (d, 2H),
2.5 (m, 3H), 1.5 (m, 2H), 1.25 (m, 9H), 0.86 (m, 3H); '3C-
NMR 6 (D~O) p p m 148.5, 143.2, 131.1 (2c), 128.3 (2c), 38.1,
34.5, 33.7, 32.1 (2c), 32.0, 25.3, 16.5.

RESULTS A N D DISCUSSION

The hydrocarbons 3a and 3b, as shown in Scheme 1, were

prepared in overall yields of 85% and 86% from n-
butyrophenone and benzene, respectively. Sulfonation of
3a and 3b with nea t chlorosulfonic acid a t room
temperature readily gave the acid chlorides 4a and 4b. n-
Octylbenzenesulfonyl chloride, 4b, was i so la ted in 90%
yield by extract ion with carbon tetrachloride and distilla-
t i on . Isolation of the acid chlorides 4a and 4b is un-
necessary and was f o u n d to be experimentally difficult
due t o formation of emulsions and hydrolysis dur ing ex-
traction with carbon tetrachloride. In addition, hydrolysis
to the sulfonic acid lowers t h e isolated yield, particularly
for t h e b ranched chain isomer 4a.

Chlorosulfonation of 3b gave mainly the para isomer.
The o r tho and/or meta isomer(s) appear to be present only
as an impurity (ca. 1-2% as shown b y HPLC) and were
not isolated. The low solubility of 6b in wate r a t room
temperature affords a means of separation from inorganic
sa l t , isomeric impurity and o t h e r contaminants. It be-
came preferable t o neutralize 4b with sod ium hydroxide
t o 6b and t o purify b y repea ted crystallization from 95%
ethanol. This procedure gave a purif ied sample (99.8%}
of 6b. A l t h o u g h the s t ra igh t chain para isomers such as
6b are crystalline, non-tacky products with low solubil-
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ity in wate r o r organic solvents, t h e o r tho a n d / o r meta
isomers are sticky, less crystalline compounds t h a t are
very soluble in po la r or non-polar solvents.

In contrast, this approach failed for t h e prepara t ion of
pure branched chain isomer6a. The acid chloride 4a could
be isolated in low yield {49%} only with considerable ef-
fort because o f the severe emulsion formation mentioned
above. To overcome this we quenched the chlorosulfona-
tion product with methano l which directly provided the
methyl sulfonate 5a in high yield {80-90%).

A n important advantage in prepar ing methyl e s t e r 5a
is t h a t purification could be effected a t this s t a g e in our
a t tempt t o prepare highly purif ied sod ium sulfonate 6a.
Decomposition a t t h e high boil ingpo in t (205 C, 0.05 mm
Hg} o f 5a prevented distillation. Af t e r t rea t ing t h e c rude
product with decolorizing charcoal and passing t h r o u g h
a column of silica, neu t ra l alumina and Dicalite, m o s t of
t h e impurities were removed. Fur the r purification with
prepara t ive HPLC u s i n g a silica column and n-hexane in
t h e Wate r s Prep LC 500 Sys t em gave a sample of the
methyl sulfonate 5a showing approximately 99% pur i ty .
A leading shoulder peak could not be removed completely
on t h e basis of a 75% recovery.

Hydrolysis o f 5a with an equimolar amount of sod ium
hydroxide begins a t 80 C and is rapidly exothermic to
100 C, with considerable volume expansion by foaming.
This was controlled with a n expansion chambermounted
above the reac t ion flask. At tempts to remove wate r and
methano l by distillation resulted in coloration and de-
creased yields due t o formation o f an e t h e r soluble im-
pur i ty . The sod ium sulfonate 6a was isolated by pour ing
the hot reaction mixture into 10% aqueous sod ium
hydroxide, cooling, and gravi ty fil tering t h e resu l t ing
semi-solid gel. The residue was then washed with ice-cold
wate r and air dr ied .

The pur i ty of t h e sod ium sulfonates, 6a and 6b, was
established by reverse p h a s e HPLC u s i n g a C-18 column
and buffered aqueous methanol mobile phase. W a t e r used
in preparation o f the mobile p h a s e was buffered with
0.005M tetrabutylammonium phosphate (Waters Asso-
ciates PIC Reagent A). A typical HPLC of crude 6a, using
this analytical method, is shown in Figure 1. Washing the
fil tered product 6a with wate r effectively removes
impurity peaks a, b, and c which may be inorganic sa l t s
o r o t h e r po la r contaminants. If still present, these may
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be removed completely by fur the r sa l t ing out from cold
aqueous solutions o r by leaching the bar ium sulfonate.

An analytical HPLC trace, a t this po in t of purification,
revealed impurities d, e and f b u t not a, b and c. These
three impuri t ies , d, e and f, a p p e a r t o be more soluble in
non-polar organic solvents t h a n the sod ium sulfonate 6a.
Leaching with e t h e r effectively removed them. They also
were removed b y crystal l izing from e t h y l ace ta t e and
isooctane (1:5).

Unlike 6b, crystallization of the branched chain isomer
6a from organic solvents is difficult. Wi th toluene, solu-
tion occurs on heating, b u t a gel is obtained on cooling.
A semi-solid gel is ob ta ined b y sa l t ing out from wate r a t
room tempera ture . Gel formation was observed by pre-
vious workers (1) who concluded t h a t as the phenyl group
is moved toward t h e center of the chain, the crystallinity
of the para isomers decreases to yield products whose
physical and chemical properties resemble those o f the
o r tho isomers o f alkylbenzenesulfonates hav ing t h e
phenyl group in a position near o r a t the end of the hydro-
carbon chain. With water , methanol, e t h y l acetate, methyl
acetate, chloroform, dichloromethane, and nitroethane,
t h e sod ium sulfonate is too soluble and does not crystal-
lize. Sodium sulfonate 6a is not sufficiently soluble in
n-hexane, isohexane, isooctane or THF for prac t ica l re-
crystallization.

Prior to t rea tment with e t h e r o r any organic solvent,
the sodium sulfonate m u s t be thoroughly dried. Presence
of wate r resul t s in emuls ion formation and precipitation
of a gel on cooling. Crystal l izat ion occurs only on cool-
ing a solution of the dr ied powdered material. Drying was
achieved u n d e r a s t ream of dry nitrogen. Evacua t ion
results in foaming even with traces of wa te r present. Stor-
ing over calcium chloride is slow and ineffective. Azeo-
tropic distillation of benzene and wate r is a possibility
b u t has not been tr ied because o f concern about prolonged
heating.

Once all traces of wa te r have been removed from a sam-
ple of the sod ium sulfonate, the material may be t rea ted
as an organic compound, i.e. a solution in e t h e r o r
methano l may be concentrated u n d e r v a c u u m without
foaming.

Af t e r leaching with ether, the white crystalline material
was fil teredu s i n g asp i ra to r v a c u u m and then evacuated
overnight in a dessicator u s i n g an oil pump.

b

FIG. 1 . HPLC trace for c r u d es o d i u m sulfonate 6a. C18 column, 40%
water with P I C A, 60% methanol.
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