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Abstraet

In an attempt to pi'epa.re improved. bicdegra-
dable detergents, the eleven possible isomers of
sodium p-(thia-n-dodecyl)benzenesulfonate have,

been synthesized. Preliminary biodegradability .

tests of these compounds show that the biodegra-
dability of sodium p-1-thia-n-dodecylbenzenesul-
fonate is greater than that of LAS.

Introduction

HE SEARCH FOR IMPROVED biodegradable detergents

has shown that, of the various isomers of sodium
dodecylbenzenesulfonate, p- (#-dodecyl ) benzenesulfo-
nate is the most rapidly biodegraded (6). It is still
untknown, however, to what degree the straight-chain
alkylbenzenesulfonates {LLAS} ean solve the problem
of water pollution (7). It was therefore of inferest to
determine if the skeleton of the IUAS could be made
more susceptible to biological attack by introducing
hetero atoms like sulfur into the alkyl side chain.
This investigation was undertaken to attempt fo
synthesize the thia derivatives of sodinm p-(n-do-
decyl) benzenesulfonate in which the different méthyl-
ene groups are suecessively replaced by sulfur. None
of the eleven possible isomers of sodium p-(thia-n-
dodecyl) benzenesulfonate, the gynthesis of whieh is
here deseribed, has heenr reported in the literature.
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Experimental

Material

Apparatus. The nuclear magnetic resonance spec-
tra were reeorded on a Varian 60 Me spectrometer at
600. The samples were dissolved in deuterated water
with sodium 2,2-dimethyl-2=silapentane-5-sulfonate
(DSS) as internal standard {+ — 10.00 for the tri-
methylsilyl protons). The infrared speetra were re-
corded on a Beckman IR 9 spectrephotometer using
KBrrpellets. Temperature measurements are uncor-
récted. .

Sodium p-(1-Thig-n- dadacyl )benzenesulfonate So-
dium (11.5 g, 0.50 mole} was dissolved in 250 ml of
absolute ethanol and 55 g of thiophenol (0.50 mole)
was added. Under external cooling, 95 g of n-undecyl
chloride (0.50 mole) was added and then the reaction
mixtare was boiled under reflux for 3.5 hr, The pre-
cipitated sodium chloride was filtered, the solvent
evaporated, and the residue dissolved in a mixture of
petrolenm ether and benzene, from whieh the phenyl
n-undecyl sulfide crystallized on- cooling. Yield 102 g
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.(0.39 mole, TT%); mp 31-33C (lit. (4) mp 33.8C).

- A solution of 20 g (0.08 mole) of phenyl n-undecyl
sulfide in 10 ml of chloroform was dropped during
1 hr into 30 ml {0.45 mole) of chlorosulfoni¢ acid

“with stirring at 25C. The reaction mixture was then

poured on ice and the organic material extracted with
ether. The ether solution was washed with water,
sodium biearbonate solution, again with water, and
dried. Evaporation of the soly ent vielded 18 g (0.05
mole, 65%) of crude p-(1-thia-n-dodecyl)benzene-
sulfonyl chloride. Its infrared spectrum showed the
typical absorption bands for the sulfenyl chloride
group at 1175 and 1370 em™. In 150 ml of 60%
ethanol, 4.0 ¢ (0.10 mole) of sodium hydréxide and
18 g (() 05 mole) of the sulfonyl chloride were dis-
solved, and the mixture was stirred for several hours
at room temperatire. ‘On cooling the solution in an
ice-hsth, sodium'p {1-thian- dodeeyl)benzenesulfonate
crystalhzed in colorless leaflets. After three recrystal-
lizations from 50% ethanol 12g (0 03 mole, 60%)
was obtained. - 8

. Anal. Cale. for C3;Ha;058:Na (366 53) v C, B5.71;
H, 74358, 17.50. Found: C, 55.91; H, f46 S 1761

Sad‘mw p-{ 2-Thig-n- dodecyl)bemmesnlfonate The
procedure ' for preparing sodium a-c¢hloro-p-toluene-
sulfonate (2) was adapted to a bench-scale method.
Sodium p-toluenesulfonate (68 g, 0.35 mole) was
plaeced in a 500-nil four-necked flask provided with a
mechanical stirrer, a thermometer and a gas-inlet and
-outlet. The flask was immersed in an oil-bath at 120C, .
and, with stirring of the dry salt, chlorine was paqsed
in. The internal temperature rose to 145C. After
75 min thé reactant had gained 11 g.- The erude re-
action produet was twice recrystallized from 90%,
ethanol. The analysis as well as the nuclear magnetic
resonance {NMR) speetrum indicated that this prod-
uet was a mixture of mono-and dichlorinated toluene-
sulfonate. Its NMR spectrum in deuterated water
{TMB 'as an external standard) showed, beside the
signals for the phenyl protons around » 2.4 and the
singlet for the benzyl protons at = 5.87, another singlet
at = 3.04 due to the benzal proton. From the intensi-
ties of these signals the proportion of the compounds
was calculated to be about 60% -a-monochloro: and
40% a-dichlorotoluenesulfonate. -

To a solution ‘of 26 g of this mixture (about 0.10
mole) and 6.0 g (0:15 mole) of sedium hydroxide, 400
ml of 40% ethanol and 26 g (0.15 mole) of n-decane-
thiol were added, and the reaction mixiure was boiled
under reflux for 2 hr. After neutralization with hy-
drochloric acid, the solution was cooled, and the
precipitated colorless leaflets of sodium p-(2-thia-n-
dodecyl)-benzenesuifonate were recrystallized three
times from. 50% ethanol. Yield 18 g (0 05 mole,
approximately 50% ).

Anal. Cale. for C17H»7058,Na (866.53); C, 55.71;
H, 7.43;8, 17.50. Found: C, 55.76; H, 747 S 17.38,

‘General Procedure for the Synfheszs of Sodwm
p-{N-Thia-n- dodecyl )-benzenesulfonates for N =3 to
11 inelusive. "(See Table 1 for results.) The chloro-

-alkylbenzene (1.0 mole) was added dropwise during
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- -+ PABLE'{ IR I o
Yields and Analyses of Sedinm p-(Thia-n-dodecyl) benzene Sulfonates
' Sodium p-{Chloroalk " U figa - Sotium (This.n-dodecy}) U yiad CCoae o By e % S ale. %
g adium p-{Chloroalkyl)- - 18] ot odium p- ia-n- ecyly--’ . Xield ale— - slc.— . . ale.—
Chloroalkylbenzene henzenesulfonate % henzenesulfonate T 55.71} 7.43) 17.50)
: . Found . Found Found
{2-Chloroethyl}- Sodium p-{2-chlorcethyl)- e > Sodinum p-(a-thia-ﬂ-dodecyl)_- ok e . : .
henzene® henzeneguifonate 82 ‘benzenesnlfonate - o 65 55.48 - T.45 17.43
(3-Chloropropyl)- - Sodium p-(S-chinropropgl)— A Sodinm p-{4-thia-n-dodecyl)- ; ; .
benzene® henzenesulfonate 93 - henzenesulfonate o 46 ~ bBB.B% 7.29 . 1755
{4-Chlorobutyl) - Sodium p- {4-chlorobutyl)- Sodinm p-(5-thia-n-dodecyl)- -
henzene® henzenesalionate 55 henzenesulfonate : 29 55.72 T 7.48 17.59
(5-Chloropentyl)- Sodium p- (5-chioropentyl)- Sodium p-(6-thia-n-dodecyl)- .
henzene * benzenesulfonate : 32 ‘benzenesulfonate 31 55.64 7.33 17.23
(6-Chlorohexyl}: Sedium p- { §-chlorchexyl)- . Sodiam p-(7-this-n-dodecyl}- ’
- benzened henzenesulfonate - 30 benzenesuifonate .. 34 - 55.62 7.27 . 17.69
{7-Chloroheptyl)-: Sodium p-(7-chlorcheptyl)- -  Bodium p-(8-thia-n-dedecyl)- co : o
benzene ¢ . benzenesulfonate = | 40 benzenesulionate . 81 55.89 7.28 17.63
(8-Chlorooetyl}- - - Sodium p-{8-chlorooetyl)- .- Sodium p- (9-this-n-dodecyl)- . ’
benzene® | . : benzenesulfonate . 40 benzenesulfonate - 20 - 5571 7.22 17.34
(9-Chlorononyl)- Sodium p-{8-chlorononyi)- Sodium p-{ 10-thia-n-dodecyl)- . :
henzene® . benzenesulfonate - 20 henzenesulfonate : 21 * 65.73 7.48 17.48
(10-Chlorodecyl)- Sedinm p-{16- ‘hiorodecyl}- Sodium p-(11-thia-n-dodeeyl)- 7
henzene*© benzenesulfonate s 13 benzenesulfonate 32 55.89 7.35 17.28 °

» Easiman Kodak Compsany, Rochester, New York.

b Prepared by the reaction of 3-phenylpropylmagnesium chioride with fermaldehyde and chlorination of the resulting aleohol with thienyl chloride.

« Sapon Laboratories, Oceanside, New York.
¢ Conant, J. B., and

'W. R. Kirner, J. Am. Chem. Soc. £6, 232 (1924).

e g-Phenvinonanol was prepared by an extension of the methed of Conant and Kirnerd from 6-phenylhexylmagnesium chloride and 3-chloro-

propoxy (9-chlorononyl) henzene (bp 137-140C at 0.5 mm}. .

1.5 hr to chlorosulfonic acid (1.{)..'0 moles) with efficient
stirring, and external cooling by a water-bath at

temperatures between 0 and 25C. The reaction mix-

ture was stirred for another hour and then poured
onto ice. . The aqueous mixture was extracted ~with
ether, the ether layer was separated from the water
layer, and the ether removed by evaporation in vacu-
um. The residue was purified by distillation under
reduced pressure. . o -

In the case of p-(Z-Chloroethyl)benzeriesulfony}
chloride, the aqueous insoluble product was erystal-
line. It was purified by two recrystallizations from a
mizgture of petroleum ether and ether (3:1). Yield
27 g (0.11 mole, 57%) ; mp 53.5-56C. '

Anal. Cale. for CgHgClo028 (239.13); C, 40.18;
H, 3.37; CL, 29.65; S, 13.4L. Found: O, 40.32; H, 8.50;
Cl, 29.58; 8, 13.30.

The infrared spectrum. of this product (potassium .

bromide) exhibits strong bands at 1180 and 1380
em-! due to the sulfony] chloride group and weak
bands at 1800 and 1925 em™ that indicate a 1,4-
disubstituted benzene.

The purified chloroallylbenzenesulfonyl ehloride
(1.0 mole) was added to a solution of sodium hy-
droxide (2.0 moles) in water {5.9 ml of water per
gram of sodium hydroxide), and the heterogeneous

Teaction mixture was stirred vigorously until it be-
came homogeneous. The solution was peutralized with
hydrochloric aeid and. evaporated to dryness. Re-
crystallization - of the residue from ethanol yielded
crystalline sodium p-(chloroalkyl)benzenesul_fonate.
A mixture of equimolecular guantities of sodium p-
(chloroalkyl) Zbenzenesulfonate, sodinm hydroxide and
n-alkylmercapfan was boiled under reflux for 3 hr.
On cooling the solution, the desired product erystal-

lized. Recrystallization from water, or aqueous etha-

nol, afforded pure crystalline sodinm Vp-(N-thia-'n-
dodecyl ) -benzenesulfonate. -

Discussion :

The structure of these compounds was established
by elemental analysis, NMR and infrared specira.
The r values, intensities and assignments of the NMR
signals of the various compounds are given in Table
IL :

A general feature of all spectra of Table Il is an
A.B. pattern for the phenyl protons which gives two
doublets of equal intensity with Jap= 8 ceps. This
pattern is characteristic of substituents in a benzene
ring in the para positions. In most of the spectra the
peaks for the benzyl protons and the protons of the
methylene groups that are adjacent to the sulfur
atom are not separated but rather consist of a mul-
tiplet. The observed intensities are in all cases identi-
cal with the caleulated values.

The infrared spectra show strong absorption bands
at 1050 and 1190 cm~? due to the sulfonate group.
The region between 2000 em' and 1667 em was
expanded. The speetra in this range show ouly two
bands around 1810 and 1925 em™'. This pattern is
further evidence for a 1,4-disubstituted benzene {5).

The synthesis of compounds with an isolated sulfur
atom in the side-chain was undertaken since the con-
figuration of such an atom is closely analogous to
that of a methylene group and would therefore confer
on the molecule physical properties similar to those . of
the LAS compounds. The sodium p-(thia:n-dodecyl)-
benzenesulfonates were expeeted to be more biodegra-
dable than LAS since the earbon-sulfur bond is kriown
to be more easily broken than a carbon-carbos bond
(3). Also, sulfur compounds are known to frequently
underge enzymic reactions (1).

- TABLE IX .
WME fpectra of Sodinm p-(This.—n—dodecy])benzenesulionates

—CH8— and PLROH:—

Compound Aromatic H —CHa— —CHz Intensities
1-thia- 2.40 2.86 - 7.20 8.73 9.20 2:2:2:18:3
2-thia- 2.80 2.75 7.60° 6.40 8.68 9.08 2:%:2:2:16:3
3-thia- 2.30 2.86 7.30 8.65 9.05 2:2:6:14:3
4-thia- - 2.29 2.86 7.50 8.66 4.05 2:2:6:14:3
5-thia- : 2.25 2.83 ’ 7.50 8.60 9.00 2:2:68:14:3
6-thia- L2227 2.84 -7.50 8.54 9.02 2:2:6:14:3
7-thia- 2.26 2.84 7.50 8.53 9.00 2:2:6:14:3
§-thia- 7 2.25 2.85 7.50 8.62 4.03 2:2:6:14:3
9-thia- . 2.23 2.85. 7.50 8.63 8.98 2:2:6:14:3

 10-thia- 2.33 290 7.50 8.71 8.90 2 4:3

11-thia-. . 2.34 2.92 7.50 8.65 7.96 2:2:4:16:3
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TABLE IiL
Biodegradability of Sedium p-(N-thia-n-dodecyl) benzenesulfonate

Sodivm p-(N-thia-n-doedecyl)- Number of days for 100

benzenesulfonate biodegradation
Method

N At B®
0* 8 T
1 5 5
2 9 7
3 15 14
4 14 14
5 >15 > 14
6 > 15 > 14
7 > 18 > 14
8 > 15 > 14
9 > 13 > 14

10 %15 S14

i1 : >135 > 14

2 Shake fiask mehod, Allred, R, C., E, A. Selzkorn and R. L. Hud-
dlesion, JAOCS 41, 13 (1964). :

b River die-away method, Setzkorn, E, A, R. L. Huddleston and R. C.
Aﬂr%il&gbid, 47, 826 (1964).

e

The results of the preliminary biodegradability
tests are shown in Table TII,

Since the introduction of a single hetercatom in
the alkyl side-chain of the LAS molecule has bestowed
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increased bicdegradability on the molecule in one case,
possibilities would appear to exist for the symthesis
of new and improved biodegradable detergents.

The biological and technical behavior of the ise-
merie sodium p-{thia-n-dodeecyl) benzenesulfonates are
being further investigated, and the results will be
reported in detail in another paper.
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