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Similarly, methyl 9(10) mercaptostearate has been
converted to the corresponding disulfide (10).

Sulfur-containing polymers have been prepared
from some of these dicarboxylic acids, i.e., heating at
90°C of 11-{acetylthio)-undecanoic acid with hexa-
methylene diamine results in the formation of poly-
amides (18). These polyamides (Mol Wt 11,000
20,000) have been converted into fibers.

Uses of Sulfur Derivatives of Long-Chain Acids.
Patent literature contains references deseribing the
commercial value of sulfur derivatives of long-chain
acids. Some of these products are useful as lubricant
additives, coatings, and rubber substitutes; however,
from the point of view of an organie chemist, a great

Vor. 39

deal of work remains to be done. Studies of relation-
ships of structures to properties must be continued
before we can expect much greater benefits of these
materials to the fat and oil industry.
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a-Sulfo Fatty Acids and Derivatives.

Synthests, Properties and Use

A. J. STIRTON, Eastern Regional Research Laboratory,! Philadelphia, Pennsylvania

ATURATED long chain fatty acids react with sulfur

trioxide, chlorosulfonic acid or dioxane sulfur tri-
oxide to give monosulfonation in the a-position. The
reaction is simple, inexpensive and specific. The a-
sulfo acid is a versatile intermediate for salts, esters,
amides, and other derivatives. Use of a-sulfo com-
pounds has been proposed in ore flotation, as surface
active and detergent compositions, detergent bars,
wetting agents, lime soap dispersing agents, as paint
additives, and in lubricant greases.

The higher fatty acids can be sulfonated directly in
the a-position by reaction with sulfur trioxide, chloro-
sulfonic acid, or dioxane sulfur trioxide. «-Sulfona-
tion can be accomplished less directly by the Strecker
reaction of an a-bromo fatty acid with sodium sulfite
(23,27). Direct sulfonation of the higher saturated
acids is specific and leads only to monosulfonation
in the a-position. Reaction of sulfonating agents
with unsaturated higher fatty acids is complex (29):
the reaction of sulfur trioxide in liquid sulfur di-
oxide with oleic acid at —10C gives a product esti-
mated to be about

55% CHj(CH,)CH=CHCH (SO;Na) (CH,),
COzNa,

28% CH3(CH,),CHOHCH (S03Na) (CH,)
CO2Na, and

17% CH3(CH,),CH (0SO;Na) CH (SO3Na)
(CHg) 7002Na.

Studies on the lower aliphatic sulfocarboxylic
acids carried out by Backer and collaborators over
a period of several years have been summarized by
de Boer (8).

The sulfonation of dicarboxylic acids such as glu-
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taric, adipic, azelaic, or sebacie acids by means of
liquid sulfur trioxide, with trichloroacetic acid as
the solvent, results in monosulfonation at the a-
position (16). Methods also exist for the direct
sulfonation of amides, anhydrides, esters (24), soaps
(11), and nitriles (6).

Mechanism of a-Sulfonation

The direct sulfonation of saturated long chain
fatty acids by means of the vapor of sulfur trioxide
or with the stabilized liquid of sulfur trioxide, in
the presence of a relatively inert solvent, appears
to take place with the initial formation of a mixed
anhydride. Further heating is necessary to convert
this to the a-sulfo acid. Some evidence for the
existence of the mixed anhydride can be found in
the early literature on the lower sulfocarboxylic
acids (15), also in the fact that perfluorobutyric
acid reacts with SO; to form a mixed anhydride
sufficiently stable to be purified by distillation (13).

a-Sulfonation apparently occurs as follows:

RCH,CO.H + 8§03 ——> RCH2C0:-S0:H
—— [RCH.COs)- + *[SO3H]

5
0
5 &

——> |R CH C + *[SOsH]
H O

|
SOsH
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This mechanism is similar to that for the o-
bromination of fatty acids by the Hell-Volhard-
Zelinskil reaction, catalyzed by phosphorus to form
the acid bromide as an intermediate (39). There are
other similarities in the two reactions. Both reac-
tions are simple, direct, and specific. Only mono-
substitution occurs and only in the «-position; and
no reaction takes place in the absence of an «-hydro-
gen atom. ’

Proof of Structure

Proof that sulfonation occurs in the a-position is
furnished by the following reaction cycle (52):

RCH,C0,H
SOs
P Br,
ROHBrOOBr «— 2% RCoH C03Na) CO.H

NH3 Hgo NaOBr

CS(NH,).
————>5 RCHSHCO0,H

RCHBrCONH, RCHBrCO.H
a-Bromopalmitamides identical in melting point
and X-ray pattern were obtained from palmitic acid,
in each of three routes: (I) sulfonation, reaction
with phosphorus pentabromide, reaction with aque-
ous ammonia; (II) bromination to the a-bromo acid
bromide, hydrolysis to e-bromopalmitic acid, con-
version to a-mercaptopalmitic acid, oxidation to
sodium e-sulfopalmitic acid, reaction with phos-
phorus pentabromide, and reaction with aqueous am-
monia; (III) bromination to «-bromopalmitic acid
bromide and reaction with aqueous ammonia.

Comparison of Sulfonation Methods

Sulfur Trioxide. Sulfur trioxide may be used as
the liquid or as the vapor mixed with air or nitrogen.
A convenient laboratory method, applicable to solid
saturated fatty acids from lauric to behenic, and to
commercial hydrogenated tallow acids is illustrated
(43). Stabilized liquid sulfur trioxide, 1.25 moles,
was added dropwise in 30 min to a stirred slurry
of 0.78 moles of palmitic acid in 500 ml of carbon
tetrachloride. The mixture was stirred and heated
1 hr at 60-65C, cooled to 0C, and filtered. The filter
cake was washed with cold carbon tetrachloride and
dried in a vacuum desiccator to constant wt to give
an 856% yield of a-sulfopalmitic acid as a gray prod-
uet, estimated purity 989%. Lighter colored products
can be obtained by the use of sulfur trioxide vapor,
distilled from the stabilized liquid and mixed with
nitrogen. Chloroform or tetrachloroethylene can be
used in place of carbon tetrachloride.

Methods in the patent literature include sulfona-
tion with sulfur trioxide dissolved in liquid sulfur
dioxide, added to the fatty acid in liquid sulfur
dioxide (24); and sulfonation with the mixed vapor
of sulfur trioxide and butane, with butane as the
solvent (7).

Sulfonation Without Solvent. Direct sulfonation
without use of solvent is possible, particularly with
fatty acids liquid or semi-liquid near room temp.
The dark viscous reaction mixture and difficulties
in filtration may require isolation of the sulfonation
product as the sodium salt or as an easily purified de-
rivative, rather than as the a-sulfo fatty acid (17,
49).
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Direct sulfonation without use of solvent is illus-
trated in the a-sulfonation of a commercial coconut
oil fatty acid forerun composed of about 429 cap-
rylie, 28% ecapric, 24% lauric and 6% myristic acid,
with an average composition corresponding to eapric
acid. The sulfonation product was not isolated but
esterification at the carboxyl group was accomplished
in the same vessel, catalyzed by the presence of the
sulfonic acid group in the same molecule (32).

A mixture of sulfur trioxide vapor 1.12 moles, and
nitrogen was passed into 0.95 mole of the semi-liquid
forerun at 14C with agitation. The temp of the dark
viscous reaction mixture reached a maximum of 64C.
Toluene and 10% excess of 2-ethylhexanol were
added and the sulfonated acids were esterified ; water
was removed azeotropically. The reaction mixture
was neutralized with sodium hydroxide and the prod-
uct was isolated after recovery of solvent as the
sodium salt of the 2-ethylhexyl ester of a-sulfo coco-
nut oil fatty acid forerun—an excellent wetting agent
quite stable to acid or alkaline hydrolysis.

Chlorosulfonic Actd. Chlorosulfonic acid is a con-
venient sulfonating agent and may be used in about
the same way as liquid sulfur trioxide (3,17). It is
somewhat more expensive and the hydrogen chloride
evolved may cause corrosion difficulties.

Very little reaction with the higher fatty acids
takes place below 50C and a final temp of 70C is
required to complete the reaction. In contrast liquid
sulfur trioxide accomplishes 309 sulfonation in 30
min at 25C and reaction is complete at 60C. Because
of the higher reaction temp there is no improvement
in color of the product.

Dioxane Sulfur Trioxide. Dioxane sulfur trioxide
is useful in the a-sulfonation of substituted long
chain fatty acids such as 9,10-dichlorostearic aeid,
9,10-dihydroxystearic acid and phenylstearic acid, to
avoid reactions which involve the chlorine atoms, hy-
droxyl groups, or the benzene ring (38.49).

Phenylstearic acid from the Friedel and Crafts
reaction is a mixture of several isomers with the
benzene ring substituted at various positions in the
fatty acid chain, apparently mainly at the penulti-
mate C atom with little or no substitution at the o
or » position (26).

Sulfonation with dioxane sulfur trioxide in carbon
tetrachloride gave disodium a-sulfophenylstearate in
a yield of 57%.

a-Sulfonation rather than ring sulfonation was
established by ultra-violet absorption spectra and
oxidative degradation. Sulfonation of palmitic or
stearic acid with dioxane sulfur trioxide results in
color improvement and the isolation of a white or
cream colored a-sulfo fatty acid (49).

a-Sulfo Fatty Acids and Their Salts

Most of our research has concerned the reaction
of sulfur trioxide with the saturated acids of tallow,
isolation of the a-sulfo acid, further reaction to form
salts, esters, amides and other derivatives, and char-
acterization of the a-sulfo acids and their derivatives
to demonstrate the relation between structure and
useful properties (4,5,20,31-36,40-52).

a-Sulfonation of the higher saturated fatty acids
with sulfur trioxide has many economic advantages.
The reactants are cheap, reaction is simple and spe-
cifie, and there is a large increase in molecular
weight. The isolated a-sulfo fatty acid has several
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TABLE 1
a-Sulfo Fatty Acids and Mono- and Disodium Salts

Critical
Solubility | Surface | e,
in water, |, ,%15(‘)(7{]’ . | concentra-
25C, % d" , el tion *
ynes/cm. 25C, ¢
a-Sulfolauric acid.... RO B {409 0.36
a-Sulfomyristic acid P 37.1 0.07
a-Sulfopalmitic acid 25 41.5 0.02
a-Sulfostearic acid... 13 43.5 0.0035
Na a-Sulfopelargonic acid... 18 49.6 1.00¢
Na a-Sulfolauric acid...... 0.42 32.7 d
Na a-Sulfomyristic acid 0.11 30.2 o
Na e-Sulfopalmitic aci 0.02 - d
Na a-Sulfostearic acid. 0.01 Lt d
Naz a-Sulfopelargonate... b 60.2 | ¢
Naz a-Sulfolaurate....... 4.30 69.3 | ¢
Naz a-Sulfomyristate 1.50 62,8 ! e
Nas a-Sulfopalmitate. 0.25 44.3 ‘ .d
. 0.10 . i .d

a Pinacyanole Chloride method (10).

b Solubility greater than 25%.

¢ Not measured; solubility less than 0.1¢, at 25C.

4 Splubility of the sodium salts is an approximate value for the ecme.

¢ Do not form micelles except at high concentrations.
indicated uses and is a versatile intermediate for
the formation of surfactants and other types of use-
ful products. Because of this a-sulfo tallow acids are
potentially the cheapest derivatives that can be made
from animal fats. «-Sulfopalmitic acid and e-sulfo-
stearic acid are now commercially available (1,2).

The a-sulfo higher fatty acids are easily soluble
in water and organic solvents. They exist as colloidal
electrolytes in aqueous solution, lower the surface
tension of water and have the detergent, wetting,
foaming, emulsification and other characteristies of
surface active agents. The eme (critical micelle
concentration, the concentration at which micelles
begin to form from simple ions and molecules) has
been measured by surface tension, dye titration and
conductance methods (46). The a-sulfo acids are
both strong and weak acids with pH values of 4.5
and 8.8 at the equivalence points (40). Compari-
sons of the e-sulfo acids and the mono and disodium
salts are shown in Table L.

On neutralization of the sulfonic acid group to
form the monosodium salt there is a sharp decrease
in solubility. Disodium salts formed by complete
neutralization are somewhat more soluble. Because
of the limited solubility of the monosodium salt the
sulfonation product can be easily isclated in a pure
state by precipitation as the crystalline monosodium
salt, by adding aqueous sodium chloride or sodium
sulfate, or by partial neutralization. Disodium salts
are easily converted to monosodium salts by heating
with dilute sulfuric acid. Solubility of the sodium
salts increases rapidly with temp.

Sodium e-sulfopelargonic acid and disodium a-
sulfopelargonate, laurate and myristate are easily
soluble but at ordinary wuse coneentrations (0.1-
0.4%) they are primarily simple electrolytes, do not
markedly lower surface tension, and do not have
significant wetting, foaming or detergent properties
(34).

A comparison of alkali, alkaline earth and tri-
ethanolammonium salts of a-sulfopalmitic and o-
sulfostearic acids showed that the acid lithium, acid
triethanolammonium and neutral magnesium salts
readily form concentrated micellar solutions at room
temp. In general salts forming micellar solutions at
lower temp have better foaming and detergent prop-
erties (44).

Monoesters and Diesters

The carboxyl group of an a-sulfo fatty acid or
the monosodium salt is readily esterified with a pri-
mary or secondary alcohol to give a wide range of
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esters of the general formula RCH(SO3Na)CO.R’
(4,5,31,32,34,40-4246). Three examples illustrate
convenient laboratory methods to obtain esters of
analytical purity.

Sodium Isopropyl «-Sulfostearate. A mixture of
3.3 moles of isopropanol and 0.3 mole of o-sulfostearic
acid heated and stirred 6 hr at reflux temp, cooled,
neutralized with solid sodium carbonate, decolorized
with carbon and erystallized at —10C gave sodium
isopropyl a-sulfostearate, yield 79%.

Disodium 2-Sulfoethyl a-Sulfostearate. A mixture
of 0.207 mole of sodium isethionate, 0.20 mole of a-sul-
fostearic acid and 250 ml of toluene was heated and
stirred 6 hr at reflux temp with azeotropic removal
of water of esterification. The esterification mixture
was neutralized with aleoholie sodium hydroxide and
evaporated with recovery of solvent. The residue
was dissolved in water, unreacted o-sulfo acid was
removed as the monosodium salt, ethanol was added
and disodium 2-sulfoethyl a-sulfostearate,

C16H33CH (SO3Na) CO,CHCH.S0;Na,

was crystallized from aqueous aleohol at —15C in a
vield of 66%.

Sodium Nonyl «-Sulfopelargonate. A mixture of
0.11 mele of n-nonanol, 0.10 mole of sodium a-sulfo-
pelargonic acid, 200 ml of toluene and 2 ml of con-
centrated sulfuric acid was heated and stirred at
reflux temp with azeotropic removal of water. The
esterification mixture was neutralized with aqueous
sodium carbonate and evaporated with recovery of
solvent. Crystallization from 509 ethanol at —20C
gave sodium nonyl e-sulfopelargonate, yield 70%.

The examples show that use of the a-sulfo fatty
acid does not require an esterification catalyst. Tolu-
ene to remove water of esterification facilitates the
reaction and makes it possible to use low molar ratios
of the reactants. Sulfonation and esterification in situ
was described under sulfonation methods.

Properties of Monoesters. Blocking the carboxyl
group by esterification results in a much more soluble
surface active agent, more resistant to precipitation
by metal ions than the corresponding sodium a-sul-
fomyristie, palmitic, or stearic acid. The esters as a
class are characterized by an unexpected resistance
to hydrolysis, which increases their general field of
application. Esters of primary aleohols are more re-
sistant to acid than to alkaline hydrolysis; esters of
secondary alecohols are very stable to either acid or
alkaline hydrolysis. Resistance to hydrolysis may be
generally attributed to protection of the carboxylate
linkage by the adjacent sulfonate group through sterie
hindrance. Relative rates of hydrolysis of these and
related esters are shown in Table II (5,31,34,41).

Examination of a series of esters of general formula
RCH (S03;Na)COoR’ of 14-19 C atoms derived from
propionie, butyrie, pelargonie, laurie, myristie, pal-
mitic, and stearic acids showed the esters were pri-
marily either wetting agents or lime soap dispersing
agents, depending on structure and chain length.
Properties examined were surface and interfacial ten-
sion, eme, Ca** stability, wetting, foaming, detergency,
and lime soap dispersion power (31,32).

Esters which are primarily wetting agents are those
of 15-17 C atoms with the hydrophilic portion at or
near the middle of the molecule, a symmetrical or
nearly symmetrical structure. These are character-
ized by relatively high eme and low surface tension
values. Examples are:
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C7H15CH(SOgN&) COzCGng
C7H15CH ( SOgNa) 00207H15
Clngch(803Na) COQC4H9
010H210H(803Na) CO2C§H11

Esters which are primarily lime soap dispersing
agents have an unsymmetrical structure with the hy-
drophilic portion at or near the end of the molecule;
characterized by lower cme and higher surface tension
values and greater Ca** stability. Examples of the
best detergents and lime soap dispersing agents are:

CH;CH (SO3Na) CO2C14Hag
012H25CH (SOgN&) COQCHg
C14H2CH (SO3Na) CO.CH;
014H290H (SOgNa) COQC2H3
016H33CI'I(SO3N3,) OOQCHg

Table 111 lists representative esters to illustrate rela-
tions between structure, chain length, and properties.
The sodium methyl, ethyl, propyl, butyl, and amyl
a-sulfolaurates, myristates, palmitates, and stearates
have sharp melting points; others do not melt below
200C or pass through a glassy state prior to melting.
Branching by the use of a secondary alecohol or a
branched chain primary aleohol improves wetting
properties.

Sodium dodecyl a-sulfobutyrate C.H;CH (SO3Na)-
CO,C12Ho; and sodium ethyl a-sulfomyristate CioHos-
CH (SO3Na)CO2CoH; are counterparts, with R and
R’ interchanged, and have remarkably similar prop-
erties.

The isethionate esters, with two hydrophilic centers,
are very soluble, have high eme values, excellent Ca**
stability and are excellent lime soap dispersing agents
(41,42,46).

Diesters. Reaction of the mono- or disilver salt of
a-sulfopalmitic or stearic acid, or of the silver salt of
an alkyl ester, with alkyl iodides, gave corresponding
esters as shown (48):

ROH(80;A¢)CO.H , RCH(SOR') CO,H
RCH (S0;A2)C0.Ag _ B1  RCH(SO4R')CO.R’
ROH(80;Ag) CO,R” RCH (SO3R") CO,R”

The silver salt method is a convenient and tradi-
tional laboratory method. A practical method is the
reaction of an «-sulfo fatty acid with ethylene, cata-
lyzed by boron trifluoride (21):
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TABLE 1I
Rate Constants, Acid and Alkaline Hydrolysis

N/3H2804100C | N/10NaOH, 100C

Ester . L
a Relative , Relative
k ! rate ks rate
Na di(2-ethyl- ; I
hexyl)e® ..l a0.0033 21 . b
a-sulfosue | | |
BEe.ccneecnre e ! B0.0156 ! 100 | 0.9 100
Na hexyl a-sulfo | i approx
pelargonate................... i 0.0020 13 i 016 18
Na capryl a-sulf I !
pelargonate 4 0.0010 6 0.0092 1
Na methyl a-sulfo- ;
palmitate......c...cieeeinins 0.0047 i 30 0.14 16
Na sec. butyl a-sulfo- |
palmitate..........ooociunine. i 0.0021 0.2
Naz 2-sulfoethyl
a-sulfopalmitate............ 0.0051 33 1.0 110
Na 2-sulfoethyl too rapid
oleate......cocoevveiiiniiniinnns | to measure 4.3 480

a k1 (First order) = 1/t In a/a—x, min-1,

b ko (Second order) == 1/t x/a(a—x), 1./moles X min.

¢ Acid hydrolysis occurs in stages, first at the unprotected ester link-
age (B), then at the linkage adjacent to the sulfonate group (a). The
value for alkaline hydrolysis is an approximation at the mid point; hy-
drolysis is too rapid to measure rates stepwise.

a4 Ester of CeHisCHOHCHSs.

RCH(SOz;H)CO.H + 2CH, = CH,

The dialkyl esters are low melting solids soluble in
organic solvents; they are insoluble in water and are
not surface active. From infrared spectra (48) and
analogy with dialkyl malonates, dialkyl sulfoacetates
(15,22), and trialkyl phosphonoacetates (19), they
may possess an active «-H atom and have malonic
ester characteristics. They are quite suseceptible to
hydrolysis at the sulfonic acid ester linkage (48).

Monoamides and Diamides

Monoamides of a-sulfo lower fatty acids have been
prepared by dehydration of the amine salt (8), the
Strecker reaction (8,23), and reaction of the a-sulfo-
carboxylic acid chloride with ammonia or an amine,
The latter method was applied to palmitic and ste-
aric acids (47).

Reaction of a-sulfopalmitic or stearic acid with ex-
cess of thionyl c¢hloride and further reaction with an
amine in a chlorinated solvent gave the amide, iso-
lated as the sodium salt, with properties shown in
Table IV. Diamides are by-products as will be shown
later.

The monoamides have properties similar to corre-
sponding monoesters but lower values for the critieal
micelle concentration. The alkanolamides and the
N-methyl tauride are easily soluble, very resistant to

TABLE I1I
Structure and Properties of Monoestrs
Total a Wetting Lime soap Ca++stabil-
Ester number of m.p. cme time, 0.1%, dispersion ity p.p.m.

C atoms % seconds P power %c° CaC0ad
Na dodecy] a-sulfohutyrate ¢ 16 0.068 5.5 14 | f
Na amyl a-sulfopelargonate... 14 0.515 12.1 >100 630
Na octyl a-sulfopelargonate... 17 i 0.080 1.3 14 300
Na capryl a-sulfopelargonate & 17 | 0.134 1.3 18 520

i instan-

Na 2-ethylhexyl a-8ulfopelargonate....cc...ccvveeevevveeerieeisereesiieeessenennns 17 | 0.070 taneous 24 530
Na 2-ethylhexyl ester of a-sulfo coconut oil fatty acid forerun 18 i e e 5 15 500
Na methyl a-sulfomyristate.... 15 125-6C 0.096 12.5 L I
Na ethyl a-sulfomyristate ¢. 16 118-19.2C 0.068 6.7 8 | . f
Na methyl a-sulfopalmitate 17 180.9-2.8C ! 0.015 25.0 9 P
Na methyl a-sulfostearate... 19 179.8-180C 0.003 47.0 9 300
Na propyl a-sulfostearate... 21 72.3-3.6C ] 0.003 1138.0 12 460
Na isopropyl a-sulfostearate.. 21 75.8-7.2C 0.004 94.0 12 | L T
Na allyl a-sulfostearate.......... 21 | 99.2-100.5C ‘ 0.004 90.0 12 740
Naz 2-sulfoethyl a-sulfostearate 20 D e | 0.100 500.0 5 0 .

a Critical micelle concentration, Pinacyancle Chloride method (10).

b Draves test, time in seconds required to sink a 5g cotton skein (14).
¢ The number of grams of ester required to disperse the Ca soap formed from 0.025g of Na oleate, expressed as 9.

greater compatibility with soap in hard water (9).

Lower values indicate

Titration to a turbidimetric end point with Ca acetate, expressed in terms of stability of the indicated value of water hardness (53).

e Counterparts, R and R’ of ROCH(S0sNa)COzR’ interchanged.
f Excellent Ca*+ stability, >1800 p.p.m.
& Bster of CeHi1s((HOHCHa..
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TABLE IV
Sodium a-Sulfopalmitamides and a-Sulfostearamides
C]?’{_* Lime
ty ig-
ROH(SO:Na)CONR'R” |  mpe | Krafft) eme o | pen i
boin % CaCOs | power
(53) | %(8)
a-Sulfopalmitamides
—NHa i e 61C 0.029 430 5
(105C)
—NHC:Hs.. .| 188.5-9C 29C 0.024 840 6
—NHC:HOH.............| ... 340 0.025 | >1800 7
a-Sulfostearamides
—NHas... UOIRRIRRIN SN 78C | o]
(143-54C)
—NHC:Hs.. 184—5C 38C | 0.007 | ...
~-NHC:H4«OH.............. 42C 0.010 1540 5
(78-9C)
—NHCH2CHOHCHa... 16465)0 5C 0.005 1350 7
(85
—N{(C2HsOH)z.ou... 198C dee, 3¢ | ... 1500 1R
—N(CHz)C2HsS0sNa.i ... 5C ceeer [ >1800 7

2 Five amides did not melt nor decompose below 200C; others passed
through a glassy stage at the point indicated in parentheses, prior to
melting.

b The Krafft point is a convenient way of expressing relative solu-
bility. It is the temperature at which a 19 dispersion becomes a clear
solution on gradual heating (12).

¢ Critical micelle concentration, Pinacyanole Chloride method (10).

hydrolysis and have excellent caleium stability and
lime soap dispersion power.

Diamides. Diacid chlorides would be useful inter-
mediates for the formation of diesters or diamides
but attempts to form the diacid chloride indicate the
actual product is a carboxylic acid chloride sulfonie
acid anhydride, |[RCH(COC1)S021,0, which on reae-
tion with ammonia or an amine gives a mixture of
mono and diamides (48).

Reaction of disodium a-sulfostearamide and phos-
phorus peutachloride in phosphorus oxyvehloride, and
amidation with dry ammonia gave 729 vield of prod-
uct found to be 58% wmonocamide, 42¢z diamide.
Melting points of the simple diamides of a-sulfo-
palmitic and stearic acids and the diamides of a-sulfo-
stearie acid from ethanolamine and isopropanolamine
are as follows, respectively: 166.8-167.5C, 166.4-
166.9C, 160-165C, 84-85.6(.

Tike the diesters the diamides are not very water
soluble and are not surface active agents in the usual
seuse. Because of the acidic sulfonamide group they
are soluble or dispersible in alkali.

Reduction and Decarboxylation

Besides esterification and amidation other methods
for the transformation or elimination of the carboxyl
group are the metal borohydride reduction of the car-
boxylic ester to a primary alcohol; and alkaline de-
carboxylation to an alkanesulfonate of one less C
atom (45).

Reduction. 1-Hydroxy-2-alkanesulfonates, isolated
as the sodium salt were prepared by sodium or lith-

TABLE V

Sodium a-Sulfo Fatty Acids, Hydroxyalkanesulionates
and Alkanesulfonates

Total Krafft
number of point
C atoms (12)
RCOH (802Na) COH
CieHzsCH (S0sNa) CO:H 14 68C
C1sH20CH (S03sNa) COzH. 16 83C
C16H3sCH (803Na ) CO2H 18 94C
RCH (S03Na) CH:0H
CieHasCH (SO3Na) CH20H 14 73C
C1sHaoCH (SQsNa ) CH0H. 16 84C
C1sHasCH (803Na) CH0H 1R ‘i 93¢
RSOsNa i
C1sHr80sNa 13 | 35.5C
C14H20803Na. 14 48C
Ci1sHs180sNa, 15 48C
C16HasS0OsNa. 16 57C
CirHss80sNa. 17 62C
CuHn80sNa 18 70C
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ium borohydride reduction of sodium or lithium alkyl
a-sulfolaurates, myristates, palmitates or stearates.

In all cases the only products were the sodium
1-hydroxy-2-alkanesulfonate and the hydrolyzed un-
reduced ester recovered as the disodium salt. The
vield of the sulfo alcohol, corrected for recovered
starting material was 100%.

Decarborylation. Desulfonation rather than decar-
boxylation occurred on heating a-sulfopalmitic acid
in boiling o-dichlorobenzene in the presence of phos-
phoric acid, and palmitic acid was recovered in a
vield of 779%. Attempts to use a recent decarboxyla-
tion method (7) by simply heating sodium a-sulfo-
stearic acid at 265C under nitrogen gave in our case
similar desulfonation to stearic acid.

Alkaline fusion by heating and stirring disodium
a-sulfomyristate. palmitate, or stearate with excess
sodinm hydroxide under nitrogen to 300-320C gave
30-50% vield of the sodinm alkanesulfonate of one
less C atom.

A by-product was identified as the soap of two less
C atoms apparently formed by desulfonation to the
soap of an g-olefinie acid followed by the Varren-
trapp reaction:

RCH,CH (S0O3Na)CO2Na + NaOH ——
ROH = CLICO,Na + NasS0, + Ho0;

RCH = CHCO,Na + NaOH + H»0
_— RCOgXa + CH%COQN& + Hg

Alkaline fusion of disodium e-sulfomyristate and
separation of the products gave 20% recovered as
sodium a-sulfomyristic acid. 39% sodium tridecane-
sulfonate and 23% sodium laurate, verified by mixed
melting point, infrared spectra and gas liquid ehro-
matography of the fatty acid.

The Krafft points of the monosodium salts of a-sulfo
acids, sodium 1-hydroxy-2-alkanesulfonates, and so-
dium alkanesulfonates are shown in Table V. So-
dium alkanesulfonates of an even number of C atoms
were prepared from alkyl bromides by the Strecker
reaction.

The sodium alkanesulfonates have the lowest Krafft
points and are the most soluble. Hydrogen bonding,
such as indicated by the diagram, may ecxplain the
limited solubility of the salts of the sulfo alcohols and
sulfocarboxylic acids:

n H ONa

/
C—0___H. ..0=8
AN

£ 5§
RCH HCR
§=0....1___0-(

Z N\ 7N\
OXNa O H II

Uses

Many potential uses, some of which may be close to
realization have been suggested and deseribed for the
long chain a-sulfo acids, their salts, esters, and amides.
a-Sulfopalmitic acid and a-sulfostearic acid have been
suggested for use in ore flotation, the non-metallic
beneficiation of sand, in emulsion polymerization, and
as a versatile inexpensive chemical intermediate (1,2).
Recent patent and technical literature shows the use
of the monosodium or monoammonium salt of a-sulfo-
palmitic or a-sulfostearic acid as a dye intermediate
(28,30), the use of lithiun and caleinm salts in high
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dropping point grease compositions (25), and barium
sulfostearate as a paint additive to improve hardness,
flexibility, adhesion, and corrosion resistance (37).
Figure 1 outlines the reactions of the o-sulfo acids
and the types of useful products.

Our laboratory evaluation methods include the
measurement of several properties to disclose or sug-
gest appropriate application as surface active agents.
Properties of particular interest are solubility, sur-
face and interfacial tension, the critical micelle con-
centration, stability to hard water and various metal
ions, stability to acid and alkaline hydrolysis, wetting,
foaming, detergent, emulsifyving, and lime soap dis-
persion properties. Based on this type of laboratory
evaluation the various e-sulfo compounds have many
useful properties.

Disodium salts of «-sulfonated hydrogenated tal-
low acids may be used to advantage as a component
in detergent compositions along with tallow alcohol
sulfates, sodium dodecylbenzenesulfonate, and inor-
ganic builders (33,35). Experimental detergent bars,
100% active, based on the monosodium salt of a-sul-
fonated hydrogenated tallow acids with the carboxyl
group partially neutralized with ammonia and amines,
were made in small scale conventional soap bar form-
ing equipment. Detergent bars with a representative
composition

72% RCH(S803Na) CO.H,
8% RCH (SO04Na) CO,NH (C.H,0H ).,
20% RCH (S03Na) CO.NTI,

have attractive hardness, solubility, lather, and dish
life characteristies (50,51).

Soap-syndet bars containing 10-209% sodium methyl
a-sulfostearate have been made by melting the soap,
adding the ester, and permitting the mass to cool in
cake form (18).

Esters of the general formula RCH(SO;Na) COLR’
because of stability to acid, alkali, hard water, and
various metal ions appear to have excellent charac-
teristies as industrial surface active agents in appli-

CO
/A
RCH Ba
N7
S0z
RCHCO,H
paint additive
SO3MH(CH),0H) 4 ALHCO,LE
shampoas | .
liquid Syndet. 503L1

grease additive

ore flotation
beneficiation of
sands

S0, 504l
1lime” soap
dispersing agent

NaCl

$a0H

RCHCOpNa > RCHCOpH ————> RQHCO nal
50, |
S03la L‘)O}I‘ia 30, Ya
component in su r%ac\,ant, emulsifying
detergent agent, lime soap dispersing
composition RCHCOQNH(CQHbOH)3 agent, wetting agent, liguid
l syndets
S0,Na

de%ergent bar

Fig. 1. Reactions of a-sulfo fatty acids and types of
useful produets.
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cations such as acid dyeing, pickling, and electroplat-
ing (34). Symmetrical esters with the hydrophilic
portion in about the middle of the molecule, with
R.=-R’, such as sodium eapryl a-sulfopelargonate,
were found to equal or surpass the most efficient com-
mereial wetting agents and to have much greater
stability to acid and alkaline hydrolysis (31,32).
Polymerized sodium allyl e-sulfopalmitate and ste-
arate are excellent emulsifying agents (4,5).

Several of the a-sulfo compounds are sufficiently
soluble to enter into liquid syndet formulations. Ex-
anmples are triethanolammonium a-sulfopalmitie acid,
sodium isopropyl a-sulfostearate, disodium 2-suifo-
ethyl e-sulfopalmitate and the isopropanolamide of
sodium a-sulfostearic acid. The unsymmetrical esters
of a-sulfomyristic, palmitic, and stearic acids, such as
the methyl, ethyl, and isopropyl esters, are good lime
soap dispersing agents compatible with soap in hard
water. Disodium 2-sulfoethyl a-sulfostearate and so-
dium a-sulfopalmitamide are also good or excellent
lime soap dispersing agents (32, 41, 42, 47).
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Aldehydic Materials by the Ozonization of Vegetable Oils’

E. H. PRYDE and J. C. COWAN, Northern Regional Research Laboratory,” Peoria, Illinois

OZONIZATION of oleic acid to produce azelaic and
pelargonie acids is a well-known commercial proe-
ess (3). These acids, which are used for preparing
various synthetic lubricants and plasticizers, result
from oxidative decomposition of the ozonolysis prod-
ucts. Alternatively, reductive decomposition either
with zine and acetic acid or with hydrogen over a
palladium-charcoal catalyst produces aldehydic ma-
terials. This paper discusses the preaparation of
various aldehydic compounds by the ozonization of
unsaturated vegetable oil products followed by reduc-
tive decomposition of the ozonolysis products and
summarizes the research carried out for the past
several years at the Northern Laboratory.

The ozonization of monounsaturated compounds will
be deseribed first, followed by a discussion of poly-
unsaturated compounds and the more complex un-
saturated vegetable oil systems. Reactions and poten-
tial uses for these aldehydic compounds will then be
considered.

Ozonization of Methyl Oleate

Effect of Solvent. Reduective decomposition of the
ozonolysis products obtained from methyl oleate gives
the products pelargonaldehyde and methyl azelaalde-
hydate. This reaction has been known and used for
many years, but results were complicated by the
presence of side reaction products and yields have
been generally low (41). The best preparative method
gave 60-70% yields, and consisted of ozonization in

H
[CH —~CH— ——P—CH00+0 -

1 —cuoo {cuoocnotﬂ»

— C—O

— C(H=CH—
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1 ROy choon
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1 2% o cHoon
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F'16. 1. Criegee mechanism for ozonization.

1Presented by E. H. Pryde.
2 A laboratory of the Northern Utilization Research and Development
Division, Agricultural Research Service, U.S.D.A.

acetic acid followed by reaction with zine (25). Dis-
tillation of either freshly prepared or stored reaction
product gave residues which were apparently the
aldehyde trimers.

Recently, Criegee and coworkers elucidated the
mechanism of the ozonization reaction and the types
of products obtained in different solvents (16). This
work has been reviewed in a general review of the
ozonization of organic compounds (5). Alcohols, par-
ticularly methy!l and ethyl aleohols, as participating
or reactive solvents are apparently to be preferred.

In our investigations with methyl oleate, methanol
proved to be the best solvent (Table I) {31). Metha-
nol reacts somewhat with ozone, and this secondary
reaction accounts for the 219% in excess of theory
ozone consumed. The products of this secondary re-
action do not interfere in the oximation analyses for
carbonyl or isolation of carbonyl compounds (24);
however, they apparently do interfere in chromato-
graphic analyses (9). The ozone uptake is essentially
quantitative, only 1-2% escaping near the end of the
reaction. As measured before isolation of produets,
the conversion of unsaturation to earbonyl compounds
was 92-939% of theory. Temp of the ozonization
within the range of —20 to +25C had little effect.
The yield of crude product after isolation by distil-
lation was 94%, and its purity was in excess of 90%.
The prineipal impurity was dimethyl acetal of methyl
azelaaldehydate. In other runs where care was taken
to minimize acetal formation, purities were even
higher.

With acetic acid a product of high purity was
obtained bhut in low vields. The low vield may have
resulted from the presence of acidiec compounds dur-
ing isolation of the products by distillation. We found
in several preparations that all traces of acidity must
be removed to prevent high residues resulting from
distillation.

The superiority of methanol as a medium for ozoni-
zation has also been demonstrated when oxidative
cleavage is used for analytical purposes (1). Not
more than 3-5% chain degradation occurred, in con-
trast to the large amount of degradation that occurred
with other solvents.

The explanation for the superior results obtained
in methanol depends on the Criegee mechanism for
ozonization (Fig. 1). The primary ozonide, evidence
for which exists only for trans di(tert-butyl)-ethylene
(18), immediately forms a transient intermediate
called a zwitterion (1) and a carbonyl compound. The
zwitterion may then react in any one of several dif-



