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oxygenated compounds, whereas no such increase 
occurs by t reatment  with alumina (3).  We have 
confirmed this finding with oils refined by the two 
processes, but  do not believe that  the small amounts 
of triene present in the bleached oils can account for 
their  inferior  quality. An investigation has been made 
of the nature  of the materials removed from the alu- 
mina columns af ter  t reatment  of an oil in an effort 

to determine the mechanism of the improvement in 
quality. This work will be published at a later date. 
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Diesters and Diamides 
a-Sulfostearic Acids 

of a-Sulfopalmitic and 

J. K. WEIL, A. J. STIRTON, and R. G. BISTLINE, Jr., Eastern Regional Research 
Laboratory, 2 Philadelphia 18, Pennsylvania 

u-)dethylsulfopahnitic acid and dimethyl, diethyl, di- 
butyl, and isomeric methyl butyl esters of a-sulfopalmitic 
and stearie acids were prepared and characterized. Re- 
action of a silver salt with an alkyl iodide was preferred 
to the acid chloride method found to involve competing 
side reactions. Diamides of a-sulfopalmitic and steaxie 
acids were prepared from ammonia, ethanolamine, and 
isopropanolamine by an acid chloride method. Infrared 
spectra of representative compounds are discussed. 

T HE DIESTERS Of short chain a-sulfo fa t ty  acids have 
been made in the past either by  reaction of an 

appropriate  silver salt with an alkyl iodide, 
RCt I  (S03Ag) C02Ag + 2R'I --> 

RCH (SOAR') COeR' + 2AgI 

or by reaction of the acid chloride with an alcohol 
or alkoxide, 

RCH(S02C1) COC1 + 2 R ' 0 H  --~ 
RCH (SOAR') C02R' + 2HC1. 

Diethyl  sulfoacetate has been prepared  from the 
silver salt and ethyl iodide by  Franehimont  (1) and 
Manzelius (3) who found this diester to resemble di- 
ethyl malonate in alkylation reactions. Dimethyl  sul- 
foisobutyrate (4) has also been prepared  from the 
silver salt;  and dimethyl, diethyl, and dipropyl  sulfo- 
acetates f rom the acid chloride (6) .  Both methods 
should be versatile in the synthesis of either simple 
or mixed diesters. 

We have found the silver salt method for diesters 
to be easier to carry  out without  complicating side 
reactions. Diesters of a single alcohol were conven- 
ientIy prepared  by the reaction showtt above. Esters 
of the sulfonic acid group only can be prepared 
from the mono-silver salt R C H ( S 0 a A g ) C 0 . , H  and 
an alkyl iodide. Mixed diesters of a-sulfostearie acid, 
Ct~HzaCH(S0aR")CO2R',  were formed from an al- 
kyl iodide R " I  and the silver salt of the monoester 
Ct~HaaCH(S03Ag)C02R' ,  prepared by direct esteri- 
fication of a-sulfostearic acid and conversion to the 
silver salt. 

The acid chloride method for  diesters or diamides 
is less easily adapted to higher f a t ty  acids. Vieillefosse 
(6) succeeded in the preparat ion of CHe(S02C1) COC1 
as a colorless liquid bp 90C/8 mm by heating sulfo- 
acetic acid with excess of thionyl chloride in a sealed 
tube at 120C; and found the sulfonyl chloride group 
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to be less reactive than the carboxylie acid chloride. 
Moll van Charante (4) has reported that  when one 
at tempts to prepare the diaeid chloride of a-snlfoiso- 
butyric  acid at lower temperatures  the anhydride 

[ (CHa)2CS0~]20 } 
COC1 

is the principal  product.  The sulfonie acid anhydride 
is considered to be more reactive than the sulfonyl 
chloride. 

Thus it would seem that  conversion to the diacid 
chloride requires higher  temperatures  than are usual 
for conversion of carboxy]ic acids, yet excessive heat 
must be avoided to prevent  the type of decomposition 
reported by Hemilian (2):  

CH3CH2CH (S 02C1) COC1 -+ 
CHaCH2CHC1COC1 + S02. 

T A B L E  I 

D i e s t e r s o f a - S u l f o  Acids 

Palmit ic  acid 
CI~H~CHCO2H ~ 

S~OaCHa 

C14H._~CHCO2CHa 

S~03CH~ 

C~4H~CHC02C~H5 

S[ 0~C21~ 

Stearic acid 
CI~H~CHCO~CHa 

SIOaCHa 
CI~HaaCHC0:C2H5 

S]0~C2It5 

CI~H~aCI-ICO2C~H9 c 
I 

SOaCdH9 

CleH~CHC 02CH3 d 

S]OaCdtt9 

C1BHaaCHC02CdH9 e 

S[0aCH3 

[eltin~ 
point 

69.5 ~ 

60 ~ 

14 ~ 

65" 

31 ~ 

27 ~ 

30.5 ~ 

29 ~ 

n~ 

1.4450 

1.4376 

1.4340 

1.4389 

1.4353 

1.4372 

1.4379 

1.4380 

Saponification 
equivalent a 

Found The. 1 -L 
17911751976! 
183 182 , 8.77 

199 196 1 8 . 0 7  

201 196 8.05 

211 210 7.64 

249 238 6.97 

216 217 7.16 

217 217 7.54 

%s 

Found Thee. 

9.15 

8.80 

8.17 

8.17 

7.62 

6.73 

7.88 

7.38 

The rel iux t ime was  increased in order  to approach  complete hy- 
drolysis of the carboxylic ester (5 ) .  A 0.3 g sample was  refluxed 3 
h r  with excess of 0 .2  N alcoholic KOH.  

b.e,~,e Systematic names are  as follows: 2-sulfohexadecanoie acid, 2- 
methyl ester;  dibutyl  2-sntfooctadecanoate;  methyl 2-sulfooctadecanoate,  
2-butyl ester; butyl 2-sulfooctadecanoate,  2-methyl ester. 
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Silver Salts. Because of the low solubility of both 
mono- and disilver salts of a-sulfopalmitie and stearic 
acids, purified ammonium salts (7) were used as the 
s tar t ing material  to prepare  the silver salts without 
need for  subsequent crystallization. The monosilver 
salt RCH(SO3Ag)C02H was prepared by adding one 
mole of silver ni t ra te  to one mole of monoammonium 
salt in aqueous solution. To prepare  the disilver salt 
the monoammonium salt was dissolved in water, con- 
verted to the diammonium salt with aqueous ammonia, 
and treated with the ttleoretical amount  of silver ni- 
trate. Silver a-sulfopalmitic acid, silver a-sulfostearic 
acid, disilver a-sulfopalmitic, and disilver ~-sulfoste- 
arate were obtained as white solids, with no melting 
point  below 200C. 

Silver salts of carboxylie acid esters RCH (SOaAg)- 
CO2R' were obtained by esterification of the diacid 
(5) and t reatment  with alcoholic silver nitrate. Silver 
ethyl a-sulfopalmitate mp 59C, silver methyl a-sulfo- 
stearate mp 95C, and silver butyl  ~-sulfostearate mp 
57C were obtained as white solids soluble in alcohol 
and easily soluble in water  to give surface active 
solutions. 

The following example illustrates the method for 
conversion of the appropriate  silver salt to monoesters, 
simple diesters, and mixed diesters. 

Dimethyl a-Sulfopalmitate. Disilver a-sulfopalmitate 
22 g (0.04 mole), methyl  iodide 14 g (0.10 mole) and 
100 ml benzene were s t i r red 1.5 hr  at reflux tempera- 
ture. Yellow silver iodide was filtered from the ben- 
zene solution and washed with petroleum ether. Com- 
bined filtrate and washings were chilled to - 2 0 C  to 
crystallize the product  in 68% yield. Propert ies  of 
the esters are recorded in Table I. 
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FIG. 1. Alkaline hydrolysis of diethyl a-sulfoste~rate at  100C. 
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Stability to Hydrolysis. Figure  1 shows a plot of 
the reciprocal of ester concentration against time for 
the hydrolysis of 0.005 moles of diethyl a-sulfostearate 
with 0.01 mole of sodium hydroxide in 150 ml of 30% 
ethanol at 100C. F rom the curve it appears two hy- 
drolyses are proceeding at different rates, but  because 
of the effect of one upon the other the second order 
constant could not be accurately determined. Toward 
the end of the hydrolysis the rate is about 0.3 liters 
per mole per rain, the same order  of react ivi ty as that 
reported for the carboxylic ester, sodium methyl  a-sul- 
fopahnitate [0.14 liters per mole per rain (5)] .  The 
rate in the early stage, evidently due to the sulfonie 
ester, is about 4 times as fast. Rate of hydrolysis 
of the sulfonic acid monoester, a-methylsulfopalmitic 
acid, was too rapid to be measured under  the same 
conditions. 

Dimethyl a-sulfostearate st irred in boiling water 
without acid or alkaline catalyst hydrolyzed to the 
extent of one equivalent ester group in less than 1 
hr. ~-2Iethylsulfopahnitic acid showed about 50% hy- 
drolysis as it went into solution when quickly heated 
to 75C; hydrolysis at 100C was too rapid for precise 
measurement. 

Mixed Esters. As shown in Table I methyl a-bn- 
tylsulfostearate and butyl  a-methylsulfostearate were 
found to have near ly  the same melting point and re- 
fract ive index. A mixture of the two isomers gave a 
melting point depression of about 5C. Nonideuti ty 
was fu r the r  shown by hydrolysis. On heating with 
one equivalent of sodium hydroxide in 80% ethanol 
at 80C for 1 hr methyl a-butylsulfostearate produced 
sodium methyl  ~-sulfostearate, and butyl  ~-methyl- 
sulfostearate produced sodium butyl  a-sulfostearate, 
identified by melting point and elemental analysis. 

D i a c i d  Chlor ides  and  D i a m i d e s  

In a previous report  (8) the formation was noted 
of diamide by-products when salts of carboxylic acid 
amides were prepared from acid chlorides of a-sulfo- 
pahnitic and stearic acids. Diacid chlorides would be 
attractive intermediates for  diesters, diamides, and 
other derivatives and different methods for their 
formation were explored. Phosphorus pentachloride, 
phosphorus triehloride, phosphorus oxychloride, thi- 
onyl chloride, and oxalyl chloride were caused to react 
with diaeids, monosodium and disodium salts, s~dth 
and without a solvent in the presence or absence of 
an amine catalyst. Acid chloride reaction products 
were converted to the amide for ease of isolation and 
identification. 

The best results were obtained by  the reaction of 
thionyl chloride or phosphorus pentachloride with the 
diaeid or disodium salt in chlorinated solvents, or with 
phosphorus oxychloride as a solvent at 80C. At a 
higher reaction temperature,  120C, the product  con- 
tained chlorine instead of sulfur, probably having the 
s t ructure  RCHC1CONH2 (2). 

In  each case the yield of diamide never exceeded 
50%. This and the fact that  amides cannot be formed 
in aqueous ammonia, showing a much greater reactiv- 
i ty  than has been reported for  sulfonyl chlorides, in- 
indicates that  sulfonic acid al~hydrides 

(RCHS02)20  
I 

COC1 

rather  than sulfonyl chlorides have been formed. 
Dialkanolamides were produced in lower yields as 
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T A B L E  I I  

Diamides of a -Sul fo  Ac ids  

Pahnittic Acid  
C14H290tIC ONHe  

I 
S 0 s N H ~  

Stearic acid 
C~oH~CHCONH~ a 

J 
S02NH2 

~161I~CHCONHC2H~0H b 

1 
S02NHC211~011 

C 1 6 H ~ C H C O N H C H 2 C H O H C H a  c 
I 
S 0 ~ N H C H 2 C H O H C H a  

% N I Melting I 

poinr162 F o u n ~ T h e o .  

1 6 6 . 8 - 1  9 .39  ] 9 .59  / 
167"5~ / 

1 6 0 -  6 .94  7 .12 
165~  I 

84- 6.59 6.70 
85 .6  ~ 

%s 
F o u n d  Theo.  

8 .17 8.38 

7 .59  7 .73  

6 .29 6.22 

5 .57 5 .85 

a,U,c Sys t ema t i c  n a m e s  a r e  as fo l lows:  2 - s u l f a m o y l o c t a d e c a n a m i d e ;  
N-  2 - h y d r o x y e t h y l -  2 - ( 2 - h y d r o x y e t h y l s u l f a m o y l )  o c t a d e c a n a m i d e  ; N-2-hy 
d r o x y p r o p y l - 2 -  [ (2 -hydrox?2aropyl )  su l f amoy l  ] o c t a d e c a n a m i d c .  

by-products in the production of monoamides using 
thionyl chloride (8). An example illustrates the 
method for simple amides. 

-Amidosul fos tearamide .  Disodium a- sulfostearate 
20 g (0.05 mole), phosphorus pentachloride 24 g 
(0.115 mole) and 58 ml of phosphorus oxychloride 
were stirred 3 hr  on the steam bath. Phosphorus oxy- 
chloride was removed under vacuum and the residue 
was dissolved in chloroform. The vessel was sur- 
rounded by an ice bath and a slow stream of ammonia 
was introduced keeping the reaction temperature be- 
low 15C. Chloroform was replaced by ethanol. The 
crude product  crystallized therefrom at 0C in a yield 
of 72% was found to consist of 58% monoamide and 
42% diamide, based on neutral  equivalent and sodium 
analysis. 

Diamide was separated from the monoamide by 
extraction of a 50% aqueous alcohol solution with 
toluene. The toluene solution was re-extracted with 
aqueous alcohol and the diamide was crystallized 
therefrom in 35% yield. Melting points and analyses 
of the diamides are shown in Table II .  

S o l u b i l i t y  

The diesters of Table I are soluble in alcohol, 
petroleum ether, and benzene but insoluble in water. 
a-Methylsulfopalmitic acid became water soluble only 
after the ester group had been hydrolyzed. 

The diamides of Table I I  are insoluble in petroleum 
ether and, except for the diethanolamide of a-sulfo- 
stearic acid which forms a clear 1% gel in hot water, 
all the diamides are water insoluble. 

The simple diamides have a solubility of less than 
1% in 95% ethanol at room temperature, and less 
than 0.1% in hot chloroform or benzene. 

Because of the acidic sulfonamide group the simple 
diamides are dispersible in hot aqueous sodium hy- 
droxide. Both dialkanolamides are soluble in excess 
alkali at room temperature and soluble in equimolar 
amounts of hot NaOH. 

Both dialkanolamides can form 1% solutions in cold 
chloroform, cold ethanol, and hot benzene. The diiso- 
propanotamide of a-sulfostearic acid forms a stable 
1% solution in benzene at room temperature. 

I n f r a r e d  S p e c t r a  

The infrared spectra of dimethyl a-sulfopalmitate, 
a-methylsulfopalmitic acid, and ~-amidosulfopalmitam- 
ide were obtained from 4000-650 cm -1 with a Perkin- 

E l m e r  Model 21 instrument equipped with rock salt 

optics. The spectrunl of each compound was obtained 
by two different techniques: (a) as a Nujol mull and 
(b) as a thin film melted and resolidified between two 
rock salt plates. 

Dime thy l  ~-Sul fopalmi ta te .  The Nujol spectrum 
showed strong bands close to 2900, 1740, 1340, 1165, 
1000, 785, and 720 em -1. Weak OH absorption close 
to 3200 ctu -1 was also observed. The spectrum was 
very similar to that of an authentic sample of di- 
methyl o, sulfoundeeanoate, confirming the presence of 
-COOCt I~  and - S 0 3 C H 3  groups. \ \ 'hen  the sample 
was melted between NaC1 windows and a spectrum of 
the resolidified melt obtained, significant changes had 
taken place: while most of the spectrum remained 
qualitatively similar to that of the Nujol specimen, 
new moderately strong bands appeared close to 3060, 
3200, and 1040 cm -~. The bands in the 3000 em -1 
region are most probably due to strongly hydrogen 
bonded Oil  groups, and the 1000 cm 1 region band 
could also be associated with COH groups. In  con- 
trast the dimethyl ~,sulfoundecanoate does not show 
this behavior. Accordingly it appears that melting 
and rapid cooling resulted in a rearrangement pro- 
ducing OH groups. I f  tenlperatures prevailing dur- 
ing the melting process result in a shift toward the 
enol form, which in turn  does not revert to the keto 
form during relatively rapid cooling, these results 
could be explained. In  any case attention is called 
to the fact that  the two techniques do not produce 
identical spectra. 

a-Methylsul fopalmi t ic  Acid.  The Nujol spectrum is 
qualitatively similar to that of dimethyl a-sulfopalmi- 
tate, but the C = 0 absorption has shifted from about 
1740 to 1725 cm -1, as expected by conversion of a 
- C O O C H 3  group to a - C O O H  group. 

The spectrum of the resolidified nlelt again exhib- 
ited changes somewhat similar to those fomld in the 
molten and resolidified dimethyl ester. Thus, a new 
band appeared close to 1060 cm-L Changes in the 
OH stretching region above 3000 em -1 are difficult to 
evaluate because of OH absorption due to the ear- 
boxyl group. 

~-A m idos l t l fopa l  mi ta  m ide. The Nujol spectrum 
shows NHe bands between 3200 and 3450 cn4 -1, amide 
I and amide I I  bands at 1675 and 1620 cm -~ and 
- S 0 2 -  bands close to 1150 and 1350 cm -1. Again the 
spectrmn of the resolidified melt is sonlewhat dif- 
ferent, due probably to polymorphism in this case. 
Polymorphism may have contributed to the spectral 
behavior of dimethyl a-sulfopahnitate and a-methyl- 
sutfopahnitic acid, but the appearance of OH stretch- 
ing bands in the dimethyl ester cannot be explained 
on this basis. 
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