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HDES of a-sulfonated lower f a t ty  acids have beeu 
prepared  in the past  by methods such as (A)  
the pyrolysis  or dehydrat ion of the amine sal t ;  

(B) the alnmonolysis of the earboxylic acid ester;  
(C) the Streeker reaction of a-ha]ogenated amides 
with a neut ra l  sulfite; (D) the reaction of all a-sulfo- 
carboxylic acid chloride with ammonia  or an anfine. 

(A)  CaH7CH (SOaNHaPh)  C02NHaPh ~--+  
CaHTCIt (SOaN Hal 'h )  C O N H P h  (2) 

(B) ()IIaCH(SOaK)C02C2tt ,~ + NHa ) 
CHaCH (SOAK) CONIt2 ( 1 ) 

(C) R C H B r C O N H 2  + Na2SOa > 
R C H  (SOaNa) C ONH,, ( 8 ) 

(D) R C t t ( S O a H ) C O 2 H  + SOC12----+ 
R C H  (NOAH) CO C1 

RCH (SOaH) COl1 + NHa > 
R C H  (SOaNH4) CONH2 

lu  1940 Mehta and Trivedi  (8) applied the Hell- 
Volhard-Zelinskii and the Strecker reaction (C) to 
the prepara t ion  of long-chain a-sulfonated amides 
from the corresponding a-bromo-amides. The sodium 
salts of the a-sulfonated amides and N-methyl  amides 
/)f laurie, myristie,  palmitie, and stearie acid were 
l)rel)ared, an<l interracial  tension and wett ing prop- 
erties were n l e a s n r e ( t .  

Tile present repor t  concerns the prepara t ion  of ear- 
/ioxylic acid chlorides of a-sulfonated l)almitic and 
stearie acids (D) ,  their  eonversiou t// simple and sub- 
stitltted anlid/% and the propert ies  of the pure  amides. 

Tile action of chlorinatil lg agents on suifoearboxylie 
acids lo llr(~dllce acid chlorides has been variously re- 
I)orle(l. In 1875 Hemil ian  (7) found that  phosphorus 
ilenlachh)l'ille reacts with a-sulfobutyric acid or the, 
bal'iun~ salt Io produce a diaeid chloride which de- 
composes to (L-ehlorobutyryl chloride and sulfur  diox- 
i/le. This reaction has since been used to prove the 
s t ructure  of (L-snlfonates (11) by eonlparison of the 
, -bronmpalm itamide produced by the i lemi l ian  method 
with that  prel lared by the Hell-Volhard-Zelinskii  r eac  
lion. ()thers have found that  diaeid chlorides, such a.s 
(?II._,(S(),,CI)COC1 a n d  (CIIa)2(2(S().,C1)COC1, a re  
stahle and may permi t  perferent ial  esterification at 
the earboxylic acid chloride, followed by amide forma- 
tion at the sulfonic acid chloride group (,9, 10). 

Chlorinating Agents 
Since the acid chlorides of a-sulfopahnitie acid and 

a-sulfostearic acid were f requent ly  dark  viscous liq- 
uids, reagents for the prepara t ion  of acid chlorides 
were evaluated a f te r  conversion to the sodium or am- 
monium salt of the amide, which was easier to pu r i fy  
and analyze. Table I shows the results of experiments  
using phosphorus trichloride, phosphorus pentaehlo- 
ride, oxalyl chloride, and thionyl chloride to form acid 
chlorides front diaeids, monosodiuln salts, and disc- 
d ium salts of a-sulfonated palmitie or stearie acids, 
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T A B L F  1 

Y i e l d  of  A m i d e  U s i n g  D i f f e r e n t  C h l o r i n a t i n g  Agents,  Percentage  

F o r m  of  a - S u l f o n a t e d  A c i d  

D i a c i d  M o n o s o d i -  D i s o d i u m  
u m  s a l t  salt 

P O l a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 . . . . . . . .  None 
PCIa  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 4  . . . . . . . .  4 5  
(COCI ) -~  . . . . . . . . .  : . . . . . . . . . . . . . . . . . . . . . . . . .  2 N o n e  3 5  
SOCI,a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 7  N o n e  53  
SOC12 ( i n  e x c e s s )  . . . . . . . . . . . . . . . . . . . .  4 7  5 5 8  

by heat ing the reactants  for' about 1 hr. at 90 ~ The 
method for  conversion to amides was the same in each 
case: a chloroform solution of the acid chloride was 
poured into a mix ture  of aqueous ammonia  and ice. 
The presence os the sulfonie acid group  seemed to 
facili tate hydrolysis.  When ammonia gas was allowed 
to run  into a solution of the acid chloride (a pre- 
ferred method used ill prepara t ions  described below) 
.yields f rom the diaeid and excess thionyl chloride 
were increased f rom 47% to 70%. Two moles of the 
chlorinat ing reagent  were used except in the last ex- 
perinlent. Use of excess thionyl chloride, to act both 
as solvent and chlorinat ing agent, was the p re fe r red  
method for the labora tory  prepara t ion  of the amides. 

The monosodium salts gave little or n<t reaction 
because of IlO/Ir solubili ty ill the chl/lrinating rea- 
gents. The disodium salts were llOt very soluble, but  
greater  a lkal ini ty  caused the reacti<ltl to pr<lceed with 
the removal of so<lium chh>l'i<le. Use of the, <tiacA<t was 
generally preferred because of greater  solubility and 
because ally unconverted diaci/I was easily renmw+(I 
as the ammonium salt. 

Preparation of a-Sulfonated Amides 
The most sa t is factory nlethod for the prepara t ion  

of carboxylie amides was found to be the reaction of 
the diacid with a large excess of llnrified thionyl chlo- 
ride, followed by reaction of a cold chlorofornl solu- 
tion of tile a/.id chloride with the tlesired alnine ill an 
appropr ia te  solvent. To il lustrate details, the prep- 
arat ion ol' so<lium N-hydroxyethyl-<,-sldf/lstearamide 
is described. 

a-Sulfostearie acid (12), 49.5 g. (0.136 mole),  anll 
100 ml. (1.36 moles) of thi<nlyl chlori<le, rea~el~t g rade  
redistilled over beeswax, were warnled together  slowly 
at first to avoid foaming and then relluxed for all 
hour on the steam bath. Excess thionyl chloride was 
distilled off by using a water  aspi ra tor  and heat ing 
on a boiling water  bath. The dark  viscous liqui<t 
residue was dissolved in 100 ml. of chloroform and 
cooled. The chloroform solution of the acid chloride 
was added dropwise to a st irred solution of 25 g. 
(0.44 mole) of ethanolamine in 100 ml. of chloroform, 
mainta in ing the t empera tu re  below 10 ~ in an ice bath.  
Af te r  s t i r r ing for an addit ional  hour, 95% ethanol 
was added, and chloroform was boiled off on the steam 
bath. The e thanolammonium salt of the hydroxye thy l  
amide was crystallized f rom the alcoholic solution at 
- 2 0  ~ The product  was taken up in 95% ethanol and 
made alkaline with 18 N N a O H ;  tile sodium salt  was 
crystallized from this solution at 0 ~ Another  crystal-  



296 Vob. 37 T H E  J O U R N A L  O F  T I l E  A M E R I C A N  O I L  C H E M I S T S '  S O C I E T Y  

T A B L E  II 

M e l t i n g  P o i n t  and  A n n  yses  of Salts  of a -Su l fona ted  A m i d e s  

C O N H R ' R "  
/ 

R C H  
\ 

S O . M  

G l ~ s s y  
po in t  

~ 

a - S u l f e  )ahnitani ides  

Salt  A m i d e  

N H t  - - N H ~  1 7 0 - 1 . 5  
Na - - N t I 2  
n o c = I t , N I I a  - -  N I l  C ._ ,U,OH "l'i)2 4 
N a  - - N  II C , z H l 0 I t  
N a  - - N  I t  C.~IIs 1 0 5  

a - S u l f e s t v a r a n l i d e s  

S a l t  Anlido 

N l h  - - N I I z  172  4 
N a  --Nil ,_ ,  
H O C~I I i N I 1 :l N I 1C~I [ i  O l I  1 I);I- 5 
N a  -- N H C ~ I  I t ( I n  
N a  - N J I C ~ l l : ,  1 4 3 - 5 4  
Na N I  [CI  I~C1 [ ( I I I C H : ~  7 8 - 9  
N a .... N ( C'-,l 1 ~( ) I I  ) '~ 8 5  
N a  - - N C ~ J I 4 S ( h i N a  . . . . . .  

\ 

C l I:~ 

" M t d t i n g  w i t h  d e c o m p o s i t i o n .  
b, e , a . e  N e u t r a l  ~ q u i v a l e n t s  3 6 2 ,  4 4 0 ,  3 8 6 ,  4 7 2 ,  r e s p e c t i v e l y .  

Mel t ing  % N a  
po in t  

~ 
T h e o .  F o u n d  

180 a . . . . . . . . . . . .  i, 
. . . . . .  6 . 4 3  6 . 0 2  

e 
5 . 7 2  5 . 6 4  

i~.5-,89 5.96 5.79 

l 8:1 a 

1 8 4 - 5  
1 6 4 - 5  
1 9 8  a 

5 . 9 6  

5 . 3 5  
5 . 5 6  
5 . 1 8  
4 . 8 6  
8 . 6 9  

T h e o .  

. . . . . .  d 
5.86 

5 . 2 2  
5 . 4 9  
5 . 0 8  
4 . 7 3  
8 . 0 3  

7 . 9 5  
3 . 9 2  
6 . 3 6  
3 . 4 9  
3 . 6 3  

7 . 3 6  
3 . 6 3  
5 . 9 8  
:1.26 
3.39 
3 . 1 6  
2 . 9 6  
2 . 6 4  

% N  

]~OU rid 

7 . 6 7  
3 . 8 4  
6 . 2 8  
3 . 4 3  
3 . 4 6  

7 , 1 9  
3 . 6 9  
6 . 0 3  
3 . 3 2  
3 . 2 3  
3 . 0 5  
2 . 3 2  
2 . 5 4  

Thee .  

9 . 1 0  
8 . 9 7  
7 . 2 8  
7 . 9 9  
8 . 3 2  

8 . 4 3  
8 . 3 2  
6 . 8 4  
7 . 4 7  
7 . 7 5  
7 . 2 3  
6 . 7 7  

1 2 . 1 0  

%s 

Found  

8 . 8 9  
8 . 8 2  
7 . 0 5  
8 . 0 7  
8 . 2 0  

8 . 5 5  
8 . 1 5  
7 . 0 2  
7 . 3 9  
7 . 5 9  
7 . 0 6  
7 . 1 8  

1 1 , 6 6  

l ization froin 95% ethanol gave a white product in 
24% yield, with the analysis  shown in Table ll. 

Simple anlidcs were nlade by passing dry NHa g ~  
into a chloroform soluti(>n (>f the acid ehh)ride. Ethyl  
amides were prel)ared by pouring a eohl chloroform 
sohltion of the acid chhlride into a mixture of ice 
and 33% aqueous ethylaniine. The so(lium salt of 
N-niethyltaurine, obtained by ewqloration of a coln- 
ntereial 35% aqueous sohition, was SUSlien(led in a 
carbon tetrachloride solution of tile aci(I chhn:ide, and 
lhe lllixture was lleated at reflux tenil)eralure to fornl 
the amide. 

The ethyl anlides and the isot)rollyl alcohol amide 
were the only conlliounlls with sharp melting-points.  
Eight  compounds gave a sharp ehallge to a glassy ap- 
pearance at tenlperatures recorded in Table 11. Seven 
compounds  did not melt nor deeomf)ose below 200 ~ 

Infrared Ezcaminalio,n. Ami,te and Dia'mide For- 
mation, hl frared  exanlination by the ninll technique 
of a typical  preparation from the acid ('hhlride and 
ethanolamine confirmed amide 

RC I t  ( S OaNa) C ( ) N i l  C,_,114 () I l 
rather than ester-amine 

R C H ( S O 3 N a )  C02C2H4NH2 

formation.  A sharp band characteristic of  amides was 
found at 1550 cm. -1 and a broad band at 3400-3500 
cm. -1 indicative of the hydroxyl  group. Absence of 
broad absorption at 1580-1650 cm. -1 showed the ab- 
sence of pr imary amine, and there was no absorption 
in the ester region above 1700 era. -1. 

In the purification of amides it was sometimes neces- 
sary to extract an alcoholic solution of the amide with 
toluene to remove a small  amount  of neutral  by-prod- 
uct assumed to be the corresponding diamide. Isola- 
t ion of the by-product  from the preparation of sodium 
a-sulfostearamide gave a white solid with  the follow- 
ing analysis:  calculated for C18H3sN203S, 59.63% C, 
10.56% H. 7.73% N, 8.84% S; found,  59.43% C, 
11.00% H, 7.32% N, 8.46% S, 1.27% C1; 0.51% Na. 

Infrared examination,  using the K B r  disk method, 
revealed both adsorption at 1680 cm. -1 and 1616 em. -1 
characteristic of  earboxylic amides, and adsorption at 
1152 era. -1 and 1319 era. -1 characteristic of sul len-  

amides. Reduct ion of adsorption in the sulfonate  re- 
gions (1047 Cnl. ~ and 1.214 cm. --1) as compared with a 
sample of sodiunl , ,-sulfostearamide suggests the pres- 
ence of 10% nlonoanlide. From the infrared data 
and the elemental analysis the material is I)riueipally 
the diamide (if a-sulfostearic acid. The impurities 
are the sulfonated mono-amide, solubilized inorganic 
ehhlride, and l)ossibly a snlall amount  of the a-('hloro- 
stearamide. 

Solubil i ty and Surface-Active Properties 

Krafft Point. Solubil ity of the a-sulfonated amidcs 
was compared by the Krafft point  te(qlnique (5) for 
1% solutions, as shown in Table I l l .  l~ower Krafft 

TABLE IIi 

Solubi l i ty  of a -Su l fona ted  Amides ,  R C t t ( S O a M )  C O N R ' P J '  
Kraff t  Point ,  1% A q u e o u s  Solut ion,  ~ 

A m i n e ,  NHR'I~." Cation,M§ SulfopahnitieR ~-- C14tf2n Su l fos t ea r i cR  ~ Cnfft.~s 

N t t a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  N H 4  8 5  ~ l O 0  
N I-I:~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  N a  61  7 8  
N H e C 2 I I 4 0 t I  . . . . . . . . . . . . . . . . . . . . . . . . .  I I t O C 2 n 4 N I t a  5 2 5  
N H ~ C : t { ~ O t t  . . . . . . . . . . . . . . . . . . . . . . . . .  I N a  3 4  4 2  
N II2CH2CHOI:[0Ha .............. I Na .... 5 
N I~[,~C2II5 ............................... I Na 29 38 
NI~ (C.zH~OII) ~ ..................... I Na .... 5 
NI:I (CHa) C2HIS O:~Na ........... l Na .... 5 

points or greater solubil ity were found for compounds 
with greater substitution at the nitrogen atom. Hy-  
droxyethy[  amides were sl ightly less soluble than cor- 
responding ethyl  amides. Ethano lammonium salts of 
hydroxyethyl  amides were more soluble than the so- 
dium salts, but unsubstituted ammonium salts of 
amides were less soluble than corresponding sodium 
salts. All  of the compounds with Krafft points below 
room temperature were capable of forming clear 10% 
aqueous solutions at room temperature.  

All  of these compounds may  be dissolved in aque- 
ous alcohol, and the more highly  substituted amides 
are soluble in absolute ethanol at room temperature.  
It is possible to form a 1% solution of sodium di- 
(N-hydroxyethyl ) -~-sul fostearamide in chloroform at 
room temperature.  
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c.m.c. Critical micelle concentrations measured by 
the dye t i trat ion method (4) at room temperature 
were as follows, in millimoles per liter: 

sodium N-hydroxyethyl-a- 
sulfopalmitamide ..................................... 0.62 

sodium N-ethyl-a- 
sulfopalmitamide ..................................... 0.61 

ethanolammonium N-hydroxyethyl-  
~-sulfopalmitamide .................................. 0.37 

sodium N-ethyl-a- 
sulfostearamide ........................................ 0.18 

sodium N- (2-hydroxypropyl)  - 
a-sulfostearamide ..................................... 0.11 

These values show an expected decrease with in- 
crease in length of the carbon chain and little differ- 
once between ethyl amide and hydroxyethyl  amide. 
For  comparison the values reported (13) for the es- 
ters, sodium ethyl a-sulfopalmitate and sodium ethyl 
~-sulfostearate, were 0.34 and 0.05, respectively. 

Stability to Calcium and Other Ions. Calcium sta- 
bility values are shown in Table IV. Sodium salts of 

T A B L E  I V  

Surface-Act ive  Proper t ies  of Sodium Salts  of 
a-Sulfonated Amides 

CONR'I~/ '  
Surface  ten- Lime soap- Calcium 

R C t t  sion 0 .1% s tabi l i ty  
solut ion 25 ~ dispers ion (14)  25 ~ 
dynes /em,  value (3)  p.p.m. CaCOa 

SOaNa 

a-Sul fopa lmi tamides  
- -NHz .................................. 

NHCzHIOII  ...................... 
N [IC,~tIz ............................ 

a -Sul fos tearamides  
N t [CzHtOI t  ...................... 

- - N H C I I z C I t O I t C I t : ,  ........... 
N ((~,.,U~()I[) z .................... 

--N (CII:,) (J.-,II4 SOaNa .......... 

4O 

42 
4O 
5O 
37 

5 
7 
6 

5 
7 

18 
7 

430(50~ 
> 1 8 0 0  

840 

1540 
1350 
1500 

> 1 8 0 0  

,L-sulflmatt,d amids soluble to thc extent of 0.5%, as 
rcquircd by the test conditions, had excellent calcium 
stability. 

The stability of the sodium salts of Table IV (with 
thc exception of sodium a-sulfopahnitamide) to other 
metallic ions was measured by the method of I tarr is  
(6). All had excellent metallic iou stability with 
values of 100, to Mg §247 Fe ++, Ni '~, Cu § and Zn +§ ex- 
cept the value for sodium N-hydroxyethyl-a-sulfoste- 
aramide was 44.0 with respect to Fe ++. Metallic ion 
stability values with respect to Ba ++ ranged from 13.3 
to 35.0, t 'b ~+ 32.0 to 83.4, A1 .... 9.0 to 100. Disodium 
N-methyl, N-(2-sulfoethyl)-a-sulfostearamide had the 
best metallic ion stability with a value of 100 for six 
ions, 35.0 for Ba ++ and 83.4 for Pb ++. 

Surface and Interracial Tcnsion. Surface-tension 
measurements, using the duNo/iy method, are recorded 
in Table IV. Interfacial  tension values against light 
petrolatum ranged from 7 for disodium N-methyl, 
N-(2-sulfoethyl)-~-sulfostearamidc to 18 for sodium 
di-(N-hydroxyethyl)-a-sulfostearamide, in the ~ m e  
order as that shown for surface-tension values. 

Lime Soap-Dispersing Power. All of the a-sulfonated 
amides were found to have good lime soap-dispersing 
values. Increased substitution at the nitrogen atom, 
in the case of the diethanolamide, caused some loss in 
lime soap-dispersing power. The values of Table IV 
compare favorably with values of 35% for sodium 
dodecyl sulfate and 8% for a commercial sodium 
N-methyl,N-oleoyltaurate. The ability to disperse lime 
soap curd indicates the a-sulfonated amides may find 
use in soap-syndet combinations. 

Summary 
Carboxylie acid amides of ~-sulfopalmitie and a-sul- 

fostearic acids were prepared from ammonia, ethyl- 
amine, ethanolamine, isopropylalcoholamine, dietha- 
nolamine, and N-methyltaurine, and were isolated as 
the sodium, ammonium, or ethanolammonium salt. 

A satisfactory method was found to be the reaction 
of the sulfoearboxylic acid with an excess of thionyl 
chloride, and fur ther  reaction of the acid chloride 
with an amine in a chlorinated solvent. More work 
is needed on the application of direct amidation meth- 
ods to the preparat ion of these compounds. 

The solubility of the a-sulfonated amides increased 
with substitution of alkyl, hydroxyalkyl ,  and sulfo- 
alkyl groups at the nitrogen atom. Ethanolammonium 
N-hyd roxyethyl-a-sulfopahnitamide, ethanolammonium 
N - hydroxyethyl  - a - sulfostearamide, sodium N - ( 2- hy- 
d roxypropyl ) -a - su l fos tea ramide ,  sod ium di- (N-hy-  
d r o x y e t h y l ) - ~ - s u l f o s t e a r a m i d c ,  and  d i s o d i u m  N- 
methyl, N- (2-sulfoethyl) -~- sldfostearamidc have aque- 
ous solubility in excess of 10% at room temperature.  

Most of the sodium salts of the a-sulfonated amides 
have good or excellent stability to ealcium and other 
divalent ions and are excellent lime soap dispersing 
agents. 
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