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E &RLY LITERATURE descr ib ing  su l fu r  der iva t ives  of 
f a t t y  mater ia l s  is v a g u e ;  e.g., a p a t e n t  (1) issued 

m 1939 describes react ions  between var ious  unsa t u -  
ra ted  glycerides and  s u l f u r  i n  the presence of iodine. 
The p roduc t s  of these react ions a p p a r e n t l y  con ta in  
su l fur ,  a n d  claims have been made  that  they are use- 
fu l  insecticides. However,  no s t ruc tu res  were pro- 
posed for  these mater ials ,  and  no p roduc t  proper t ies  
were described.  

One of the ear ly  s ignif icant  con t r ibu t ions  to the 
s u l f u r  chemis t ry  of f a t t y  mater ia l s  was made in  1939 
by  Ra ls ton  and  co-workers (2) .  I n  tha t  year  they 
repor ted  a series of thiol  esters of laur ie ,  myris t ie ,  
palmit ie ,  s tearic and  oleic acids. I say tha t  this  is a 
s ignif icant  con t r ibu t ion ,  because p r io r  to this work, 
th iol  esters of long-cha in  acids were considered to be 
uns t ab le  (3) .  

Thiol  esters of long-chain  acids canno t  be p repa red  
by  direct  esterif icat ion of acids and  th iols ;  however,  
these compounds  m a y  be p repa red  ve ry  conven ien t ly  
by  t r e a t i n g  an  acyl  chloride wi th  an  a lkane  thiol  or 
a benzene thiol.  

Thiol  esters of long-cha in  acids are stable com- 
pounds .  This is evidenced by  the fac t  tha t  these 
compounds  m a y  be dis t i l led u n d e r  d imin i shed  pres- 
sure  wi thou t  excessive decomposit ion.  Later ,  other  
inves t iga tors  (4, 5) synthesized a va r i e ty  of long- 
chain thiol  esters, and  the i r  f indings  r ega rd ing  the 
s t ab i l i ty  of thiol  esters coincide wi th  Ra l s ton ' s  find- 
ings. 

Thiol  esters of long-cha in  dibasic acids are kn ow n  
(6).  These compounds  have been p r epa red  by  t reat -  
i ng  the acyl  chlorides of the dibasic  acid wi th  two 
moles of a mercap tan .  

S imi la r ly ,  thioglycols have been prepared .  I n  this  
case, however,  di thiols  ins tead  of thiols are t rea ted  
wi th  long-chain  acyl  chlorides in  the presence of 
p y r i d i n e  (7) .  

Thiol  esters u p o n  hydro lys i s  do not  yie ld  a thiol  
acid and  an  alcohol, bu t  instead,  an  acid and  a thiol  
(s). 

This  react ion has been app l ied  successful ly  in  pre- 
p a r i n g  long-chain  mereaptoae ids  (9, 10). 
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CH.~ -- C -  S K +  CH: = CH -- (CH_,)s- C - OH 
Thiolacetic 10-undecenoic acid 

acid 
O O 
]l I] HOH 

CH~ -- C-- S -- (CK~) ~o -- C -- OH > 
H + 

Acetylthioundecanoic acid 

o o 
II II 

HS - (CH2) ~o -- C -- OH + CIt3 -- C -- OH 
ll-mereaptoundecanoic acid 

Thiol  esters u n d e r g o  ester i n t e rchange  react ions  
(11).  The fo l lowing equ i l ib r ia  m a y  be forced to the 
r igh t  by  the use of a s l ight  excess of a h igher  mol 
thiol, a benzene thiol  or phenol  in  the presence of 
sodium methoxide  and  u s ing  p y r i d i n e  as a solvent.  

O O 
!I ~-~OMe II 

R -- C -- SR' + R"SH ) R -- C -- SR" + R'SH 
PY 

O O 
II NaOMe I[ 

R -- C -- SlY' + C~H~OH ~ R -- C -- OC6H~ + R'SH 
py 

The above react ions are essent ia l ly  complete in  
about  1 hr  a nd  the yields are in  the order  of 60-70%.  

U n d e r  s imi lar  condit ions,  bu t  in  the presence of 
large excesses of alcohols, thiol esters are converted 
to oxygen esters (11).  

O O 
[I NaOMe I I 

R -- C -- SR' + R"OH ) R -- C -- OR" + R'SH 
PY 

This  reaction,  however, is more s luggish t h a n  the 
previous  ones. F o r  example,  it was f ound  tha t  e thyl  
th ios teara te  was conver ted to me thy l  s tearate  in  3 hr,  
to e thyl  s teara te  in  about  24 hr  and  to n - b u t y l  s teara te  
in abou t  48 hr.  

This  reac t ion  has been appl ied  in  p r e p a r i n g  me thy l  
9 (10) -mercaptos teara te  (10).  

o o 
CH~-C-SR CH3 -- (CH..)7 -- CH = CH -- (CH_~)~ - C -- OCH:, ) 

5[ethyl oleate ultraviolet 

0 
11 

CH3 (CH2) s(;) -- CH -- (CH_.) 7(s) -- C -- OCH3 
I 
S 
[ 
C = O  
I 
CH~ 

Methyl 9 (10) - (acetylthio) stearate 

CH30H 
NaOMe 

C H a  - -  

O O 
II ii 

(CH~_) ~(~> -- CH -- (CH._)~+ -- C - CH~ + CH~- C - OCH~ 
I 
SH 

Methyl 9 (10) -mercaptostearate 

Convers ion  of an  oxygen ester to a thiol  ester by  
ester in t e rchange  has no t  been successful  (11).  Pro-  
longed hea t ing  of me thy l  s teara te  wi th  excesses of 
benzenethiol ,  p - to lueneth io l  or  dodecanethiol  in  the 
presence of sodium methoxide  or an  acid catalyst  
resul ted  in  no react ion.  

Thiol  esters, like oxygen esters unde rgo  aeidolysis 
(12) ,  e.g., u p o n  hea t ing  a m i x t u r e  of n-decyl  thio- 
acetate and  pahn i t i c  acid in  the presence of 100% 
su l fu r i c  acid a nd  mercur ic  acetate resul ts  i n  the for- 
mar ion  of n-decyl  th iopa lmi ta te  a nd  acetic acid (12).  

W h e n  a thiol  ester is subjec ted  to an oxidat ion,  
a Keto  sulfones do not  form, bu t  ins tead  oxidat ive 
cleavage occurs (13).  
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O O 
]] It H,.,O~ 

CH~-- C -- S -- (CH~)~o -- C -- 0H 
CH.~C00H 

Acetylthioundecanoic acid 

O O 
I] ]] 

HO~S -- (CH2) ~o -- C -- OH + CH~ - C - OH 
ll-Sulfoundecanoic acid 

This  is a conven ien t  m e t h o d  for  the  p r e p a r a t i o n  of 
a l i p h a t i c  su l fon ic  acids.  

The  n o r m a l  th io l  esters,  l ike most  homologous  series,  
show an  a l t e r n a t i o n  of m e l t i n g  points ,  b u t  un l ike  
most  homologous  series,  the  odd  member s  me l t  a t  a 
h i g h e r  t e m p  t h a n  the  even member s  (5 ) .  F i g u r e  1 
r e p r e s en t s  the  p lo t  of  m e l t i n g  po in t s  of  t h i o m y r i s t a t e s  
a g a i n s t  the  n u m b e r  of ca rbon  a toms  in the  th io l  por -  
t ion  of the  ester .  The  m e l t i n g  po in t s  of the  even mem- 
be r s  f a l l  on a s ingle  a s c e n d i n g  curve  whi le  the  m e l t i n g  
po in t s  of  the  odd  member s  f a l l  on two d i s t i nc t  and  
s e p a r a t e  a scend ing  curves .  The  m e l t i n g  po in t s  of th io l  
es ters  p r e p a r e d  f r o m  a lkane  th io ls  c o n t a i n i n g  fewer  
ca rbon  a toms  t h a n  the  a l k y l  r ad i ca l  be long ing  to the  
ac id  f a l l  on a scend ing  curves ,  which  a r e  lower  t h a n  
the  m e l t i n g  po in t s  of th io l  es ters  p r e p a r e d  f rom 
a lkane  th io ls  c o n t a i n i n g  an  equa l  or g r e a t e r  n u m b e r  
of ca rbon  a toms  t h a n  the  a l k y l  r a d i c a l  be long ing  to 
the  acid.  Thus  the  compounds :  

O 
II 

c i . i ~  - ( C H ~ )  ~ - c - s - ( C l i o ) ~ - -  C H ~  

fo rm a lower  m e l t i n g  series i f  the  va lue  of x is sma l l e r  
t h a n  the  va lue  of y a n d  f o r m  a h ighe r  m e l t i n g  series  
i f  the  va lue  of x is equa l  to or h i g h e r  t h a n  the  va lue  
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FIG. 1. Melting points of thiomyristates. 
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of y. S i m i l a r  r e su l t s  have  been observed  wi th  thio-  
l au ra t e s ,  t h i o p a l m i t a t e s  a n d  th ios tea ra tes .  

L ong -c ha in  s u l f u r - c o n t a i n i n g  ac ids  have  been pre-  
p a r e d  b y  the a d d i t i o n  u n d e r  f ree  r a d i c a l  condi t ions  
of m e r c a p t o a e e t i c  (14) o r  f l -me rc a p top rop ion i e  acid  
(15) to long-cha in  t e r m i n a l l y  u n s a t u r a t e d  olefins. 

O 
i i ultraviolet 

1~ -- CH = CH2 + ItS - CH~ -- C - OH 
o r  

peroxides 
Mercaptoacetic acid 

O 

I~ -- CHI2 - CHI2 -- S -- CH~ -- C - OH 

Alkylthioacetic acid 

The a d d i t i o n  u n d e r  these cond i t ions  resu l t s  in  the  
f o r m a t i o n  of an t i -Markowniko f f  conf igura t ion  p rod-  
ucts.  The  sulf ide ac ids  which  r e su l t  f r o m  these reac- 
t ions a re  r e a d i l y  ox id ized  to the  c o r r e s p o n d i n g  sulf-  
oxides  a n d  sulfones .  

Also,  these ac ids  u n d e r g o  t y p i c a l  ac id  react ions ,  
i.e., these  compounds  can be conve r t ed  to esters,  
amides ,  aey l  hal ides ,  th io l  esters,  etc. (15) .  

O the r  s u l f u r - c o n t a i n i n g  long-cha in  ac ids  have been 
p r e p a r e d  b y  the a d d i t i o n  of va r ious  th iols  to 10- 
undecenoic  ac id  (13) .  

These  sulf ide ac ids  have  also been ox id ized  to the  
c o r r e s p o n d i n g  su l fox ides  and  sulfones.  

S u l f u r - c o n t a i n i n g  d i e a r b o x y l i e  long-cha in  acids  have 
been p r e p a r e d  b y  the  a d d i t i o n  of mereap toaee t i c  acid,  
u n d e r  f ree  r a d i c a l  condi t ions ,  to such u n s a t u r a t e d  
compounds  as  10-undeeenoic  or oleie acids  (13, 16).  

O O 
[i Ii 

CH3-- (CI'I2) 7 --CH = CH -- (CH2) 7-- C -- OH + HS - CH2 -- C - OH 
Oleic acid 

O 
ultraviolet [i 

> CH3--(CH~)s(7) CH--(CH2)7(s) -- C -- OH 
or [ 0 

peroxides I [I, 
S -- CI-I2 - C - OH 

9 ( 10 )- ( Acetylthio ) -stea rie acid 

A n o t h e r  rou te  to the  f o r m a t i o n  of s u l f u r - c o n t a i n i n g  
long-cha in  d i c a r b o x y l i e  ac ids  involves  the  a d d i t i o n  of 
d i th io l s  to u n s a t u r a t e d  acids.  W h e n  d i th io l s  a re  
a d d e d  to such compounds  as 11-undeeenoic  ac id  or 
v i n y l  acet ic  ac id  in  the  presence  of pe rox ides  an t i -  
Markownikof f  p r o d u c t s  a rc  f o r m e d  (17) .  

SH O 
I [[ peroxides 

> (cH,)o + 2cH~: cH - (cH,)s - c - OH 
I 
SH 

O 
I[ 

S - (CH_~) io - C - OH 
I 

(eli2) n 
0 

S - (CH~)n -- C-- OH 
Alkane bis- (ll-thioundecanoic) acid 

These dicarboxylie acids differ from the other di- 

earboxylie acids in that they contain two sulfur atoms, 
hut like the other compounds, these acids are readily 

converted to the corresponding sulfones and esters 

(17). 
Other sulfur-containing dicarboxylic long-chain 

acids are readily formed by mild oxidation of long- 

chain  m e r e a p t o a c i d s  to fo rm the  c o r r e s p o n d i n g  di- 
sulfide ac ids  (10) .  
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O 
It 

CHa-- (CH2) 15-CH-C-OH 
I 
SH 
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O 

) OH3-- (CH2) ~5--CH-C OH 
P 
S 
I + H I  
S 
I O 
l II 

CIt3-- (CH2)~ CH--C-OH 
2,2'-dithiodistearic acid 

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

Sulfur-containing polymers have been prepared 
from some of these diearboxylic acids, i.e., heating at 
90~ of ll-(acetylthio)-undeeanoic acid with hexa- 
methylene diamine results in the formation of poly- 
amides (18). These polyamides (5Iol Wt 11,000- 
20,000) have been converted into fibers. 

Uses of Sulfur Derivatives of Long-Chain Acids. 
Patent literature contains references describing 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 organic chemist, a great 

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-Sul{o Fatty Acids and Derivatives 
Synthesis, Properties and Use 
A. J. STIRTON, Eastern Regional Research Laboratory, 1 Philadelphia, Pennsylvania 

S ATURATED long chain fat ty acids react with sulfur 
trioxide, chlorosulfonie acid or dioxane sulfur tri- 

oxide to give monosulfonation in the a-position. The 
reaction is simple, inexpensive and specific. The ,- 
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 fat ty acids can be sulfonated directly in 
the a-position by reaction with sulfur trioxide, chloro- 
sulfonic acid, or dioxane sulfur trioxide, a-Sulfona- 
tion can be accomplished less directly by the Strecker 
reaction of an a-bromo fat ty 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 olcic acid at -10C gives a product esti- 
mated to be about 

55% CH3 (Ctt2) 7CH=CHCH (SOaNa) (CH2) 6 
C02Na, 

28% CHa(CH2)TCHOHCH(SO3Na) (CH2)7 
C02Na, and 

17 % CH3 (CH2) 7CH (OS03Na) CH (SOaNa) 
(CH2) 7C02Na. 

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

The sulfonation of diearboxylic acids such as glu- 

*Eas te rn  Utilization Research and Development Division, Agricul- 
tural  Research Service, U.S.D.A. 

tarie, adipic, azelaic, or sebacic 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. Fur ther  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 sulfoearboxylic 
acids (15), also in the fact that perfluorobutyrie 
acid reacts with S0s to form a mixed anhydride 
sufficiently stable to be purified by distillation (13). 

~-Sulfonation apparently occurs as follows: 

RCH2CO2H + S03 ~. RCH2CO2SOaH 

[RCH,,C02]- + +[S03tI] 

&--- 

0 

> g CH C + +[SOaH] 

o 

> R CHCO2H 
] 

SOaH 


