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A b s t r a c t  

Use of the a-sulfo acid, the acid chloride and  
the me thy l  ester was explored in  the p r e p a r a t i o n  
of mann i to l ,  sorbitol  a n d  sucrose esters of a- 
su l fopa lmi t ic  and  a-sulfostearic acids. The prod-  
ucts  were difficult to p u r i f y  because of solubiliza- 
t ion  of reactants .  The a-sulfo esters are more 
soluble and  more res i s tan t  to hydro lys i s  t h a n  
hexitol  and  sucrose pa lmi ta tes  and  stearates.  

I n t r o d u c t i o n  

Since the a-sulfo f a t t y  acids are convenient ,  versa-  
tile in te rmedia tes  a n u m b e r  of different  types  of 
esters have been p r e p a r e d  a n d  examined  for surface  
active proper t ies  in  re la t ion  to s t ruc ture .  These in-  
clude esters of l inear  a n d  b r anched  cha in  p r i m a r y  
and  secondary  alcohols, a l ly l  alcohol, sodium isethio- 
hate,  benzyl  alcohol, phenol  a n d  cyclohexanol  (3).  
The p resen t  paper  is a con t inua t ion ,  wi th  polyhy-  
droxy alcohols, select ing hexitols and  sucrose because 
of ava i l ab i l i ty  and  the i r  established use as surface  
active in termedia tes .  Recent  art icles a n d  reviews have 
discussed sucrose esters and  re la ted non ion ic  surface  
active agents  and  developments  in  p roduc t i on  a n d  
u t i l i za t ion  (1,2,4,6). 

Hexi to l  monoesters  of ta l low f a t t y  acids are no t  
water  soluble and  only  the monoester  of sucrose is 
soluble enough to have use fu l  sur face  active prop-  
erties. The presence of an  a-sulfo group  in  the f a t t y  
acid cha in  could in  each case make mono-, di- or 
polyesters  more water  soluble and  cons iderably  more 
res i s tan t  to acid or a lka l ine  hydrolysis .  Since all  
of the esters could be water  soluble at  ]east in  some 
degree, separa t ion  of the mono- f rom the  di- a nd  
polyesters  migh t  no t  be necessary.  The  presence  of 
an  a-sulfo group may  have considerable  effect on 
proper t ies ,  of course, because it  changes the ester 
f rom a non ion ic  to an  anionic  surface  active agent ,  
a n d  the p roduc t  is l ike an  ether alcohol su l fa te  i n  
t h a t  i t  m a y  have both  anionic  a n d  non ion ic  
characterist ics .  

Three methods were inves t iga ted:  (a) d i rect  
esterif ication in  which the a-sulfo acid acts as i ts  
own esterif ieat ion catalyst ,  wi th  azeotropic removal  
of wa te r ;  (b) acy la t ion  of the h y d r o x y l  group  wi th  
the acid chloride of the a-sulfo ac id ;  and  (c) alkali-  
catalyzed alcoholysis of the sodium sal t  of the methy l  
ester wi th  the hexitol  or sucrose. 

E x p e r i m e n t a l  P r o c e d u r e s  

Direct Esterification: I-Iexitol Diesters 

Direc t  esterif ication of sucrose with ~-sulfostearie 
acid in  chloroform, benzene or toluene gave a char red  
p roduc t  wi th  no ind i ca t ion  of ester format ion .  This  
method was successful only  wi th  the hexitols a nd  is 
i l l u s t r a t ed  in  the case of mann i to l .  

A m i x t u r e  of 0.15 mole of D - m a n n i t o l  ( reagen t  
g rade) ,  0.06 mole of a-sulfostear ic  acid and  200 ml  
of benzene was refluxed 4 hr  wi th  azeotropic removal  
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TABLE I 

]:Iexitol and Sucrose Esters  of a-Sulfo Acids 

No. Esters 
Esterification Elemental analysis, % 

method 0 H Na S 

1Vionoester 
1 Sorbitol 

a-sulfopalmitate Acid chloride 50.54 8.88 4.43 6.31 
2 Mannitol 

a-sulfopalmitate Alcoholysis 50.38 8.63 4.32 6.14 
3 Sorbitol 

a-sulfopalmitate AIcoholysis 49.86 8.62 4.69 6.00 
4 ~Iannitol 

a-sulfostearate Alcoholysis 51.24 8.77 4.06 5.83 
5 Serbltol 

a-sulfostearate Alcoholysis 52.08 8.75 4.28 5.75 
6 Sucrose 

a-sulfopalmitate Acid chloride 48.65 7.94 3.53 5.00 
7 Sucrose 

a-sulfopahnitate AlcoholyMs 48.53 7.85 3.45 4.69 
8 Sucrose 

a-sulfostearato Acid chloride 49.65 8.15 3.25 4.47 
9 Sucrose 

a-sulfostearate Alcoholysis 49.30 7.91 3.59 4.47 
Diester 

]0 Mannitol 
a-sulfopalmitate Direct 53.06 8.28 5.35 7.90 

11 Sorbitol 
a-sulfopalmitate Direct 53.32 8.21 5.19 7.75 

12 2¢Iannitol 
a-sulfostearate Direct 54.50 8.47 4.59 6.62 

13 Sorbitol 
a-sulfostearate Direct 53.98 8.24 4.74 6.96 

Theoretical values 
Calculated for hexitol mono 

a-sulfopalmitate Ce~I-I43NaOzoS 50.56 8.29 4.40 6.14 
Calculated for hexitel mono 

a-sulfostearate C~H~TNaOloS 52.34 8.60 4.18 5.82 
Calculated for sucrose mono 

a-sulfopalmitatc CfsH~INa0~S 49.25 7.53 3.37 4.47 
Calculated for sucrose mono 

a-sulfostearate CsoH~sNaO~S 50.69 7.80 3.24 4.51 
Calculated for hexitol di 

(a-sulfopalmitate) C~sH~eNaeO14S~ 52.63 8.37 5.77 7.40 
Calculated for hexitol di 

(a-sulfostearate) C~eHsoNa~O14Se 54.88 8.77 5.00 6.98 
Calculated for sucrose di 

(a-sulfopalmitate) C~4HsoNa201oS2 51.65 7.88 4.50 6.27 
Calculated for sucrose di 
(a-sulfostearate) C4sHssNaf019S2 53.41 8.22 ~4.26 5.94 

549 

of water.  A f t e r  cooling, 100 ml  of 95% ethanol  was 
added and  the  mi x t u r e  was neu t ra l i zed  wi th  18 N 
NaOH.  Unreac ted  m a n n i t o l  a n d  d isodium a- 
sul fos tearate  were removed by  f i l t rat ion.  The fi l trate 
was evapora ted  a nd  crystal l ized f rom absolute  e thanol  
a t  --30 C to give a 60% yield  of p r oduc t  wi th  an  
e lementa l  analys is  in  ag reemen t  wi th  t ha t  for  a 
diester. P roduc t s  p r epa red  in  this  way  are shown 
in  Table  I. 

Acid Chloride Method 

This method,  described prev ious ly  (3) ,  is appl icable  
to both hexitols a nd  sucrose a nd  is i l lus t ra ted  for  
sodium sucrose a-sulfopMmitate .  

Sucrose (10-X, 0.25 mole) was dissolved in  a mix- 
t u r e  of 335 ml  of d i me t hy l f o r ma mi de  a nd  44 ml  of 
p y r i d i n e  a n d  heated to 70 C. a -Su l fopa lmi toy l  
chloride (0.25 mole) dissolved in  500 ml  carbon 
te t rach lor ide  was added dropwise  over a n  hour.  A f t e r  
cooling, 50% aqueous e thanol  was added  followed 
by  neu t r a l i z a t i on  wi th  18 N NaOt I .  The monoester ,  
y ie ld  36%,  was isolated f rom the aqueous e thanol  
phase a f te r  systematic  ex t rac t ion  wi th  carbon  te t ra-  
chloride to remove d i - a n d  polyesters.  

Sucrose a-sulfostearate  a n d  sorbi tol  a-sulfopalmi-  
tate, essent ia l ly  monoesters,  were p r e p a r e d  in  the 
same way wi th  the e lementa l  analyses  shown in  
Table  L 
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TABLE III 

Surface Active Properties 

Ca ++ Lime soap Foam 
Esteriflcation Solubility b stability dispersing height e DetcrgencyC 6O C No. a-Sulfo estera method 25 C ppm power 60 C AR 

CaC08 % mm 

1 Sorbitol a-sulfopalmitate Acid chloride 20 % 630 14 170 31 
2 Mannitol a-sulfostearate Alcoholysis 20 % 1500 10 170 32 
3 Sorbitol a-sulfostearate Aleoholysis 20 % 650 14 180 31 
4 ~Iannitol a-suIfostearate Direct  2 0 %  > 1 8 0 0  10 120 27 
5 Sorbitol a-sulfostearate Direct  20 % > 1 8 0 0  10 170 27 
6 Sucrose a-sulfopalmitate Acid chloride 20 % > 1 8 0 0  9 160 28 
7 Sucrose a-sulfostearate Alcoholysis 20 % > 1 8 0 0  10 180 31 
Sodium methyl a-sulfostearate 0.2 % > 1 8 0 0  9 180 35 
Sucrose monopalmitate a 0 .5% e 9 50 30 

a Essentially monoesters except for No. 4 and 5 which are diesters. 
b The 2 0 %  solutions were clear and maximum solubility may be significantly greater than 2 0 % .  
e Foam height and detergency were  measured on 0.25% built solutions (0 .05% active ingredient -[- 0 .20% builder) in 

of 300 ppm. 
d Commercial sample. 
e Too turbid for the test method. 

hard water 

A l c o h o l y s i s  

The alcoholysis method for  sucrose monostearate 
(7,8) was appl ied with some modification to hexitol 
and sucrose monoesters of a-sulfo acids, and is 
i l lustrated for  sodium sucrose a-sulfostearate. 

Sucrose (10-X, 0.14 moles) and sodium methyl  
o.-sulfostearate (0.13 moles), dried at 100 C a t  1 mm 
pressure, were dissolved in 100 ml of dimethyl- 
formamide.  Grade 10-X was used because of more 
rap id  solubility and low moisture content. Sodium 
mcthoxide catalyst  (0.5 g) was added and the mix- 
ture was heated and st irred 6 hr  at  100 C, removing 
methanol. Dimethyl formamide  was removed by 
distillation a t  reduced pressure. The glassy product  
was dissolved in absolute ethanol and insoluble mat-  
ter, mainly  sucrose, was filtered off. Crystall ization 
f rom absolute ethanol at  --30 C gave 75% yield of a 
product  which was essentially the monoester,  con- 
taining through sohbi l izat ion significant amounts  of 
sucrose, sodium methyl  a-sulfostearate, and disodium 
a-sulfostearate. Elemental  analyses for  hexitol and 
sucrose monoesters p repared  in this way are listed 
in Table I. 

A n a l y s i s  o f  E s t e r s  

I n  some cases, par t icu lar ly  with the alcoholysis 
method, it  was difficult to remove small amounts  of 
the s ta r t ing  materials  f rom the reaction product.  
The following scheme was developed in the analysis 
for  suspected impurities.  

Disodium Salt. A plot was made of the inf rared  
absorbancy rat io C = 0 / C 0 0 -  against  composition 
ester-salt for  known mixtures  of the methyl  ester 
R C H  (S03Na)  C02CH3 and the disodium salt 
R C I t ( S 0 3 N a ) C O f N a .  Compar ing absorbance at  5.7 

(carboxylic ester) with absorbance at  6.3 ~ (ionized 
carboxyl)  the amount  of disodium salt  in a hexitol 
or sucrose ester p repara t ion  was determined. 

Methyl Ester: RCH(SO~Na)COfCH3. The hexitol 
and sucrose ester p repared  by  alcoholysis was 
saponified with an excess of 0.7 N N a O H  and the 

TABLE I I  

Analysis of Esters  From the Alcoholysis Reaction 

Sodium Disodium Hexitol IC[onoes~er 
methyl 

Preparation a-sulfo- a-sulfo- or of hexitol 
stearate sucrose or sucrose stearate % % % % 

Sodium mannitol 
a-sulfostearate 4 2 6 88 

Sodium sorbitol 
a-sulfostearate 12 3 7 78 

Sodium sucrose 
a-sulfostearate 10 5 15 70 

methanol-water  distillate was collected. By  reference 
to density tables for  aqueous methanol  the amount  
of unreacted methy l  ester was determined. 

Total Sugar. The optical rotat ion of a 5% aqueous 
solution of a sucrose ester p repara t ion  showed the 
total  amount  of sucrose present, both free and in 
combination as sucrose mono-(a-sulfopalmitate)  or 
stearate. Because of low specific rotation hexitols 
could not be determined this way. 

Sodium Analysis. Total sodium was determined 
by  ignition to sodium sulfate. Total  sodium minus 
sodium present  as the disodium salt minus sodium 
present  as the sodium salt of the methyl  ester = 
sodium present as the salt of the a-sulfo ester of 
hexitol or sucrose. 

Elemental Analysis. Composition was confirmed 
by analysis for  C, H and S. 

Esters  f rom the different methods were analyzed 
by  the appropr ia te  methods shown above. Analyses 
for  some esters f rom the alcoholysis reaction are 
shown in Table I I .  

S u r f a c e  A c t i v e  P r o p e r t i e s  

Kraff t  point,  Ca ++ stability, lime soap dispersion 
power, foam height and detergency were measured 
on representat ive prepara t ions  by  methods used in 
previous publications (3). The results are shown in 
Table I I I .  

Results and Discussion 
Composition 

F r o m  the symmet ry  of D-mannitol  there are 3 
possible monoesters and 9 possible diesters; for 
sorbitol there are 6 monoesters and 15 diesters. Fo r  
sucrose there are 8 monoesters and  28 dicsters (cal- 

culated f rom n ( n - 1 )  ) .  In  the absence of directing 
2~ 

forces or blocking groups it would therefore be very 
difficult to isolate one chemical individual  f rom an 
esterification product .  

Because of the greater  react ivi ty  of p r i m a r y  
alcohol groups (9) and the l imited solubility of 
mannitol  and sorbitol in benzene the direct method 
gave a product  which was essentially the 1,6-diester 
[ R C H ( S Q N a ) C O f C H f ( C H O H f ] 2  w i t h  p o s s i b l y  
small amounts of a monoester, t r iester  and disodium 
salt present. The acid chloride method gave a prod- 
uct which was essentially a monoester, presumably  
a mixture  composed p r imar i ly  of the 1- and  6- 
monoesters. The alcoholysis method gave a product  
of about 85% pu r i t y  as a monoester, as shown in 
Table I I .  The mannitol  ester f rom alcoholysis is 
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probably pr imar i ly  the 1-monoester and the sorbitol 
monoester pr imari ly  a mixture of the 1- and 6- 
monoesters. 

The sucrose esters f rom the acid chloride method 
appear  to be essentially monoesters, principal ly of 
the pr imary  alcohol groups, containing perhaps small 
amounts of sucrose, diesters and the disodium salt. 

The sucrose esters from the alcoholysis reaction are 
pr imari ly  monoesters with impurities resulting from 
solubilized reactants as shown in Table II.  As in the 
case of sucrose monomyristate (5) esterification may 
be expected to take place principal ly at  the p r imary  
alcohols 6' and 6. 

P r o p e r t i e s  

In  Table I I I  the products are essentially mono- 
esters except for  the mannitol and sorbitol diesters 
obtained by direct esterification (No. 4 and 5). All 
are easily soluble and most of them have excellent 
calcium stability. They are fa i r ly  good lime soap 
dispersing agents and have moderate foaming prop- 
erties. Detergency lies between that  for  sodium 

methyl  a-sulfostearate and sucrose monotallowate. 
Improvements in esterification and fu r the r  in- 

vestigation of properties may show greater  possibili- 
ties for  utilization. Of the methods employed the 
direct esterification which led to the preparat ion of 
hexitol diesters in a fa i r ly  pure state is the most 
attractive. 
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