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Fro. 4. Change of hydroxy l  value for  cas tor  oil me thy l  
esters,  n i t romethaue-hex :nm system. 

1. Ea te r s  f rom n i t r om e tha ne  phase  a t  59.6% l f i t romethane  
2. Ea te r s  f rom hexane  phase  a t  59.6/% n i t r o m e t h a n e  
3. E s t e r s  f rmn n i t r om e tha ne  phase  a t  15% hexane  
4. E s t e r s  f rom hexane phase  a t  15% hexane  

esters at a constant concentration of polar  or non- 
polar so/vent was also determined.  F igu re  3 shows 
the effect on hydroxyl  values of esters f raet ionated 
at 25% f u r f u r a l  and 35% hexane for  the system, 
methyl  esters-furfural-hexane.  F igure  4 shows a sim- 
ilar effect for  the system, n i t romethane-methyl  asters- 
hexane, at 59-60% ni t romethane and 15% of hcxane. 
It is observed that  the hydroxyl  values of esters f rom 
the polar  solvent phase decrease with a higher co.u- 

centrat ion of esters. I t  may  also be seen that  the 
increase of hydroxyl  values of esters in the polar 
solvent is accompanied by a decrease in the hydroxyl  
values of the esters obtained f rom the nonpolar  sol- 
vent phase. 

Conclusion 
The phase equilibrium data are presented for  methyl 

e s t e r s - f u r f u r a l - h e x a n e  a n d  m e t h y l  e s t e r s - n i t r o -  
methane-hexane at 30~ 

The hydroxy l  values of ester samples obtained f rom 
the f u r f u r a l  and ni t romethane phases indicate that  
f u r fu r a l  and ni t romethane can be used as solvents 
for f rae t ionat ing hydroxy  esters f rom the mixed es- 
ters obtained by the methanolysis of castor oil. 
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Synthesis of Polyoxyethylene 
of Sucrose with Long-Chain 

Derivatives 
Fatty Acids 

of Diesters 

SABURO KOMORI, MITSUO OKAHARA, and KENZO OKAMOTO, 
Department of Chemical Technology, Faculty os Engineering, Osaka University, Osaka, Japan 

NUMBER of publications concerning the long-chain 
f a t t y  acid monoesters of sucrose have appeared  
since the synthesis of the sucrose monoesters was 

first repor ted  in 1956 by Osipow and co-workers (1).  
The method of p repara t ion  (2,3,4), proper t ies  (5,6,7), 
and uses (8,9) have been investigated in detail. 

Sucrose monoesters are said to be inexpensive as 
cmnpared with other nonionie sur fac tan ts  and have 
m a n y  desirable propert ies  as solubilizing (8) or emul- 
s i fying agents for  food or cosmetics. However,  in the 
manufac tu re  of sucrose monoesters, sucrose diesters 
are inevitable by-products  responsible for  a lowered 
surface-act ivi ty  because of the poor solubil i ty of the 
diesters in water.  Fo r  certain purposes the sucrose 
monoesters can be separated and purified by  recrystal-  
lizing the mix ture  f rom acetone or ethanol (1,6,10), 
but  this method is difficult and costly, and f rom an 
industr ial  s tandpoint  it is more desirable to use the 
mixture  of mono- and diesters without  fu r the r  refining. 

Al though sucrose diesters can be s imply  p repared  
by  alcoholysis by  using a 2:1 molar  rat io os the 
methyl  ester to sucrose (11), sucrose diesters of acids 
of chain length greater  than  myris t ie  acid are prac- 
t ically insoluble in water,  and their  use as emulsifying 
agents is l imited to the format ion  of water  in oil 
emulsions. 

Accordingly since it is impor tan t  to find new uses 
for  sucrose esters, we have a t t empted  to increase the 
solubility in water  of palmitic and stearie acid esters 
by reaction with ethylene oxide in order to make use 
of them as solubilizing or emulsifying agents. Sucrose 
esters resemble sorbi tan monoesters in properties,  and 
it can be expected tha t  solubilizing propert ies  s imilar  
to those of the " T w e e n s "  (12,1.3) could be obtained 
by the introduct ion of polyoxyethylene radicals. 

The reaction of sucrose with ethylene oxide has been 
repor ted by DeGroote (14,15,16), by the use of xylene 
as the solvent, and  by sodium methylate  as the catalyst  
in an autoclave at 150~-170 ~ 

In  the present  research sucrose diesters were chosen 
as the s ta r t ing  materials.  Pure  sucrose dimyristate,  
dipalmitate,  distearate, dioleate, and dierueate were 
p repared  by interesterifieation between sucrose and the 
methyl  esters, using formylmorphol ine  as the sol- 
vent, and the proper t ies  of the diesters were studied. 
The diesters were then caused to react with ethylene 
oxide in an autoclave, with an alkaline catalyst  such 
as sodium hydroxide,  potassium hydroxide,  or t e r t i a ry  
amines (17). 

The polyoxyethylene derivatives of diesters of su- 
crose with long-chain f a t ty  acids were found to be 
oily or waxy products  soluble in water ;  the surface 
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activities of the aqueous solutions were very similar 
to those of the " T w e e n s . "  

Since the toxicity of the products to mice was quite 
low and the production cost may be expected to be 
small in comparison to the Tweens because the hydro- 
genation step is omitted, the polyoxyethylene deriva- 
tives of sucrose esters can be expected to be useful in 
the food and cosmetic industries. 

S u c r o s e  D i e s t e r s  

The methyl  esters of myristie, palmitie, stearie, and 
oleic acids were prepared by esterification with meth- 
anol at  the reflux temperature, in the presence of 
teluenesulfonic acid, and refined by vacuum distilla- 
tion. Methyl erucate was prepared by the methanoly- 
sis of rapeseed oil. Properties of the esters are shown 
in Table I. 

T A B L E  I 

P r o p e r t i e s  of Methyl  Es t e r s  

E s t e r  

~e thyl  l a u r a t e .  
VIethyl m y r i s t a t e  .............. 
Vlethyl p a h n i t a t e  
V[othyl s t e a r a t e  .. . . . . . . . . . . . . . .  
Ylethyl oleate. . .  
VIethyl erueat(~ .. . . . . . . . . . . . . . . .  

B . P . / m m .  

1 2 2 - - 4 ~  
1 3 4 ~  
1 6 8 - 9 ~  
132 - -3~  
149 5 1 ~  
1 8 7 - - 9 0 ~  

Saponif i-  Iod ine  
M.P .  ca t ion  

v a h l e  v a l u e  

4.5 ~ 2 5 9 . 5  
1 8 . 5 - 2 0  ~ 2 2 6 . 1  
2 9 . 0 - 3 0 . 5  ~ 2 0 8 . l  
3 8 . 9 - 4 0 . 3  ~ 187 .9  

189 .0  88.2  
160 .7  72.1 

Formyhnorphol ine was prepared by the direct reac- 
tion of morpholine with "formic acid in aqueous solu- 
tim], refined by distillation, and found to have a pH 
of 6.5 and b.p. 84.5-86 ~ at 2 nun. 

Sucrose was crushed in a ball mill and dehydrated 
by refluxing with benzene. 

Reaction Rate. We have shown previously (2), in 
the preparat ion of sucrose monoesters with a large 
ratio of s,erose to the lnethyl ester, that  the methyl 
(,ster is eOnslnned within 2 hrs. at 100 ~ arid 35 into. A 
slower reaction is to be expected in the preparat ion of 
sucrose diesters with a mole ratio of methyl  ester to 
sucrose of ] :1 or greater. Methyl laurate was caused 
to react with sucrose in formylmorpholine at 100 ~ 
and 30 1ms., with potassimn carbonate as (,atalyst. 
At  definite time-intervals the weight of lnelhyl lau- 
rate remaining unreacted was estilnated by a method 
previously described (2). As can be seen from Figure 
1, the r(,aetion should be continued for lll()t'e than 5 
hrs. to obtain pure sucrose diesters. 
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solvent : formylmorpholine 

temperature : IO0~ pressure : 30 mmHg 

catalyst : KaCO~ 

F r o .  1. R e a c t i o n  r : t t c  o f  i n t c r c s t c r i f i c : t t i o n  o f  s u c r o s e  
w i t h  m e t h y l  l :mr :~t ( , .  

Synthesis and Purification. Methyl myristate, pal- 
mitate, stearate, o]eate, and crucate were converted to 
the corresponding sucrose diesters by alcoholysis with 
sucrose at ]00 ~ aml a reduced pressure of 30 ram. 
In all eases the re(lie ratio of methyl ester to sucrose 
was 2:1;  the solvent was fornlylmorpholine and the 
catalyst, potassiunl carbonate. 

The reaction conditions and products are shown in 
Table l [  and the m(,thod of purifieatiou in F igure  2. 
The reaction tulle (:ontaining nlethyl ester, sucrose, and 
formybnorpholine was heated to 100 ~ with agitation 
under a redu(~(,d pressure of .30 ram. until  the sucrose 
was entirely in solution. The indicated amount  of 
potassium earbo,mte was ad(h,d, and the reaetion was 
e(>ntinu(~d for 2, :15, or 6 hrs. at constant temperature 
and pressure. 

At  the end of the reaction time the solution was 
lW, lltl'alized and filtered; the solvent was removed by 
distillation al 1 nim. Extraction with n-hexane has no 

T A B L E  l [  
Synthes is  of Sucrose  Dies t e r s  

( T e m p e r a t u r e  100 ~ Reduced  P r e s s u r e  30 ram., Mole Ra t io  Metl lyl  E s h , r / S u c r o s e  2 : 1 )  

Sucrose  ( s t e r  

D i m y r i s t a t e  ......... 
D i p a l m i t a t e .  
D i s t e a r a t e  .. . . . . . . . . . . . .  
Dio lea te  ........ 
D i p a l m i t a t e  . . . . . . . . . . . . .  
D i s t e a r a t e  .... 
Dio lea te  . . . . . . . . . . . . . . . . . . . .  
D i e r u c a t e  .. . . . . . . . . . . . . . . . .  
D i m y r i s t a t e  ... . . . . . . . . . .  
D i p a l m i t a t e  . . . . . . . . . . . . . .  
D i s t e a r a t e  .. . . . . . . . . .  
Diolea te  
D i e r u c a t e  .. . . . . . . . . . . . . . . . . .  

U n r e a c t e d  
s R c r o s e .  

U n r e u e t e d  
me~hyt 

i ester ,  ~. We igh t ,  

P r o d u c t s  

Acetone ex t r ac t  e B u t a n o l  e x t r a c t  f 

Yield,  Saoon.  
vMne  

Weigh t ,  
g. % 

condi t ions  

9.8 
7.2 
6.0 
6.0 
1.7 
7.0 
2.5 
2.8 
0 .6  
0.4 
1.0 
8.7 
0.7 

15.5  
I 13.5  
i 10 .7  

11 .0  
2.9 
2.5 
4.1 
4.0 
2.5 
2.0 
2.8 
2.2 
3.0 

26 .2  
28 .3  
35 .0  
34 .5  
18.2  
19.3  
78.6  
20 .7  
47 .0  
45 .5  
46 .4  
48 .3  
52 .0  

49 .0  
56 .0  
66 .6  
66.1  
74 .4  
80 .4  
71.5  
70.2  
89.5  
92 .5  
88 .6  
94 .6  
88 .6  

150 .7  
1 2 8 . 0  
129 .3  
139 .1  
1 3 8 . 7  
1 2 9 . 6  
183 .9  
117 .1  
143 .9  
135 .3  
127.1. 
131 .4  
111 .2  

1.2 
2 .6  

0.3 
1.2 

1.2 
1.2 
0.7 
0.5 

Yield ,  % 

2.2 
4.8 

1.2 
5.0 

2.6 
2 .4  
1.3 
1.0 

Saoon .  
v a l u e  

73.3  
1 0 0 . 8  

77 .6  

100 .9  
90 .3  
86 .5  
78 .9  

a = T i m e  2 hrs. ,  mole r a t i o  0 . 1 4 / 0 . 0 7 ,  150 ~. fo rmylmorpho l ine ,  0.5 g. KsCOa. 
b ~ T i m e  2 hrs . ,  mole r a t i o  0 . 1 2 / 0 . 0 6 ,  170 g. fo rmyhnorpho l ine ,  0 .5  g. K.~COm 
e--~ T i m e  3.5 hrs. ,  mole r a t io  0 . 0 6 / 0 . 0 3 ,  ] 00 ~'. fo rmylmorpho l ine ,  0.2 g. K2CO:~. 
d - - - - T i m e  6.0 hrs . ,  mole r a t i o  0 . 1 2 / 0 . 0 6 ,  170 g. fo rmylmorpho l ine ,  0 .7  ~. K2CO~. 
e M a i n l y  sucrose  d ies ter ,  see i I  of F i g u r e  2. 
f M a i n l y  sucrose  monoester ,  see I V  of l~igure 2.  
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SUCROSE, 1 mole . M E T H Y L  ESTER OF 
/ FATTY ACID, 

" ~  / 2 moles 
/ Formyl morpholine, K~CO:,, 

1 ~ 2 6  hours at 100~ 30 ram. 

REACTION SOLUTION 
Neutralization with acetic acid, filtration, solvent removal 

R E A C T I O ~ N  P R O D U C T  

Solution in hot acetone and filtration of hot solution 

INSOLUBLE MATTER ~ ACETONE SOLUTION 
Solution in hot butanol and Cooling and filtration 
filtration of hot solution 

WHITE ~ B U T A N O L  
POWDER SOLUTION 
(I) SUCROSE Removal of 

butonol 

Y 
WHITE SUBSTANCE 
(IV) SUCROSE 
MONOESTER 

WHITE A Y ~ C E T O N E  
POWDER (11) FILTRATE 
SUCROSE Removal of 
DI ESTER acetone / -  

/x 
WHITE CRYSTALS 
f i l l) UNREACTED 
METHYL ESTER 

)~m.  2.  G e n e r a l  p r a t e ( l u r e  f o r  s y n t h e s i z i n g  a n d  r e f i n i n g  
s u c r o s e  d i e s t e r .  

advantage at this point because the sucrose diester 
would be extracted along with unreaeted methyl  ester. 
Accordingly the reaction product,  front methyl  palmi- 
tate, for  example, contains at this point sucrose di- 
pahnitate,  sucrose monopahnitate,  unreacted sucrose, 
methyl  pahnitate,  and potassimn pahnitate.  The solid 
residue was crushed and t reated with twenty times 
the volume of hot acetone; the insoluble material was 
separated by hot filtration. Extract ion of the acetone- 
insoluble material  with butanol gave products  con- 
sidered to be sucrose (I)  and sucrose monoester ( IV)  
(F igure  2). The acetone solution was concentrated to 
one-half the volume, cooled and filtered, and the evap- 
orated acetone filtrate gave products  considered to be 
sucrose diester ( I I )  and unreacted methyl  ester ( I I l ) .  

The saponification value of the white powder crys- 
tallized f rom the acetone extract  (Table I I )  was gen- 
eral ly in fa i r  agreement with the calculated value 
for the diester (theoretical values 147.1, 137.0, 128.2, 

128.8, and 114.1 for the dimyristate, dipalmitate, di- 
stearate, dioleate, and dierueate, respectively),  but 
as the products  appeared to contain impurities, they 
were refined by  repeated crystallization f rom acetone. 
The sucrose diesters of the saturated acids were white 
powders, but  those of the unsatura ted  acids were 
resinous solids. The properties of the purified diesters 
are recorded in Table I I I .  

T A B L E  I I I  

P r o p e r t i e s  of Sucrose  n i e s t e r s  a 

Sucrose  
d ies te r  

l)  imyr i s t a t e  

D i p a l m i t a t v  

l ) i s t e a r a l e  

Dio lea te  

Dierucate 

9aponifi-  Specific Sof t en ing  
ca t ion  ro t a t ion  I 
va lue  [ a I'~ po in t  

( 1 4 7 . 0 )  ~ - (  

128.5 6 9 - 7 1  ~ ! 
( 1 3 7 . 0 )  I 

129.6  
( 1 2 8 . 1 )  

133.9 
( 1 2 8 . 8 )  

117 .1  
( l l 4 , 1 )  

-~29 .16  b 

~-25 .29  b 
-~l 6.S)  

-}-27.12 c 
+ 1 6 . 4 )  

-~29.79 (" 

64- 7 ~ 
( 5 5 -  ~o) 

6 5 - 7 0  ~ 
( 1 0 s - 1 2  o) 

63 72 ~ 

f 

Pruperti(~s 

white ,  odorless,  tasN-  
less solid, s l ight ly  
soluble in  w a t e r  

whi te ,  odorless,  tas!c-  
less  solid, ha rd ly  
soluble in w a t e r  

whi te ,  odorh~ss, tas le-  
less solid, ha rd ly  
sohlble in w a t e r  

yellow resinot ls  solid, 
odorless  and  tas te less  
insolublo  in (!phi w a t e r  

yellow re s inous  solid, 
odorless  and  tas te less ,  
insoluble  in w a t e r  

a Va lue s  m p a r e n t h e s e s  a r e  theore t i ca l  or  l i te ra ture ,  values .  
b M e a s u r e d  in ch loroform solution.  

M e a s u r e d  in e thano l  solut ion.  

Polyoxyethylene Derivatives of Sucrose Diesters 
Synthesis. A small autoclave was charged with the 

sucrose diester, an excess of ethylene oxide, and a cata- 
lyst and was heated slowly with shaking, af ter  the 
method of polyoxyethylcnc derivatives of sorbitan 
monoesters. Thc reaction was also found to proceed 
in the presence of solvents by first dissolving the 
ethylene oxide in an organic solvent such as benzene, 
toluene, xylene, dimethylformamide, or formylmor- 
pholine;  most of the experiments of Table IV were 
carr ied out in this manner. The catalysts were potas- 
sium hydroxide,  sodium hydroxide,  sodium methylate,  
also such te r t i a ry  amines as methylmorpholine and 
dimethylbenzylamine, the catalytic activity of which 
in the reaction of ethylene oxide with hydroxy  com- 
pounds has been previously reported by Komori  (17). 

T A B L E  IV 

Synthes i s  of Polyoxyethylene  D e r i v a t i v e s  of Sucrose  D ie s t e r s  

Reac t i on  cond i t ions  

Sucrose  d i e s t e r  Ra t io  G a u g e  Saponif i  CeI~LO ~ 
C,zH40/ Temper -  p re s su re ,  ca t ion  g r o u p s /  P r o p e r t i e s  
d ies ter ,  a t u r e  kg . / em.2  v a l u e  mole 

g. 

1 8 : 5  
1 0 : 3  

D i m y r i s t a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D i m y r i s t a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

D i p a l m i t a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D i p a l m i t a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D i p a l m i t a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D i p a l m i t a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D i p a h n i t a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

n i s t e a r a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D i s t e a r a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D i s t e a r a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

D io l ea t e  . . . . . . . . . . . . . . . . . . .  i . . . . . . . . . . . . . . .  
D io l ea t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
n i o l e a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
n i o l e a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D io lea t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

n i e r u c a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D i e r u e a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D i e r u c a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 0 : 2  
1 0 : 3  

9 : 3  
1 0 : 2  
1 0 : 5  

2 1 : 3  
1 0 : 3  

9 : 4  

2 0 : 3 . 3  
1 9 : 3  
1 4 : 4  
1 8 : 5  
1 0 : 4  

1 8 : 2  
1 9 : 3  
1 3 : 5  

Solvent,  a 0a t a ly s t ,  a 
g. g. 

none  .03 K O H  
none  .05 M M  

20 F M  .10 N a O H  
none  .05 M M  
none  .05 D B A  
20 F M  .05 K O t t  
15 Tol. .05 KOH 

19 D M F  .03 K O H  
20 F M  .20 K O t t  
20  F M  .10 N a O M e  

15 D M F  .O3 K O t t  
20  Benz.  .05 N a O H  
20 F M  .i0 K O H  
25 F M  .05 NaOI~  
20 F M  .05 N a O H  

15 Tol.  .05 K O t t  
15 F M  .O5 K O t t  
15 Benz.  .05 K O H  

1 2 5 - 4 1  ~ 
1 0 3 - 1 6  ~ 

1 2 4 - 3 1  ~ 
1 1 5 - 2 6  ~ 
110--23 ~ 
123--7 ~ 
1 2 4 - 1 2 0  ~ 

1 3 5 - 1 6 0  ~ 
1 1 7 - 3 4  ~ 
125--32 ~ 

122--7 ~ 
1 3 2 - 5  ~ 
1 2 2 - 3 8  ~ 
128--33 ~ 
122--33 ~ 

1 3 0 - 4  ~ 
137--67 ~ 
127--9 ~ 

27.0--8 
14.8--6 

1 5 . 6 - 6  
1 9 . 0 - 4  
14.9--5 .2  

9 . 5 - 4 . 3  
9.7--3 

2 2 . 0 - 8  
9.7--3.5 

1 2 . 5 - 6 . 2  

1 4 . 5 - 4 . 2  
1 1 . 1 - 6 . 7  
1 1 . 0 - 4 . 9  
16.1--12 
11.1--8 

16.0--4 .5  
21.0-7 
1 3 . 7 - 6  

35 .2  
55 .9  

21 .2  
37 .6  
4 4 . 0  
51 .3  
58 .5  

27 .2  
30 .7  
4 7 . 4  

20 .0  
23 .9  
37 .0  
50 .0  
57 .9  

11 .9  
20 ,0  
35 .0  

60 
30 

100  
50 
40  
30 
25 

75 
65 
35 

105 
85 
50 
30 
25 

190 
105  

50 

l i gh t  yel low l iquid  
yel low l iqu id  

yel low wax  
o r a n g e  w a x  [ a ]  20/D -~ 4.5~ 
o r a n g e  ~arax 
o r a n g e  w a x  
yel low wax,  aq. soln. not  c l ea r  

l i gh t  b r o w n  wax  
o r a n g e  w a x [ a ]  ~/D ~- 3 .82 
o r a n g e  w a x  

o r a n g e  w a ~  
l igh t  yel low wax  [ a ] 2O/D _}_ 5 . 8 7  
yel low l iqu id  
o r a n g e  l i qu id  
o r a n g e  l i qu id  

yel low w a x  [ a ]  ~/D -{- 2 .15  
b r o w n  w a x  
yel low l i qu id  

a A b b r e v i a t i o n s :  Benz .  = benzene,  D B A  = dimeth "lbenzylamine, D M F  = d ime thy l fo ramide ,  F M  = fo rmylmorpho l ine ,  MM = methy lmorphol ine ,  
Tol .  = t~ luene .  

b N u m b e r  of C~I-IaO g r o u p s / m o l e ,  a rounded-of f  a v e r a g e  n u m b e r  based on sapon i f i ca t ion  va lue .  
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FiG. 3. C%anges in t e m p e r a t u r e  and  p ressure  du r ing  the reae- 
l ion of sucresed ies te r  and  e thylene oxide, suc ro sed i myr i s t a t e ;  
3.0 g . :  e thy lene  oxide;  10 g. :  c a t a l y s t ;  me thy lmorpho l ine  0.05 
g., w i thou t  solvent.  

The reaction usually began between 100-120 ~ , and the 
pressure decreased raphl ly  as the reaction proceeded. 
Changes in t empera tu re  and pressure dur ing  the reac- 
tion are shown in F igures  3 and 4. 

On completion of the reaction the solution was 
filtered and neutralized with acetic acid; the solvent 
was removed under  reduced pressure. In  the absence 
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140 

120 

% 

100 

% 

40 

20 

K~/cm " 
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Time mln. 

--O O-- Temperature 

--O--- O-- :Pressure 

~IG. 4. Changes  in t e m p e r a t u r e  and  p ressu re  du r i ng  the  reac- 
t ion of sucrose diester  and  e thylene  oxide;  sucrose d i s t ea ra te  
3.0 g . ;  e thylene  oxide 10 g. ;  ca t a lys t  K O H ;  so lvent ;  formyl-  
morphol ine  20 g. 

of solvent the product ,  general ly  a viscous liquid, was 
dissolved in acetone or ethanol and neutralized, and 
the solvent was removed. 

The products  of Table I V  were analyzed by  deter- 
minat ion of the saponification value f rom which n, 
the average number  of oxyethyl  groups per  mole, Was 
calculated. Es t ima t ion  of the number  of oxyethyl  
groups by  increase in weight  is less accurate  in this 
case. The H L B  or hydrophile-l ipophile balance, cal- 
culated f rom the expression H L B  = 20 '(1-S/A),  where 
S is the saponification value of the product  and A 
the acid value of the f a t t y  acid, ranged  f rom 14.2 
(polyoxyethyla ted  sucrose dioleate, n - - -25)  to 18.6 
(polyoxyethyla ted  sucrose dierucate,  n - - -190) .  

Properties. The polyoxyethylene derivatives of su- 
crose diesters were general]y yellow or orange oils or 
waxes with a somewhat bi t ter  taste, with melt ing 
points in the range  of 10-40 ~ , soluble in water  to 
give clear solutions except at values of n of about 25 
or less. 

The surface tension of aqueous solutions and the 
interfacial  tension of aqueous solutions against  kero- 
sene were measured by the duNoiiy tensiometer at 
25 ~ and are shown in F igures  5 and 6. Aqueous solu- 

o~ 

7O 

i 

6O 

50 �9 -~  

~ Z -- _- C--t--~-- T_T 2 . ~  
40 ~. 

! ! i | 
0.OO1 0.01 0.i i.O 

Concentration Wt. % 

~,- Sucrose dimyrlstate (E.0.)3 o 
Sucrose dipalmitate (E.Oo)9o 

_ Sucrose dlstearate (E.0.1~: 
-O O- Sucrose dioleate (E.0. 
-~ ~ Sucrose diercate (E.O.)~o 
-O-~ Tween 80 
~O- ---O- Tween 40 

}'hG. 5. Su r face  t ens ion  of  wa te r  solut ion of the  polyoxy 
~,thylene der iva t ives  of  sucrose diesters .  

tions lowered surface tension to about  the same extent 
as a polyoxyethylene derivat ive of sorbitan mono-ole- 
ate (Tween 80). 

Foaming  proper t ies  of aqueous solutions of the 
polyoxyethylene derivatives of sucrose diesters, meas- 
ured by the Ross-Miles method at 25 ~ and 40 ~ , are 
shown in Table V. 

Tomicity. The polyoxyethylene derivat ives of su- 
crose diesters have good surface-active propert ies  and 
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-CA= ~ Sucrose dlmyrlsta~e (E.O.)~o 
�9 4~ [~- Sucrose dipalmitate (E.O.)~o 
- ~  Sucrose dlstearate (E.O.)s~ 
. . ~  Sucrose dloleate (E.O,)3o 
. . ~  Sucrose dlercate (E~176 o 
-(>---O-Tween 80 

--~-O--Tween 40 

FIG.  6. I n t e r f : l e i n ]  t e n s i o n  o f  w n t e r  s o l u t i o n  o f  t h e  p o l y o x y -  
c t h y h m c  ( | c r i v ; t t i v c s  o f  s u c r o s e  d i e s t c r s .  

therefore can be used as emulsifying or solubilizing 
agents. However,  for  utl ization in the food and cos- 
metic industries, toxicity is a very  impor tan t  problem. 

Accordingly the lethal dose (LD~o) of the polyoxy- 
ethylene der ivat ive of sucrose dioleate to mice, by 
intravenous injection, was investigated, with the fol- 
lowing results:  

P o l y o x y e t h y l e n e  d e r i v a t i v e  o f  

s u c r o s e  d i o l e a t e  .................................................... 
s o r b i t a n  m o n o l e a t e  .............................................. 
s o r b i t a n  m o n o l a u r a t e  .......................................... 

L D.~o, mg./k~. 

7 ,500  
5 ,800  
3 , 7 0 0  

F r o m  these results the toxici ty may  be considered 
quite low and the product  suitable for  use in the food 
industries. 

Discussion 
The alcoholysis of methyl  esters by sucrose pro- 

ceeded slowly a t  2:1 molar  rat io of methyl  esters to 
sucrose, as shown in F igure  1. Exper iments  on the 
effect of reaction time showed tha t  the yield of 
diesters increased f rom 50-60% at  2 hrs. to about  
90% at 6 hrs. wi thout  the occurrence of undesirable 
side reactions and with good agreement  between the 
reaction rate  of the methyl  esters and the yield of 
sucrose esters. Sucrose diesters were synthesized in 
good yield by  heat ing 2 moles of methyl  ester and 1 
mole of sucrose for  6 hrs. at 100 ~ at 30 ram., in the 
presence of potassium carbonate (Table I I ) .  

The reaction products  appeared  to be chiefly di- 
esters, the yield of monoester did not exceed 5%, 
refining was ra ther  simple, and  pure  sucrose diesters 
could be readi ly  obtained. However,  when unsatu-  

T A B L E  V 

Foaming" Proper t i e s  of Polyoxyethylene Der iva t ives  of 
Sucrose Diesters  % Concent ra t i ion  

Sucrose diester  

Dimyr i s ta te  .................. 
D imyr i s t a t e  .................. 

D ipa lmi ta t e  .................. 
DipMmita te  .................. 

I) i s teara te  ..................... 
Dis teara te  ..................... 

Diote~te ........................ 
Dioleate ........................ 

Die ruca te  ..................... 
Die ruea te  ..................... 

Oxyethyl 
g roups  

per 
mole 

60 
30 

100 
30 

80 
35 

85 
25 

105 
50 

Foam height ,  ram. 

25 ~ 40 ~ 

At  30 
I n i t i a l  min.  

51 39 
38 26 

39 23 
26 15 

32 16 
15 10 

36 24 
40 24 

24 16 
27 22 

I n i t i a l  

5O 
36 

45 
46 

34 
25 

45 
5O 

28 
33 

At 30 
in~n. 

19 
15 

28 
32 

6 
13 

7 
19 

10 
20 

ra ted  methyl  esters were employed and unreacted 
methyl  esters remained, crystall ization of the product  
f rom acetone was quite difficult. In  such a case the 
acetone solution was cooled to --10 ~ and a highly 
viscous liquid assumed to be  diester was separated 
f rom the solution. 

The specific rotat ion of the sucrose diesters estimated 
in ethanol or chloroform solution gave higher values 
than  those reported by Osipow (1) and Mihe, ra (11). 

The use of such solvents as formylmorphol ine  or 
d imethyl formamide  in the reaction of sucrose diesters 
with ethylene oxide would have industr ia l  importance 
because the snerose diesters could then be used imme- 
diately af ter  the alcoholysis reaction, and the t ime 
and trouble required to refine the diesters would be 
prevented.  However  the reaction proceeded ra ther  
violently when sueh solvents were employed, and 
degenerat ion of the product  occurred in consequence 
of a rapid  rise in temperature .  I t  was therefore con- 
eluded f rom the results of Table I V  tha t  the reaction 
should be carried out without  solvent in the usual 
method. The te r t ia ry  amines were found to be excel- 
lent catalysts because the reaction began at  a low 
tempera tu re  and proceeded moderately.  

The polyoxyethylene derivatives of sucrose diesters 
were investigated by determinat ion of the weight in- 
crease, the specific rotation, and the saponification 
value. However,  as the products  were expected to 
include polyethylene glycol and the like and as they 
are themselves mixtures  of products  having various 
molecular  weights, the analysis was ra ther  difficult 
and ent i re ly  sa t is factory results could not be obtained. 
Accordingly the average number  of moles of ethylene 
oxide condensed in the reaction product  was calcu- 
lated roughly  f rom the saponification value as shown 
in Table IV. 

As the surface-active propert ies  of aqueous solutions 
of the polyoxyethylene derivatives were found to equal 
the "Tweens"  f rom the results of F igures  5 and 6 
and Table V, and moreover as they can be said to be 
almost nontoxic when taken by  mouth,  their  use in 
food, for  example, as a solubilizer of oil-soluble vita- 
mins in water  will undoubtedly  be expected in the 
future .  

Summary 
Since the long-chain f a t t y  acid sucrose diesters in- 

evi tably produced in the synthesis of monoesters are 
only slightly soluble in water,  no impor tan t  use can 
be found  for  them at  the present  t ime except as oil- 
soluble emulsifying agents. 
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In  order to exploit new uses we have a t tempted  to 
improve their  solubility in water  by int roducing oxy- 
ethylene radicals into the molecule. 

The addit ion reaction of ethylene oxide with the 
sucrose diesters was carried out in an autoclave in 
the presence of alkaline catalysts. Wi th  the reaction 
t empera tu re  inaintained between 100-130 ~ the pres- 
sure decreased as the reaction proceeded, a:nd one to 
two hours  were required to consume the ethylene oxide 
used. 

The addit ion products  are yellow or orange oily 
materials  soluble in water.  Aqueous solutions showed 
good surface-active properties.  
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Hydrogenation of Fatty Oils with Palladium 
V. Products of the Tall Oil Industry 
MYKOLA ZAICEW, Engelhard Industries 'Inc., Newark, New Jersey 

Catalysts. 

C o n ( l i t i o u s  we re  f o u m l  f o r  r e d u c i n g  t a l l  oil d i s t i l l a t e  to  a n  
i od ine  mmfl)e) '  o f  22 w i t h  a s u f l i c i e n t l y  s m a l l  : m l o u n t  o f  p a l l a -  
d i u m  c a t a l y s t  to  m a k e  t h e  pro(,(,ss ( :om)nerc i a l ly  f e a s i b l e .  T h e  
O l ) c r a t i n g  eon( l i t h )ns  w e r e  2()0~ a n d  2 ,600  psi .  

T a l l  oi l  f a t t y  a c i d s  we re  r e d u c e d  wi th  p a l l a d i u m  a n d  th(! 
c o n c e n t r n t i o n  o f  l ino le ic  a c i d ,  cis-oleie  a c i d ,  s a t u r a t e ( [  a c i d ,  a n d  
t r a n s  i s o m e r s  we re  ( l c t c rmim~d  as  a f u n c t i o n  o f  io(lilm reta i l )or .  
T h c  f i v c - p l a t i n u n t  g r o u p  m e t a l s  ( P t ,  P d ,  Jr ,  Rh,  R u t  w e r e  
compar ( , ( l  a s  to  a ( ; t iv i ty ,  s e l ec2 iv i t y  o f  p a r t i a l  h y d r o g e n : t t i o n ,  
a n d  t e n d ( , n c y  to  f o r m  l r a n s - i s o m e r s .  

H 
YI)F~OGENATION O f  tall oil products  results in ma- 
terials with new I)rollerties and  of iuercascd 
vahlc and utility. The hydrogenat ion (if good 

llrercfincd whole tall oil to !)5 to 100 I.V. with nickel 
(/r ni('.kcl-col)per catalysts (1) is fa i r ly  easy even at 
h/w pr(,ssurc, al though a relatively large amount  of 
(mlalyst is needed (2). I iydr( lgenat ion to a h)w iodine 
niulillcr is (.onsiderably niorc (lifiieult. Even refined 
tall oil tlro(hlcts still contain catalyst  plliso))s, mostly 
sulfur  compounds of unsal)onifiablcs, l)istilh,d llrod- 
uets contain less poisons, but distillation isomcrizcs 
the rosin acids to a more difiieult fo rm to hylh'ogenate 
(3). Various methods for  the removal of poisons have 
been published and patented (4-7) .  Treatm(mt with 
speltt catalyst  before hydrogenat ion is f requent ly  sug- 
gested (8). In the ease of rosin acids this pro('edure 
rentoves poisons, but  complicates hydrogcnatio)l by 
promot ing  isonterization to comI)ounds more (liNcult 
to reduce. 

Commercial  hydrogenat ions  of tall oil are clone ex- 
clusively with nickel. P la t inum metals have reeeived 
so fa r  no at tent ion commercial ly aud only scant men- 
lion in the l i terature.  One excellent s tudy  of hydro- 
genation of tall oil rosin acid with catalysts of the 
pla t inum metal group has been made (:It. One patent  
has been issued on hydrogenat ion <>f rosin with rho- 
dium, ruthenimn,  and pal ladium catalysts (9), two 
other patents  mention p la t inum and palladiunl cata- 
lysts (10) and p la t inum oxide (11). 

Two Sllecific aspects of the tall oil hydrogc)mtion 
llrol)]('ln ~ll'(! (!xalnine(l i)! (his pal)(,r. ()ira is lhc hy- 
(Irogcna(i(ln of a (all oil (listilla(c to a low io(li,w 
))unll)cr, yi(,hling a eo)nnmr(.ially interesting pro(hlvt, 
stable (o oxi(lation ; lilt, (lth(,r is till: hydrogenat ion (If 
tall oil f a t ty  a(dtls with the aim of I)l:oducing the 
nlaxilnum a)u(/llnt of (he wtluabh~ cis-oleic acid in a 
suitalllc mixtur(, of other l)ro(lucts. This means that  
r(,(luction shouhl I)(, (lirl,(~t(,(l towar(l r('nloving fin- 
oh,it, acid s(,lectively, an(l miniiniziilg f(lrmati(l)i of 
tra))s-iso)ucrs and saturated acids. 

Experimental 
Four  different hydrogenatio)l  units were used in 

these  c x p e r i m e n t s .  At a t m o s p h e r i c  p r e s s u r e  a n d  
r(/(lnt t empera lure  a one-liler glass flask shaken at 
280 strokes per  minute was used. At  pressure up  to 
at)out 50 ilsig, and roo)n or ch'xat(:(t t empera ture  and 
with a high degree of agitation, a one-gallon stain- 
less stccl autoclave with a s t i r rc r ,  cooling coil, and 
cle('trical heatcr c(tntr(/lh,d by a thermoeouple was 
cmllloyed. II igh-tlrcssurc hydrogcnat ion with a low 
degree of agitation was done in a P a r r  shaking bonlb 
of 100-ml. capacity.  A higher degree of agitat ion at 
high pressllre was achieved by use of a 500-ml. Magne 
Dash autoclave. 

The tall oil distillate used in these experiments  had 
the analysis: f a t t y  acids, 53%;  rosin acids, 45%;  un- 
saponifiable, 2 % ;  acid number,  187; iodine nlnnber, 
138. The f a t t y  acids were 42% linoleic acid, 55% 
oleie acid, 3% satura ted  acids. Tall oil f a t ty  acids 
had the analysis: f a t t y  acids, 97% ; rosin acids, 1..0% ; 
uusalmnifiable, 2%;  acid number,  195; iodine num- 
ber, 130. The composition of the fa t ty  aeids was: lin- 
oleic acid, 38%;  oleic acid, 51% ; conjugated dietheu- 
old acids, 6 % ;  pahnit ie  acid, 3%;  stearic acid, 2%. 

Analyses of the products  obtained in this work were 
made according to official methods of the American 


