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Summ ary  of Per fo rmance  l ) a ta  :~ 

Sample Reagent  

C-l-1 ....................................................... Sulfanfic 
C-1-1 ....................................................... SOn 
0-1-1 ....................................................... SO:~ 
C-1-1 ....................................................... SOn 
C-l-1 ....................................................... SO:~ 
1)-2 ......................................................... Sul famic  
D-2 ......................................................... S()a 
E-I .......................................................... Sulfamie 
E-I .......................................................... S():~ 

Per  cent "vVcttin~ 
reagen t  t ime I) 

D W  c 

~7 155 105 
100 20 160 
1 0 5  1 8  1 6 0  
110 20 160 
195 171 125 
105 26 120 
110 28 185 
110 26 145 
110 32 140 

Voanain. ~ power  

H W  d 

170 
190 
210 
220 
200 
210 
210 
130 
140 

Detergency e 

I ) W  t 

0.05 [ ?:~__ 
2o I 36 
11 / 3 2  
1 0  3 3  
9 I 32 
4 I 8 
2 I 17 
5 [ 17 

32 20 
~8 36 

a All saml)h's showed excellent resis tance to 15 ~ ha rd  water  a t  0.2%. 
b Draves  (Syn th ron  Tape Method) in se<.onds at  25~ 0 . ] %  solution. 
CRoss-Miles in dist i l led water  at  0.()5~)~,. 
d]r in 15 ~ hard watl,r at 0.1~,. 

H W g  

- -  5WoT7oi - 
36 ] 35 
29 I 36 
34 I 36 
33 [ 36 

5 [ 14 
15 I 3 t  
16 [ 27 
34 3~ 
38 40 

"Expressed as percentage of b r igh tness  increase of wool in Laander-  
Ometer. 

f i n  distillc~t wa te r  at  percentages  given.  
g i n  2 0  ~ ha rd  water  a t  percentages  given.  

lion with l!)5[/, sulfur  trioxide strongly impairs all 
I)rOl)er|ies ex('el)l hat( l -water foaming power. Wi |h  
octyll)h(mol-5 elhyh'ne oxide (I)-2) the two rea!zents 
tzivc sulfates of very s in l i la r  l>erforlmulcc excel)t that 
ill(, sulfur  trioxi(le-hased lnaterial has eousi(M'ably 
better (list]lied waler-foaming llOWer. [u general, 1his 
sulfate is a less effccliv(, (letergeul and wetting agent 
thau that  derived from ImIwll)henol-4 ethylene oxide 
regardless of reag(mt use(I. Ill the case of samt>lc E-1 
(dodeey]phenol-6 ettlylelw oxide) the two reagenls 
show similar pel'foruutu(q', wilh I>ossibly slightly bet- 
ter detergency and slightly greater wetting-time for 
sulfur  trioxide. 

Comparison of ill(' I)erforlnalwe (lala obtaiued ill the 
])resent s tudy with that  rellorte(I re<~ently by the pres- 
ent authors  for  the sulfated ethenoxylated ]oug-chaiu 
alcohols (6) shows the alkylpheuol-based products to 
advantage. Two of the alcohol-derived sulfates (P, 
and D) gave near ly  the same foauling-powcr as those 
made from the all~ylpilenol, but  wetting lime and 
detergency were considerably inferior. The third al- 
cohol-based sulfate (E l  showed substantially bett(,r 
detergency than the other two (hut still lower than 
the alkylphenol-derivcd mater ia l ) ;  h<)wevcr it ha<l 
eonlparatively poor foanling-l)ower au(t wetting time. 

Sulfa t ing Agents Compared 
The nmjor eoncJusions from this s tudy may be sum- 

marized as follows. Per  unit  weight (>f sulfur  trioxide 
introduced, sulfur  trioxide costs approximately one- 
seventh as much as sulfanlic acid and involves about 
one-sixth of the reaction time. Sul fur  trioxide gives 
l ighter product  color and allows format]ell  of any 
desired-product salt while su]famic acid gives the 
ammonium salt, which can be converted to other salts 

(e.g., sodinm) only with difficulty. Orl the other hand, 
sulfur  dioxide gives appreciable foaming dur ing sul- 
fat]on while sulfamic acid gives none. Sul fur  trioxide 
must be vaporized while sulfanlie acid is added di- 
rectly. Ring sulfonation with sulfur  trioxide is appre- 
ciable, but  none occurs with sulfamic acid. Product  
perfornmnce with the two reagents allpears compar- 
able however. 

Acknowledgments 

Free  oil analysis data were kindly provided by 
R. M. Kelley and D. E. IIowes of the Colgate-1)ahn- 
()live Cotnpany. Performance data were supplied by 
K. H. Ferber,  National Aniline Division, Allied (~heln- 
ical Corporation, and the figures werc drawu by Sid- 
ney I[ayes, General Chemical Division. 

l l  1~ b'l!'A~ E NC E S 

I. ( 'ar isen,  E. J., Fl int ,  G., Gilbert ,  E. E., and Nychka, II. IC, Ind. 
Eng. Chean., 50, 276 (1958) .  

2. Cloncy, J .  2r and Mayhew, ]4. L., ]Droceedings 43rd  Mid-Year 
Mectin~ of the Chemical  Specialt ies M~anufacturers Assn., 132 (1957) .  

3. Eplon,  S. 1r Trans .  Fa r~day  Soc., 44, 226 (1948 ) .  
4. l+lint, G., "Encyclopedia  of Chemical  Technology, '~ Vol. 13, 1). 591. 

Interscience Publ i shers ,  New York, 1954. 
5. Giltn~rt, E. E., and Jones:  E. P., Ind .  Eng.  Chem., 43, 2,045 

( 1951 ). 
6. Gilbert ,  E. E., and Veldhuis,  Ben jamin ,  J. Am. Oil Chemists '  See., 

36, 208 ( 1 9 5 9 ) .  
7. Gilbert ,  E. E., Veldhuis ,  Ben jamin ,  Carlson, E. J., and Giolito, 

S. L., Ind .  Eng.  Chem., 45, 2,065 (1953 ) .  
8. Ginn,  M. E ,  and Church,  C. L., Anal.  Chem., 31, 551 (1959) .  
9. Heuse,  Ir and Dar ragh ,  J .  L., Anal .  Chem., '26, 1,493 (1954) .  
10. Jefferson Chemical  Oompany, t tous ton ,  Tcx., "Su l fon ic  Surface- 

Active Agents ,"  1958. 
11. Jc l inek,  C. F., and Mayhew, R. L., Ind .  Eng.  Chem., 46, 1,930 

(1954). 
12. Knowles,  C. M., and Aye, J.  J .  J r .  (Genera l  An i l i ne  and Fi lm 

Corpora t ion) ,  U.  S. 2 ,758,977 ( 1 9 5 6 ) .  
13. Rohm and I:taas Company, Phi lade lphia ,  Pa., Tech. Bull .  SAN-60, 

I954.  
14. Schwartz,  A. IV[., and Per ry ,  J .  W., "Sur face -Ac t ive  Affents," 

p. 78, Interscienee,  New York, 1949. 
15. Steindorff,  A., Balle, G., t t e imke ,  P., and Hors t ,  K. ( I  G Far-  

bon indus t r i e  AG) ,  U. S. 2,203,883 (1940 ) .  

[Received February 18, 1960] 

Pure Oleic Acid from Olive Oil 
L E O N  J. R U B I N  and W I L L O W  PAISLEY, Canada Packers Ltd., Research Laboratories, 
Toronto, Ontario, Canada 

I 
N THE PAST 23 years a number of new techniques 
have been developed for the preparation of o leic 
acid from olive oil. Both  olive oil acids and methyl  

esters have been submitted to purification. The use 
of low-temperature ( - 6 0  ~ C.) solvent crystal l ization 
for this purpose, combined with fract ional  distil lation, 

is described i n "  Biochemical  Preparat ions"  (1) ,  where 
earlier l iterature references are given. 

The discovery of urea inclusion compounds in 1949 
- - a  general review, as applied to fat ty  acids, is given 
by Sehlenk ( 2 ) - - p r o v i d e d  yet  another tool for fat ty  
acid (or ester) fractionation. It was used by Schlenk 
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and Holman  (3),  who prepared  methyl  oleate (97-  
98% pure)  in 40% yield f rom olive oil methyl  esters; 
Swern and Pa rke r  (4) obtained a 60% yield of oleie 
acid (97.7% pure) ,  eontaining 0.1% linoleie acid and 
2.2% sa tura ted  acids. 

More recent ly Smull  (5) and Meade (6) reported a 
new development  in the separat ion of f a t t y  acid mix- 
tures. The differences in the solubilities of the acid 
soaps of saturated,  mono-unsaturated,  and polyun- 
sa tura ted  f a t ty  acids are sufficient to allow separation 
by crystallization. Smu11 utilized this fact  to separate  
oleie acid f rom the other components, p r imar i ly  lino- 
leie add ,  of tall oil f a t t y  acids. Kairys,  Meade, Munns, 
and Walde r  (7) were able to separate  sa tura ted  f rom 
unsa tura ted  f a t ty  acids via the acid soaps in an aque- 
ous system. The term " a c i d  s o a p "  refers  to the com- 
pound containing one molecule of e.g. sodium oleate 
for each molecule of oleie acid (8): 

Kepp le r  et al. (9) have just  published a note on 
the p repara t ion  of pure  oleie acid by  urea-adduct  
separat ion and fractional distillation, followed by 
t rea tment  with maleie anhydr ide  and iodine to re- 
move the remaining small amounts  of linoleic acid. 
They obtained a 23% yield of oleic acid containing a 
few tenths of 1% of sa tura ted  acid; however 5% of 
the oleie acid was converted to the t rans  isomer by the 
maleic anhydride-iodine t reatment .  

By  a combination of urea-adduct  precipi ta t ion and 
acid soap crystall ization we were able to obtain oleie 
acid of 99-100% pur i ty  f rom olive oil. Two urea- 
adduct  fract ionations of the olive oil f a t t y  acids at 
room tempera tu re  served to re<lute the total  saturate<t 
acid content to about 1%. Stearic and arachidic acids 
were completely rmnoved ; <)nly a small amount  <)f pal- 
mitic acid remained. The removal  of stearie acid is 
especially noteworthy since it could not be achieved 
by distillation. Three acid soap crystall izations of the 
remaining f a t ty  ac, ids eliniinated the polyunsatura ted  
acids, plus traces of t>almitoleie and palmitie acids, 
giving an excellent l>ro(hws (99-100% pure, no trans 
isomer) in 36-43% yield. The method was sealed up to 
handle 5 kg. of olive oil. ()live oil methyl  esters may 
be used for  the urea  fractionations,  but  it is preferable  
to s ta r t  with the f a t ty  acid mixture  since the free 
acids are required for the acid soap crystallizations. 

Experimental 
Five kg. of California olive oil were saponified 

under  nitrogen, modify ing  slightly the procedure de- 
scribed in " B i o c h e m i c a l  P r e p a r a t i o n s "  (1). Ext rac t -  
ing the f a t t y  acid mixture  with hexane, and dry ing  
the hexane extract  over anhydrous  sodium sulphate, 
great ly  facil i tated the working-up of the product.  

U r e a - A d d u c t  Separa t ion .  The w a r m  (50~ fa t ty  
acid mixture  (4.95 kg.) was added, .wi th  mechanical 
stirring, to a warm solution of 5 kg. of urea  in 15 liters 
of methanol.  A heavy, white precipi ta te  formed, and 
the mix ture  was allowed to cool to room temperature .  
Af ter  s tanding over-night, the crystals  were f l t e red  
off on a Buchner  funnel and washed well with a satu- 
rated solution of urea in methanol (16 g. per 100 ml.).  
Washing  with this solution decreases the possibility of 
decomposing the adducts  and makes for bet ter  separa- 
tions and easier handling. Most of the methan<>l was 
removed f rmn the filtrate i~ vacuo;  the residue was 
taken up  in water,  acidifie(t with dilute hydrochloric 
acid, and extracted with hexane. Af te r  the hexane 
layer had been washed well with water,  it was dried 

over anhydrous  sodium sulphate.  The solvent was re- 
moved in  vacuo to give 3.81 kg. (77%) of f a t t y  adds .  
A second t rea tment  with urea  (2.86 kg. in 11.5 liters 
of methanol)  resulted in 2.82 kg. (74%) of f a t t y  acids 
with the following composition: 1 

% 

p a l m i t i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 .5  

p a l m i t o l c i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 8 6  
s t e a r i e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  t r a c e  
o l e i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 7 . 1  
l i n o l e i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0 . 6  
l i n o l e n i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  t r a c e  

A c i d  Soap  Crys ta l l i za t ions .  Sodium hydroxide so- 
lution was p repared  to contain 0.0656 g. of sodium 
hydroxide per  ml. of 80% methanol.  This solution was 
diluted five times for use in t i trations.  By t i t ra t ing  
1 g. of the f a t t y  acids to a phenolphthalein end-point, 
the volume of sodimn hydroxide solution required to 
fo rm the normal  soaps was determined. H a l f  of this 
quant i ty  was then used to obtain the acid soaps. 

To a warm solution o f  2.78 kg. of the above f a t t y  
acids in 2.78 liters of methanol  were added 2.89 liters 
(amount  calculated f rom t i t ra t ion)  of the methanolie 
sodium hydroxide solution. This gave a crystall ization 
mixture  of 2.0 ml. of 90% methanol  per g. of f a t ty  
acids. The acid soaps were allowed to crystallize over- 
night at  3~ They were filtered off in a cold room at 
3-5~ and washed well with c, old 80% methanol. (A 
s lurry  was made with the wet cake and wash liquid.) 
By  dry ing  a small l)ortion, the wet cake was cah;ulated 
to contain 1.56 liters of 80~. methanol and the equiv- 
alent of 2.00 kg. of f a t ty  acids. The addition of 1.44 
liters of methanol gave a solvent mixture  of approxi-  
mately  90% methanol (1.5 ml./g, of f a t ty  acids). The 
acid soaps were broughl imo solution by warming,  
allowed to crystallize as before, fltere<l, and washed. 
As pointed out bel<)w, the volmne of 90% methanol for 
this and the third crystallization could be increased 
advantageously  to 2.5 ml. per g. of f a t ty  acids. 

This reerystall ization I)r(>c('dure was carried ()lit 
once Inore. The wet aci(1 soal) was 1hen t reated with an 
excess of 5% hydrochloric acid. The oily uppe r  layer  
which formed was extracte<l wilh hexane;  the hexane 
layer  was washed with waWr, (lrie<l over sodium sul- 
phate, and evaporated in  vat,co 1o give 1.65 kg. of 
pale yellow product.  The yield of oleic acid was 
43.4%, based on tim oleie e<>ntent <>f the olive oil acids. 
n 26/D = 1.4573; I.V. 89.4 (lhe<)r. 8!).9). 

Runs va ry ing  in size fr<)m 100 g. to 5 kg. of s tar t ing  
mater ial  were carrie(1 out. In the 5-kg. run  the final 
product  was pale yelh)w in e<)l<)r in spite of intensive 
washing dur ing  the acid s<)al) filtrations. Gas-liquid 
chromatography  indicated a pu r i ty  of 9 9 + %  but  also 
showed traces of a contaminant ,  which was not f a t t y  
acid. In  other runs  (nO to 1 kg. in size), a f te r  each 
crystallization, the acid soaps were c, onverted back to 
the f a t ty  acids, which were then dissolved in 1.5 ml. 
of methanol pet" g. Enough 80% methanolie sodium 
hydroxide solution (about 1 ml. /g . )  was added to form 
acid soaps. This made a total volume <>f about 2.5 
ml. /g.  The contaminant  mentioned was not present,  
and the produc t  was almost colorless. Therefore  the 
increase in volume of solvent for  the direct crystal-  
lization of the acid soaps is recommended. 

A port ion of the product  from the 5-kg. run  was 
distilled at 195-197~ nun.. giving a clear, color- 
less liquid in 89% yield. The gas ehromatogram 

Cmnposi t ions  w e r e  d e t e r m i n e d  by gas-licluid c h r o m a t o g r a p h y  on an 
A e r o g r a p h  A90,  using" a suce in ic  ae id -d ie thy lene  ~lyeol polyest~r  column 
( 1 0 ) ,  with he l ium as the o a r r i e r  ~as. 
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showed no impuri t ies ;  in f ra red  analysis proved that  
no trans isomer was present. 1.V. 90.5 (theor. 89.9) ; 
acid value 198.7 (theor. 198.61; n 26/D = 1.4585 [Lit. 
n 2~ = 1.4585, 1.4599 (11 ]. 

Preparation of Dcrivat'ives. Methyl  oleate was pre- 
pa red  f rom our olcic acid ( 9 9 + % ,  undist i l led),  and 
distilled at 168-170~ ram. to give a clear, colorless 
product .  The gas chromatogram showed no impnrities.  
I.V. 85.8 (theor. 85.6) ; n '~6/I) = 1.4510, Lit. n~~ = 
1.4522 (1).  

()lcoyl chhlridc was p repa red  by rcfluxing nnllis- 
tilled o lcic acid, ill dry  benzene, with oxalyl chl(/ride 
(111. The crude nlaterial was dislill(,(1 at 169- 
170~ ram. to give a clear, colorless I)rOd uct in 87 % 
yicht. In f ra red  analysis revealed no trace (tf Ccie acid 
or other cmltanlilmnts. 

Reduction with li thium alunlimlm hy(l,'i<lc of the 
nlcthyl iilcatc made from oleie acid (both nllllistilled) 
gave o]cyl ah~ohol in quant i ta t ive  yiehl (121. The 
Ulldistil]ed prodln.t had a saponification wilue of zero 
anll an [.V. of 93.2 (thcor. 94.5). When analyzed in 
tile gas chronlatograph as the ae('tate, no impurit ies 
were detected. 

Summary 
Oleic acid of 99-100% pu r i t y  has been prepared  

in 36-43% yield f rom t)live Jill. The conlbination of 

two urea-adduct  separat ions (at  room tempera ture)  
and three acid soap crystallizations (at  3~ gives an 
oleic acid of high quali ty without  recourse to frac-  
tional distillation or low-temperature  solvent crystal- 
lization. 
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The Enzymatic Hydrolysis and Tissue Oxidation of 
Fatty Acid Esters of Sucrose' 
JAMES F. BERRY and DAVID A. TURNER, Biochemistry Research Division, Department of Medicine, 
Sinai Hospital of Baltimore; and Johns Hopkins University School of Medicine, 
Baltimore, Maryland 

F 
A T T Y  A C I D  E S T E R S  o f  s u c r o s c  have been employed 
(11 as emulsifiers for the oral adminis t ra t ion of 
fa t  to dogs and humans. I t  was subsequently 

found that  the equivalent of as much as 100 g. of fa t  
as the sucrose f a t t y  acid ester in a synthetic  diet could 
be oral ly adminis tered without the expected elevation 
of p lasma tu rb id i ty  or increase in the amount  of fa t  
excreted in feces (2).  In  an extension of these studies, 
humans  were mainta ined for short  periods on this 
mater ia l  as the sole source of d ie ta ry  lipid. In  an 
a t t empt  to determine whether some unusual  mode of 
absorption of sucrose f a t t y  acid might  be involved, 
various modes of enzymic at tack were studied. Quastel 
(3) repor ted  that  sucrose monostearate  was hydro-  
lyzed to glucose and fructose by surviving intestine 
at one-fourth the rate  of sucrose hydrolys is ;  and York, 
Finchler ,  Osipow, and Snell (4) repor ted  the hy- 
drolysis of sucrose monolaurate  by  fructo-invertase.  
However  Bourne  (5) was unable to demonstra te  hy- 
drolysis of sucrose monostearate  b y  a-amylase or by  
g]ueo- or fructo-invertase.  Sucrose f a t t y  acid esters 
were found by Isaac and Jenkins  (6) to be capable 
of suppor t ing  oxidation by  sewage. 

The present  communicat ion describes the effect of 
lipase, invertase, and liver and pancreat ic  extracts  on 

1 Th i s  w o r k  w a s  ca r r i ed  out  u n d e r  U.S.P.JK.S.  G r a n t  No. A-1808 and 
S u g a r  Research ~oundation Grant No. 109. 

various commercial prepara t ions  of suerose fa t ty  acid 
esters and the oxidation of these prepara t ions  by ho- 
mogenates of liver and intestinal mueosa. 

Experimental 
Material. Sucrose f a t t y  acid esters used were "Se-  

(luol 260 ' '2  (22% palmit ie  acid, 3.4% stearic acid, 
22% oleic acid, 47% linoleie ac id) ;  sucrose monopal- 
mitate  3 (89% palmitic acid, 4.3% stearie ac id) ;  su- 
crose monostearate  A 4 (42% palmitic acid, 44% stearic 
acid, 5.4% oleie acid) ; sucrose monostearate  B 5 (39% 
palmit ie  acid, 53% stearie acid, 3% oleic ac id) ;  su- 
crose di-, 6 tri-, 7 and tetralinoleateS; and the trans- 
esterifieation product  ~ of sucrose and safflower oil. 

Procedure. A 1% solution of each sucrose f a t t y  
acid ester was made up with 20 ml. 95% ethanol and 
80 ml. glycerol. Each incubation vessel contained 50 
/,moles sucrose ester, 70 ~moles T r i s (hydroxymethy l ) -  
aminomethane buffered a t  p H  8.1, 50 ~moles sodium 
taurocholate or sodium glycoeholate, 100 ~g. enzyme 
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