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T A B L E  I V  

Effect of Temper ing  on Hardness  of CocOa Bu t t e r  

S a m p l e  

Bars tested as received from manu-  
fac turer  

Cocoa but ter  melted by hea t ing  to 
38~ melt seeded on solidifica- 
tion, tempered for 5 hr. a t  27~ 
cooled for 10 rain. at 5~ to re- 
lease from mold. 

0oeoa but te r  melted by hea t ing  to 
50~ solidified, and held for  5 
hr. a t  5~ 

0.2 
0.7 
1.2 

Wt.  d / D  
applied 

k g .  
0.7 0.181 
1.2 0.229 

0,7 0.181 
1.2 0.232 

0.134 
0.252 
0.331 

Hardnes s  
i n d e x  

29.8 
31.7 

29.8 
30.8 

15.6 
15.2 
15.0 

~ Tests made at" 15~ %tin .  ball  used,  and load put  on ball for  
60 sec. 

Even well tempered samples of cocoa but ter  tended 
to show differences, as is evident f rom the curves in 
F igure  5. 

Several of the conditions recommended in car ry ing  
out the hardness tests were not investigated exten- 
sively. The recommendation that  the thickness of the 
test sample at the point of indentat ion be at  least 10 
times the depth of the indentat ion is based on the 
observation tha t  this thickness always yielded repro- 
ducible results with the fa ts  and waxes which were 
tested. I t  appears  to be: la rger  than  necessary. The 
thickness recommended is a convenient one; also it 
conforms with the specifications Of the A.S.T.M. test 
for  determining the Brinell  hardness of metals. 

On the basis of considerations similar to the above 
it was recommended that  the distance of the center of 
the identation f rom the edge of the sample or edge 
of another indentat ion be at least tw(~ and one-half 
times the diameter  of the indentation. 

With  regard  to. the reproducibi l i ty  of results, hard- 
ness values obtained under  identical conditions have 
generally been found to deviate no more than  two or 
three percentage units f rom an average value. For  
example, successive measurements  of  the hardness  of 
sugar  cane wax, made at 30~ and Using a ~6- in .  
ball, 4.2 kg. weight, and a test  t ime of 60 seconds, 
gave the following hardness values: 235, 238, 245, 
242, and 242. The average for the series is 240, and 
the maximum deviation is 2.1%. 

To show the versat i l i ty of the ins t rument  which h~s 
been described, hardness  values determined for  a va- 
r ie ty  of fa t  and wax products  are recorded in Table 
V. I t  is beliexed that  this is the first t ime that  the 
hardness of these compounds has been shown on a 
common scale. Unless noted otherwise, the hardness 
of each sample was determined af ter  heat ing it to a 

T A B L E  V 

Hardness  Values of Several  Fa t  and Wax  P r o d u c t s  a 

Produc t  

Ros in  .......................................................................... 
Ca rnauba  wax ........................................................... 
Suga r  cane wax ......................................................... 
Crude  candeli l la  wax ................................................. 
Rice b ran  wax ........................................................... 
T r i s t ea r in  ................................................................... 
Hydrogena ted  cottonseed oil ...................................... 
Hydrogena ted  jojoba wax .......................................... 
Ceres in  wax . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P a r a f f i ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Chocolate l iquor  ......................................................... 
B e e s w a x  ..................................................................... 
Cocoa but te r  (aged)  .................................................. 
Commercial  c a n d y  fats  other t han  cocoa bu t t e r  ........ 

Test  
t empera-  

t u r e  

~ 

3O 
3O 
3O 
3O 
30 
3O 
30 
3O 
3O 
30 
25 
30 
2-~ 
25 

Hard-  
ness 

i n d e x  

860 
420 
320 
260 
210 
170 
140 

65 
25 
24 
19 
17 
15 

4 -12  

aBall  and load sizes va r ied  to su i t  the i n d i v i d u a l  products .  Test  load 
appl ied  for one minute  in  all cases. 

few degrees above its nlelting point, pouring the melt  
into the mold, cooling the sample to room tempera-  
ture, and then determining the hardness. 

Summary 
Heretofore  a good niethod for measur ing the hard- 

ness of fa ts  and waxes has no.t been available. In-  
s t ruments  current ly  used to measure hardness (not 
consistency) are relatively inaccurate and give results 
based on an a rb i t r a ry  scale. 

A new ins t rument  and technique have been devised 
for measur ing the hardness of fats  and waxes. They 
are essentially an adapta t ion  of the Brinell  hardness 
test used for metal  and alloys. In  determining the 
hardness  of a f a t  or wax, a perfect ly  round steel ball 
having a diameter  as small as 0.1250 in. or as large 
as 0.5000 in. is pressed with a force of 200 g. to 
about  6 ks. onto the surface being tested. The hard-  
ness index, in terms of ki lograms per  square: centi- 
meter,  is determined f rom the slight impression pro- 
duced. The index is relat ively independent  of ball  
size; test load, and other test conditions, provided 
these are confined to certain ranges. 

Hardness  indices have been determined for prod- 
ucts ranging  f rom poorly tempered cocoa but ter  to 
rosin. Differences in hardness  observed have varied 
over 1500-fold. The hardness  of cocoa but ter  has been 
found to vary  over seven-fold, depending on thermal  
history. 
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Ion Exchange Resin Catalyst Stability in in-situ Epoxidation I 
W. WOOD and J. TERMINI, The Permutit Company, New York, New York, 
Division of Pfaudler Permutit Inc., Rochester, New York 

T 
m~ expandi,~g epoxide applicat ions within the last 
decade as plasticizers and chemical intermediates 
have sparked the development of improved epoxi- 

dation processes. Evidence of this development is the 
use of a solid ion exchange resin catalyst  in the in-situ 
epoxidation process. Vital  to the success of this proc- 
ess is the stabil i ty of the resin catalyst  to physical 
breakdown when exposed to the highly oxidizing con- 
ditions of epoxidation. 

Presented at  the fall  meeting,  American  Oil Chemists '  Society, Cin- 
cinnat i ,  0., September 30, October 1-2,  1957. 

Factors  affecting resin catalyst  stabil i ty have been 
evaluated in our labora tory  in an effort to extend 
resin life, thereby making this process more at trac- 
tive for epoxidation. This pape r  presents a method 
for  evaluating resin stabil i ty and shows how metal  
contamination and cross-linking of the ion exchange 
resin, the concentration of hydrogen peroxide, the 
operat ing temperature ,  and the use of a complexing 
agent  affect resin stability. The epoxidation process 
will first be reviewed briefly to provide background 
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information on the resin epoxidation process and to 
illustrate why resin stability is essential. 

Epoxidation 
The development and chemistry of the epoxidation 

process and the diverse application of epoxides are 
reported in the literature (1, 2, 3, 13, 14) and patents 
(4, 6, 15, 16) and will be discussed only briefly. 

Chemistry. Epoxidation is the reaction of an or- 
ganic peracid with a double bond to form an oxirane 
compound. Hydroxylation is the further reaction of 
the epoxide ring to produce a 1,2-glycol derivative. 

Epoxidation 

--C=C-- + RCOOOtt -> --C C-- + I~COOIt 
\ /  

o 
olefin peracid epoxide 

Hydroxylation 
OCOR OH 

I 1 I I mO I I 
--C--C-- -~ RCOOH - - - ->  --C--C--- ~ --C--C ~- 

\ /  
O 

epoxide OI-I OH 
hydroxy- glycol 
acyloxy 

Perbenzoic acid was first found to be suitable for 
epoxidation (12), but today peracetic and performic 
acids are now being used almost exclusively for the 
commercial preparation of more than 25 million lbs. 
per year o f  epoxides. Unsaturated compounds readily 
available for epoxidation include fat ty acids, fat ty 
esters, fats and oils, terpenes, aliphatic and alicyclic 
olefins. Soybean oil is most frequently used. Al- 
though these compounds all contain carbon-to-carbon 
double bonds, they are chemically different and in 
many cases permit the production of epoxides with 
unique physical and chemical properties, such as 
heat and light stability, plasticizer permanence, and 
other characteristics. These properties permit epoxides 
to be used as plasticizers for vinyl polymers, stabiliz- 
ers for chlorinated resins, chemical intermediates for 
organic synthesis, insecticides, lubricants and lubri- 
cant additives, surface-active agents, and for applica- 
tions extending to other fields (7, 8). 

Resin Catalyst in-situ Epoxidation Process. Pre- 
formed peracetic solution, made by reacting concen- 
trated hydrogen peroxide with glacial acetic acid, 
could be used for epoxidation. However, when using 
the preformed peracid, it is necessary to buffer the 
free mineral acid catalyst used and to operate at 
a reaction temperature of less than approximately 
25~ to minimize opening of the epoxy ring. The 
result is high hydrogen peroxide consumption and a 
long reaction time. These limitations and the problem 
of safely handling preformed peracids prompted fur- 
ther development. 

In-s i tu  techniques for hyd roxy la t i on  (13) and 
epoxidation (11) were investigated. The process is 
based on the addition of hydrogen peroxide to an 
aliphatic acid solution of olefinic material in the 
presence of an acid catalyst. The hydrogen peroxide 
reacts in situ with the organic acid to form the per- 
acid which immediately converts the double bond to 
an epoxy ring. In-situ epoxidation reduces hydrogen 
peroxide consumption to slightly more than stoichio- 
metric and eliminates the necessity of preparing the 
costly and hazardous preformed peracid. The in-situ 
epoxidation catalyst may be either a strong mineral 

acid, such as sulfuric acid, or an acid cation ex- 
changer. The sulfuric acid type of catalyst has a 
tendency toward undesirable epoxy ring opening and 
polymerization. Neutralization of the liquid catalyst 
also forms inorganic salt contaminants which are det- 
rimental to epoxide quality (2). The recently devel- 
oped resin catalyst process avoids these disadvantages. 
Under proper conditions this resin process increases 
epoxy yields, simplifies the operation, and, in many 
cases, produces a better epoxide with lower viscosity, 
greater temperature stability, and better plasticizer 
compatibility. 

The resin process may be a batch process in which 
the resin catalyst is separated from the reaction prod- 
ucts and re-used, or it may be a continuous process 
based on continuously passing the reaction mixture 
through a fixed bed of ion exchange catalyst. Re- 
cently an "expendable resin" process was developed 
which eliminates the need for catalyst recycling by 
using a lower catalyst concentration. The literature 
(1, 3, 4, 5) presents a detailed description of these 
procedures. 

The resin catalyst epoxidation process has merited 
considerable study. Resin attack has been experienced 
with continued use under certain conditions (9), par- 
ticularly for fixed resin catalyst bed operation. The 
highly oxidizing conditions occurring in the epoxida- 
tion reaction result in decross-linking of the ion ex- 
change resin and in fragilation, causing swelling and 
even ultimate dissolution of the resin catalyst and 
making eff• column operation with a fixed resin 
catalyst bed very difficult. The loss of resin stability 
with each successive batch epoxidation interferes with 
filtration and reduces the epoxide yield (10). Tech- 
niques for effectively extending resin catalyst life will 
be discussed after reviewing the data on stability. 

Experimental 
Catalyst Grade Permutit QH of principally -20  to 

+40-mesh size was used for these tests. It  is an acid 
cation exchanger developed specifically as a catalyst 
in epoxidation a n d  other acid-catalyzed reactions. 
This resin is a polystyrene polymer which has been 
cross:linked with divinyl benzene to render an in- 
soluble bead (Figure 1), which is then sulfonated to 
impart cation exchange properties. A special acid 
treatment converts the beads to the hydrogen form 
and simultaneously reduces the metal contamination 
to usually less than 0.005% of the dry resin weight 
and allows this resin to be used directly for catalysis. 

Resin Stability Test. Hydrogen peroxide attack 
of the resin catalyst in epoxidation may be simulated 
by a resin stability test developed in our laboratory. 
Approximately 10 ml. of hydrogen-form resin (tapped 
volume measured with a 10-ml. graduate) is contacted 
with hydrogen peroxide in an Erlenmeyer flask for 
3 hrs. at 60 ~ to 80~ as maintained by a constant- 
temperature water bath. The mixture is transferred 
quantitatively to a porous-bottomed porcelain cruci- 
ble, and the resin is rinsed free of excess peroxide. 

The degree of resin breakdown is indicated by 
determining the increase in resin volume (extent of 
resin decross-linking) and the loss in dry resin weight 
(decross-linking and solubilization). The dry resin 
weight is obtained by heating at 130~ to constant 
weight. 

Variables. The variables investigated included the 
following: 
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1. m e t a l  c o n t a m i n a t i o n :  a d d i n g  o f  i r o n ,  c o p p e r ,  z i n c ,  n i c k e l ,  
o r  m a n g a n e s e  [ M e t a l  c o n t a m i n a t i o n  ( b a s e d  o n  d r y  r e s i n  
w e i g h t )  r a n g e d  f r o m  l e s s  t h a n  0 . 0 0 5 %  f o r  t h e  c o m m e r -  
c i a l l y  a v a i l a b l e  C a t a l y s t  G r a d e  P e r m u t i t  Q H  to  a s  h i g h  
a s  0 . 9 %  w h e n  c o n t a m i n a n t  w a s  a d d e d . ]  ; 

2. h y d r o g e n  p e r o x i d e  c o n c e n t r a t i o n :  35  m ] .  of 5 0 %  i%O~ o r  
1 0 %  H_oO~ ; 

3. r e a c t i o n  t e m p e r a t u r e  : 60 ~  t o  80  ~  
4. r e s i n  c r o s s - l i n k i n g  : 1 0 %  a n d  1 5 % ;  a n d  
5. s e q u e s t e r i n g  a g e n t  : 0.1 to  0 .4  g .  o f  t e t r a s o d i u m  e t h y l e n e -  

d i a m i n e  t e t r a - a c e t a t e .  

Discussion 

Metal Contamination. Hydrogen peroxide decom- 
position and the resulting attack on the ion exchange 
resin are accelerated in the presence of metal con- 
taminants. The maximum allowable metal content for 
resin stability will depend on the type of metal con- 
taminant, operating temperature, and peroxide con- 
centration. Tables I and II  show clearly the effect of 
different metals. Iron is by far the most detrimental 
to resin stability, and copper almost equally as active. 
Nickel, zinc, and manganese promote resin breakdown 
but to a considerably lesser extent. 

TABLE I 
The Effect  of H y d r o g e n  Pe rox ide  Concen t r a t i on  on Res in  

Ca ta lys t  S tabi l i ty  
(50 ml. of r e s in  ca ta lys t  w i th  35 rag. of me ta l  c o n t a m i n a t i o n  

r eac t ed  3 hrs .  w i th  35 ml. of H202) 

C o n t a m i n a n t  a 60~ Reac t ion  80~ Reac t ion  
1 0 %  H~02 5 0 %  H202 1 0 %  I-I202 5 0 %  I-I202 

Control  ............................ 
Fe  .................................... 
Cu .................................... 
i n  .................................... 
Ni  .................................... 

% resin swelling b 
1 4 

dis.  dis.  
5 360 
:1 5 
2 3 

% resin swelling b 
6 22 

dis. dis. 
14 dis. 

6 28 
6 25 

a Control  P e r m u t i t  Q t t  con ta ins  less t h a n  app rox ima te ly  0 . 0 0 5 %  i ron  
con t amina t i on  based  on d ry  re s in  weight .  The  35 rag. of me ta l  con- 
t a m i n a n t  added  a re  equ iva l en t  to about  0 . 9 %  ,of d r y  r e s in  we igh t .  

b dis.  m e a n s  r e s i n  sample  dissolved completely widle  the  p e r c e n t a g e  
f igures  denote r e s in  volunle increase .  

For the most active contaminant, iron, the maxi- 
mum allowable content for negligible resin break- 
down at 60~ and 50% H202 is roughly less than 
0.027% and preferably less than 0.01% of the dry 
resin weight (Table I I I ) .  Significantly, larger quan- 
tities (as high as 0.9%) can be tolerated for zinc, 
nickel, and possibly manganese. The relatively good 
stability of the control resins shows vividly the neces- 
sity for using a practically metal-free catalyst and 
for avoiding metal contamination from equipment 
and  other reactants during epoxidation. 

Hydrogen Peroxide Concentration. Increasing the 
hydrogen peroxide concentration for the conditions 
studied increases decross-linking and solubilization of 
the resin catalyst. Table I compares the effects of 
hydrogen peroxide concentration on resin breakdown. 
However, since 50% HiOe is more efficient than the 
10% H20u for epoxidation, rigid control of metal 

TABLE II 
The Effect  of Reac t ion  T e m p e r a t u r e  on  Res in  S tab i l i ty  

(10 ml. of r e s in  w i t h  35 mg.  of me ta l  con tamina t ion ,  
r e ac t ed  3 hrs .  w i t h  35 mI.  of  I-I202) 

5 0 %  HiOe  C o n t a m i n a n t  / -  1 0 %  t t202 
60~ 70~ 80~ 

% resin swelling 
Control  ............................ ~ :1 2 6 
Fe  .................................... J, dis. dis, dis.  
Cu .................................... / 5 8 14 
Zn .................................... l 1 3 6 
Ni  .................................... 2 3 6 
~V~n ................................... - -- 

60~ 80~ 

% resin swelling 
4 22 

dis. dis. 
360 dis.  

5 28 
3 25 
4 40 

F I G .  1. P h o t o m i c r o g r a p h  o f  c a t a l y s t  g r a d e  P e r m u t i t  Q H  
r e s i n  b e a d s .  

contamination would be the more practical plant con- 
trol method to prevent resin breakdown. 

Temperature. As expected and shown in Table 
II, increasing the temperature from 60~ to 80~ 
increased resin breakdown. Higher temperatures in- 
crease hydrogen peroxide decomposition and the re- 
sulting resin decross-linking. The temperature range 
for plant epoxidations generally ranges from 60~ 
to 75~ with perhaps as high as 80~ for the ex- 
pendable resin process. Operating at lower temper- 
atures would minimize resin breakdown, but it would 
also extend the reaction time and decrease the epoxi- 
dation efficiency. 

Resin Catalyst Cross-linking. The 15% cross-linked 
resin is more resistant to resin degradation than the 
10% cross-linked resin, particularly when iron con- 
tamination is approximately 0.01% or less. Increas- 
ing resin cross-linking from 10% to 15% is not very 
effective in counteracting the detrimental effect of 
high iron concentrations. This again indicates that 
metal contamination is a dominant factor although 
greater resin cross-linking is helpful. 

TABLE III 
The Effect  of I r o n  C o n t a m i n a t i o n  on Res in  Stability 

(10  ml. of r e s i n  hea ted  w i t h  35 ml.  of 5 0 %  I-I202 
at 60~ for  3 h r s . )  

Contamination a Res in  vo lume 
inc rease  

% Fe  % 
Control (0 .00:1%) .............................. ...................................... 3 
0 ,0275 ................... ~ .................................................................. :13 
0 ,1375 ...................................................................................... 180 
0 ,2080  ...................................................................................... dis, 

a Calcula ted  on d r y  w e i g h t  of r es in .  
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TABLE IV 

Effect of Resin Cross-Linking on Resin Catalyst Stabi l i ty  
(10 ml. of resin of 10% and 15% cross-linking reacted 

with 35 ml. of 50o/0 H~0~ at 80~ for 3 hrs.)  

Contaminant  a 

Control . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fe:  0.01 . . . . . . . . . . . . . . . . . . . . . . . . . .  

0.026 . . . . . . . . . . . . . . . . . . . . . . . . .  
Cu 0.9 .............................. 
Ni 0.9 .............................. 

Cross-linking 
5% 10% 15% 

% r e s i n  s w e l l i n g  

dis. 22 34 
- 400 70 
- dis. dis. 
- dis. dis. 
- 25 30 

Cross-linking 
~0% 15% 

vie resgn 'wt. loss h 
1.8 3.6 

32 10.5 
99 92 

a Calculated on dry weight of resin. 
b Change in weight of dry resin. :Resin before a n d  after dried at 

130~ to constant weight. 

Complexing Agent. A eomplexing agent, such as 
tetrasodium ethylenediamine tetra-acetate, was evalu- 
ated because of its ability to complex iron and other 
metals. Elimination of the free metal contaminant 
by a complexing agent was expected to re tard  per- 
oxide decomposition and resin breakdown. A com- 
plexing agent will limit and reduce the extent of 
resin breakdown, as shown in Table V by the smaller 
losses in resin weight with increasing dosages. Again, 
with high iron contamination, the effectiveness of a 
complexing agent is not significant, and a larger 
quant i ty  of sequesterant appears necessary to reduce 
the quant i ty  of the resin being solubilized. 

Nature of Resin Degradation. During the degra- 
dation studies a special test was made to help explain 
the nature  of resin breakdown in a metal-contami- 
nated hydrogen peroxide system. The resin (100 g.) 
containing 0.1% copper was heated to 80~ with a 
small quant i ty  of water, and 100 ml. of 50% H202 
were added slowly over a 2-hr. period. The mixture 
was then filtered, and a sample of the filtrate was 
dried at 70~ over-night. One gram of the dried 
filtrate was dissolved in water and t i t rated with 0.1 N 
NaOH. The change in pH was followed with a Model 
H-2 Beckman pH Meter. 

Deeross-linking was evidenced when the resin be- 
came highly swollen and 80% solubilized. The titra- 
tion curves shown in Figure  2 of the water-soluble 
port ion of the decross-linked resin and the s tandard 
undegraded resin indicate some desulfonation and 
formation of weaker acid groups. 

S u m m ar y  

The highly oxidizing conditions of epoxidation 
cause decross-linking of the ion exchange resin cata- 
lyst, resulting in swelling of the resin with its even- 
tual dissolution if uncontrolled. 

Min imum metal contamination (part icular ly i ron) ,  
low hydrogen peroxide concentration, low reaction 
temperature,  high cross-linked resin catalyst, and the 
addition of a eomplexing agent all contribute to 
maintaining resin catalyst stability: Metal contami- 

.!!? 
TABLE V 

Effect of Complexing Agent on Resin Catalyst Stability 
(10 ml. of resin containing 35 rag. of iron reacted with 35 mL of 

10% H20~ at 80~ for 3 hrs. in presence of tetrasodium 
ethylenediamine tetra-acetate) 

Permut i t  QH res in  
Complexing agent Control Contaminated 

grOxq~s vie r e s i n  ~oeight loss a 

0 2.8 100 
0.1 76 
0.2 64 
0.3 56 
0.4, 46 

a Resin samples became partially soluble. Therefore dry res in  weight 
loss (percentage solubilized) ra ther  than v o h m e  change used to indicate 
breakdown. 

CATALYST GRADE PERMUTIT QH TITRATION CURVES 

pN vs Meq. NeOH 

t2 

IO- -  

Standard 
8 ~ Permutlt Q H ~  

6 - -  

4 -  / 

/ 

I I 

.r 

cr 
ILl 

0 2 4 

Water SoLuble Permutit QH 

I 
/ 

/ 
Water Soluble Permutit QH 

Heated Standard Permutit 
Q H with O. 1% Cu and 50 % 

H202 for 2Hrs. at 60 ~ C, 

TITRATION: O. IN NaOH 

I I I 
co 8 IO 

Mil l i equiva lents  NaOH a d d e d / g r a m  resin 

FIG. 2. T h e  di f ference ,  i n  t i t r a t i o n  c u r v e s  o f  t h e  w a t e r - s o l u b l e  
d e g r a d e d  r e s i n  a n d  s t a n d a r d  r e s i n  i n d i c a t e s  s o m e  d e s u l f o n a t i o n  
a n d  f o r m a t i o n  o f  w e a k  a c i d  g r o u p s .  

natiolJ is by far the Blest detrimental  factor  to resin 
stability. 

()perating with essentially a metal-free system is 
most hnportant.  This can be obtained by using a 
resin with less than 0.005% metal contamination and 
by avoiding metal contamination from raw materials 
and equipment being used for epoxidation. 

A minimum of metal contamination and perhaps a 
lower operating temperature  provide the most prac- 
tical methods for controlling resin breakdown and for 
improving the efficiency of the ion exchange resin 
catalyst in in-situ epoxidation processes. Avoiding 
resin breakdown is part icularly essential for the 
fixed resin catalyst bed and for the resin recycle 
bateh processes. Even for the expendable resin proc- 
ess where resin stability is not too critical, control 
of metal contamination and operating temperature 
should result in a trouble-free and a more economical 
operation. 
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Biochemistry of the Sphingolipides. X. Phytoglycolipide, a Complex 
Phytosphingosine-Containing Lipide from Plant Seeds 
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H. H. TOMIZAWA,  7 and EVELYN WEBER, Division of Biochemistry, Noyes Laboratory 
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T 
HE [ N O S I T O L - C O N T A I N I N G  P t t O S P t t A T I D E S  have been 
the subject of many investigations since Klenk 
and Sakai (20) first reported the presence of 

inositoI in soybean ]ipides. Progress has been slow, 
par t ly  because of the lack of satisfactory fraction- 
ation methods and of adequate criteria of pur i ty ;  
nevertheless some useful information has been ob- 
tained as to the nature and number of the inositol- 
containing" lipides of corn and soybean (11-13, 17, 
18, 24-26, 32-35, 37). Folch (12, 13), Woolley (37), 
and others (18, 24, 26) have obtained purified frac- 
tions of higher inositol content by solvent-fractiona- 
tion procedures. These materials were reported to 
contain f a t ty  acids, glycerol, inositol, and phosphate;  
certain preparations, had,  in addition, carbohydrate  
components and tar tar ic  acid. The only nitrogenous 
substances detected were ethanolamine and serine, 
which is of some interest in the light of the results 
to be presented in this paper. 

Dutton and co-workers (32, 33) and McGuire and 
Earle (22) have applied countercurrent  distribution 
techniques to the lipides of corn, soybean, and flax- 
seed. By using a methanol-hexane system, two inosi- 
tol-containing fractions were obtained, one moving 
with the hexane, the other remaining in the early 
methanol tubes. These results give no information as 
to the homogeneity of the fractions, and with this 
system emulsion problems limit the practical exten- 
sion of the distribution process. Itowever, in the 
course, of these studies, galaetose, arabinose, and man- 
nose were identified by paper chromatography in 
various inositol lipide fractions (33). 

The results of the eountercurrent  distribution and 
solvent-fractionation studies have established the oc- 
currence of two types of inositides in plant  lipides. 
The better characterized of these is phosphatidyl  
inositol, to which s tructure [ has been assigned. 

o 
II 

CH~0--C--R 
i 

o 
11 

CHO--C--R' 
k 
l o 
I ]I 

C H ~ 0 - - P - - 0 - - C 6 H ~  ( 0 H ) ~  ( I )  

0H 
Phosphatidyl  inositol has been isolated from several 
plant sources [soybean (25), wheat germ (11), peas 

(35) j, and a phosphatidyl  inositol-like material with 
a phosphorus to inositol ratio of 1.8 has been obtained 
in a part ial ly purified form from soybean (32). 

The more complex carbohydrate-containing inosi- 
tides have been less well-characterized. Folch (13) 
fract ionated soybean phosphatides by a chloroform- 
ethanol technique and obtained a fract ion which con- 
tained inositol, carbohydrate,  glycerol, p r imary  amine 
(unidentified) f a t ty  acids, and phosphoric acid. Haw- 
thorne and Chargaff (18), by a similar solvent-frac- 
tionation procedure, obtabled all inositol lipide, which 
oH hydrolysis gave an organic phosphate containing 
iuositol, galactose, and arabinose. More recently Mal- 
kin and Peele (24) have purified similar fractions 
fur ther  and have tentatively assiglled s t ructure  I I  

O 
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1 o 
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to the nlain constituent. I t  should be noted that  none 
of these materials were established to be homogeneous. 

Some years ago in our laboratories a procedure was 
devised for prepar ing  a purified inositol lipide mix- 
ture  s essentially devoid of lecithin, cephalin, stcrols, 
and non-lipide contaminants (1). Countereurrent  dis- 
t r ibution studies on this material, using a methanol- 

1 The soybean phosphatide work w a s  done u n d e r  contract  w i t h  the 
U. S. Department  of Agriculture and was authorized by the Research 
and Marketing Act. The contract was supervised by Kerber t  J', Dutton 
and John C. Cowan of the Northern Utilization Research and Develop- 
merit Division of the Agricultural Research Service, Peoria, Ill. The 
corn phosphatide work was supported in par t  by research grants  
(B574-C2, 3, 4) from the National Institutes of Health, United States 
Public :Health Service. Par t  of the material  in this paper  Was taken 
from the theses submitted by Walter  D. Celmer, William E. M. Lands, 
John :H. Law, and ]t.  H. Tomizawa to the Graduate College of the 
University of Illinois in partial  fulfilment of the requirements for the 
degree of Doctor of Philosophy in Chemistry. 

~_4_ preliminary report  of this work has been published (4) .  For 
number  IX  in this series see reference (2) .  

Present  address, Chas. Pfizer and Sons, Brooklyn, N. Y. 
4 Postdoctorate Research Associate, Department  of Chemistry. 
s Present  address, Department  of Biological Chemistry, University of 

Michigan, Ann Arbor, Mich. 
Present  address, Converse Memorial Laboratory, H a r v a r d  Unive r - 

sity, Cambridge, Mass. 
7Present  address, University of Washington, School of Medicine, 

Seattle, Wash. 
s I n  this paper the term inosit01 lipide ( I L )  will be used to designate 

the mixture of inositel-e~ntaining lipides which were obtained from a 
variety of plant seed  phosphatides by this procedure. 


