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methyl  linolenate f rom 5 0 g  of f ract ional ly  distilled 
linseed esters on a large 10 • 150 cm eolumu is illus- 
t ra ted in F igure  5. There was some overlapping of 
the components in this experiment.  Nevertheless, 
83% of the methyl  linolenate was separated in pure  
form. 

Figure  6 shows a photograph of two prepara t ive  
columns for liquid-liquid par t i t ion chromatography.  
The results in F igure  5 were obtained on the larger  
column. I t  is the column described above containing 
3300 g of suppor t ing  material .  The other column in 
Figure  6 which is eooled by circulat ing water  through 
the rubber  tubing wrapped  around it contains 1000 
g of nonwett ing celite. Ten g of esters can be frac-  
t ionated on this column with the same efficiency as 
2 g on 'the smM1 column as described above. This 
colmnn was only used in the stepwise development 
of conditions for  the larger  column. I t  is expected 
that  fu r the r  refinements in conditions will give im- 
p.roved effieieney and permi t  the fraet ionat ion of 
larger samples as well as tt/e use of larger  columns 
than that  shown in F igure  6. 
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Glycidyl Esters. IV} Hydration of Glycidyl Stearate 
G. MAERKER, W. C. AULT, and W. S. PORT, 2 Eastern Regional Research Laboratory, a 
Philadelphia 18, Pennsylvania 

Abstract 
The acid-catalyzed conversion of glyeidyl ste- 

arate  to monostearin has been investigated. By 
use of an essentially nonaqueous reaction medium 
and a two-step procedure, high yields of monoste- 
arin were obtained at 15-20C in brief  reaction 
periods, while avoiding' ester hydrolysis. Distea- 
rin was found to be a by-product.  The influence 
of solvent, reaction temperature ,  and type of aeid 
catalyst  upon the relative amounts  of monoste- 
arin and distearin produced were studied. A 
possible reaetion path  leading' to the format ion 
of distearin is proposed. 

In t roduct ion  

D U R I N G  T H E  COURSE o f  our investigations into the 
synthesis and reactions of glycidyl esters of fat-  

derived acids, a practical  method of convert ing these 
esters to the  corresponding glyeerides was desired. 
We chose to concentrate our efforts upon s tudying 
the hydrat ion of a model compound, namely glycidyl 
stearate. Beyond general s tatements  to the effect that  
such hydrat ions are feasible (1,2),  we could find little 
evidence that  this problem has been studied previ- 
ously in any detail. On the other hand, there is con- 
siderable wealth of published information concerning 
the hydrat ion of oxirane compounds which do not con- 

i Par t  I I I  in press. Par t  I I ,  JAOCS, 88, 194 (1961).  
Present address: Avco Corp., Wilmington, Mass. 

Z A laboratory of the E. Utiliz. ~es. & Dev. Div., ARS, U.S.D.A. 

tain ester functions. Much of this work has been sum- 
marized capably and evaluated crit ically by Pa rke r  
and Isaaes (3). 

The commonly used method of converting epoxides 
to vicinal glycols, i.e., prolonged reflux in an aqueous 
acid medium, was unsuitable to the accomplishment 
of our purposes, both because glyeidyl stearate is 
quite insoluble in hot water  and because the hot aque- 
ous acid would tend to hydrolyze the ester funct ion 
which we wished 'to preserve. Since acid catalyzed 
hydra t ion  of epoxides and hydrolysis  of esters are 
competing reactions which proceed along ra ther  an- 
alogous reaction paths, it was necessary to find con- 
ditions which would favor  hydra t ion  over hydrolysis.  

The desired degree of selectivity was achieved by 
per forming  the reaction in a two-step sequence. Glyc- 
idyl s tearate was dissolved in a nonaqueous, but water- 
miscible solvent, and sufficient acid to protonate  the 
oxirane function was added at room tempera ture  or 
below. Wate r  was then added, and, a f ter  sufficient 
time was allowed for  hydrat ion,  the reaction was 
stopped by pour ing  the mixture  into benzene. In  
most runs a period of 5-10 rain for  each step was suffi- 
cient to effect a complete disappearance of epoxide, 
usual ly without format ion of detectable amounts  of 
s'tearie acid. 

Nishiyama et al. (4) repor ted the hydra t ion  of 
esters of epoxidized f a t ty  acids both in heterogeneous 
and in homogeneous (acetone) media. In  a certain 
general way our work parallels and complements 
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TABLE I 

H y d r a t i o n  of Glyeidyl  Stearate in  1,4-Dioxane. a 
Effect of React ion  Tempera ture  

Crude pro~luct 

React ion ] Concent ra t ion  (%)  I Yield ( % )  
temp W t  b . . . . . .  

C g Mono- Di- Mono- I n i -  
s tear in  s tear in  s tear in  s tear in  

15 G2V-~ ~ ~  s-sin8 91 
45 5.38 35.0 I 49.0 I 37.5 I 60.0 
90 I 4.64 35.0 58 0 32.2 61.4 

Cata lys t :  95% H'~S04. 
~ S t a r t i ng  m a t e r i a h  5.00 g glycidyl  stearate. 

that  of the Japanese  workers, who concentrated their  
efforts on measuring the rate of disappearance of 
epoxide functions ra ther  than on identification of the 
reaction products. 

We chose the lat ter  approach.  Chromatographic  
separat ion of the crude reaction products  according 
to the method of Quinlin and Weiser (5) revealed 
that  the hydrat ion reaction was considerably more 
complex than had been anticipated. Along with the 
desired product  monostearin, considerable quantities 
of distearin and glycerol were also produced in many  
of the runs. At  times, other by-products  appeared as 
well. Sonie of these remained unidentified, while oth- 
ers can be traced to an interaction between solvent and 
glyeidyl stearate. The amount  of distearin formed 
varied with the solvent used, with the acid employed, 
and with the reaction temperature ,  so that  in some 
experiments  the amount  of distearin exceeded 50% 
of theory. 

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

Glyci~lyl Stearate. The glyeidyl s tearate  used 
throughont  this s tudy was prepared  as described pre- 
viously (6). Oxirane oxygen (7):  4.42%. Theory:  
4.69%. 

MonoSlein. Glyeeryl oleate was p repared  by way of 
the isopropylidene derivative according to the method 
of Fischer (11). The crude product  was purified by 
the same chromatographic  method used for  purification 
of crude hydrat ion products. The purified material  
had an iodine value (I .V.)  of 70.7 ( theory:  71.2). 

Acetone. Acetone, ACS grade (J.  T. Baker  Chemi- 
cal Company)  was dried over magnesium sulfate, fil- 
tered, and distilled f rom magnesium sulfate. 

Benzene. Benzene, ACS grade, was dried over Dri- 
erite and filtered. 

l,l-Dioxane. 1,4-Dioxane (Eas tman- -p rac t i ca l )  was 
plu'ified according to method of Hess and F r a h m  (8). 

Other Solvents. Methyl acetate ( E a s t m a n - - a n h y -  
drous) and methanol ( B a k e r - - A C S  grade) were used 
as received. 

Hydration Procedure. The following example is 
representa'tive of the hydrat ion procedure employed. 
Variat ions of this procedure are shown in Tables I - I V .  

A solution of 5.00 g glycidyl stearate in 60 ml 1,4- 
dioxane was placed in a 200 nil 3-neck flask, equipped 

T A B L E  I I  

H y d r a t i o n  of Glycidyl Stearate.  a Effect of Var i a t ion  of Solvents 

I Reaction 
Solvent  temp 

C 

1 , 4 - D i o x a r ~  ................. 
1 ,4-Dioxane/benzene ............. I 15 
Acetone .................................. I 18 
Methanol ................................ I 37 

J 
M'ethyl acetate ........................ 20 
Benzene ................................. I 20 

Yield ( % ) 

M . . . .  I vi- I 
s tear in  s tear in  Other  

87~V-.8 i ~ ,  ...... 
23.7 54.3 ...... 
45.4 ...... 45.2 b 
18 0 ...... 10.0 a52"0 e 

3oo 1 I . . . . . .  

18.0 56.5 ...... 

a Ca ta lys t :  95% I-I2S04. 
b I sopropyl idene  glycerol stearate.  
e 3 (2) - t tydroxy-2 ( 3 ) methoxypropyl  s t e a r a t e .  
d Methyl s t e a r a t e .  

with mechanical stirrer,  thermometer ,  addition funnel  
and external cooling bath, and was cooled 'to 15C. To 
the well-agitated solution was added at a rapid  drop- 
wise ra te  a solution of 2.0 g cone. H2SO4 in 15 ml 
1,4-dioxane (addit ion time 2 rain).  Af ter  s t i r r ing the 
niixture for 8 rain af ter  eoInpletion of acid addition, 
10 nil distilled water  was added at a rapid  dropwise 
rate (addit ion 'time 1.5 rain) followed by a fu r ther  
period of s t i r r ing  for  8.5 rain. Dur ing  the entire se- 
quence the t empera ture  was mainta ined at 15C • 1. 
The reaction mixture  was poured into a separa tory  
funnel containing 200 ml benzene. The aqueous acid 
pha;e was withdrawn, and the benzene solution was 
washed with 25 nil NaHCO3 solution (5%) and then 
with 50 ml water.  The benzene solution was dried 
over Drier i te  and evaporated on the steam bath under  
nitrogen to give an oily residue, 4.95 g; oxirane oxy- 
gen <0 .1%,  which solidified on cooling. A s~mple of 
"the crude mater ia l  (1.00 g) dissolved in 15 nil CHC13 
was adsorbed on 30 g silica gel (Davison #923) 
equilibrated overnight against  air. Elut ion with ben- 
zene-ether mixtures  gave 0.08 g dis tearin and 0.89 g 
monostearin. Both compounds were identified by their 
infrared spectra. The combined aqueous phases f rom 
the crude product  work-up did not contain detectable 
amoun'ts of stearie acid. 

Further Analysis of Monostearin Fractions. The 
combined monostearin fract ious f rom several experi- 
ments were passed through a silica gel column to give 
purified monostearin, mp 77.0-78.5C, the I.R. spec- 
t rum which was identical with an authentic sample 
prepared  by the acetone glycerol method. 

Anal. Cale 'd.  for C.~1H4204: C, 70.34; H, 11.81; OH, 
9.48; Sap. No. 156.5. Found:  C, 70.80; H, 11.81; OH, 
9.60; Sap. No. 155.2. 

Periodate aua]ysis of this sample according to the 
method of Pohle and Mehlenbaeher (9) gave an 
a-monostearin content of 95.9%. 

Hydration in Methyl Acetate. Analysis of Diester 
Fraction. Hydra t ion  of glycidyl s tearate in methyl  
acetate followed by chromatography  of the crude prod- 
uct gave a diester fract ion mp 74.9-75.9C, which was 
analyzed to find evidence for or against the presence 
of the transesterification product  glyceryl s tearate ace- 
tate ( C 2 3 H 4 4 0 5 ) .  

Anal. Calc 'd.  for C23H4405: C, 68.96; H, 11.07; OH, 
4.24; Sap. No. 308.1. Polmd:  C, 75.20; H, 12.33; OH, 
2.67; Sap. No. 179.4. Calc 'd.  for CauH7605 (distea- 
rin) : C, 74.94 ; H, 12.26 ; OH, 2.72 ; Sap. No. 179.5. 

Hydration of ~ ", 61yc~dyl St~arate in the Presence of 
MonoSlein. Glyeidyl stearate (5.00 g) and monoSlein 
(5.00 g) (10) were dissolved in 100 ml methyl acetate. 
A solution of 3.6 g coned sulfuric acid in 9 ml me'thyl 
acetate was added to the vigorously stirred solution at 
20C over a period of 7 rain. The s lurry  which formed 
was st irred at 18-20C for an additional 8 rain. Dis- 
tilled water  (12 ml) was then added over a period of 
2 rain and the s lur ry  agitated at 10-20C for  an addi- 
tional 13 rain before pouring it into 200 ml benzene. 
The acid layer  was drawn off, and the benzene solu- 
tion was washed twice with 5% potassium bicarbonate 
solution (25 ml) and once with water  (50 ml).  The 
organic phase was dried over calcium sulfate and 
evaporated to a semisolid residue (8.82 g). The theo- 
retically obtainable weight of crude product  is 10..25 g 
assuming tha t  the glycerol formed is retained. 

The crude product  was separated by silica gel 
column chromatography  into a diglyceride fract ion 
(50.3% of the crude) and a monoglyeeride fract ion 
(34.3%). The diglyeeride fract ion had an I.V. of 
43.7 ( theory for  glyeeryl  oleate stearate 40.7) while 
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the I.V. of the monoglyceride fract ion was 33.6. Total  
oleate accounted for in the two fractions was 79.3%. 

Results 
High yields of monostearin were obtained when 

glycidyl stearate, dissolved in 1,4-dioxane, was t reated 
at 15C with about  a 50% molar excess of 95% sul- 
fur ic  acid for ten nfin, followed by t rea tment  with 
about 30 times the stoichiometrically required amount  
of water  for another  ten rain at  the same temperature .  
The reaction was stopped by pour ing the mixture  into 
excess benzene and wi thdrawing the aqueous acid 
phase. The crude product,  isolated af ter  washing, 
drying,  and evaporat ing the benzene solution, was 
separated into its major  components by chromatog- 
r aphy  on a silica gel column. 

Variat ion in reaction tempera ture  affects the rela- 
tive amounts of nmnostearin and distearin obtained as 
shown in Table I. This t empera ture  effect is nlore 
pronounced at lower than at  elevated tempera tures  
and has also been observed when acetone was used 
as solvent. The results would seem to indicate the 
desirabil i ty of employing even lower reaction t e m p e r  
atures to increase the monostearin yield. However,  
below 15C the solubility of the s tar t ing mater ial  in 
1,4-dioxane is poor. 

Table I I  i l lustrates the use of a varie'ty of solvents 
as reaction media and clearly shows the influence 
which the solvent exerts on the final outcome of the 
hydrat ion reaction. Use of 1,4-dioxane gave highest 
monostcarin yields, the results being" the same whe'ther 
the acid was added to a solution of glyeidyl s tearate  
in dioxane or whether an inverse addition (glyeidyl  
stearate solution added to a c i d ) w a s  utilized. How- 
ever, a change in solvent character  af ter  the first step 
in the hydrat ion,  i.e., a f te r  protonation, led to ent irely 
different results, as shown by the second example in 
Table I I  (marked 1,4-dioxane/benzene). In  this ex- 
per iment  the protonat ion step was carried out in di- 
oxane in the normal  manner,  but  was not followed 
immediately by  water  t reatment ,  hlstead,  the pro- 
tonated mixture  was poured into benzene first and 
then treated with water. A dramat ic  change in prod- 
uet composition was accomplished by a ra ther  minor 
procedural  modification. Use of acetone as reaction 
medium gave isopropylidene-glycerol s tearate ( IGS)  
as 'the pr incipal  by-product.  The presence of this 
compound, formed by  the interaction of acetone and 
glycidyl stearate, is not neeessarily objectionable since 
it is readily hydrolyzed to monostearin (11,12). Will- 
f ang  (13) and Boger t  and Roblin (14), as well as 
others, have previously reported the format ion of 1,3- 
dioxolanes f rom the reaction of epoxides with alde- 
hydes and ketones in the presence of acid catalysts. 

Methanol was unsuitable as solvent for the hydra-  
tion. reaction since its low solubility for both starting" 
mater ial  and reaction products  necessitated an unde- 
sirably high (37C) reaction temperature .  The prin-  
cipal product  in this ease was the monomethyl  ether 
of monostearin accompanied by smaller amounts  of 
monostearin and methyl  stearate. Use of methyl  ace- 
ta te  or benzene as solvents gave distearin predomi- 
nantly.  Similar results were obtained in methylene 
chloride, ni tromethane,  and diethyl ether. I n  'tetra- 
hydrofuran ,  on the other hand, about 47% of the 
s tar t ing material  remained unreacted at the end of 
the normal  period, while the remainder  was converted 
chiefly to dis tearin. 

The series of experiments listed in Table I l I  dem- 
onstrates the need for keeping the water  content of 
the reaction mixture  low dur ing the protonation step 
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T A B L E  I I I  
I t y d r a t i o n  of  G l y c i d y l  S t e a r a t e  i n  1 , 4 - D i o x a n e .  a 

E f f e c t  of  S u l f u r i c  A c i d  C o n c e n t r a t i o n  

_ _ _ _ _ C ~ r u d e  p r o d u c t  

H s S O ~  R a t i o  C o n c e n t r a t  on  ( % )  Y i e l d  ( % )  C o n e e n -  H ~ S O t :  \~ t e - -  - - i  - -  
t r a t i o n  H - O  ' M o n o  D i  M o n o  D i -  

% I - g s~tearin s t e a r ' i n  s t e a r i n  s t e a r i n  

- - - -  - -  1 1 . 0  76  0 6 1 100 ~ - - - - ; ~ ; ~ -  4 8 6  
9 5  3 . 4 : 1  4 . 9 5  i 8 9 . 0  8 . 0  t 8 7 . 8  I 9 .1  
8 4 . 5  1 : 1 4 . 2 0  3 8 . 0  5 4 . 0  I 31  9 5 1 . 8  
73 .  l 1 : 2 4 . 2 5  6 0 . 0  3 2 . 0  5 5 . 2  3 3 . 7  
6 4 . 5  1 : 3 4 . 6 1  6 5 . 0  2 7 . 0  5 5 . 0  2 6 . 2  
5 7 . 6  b / 1 : 4  4 . 2 6  I 5 2 . 0  2 3 . 0  4 4 . 2  I 2 2 . 4  

a R e a c t i o n  t e m p e r a t u r e :  1 5 C .  
}~ 1 8 . 7 %  G l y c i d y l  s t e a r a t e  w a s  r e c o v e r e d  u n r e a c t e d .  
e S t a r t i n g  m a t e r i a l :  5 . 0 0  g g l y c i d y l  s t e a r a t e .  

in order to get high yields of monostearin. Wate r  
added by diluting" the sulfuric acid catalyst  not only 
gave rise to relat ively greater  amounts of distearin, 
but also decreased the overall reaction rate. How- 
ever a l inear relationship between water  content and 
yield of either monostearin or distearin was not ob- 
served. At  sulfuric acid concentrations of less than 
60%, considerable amounts of glycidyl stearate re- 
mained nnreaeted at  the end of the normal  reaction 
period. It  was fu r the r  observed that  employmeIft of 
relatively dilute catalyst  solutions gave rise to a pre- 
viously uneneountered by-product  (rot) 141-141.5C) 
which was soluble iu hot methanol, ethanol, and water,  
but insoluble in all other solvents tried. This product  
has been identified tentat ively as sodium stearoxy- 
glyeeryl sulfate. On the other hand, complete absence 
of water  also led to poor yields. In  this ease another  
side reaction, probably  polymer  formation,  was at 
fault.  

The water  dilution studies just  described were car- 
t ied out using 1,4-dioxane as solvent. A number  of 
the experiments were repeated in acetone with equiva- 
lent results. 

Discussion 
i t  is apparen t  fronl the preceding pa rag raphs  

that  the conversion of glycidyl stearate to monoste- 
arin can be carried out in high yields and with a 
min imum of complications fronl by-products.  I t  is 
also apparen t  that  the reaction is favored by low 
reaction temperatures ,  use of concentrated strong 
acids as catalysts, and employment  of certain sol- 
vents, while under  less advantageous conditions com- 
peting reactions predominate.  

One competing reaction which is of concern when 
esters are t reated with aqueous acids, i.e., ester hy- 
drolysis, seemed to be of little importance under  the 
moderate  conditions employed here, as judged f rom 
the absence of detectable amounts of stearic acid 
among the products  in most experiments.  Thus, one 
of 'the aims of the present  work was achieved. On 
the other hand, lack of evidence for  ester hydrolysis  
caused speculation regarding'  the reaction responsible 
for  the format ion of distearin in these experiments.  

The possibility tha t  the diester is produced as a 
result  of a secondary reaction of 'the hydra t ion  prod- 
uet monostearin was examined first. P r ive t t  (15) 
noted that  monostearins prepared  by the acetone- 
glycerol method, but  not those synthesized by other 
methods, contained impuri t ies  which catalyzed the 
decomposition of the monoglycerides to glycerol and 
f a t t y  acids, and which under  certain conditions gave 
rise to some diglyeerides. Crossley et al. (16) de- 
tected small amounts of monostearin af ter  heat ing 
distearin for  3 hr at 165C and Griin (17) reported 
the disproport ionat ion of monoglycerides at elevated 
temperatures.  All these reported disproport ionat ions 
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occurred at tempera tures  considerably above those en- 
countered in our studies. 

The possibility that  the format ion of distearin in 
our experinlents was due to an acid-catalyzed acyl 
exchange (18) between two molecules of monostearin 
was dismissed when it was shown experimental ly  that  
pure monos~earin, dissolved in acetone containing sul 
fur ic  acid did not give rise to distearin. Fur thermore ,  
such a secondary autoreaction would be time-depend- 
ent, so that  the dis Cearin yield should increase with 
reaction time. In  fact, however, the amount  of diste- 
arin remained constant when the reaction period was 
lengthened. 

Our at tention was next  focused upon the possibility 
that  the diester was the product  of a reacemn of mono- 
stearin with glycidyl stearate (or protonated glyeidyl 
s tearate) .  Such a hypothesis required that  glycidyl 
stearate, ra ther  than monostearin, donates the acyl 
group, since monos tear in  by itself had a l ready been 
shown to be incapable of forming distearin under  pre- 
vail ing conditions. Moreover, it had been demon- 
s t rated that  methyl  acetate, when used as the sol- 
vent in the hydra t ion  reaction, also did not provide 
aeyl groups;  the resul t ing diester f ract ion containing 
only distearin (see Table I I ) .  On the other hand, 
methyl  stearate was formed in what  most likely was 
ml ateoholysis reaction, when the hydrat ion of glycidyl 
s tearate  was carried out in methanol. These facts sug- 
gested tha t  if distearin arises front an aleoholysis re- 
action between monostearin and glyeidyl stearate, the 
lat ter  must possess some s t ructural  feature  which is 
absent in methyl  acetate and in monostearin. 

The readiness with which glycidyl stearate acts as 
an acyl donor may  be rationalized on the basis of the 
cyclic s t ructure  A in which the acyl carbon assumes 

I [ z,, ,ol 
A 

a positive charge: 

d% 
o c 11 

cxTH35-%, ~ c ~  

In termedia te  A is capable of reacting with water  
to give monostearin or with monostearin to give 
distearin: 

"H + H-O 0 CH-OH 

A + z~2o )" ICz#35 -c c"2 / > I I / I\o / o,2-o  

1_ j 

0 ~" CH2,.CH. 0 H 

l I 
�9 "17H35-C CH 2 

I\o 
0 
l 
C -CH-C 0CC H 

"z. %I11735 

0 OH 

II r - ~  
A + C17.35-C-0CH2-.CH-CH2OH ~- 

H20 

17 35 " r  2" -C 20C 17 35 0CH2"CHCH20H 
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TABLE I V  

Hydrs t ion  of Glycidyl Stearate. Catalysis by Various Acids 

Acid 

Name 

Naphthalene- 
2-sulfonie 
acid 

Perehloric 
acid 

ICfelhane- 
sulfonie 
acid 

Fluoboric 
acid 

Fluoboric 
acid 

Amount 
Grade moles/ 

mole 
epoxide 

2.7 

0.42 

90% b 

48% aq ~ 

48% aq b 

Reac- 
tion 
te~lp 

20 e 

28 e 

2.7 20 e 

2.9 20 e 

1.8 15 ~ 

Yield ( % )  

I 
Mono- I Di- I G S a  

. stearin . stearin 

6.2186.7 I . . . . . .  

73.1 4.7 I 16.5 

55.5 38.4 ...... 

35.1 ...... 64.1 

91.5 1.0 ...... 

a Isopropylidiue glycerol stearate. 
b Approximate concentration. 
e Solvent: acetone. 

Solvent : 1,4-dioxane. 

I t is l ikely that  the cyclic s t ructure  A and the 
protonated open form of glycidyl stearate are bo~h 
present in solution, and that  the relative amounts 
of each depend on the solvent used. The open form 
which probably predominates  in solvents, such as di- 
oxane, acetone, and methanol,  reacts with nucleophiles 
such as water  in the manner  which is commonly en- 
countered in the acid-catalyzed ring opening of epox- 
ides to give monostearin and analogous products.  

The feasibil i ty of the reaction of glycidyl stearale 
and monostearin was tested by hydrat ing glycidyl 
stearate in the presence of an equimolar amount  of 
mono51ein, using methyl  acetate as solvent. The re- 
sult ing chromatographed diester fract ion contained 
stearate and oleate in essentially 1:1 ratio (by I .V.) .  
Clearly, then, glycidyl stearate can and does react 
with a monoglyceride under  the conditions of the hy- 
drat ion reaction. Fur thermore ,  although the infor- 
mation just  described does not constitute conclusive 
evidence that  the distearin isolated f rom the hydrat ion 
of glycidyl s tearate  is fomned in this manner,  the sug- 
gestion is fa i r ly  strong tha t  it indeed is a result  o~ 
alcoholysis. 
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