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Fro. 7. Simulated isotopic effect in an automatic manometric 
apparatus. 

t ry  is the requirement of continuous a t tendance--equi -  
l ibrating levels, reading and recording. Not only does 
our new system automatical ly pe r fo rm these opera- 
tions, but it also obviates still another  disadvantage 
of manometry,  that  of " d e a d "  or uncireulated gas 
space. This restrietion limits the applicabil i ty of the 
inanonleter for experiments involving gas exchange, 
such as oxygen and carbon dioxide in photosynthesis 
or isotopic exchange experiments involving hydrogen, 
deuterium and t r i t imn gas (2).  The use of a flow- 
through syringe eliminates this unmixed gas volume 
and mercury vapor  contamination. In  addition, elimi- 
nating the need for reading glass burets makes pos- 
sible applications well above or below atmospheric 
pressnres. 

The cJreulating gas system also makes this arrange-  
nlent amenable to monitor ing procedures for radio- 
activity as i l lustrated here, or for mass spectrometry  
as previously described (2). A var ie ty  of other moni- 
toring procedures may be suggested, such as para-  
nlagnetie oxygen analysis or abridged I R  spectro- 

photometry  for  carbon dioxide and other gases. To 
take advantage of the numerous monitor ing possibili- 
ties, the equipment  was made mobile by cart-mounting.  
This a r rangement  permits  moving the system to special 
MS, GLC, radioactive or other laboratories. Also 
readily apparen t  are application to routine and re- 
peated gas absorption investigations as are involved 
in evaluat ing catalysts for act ivi ty and selectivity (8). 

Many components in the system may  be fabr icated 
in a local glass or metal  shop. At  present, the pressure 
sensor (Trans-Sonies, No. E2821) (5) must  be pur-  
chased and is the most costly pa r t  of the automation 
due to its high sensitivity and miniaturization.  How- 
ever, simpler types are available (6) and are now 
being evaluated (3).  
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Dimer Acid Structures. The Thermal Dimer of 
Methyl lO-trans, 12-trans, Linolcate I 
R. F. PASCHKE, L. E. PETERSON and D. H. WHEELER, 
General Mills Central Research Laboratories, Minneapolis, Minnesota 

Abstract  

Thermal dimerization of the conjugated 10- 
trans, 12-trans linoleate (250C, 5 hr)  produced 
a dimer whose s t ructure  is shown to be that  of 
the Diels-Alder reaction between two molecules 
of monomer, with one molecule acting as diene, 
and either one of the two double bonds of the 
second molecule acting as dieneophile. This pro- 
duces four skeletal isomers of a te t rasubst i tu ted 
(1,2,3,4) cyclohexene s t ructure  with a-fl unsatura-  
tion on one chain. The isomers formed depend 
on whether the 10 or the 12 double bond acts as 
dieneophile, and whether the monomers add 
" h e a d  to h e a d "  or " h e a d  to t a i l . "  Evidences 
for the structures include chemical analyses, 
ozonolysis, nuclear magnetic resonance, I R  and 
UV spectrometry and par t icular ly  mass spectrom- 
e t ry  of the distilled dimer, of the comIfletely hy- 
drogenated dimer, and of the aromatized dimer 
formed by catalytic dehydrogenation. The hy- 
drogenated dimer can be separated into two con> 
ponents by TLC. These are probably related to 
" h e a d  to h e a d "  vs. " h e a d  to t a i l "  addition. 

1 Presented at the AOCS Meeting, New Orleans, 1964. Journal  Series 
No. 366. 

Introduction 

I T W A S  P R E V I O U S L Y  S H O W N  ( 1 )  that  the conjugated 
trans linoleate isomer, lO-trans, 12-trans linoleate 

was polymerized by heat at a much fas ter  rate than 
normal  9-cis, 12-cis, linoleate, or alkali conjugated 
(9-cis, 11-trans plus lO-trans, 12-cis) linoleate. The 
reaction was second order, and the ratio of dimer to 
t r imer  was quite high, compared to other linoleate 
isomers. 

I t  was suggested that  the dimerization was a Diels- 
Alder addition, with one of the double bonds of one 
molecule acting as dieneophile, adding to the conju- 
gated diene of the second molecule. The rapid  rate of 
reaction of the traa~s-trarts isomer was in accord with 
other data  on 1,4 disubsti tuted 1,3 dienes. Four  iso- 
meric skeletal s t ructures  would be expected: (10 refers  
to the 10 double bond acting as dieneophile; A means 
that  earboxy-containing groups are on adjacent  car- 
bons). Isomers due to cis, trans isomerism on the 
eyclohexene r ing are also possible. 

The present  work is a fu r the r  s tudy of the s t ruc ture  
of this dimer. I t  confirms the proposed eyclohexene 
s t ructure  expected f rom a Did-Alder  addition. The 
principal  points in this s t ructure  proof  are: 1) cor- 
rect C & H analyses and tool wt;  2) mass spect rometry  



724 T I l E  JOURNAL OF THE AMERICAN OIL CHES{ISTS' SOCIETY VOL. 41 

0 0 
C--OCH 3 C-OCH 3 
I I 

H (0H2)8 H~L.H2) ?H 0 H. ':..,*~ .H 0 
"~ "~'~"-" (CH 2)8 -- C - OCH 3 H " T ~ C H :  CH-(CH2)8- ~-ocH ~ 

H ~  CH=CH-(CH2)4--CH 3 H'~H.~I'/'LI "J=- (CH2) 4 -  C H 3 ~ H  

H(CIH2)4 I0 A (~ H2)4 12 A 
CH 3 CH 3 

o o 

~-oc.3 i~-ocHs 
I I 

. (CH2)e .(C.H 2)8 

~g'- CH = CH-(CH2)  4 - -  CH 3 H"~I~L'~-H( CH 2 ) 4 ,  C H 3 0 

(CH2)4 H (CH~.l,g. 
CH 3 I0 B CH 3. 12 B 

Fro. 1. Possible skelatal s t ructures  of dimers. 

shows a single parent  peak  at  theroetical mass of 588 
for one ring and two double bonds;  3) mass spee- 
t ronletry of the completely hydrogenated dimer shows 
a single parent  peak at theoretical mass of 592 for 
one ring, no double bonds;  4) the unhydrogenated  
dimer shows a strong mass peak at M/2 of 294, due 
to reversal of the Diels-Alder reaction under  electron 
impact, as known for other adducts (2) whereas the 
hydrogenated dimer does not show any prominent  
peak at M/2, since it is no longer a Diels-Alder adduct  
as such; 5) the f ragmenta t ion  pat terns  of both the 
unhydrogeuated and the hydrogenated dimer are in 
agreement  with s t ructures  of a Diels-Alder adduet ;  
6) ozonolysis of the distilled dimer gives hexaldehyde 
and the C~o ahtehyde-ester as principal  cleavage prod- 
ucts;  and 7) the dimers can be catalytically dehydro- 
genated to aromatic structures.  

Experimental 
Preparation of Distilled Dimer. Methyl 10-trans, 

12-trans linoleate was dimerized as previously de- 
scribed (1) using a 6-hr reaction time at 250C. The 
crude dimer was fract ionally distilled in an alem- 
bic still (3) to give a main distilled dimer fraction 
which analyzed as follows: % C = 77.5 ; % H = 11.7 
(Theory:  % C = 7 7 . 5 ;  % H = 1 1 . 7 ) .  Mol w t = 5 2 0  
(vapor  osmometer) (Theory = 588). % Monomer = 
5.4. IR  spectroscopy showed a typical  spectrum of a 
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f a t ty  methyl  ester, with an isolated trans double bond 
peak at 10.27 t~ (slightly shifted f rom the usual 
10.32 t~) whose intensi ty was ca. 36% of elaidate. A 
very weak band at 6.00 ~ due to C=C stretching, and 
a very weak band at 10.32 ~ due to cis unsaturation 
were also seen. UV spectroscopy showed vir tual ly no 
absorbtion in the aromatic  region (Fig.  2 ) . .  

Hydrogenation of Distilled Dimer. The distilled 
dimer (2 g) was hydrogenated ill glacial acetic acid 
(5 co) with PtO2 catalyst  (1.0 g) at 150C and 1000 
psi for  34 hr. The hydrogenated ester was recovered 
by dilution with CHCla, filtering f rom catalyst  and 
evaporation. Since IR  analysis indicated considerable 
free acid (aeidolysis by acetic acid),  the product  was 
re-esterified with methanol plus H2S04 catalyst. The 
recovered ester (80% recovery) showed no free ear- 
boxyl by IR  analysis. Iodine value was 0.1. % C = 
77.5; % H = 1 2 . 3  (Theory:  % C = 7 7 . 0 ;  % H =  
12.2). % Monomer = 0.4. Mol wt = 544 (vapor  os- 
mometer)  (Theory  = 592). 

Dehydrogenation of Distilled Dimer. To distilled 
dimer (0.46 g) was added 0.10 g 10% Pd on charcoal 
(Baker)  in a small flask equipped for  bubbling with 
C02 and collecting the evolved gas over 50% aqueous 
KOH.  The flask was heated to 280C in an air bath 
while bubbling with COe. The evolution of gas de- 
creased f rom 0.27 cc /min at the beginning to 0.03 
co/rain at the end of five hr, when heating was stopped. 
The product  was recovered by dissolving in CHCla, 
filtering and evaporat ing to give a 74% wt recovery 
of the dimer ester. The evolved gas, collected over 
50% K O H  was equivalent to 1.4 moles/mole of dimer. 
However,  mass spect rometry  of the gas indicated only 
31% hydrogen, the remainder  being largely methane, 
presumably formed by hydrogenolysis of the COOCIt:~ 
group which was lost to a considerable extent (ca. 
38%) according to IR  spectrometry.  [R also indicated 
that  the dehydrogenated dimer had lost essentially 
all of the trains unsaturat ion (10.27 or 10.34 ~) and 
cis unsatura t ion (3.32), and that  poly-substi tuted ben- 
zene (12.17 ~) s t ructure  had been formed, either 1,4 
or 1,2,3,4. 

UV absorbtion in the aromatic  region was great ly  
increased, to k260~, = 1.7 or E = 996 for tool wt of 586 
(Fig.  2). This appears  somewhat high for  an aromatic 
Cas ester, but  suitable s tandards  are not available, 
and background absorbtion was not substraeted. Mass 
spect rometry  also indicated aromatizat ion (el. below). 

Ozonolyses of Distilled Dimer. Through the cour- 
tesy of Orville Pr ive t t  of The Hormel  Inst i tute ,  the 
double bond positions of side chains of the unhydro-  
genated dimer ester were determined by them, with 
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FIG. 4. Mass spectrum of distilled dimer. 
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their method of quant i ta t ive ozonization, reductive 
cleavage and GLC analysis of the result ing aldehydes 
and aldehyde esters (4). They reported that  the ex- 
pected C~ aldehyde and the Clo aldehyde ester were 
the highly predominant  products  of cleavage, ob- 
served in the molar ratio of 1.15 (hexaldehyde) to 1.0 
(C,o aldehyde ester),  confirming the double bond posi- 
tions expected for the proposed Diels-Alder structures.  

Nuclear Magnetic Resonance of Dimers. The NMR 
spectra of the dimers (Fig.  3) agreed well with the 
postulated structures.  The distilled, unhydrogenated  
dimer showed bands corresponding to hydrogens on 
ring double bonds as well as non-cyclic double bonds, 
and also showed CH., 's adjacent  to double bonds. The 
hydrogenated dimer showed no bands related to dou- 
ble bonds. The dehydrogenated dimer showed bands 
corresponding to aromatic  hydrogens as well as CHe 's  
attached to an aromatic ring. 

Mass Spectrometry of Distilled Dimer. Mass spectra 
were determined as previously reported (5). The 
significant port ion of the spectrum of the distilled 
dimer is shown in F igure  4. 

The parent  peak at m / e  = 588 corresponds to the 
expected Ca~ dimer s t ructure  with two double bonds 
and one ring. 

The base peak is at 294 or 1/2 % of the mass of the 
parent  molecule. This strongest peak presumably  re- 
sults f rom reversal of the Diels-Alder addition (2c), 
under  electron impact  as is seen with both butadiene 
and isoprene dimers (2a,2b). This peak is so strong 
that  it would have to be mult ipl ied by 10 to be on 
the same scale as the other peaks shown. Weak peaks 
at M/2 - - C H a 0 = 2 6 3  and M/2  - - [ C H 3 O H + H ]  = 
262 are related to this same mode of cleavage. The 
peak at M - C H a O  (m/e  = 557) is quite prominent,  
but not of direct diagnostic value. 

Peaks related to loss of the saturated C~H1, side 
chains are: 1) M - C ~ H ~  = 517; 2) M - ( C ~ H n  + 
CHaOH) = 4 8 5 ;  and 3) M - ( C ~ H ~ + 2 C H a O H )  = 
453. 

Peaks related to loss of the sa tura ted  side chain 
(CHe)sCOOCHa are: 1) M - C s H I ~ C O O C H a = 4 1 7 ;  
and 2) M - ( C s H ~ C O O C H 3  + CHaOH)  = 385. 

A weak peak related to loss of the unsatura ted  
- C H - - C H - ( C H e ) ~ C H a  side-chain is at M--(CvHla  + 
H)  = 490 is seen. 

A weak peak related to loss of the unsa tura ted  
- C H = C H - ( C H ~ ) s C O O C H ~  side-chain is at M -  
[C~oH~sCOOCH~ + H]  = 390 is seen. 

Some weak peaks were observed which correspond 
to elimination of each of the side chains plus the ring 
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FIG, 5. Mass spectrum of hydrogenated dimer. 

carbon to which they are attached. While double 
cleavage to eliminate a r ing carbon is not generally 
a favored mode of cleavage, the bonds involved in this 
case are all to te r t i a ry  carbons, and at  least one of the 
two bonds is to an allylic carbon (fl to the double 
bond) which often favors cleavage: 1) M - [ C H - -  
C H = C H - ( C H 2 ) 4 - C H 3 + t I ]  = 4 7 7 ;  2) M - [ C H - -  
C H = C H - - ( C H 2 ) s C O O C H 3  + H] = 377 ; 3) M - - [ C H -  
( C H e ) 4 - C H 3  + H]  = 503; and 4) M - - [ C H - - ( C 2 H ) s  
COOCH3 + H] = 403. 

The spect rum below 294 was not of much diagnostic 
value. The peak at m/e  = 74, usually seen in non-s- 
substi tuted esters was present  but  while it was only 
at 17% of the intensi ty the M/2 paren t  peak, it was 
ra ther  strong compared to most other peaks. The 
remainder  of the spectrum below 294 contained many  
peaks corresponding to alkane, carboxymethyl  alkane, 
alkene and carboxy methyl  alkene fragments .  

Mass Spectrometry of Hydrogenated Dimer. The 
significant port ion of the mass spect rum of the hydro- 
genated dimer ester is shown in F igure  5. 

The parent  peak M at m / e  = 592 (18% of base peak 
74) is correct for  a sa turated monocyclic C36 dibasic 
ester. 

The base peak of m/e  = 74 is the strongest  peak, 
as is often the case with non-s-substi tuted sa tura ted  
aliphatie esters which do not have other points of 
highly per fer red  cleavage. 

In  contrast  to the unhydrogenated  dimer, there is 
no peak of any  prominence at M/2 = 296 or near  it. 

Peaks corresponding to loss of C5Hll are: 1) M -  
C,~Hll = 521; 2) M - - ( C s H 1 1 +  CH3OH) = 489; and 
3) M - ( C s H n  + 2CH2OH) = 457. 

Peaks corresponding to loss of C7H15 are: 1) M -  
C7H1~ = 4 9 3 ;  2) M- (CTHI~  + CH~OH) = 461; and 
3) M--CTHI~ + 2CH3OH) = 429. 

Peaks corresponding to loss of (CH2) sCOOCH3 are : 
1) M - - ( C H e ) s C O O H 3 = 4 2 1 ;  and 2) M - [ ( C H e ) s  
COOCH3 + CHaOH] = 389. 

Peaks corresponding to loss of (Ct t2) loCOOCHa 
arc: 1) M - ( C H 2 ) l o C O O C H 3 = 3 9 3 ;  and 2) M -  
[ (CH2)loCOOCH3 + CH3OH] = 361. 

Mass Spectrometry of Dehydrogenated Dimer. The 
dehydrogenated dimer showed a parent  peak at m / e  = 
586, corresponding to a C36 dibasic ester with one 
benzene ring. This was very  strong compared to other 
C~6 parent  peaks. The peak at m / e  = 588 of the origi- 
nal dimer ester was essentially absent. A s trong peak 
at  528 was observed. This is probably the paren t  peak 
of a dimer molecule in which a COOCH3 group has 
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been replaced by H, since I R  analysis indicated a 
38% loss of ester C=O.  

Thin Layer Chromatography of Dimers. The hy- 
drogenated dimer  (as well as the original dimer and 
the dehydrogenated dimer)  could be separated into 
two distinct spots by TLC on neutral  Silica gel G with 
benzene as the ascending developing solvent (Fig. 6). 

The slower moving spot of the hydrogenated dimer 
moved at ca. the same rate  as Sudan red G dye. The 
amt  of travel  and separat ion was increased by par-  
tially opening the top of the developing ja r  to cause 
evaporat ion at the solvent front.  With  the red dye 
as a monitor,  a mult iple-spotted plate was thus de- 
veloped until  the red dye was at 50-60 mm height. 
Spray ing  of a section with dichlorofluoreseein showed 
a slow-moving dimer spot at 45-68 mm and a faster- 
moving dimer spot at  70-90 mm, each of ca. equal 
size. The slow moving and fast-moving components 
were separately  recovered f rom the removed SiOe by 
extraction with methanol for  examination by mass 
spectroscomctry. The two fractions showed mass spec- 
t ra  essentially identical with one another  and with the 
unfract ionated dimer ester. 

The two dimer spots f rom TLC of the dehydro- 
genated dimer were similarly recovered separately  
and examined by mass spectrometry.  In  both samples, 
the peak at m / e  = 586 was the highly predominant  
dimer peak (a peak at  m/e  = 592, ca. 5-10% of 586, 
and one at m/e  = 576, ca. 3% of 586 were the only 
other resolved peaks in the dimer region).  The peak 
at m / e =  528, corresponding to replacement  of 
COOCHa with H, was very  weak on these samples 
(2% or less of 586), in contrast  with the original 
dehydrogenated dimer, where it was ca. three times 
as intense as the peak at  m / e  = 586. Apparent ly ,  de- 
hydrogenat ion caused many  side-reaction, as evidenced 
by loss of COOCHa, and as indicated by TLC spots 
at the solvent f ront  and at the base-line with streaking 
above the base-line. However,  the mass spectra of the 
original dehydrogenated dimer and of the TLC frac- 
tions do indicate that  dehydrogenat ion to a substi tuted 
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FIG. 7. Possible skeletal structures of hydrogenated dimers. 

benzene occurred, that  some of this dehydrogenated 
dimer came through unscathed, and was separated by 
TLC into two fractions. 

Discuss ion  

Chemical analyses, ozonolysis, NMR and mass spec- 
t rometr ic  data  in par t icular  confirm the structure 
of the thermal  dimer of methyl  lO-trans, 12-trans lino- 
leate to be that  of a Diel-Alder adduct  with one 
molecule acting as diene and one of the double bonds 
of the second molecule acting as dieneophile, to give 
a te t rasubst i tu ted cyclohexene s t ructure  with a double 
bond in the ~-fl position to the ring. Hydrogenation 
to the sa turated one-ring structures,  and dehydrogena- 
tion to the te t rasubst i tu ted benzene s tructures  further  
confirm the proposed structures.  

The hydrogenated forms of the four  postulated 
skeletal isomers are shown in F igure  7. 

I f  one assumes that  these four  isomers are formed 
in equal quantities, the ratio of C5 alkyt to C7 alkyl 
groups is 6 to 2, and the ratio of (CH2)sCOOCH3 to 
(CH2)loCOOCH3 groups is also 6 to 2. One might 
expect peaks proport ional  to the relative amounts of 
the groups. However  in the mass spectra, the peaks 
related to loss of C5 alkyl are only slightly higher than 
those related to loss of C7 alkyl, and the same relation 
is true of (CH2)sCOOCHa vs. (CH2)IoCOOCHa. I f  
one assumes that  groups in the " c r o w d e d "  2,3 posi- 
tions are much more easily eliminated than those in 
the " f l a n k i n g "  1,4 positions, then the observed in- 
tensities are close to expectations, since the ratio of 
C5 to C7 alkyl and of (CH2)sCOOCH3 to (CH2)10 
COOCH3 in the 2,3 positions is 2:2 in each case. 
Synthesis of a suitable pure  reference compound to 
ver i fy  this speculation would be interesting. 

Since these dimers could be separated by TLC into 
two distinct spots instead of one elongated spot for 
most dimers, we offer the following speculation about 
their  possible structures.  On the basis of the pro- 
posed structures,  the following pairs  of structural  
types could account for  the two separate species ob- 
served by TLC of the hydrogenated dimers: 1) "head  
to h e a d "  or adjacent,  1,2- RCOOCH3 chains vs. the 
1,3- position (10AH + 12AH) vs. (10BH + 12BH) ; 
2) A10 VS. A12 acting as dieneophile, (10AH + 10BH) 
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vs. (12AH + 12BH) ; and 3) cis, t rans  isomers of the 
eyclohexane r ing substituents. 

The second possibility, A10 vs. • as dieneophile 
can be eliminated because of the identi ty of the mass 
spectra of the two fractions and the original material, 
since 410 as dieneophile would give no - (CH2)1o  
COOCHa group, while 412 as dieneophile would give 
no - ( C H 2 ) o C H a  groups on the cyclohexane ring. 
Since both of these groups were found in the same amt 
in both fractions and original dimers, this explanation 
is untenable. 

The third explanation (cis, t rans  isomers) cannot 
be disregarded, but  appears less attractive than the 
first because cis, t rans  equilibration with respect to 
the cyclohexanc ring appears possible in view of the 
conditions of polymerization and hydrogenation. I f  
this occurred, one would expect that  the predominant  
forms would be those with the least steric interfer-  
ence of groups, namely the all-equatorial, tetrasub- 
stituted chair form of the cyclohexane ring (with 
adjacent groups t rans  to one another) .  Fur ther ,  if 
the same structural  feature is responsible for separa- 
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tion of tile dehydrogenated dimer into two spots, then 
it cannot be cis, t rans  isomerism, since substituents 
on benzene cannot have cis or tra,ts relationships. 

By  elimination, the first explanation, "head  to 
head ,"  ~- or 1,2 adjacent  positions of -RCOOC Ha  
groups vs. "h ead  to ta i l , "  fl- or 1,3 positions appears 
to be correct for  the structures of dimers in the sepa- 
rated spots. 
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Abstract 

A previously described procedure for the direct 
esterification of diglycerides without interesteri- 
fication occurring has been evaluated for the 
preparat ion of mono- and diglycerides. The esteri- 
fications were accomplished with p-toluenesul- 
fonic acid catalyst and with continuous removal 
of water of esterification by azeotropic distilla- 
tion. The effect of such variables as unsaturation, 
chain length, mode of addition of solvent and reac- 
tion temp on the composition and yield of glycer- 
ides was observed. Chemical and chromatographic 
analyses were used to determine the composition 
of the glycerides and their component fa t ty  acids 
and to detect the presence of isomeric glycerides. 
Simple esterification of 1-monostearin with oleic 
acid at 80C yielded as much as 72.3% diglycer- 
ides, and esterificatiou of glycerol with stearic 
acid at 100C yielded up to 70.1% monoglycerides, 
each calculated on a glyceride basis. I t  is con- 
cluded that simple esterifieation predominates 
with some intra- and interesterification occurring. 

Introduction 

M 
ONO- AND DIGLYCERIDES are usually prepared by 
the reaction of fat  or fa t ty  acids with glycerol 

in the presence of an alkaline catalyst (6,7,13). The 
reaction products at equilibrium are a mixture of free 
glycerol and mono-, di- and triglycerides, relative pro- 
portions of which can be calculated, for  practical pur- 
poses, on the assumption that the esterified hydroxyl  
groups are distributed in a random manner among all 
the available hydroxyl  groups (8). Even though the 
pr imary  and secondary hydroxyl  groups in glycerol 
have different activities (4,5), the calculated compo- 

1 Presented at the AOCS Meeting, Toronto, 1962. 
2 A laboratory of the So. Utiliz. Res. & Dev. Div., ARS, USDA. 

sitions are in reasonably good agreement with the 
experimental  data. 

The monoglyceride content of reaction products 
made commercially from C16-Cls f a t ty  acid oils with- 
out benefit of molecular distillation usually does not 
exceed 60% by wt, calculated on a total glyceride 
basis. This percentage is set by the proport ion of 
glycerol miscible with the glycerides at the max per- 
missible temp, ca. 250C. Even with short reaction 
times at these temp, some polyglycerols and other 
undesirable byproducts  form. The max percentage of 
diglycerides which can be formed by the random 
interesterification of C16-Cls f a t ty  acid oils is ca. 49%, 
calculated on the total wt of glycerides (8).  

Commercially, monoglyceride products of over 90% 
pur i ty  are prepared by molecular distillation. Diglyc- 
eride products can be prepared in a similar manner. 
Monoglyceride products of high pur i ty  also might be 
prepared by fractional crystallization from solvents 
(9). 

Since the time of Berthelot (3),  many investigations 
of the preparat ion of mono- and diglycerides by esteri- 
fication and interesterification have been conducted. 
The highest yields of monoglycerides prepared by in- 
teresterification have been obtained by the use of a 
mutual  solvent for  glycerides and glycerol (16,17,24, 
25). On interesterifying in a pyridine solution one 
par t  by wt of hydrogenated soybean oil with one 
par t  of glycerol, Mattil and Sims (20) obtained 78% 
monoglyeerides, calculated on a glyceride basis. 
Franzke and Kretzschman (11) reported mouoglyc- 
eride yields up to 90% by the catalytic glycerolysis of 
natural  fats in pyridine solution. 

The preparat ion of mono- and diglycerides by direct 
esterification has not been a preferred  process because 
it was generally concluded that  esterification was al- 
ways accompanied by interesterification, which in- 
cludes acidotysis, alcoholysis and ester interchange, 


