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Preparation of 1,3-DiacylgIycerols and l-AlkyI-3,acylglycerols 
in the Presence of Quoternow Ammonium Solt 
I. Ikeda ,  X.-P. Gu, I. M i y a m o t o  and M. O k a h a r a *  
Department of Applied Chemistry, Faculty of Engineering, Osaka University, Yamadaoka 2-1, Sulta, Osaka 565, Japan 

A series of symmetrical and racemic 1,3-dlacylglycerols 
and 1-alkyl.3-acylglycerols were prepared simply, and in 
high yields, by the reaction of carboxylic acids with 
glycidyl esters or glycidyl ethers in the presence of 
quaternary ammonium salt. The effect of reaction con- 
ditions on the yield, the ratio of 1,3- and 1,2-diacylglycer- 
els, and the stability of 1,3-diglycexides are also discussed. 

Diacylglycerols (diglycerides) represent an impor tant  
class of food emulsifiers and are used in the preparat ion 
of processed foods such as ice cream and peanut  but ter  
and for many  other uses il,2}. I t  was reported recently 
tha t  this class of material  also is a potent  act ivator  for 
some enzymes and is a t t rac t ing the at tention of bio~ 
chemists (3). Diglycerides can be classified into two types, 
namely, 1,2- and 1,3-isomers. Although several methods 
for the selective preparat ion of 1,2- or 1,3-diglycerides 
(4-8), respectively, have been developed previously, all 
of the known methods  are relatively tedious. 

Zlatanos (9) has reported the preparat ion of mono- 
glycerides from glycidol and carboxylic acids using phase- 
t ransfer  catalysts .  The preparat ion of glycidyl carbox- 
ylates from epichlorohydrin developed by  Aserin il0) also 
a t t rac ted  our attention. Recently, we invest igated the 
reactions of epichlorohydrin in the presence of PT cata- 
lysts and found several novel and useful reactions (11-131. 

The present  s tudy was undertaken in an a t t empt  to 
prepare symmetr ical  and racemic 1,3-diglycerides and 
1-alkyl-3-acylglycerols simply, and in good yield and high 
purity.  This purpose is at tained by  reacting glycidyl car. 
boxylates  or glycidyl ethers with carboxylic acids in the 
presence of catalytic amounts of lipophilie quaternary am- 
monium salt and sodium hydroxide. 

EXPERIMENTAL PROCEDURES 

Glycidyl carboxylates  were prepared by  the reaction ot 
epichlorohydrin with sodium carboxylate  in yields of 
80-90% under PT catalytic conditions (10}. Glycidyl 
ethers were prepared from epictflorohydrin and alcohols 
in the presence of a base, sodium hydroxide. Other 
materials  were purchased from Tokyo Kasei Kogyo Co., 
Ltd., Japan,  and used without further  purification. 

1,3-Diacylglycerols: Typical procedure, A mixture of 
5.12 g (20 mmol) glycidyl laurate, 4.40 g (22 retool) laurie 
acid, 0.04 g (1 mmoI) sodium hydroxide and 0.34 g 
{1 mmol) t e t rabuty lammonium hydrogensulfate in 20 ml 
of ethanol was refluxed at  80~ for 20 hr. The solid 
material  was removed by  filtration through a short  col- 
umn filled with silica gel and washed with dichloro- 
methane.  After  removal  of the solvent by  evaporation, 
the solid reaction mixture  was separated by centrifugal 
part i t ion chromatography  (CPC) (14) with acetonitrile- 
hexane as a distribution sys tem to give a white powder, 
a mixture  of 1,3- and 1,2-dilaurins {80:20, est imated by 
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1H-NMR) in 74% yield; m.p. 48-52~C. CPC with this 
distribution sys tem can separate 1,3- and 1,2-dilanrlns as 
one fraction from other components  such as glycidyl 
laurate, lauric acid and sodium laurate. In another run, 
the same reaction mixture was also fractionated by re- 
crystallization from methanol to give 4.78 g (yield 52%) 
1,3-dilaurin as a white powder; m.p. 55.0-56.0~ (p' 54 C, 
fl 56.5~ (15). The structure and purity of 1,3-dilaurin are 
ascertained by IH-NMR, MS, IR and elemental analyses 
(within _ 0.4%). No contaminat ion with the 1,2-isomer 
was ascertained by melting point, ~H-NMR (Fig. 1A), 
and thin layer chromatography (silica gel TLC-FID 
Analyzer, Fig. 2A). In this case, 1,3-dilaurin might  be 
separated from the 1,2-isomer by recrystallization 
because of its higher melt ing point. Other dlg|ycerides 
were obtained analogously. 

1-Athyt-3..acylglyeerot& Reaction of glycidyl ethers with 
carboxylic acids in the presence of quaternary ammonium 
salt as described for diglycerides produced 1-alkyl-3- 
acylglycerols tha t  were isolated by  CPC. The yields and 
isomer ratios of symmetr ical  and racemic 1,3- and 
1,2-diglycerides and alkylacylglycerols are summarized 
in Table 1. 

RESULTS AND DISCUSSION 

The effect of quaternary ammonium salt on the reaction 
of glycidyl esters and ethers with carboxylic acids is 
remarkable. For example, in the reaction of glycidyl 

TABLE 1 

Yields and the Ratios of 1.3- and 1,2-Isomers of Diglyeerides 
and Acylalkylglycerlns 

PTC e R-O~H 2 ROCH 2 
R-O/~ + R'COOH = ~HOH + R'-COO~R 

R'-COOCH 2 CH2OH 

Yield b Ratio d m.p. 
R R' (%) (1,3:1,2) (~ 

Lauroyl Methyl 73 60:40 Liquid 
Caproyl Pentyl 70 60:40 Liquid 
Acetyl Undecyl 81 80:20 Liquid 
Lauroyl Undecyl 74 80:20 48.0-52.0 

(52 c 100: 0) 55.0-56.0 
Abletyl Undecyl 72 100:0 Thick liquid 
Myristoyl Tridecy] 72 80:20 56.5-61,0 

(54 c 100: 0) 65.5-66.5 
Dodecyl Methyl 72 100:0 Liquid 
Dodecyl Undecyi 88 100:0 44,5-46,0 

(73 c 100: 0) 44,5-46,0 
Benzyl Undecyt 75 100:0 Liquid 

aTetrahuWlammonium hydrogensulfate and sodium hydroxide {.5 
mol% both). 

bIsolated by CPC (centrifugal partition chromatograph-LLN, 
ModeL-NMF, Sanki Engineering Ltd. Kyo~o, Japan). 

e Isolated by recrystai]ization from methanol. 
dEstimaLed from 1H-NMR, 
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FIG. 1. LH-NMR specbra recorded on a JEOL-GSX-270S in CDCI 3 with Me4Si as internal standard; A, 1,3-dilaurin purified by recrystalliza- 
tion from methanol; B, mixture of 1-1auroyl-3-acetylglycerol and l-lauroyt-2-acetylglycerol (80:20} isolated by CPC (centrifugal p a r t i t i o n  
chromatograph). 

T A B L E  2 A I , 3 -di I aurin B I , 3-dila~Jrirl 

Effect of Reaction Conditions on the Y i e l d s  
and the Isomer Ratios of Dilaarins 

Reaction 

Temp. Time Yield a Isomer ratio b 
(~ C) Ihr) Solvent % (1,3:1,2} 

80 20 Dioxane 71 80:20 
80 20 Ethanol 74 80:20 
60 20 Ethanol 50 90:10 
40 35 Ethanol [6 90:10 

aIsotated by CPC fcentrifuga] partition chromatograph-L.L.N, 
Model-NMF. Sanki Engineering Ltd., Kyoto, Japan}. 

bEsLimated from IH-NMR. 

1,2~dilaurio 

FIG. 2, Thin layer chromatograms by a silica gel TLC-FID Analyzer 
(Iatroscan TH-10, [atron Laboratories Inc.} n-hexane ,  e t h y l  acetate, 
and  acetic acid (200:20:1} as mobile phase; A, 1,3-Dilantin eecrystal- 
lized from methanol; B, Mixture of 1,3- and 1,2-dilaurlns (72:28~ ob- 
tained by treat{ng 1,~dlianrin hat} with an eqni-~alent weight of laurie 
acid at 80~ for 5 hr ~isolated by using CPC). 

a ce t a t e  wi th  laur ic  acid, t he  y ie lds  of the  d ig lyce r ide  are  
81% in the  presence  of t e t r a b u t y i a m m o n i u m  hydrogen-  
su l fa te  and  an equal  a m o u n t  of sod ium hydrox ide ,  and  
11% in the  absence of qua t e rna ry  a m m o n i u m  salt ,  respec- 
t ive ly .  This  r e su l t  can be  a t t r i b u t e d  to  the  increase  of 
nucleophfl ic i ty  of the  l au ra te  anion t h r o u g h  combina t ion  
wi th  the  b u l k y  q u a t e r n a r y  ca t ion  (16). 

Table  1 shows  t h a t  the  ma in  p r o d u c t s  of the  r eac t i on  
of glycidyl  es te rs  and e thers  wi th  var ious  carboxyl ie  acids 
in the  presence  of q u a t e r n a r y  a m m o n i u m  sa l t  a re  
1,3-diglycerides and 1-alkyl-3-acylglycerols ,  respec t ive ly .  
Th i s  r eac t ion  is v iewed  as an SN2 c leavage  of the  epox- 
ide  as p roposed  b y  Ulspe rge r  (17). The effects of r eac t ion  
t e m p e r a t u r e  and  so lven t  on the  y ie lds  and i somer  r a t i o s  
of  1,3- and 1,2-dilaurins are  s u m m a r i z e d  in Tab le  2. No 
obv ious  effect  of so lven t  on y ie lds  or  i somer  r a t io s  was 
obse rved  wi th in  the  p r e sen t  s tudy .  

The  d i s t i nc t ive  spec t r a l  f ea tu re  of 1 ,2-diglycer ides  in 
t he  LH-NMR s p e c t r a  is the  ex i s t ence  of the  a b s o r p t i o n s  
at  6 = 3.73 (d, - C t t 2 0 H )  and 5.10 tin, C{O)OCH~] 
{Fig. 1B), as no ted  by  Johnson  (18). 1,3-Dig]ycerides have  
no s ignal  in these  reg ions  IFig. 1A). Therefore,  the  r a t io  
of 1,3- and  1,2-isomers was e s t i m a t e d  f rom I H - N M l t .  
1,3- and  1 ,2-diglycer ides  can also be d i f f e r en t i a t ed  by  a 
s i l ica  gel T L C - F I D  A n a l y z e r  wi th  a m ix tu r e  of n-hexane,  
e thy l  ace ta te  and  acet ic  acid (200:20:t) as a mobi le  phase .  
F i g u r e  2A shows a c h r o m a t o g r a m  of t ,3-df laur in  pur i f ied  
by  recrys ta l l iza t ion  from methanol .  F igure  2B shows t ha t  
of the  m i x t u r e  of 1,3- and  1,2-diglycerides.  

The s t a b i l i t y  of 1,3-dflaurm was  eva lua t ed .  No iso- 
mer i za t ion  f rom the  1,3- to  the  1,2-isomer was  o b s e r v e d  
when the m a t e r i a l  was  held  a t  r oom t e m p e r a t u r e  for  
severa l  m o n t h s  or a t  80~ for 50 hr  in e thanol .  Bu t  under  
acidic condit ions,  for example ,  s t i r r ing  wi th  an equiva lent  
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we igh t  of laur ic  acid  a t  80~ for 50 hr, 1,3-dilaurin p a r t l y  
i somer ized  to  the  1,2-isomer,  y i e ld ing  a 72:28 r a t i o  a s  
d e t e r m i n e d  wi th  a s i l ica  gel  T L C - F I D  A n a l y z e r  (Fig. 2B) 
and  e s t i m a t e d  f rom 1H-NMR. 1,3-Dflaurin a lso  isomer-  
ized to  an 85:15 m i x t u r e  b y  s t i r r i n g  wi th  laur ic  ac id  in 
e thano l  a t  80~ for 20 hr  in the  p resence  of c a t a l y t i c  
a m o u n t s  of  t e t r a b u t y l a m m o n i u m  h y d r o g e n s u l f a t e  and  
sod ium hydrox ide .  

The s t ruc tures  of 1-alkyl-3-acylglycer were ascertain-  
ed  b y  I H - N M R  and  a s i l ica  gel T L C - F I D  Ana lyzer .  No 
evidence  of t he  fo rma t ion  of the  1,2-isomer was  o b s e r v e d  
in the  p r o d u c t  i so la ted  b y  CPC. I t  therefore  appe a r s  t h a t  
t he  r eac t i on  of g lyc idy l  e t h e r s  w i t h  ca rboxy l i c  ac ids  pro- 
ceeded v e r y  se lec t ive ly ,  a n d  e s sen t i a l ly  no  i somer i za t i on  
occur red  in the  reac t ion .  In  fact ,  even  s t i r r i ng  wi th  an 
equ iva len t  weight  of l aur ic  acid  under  r a the r  d ras t i c  con- 
d i t ions  ~80~ 72 hr), only  a b o u t  3% of 1-dodecyl-2- 
l an roy lg lyce ro l  was  fo rmed  from the  1,3-isomer (deter-  
m i n e d  w i t h  a s i l ica  gel  T L C - F I D  Analyzer) .  
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