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ABSTRACT 

A group of unusual triglycerides, in 
which one of the acyl groups is a vicinal 
dihydroxy acid with one of the hydroxyl 
groups acetylated, has been isolated from 
Cardamine impatiens L. (Cruciferae) seed 
oil. Hydrolysis of these triglycerides with 
castor bean lipase facilitated isolation and 
identification of a mixture of Cls, C:0, C._,:, 
and Ce~ hydroxy acetoxy fatty acids. Pan- 
creatic lipase hydrolysis data revealed that 
these monoacetylated dihydroxy acid resi- 
dues are esterified exclusively with one of 
the a-positions of the glycerol moiety. The 
remaining acyl groups are comprised of 
ordinary C1.~ unsaturated acids (which oc- 
cupy 98% of the /3-position), palmitic 
acid, and C~o, C._. 2, and C.., 4 monoenoic 
fatty acids. 

INTRODUCTION 

S EED OIL OF Cardamine impatiens L. has 
recently been reported to contain 25% of 

a mixture of saturated, vicinal, dihydroxy acids 
with chain lengths of 18, 20, 22, and 24 carbon 
atoms. Essentially all the diols have the erythro 
configuration (1) .  In a preliminary communi- 
cation (2) ,  we concluded that these dihydroxy 
acids, together with ordinary long-chain acids 
and acetic acid, were constituents of unusual 
triglyceride components which comprised 40% 
of Cardamine oil; however the exact nature of 
these components remained unclear. 

This paper presents results which show that 
these unusual triglycerides have one or both of 
the structures shown in Fig. 1. These sub- 
stances, which will be referred to as hydroxy 
triglycerides, differ from one another o n l y  in 
chain length and degree of unsaturation of the 
acyl groups; they migrate as a single spot in 
thin-layer chromatography (TLC) on Silica Gel 
G and have been treated as an entity through- 
out this investigation. 

EXPERIMENTAL PROCEDURES AND RESULTS 

General 
Irffrared ( IR)  analyses were done on 1% 

solutions in carbon disulfide, chloroform, or 

aNo. Utiliz. Res. Dev. Div., ARS, USDA. 

carbon tetrachloride (depending on the solu- 
bility of the sample) with a Perkin-Elmer 
Model  137 spectrophotometer. Nuclear  mag- 
netic resonance ( N M R )  spectra were obtained 
with a Varian A-60 spectrometer on deuterio- 
Chloroform solutions containing tetramethyl- 
silane as the internal reference. Mass spectral 
data were determined with a Nuclide 1290-G 
spectrometer. TLC analyses were done on 
plates spread with 250/~ layers of Silica Gel G. 
Cardamine impatiens seed oil was obtained and 
analyzed as described previously (1) .  

Isolation and Analysis of Hydroxy Triglycerides 

Hydroxy triglycerides were separated from 
normal triglycerides of Cardamine oil with a 
2.3 • 30-cm column of 100-140 mesh Adsor- 
bosil CAB (Applied Science Laboratories Inc.). 
These separations were done in batches of 1.5 
g of oil with the solvent system ethyl ether- 
petroleum ether, 70:30 (v /v ) .  Fractions show- 
ing hydroxyl absorption and acetate absorption 
in their ]R spectra were combined (40% of 
whole oil) to give the hydroxy triglyceride 
fraction. This fraction was demonstrated to be 
a glycerol-based lipid by the method of Holla 
et al. (3) ,  in which the glycerol moiety is con- 
verted to triacetin and identified by gas-liquid 
chromatography (GLC) .  N M R  indicated that 
glycerol a-carbon (multiplet centered at 5.76r), 
olefinic (4.63r) ,  acetate (7.93~-), and C-methyl 
protons (9.12~-) were present. The fraction did 
not react with periodate, was optically active 
[a]~ ;.~C + 1.4 ~ (c = 10, CHCI~ visual polarim- 
eter) ,  and contained 13.5% oxygen by direct 
measurement. Migration characteristics of this 
fraction on TLC can be seen in Fig. 2, Sample 
4. Its position on the plate demonstrates that 
it is made up of triglycerides since it migrates 
slightly faster than distearin. If  it were com- 
posed of diglycerides containing a dihydroxy 
fatty acid moiety with one hydroxyl group 
free, it would be considerably more polar than 
normal diglycerides. 

Chemical Hydrolysis of Hydroxy Triglycerides 

Hydrolysis of the hydroxy triglycerides by 
refluxing 2 hr with 1% HzSO~ in methanol 
yielded a mixture of ordinary fatty acid methyl 
esters (excluding acetic acid) and dihydroxy 
acid methyl esters in a 2:1 molar ratio. This 
ratio was determined by separating the mixture 
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FIG. 1. Schematic representation of Cardamine 
impatiens triglyceride structures; D = dihydroxy 
acyl moiety, A = acetyl moiety, U = unsaturated 
C~ acyl moiety, and S ---- saturated or long chain 
(>C18) acyl moiety. 

into the two ester types on a 1.4 x 25-cm 
column of Adsorbosil CAB and weighing each 
fraction. Ordinary esters were eluted with 
chloroform and the dihydroxy esters with 
methanol-chloroform (5 :95) .  TLC indicated 
that hydrolysis was complete. Alkaline hydrol- 
ysis in aqueous alcohols (e.g., 5% KOH in 
80% aqueous methanol) ,  followed by esterifi- 
cation with diazomethane, gave the same result. 
However, when the hydroxy triglycerides are 
refluxed 3 hr or more with alkali in absolute 
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FIG. 2. Tracing of thin-layer chromatogram on 
Silica Gel G developed with methanol-chloroform 
(2: 98). Spots were visualized with dichlorofluores- 
cein and H~SO, charring. The shaded spots did 
not char. Samples are: 1, methyl esters of frac- 
tion DA; 2, methyl 13(14)- and 14(13 )-hydroxy- 
acetoxydocosanoate; 3, methyl oleate; 4, Carda- 
mine hydroxy triglycerides; 5, methyl esters of 
pancreatic lipase hydrolysis products of Cardamine 
hydroxy triglycerides; 6, distearin; 7, monostearin; 
and 8, methyl esters of Cardamine dihydroxy acids. 

alcohol (e.g., 5% KOH in absolute methanol) ,  
the esterified products contain a small amount 
(less than 10%)  of an artifact. This artifact 
was isolated by preparative TLC and yielded 
both ordinary and dihydroxy acids upon hydrol- 
ysis with acidic methanol, but its exact struc- 
ture is not known. 

Enzymic Hydrolysis of Hydroxy Triglycerides 

Castor bean lipase was isolated and purified 
according to the methods of Ory et al. (4,5).  
Under the selected conditions the enzyme did 
not hydrolyze methyl oleate or 9 ( 10)-hydroxy- 
10(9)-propionoxystearic acid to any measurable 
extent. About  0.300 g of sample to be hy- 
drolyzed was weighed into a 25 X 70-mm 
screwcap vial, and 0.020 g of purified enzyme, 
0.5 ml of 0.1M Tris buffer (pH 8.0), and 1.5 ml 
of water were added. This mixture was acidified 
with 0.1M acetic acid to p H  4.3, and the vial 
was flushed with nitrogen and capped tightly. 
The contents were stirred vigorously for 3-5 hr 
at 25C. Hydrolysis of glyceryl ester linkages 
was complete after 3 hr; this point was estab- 
lished by the absence of monoglycerides and 
starting triglycerides from the products as indi- 
cated by TLC. These hydrolysis products, re- 
covered by ether extraction, were converted to 
methyl esters (by treatment with diazomethane) 
to facilitate separation of the mixture of acety- 
lated dihydroxy acid fragments (designated DA, 
Fig. 1) from the unsubstituted acyl fragments 
(S and U, Fig. 1). 

Isolation and Analysis of Fraction DA 

Fraction D A  was separated from other frag- 
ments by chromatographing the methyl ester 
mixture on a 1.4 X 30-cm column of 100-140 
mesh Adsorbosil  CAB. At  the start of the run 
the solvent was 20% ethyl ether in petroleum 
ether (bp 30-60C). The ethyl ether content 
was increased in increments of 10% until the 
most polar materials were finally eluted with 
50% ethyl ether in petroleum ether. Normal  
fatty acid methyl esters recovered by this pro- 
cedure totaled 64 mole %, and the acetylated 
dihydroxy acid (DA)  methyl ester fraction ac- 
counted for the remaining 36 mole % [cal- 
culated from the weight of each fraction iso- 
lated and the known composition reported pre- 
viously (1) ]. Unacetylated dihydroxy acid 
esters were not observed. Each ester fraction 
gave only one spot on TLC. The hydroxyl and 
acetate absorption observed in the IR spectrum 
of the hydroxy glycerides was retained in esteri- 
fled fraction DA. 

The N M R  spectrum of fraction DA m e t h y l  
esters revealed equivalent numbers of methoxyl 
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(6.33r), acetate (7.93r),  and C-methyl (9.12r) 
protons. No olefinic proton signal was ob- 
served. Elemental analyses indicated that ester- 
ified DA contained 18.4% oxygen (by differ- 
ence). The calculated oxygen content is 18.5% 
by assuming a mixture of hydroxy acetates with 
the amounts of the various chain-length homo- 
logs found previously (1). 

An additional sample of fraction DA was 
isolated (yield, 30% of theoretical) as the 
mixed free acids by column chromatography on 
Adsorbosil CAB. Ethyl ether-petroleum ether 
was the eluting solvent, and the ethyl ether 
content was increased gradually in increments 
of  5%. Excessive tailing caused a low yield, 
but a sample of fraction DA containing ca. 
90% of the four homologs was obtained and 
was shown to have a neutral equivalem of 475, 
indicating monomeric substances. 

Chemical Hydrolysis of Fraction DA 

Refluxing 0.073 g of the methyl esters of 
DA with 25 ml of 2% sulfuric acid in methanol 
for 3 hr under nitrogen yielded 0.065 g of 
dihydroxy acid methyl esters. Analysis of the 
product by GLC under conditions described 
previously (1) revealed that only a trace of 
ordinary fatty acid esters was present (methyl 
acetate was volatilized in the work-up process). 
A parallel experiment in which DA was re- 
fluxed with 5% potassium hydroxide in 80% 
aqueous methanol for 2 hr and the resulting 
products were esterified with diazomethane, 
produced the same results. The absence of ordi- 
nary esters was confirmed by TLC. By this 
method it was also demonstrated that both 
hydrolyses were complete. 

Synthesis of Methyl 13(14)-Acetoxy-14(13)- 
Hydroxydocosanoate 

Erucic (cis-13-docosenoic) acid (0.410 g) in 
3 ml of chloroform was treated at room tem- 
perature dropwise with a solution of 0.420 g of 
m-chloroperbenzoic acid (6) in 5 ml of chloro- 
form. After the mixture was stirred magneti- 
cally for 1.25 hr, excess peracid was destroyed 
by addition of  a 5% solution of sodium sulfite. 
The chloroform layer was withdrawn and 
washed successively with sodium bicarbonate 
solution and water. Removal of the chloroform 
and crystallization of the crude product from 
warm petroleum ether yielded 0.330 g of cis- 
13,14-epoxydocosanoic acid, mp 62-63C [lit. 
value, 63.5C (7)]. The epoxide was converted 
to methyl 13 ( 14)-acetoxy- 14 (13) -hydroxydo- 
cosanoate by refluxing for 2 hr with glacial ace- 
tic acid~ followed by treatment with diazometh- 
ane. 

Identification of Fraction DA by GLC, TLC, and IR 
Analysis of the synthetic methyl acetoxyhy- 

droxydocosanoate and of the methyl esters of 
fraction DA by GLC was carried out on a 60 
• 0.3-cm O.D. column packed with 3% OV-12 
on 60-80 mesh Gas-Chrom Q (Applied Science 
Laboratories Inc.). The column temperature 
was programmed at 4C/min from the starting 
temperature of 145C; helium was the carrier 
gas. An F&M Model 810 chromatograph with 
a hydrogen flame detector was used. Methyl 
acetoxyhydroxydocosanoate emerging from the 
column at 197C. Fraction DA methyl esters 
gave four peaks, the major one emerged also 
at 197C. The next largest peak emerged at 
208C and was attributed to the C24 hydroxy- 
acetate. Two minor peaks emerging at 173C 
and 185C were attributed to the C~s and C20 
hydroxyacetates respectively. On TLC, fraction 
DA methyl esters and synthetic methyl ace- 
toxyhydroxydocosanoate each gave a major 
spot of Rf 0.81 as indicated in Samples 1 and 2 
respectively (Fig. 2). In addition, the IR spec- 
trum of the synthetic material was identical to 
that of fraction DA methyl esters. 

Conversion of Fraction DA to a-Ketols 

A 0.116-g sample of fraction DA methyl 
esters in 5 ml of dry acetone was treated for 
5 min at room temperature with 0.4 ml of 
Jones reagent (8). The reaction mixture was 
diluted with water; the oxidized products were 
recovered by ether extraction and were trans- 
esterified by refluxing with 2% sulfuric acid in 
methanol. IR analysis of the resultant a-hy- 
droxy ketones (1%, CCI~) indicated hydroxyl 
(3450 cm-1), ester carbonyl (1725 cm-1), and 
ketone absorption (1700 cm-1). The intensity 
of the ketone band nearly equalled that of  the 
ester carbonyl band. Synthetic hydroxyacetoxy- 
docosanoate was similarly converted to the cor- 
responding a-ketol. 

We had no success in cleaning these ~-ketols 
with periodate although other workers have 
done this with C~8 fatty acid derivatives (9). A 
similar cleavage reaction utilizing lead tetra- 
acetate (10) was carried out on the a-ketols. 
Although cleavage was complete, over-oxida- 
tion led to the isolation of carboxylie acids as 
the only products. 

Mass Spectra of Fraction DA and 
Hydroxyacetoxydocosanoate 

The revealing portions of the fragmentation 
pattern for methyl hydroxyacetoxydocosanoate 

2OV-1 is a silicone stationary phase with a high per- 
centage of pbenyl groups. It  is similar to SE-30 in separat- 
ing characteristics but superior to SE-30 in thermal stability. 
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Fic. 3. Portions of mass spectra of methyl 13 (14)- and 14( 13)-dihydroxyacetoxydocosan- 
oate (left), and methyl esters of Cardamine fraction DA (right). 

and for the methyl esters of fraction D A  are 
depicted in Fig. 3. The pattern shown in Fig. 
3A for the synthetic methyl hydroxyacetoxydo- 
cosanoate is characterized by peaks due to 
both isomers (i.e., 13-hydroxy-14-acetoxy- and 
14-hydroxy-13-acetoxydocosanoate) since both 
should be present in equal amounts. Cleavage 
between carbons 13 and 14 of the 13-hydroxy 
isomer gives the base peak at m / e  = 243. 
Further  fragmentation (loss of CH3OH) of the 
243 peak and subsequent rearrangement,  prob- 
ably to the ketene (11),  gives the peak ob- 
served at m / e  = 211. Similarly cleavage of 
the 13-acetoxy isomer yields two principal frag- 
ments, m / e  = 286 and m / e  =226.  Probably 
the 226 peak arises by loss of acetic acid from 
the m / e  = 286 peak. I t  could also be derived 
from the fragment appearing at m / e  = 243 by 
loss of - O H ,  but this cleavage does not seem to 
occur appreciably in hydroxy acids (11 ). 

The hydroxyacetoxy methyl esters from Car- 
damine oil give much the same fragmentation 
pattern (Fig. 3B). The four peaks are present 
in about the same proportion and are attribut- 
able to the C22 hydroxyacetate, the major  con- 
stituent of the mixture. Fragmentat ion of the 
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C24 isomer is consistent with that of the Cz.2 
and gives peaks at m / e  = 314 (not shown),  
271, 254, and 239. The 314 peak is caused by 
a fragment comparable with that causing the 
286 peak but with two additional methylene 
groups. A similar pattern results from the C20 
isomer, with peaks at m / e  = 258, 215, 198, 
and 183. These data indicate that the acetate 
functions in this glyceride are approximately 
equally distributed between the vicinal hydroxyl 
groups of each dihydroxy acid. 

Pancreatic Lipase Hydrolysis of 
Hydroxy Triglycerides 

This reaction procedure was based on the 
semimicro method developed by Luddy et aE 
(12).  To a 0.200-g sample of the Cardamine 
hydroxy triglycerides in a 25 • 70-mm vial was 
added 0.060 g of pig pancreatic lipase, EC 
3.1.1.3, (Nutrit ional Biochemicals Corporation, 
Cleveland, O.) ,  3 ml of  IM Tris buffer (at pH 
8.0), 0.3 ml of 22% calcium chloride solution, 
and 1 ml of 0.1% sodium cholate solution. A 
Teflon-coated magnetic stirring bar was placed 
in the vial, the contents were flushed thorough- 
ly with nitrogen, and the vial was tightly 
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capped. After the vial was placed in a water 
bath maintained at 35-40C, the contents were 
agitated vigorously by a magnetic stirrer for 15 
min. The hydrolysis products were isolated by 
ether extraction of the acidified reaction mix- 
ture; the ether extract was washed with water, 
concentrated to 5 ml, and reacted with diazo- 
methane. TLC of the esterified mixture on 
Silica Gel G gave the chromatogram repro- 
duced in Fig. 2, Sample 5. 

Pure fractions of the hydrolyzed normal 
acids (as methyl esters) and of the monoglyc- 
erides, spots A and E respectively (Fig. 2, 
Sample 5), were obtained by column chro- 
matography on Adsorbosil CAB. The ester 
mixture in petroleum ether (soluble with warm- 
ing) was applied to the column, and the solvent 
was changed to chloroform after all the normal 
esters had been eluted with petroleum ether. 
Chloroform eluted the material contained in 
spot C (methyl esters of DA) ,  but early frac- 
tions were contaminated with residual hydroxy 
triglycerides (spot B), and the final fractions 
contained some material from spot D (diglyc- 
erides containing one normal acid and one 
acetylated dihydroxy acid). 

GLC analysis of the trimethylsilyl ethers of 
the materials in spot D demonstrated that un- 
acylated dihydroxy acid methyl esters were not 
present. Most of the monoglyceride portion 
(spot E) was obtained pure with 2% methanol 
in chloroform although it was eluted from the 
column slowly. Methyl esters of the mono- 
glyceride acyl groups were prepared by acid- 
catalyzed transesteri, fication. Analysis of these 
esters by IR and TLC established that neither 
hydroxylated nor acetylated material was pres- 
ent. 

Methyl esters of normal acids from the pan- 
creatic lipase hydrolysis mixture were analyzed 
by GLC as described previously (1),  and the 
resulting area percentages were: C14:0, 0.3%; 
C1~:o, 9.7%; Cls:o, 1.8%; Cls:~, 4.4%; C~s:2, 
5.2%; Cls:3, 2.0%; C2o:o, 2.1%; C2o:1, 18.3%; 
C2o:2, 1.8%; Cz2:o, 1.6%; C22:1, 45.2%; C2z:2, 
1.0%; C2,:o, trace; C24:1, 6.0%; and unidenti- 
fied, 0.6%. The esters derived from the mono- 
glyceride fraction were: C16:o, 0.6%; Cas:l, 
24.0%; Cls:z, 62.2%; Cls:3, 12.0%; and un- 
identified, 1.2%. 

DISCUSSION 

The experimental work shows conclusively 
that the unusual hydroxy triglycerides of Car- 
damine impatiens oil have acetylated dihydroxy 
acids attached to one of the a-positions of 
glycerol; saturated and long-chain (>C,s)  ordi- 

nary acids attached to the other a-position; and 
oleic, linoleic, and linolenic acids esterified at 
the fi-position. As far as we know, kamala 
seed oil (13), ergot lipids (14), and Sapium 
sebi/erum seed oil (15) are the only previous 
examples of glycerides containing acylated hy- 
droxy acid moieties. Estolides or polyestolides, 
in which a chain of two or more hydroxy acids 
is built up (13), were not observed in Carda- 
mine triglycerides as shown by TLC data, and 
this conclusion is supported by the 2:1 molar 
ratio of ordinary acids to dihydroxy acids. 

Other workers (14,16) have encountered dif- 
ficulty in hydrolyzing esters of secondary hy- 
droxyl groups by standard methods. However, 
we experienced no difficulty in removing the 
acetate group described in this work by either 
acid or base hydrolysis. Its removal is probably 
facilitated considerably by the neighboring 
group effect of the hydroxyl group on the adja- 
cent carbon atom (17). 

Preparation of a-ketols from the correspond- 
ing hydroxy acetoxy compounds involves an 
hydrolysis step (to remove acetate) after the 
hydroxyl group has been oxidized to a keto 
group. This hydrolysis with either acid or base 
may cause equilibration (18,19) between the 
two isomeric forms of the resulting a-hydroxy 
ketones. Therefore the use of these a-ketols in 
cleavage reactions designed to pinpoint the 
original location of the acetate function may 
lead to erroneous results. In any event, the 
failure of periodate to cleave the ~-ketols de- 
scribed here is surprising since Cramp et al. 
(9) used this method to cleave a Cls e-ketol. 
The C2.o and C24 chain-lengths of our com- 
pounds cause a solubility problem, and the na- 
ture of the fat globule surface may be such that 
periodate is unable to effect cleavage. 

A brief consideration of the question of pos- 
sible acyl migration in the acetylated dihydroxy 
acids is pertinent to this work. Acyl migration 
in glycerides was first observed by Fischer (20) 
and since has been shown to be a common oc- 
currence in partial gtycerides (21) and in 
acetylated carbohydrates (22). The generally 
accepted mechanism for these migrations in- 
volves a cyclic intermediate (20,23,24). Mass 
spectral data for these hydroxy acetates from 
Cardamine oil lead to the conclusion tl~at the 
acetate group is distributed approximately 
equally between the vicinal hydroxyl groups. 
This conclusion is disturbing because natural 
biosynthetic processes tend to be selective, and 
one might expect to find preferential acetyla- 
tion. This preferential acylation may actually 
exist but equilibration by heat or electron ira- 
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pac t ,  o r  b o t h ,  m a y  h a v e  o c c u r r e d  a n d  t h u s  
g i v e n  t he  o b s e r v e d  spec t r a .  

L i t t l e  is k n o w n  c o n c e r n i n g  t h e  p r e f e r e n c e  o f  
h y d r o x y  ac id s  f o r  t h e  v a r i o u s  g l y c e r o l  p o s i t i o n s .  
H o w e v e r  s a t u r a t e d  ac id s  a n d  ac i d s  l o n g e r  t h a n  
C~8 a r e  u s u a l l y  f o u n d  o n  t h e  g l y c e r o l  a - p o s i -  
t i ons  in  p l a n t  l ip ids  w h e r e  t h e y  h a v e  a c l ea r -  
c u t  c h o i c e  o f  pos i t i on .  T h e r e f o r e  t h e  m a r k e d  
p r e f e r e n c e  o f  t h e  a c e t y l a t e d  d i h y d r o x y  ac ids  f o r  
t h e  g l y c e r o l  a - p o s i t i o n s  is n o t  s u r p r i s i n g  s i n c e  
t h e  d i h y d r o x y  ac id  r e s i d u e s  a re  s a t u r a t e d  a n d  
a l m o s t  all h a v e  m o r e  t h a n  18 c a r b o n  a t o m s .  
I n  c o n t r a s t ,  e s to l ide  m o i e t i e s  i n  e r g o t  l ip ids  
( 1 4 ) ,  a l t h o u g h  n o t  d i r ec t ly  c o m p a r a b l e  to  o u r  
a c e t y l a t e d  ac ids ,  s e e m  to e x h i b i t  n o  c l e a r - c u t  
p r e f e r e n c e  fo r  e i t he r  t h e  ~r- o r  /3 -pos i t ions  o f  
g lyce ro l .  

R e c e n t  w o r k  h a s  s h o w n  t h a t  l ino le ic  a c i d  is 
t h e  d i r e c t  p r e c u r s o r  o f  r i c i no l e i c  ac id  in  e r g o t  
oil  ( 2 5 ) .  T h e  s p e c u l a t i o n  is m a d e  ( 1 4 )  t h a t  t he  
b i o s y n t h e s i s  o f  r i c i n o l e i c  ac id  a n d  its a c y l a t i o n  
( i n  e r g o t  l i p id s )  m a y  o c c u r  d i r ec t l y  f r o m  l ino -  
le ic  a c id  w h i c h  is a l r e a d y  in  t r i g l y c e r i d e  f o r m .  
S u c h  a m e c h a n i s m  c o u l d  p o s s i b l y  b e  o p e r a t i v e  
in C a r d a m i n e  t r i g lyce r ides  as w e l l .  C r u c i f e r a e  
s e e d  oils  g e n e r a l l y  c o n t a i n  e r u c i c  (c i s -13-doco-  
s e n o i c )  acid,  a n d  m a n y  h a v e  s m a l l  a m o u n t s  o f  
n e r v o n i c  (c i s -15- te t racosenoic )  ac id  as wel l  
( 2 6 , 2 7 ) .  S ince  t h e s e  l o n g - c h a i n  m o n o e n e s  
w o u l d  n o r m a l l y  be  a t t a c h e d  to  t h e  c~-position 
o f  g lyce ro l ,  it  is c o n c e i v a b l e  t h a t  t h e  d i h y d r o x y  
ac id s  c o u l d  be  d e r i v e d  b y  h y d r o x y l a t i o n  o f  t h e  
c o r r e s p o n d i n g  m o n o e n e s  a f t e r  t h e  t r i g l y c e r i d e  
s t r u c t u r e  h a s  b e e n  e l a b o r a t e d .  E p o x y  ac i d s  
m i g h t  s e r v e  as  i m m e d i a t e  p r e c u r s o r s  o f  t h e  
d i h y d r o x y  ac ids ,  o r  t h e y  m i g h t  be  s u b j e c t  to 
r i n g  o p e n i n g  b y  ace ta t e ,  w h i c h  w o u l d  g ive  t h e  
h y d r o x y  a c e t o x y  ac ids  d i rec t ly .  T h i s  l a s t  c h o i c e  
m a y  be  e v e n  m o r e  a t t r a c t i v e  w h e n  o n e  c o n -  
s i de r s  t h a t  n o  d i a c e t o x y  d e r i v a t i v e s  w e r e  ob -  
s e r v e d  a n d  t h a t  t h e  a c e t y l a t i o n  s t ep  a p p e a r s  
a n a l o g o u s  to  t h e  c h e m i c a l  ace to ly s i s  o f  an  
e p o x y  g r o u p  in  t h a t  b o t h  h y d r o x y  a c e t a t e s  a re  
f o r m e d  in  e q u a l  a m o u n t s .  

T e n t a t i v e  c o n c l u s i o n s  g i v e n  in o u r  p r e l i m i -  
n a r y  r e p o r t  ( 2 )  t h a t  a d i c a r b o x y l i c  a c i d  a n d  a n  
a lka l i - s t ab l e  l i n k a g e  w e r e  p r e s e n t  in C a r d a m i n e  
h y d r o x y  g l y c e r i d e s  h a v e  n o w  b e e n  s h o w n  to  be  
e r r o n e o u s .  I n t e r p r e t a t i o n  o f  t h e  o r i g i na l  N M R  
d a t a  f o r  f r a c t i o n  D A  w a s  b a s e d  o n  t h e  a s s u m p -  
t i on  t h a t  o r d i n a r y  f a t t y  ac ids  w e r e  a n  i n t e g r a l  
p a r t  o f  D A  w h e n ,  in f ac t ,  t h e y  w e r e  i m p u r i t i e s .  
A n  u n i d e n t i f i e d  c o m p o n e n t  ( V )  f o u n d  ea r l i e r  
( 2 )  w a s  p r o b a b l y  n o t  a m a t e r i a l  c o n t a i n i n g  
a l k a l i - s t a b l e  l i n k a g e s  b u t  m o r e  l ike ly  w a s  a n  

a r t i f a c t  f o r m e d  b y  b a s e  in n o n a q u e o u s  sol-  
v e n t s  in w h a t  a p p e a r s  to b e  a t r a n s e s t e r i f i c a t i o n  
r e a c t i o n .  
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