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Abstract A simple method is described for the determination 
of molecular specie of enantiomeric sn-1,2- and m-2,S-diacylglyceroIs 
derived from natural triacylglycerols by Grignard degradation. 
The method is based on a preparative separation of the enantio- 
meric diacylglycemls as 3,5-dinitrophenylurethane (DNPU) deriva- 
tives by high performance liquid chromatography (HPLC) on a 
chiral column (25 cm X 4.6 mm ID) containing R-(+)-1-(1- 
naphthy1)ethylamine as a stationary phase. This is followed by 
polar capillaq gas-liquid chromatography ( G E )  of the trimethyhlyl 
(TMS) ether derivatives of the enantiomeric diacylglycerols der- 
ived from the DNPU derivatives using trichlorosilane, which does 
not cause acyl migration and racemization during the reaction. 
The cleavage is better than 94% complete. The method was stan- 
dardized with synthetic sn-1,2- and sn-2,3-dipalmitoyl- and 
mc-1,2-dioleoylglycerols and was applied to the identification and 
quantitation of individual molecular species of enantiomeric di- 
acylglycerols generated by Grignard degradation of the triacyl- 
glycerols from corn oil, cocoa butter, and lard. -Itabashi, Y., 
A. Kulcsia, and J. J. Myher. Determination of molecular species 
of enantiomeric diacylglycerols by chiral phase high performance 
liquid chromatography and polar capillaly gas-liquid chromatog 
raphy. J. Lipid Res. 1990. 31: 2119-2126. 

Supplementary key words 3,5-dinitmphenylurethane trichlorosilane 
cleavage trimethylsilyl ethers cocoa butter lard corn oil 

The chiral phase HPLC described by Takagi and Itabashi 
(1) provides a rapid and complete resolution of enantio- 
meric sn-1,2- and sn-2,3-diacylglycerols as 3,5-dinitro- 
phenylurethane (DNPU) derivatives containing identical 
fatty acids, but resolution of enantiomers containing different 
fatty acids results in arnerlap or intedgitation of many molecular 
species, and identification of individual sn-1,2 and sn-2,3- 
enantiomers becomes difficult or impossible. Myher and 
Kuksis (2) obtained a physical resolution of the enantio- 
meric diacylglycerols via X-phosphatidylcholines and phos- 
pholipase C, and identified the individual molecular species 

of each enantiomer by polar capillary GLC or GLC-MS. 
Although polar capillary GLC of the TMS ether deriva- 
tives provides a detailed analysis of molecular species of 
the diacylglycerols, the preparation of the enatiomeric di- 
acylglycerols by the enzymatic method is laborious, time- 
consuming, and potentially inaccurate in view of the mul- 
tiple transfonnations. 

Since the DNPU derivatives of diacylglycemls are not eluted 
effectively from polar or nonpolar GLC columns and yield 
only limited separations on rwersed phase HPLC, for complete 
analysis of molecular species it is necessary to remove the 
DNPU groups by a chemical reaction. Urethanes are generally 
hydrolyzed in the presence of strong acids and bases, which 
cannot be used with diacylglycerol derivatives. A mild method 
of cleaving urethanes with chlorosilanes has been report- 
ed (3-5) and we have adopted it for the regeneration of 
the diacylglycerol moieties from the DNPU derivatives. The 
present study reports the conversion of DNPU derivatives 
into TMS ethers of diacylglycerols in better than 94% yield 
by reaction with trichlorosilane and trimethylchlorosilane 
at room temperature without affecting the acyl groups. A 
combination of the chiral phase HPLC of diacylglycerol 
DNPU derivatives with polar capillary G K  of diacylglycerol 
TMS ethers provides a simple method of determination of 
molecular species of enantiomeric diacylglycerols of natural 
origin. 

Abbreviations: HPLC, high performance liquid chromatography: CLC. 
gas-liquid chromatography: TU3 thin-layer chromatography; DNPU, 
3.5-dinitmphenylurethane: TMS, trimethylsilyl: ECN, equivalent carbon 
number. 

'Present address: Department of Chemistry, Faculty of Fisheries, Hok- 
kaido University, Hakodate, Japan. 
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MATERIALS AND METHODS 

Samples 

Trioleoylglycerol was obtained from Sigma Chemical Co. 
(St. Louis, Mo). Sn-1,2- and m-Z,3-dipalmitoylglycerols were 
available in the laboratory from a previous study (6). Corn 
oil, cocoa butter, and lard triacylglycerols were isolated from 
commercial products by silicic acid TLC using hexane- 
diethyl ether 7:3 as developing solvent. The m-1,2(2,3)- 
diacylglycerols were prepared from the triacylglycerols by 
partial Grignard degradation and were purified by boric 
acidTLC (7). The DNPU derivatives were prepared by reacting 
free diacylglycerols with 3,5-dinitrophenyl isocyanate in the 
presence of dry pyridine at room temperature; they were 
purifed by silicic acid TLC (6). 

Chiral phase HPLC 

The analytical and preparative HPLC separations of enan- 
tiomeric sn-1,2- and m-2,3-diacylglyceroIs as DNPU derivatives 
were performed on a Hewlett-Packard Model 1084 Liquid 
Chromatograph equipped with a chiral column (25 cm X 4.6 
mm ID) containing R-( +)-1-(1-naphthy1)ethylamine poly- 
meric phase chemically bonded to 300 A wide pore spher- 
ical silica (YMC-Pack A-K03, YMC Inc., Kyoto, Japan), 
using an isocratic solvent system of hexane-dichloromethane- 
ethanol 40:lO:l at the flow rate of 0.8 ml/min at an oven 
temperature of 28OC (8). For preparative HPLC, 40 p1 of 
the injection solvent containing 80-90 pg DNPU were ad- 
mitted to the column using an automatic sample injector, 
and enantiomerically pure m-l,2- and m-2,3-diacylglycerol 
DNPU derivatives were collected. The fractions from five 
injections were pooled to yield about 200 pg of each enan- 
tiomer. For analytical HPLC, a 10 pl volume containing 
10-15 pg DNPU was injected using the same automatic sample 
injector. 

Cleavage of diacylglycerol DNPU 

with a flame ionization detector. A polar capillary column 
(RTx 2330, 15 m x 0.32 mm ID, Restek Corp., Bellefonte, 
PA) was operated isothermally at 260 OC with hydrogen as 
the carrier gas (2 psi head pressure). The diacylglycerol 
peaks separated according to carbon number and num- 
ber of double bonds were identified by reference to stan- 
dards and by the relative retention times tabulated previously 
(7). 

RESULTS AND DISCUSSION 

Cleavage of DNPU of model diacylglycerols 
The reperation of diacylglycerols from the DNPU deriva- 

tives is based on the method of Pirkle and Hauske (4), who 
demonstrated that trichlorosilane-induced cleavage was ade- 
quate for retrieving optically active carbinol moieties from 
the diastereomeric carbamates. Since epimerization, racemi- 
zation, and rearrangement did not occur, it was inferred 
that carbon-oxygen bonds were not broken. The present 
study c o n f i i  these conclusions. Fig. 1 shows the time course 
of cleavage of sn-2,3-dipalmitoylglycerol from its DNPU 
derivative using trichlorosilane. Unreacted DNPU diacyl- 
glycerol was recovered from a silicic acid TLC plate and 
the peak area in the HPLC chromatogram was compared 
with that obtained for the original DNPU at reaction time 
0 min. Free diacylglycerols (RJ 0.41) and their DNPU deriva- 
tives (R~0.55) we= clearly sepamted by TLC using petroleum 
ether (bp 60-80 OC)-dichloromethane-ethanol40:10:3 as 
developing solvent. To avoid isomerization of sn-1,2(2,3)- 
diacylglycerols into X-l,3-diacylglycerols, the cleavage reaction 
was performed at room temperature, although this neces- 
sitated more than 10 h for a good yield (over 90%). Heat- 
ing at 80 OC for 4 h, which also gave a good yield, isomerized 
an appreciable amount of the released diacylglycerols to 
the X-1,3-isomers. The yield increased gradually with in- 
creasing reaction time up to about 16 h (94%) and remained 

To 200-300 pg of DNPU derivative dissolved in 400 p1 
of dry toluene, 40 pl triethylamine-dry toluene 1:ZO (v/v) 

ded in this order and gently shaken. After standing in a 
closed container for 16 h at 21-2ZoC, two drops of water 
were added and the tubes were shaken vigorously for 30 
sec using a Vortex mixer. Five ml of ether was added to 
the mixm, and the "v was dried owr anhydrous Na2S04. 
The ether solution was filtered off through two Pasteur pipets 
containing NaoS04, and the filtrate was then evaporated 
under nitrosn. The enantiomeric diacylglycerols were im- 

and 40 pl trichlorosilane-dry toluene 1:20 (v/v) were ad- 100 . .  
a 
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mediately converted to TMS ethers by reaction with 
trimethylchlorosilane- hexamethyldisilazane- pyridine (9). 0 
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REACTION TIME (HR) Polar capillary GLC 
G E  anabiS Of the TMS ethers was Performed with a 

Hewlett-Packard Model 5880 Gas Chromatograph equipped 
Fig. 1. 
dipalmitoylglycerol with trichlorosilane. 

Time-course of cleavage of the DNPU derivative of sn-2,3- 
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at this level at longer times (Fig. 1). There was no evidence 
that any of the released diacylglycerols would recombine 
with the 3,5-dinitrophenyl isocyanate liberated during the 
course of the reaction, .but we have observed that the DNPU 
derivative can be produced from a diacylglycerol and an 
equimolar amount of dinitmphenyl isocyanate in the presence 
of triethylamine and trichlorosilane under the conditions 
of the cleavage reaction. The carbinol and isocyanate cleavage 
products described by Pirkle and Hauske (4) also did not 
appear to recombine under their reaction conditions. 

Fig. 2A shows the chiral phase HPLC separation of the 
DNPU derivatives of mc-1 ,2 -dioleoylglycerol generated from 
trioleoylglycerol by partial Grignard degradation. A rapid 
and complete enantiomer resolution was obtained using 
the R-( +)-l-(-naphthyl)ethylamine polymer as a chid statiuna~~ 
phase (8). It shows higher enantioselectivity for sn-1,2- and 
sn-2,3-diacylglycerols than the chiral phase column con- 
taining N -( R) -1 -( 1 -naphthyl)ethylaminocarbonyl- (S) -valine 
used previously (1). The separation factor and peak reso- 
lution for mc-1,2-dioleoylglycerol peaks were 1.42 and 4.32, 
respectively [1.15 and 2.02 in the previous study (l)]. The 
increased peak resolution obtained on the present chiral 
column was essential for the preparative isolation of pure 
enantiomers. 

Fig. 2B shows the polar capillary gas chromatogram of 
the TMS ethers of the mc-1,2-dioleoylglycerok rrtrieved from 

m-I ,2- 

X - I  ,3- 
( A )  

I - c 

the DNPU derivative using trichlorosilane. There is a sin- 
gle major peak, which represents both enantiomers. The 
small peak(les than 1%) seen on thedgcendinglimb represents 
the 1,3-dioleoylglycerol isomer, which was present in the 
original DNPU (see Fig. 2A). Fig. 2B clearly shows that 
isomerization does not occur during the cleavage of the DNPU 
derivative. A small amount of the unreacted DNPU and 
the urea, which is pduced from 3,5-dinitmphenyl i socya~te 
by addition of water to the reaction mixture, did not in- 
terfere with the analysis of the TMS ethers on the polar 
column. Wk have o b s e d  that the DNPU derivatives decom- 
pose on high-temperature GLC, probably yielding free di- 
acylglycerols and their dehydration products (Y. Itabashi, 
A. Kuksis, and J. J. Myher, unpublished results). We have 
also observed that polar capillary GLC of the urea frac- 
tion (Rf 0.15) isolated from the reaction mixture by TIC 
on silica gel shows a major peak at 21.7 min (not shown 
in chromatograms). Thus, polar capillary GLC provides 
a good assessment of the quality of the diacylglycerols qener- 
ated from the DNPU derivatives by trichlorosilane. Prior 
to conversion of the regenerated diacylglycerols' into the 
TMS ethers, h m r ,  the sample should be purified by borate- 
TLC to prevent elution of the decomposition products from 
the capillary column. Alternatively, the TMS ethers could 
be purified by normal phase HPLC. The absence of racemi- 
zation of the cleavage products was assessed by recovering 

RENTIDN TIME I 

X-1,3- 

L 
RTDJTION TIME 

Kg. 2. Chid-phase HF'LC of the DNPU ~~ of m - l , 2 - d i o ~ l  (A) and polar c a m  GU: of TM ethers of the legamated ~-1,Z-db-k 
(B). The sn-2.3-dioleoylglyceml was eluted from the chiral HPLC column at 18.92 min. Capillary GLC was performed with hydrogen as carrier gas 
at 3 psi head pressure. All other HPLC and GLC conditions as given in text. 
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pure sn-2,3-dipalmitoylglycerol from the DNPU derivative, 
reconverting it to the DNPU, and reanalyzing it on the chiral 
column. A chiral phase H P K  of the DNPU derivatiw purified 
by TLC gave only a single peak of the sn-2,3-dipalmitoyl- 
glycerol, which indicates that a racemization also does not 
occur during the course of the reaction. 

Analysis of diacylglycerols derived from cocoa butter 
triacylglycerols 

Fig. 3 shows the chiral phase HPLC profile of the DNPU 
derivatives of enantiomeric diacylglycerols derived from cocoa 
butter triacylglycerols by Grignard degradation, along with 
the polar capillary GLC of the molecular species of the mgener- 
ated diacylglycerols. Four major peaks are effectively resolved 
into two groups, which represent the sn-1,2- and sn-2,3- 
enantiomers (Fig. 3A). Enantiomerically pure sn-1,2 and 
sn-2,3-diacylglycerol DNPU derivatives were isolated on a 

5”- 1,2- 

a-1.2- 

micro-molar scale without cross-contamination by prepara- 
tive chiral phase HPLC (Figs. 3B and 3C). In addition to 
complete enantiomer resolution, the chid  column also provides 
some segregation of the molecular species within each enan- 
tiomer type. This is due to complex interactions between 
the stationary and the mobile phase, which have not yet 
been exploited for effective resolution of molecular species. 
Such partial separations of molecular species were observed 
on other HPLC columns containing chiral stationary phases 
chemically bonded to a silica gel, which is probably rrsponsible 
for the effect, as pointed out previously (1, 6). The diacyl- 
glycerol DNPU derivatives are eluted from the chiral column 
in order of decreasing ECN values (8). Thus, the two major 
peaks within each enantiomer type can be attributed to 
diacylglycmls having ECN values of 34 and 32, which contain 
18:O-18:l and 16:O-18:l as main components, respective- 
ly, Figs. 3D and 3E show the polar capillary GLC profiles 

ul-2.3- 

RTENTICN T I E  

7 13 COCOABUTTEA 7 13 

FETEFITION T I E  

Fig. 3. Chiral phase HPLC of 

6n- 1,2- 

RTENTlON T I M  

- le DNPU derivatives of original cocoa butter ~uc-1,2-diacylglycerols (A) and of 
the sn-1,2- (B) and sn-2,3- (C) enantiomers after collection from the chiral column, along with polar capillary GLC 
of TMS ethers of the sn 1,2- (D) and sn-2,3- (E) diacylglycerols regenerated from DNPU derivatives of the enantio- 
mers. Peak identification: 1, 16:O-16:O; 2, 16:O-16:l; 6, 16:O-18:O; 7, 16:O-18:l; 9, 16:O-18:2: 10, 17:O-18:l; 12, 18:O-18:O; 
IS, 18:O-18:l; 14, 18:l-18:l; 15, 18:O-189: 17, 18:l-18:2; 18, 18:O-18:s; 20, 200-183; 21, 2O:O-18:2. HPU: and GLC 
conditions as given in text. The GLC retention time of dioleoylglycerol was 11.12 min (hydrogen head pressure 2 psi). 
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TABLE 1. Composition of enantiomeric diacylglycerols generated by partial Grignard degradation from 
cocoa butter triacvlrrlvcerols 

Molecular Regenerated from DNPU Original Calculated^ 

Svecies sn-1 .2 - sn-t.3- sn-1,2(2.3)- sn-1,2(2.3)- sn-l,f(2.3)- 

16:O-16:O 0.49 0.62 
16: 0-18: 0 0.74 0.63 
16:O-18:l 39.21 43.29 
16:O-18:2 4.34 3.61 
17:O-18:l 0.24 0.31 
18:O-18:l 41.74 44.06 
18:l-18:l 8.72 2.36 
18:O-18:2 3.14 3.32 
18:l-18:2 1.05 0.40 
2O:l-18:l 0.33 1.40 

' (sn-l,2 - + sn-2,3 -Diacylglycerols)/Z. 

mole '% 

0.51 
0.62 
40.38 
3.81 
0.33 
43.69 
5.46 
3.50 
0.78 
0.92 

0.41 
0.61 
40.48 
3.99 
0.35 
43.35 
5.48 
3.57 
0.77 
0.99 

0.56 
0.69 
41.24 
3.98 
0.27 
42.90 
5.54 
3.23 
0.72 
0.87 

5 6  6 LARl 
sl-2,3- 

RTENTION TILE RTENTION TILE 

Fig. 4. Chiral phase HPLC of the DNPU derivatives of original lard rac-1,2-diacylglycerols (A) and of the sn-1.2- 
(B) and sn-2,3- (C) enantiomers after collection from the chiral HPLC column, along with polar capillary GLC 
of TMS ethers of the sn-1,2- (D) and sn-2,3- (E) diacylglycerols regenerated from DNPU derivatives of the enantio- 
mers. Peak identification: 1, 14:O-16:O; 2. 14:O-18:O + 16:O-16:O; 3, 14:O-18:l + 16:O-16:l; 4, 14:O-18:2; 5, 16:O-18:O; 

18:l-18:l; 17, 18:O-18:2 + 16:O-20:2; 18, 18:l-18:2; 21, 18:2-18:2. HPLC and GLC conditions as given in text. 
6, 16:0-18:1; 7, 16:1-18:1; 8, 16:0-18:2; 9, 17:0-18:1; 10, 16:1-18:2; 11, 16:0-18:3; 13, 18:0-18:0; 14, 18:O-18:l; 15, 
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of the TMS ethers of the cocoa butter diacylglycerols retrieved 
from the DNPU derivatives. In addition to the major 16:O-18:l 
and 18:O-18:l species, both enantiomers contain 16:O-l8:2, 
18:l-18:1, and 18:O-18:2 as minor species along with trace 
amounts of other components of lower and higher carbon 
and unsaturation number. nble  1 gives the quantitative 
composition of the enantiomeric diacylglycerols derived from 
cocoa butter. The sn-1,2-enantiomers contain significant- 
ly more 18:l-18:l and les 16:O-18:l than the sn-2,3-enantiomas. 
Table 1 also shows good agreement among the composi- 
tions of the original sn-l,2-(2,3)-diacylglycerols, the sn-1,2(2, 
3)-diacylglycerols retrieved from the DNPU derivatives, and 
the sn-l,2(2,3)-diacylglycerols reconstituted from the separate 
analyses of the sn-1,2- and sn-2,3-enantiomels. These findings 
agree closely with those derived by polar capillary GLC analysis 
of the sn-1,2- and sn-2,3-diacylglycerol moieties of cocoa 
butter triacylglycerols obtained by Grignard degradation 
and phospholipase C resolution of mc-phosphatidylcholines 
prepared as intermediates (S. Pind, A. Kuksis, J. J. My- 
her, L. Marai, and D. Kritchevsky, unpublished results). 

Analyses of diacylglycerols derived from lard 
triacylgl ycerols 

Fig. 4 shows the chiral phase HPLC profile of the DNPU 
derivatives of enantiomeric diacylglycerols derived from lard 
triacylglycerols by Grignard degradation, along with the 
polar capillary GLC profiles of the molecular species of the 
regenerated diacylglycerols. Three major peaks can be recog- 
nized in the sn-1,2-enantiomer region and two in the 
sn-2,3-enantiomer region (Figs. 4A-4C). On the basis of 
the ECN concept (8), the three peaks in the sn-1,2-enantiomer 
can be attributed to diacylglycerols with ECN values of 34, 
32, and 30, respectively. Similarly, the two peaks in the 
sn-2, %enantiomer can be attributed to diacylglyercols with 

ECN values 32 and 30, respectively. Enantiomerically pure 
m-1,2- and m-2,3-diacylglycerol DNPU derivatives wae isolated 
on a micromolar scale without cross-contamination by pre- 
parative chiral phase HPLC. Figs. 4D and 4E show the polar 
capillary GLC p d e s  ofthe m-1,2- and the m-2,3-diacylglyceroIs 
of lard triacylglycerols after removal of the DNPU groups 
and trimethylsilylation. Again, the transformation into 
the TMS derivatives was effective and free of isomeriza- 
tion. The molecular species are completely resolved in each 
enantiomer. The main components are made up of 16:O 
and 18:O saturated and 16:l and 18:l unsaturated fatty acids, 
which account for the ECN values ranging from 30 to 34. 
Table 2 gives the quantitative composition of the major 
and minor diacylglycerol moieties of the lard triacylglycerols. 
All species are present in both enantiomers, but not in the 
same proportions, as already known from stempec%c analyses 
(2). Table 2 also compares the composition of the original 
sn-l,2(2,3)-diacylglycerols and those reconstituted from the 
combined chiral phase HPLC and polar cap- GLC analyses. 
The good agreement indicates that the cleavage reaction 
proceeded equally well with all molecular species. The com- 
positions of the sn-1,2- and sn-2,3-diacylglycerols correspond 
closely to those determined earlier via mc-phosphatidylcholines 
and phospholipase C (2). 

Analysis of diacylglycerols derived from corn oil 
triac y lgl ycerols 

Fig. 5 shows the chiral phase HPLC profile of the DNPU 
derivatives of enantiomeric diacylglycerols generated from 
corn oil triacylglycerols by Grignard degradation, along 
with the polar capillary GLC profdes of the molecular species 
of the recovered diacylglycerols. Six major peaks are sepa- 
rated clearly into two groups, which represent the sn-1,2- 
and sn-2,S-enantiomers (Figs. 5A-5C). The major peaks 

TABLE 2. Composition of enantiomeric diacylglycerols generated by partial Grignard degradation from 
lard triacylglycerols 

Molecular Regenerated from DNPU Original Calculated" 

Species sn-1.2- sn-2.3- sn-l,2(2,3)- sn-1.2(2,3)- sn-l.Z(Z.3)- 

mole % 
14: 0-16: 0 1.04 0.36 0.61 0.54 0.70 
16:O-16:O 6.93 2.17 4.53 4.15 4.55 
16: 0-16 : 1 3.75 5.12 4.29 3.87 4.43 
14:O-18:2 0.85 0.99 0.94 0.83 0.92 
16:O-18:O 36.29 2.19 19.34 18.93 19.24 
16:O-18:l 30.52 56.41 43.23 43.25 43.46 

16:1-18:2 0.46 0.67 0.61 0.73 0.57 
16: 0-18: 3 0.17 0.53 0.35 0.46 0.35 
18:O-18:O 0.99 tr 0.54 0.64 0.50 
18:O-18:l 4.06 2.52 3.45 3.67 3.29 
18:l-18:l 4.17 6.04 5.28 5.52 5.11 
18:1(n-7)-18:1 0.65 0.56 0.59 0.67 0.60 
18:O-18:2 1.57 0.92 1.35 1.36 1.24 
18:l-18:2 2.23 3.80 3.01 3.13 3.02 
18:2-18:2 0.62 1.22 0.83 0.96 0.92 

16:0-18:2* 5.70 16.50 11.05 11.29 11.10 

(sn-l,2-Diacyl + sn-2,3-diacyl)/2. 
Contains 16:l-18:l. 
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Fig. 5. Chiral phase HPLC of the DNPU derivatives of original com oil mcl,2,-diacylglycerols (A) and of the n-1.2- 
(E) and sn-2,3- (C) enantiomers after collection from the chiral HPLC column, along with polar capillary GLC 
of TMS ethers the sn-1,2- (D) and sn-2,3- (E) diacylglycerols regenerated from DNPU derivatives of the enantio- 
mers. Peak identification: 1, 16:O-18:l; 2, 16:O-18:2; 3, 18:0-18:1; 4, 18:1-18:1: 5,  18:0-18:2; 6, 18:l-18:2: 8,  18:2-18:2: 
10, 18:2-18:3: 11, 2O:O-18:2. HPLC and GLC conditions as given in text. 

in each enantiomer group correspond in retention times 
to diacylglycerols with ECN values of 28-32 (8). Enantio- 
merically pure sn-1,2- and sn-2,3-diacylglycerol DNPU deriva- 
tives were isolated on a micromolar scale without 
cross-contamination by preparative HPLC. Figs. 5D and 
5E show the polar capillary GLC profiles of the TMS ethers 
of the corn oil diacylglycerols retrieved from the DNPU 
derivatives. In addition to 16:O-18:1, 16:O-18:2, 18:l-18:1, 
18:l-18:2, and 18:2-18:2 as major components, 18:O-18:l 
and 18:O-18:2 are found as minor components in each enan- 
tiomer. The species account for the observed ECN values 
of 28-32. a b l e  3 gives the quantitative composition of the 
diacylglycerols from com oil triacylglycerols. All species found 
in this study are common to each enantiomer, but minor 
differences are seen in proportions of the individual com- 

ponents, as would be anticipated from the known enan- 
tiomeric nature of the original corn oil triacylglycerols (10). 
Table 3 also compares the composition of the original 
sn-l,2(2,3)-diacylglycerols, those retrieved from DNPU deriva- 
tives, and those reconstituted from the knowledge of the 
enantiomer composition. The good agreement indicates 
that the cleavage proceeded well with all molecular spe- 
cies. The composition of the sn-l,2(2,3)-diacylglycerols cor- 
responds rather closely to the peak area ratios determined 
earlier (11). 

On the basis of these studies it is concluded that trich- 
lorosilane degradation provides a mild and effective method 
for retrieving natural diacylglycemk from their DNPU derivah 
without isomerization and destruction. Furthermore, the 
present combination of chiral phase HPLC separation of 
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TABLE 3. Composition of enantiomeric diacylglycerols generated by partial Grignard degradation from 
corn oil triacylglycerols 

Molecular Regenerated from DNPU Original Calculated" 

sn-l.ZC2.3)- sn-l.Z(Z.3)- Species sn-13 sn-2,3- sn-l.Z(Z.3)- 

mole % 
16:O-18:l 6.80 4.72 5.77 
16:O-18:2 21.86 11.80 17.38 
18:O-18:l 0.63 0.58 0.59 
18:l-18:l 9.04 7.99 8.36 
18:O-18:2 2.41 1.73 1.99 
18:l-18:2 25.19 32.49 28.58 
18:2-18:2 34.07 40.69 37.33 

5.64 
16.85 
0.65 
8.14 
2.02 

28.02 
38.68 

5.76 
16.83 
0.61 
8.51 
2.07 

28.84 
37.38 

a (sn-1,Z-Diacyl + sn -2,3-diacy1)/2. 

the enantiomers with polar capillary GLC of the molecu- 
lar species of the recovered diacylglycerols constitutes an 
effective practical method for determining the structure 
of enantiomeric diacylglycerols, except for reverse isomers, 
which still remain unresolved. Alternatively, the recovered 
diacylglycemk could be converted into UV-absorbing derivatives 
and the molecular species resolved by reversed phase HPLC 
(12). Either method should be applicable to stereospecific 
analyses of triacylglycerols as well as to establishing the chiral 
nature of molecular species of diradylglycerols occurring 
in the free form in tissues and cell cultures. a 
These studies were supported by funds from the Medical Research 
Council of Canada, Ottawa, and the Heart and Stroke Founda- 
tion of Ontario, Toronto, Canada. 
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