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Abstract: 1,3-Diacylglycerols modified in 2-position were synthesized by combining
enzymatic and chemical methods. The syntheses started from the regioisomeri-
cally pure 1,3-dilauroylglycerol or 1,3-dimyristoylglycerol obtained from glycerol
and vinyl esters of carboxylic acids by means of lipase from Mucor mihei. The
2-hydroxyl group in the glycerol derivatives was subsequently substituted by phos-
phate as well as its disodium salt, by sulfate, phosphocholine, the benzyloxy, the

succinimidyl or the amino group.

INTRODUCTION

1,3-Diacylglycerols modified in the 2-position are expected to possess interesting proper-
ties from different points of view They are analogues of naturally occurring glycerol derivatives
such as_ glycerolipids and glycerophospholipids and might have various pharmacological
effects. ™™ Bearing polar or ionic groups in the 2-position. the compounds become amphiphilic
and are presumably able to form self-organized structures such as reverse micelles or liquid
crystals.2 They should be biodegradable and are therefore non-polluting alternatives for some of
the conventional detergents. With the aim to study such analogues of natural phospholipids, we
have synthesized different regioisomerically pure 1,3-dilauroylglycerols and 1,3-dimyristoylglyce-
rols modified in 2-position.
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RESULTS AND DISCUSSION

The synthetic routes were based on the elegant enzymatic method for the production of
1,3—diacylglycero]s3. 1,3-Dilauroylglycerol (la) and 1,3-dimyristoylglycerol (lb) were synthe-
sized from glycerol adsorbed on silica gel and vinyl laurate or vinyl myristate by means of
1,3-selective lipase (Mucor mihei). Starting from these regioisomerically pure compounds, various
substituents of different polarity were introduced into the 2-position of the glycerol derivatives.

Scheme 1 shows the synthetic route for 1,3-dilauroylglycerol 2-phosphate (3a) and 1,3-dimy-
ristoylglycerol 2-phosphate (3b) as well as their disodium salts (4a, 4b). The 1,3-diacylglycerols
(1a, 1b) were treated with phosphorus oxychloride to yield the 1,3-diacylglycerol 2-dichlorophos-
phates (2a, 2b) that were hydrolyzed by acid or alkali.
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Scheme 1

All four derivatives could be obtained in TLC-pure form by column chromatography on silica gel
They are analogues to the naturally occurring phosphatidic acids which play an essential part in
the biosynthesis of glycerophospholipids and triacylglycerols. First investigations in our labora-
tory showed that the synthesized compounds possess a remarkable tendency to form reverse
micelles.

Comparable properties are expected if the sulfuric acid residue is introduced into the 2-po-
sition of 1,3-diacylglycerols. In order to study the significance of the polar head group for the
formation of reverse micelles, 1,3-dilauroylglycerol 2-sulfate (5) was synthesized by solving (la)
in dry tetrahydrofuran and adding an excess of the sulfur trioxide pyridine complex according to
the procedure of Sandler and Karo® (scheme 2)
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Other interesting compounds for various purposes are 1,3-diacylglycero-2-phosphocholines,
which are analogues of natural neutral 1,2-diacylglycerophospholipids such as phosphatidylcholine. For
the introduction of the phosphocholine group into 1,2-diacylglycerols, a great number of me-
thods were described,s'7 though two grocedures are preferred. The method of Hirt and
Berchtold® improved by Eibl and Niksch” uses 2-bromoethyl dichlorophosphate and substitutes
bromine by trimethylamine. In the second method,'® 1,2-diacylglycerols are treated with
2-chloro-2-oxo0-1,32-dioxaphospholanes to give cyclic phosphates, which are converted to the
corresponding phospholipids with trimethylamine. We succeeded in using a modified procedure
of the first method according to Hansen et al.,11 which allowed to perform the reaction in anhy-
drous diethyl ether instead of chloroform, thereby reducing reaction time and avoiding side-reactions
(scheme 3).
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1,3-Dilauroylglycerol (1la) was phosphorylated by means of 2-bromoethyl dichlorophosphate in
boiling diethyl ether Then the resulting intermediate (6) was converted to the 1,3-dilauroylgly-
cero-2-phosphocholine (7) by use of trimethylamine. First observations revealed that it pos-
sesses inhibitory effects on phospholipase D, whose natural function is the cleavage of 1.2-di-
acylglycerophospholipids to phosphatidic acid and the polar head group, e. g. choline.

In Scheme 4 the synthesis of a relatively unpolar derivative of 1,3-diacylglycerol is shown.
The preparation of 2-benzyl 1,3-dilauroylglycerol (8) succeeded by acid-catalyzed ether synthe-
sis with benzyl trichloroacetimidate in the presence of boron trifluoride etherate. '

o4, 1O

Scheme 4

Finally, an amino derivative was synthesized from 1,3-dilauroylglycerol (1a) (Scheme 5). The syn-
thesis of 2-amino-1,3-dilauroylpropan-13-diol (10) was carried out in a two-step reaction un-
der neutral conditions. 2-Succinimidyl-1,3-dilauroylpropan-1,3-diol (9) was prepared bjy the tri-
phenylphosphine-catalyzed reaction of (1a) with succinimide according to Mitsunobu.® The iso-
lated product was converted by hydrazinolysis14 to the 2-amino-1,3-dilauroylpropan-1,3-
diol (10).
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All these new compounds could be obtained in pure form and satisfactory yields. The results
demonstrate that the combination of enzymatic and chemical synthesis offers the opportunity to
create interesting compounds.

EXPERIMENTAL

1,3-Dilauroylglycerol and 1,3-dimyristoylglycerol (la, 1b) were synthesized by the method of Ber-
ger et al> The lipase (mucor mihei) used for these syntheses as well as benzyl trichloroacet-
imidate were gifts from Prof Schneider, Bergische Universitdt-GH-Wuppertal. All solvents were
dried and distilled before use. Phosphorus oxychloride was distilled before use with the fraction
of bp. 106 - 107°C being collected. 2-Bromoethyl dichlorophosphate was prepared according to
Hirt and Berchtold® All other materials were purchased from Fluka, Buchs (Switzerland) and
used without further purification. Column chromatography was performed on silica gel 60 (230 -
400 mesh), Merck, Darmstadt (Germany). Thin-layer chromatography was performed on alumi-
nium sheets silica 60 F 5 (Merck, Darmstadt, Germany) with visualizing the spots by bromo-
thymol blue.'> Melting points were measured with a Boetius meliting point apparatus and are
uncorrected. NMR spectra were recorded on the Bruker spectrometers ARX 500, WM 250, WB
200, or AC 80

1,3-Diacylglycerol 2-phosphate (3a, 3b)

Fresh distilled phosphorus oxychloride (092 g, 6 mmol) was dissolved in 10 ml of tetrahydrofuran
and stirred at 0°C for 30 min. After the addition of pyridine (1,96 g, 25 mmol dissolved in 25 ml
of tetrahydrofuran, a solution of 1,3-diacylglycerol {(a: 1,82 g, 4 mmol; b: 2,56 g. 5 mmol) in 30 ml
of tetrahydrofuran was added dropwise during a period of 10 min. The reaction mixture was
stirred at 0°C for 1 hour, then at room temperature for 18 hours. In both cases, thin layer chro-
matography showed complete conversion of diacylglycerol to 1,3-diacylglycerol 2-dichlorophos-
phate. Subsequently, the reaction mixture was filtered to remove the precipitated pyridinium hy-
drochloride. To hydrolyze the phosphatidic acid dichloride, 40 ml of ice-water was added and the
reaction mixture was vigorously stirred for 1 hour The clear solution was treated with 50 ml of
a mixture of chloroform:methanol (2:1). The phases were separated, and the organic layer was
extracted twice each with 30 ml of water acidified to pH 50 by HCL The aqueous layers were
reextracted with 50 ml of chloroformwater (2:1) each. The combined organic extracts were
dried with NaZSO 4 and evaporated under reduced pressure. The product was purified by chro-
matography on silica gel using chloroform:methanol:water (65:35:5) as eluent. The yield was 12 g
(56%) for 1,3-dilauroylglycerol 2-phosphate and 2.3 g (85%) for 1,3-dimyristoylglycerol 2-phos-
phate.

3a: mp 123-125; R, 039 (chloroform/methanol/water, 63355 v/v/v). 1H NMR (500 MHz,

CDCl,): & 087 (, 6]%, CH,, 3J(HH) 70 Hz); 124 (m, 32H, -(CHz)n-); 158 (m, 4H, COCH2CH2);
2.30 (t, 4H, COCH2, J(HH? 76 Hz); 419-426 (m, 4H, CH2 of glycerol); 456-460 (m, 1H, CHOP)
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13C NMR (12571 MHz, CDC13) b 1481 (CH,); 2345 (CH3_QH2); 2552 (QH2(CH )2OCOR);
2990-3052 ((CH2)n) 3263 (CH CH CH2) 3481 (QHZCHZOCOR); 6320 (C 2OCOR);
72.51 (CHOP); 17423 (C=0)

31P NMR (3244 MHz, CHC13; D,O-capillary, [H3PO 4 (0 ppm)]): 047 ppm

2

3b: mp 131°-133° Rf 036 (Ch]oroform/methanol/water 65:355 vw/v/Vv), H NMR (20013 MHz,
CDCl,): & 086 (t, 6H CH,, JJ(HH) 63 Hz); 123 (m, 36H, -(CHZ)n) 1.55 (m, 4H, COCH2CH2)
228 (3 4H, COCHZ, 3JHH) 72 Hz); 423-453 (m, SH, CH2 of glycerol and CHOP)

13c NMR (2015 MHz CDCL): 6 1409 (CHy): 2268 (CHyCH,); 2493 (CH,(CH,),OCOR);
29152965 (-(CH,) 3 3194 (CH,CH,CH,). 3413 (CH2CH2OCOR) 65082 (CH20COR)
6847 (CHOP); 17389 (C=0)

3lp NMR (3244 MHz, CHCL,; D

3 ,0-capillary, [H3PO 4 (0 ppm))): 052 ppm

1,3-Diacylglycerol 2-disodiumphosphate (4a, 4b)

A solution of pyridine (396 g, S0 mmol) and 1,3-diacylglycerol (a: 912 g, 20 mmol; b: 1026 g, 20
mmol) in 120 ml of tetrahydrofuran was added dropwise to a solution of fresh distilled ice-cold
phosphorus oxychloride (383 g, 25 mmol) in 20 ml of tetrahydrofuran. The reaction mixture was
stirred at 0°C for 90 min and at room temperature for 20 hours. In both cases, thin layer chro-
matography showed complete conversion of the 1,3-diacylglycerol to 1,3-diacyl-glycerol 2-dichlo-
rophosphate. Subsequently, 4 N NaOH was added dropwise until neutrality To remove non-lipid
by-products, 100 ml of ethanol:37% hydrochloric acid (10:1), 200 m! of chloroform and 100 ml of
water were added to the reaction mixture. The layers were separated, and the chloroform solu-
tion was washed with 30 ml of water acidified to pH 50 by HCL The organic layer was dried
with Na,SO, and the solvent was evaporated under reduced pressure. The residue was dissol-
ved in 100 ml of tetrahydrofuran. After the addition of 150 ml of ethanol, a solution of 40%
aqueous sodium acetate was added dropwise until precipitation stopped. The solid product was
separated, dried with P O and purified by chromatography on silica gel using chloroform:me-
thanolwater (65:35:5) as eluent The yield was 59 g (55%) for disodium 1,3-dilauroyl-glycerol
2-phosphate and 71 g (56%) for disodium 1,3-dimyristoylglycerol 2-phosphate.

4a: mp 145-146°, R, 037 (chloroforrn/methanol/water, 65:35:5, v/v/v), lH NMR (20013 MHz,
CDCl,): & 086 (t, 6H CH,, 3JHH) 64 Hz); 124 (m, 32H, (CH2) -); 154 (m, 4H, COCH CH2)
229 (t, 4H, COCH 3IHY 73 Hz); 423-432 (m, SH, CH2 of glycerol and CHOP)

Be NMR (015 MHz CDCLy: b 1409 (CHy; 2268 (CH,CH,); 2493 (CH,(CH,),0COR);
2915-2965 (-(CH,) -); 3194 (CH3CH CH2); 3413 (CH CH OCOR) 650§ CH OCOR);
6847 (CHOP); 173%9 (C=0)

3p NMR (3244 MHz, CHCly; D,O-capillary, [H3PO4 (0 ppm)D): 71 ppm
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4b: mp 142°-144°, Rf 034 (%hloroform/methanol/water, 65:355, v/v/v), 1H NMR (20013 MHz,
CDCl,): & 086 (t, 6H, CH,, “J(HH) 64 Hz); 123 (m, 36H, -(CHz)n-); 1.54 (m, 4H, COCH2C52);
228 (t, 4H, COCHZ, SHHH) 73 Hz); 421-438 (m, SH, CH2 of glycerol and CHOP)

13C NMR (2015 MHz, CDCI3): o 14.09 (CH3); 2272 (CH3QH2); 2496 (QHZ(CHZ)ZOCOR);
2945-2985 (-(CHz)n-); 3199 (CHBCHZQHZ); 3421 (QHzCHzoCOR); 6519 (QH20COR);
6903 (CHOP); 17393 (C=0)

31

P NMR (3244 MHz, CHCly; D,0-capillary, [H;PO,, (0 ppm))): 37 ppm

3

1,3-Dilauroylglycerol 2-sulfate (5)

10 mmol (1,59g) of sulfur trioxide pyridine complex was added to a solution of 5 mmol (228 g)
1,3-dilauroylglycerol in 50 ml of anhydrous tetrahydrofuran and the reaction mixture was stirred
for 3 hours at room temperature. The mixture was filtered, and the organic layer was concen-
trated under reduced pressure. The residue was dissolved in 20 ml of n-butanol, and 4 N NaOH
was added dropwise to adjust pH 7 Subsequently, the mixture was filtered to remove the preci-
pitate, and the solvent was evaporated under reduced pressure. The residue was dissolved in
20 ml of dry acetone and filtered. Crystallisation from anhydrous methanol led to the sodium
salt of 1,3-dilauroylglycerol 2-sulfate.

mp 151°-153°, Rf 06 _(chloroform/methanol/water, 65355, v/v/V), 1H NMR (500 MHz, CDC13):
5 087 (t, 6H,3 CH,, 3JHH) 70 Hz); 125 (m, 32H, —(CHZ)n—); 157 (m, 4H, COCH,CH ); 231 (¢,
4H, COCH,, JHH) 77 Hz); 427-436 (m, 4H, CH, of glycerol); 470-4.74 (m, 1H, CHOS

13C NMR (12571 MHz, CDCl,): & 1481 (CHj); 2345 (CH3QH ); 2552 (CH (CH2)20COR);
3002-3052 (-(CH )n-); 3263 (CH3CH2QH2); 3481 (QHZCHZZOCOR); 62.6 (QHzOCOR);
7384 (CHOPY); 174.&2 (C=0)

1,3-Dilauroylglycero-2-phosphocholine (7)

2-Bromoethy! dichlorophosphate (271 g, 1.2 mmol) was dissolved in 100 ml of diethyl ether
cooling in an ice-bath. After the addition of dry pyridine (153 g, 01 mmol) in 20 ml of diethyl
ether, the phosphorylation mixture was stirred at room temperature. A solution of 1,3-dilauroyl-
glycerol (182 g, 4 mmol) in 25 ml of diethyl ether was added dropwise. Stirring was continued
at room temperature overnight and subsequently under reflux for 8 hours. Thin layer chromato-
graphy indicated complete reaction of the 1,3-dilauroylglycerol. The dichlorophosphates were hy-
drolyzed by addition of 40 ml of ice-water under vigorous stirring. Then the solvent was remo-
ved by evaporation. The residue was dissolved in 50 ml of chloroform:methanol (2:1) and extrac-
ted twice with 15 ml of water acidified to pH 50 by HCL The organic layer was dried with
Na,SO, and the solvent was evaporated under reduced pressure yielding 2’ -bromoethyl 1,3-di-
lauroylglycero-2-phosphate which was used without further purification. It was dissolved in 50
ml of chloroform and 70 ml of acetonitrilisopropanol (1:1). 236 g (40 mmol) of 33% trimethyla-
mine in ethanol were added under vigorous stirring and the reaction mixture was kept at 5S0°C
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in a firmly closed vessel overnight. Thin layer chromatography indicated the complete conver-
sion of the bromoethyl phosphate into the phosphatidyicholine. The solvent was removed under
reduced pressure. The residue was dissolved in 60 ml of chloroform and extracted with the fol-
lowing mixtures: twice with 60 ml of formic acid:methanol (5:7), twice with 60 ml of 01 M so-
dium acetate:methanol (5:7) and with 60 ml of 1 M NaCl: methanol (5:7). The remaining organic
solution was dried with NaZSO , and the solvent was removed by evaporation. The product was
dried with P,0,, under reduced pressure and purified by column chromatography on silica gel
using a gradient elution with chloroform:methanotwater (9:1:0, 81:01, 7.2:02, 65:35.05). The yield
was 063 g (20%).

R 024 (CHCl,/CH,OH/NH, 25%, 65:355, v/v/v), I NMR (20013 MHz, CDC13) b 086 (1, 6H,

3JHH) 4 Hz) 123 (m, 32H, -(CH,) -); 156 (m, 4H, COCH, CH,); 2237 (t, 4H, COCH,)
33 (s 9H, N* (CH3)3) 376 (m, 2H, CH R) 421-423 (m, 4H, CH %glycerol), 431 (m, 2 %I
P-O- CH2) 455 (m, 1TH, CHOP)

13C NMR (20149 MHz, CDCI ) d 1406 (CH,); 22.67-3191 (- (CH2) -); 3419 (CHZOCOR) 54.48
(N*(CH )3) 62.99 (CH of glycerol) 66.49 (CI~31 -N); 7044 (CHOP); 17344 (C=0)

31P NMR (3244 MHz, CHC13, D, O-capillary, [H3PO 4 (0 ppm)D): -1.91 ppm

f

2-Benzyl 1,3-dilauroylglycerol (8)

10 mmol (436 g) of 1,3-dilauroylglycerol was dissolved in 60 ml of absolute carbon tetrachloride,
treated with 12 mmol (315 g of benzyl trichloroacetimidate under nitrogen at 0°C. Then 1 ml of
boron trifluoride etherate was added and the mixture was stirred at 4°C for 2 hours and at
room temperature for 24 hours. The precipitate was removed and the organic layer was washed
with 20 ml of a saturated sodium hydrogen carbonate solution and 20 ml of a saturated sodium
chloride solution. Evaporation of the solvent under reduced pressure resulted in a yellow viscous
oil, which was purified by chromatography on silica gel with petroleum ether/diethyl ether (2:1)
to yield 2.67g (50%) of a colorless oil

Rf 049 (petroleum ether/diethyl ether, 2:1, v/v)

lH NMR (250 MHz, CDCl,): & 087 (t, 6H, CH3) 124 (m, 32H, (CH) -); 16 (m, 4H,
COCH2CH2); 226 (t, 4H, CO(%H ) 38 (m, 1H, CHO); 41-43 (m, 4H, OCH2) 47 ?S 2H, o- CH Ar);
73 (m, 5H, aromat)

BC NMR (62896 MHz CDCLp: b 1398 (CHy: 2253-3179 (-(CHy ) 3405 (CH,OCOR);
62.86 (CH, of glycerol); 7196 (8CH) 7434 (O-CH,-Ar); 12767 (aromat. CH, para); 12772 (aro-
mat. CH, ortho); 12829 (aromat. CH, meta); 13770 ( CH -C=); 17341 (C=0)

2-Succinimidyl-1,3-dilauroylpropan-1,3-diol (9)

55 mmol (096 g) of diethyl azodicarboxylate in 10 ml of diethyl ether was added dropwise to a
solution of 5 mmol (228 g) of 1,3-dilauroylglycerol, 5 mmol (1.31 g) of triphenylphosphine and 5
mmol (05 g succinimide in 100 ml of diethyl ether After stirring at room temperature for 24
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hours the precipitated triphenylphosphine oxide was removed and the organic layer was con-
centrated under reduced pressure. The product was purified by chromatography on silica gel
with diethyl ether/hexane (3:2) to yield 14 g (52%).

m.p. 55°-56° Rf 025 (diethyl ether/hexane, 32, w/v), 1H NMR (250 MHz, CDClt,): d 087 (t, 6H,
CH3); 124 (m, 32H, -(CH2)n-); 16 (m, 4H, COCHzCﬂz); 226 (t, 4H, COCHZ); 68 (m, 4H, CH2
of imid); 4.36-4.56 (5H, CH-N and OCHZ)

13C NMR (62.896 MHz, CDCl,): & 1396 (CH.,); 22.53-3176 (-(CHz)n-); 3385 (QH2COO); 5048
(CH-N); 6012 (CH of glycerol); 17311 (C=0); 137678 (N-C=0, imid)

2-Amino-1,3-dilauroylpropan-1,3-diol (10)

5 ml of 1 M hydrazine hydrate in ethanol was added to a solution of 2 mmol (L07 g of (9) in
10 ml of 96% ethanol and the reaction mixture was stirred under reflux for 90 min. The organic
layer was concentrated under reduced pressure. The residue was dissolved in 15 ml of water
and acidified with glacial acetic acid to pH 50 After removal of the precipitate, the solvent was
evaporated under reduced pressure. The product was crystallized from chloroform yielding
0,49 g (54%).

mp 20T°C dec, Rf 078 (chloroform/methanol, 955 v/v), 1H NMR (250 MHz, CDC13): & 085 (t, 6H,
CH3) 125 (m, 32H, (CH) -); 16 (m, 4H, COCH CH) 23 (t, 4H, COCH) 29-37 (2H of
ammo) 41 (m, 4H, OCH,); 32 (m. 11, CH ,-NH,)

C NMR (62.896 MHz, CDCL,). 8 139 (CH ) 225-314 (- (CH ) -); 338 (CH COO0); 474 (CH-N);
62.3 (CH of glycerol); 1735 (8 =Q)
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