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Alkyl lysophospholipids (ALPS) that contain a 16- or 
18-carbon ether group at  the sn-1 position, an 0-methyl 
group at  the sn-2 position, and a phosphate-containing 
group at the sn-3 position of a glycerol moiety are unnatural 
analogues of the naturally occurring platelet-activating 
factor found in many mammalian tissues.' 1-0-Octadecyl- 
2-O-methyl-rac-glycero-3-phosphccholine, ET-18-OMe (l), 

r XR r SC1eH= 

is one of the best known ALPS and is in clinical trials as 
an experimental anticancer drug.2 Many analogues of 1 
have been synthesized that have biological activity against 
neoplastic cells. Some of these analogues have a 1-(alky- 
lthio) group in place of the 1-(alkoxy) groupe3 One such 
analogue is l-S-hexadecyl-2-(deoxymethoxymethyl)-rac- 
thioglycerol-3-phosphocholine (21, which is also currently 
in clinical  trial^.^ 1-(Alkylthio) analogues of 1, such as 
rac-3, have also been shown to possess antineoplastic 
activity similar to that of r ~ c - 1 . ~  

The development of methods to prepare optically pure 
alkylthio lysophospholipid analogues would accelerate 
efforts to advance the understanding of the mechanisms 
of action of synthetic tumoricidal ether lipids. Unfortu- 
nately, relatively few methods are available for the 
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introduction of a long-chain 1-(alkylthio) group into the 
glycerol moiety. For example, the alkylation of 3-thio- 
rac-glycerol (3-mercapto-l,2-propanediol) with a long- 
chain alkyl bromide and alcoholic potassium hydroxide 
proceeds in good yield, leading to racemic lipid 3.3*5 
Another example is the preparation of rac-2 by alkylation 
of 3-bromo-2-(methoxymethyl)propyl benzoate with hexa- 
decylmercaptan? However, long-chain thiolates have been 
reported to react sluggishly in s N 2  reactions with protected 
glycerol moieties bearing good leaving groups, giving 
dialkyl disulfide as the major p r ~ d u c t . ~  Therefore, a 
thioether substituent was introduced at  the sn-1 position 
of glycerol via reduction of a glyceryl thioacetate, followed 
by alkylation of the resulting glyceryl mer~aptan .~  Since 
catalytic asymmetric epoxidation of water-soluble allylic 
alcohols, followed by in situ derivatization of the epoxide 
formed? offers a convenient synthetic route to optically 
pure l-(alkyloxy)glycerolipids,S we sought to synthesize 
optically active alkylthioglycerol derivatives using glycidol- 
based chemistry. It was reported recently that the ring 
opening of the triphenylmethyl (trityl) ether of glycidol 
(tritylglycidol) with alkylmercaptan in the presence of 
n-butyllithium gives a 1-alkylthioglycerol derivative.10 
Tritylglycidol, which is not available commercially, was 
synthesized by the catalytic asymmetric epoxidation of 
allyl alcohol and in situ tritylation of glycidol or by 
tritylation of commercially available chiral glycidol with 
trityl chloride in 53 5% loa and 36 % lob yield, respectively. 
Although epoxides can be opened by thiols using basic 
conditions," racemization of underivatized glycidol via 
Payne rearrangement12 makes it necessary to avoid base- 
catalyzed nucleophilic ring opening of glycidol. We 
initially tried the opening reaction of glycidol or its tosylate 
derivative with hexadecylmercaptan in the presence of 
Lewis acids, but failed to obtain good yields. Here we 
report an efficient stereoselective synthesis of l-alkylth- 
ioglycerophospholipid 4 by the in situ sodium borohydride 
mediated opening reaction of (SI-glycidol (prepared by 
asymmetric epoxidation of allyl alcohol) with hexadec- 
ylmercaptan. The enantiomeric phospholipid was pre- 
pared from (R)-glycidol using the same synthetic route. 

Opening of Glycidol with Hexadecylmercaptan. In 
order to synthesize alkylthioglycerol derivatives we tried 
to open glycidyl tosylate with hexadecylmercaptan in the 
presence of boron trifluoride etherate, but the product 
was obtained in only 5 1 0 %  yield. Since glycidol was 
opened at the C-3 position with benzenethiol in the 
presence of 1 equiv of Ti(O-i-Pr)4, providing the phenylthio 
diol in 88% yield and ca. 90% ee even under in situ 
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a Reagents (a) TBDPSCl,imidazole, CHZC12; (b) NaH, CW, CgHB, 
24 h; (c) n-BUF, THF; (d) (i) Pock, Et3N, CHCls, -20 "C; (ii) 
choline tosylate, py, rt. 

conditions,'3 we attempted the Ti(O-i-Pr)d-mediated 
opening reaction with hexadecylmercaptan. This proce- 
dure also failed to give reproducibly good yields. Moreover, 
aqueous workup of the reaction mixture containing the 
titanium alkoxides and DIPT leads to inefficient extraction 
of the lipid product. We found that sodium borohydride 
assisted the ring-opening reaction of in situ generated 
glycidol with the long-chain mercaptan, affording ring- 
opened product 5 stereoselectively. Diol6 is easily isolated 
and recrystallized and then converted into phospholipid 
4 by using established methods. 

Synthesis. Scheme 1 shows the conversion of allyl 
alcohol into the desired enantiomers of 1(3)-S-hexadecyl- 
2-O-methyl-sn-thioglycero-3(1)-phosphocholine (4). Cat- 
alytic asymmetric epoxidation of allyl alcohol with cumene 
hydroperoxide in the presence of Ti(O+Pr)4 and diiso- 
propyl tartrate (DIPTI8 followed by reduction of the excess 
hydroperoxide with trimethyl phosphite and reaction of 
the resulting crude glycidol with hexadecylmercaptan in 
the presence of 1.1 equiv of sodium borohydride in 
2-propanol gave 1-S-hexadecyl-sn-thioglycerol(5a) in 75- 
78% overall yield. The configuration of the alkylthioglyc- 
erol formed in this reaction depends on the choice of (+)- 
DIPT or (-)-DIPT in the asymmetric epoxidation reaction. 
Alkylthio diol 5 was isolated by crystallization and purified 
by two recrystallizations from methanol. The primary 
hydroxy group of Sa was protected as a tert-butyldiphen- 
ylsilyl (TBDPS) ether (6a) in 93-95 76 yield. Reaction of 
6 with a large excess of methyl iodide and sodium hydride 
in benzene gave methyl ether 7 in 94-96 % yield. (However, 
reaction of the C-2 hydroxy group of 6 with methyl iodide 
in THF gave a low yield of 7.) Removal of the tert- 
butyldiphenylsilyl group with tetra-n-butylammonium 
fluoride in THF gave alcohol 8a, Phosphorylation of 
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Figure 1. Partial 1H NMR spectra of bis-(R)-(+)-MTPA ester 
of 5: (A) rac-6; (B) Sa; (C) 6b. 

alcohol 8a with phosphorus oxychloride in chloroform at  
-20 OC followed by reaction with choline tosylate provided 
the desired 5'-hexadecylthio phospholipid 4a in 70-72 % 
yield. 

Evaluation of Optical Purity. To determine the 
enantiomeric excess (ee) of the twice-recrystallized S- 
hexadecylthioglycero15, we prepared its (R)-(+)-a-meth- 
oxy-a-(trifluoromethy1)phenylacetic acid ((R)-(+)-MTPA) 
esters. The diastereomeric ratio of the resulting mixture 
was analyzed by 200-MHz lH NMR. Figure 1A shows the 
'H NMR spectrum (6 4.2-5.0) of a racemic mixture of the 
bis-MTPA ester prepared from rac-glycidol. Integration 
of the two AB quartets on an expanded scale indicated a 
1:l ratio of the areas of the signals a t  6 4.58-4.70 compared 
with those a t  6 4.76-4.89. The individual diastereotopic 
protons of CHzOMTPA in each enantiomer show near- 
base-line separation. The lower field AB quartet a t  6 4.85 
and 4.79 is assigned to the protons of CHzOMTPA of the 
1-S-hexadecyl-sn-thioglycerol bis-MTPA ester (see Figure 
lB), and the higher field AB quartet a t  6 4.67 and 4.60 
corresponds to the protons of CHzOMTPA of the 3-5'- 
hexadecyl-sn-thioglycerol bis-MTPA ester (see Figure 1C). 
The virtual absence in Figure 1B of the signals a t  6 4.67 
and 4.60 and in Figure 1C of the signals a t  6 4.85 and 
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4.79 indicates that the ee of the  S-hexadecylthioglycerol 
is >99% (the limits of detection). Although asymmetric 
epoxidation of allyl alcohol gives glycidol of only ca. 90 % 
ee? the optical purity of 5 is enriched because it was 
recrystallized twice prior to  derivatization. 

Notes 

Experimental Section 
General Procedures. Melting points were taken on a 

capillary melting point apparatus (Thomas Hoover) and are 
uncorrected. 1H NMR spectra were recorded on an IBM-Bruker 
WP 200-MHz spectrometer; chemical shifts are given as parts 
per million downfield from internal tetramethylsilane. IR spectra 
were recorded on a Perkin-Elmer FT-1600 spectrophotometer. 
Optical rotations were measured in a cell of 1-dm pathlength on 
a JASCO DIP-140 digital polarimeter. Elemental analyses were 
performed by Desert Analytics (Tucson, AZ). TLC was carried 
out with silica gel GF (250-pm) glass plates from Analtech 
(Newark, DE). Visualization of the compounds was by charring 
with 10% sulfuric acid in ethanol or short-wavelength UV light. 
For flash chromatography, silica gel 60 (230-400 ASTM mesh) 
was used (purchased from Aldrich). 

Chemicals. Solvents were dried as follows: dichloromethane 
was distilled from calcium hydride; THF was refluxed over sodium 
benzophenone ketyl for several hours and then distilled just before 
use; chloroform was distilled from PzOa; benzene was washed 
with concentrated sulfuric acid and water, dried over calcium 
chloride, and then distilled over sodium metal. Choline tosylate 
was prepared from (Na-dimethy1amino)ethanol and methyl 
tosylate in dry THF and dried thoroughly over PZOS in a vacuum 
oven. Hexadecylmercaptan, cumene hydroperoxide (80% tech- 
nical grade), titanium(1V) isopropoxide, diisopropyl tartrate, 
trimethyl phosphite, tert-butylchlorodiphenylsilane, rac-glycidol, 
(R)-MTPA, methyl iodide, and sodium borohydride were from 
Aldrich. 
1-S-Hexadecyl-sn-thioglycerol [(+)-Sa]. To a stirred mix- 

ture of powdered molecular sieves (3.5 g, 3A, activated at 150 'C 
under 0.1 mmHg), L-(+)-diisopropyl tartrate (1.39 g, 1.25 mL, 
5.95 mmol), and allyl alcohol (5.81 g, 6.8 mL, 0.10 mol) in 190 
mL of methylene chloride was added titanium(1V) isopropoxide 
(1.4 g, 1.5 mL, 5.0 mmol) at  -5 'C. After 30 min cumene 
hydroperoxide (36 mL, technical grade, ca. 0.2 mol) was added 
slowly over a period of 30 min. The mixture was stirred for 6 h 
at -5 O C  and then cooled to -20 "C and quenched by the careful 
addition of trimethyl phosphite (14.9 g, 14.1 mL, 0.2 mol). To 
a solution of freshly opened hexadecylmercaptan (33.5 mL, 
technical grade, 9275, ca. 0.1 mol) in 190 mL of 2-propanol was 
slowly added sodium borohydride (4.2 g, 0.11 mol). After the 
sodium borohydride mixture was stirred for 2 h at  room 
temperature, the unpurified glycidol prepared above was filtered, 
and the filtrate was added directly to the mercaptan-sodium 
borohydride mixture. The reaction mixture was stirred overnight 
at  room temperature and diluted with 500 mL of ether, and then 
200 mL of 0.5 N sodium hydroxide solution was added. The 
reaction mixture was stirred for 24 h at room temperature, the 
organic phase was separated, and the product was extracted with 
ether. The combined organic layer was washed with water, 5% 
hydrochloric acid, and brine and then dried over sodium sulfate 
and concentrated to afford a solid. The solid was recrystallized 
twice with methanol to give 25.1 g (75%) of the product as a 
white solid: mp 65-68 'C; Rf 0.44 (hexane/ethyl acetate (1:l)); 
[(Y]=D + 18.6' (c 5.0, chloroform); IR (KBr) 3330, 3013, 2919, 
2849,1461,1214,1108,1061,1020,926,873,761 cm-l; 'H NMR 
6 3.81-3.70 (m, 2H), 3.62-3.53 (m, lH), 2.6-2.8 (m, 2H), 2.54 (t, 
2H, J = 7.4 Hz), 2.04 (br t, lH, J = 6.0 Hz), 1.76-1.51 (m, 3H), 
1.2-1.4 (m, 26H), 0.88 (t, 3H, J = 6.7 Hz). Anal. Calcd for CIS&- 
SOz: C, 68.62; H, 12.12; S, 9.64. Found: C, 68.60; H, 12.43; S, 
9.63. 
3-S-Hexadecyl-sn-thioglycerol [ (-)-5b]. This compound 

was prepared in 78 % yield by the procedure above in the presence 
of D-(-)-diisopropyl tartrate: [(Y]=D -18.7' (c 5.0, chloroform). 

Procedure for Preparation of the Bis-MTPA Ester of 
1 (3)-S-Hexadecylthioglycerol. To a solution of the hexadec- 
ylthio diol 5 (50 mg, 0.15 mmol) and (Nfl-dimethylamino)- 
pyridine (40 mg, 0.33 mmol) in dichloromethane (1 mL) was 

added (R)-(-)-MTPA chloride (0.060 mL, 0.32 mmol). After the 
mixture had stirred overnight at  room temperature, the solvent 
was removed under reduced pressure, and the residue was 
suspended in ether. The suspended mixture was filtered through 
a pad of silica gel, and the filtrate was concentrated to give a 
colorless oil (115 mg, 100%). Bis-MTPA ester of 1-5-hexa- 
decyl-sn-thioglycerol(5a): lH NMR 6 7.55-7.25 (m, 10H), 5.39- 
5.31 (m, lH), 4.85 and 4.79 (ABq, lH, J =  2.5,13.3 Hz), 4.50 and 
4.44 (ABq, 1 H , J  = 4.3,12.3 Hz), 3.48 (a, 3H), 3.42 (8,  3H), 2.80- 
2.67 (m, 2H), 2.50 (t, 2H, J = 7.3 Hz), 1.46-1.57 (m, 2H), 1.26 (8, 
26H), 0.88 (t, 3H, J = 6.8 Hz). Bis-MTPA ester of 3-5- 
hexadecyl-sn-thioglycerol(5b): lH NMR 6 7.55-7.25 (m, lOH), 
5.39-5.31 (m, 1H),4.67and4.60 (ABS, lH, J=  2.9,12.3Hz),4.50 
and 4.44 (ABq, 1 H , J  = 4.3, 12.3 Hz), 3.48 (a, 3H), 3.42 (a, 3H), 
2.80-2.67 (m, 2H), 2.50 (t, 2H, J = 7.3 Hz), 1.46-1.57 (m, 2H), 
1.26 (8,  26H), 0.88 (t, 3H, J = 6.8 Hz). 

1-SHexadecyl-3- O( tert-butyldiphenylsily1)-sn-thioglyc- 
erol [(+)-sa]. To a solution of tert-butylchlorodiphenylsilane 
(3.02 g, 11 mmol) in 25 mL of methylene chloride was added 
imidazole (1.50 g, 22 mmol). After the reaction mixture was 
stirred for 1 ha t  room temperature, 1-S-hexadecyl-sn-thioglycerol 
(Sa) (3.33 g, 10 mmol) was added. After 1 h the mixture was 
diluted with 50 mL of ether, washed with water and brine, and 
then dried over sodium sulfate and concentrated under vacuum 
to give a pale yellow liquid, which was purified by flash 
chromatography (elution with 101  hexane/ethyl acetate) to give 
5.31g(93%)of6aasawhitesolid mp36-37'C;Rf0.51 (hexane/ 
ethyl acetate (91)); [(Y]=D +5.48' (c 5.0, benzene); IR (KBr) 3460, 
3060,3048,2919,2849,1467,1420,1108,820,970 cm-1; 1H NMR 
6 7.63-7.69 (m, 2H), 7.48-7.33 (m, 3H), 3.84-3.75 (m, lH), 3.71 
(d, 2H, J = 4.6 Hz), 2.76 and 2.70 (ABq, lH, J = 5.4, 13.5 Hz), 
2.63 and 2.57 (ABq, lH, J = 6.9, 13.5 Hz), 2.50 (t, 2H, J = 7.5 
Hz), 1.63-1.44 (m, 2H), 1.26 (8,  26H), 1.07 (8,  9H), 0.88 (t, 3H, 
J = 6.7 Hz). Anal. Calcd for C&&O$3i: C, 73.62; H, 10.24; 
S, 5.62. Found C, 73.96; H, 10.00; S, 5.35. 

3-SHexadecyl-1- O( tert-butyldiphenylsily1)-sn-thioglyc- 
erol[(-)-6b]. This compound was prepared in 95% yield from 
thioglycerol Sb by the procedure described above: [ ( r ] = ~  -5.57' 
(c 5.0, benzene). 

1-SHexadecyl-2- Omethyl-3- 0-( tsrt-butyldiphenylsily1)- 
sn-thioglycerol[(+)-7a]. Sodiumhydride (0.3g, lOmmol,80% 
in white oil) was washed with dry hexane twice. To the suspension 
of sodium hydride in 50 mL of dry benzene was added a solution 
of 2.86 g (5.0 mmol) of 6a under nitrogen at room temperature. 
After the evolution of hydrogen had stopped, 4 mL (64 mmol) 
of methyl iodide was added, and the reaction mixture was stirred 
for 12 h at  room temperature. Hexane (50 mL), ethanol (1 mL), 
and water (0.5 mL) were added successively, and the product 
was extracted with hexane. The combined organic layer was 
washed with brine and then dried over sodium sulfate. After the 
solvents were evaporated under vacuum, the residue was purified 
by flash chromatography (elution with 97:3 hexane/ethyl acetate) 
to give 2.74 g (94%) of a colorless oil: Rf0.76 (hexandethyl acetate 
(9:l)); [(Y]=D +4.32' (c 5.0, chloroform); IR (film) 3072, 3048, 
2919,2450,1461,1425,1108,820,738,697 cm-l; lH NMR 6 7.70- 
7.63 (m, 4H), 7.47-7.33 (m, 6H), 3.81 and 3.75 (ABq, lH, J=  2.0, 
13.5Hz),3.73and3.67(ABq, lH, J=  1.9,13.5Hz),3.41-3.32 (m, 
1 H , J  = 4.6 Hz), 3.36 (8, 3H), 2.82 and 2.76 (ABq, 1 H , J  = 5.3, 
13.5 Hz), 2.67 and 2.51 (ABq, lH, J = 6.5, 13.5 Hz), 2.53 (t, 2H, 
J = 7.5 Hz), 1.60-1.50 (m, 2H), 1.26 (8,  26H), 1.06 (8, 9H), 0.88 
(t, 3H, J = 6.7 Hz). Anal. Calcd for C&&OzSi: C, 73.91; H, 
10.34; S, 5.48. Found C, 73.72; H, 10.30; S, 5.71. 

3-Sbxadecyl-2- Omethyl- 1-O( tert-butyldiphenylsily1)- 
sn-thioglycerol [ (-)-7b]. This compound was prepared in 96% 
yield from 6b by the procedure above: [(Y]=D -4.34' (c 5.0, 
chloroform). 
l-SHexadecyl-2-O-methyl-sn-thioglycerol[(-)-8a]. To a 

solution of 2.35 g (4.0 mmol) of 7a in 10 mL of THF was added 
a solution of tetra-n-butylammonium fluoride (8 mL of a 1.0 M 
solution in THF, 8.0 mmol). After the mixture was stirred at 
room temperature overnight, water was added, and the product 
was extracted with ether. The combined organic layer was dried 
over sodium sulfate, and the solvents were evaporated under 
vacuum. The residue was purified by flash chromatography 
(elution with 4 1  hexane/ethyl acetate) to give 1.29 g (92%) of 
a white solid mp 36-37 'C; Rf0.30 (hexane/ethyl acetate (41)); 
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an Amberlite MB-3 column two times (elution with THF-water 
(9:l)). After removal of the solvents, the residue was purified by 
flash chromatography (elution with chloroform-methanol-water 
(65:25:4)) to give 258 mg (70%) of a very hygroscopic white solid 
Rf 0.41 (chloroform-methanol-water (6525:4)); [ d %  -5.42" (c 
2.1, CHCldMeOH (1:l)); IR (KBr) 3413,2919,2849,1643,1461, 
1226, 1085, 1049, 967, 756, 714 cm-1; 1H NMR 6: 4.2-4.4 (m, 
22H), 3.8-4.1 (m, 2H), 3.7-3.5 (m, 2H), 3.55-3.45 (m, lH), 3.41 
(8, 3H), 3.28 (8,  9H), 2.67 (d, 2H, J = 5.5 Hz), 2.53 (t, 2H, J = 
7.4 Hz), 1.53-1.38 (m, 2H), 1.26 (s,26H), 0.8 (t, 3H, J = 6.6 Hz); 
HRMS (FAB, MH+) m/e calcd for CsH&PNOe 512.3545, found 
512.3552. Anal. Calcd for CsHuSPNO,j-2.5HzO C, 53.94; H, 
10.68; S, 5.76; P, 5.56; N, 2.52. Found C, 53.97; H, 10.00; S, 5.51; 
P, 5.77; N, 2.51. 

3-S-Hexadecyl-2- Omet  hy 1-sn-t hioglycero- l-phosphocho- 
line [(+)-4b]. This compound was prepared in 72% yield from 
8b by the procedure above: [(U]%D + 5-11" (c 2.0, CHCWMeOH 
(1:l)). 

[(rlsD-20.4" (c  2.5, chloroform); IR (KBr) 3427,2908,3837,1642, 
1461, 1096, 1043, 756, 714 cm-'; lH NMR 6 3.87-3.76 (m, lH), 
3.68-3.56 (m, lH), 3.45-3.35 (m, lH), 2.78 and 2.71 (ABq, lH,  
J=5.1,13.4Hz),2.64and2.57(ABq,lH,J=7.4,13.4Hz),2.55 
(t, 2H, J = 7.3 Hz), 2.09 (br t, lH, J = 6.0 Hz), 1.62-1.51 (m, 2H), 
1.26 (8,  26H), 0.88 (t, 3H, J = 6.7 Hz). Anal. Calcd for CZOHIZ- 
SO*: C, 69.30; H, 12.21; S, 9.25. Found C, 69.34; H, 12.14; S, 
9.30. 
3-SHexadecyl-2-O-methyl-sn-thioglycerol[ (-)-8b]. This 

compound was prepared in 95% yield from 7b by the procedure 
described above: [(Y]=D +20.8O (c 2.5, chloroform). 

1-SBexadecyl-2- Omethyl-sn-thioglycero-3-phosphocho- 
line [ (-)-4a]. To a solution of 0.134 g (0.90 mmol) of phosphorus 
oxychloride and 163 ML (0.90 mmol) of triethylamine in 5 mL of 
alcohol-free chloroform at -20 "C under nitrogen was added a 
solution of 0.25 g (0.72 mmol) of 8a in 5 mL of chloroform over 
a 30-min period. The mixture was allowed to warm to room 
temperature and was stirred for an additional 30 min. Choline 
tosylate (0.30 g, 1.08 mmol) and pyridine (0.5 mL) were added, 
and the mixture was stirred for 16 h. After addition of 0.2 mL 
of water the mixture was stirred for 30 min. The solvents were 
removed, and the residue was dissolved in dichloromethane- 
toluene (1:l). The mixture was filtered, and the filtrate was 
concentrated under vacuum to give a residue that was dissolved 
in a minimum volume of THF-water (9:l) and passed through 
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