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Abstract

Chiral Synthesis of Ether-linked Lipids via Ring Opening of Glycidyl Derivatives 

Mediated by Boron Trifluoride Etherate

by

Pedro N. Guivisdalsky 

Advisor: Professor Robert Bittman

The boron trifluoride etherate  m ediated regio- and stereoselective 

nucleophilic opening of [R)~ and (S)-glycidyl derivatives, such a s  the tosylate, 

p-nitrobenzenesulfonate, and oxiranemethanol terf-butyldiphenylsilyl ether is 

reported in this dissertation. The stereoselectivity of the ring-opening reaction 

with different nucleophiles such as benzyl alcohol, thiophenol, and various 

long-chain alcohols (1 -hexadecanol, oleyl alcohol, and petroselenyl alcohol), 

was determined by chiral high-pressure liquid chromatography and high-field 

1H-NMR spectroscopy of the (R)-(+)-a-methoxy-a-trifluoromethylphenylacetic 

acid esters. The regioselectivity of the ring opening reaction (C3  vs. C-|) was 

studied by reverse-phase high-pressure liquid chrom atography. W hen 

long-chain alcohols are used a s  the nucleophiles, the ring-opened product is 

converted into ether-linked phospho- and glycolipids of biological importance. 

The syntheses of 1-Ohexadecyl-2-acetyl-sn-3-glycerophosphocholine (platelet 

activating factor) and 1-0-hexadecyl-2-0-m ethyl-sn-3-glycerophosphocho!ine 

and their enantiomers are described in detail.
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chapter 1: Introduction
Ether-linked phospholipids are  important structural constituen ts of 

membranes. Some ether-linked phospholipids are highly biologically active 

molecules. Scheme 1 shows the synthetic routes to these  liopids that have 

been used in the past. All of the previous synthetic approaches use natural 

sources as the starting materials such a s  D-mannitol, 1 L-serine, 2  L- or D- 

tartaric acid, 3  L-ascorbic acid, 4  L-malic acid, 5  L-glyceric acid. 6  In all of 

these routes shown in Scheme 1 the chirality of the natural product determines 

the configuration at the sn-2 position of the glycerol backbond, making the 

synthesis of the unnatural enantiom er difficult because  of the need to use 

inversion of chirality or expensive unnatural sources. Furthermore, these  

routes require many s te p s  b e ca u se  of the  ex tensive u se  of protection- 

deprotection steps, making the synthesis of phospholipids tedious.

Glycidyl derivatives are shown in these  dissertation to serve a s  excellent 

C3-synthons for the synthesis of various ether-linked phospholipids.

Epoxides are highly versatile and important interm ediates in organic 

synthesis because of their reactivity .7  Chiral epoxides are  available by the 

titanium-catalyzed asymmetric epoxidation of prochiral allylic alcohols either 

by using stoichiometric8or catalytic9  amounts of the titanium tartrate complex. 

The latter procedure is more econom ical, reaction conditions are  milder, 

products are easier to isolate, and offers potential for in-situ derivatization. 

Under the catalytic conditions, low m olecular weight water-soluble epoxy 

alcohols, such a s  glycidoi, are isolable either a s  the parent compound or a s  its 

silyl ether, arenesulfonate, or 4-nitrobenzoate derivative via in-situ silylation, 

sulfonation or esterification, respectively . 1 0

Nucleophilic opening of epoxides occurs under a  wide spectrum  of



conditions, ranging from basic1 1  to acidic. 12Lewis acids have been found to 

be very effective mediators of regio- and stereoselective epoxide opening 

reactions. Ti(OPr- / ) 4  is a  well-known mediator of these process, 1 2 a >1 3  but in 

our hands it failed to afford the opening of glycidyl derivatives with a  variety of 

nucleophiles. Chapter 2 illustrates our finding that BF3 'Et2 0  is a  very effective 

catalyst for the opening of glycidyl derivatives, giving monoprotected 1 ,2 -diols 

in high optical purity. HPLC on a chiral stationary phase (Pirkle Type 1-A, J.T. 

Baker) and 400-MHz 1 H-NMR spectroscopy of the Mosher esters of the ring- 

opened product with a variety of nucleophiles were used to determined the 

enantiomeric excess. The regioselectivity was determined by reversed-phase 

HPLC (Ci Q-Carbosphere column). Since the boron trifluoride e therate  

mediated reaction proceeds with very high regio- and stereoselectivity, this 

novel methodology has been used to prepare different biologically active 

ether-linked phospholipids. Scheme 2  shows how the opening of a  series of 

glycidyl derivatives, obtained by the asymmetric epoxidation of allyl alcohol 

using (+)DIPT followed by in-situ derivatization, leads to the synthesis of 

biologically active ether-linked phospholipids having a long-chain ether group 

at the sn - 1  position and a  long or short ( acetyl) or a  methyl group at the sn-2 

position of the gtycero backbone. Ring- opened glycidyl derivatives were used 

to synthesize JJ-glycolipids having either a  sulfur or oxygen atom at the 

anomeric position. Since both enantiomeric forms of the glycidyl derivatives 

available, (S)-ether-linked phospholipids are  synthesized by following the 

sam e methodology (Scheme 2  ).
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Scheme I: Previous approaches to etheMlnked phospholipids
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Chapter 2: Glycidyl Derivatives a s  Chiral C3 Synthons. 

Ring Opening Catalyzed by BF3 Etherate

A b strac t: We report here the first examples of BF3  etherate mediated regio- 

and stereoselective opening reactions of glycidyl arenesulfonates 1  and 2  and 

fe/Y-butyldiphenylsilyl e th e r  3 with various oxygen- and  su lfu r-based  

nucleophiles in chlorinated solvents. Boron trifluoride etherate is shown to be a  

more effective catalyst than other Lewis acids used previously for opening of 

glycidol, giving rise to chiral monoprotected diols (including intermediates for 

ether lipid synthesis) in good yield and high ee. Glycidyl arenesulfonates 

underwent attack exclusively at 0 3 , w hereas the silyl ether gave products 

resulting from C 3 :C2  attack in a ratio of 9:1. The BF3  e therate  catalyzed 

opening of glycidyl derivatives is a  more convenient method for preparing 

suitably protected vic-diols than the previously described Ti-mediated opening 

of the parent glycidol.

D eriva tives of glycidol su ch  a s  th e  4 -n itro b e n z o a te 1 an d

arenesu lfonates2  p o ssess  widespread synthetic utility as chiral building

blocks because of their stability and convenience in preparation. Since some

glycidyl derivatives can be obtained in high optical purity,3  we have sought to

prepare som e monoprotected 1 ,2 -diols via nucleophilic opening reactions. 

Although a  variety of Lewis acids have been found to be effective mediators of

regio- and stereoselective  epoxide openings , 4  no reports of Lewis acid 

mediated opening of glycidyl derivatives have appeared . 3  The well-known 

Ti(OPr-/ >4 -mediated epoxy alcohol opening process4 ^ * 1 failed to afford the



desired opening of glycidyl derivatives 1 -3 when benzyl alcohol, thiophenol, 

and various long-chain alcohols were used as nucleophiles. Other Lewis 

acids such as TiC^, AICI3 , and ZnCl2  gave complex reaction mixtures. We 

report here the first use of BF3  etherate as an efficient catalyst for the opening

of glycidyl derivatives 1 -3 with a variety of nucleophiles.® The high regio- and

stereoselectivity of the BFg-mediated reaction m akes this new methodology 

attractive for the preparation of chiral monoprotected vic-diols from glycidyl 

derivatives.

Nucleophilic ring-opening reactions of (fl)- and (S)-1-3 with catalytic 

amounts of BF3  etherate are outlined in eq 1 and 2, and the results are 

summarized in Table I. The regioselectivity (attack at C3  vs. C2 ) is very high 

(2:89:11). Both arenesulfonates gave exclusive formation of the (^ -opened  

product 4, whereas the TDBPS ether 3 gave slightly lower regioselectivity with 

the nucleophiles we used. Although BF3  etherate is a  known desilylating

agen t when u sed  in e x c e s s , 7  no desilylation of 3 occurred  under the

conditions employed. The two methods used for determination of %ee of 4 

agreed with the exception of opening by hexadecanol, in which the % ee

estimated by 1H NMR was anamolously high. Figures 1 and 2 ( pp. 15 and 16)

show examples of the chromatograms obtained by chiral HPLC. The peaks 

corresponding to the R-(+)-MTPA esters of a  racemic mixture of the opening 

product with benzyl alcohol (Fig. 1A, Rt 15.06 and 16.76 min) and oleyi alcohol 

(Fig. 2 A, Rj 22.16 and 25.92 min) are baseline separated and are of equal 

areas. The areas of the peaks with retention times of 15.98 and 17.68 minutes 

were used to calculate the enantiomeric excess of 1 -O-benzyl-sn-3-glycero- 

fe/f-butyldiphenylsiiyl ether, and Fig. 1C shows the corresponding analysis of

7



the R-(+)-MTPA ester of 3-0-benzyl-s/r-1-fert-butyldiphenylsilyl ether. Figure 2 

shows the results obtained from chiral HPLC analysis of the R-(+)-MTPA esters 

of 1 -£>oleyl-s/7-3 -glycero-ferf-butyldiphenylsilyl e th e r (Fig. 2B) and its 

enantiomer (Fig. 2 C ).

With regard to optical purity, the % ee of the opening products in entries

13-20 are higher than the literature3  % ee value of the starting epoxide 3. In

our hands, however, the specific rotation of 3 is higher3  than the reported

value, which may explain the unexpectedly high optical purities of the ring- 

opened products we obtained. On the other hand, the low apparent %ee 

values of the opening products shown in entries 7-12 reflect the relatively low 

optical purity of commercially available (-)-2a and (+)-2b compared with twice-

recrystallized (+)-2b.9 We also note that the ee  of the crystalline product 4

from reaction of (-)-l a with 1-hexadecanol, a s  estimated by chiral HPLC, was 

improved by three recrystallizations from 94 to -98%  (entry 5).

Entries 1 and 3 represent a  more efficient route to 3-Obenzyl- and 3- 

p h en y lth io - 2 -h y d ro x y - 1 -to sy lo x y p ro p an e  th a n  h av e  b een  rep o rte d

previously . 1 3  Both of these are important chiral synthons; for example, 4a (Nu 

= OBn) is a  precursor in carbohydrate, terpene, and alkaloid chemistry,10c and

4a (Nu = SPh) has been used to prepare insect pheromones.13^

In summary, opening of (fl)- and (S)-glycidyl derivatives catalyzed by 

BF3  e therate  is highly efficient and p roceeds with excellent regio- and 

stereoselectivity. The results summarized in Table I with hexadecanol, oleyl 

alcohol, and petroselinyl alcohol as nucleophiles show that glycidyl derivatives 

1  -3 are precursors to optically active ether-linked lipids, an important class of



biologically active compounds . 1 1  Many previous syntheses of ether-iinked 

lipids involved D-mannitol or its derivatives as starting material, and were thus 

lengthy . 1 ̂  Optically active glycidol has been used a s  a  lipid precursor, but

gives unprotected m onoglycerides in low yield on ring opening . 4 *1 ’ 1 3  (n

contrast, the route reported in this communication is a  practical, short synthesis 

of the enantiomers of alkyl lipids and other chiral 1 ,2 -monoprotected diols.

OH

Nu f l)
l X ^ o x
1 1 

la  (X = Ts)
2a (X = 5 0 ^ ^ 0 2 - 3 )  
3a (X = TBDPS)

nucleophile

BFj 'EljO

Nu

H

OX OX
4a Sa

ox nucleophile

BF3 EtjO

lb (X = Ts)
2b (X = SOiC6H4NOr3) 
3b (X = TBDPS)

4b 5b

(2)
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Table I. Opening of Glycidyl Derivatives with Nucleophiles Mediated by BF3  

Etheratea

HPLC %ee by HPLC® %ee by NMR*

R (̂min)^

entry epoxide Nu yield** %4/%5c 4a 4b 4a 4b 4a 4b

1 1a BnO 84 100/0 17.3® - 96.2 • 95.0

2 1b BnO 81 100/0 19.3® - 95.3 - 94.0

3 1a PhS 81 100/0 13.4rt - 92.3 -

4 ' 1b PhS 83 100/0 14.8*1 - 95.3

5 1a C16H33° 80 100/0 17.2' - 94.0 (97.7)/ -99

6 1b C16*^33  ̂ 78 100/0 19.0'
O

95.7 - -99

7 2a* C18H35°/ 78 100/0 21.5m - 93.3 •

8 2b* C1 8 H3 5 O* 77 100/0 23.4m • 88.4

9 2a C16H33° 88 100/0 21.1m - 94.1 -

10 2b C16^*33° 88 100/0 23.0m - 86.9

11 2a c 18H35°n78 100/0 23.8° - 92.1 -

12 2b C18H350f?75 100/0 25.7° - 85.6

13 3a BnO 70 89/11 15.1® - 94.4 - 93.6

14 3b BnO 68 89/11 16.8® - 95.3 - 94.5

15 3a PhS 79 93/7 13.3® - 93.7 - 92.5

16 3b PhS 78 93/7 14.6® - 95.2 - 96.8

17 3a C16H33° 74 90/10 20.7r - 93.8 - 96.0 -

18 3b C16^*33° 88 90/10 23.4r - 95.3 - 98.0

19 3a ClB^S0 ' 72 90/10 22.4® - 92.6 -

20 3b Ct 8^50*70 90/10 25.4® - 94.0

10



a Ring-opening reactions were carried out in dichloromethane (except for

entries 5 and 6 , in which chloroform was used) in the presence of catalytic (~5- 

10 mol %) BF3  etherate for ~18 h at room temperature (entries 5-12) or 4 °C 

(entries 1-4 and 13-20). Reactions with the glycidyl arenesulfonates 1 and 2 

u se d  1 . 1 -1 .4  equiv of n uc leoph ile . R e a c tio n s  with glycidyl tert- 

butyldiphenylsilyl (TBDPS) ether 3 used 0.83 equiv of nucleophile to suppress

formation of byproduct NuOTBDPS. & The % yield refers to the major

regioisomer obtained after workup and flash chromatography. °The ratio of 

regioisomers was determined by reverse-phase HPLC (4.6 x 250 mm C-jg 

Carbosphere) of the crude reaction mixture. ^Retention times were recorded 

on a Perkin-Elmer Model 410 HPLC equipped with a  LC235 diode array 

detector and LCI 100 recorder. ®The %ee was determined by chiral HPLC 

(Pirkle type IA column, 4.6 x 250 mm, J.T. Baker) of the crude (fl)-(+)-MTPA 

e s te r s 1 3  derived  from 4 . In each  c a se , b a se lin e  se p a ra tio n  of the

diastereomeric Mosher esters was achieved. *The % ee was determined by

400-MHz 1H NMR analysis of the crude (R)-(+)-MTPA ester derived from 4. To

calculate %ee, the methoxy peaks of the two diastereom ers were used for 

entries 1 and 2 , whereas the AB quartets of the , C ^ O T s , Cfc^OBn and 

CH2 SC 6 H5  were used for entries 5, 6 , and 13-14, 15-16, respectively. For 

entries 17 and 18, the CH2 OMTPA peaks of the bis-Mosher ester (prepared 

from desilylated 4) were used to calculate % ee (Guivisdalsky, P.N., and 

Bittman, R., unpublished results). In each case, baseline separations of the

respective peaks in the two diastereomers were attained. ^Flow 0.65 mL/min,



hexanes-/-PrOH 85:15. ^Flow 0.70 mL/min, hexanes-Z-PrOH 80:20. 'Flow 0.40

mL/min, hexanes-/-PrOH 90:10. M ie  ring-opened product was recrystallized 

three times from ether-hexanes prior to conversion to the (fl)-(+)-MTPA ester. 

^The %ee of the starting material can be strikingly enhanced (to 99%) by

multiple recrystallizations from ethanol (ref. 8 ). Based on the lit.® [a]25p  of 

(+)-2b, the %ee values of the lots of (-)-2a and (+)-2b we used are ca. 92 and 

89, respectively, foleyl, C^gHggO (A9  c/s). "’'Flow 0.50 mlVmin, hexanes-/-

PrOH 90:10. /7Petroselinyl, CigHggO (A® cis). °Flow 0.45 mL/min, hexanes-/'-

PrOH 90:10. PFIow 0.65 mL/min, hexanes-/-PrOH 100:0. ^Flow 0.75 mL/min,

hexanes-/-PrOH 100:0. rFlow 0.45 mL/min, hexanes-/-PrOH 100:0.

12



Figure 1. HPLC chromatograms of 1-Obenzyi-2-[0-(fl)-<+)-MTPA]- 3 - (0  

TBDPS): A, racemic mixture of 1 -0-benzyl-2-[0-(fi)-(+)-MTPA]-3- (OTBDPS) 

and 3-0-benzyl-2-[0-(fl)-(+)-MTPA]-1-(0-TBDPS); B, 1 -O benzyl-2 -[0 -(fl)-(+)- 

MTPA]-3-(0-TBDPS); C, 3-0-benzyl-2-[0-(fl)-(+)- MTPA]-1-(0-TBDPS). See 

entries 13 and 14 of Table 1, page 10.

13



Figure 2. HPLC chrom atogram s of 1 -O-0 leyl-2 -[O-(fl)-(+)-MTPA]- 3-(0- 

TBDPS): A, racemic mixture of 1-0-oleyl-2-[0-(fl)-(+)-MTPA]-3- (O-TBDPS) 

and 3-0-oleyl-2-[0*{f?)-(+)-MTPA]-1 -(O-TBDPS); B, 1-0-oleyl-2-[0-(fl)-(+)- 

MTPA]-3-(0*TBDPS); C, 3-O-0 leyl-2 -[O-(«)-(+)- MTPAJ-1-(O-TBDPS). See 

entries 19 and 20 of Table 1, page 10.
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Chapter 3: Novel Enantioselective Synthesis  of Platelet 
Activating Factor and Its Enantiomer via Ring Opening of 
Glycidyl Tosylate with 1-Hexadecano!

Abstract: (2 fl)- and (2S)- glycidyl tosylate 3 and 3' are used to synthesize 

platelet activating factor 1 and its enantiomer 2  in very high optical purity via 

the ring-opened ether-linked glycerol tosylate 4 and 4 '.

The discovery in 1979 that platelet activating factor (PAF, 1) is an 

ether-linked phospholipid has led to the development of efficient chemical 

m ethods to prepare biologically active ether phospholipid analogs. The 

starting materials used in previous synthetic methods to prepare PAF and its 

analogs include D-mannitol, 1 L-ascorbic acid, 2  L-serine , 3  D-tartaric acid , 4  

and S-malic acid .5  Synthesis of the unnatural enantiomer of PAF (2) has also 

attracted considerable interest because 2  is useful in assessing the structural 

requirem ents of PAF for biological activity, especially  in stud ies of the 

involvement of stereospecific receptors . 5  Syntheses of 2 have been achieved 

from L-tartaric acid, 5  and by inversion of configuration at C-2 of various 

precursors . 7  Recent advances in the asymmetric epoxidation of low molecular 

weight allyl alcohols by using catalytic amounts of the required reagents in the 

presence of molecular sieves, followed by in situ trapping of the formed 

epoxide5  offer the possibility of a  new route to 1 and its enantiomer 2. We 

report here the preparation of chiral lipids 1 and 2  in very high optical purity 

wherein the key step is the stereo- and regioseiective opening of epoxides 3 

and 3*.

(2fl)-(-)-Glycidyl tosylate 3 and (2S)-(+)-giycidyl tosylate 3' were
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synthesized from ally! alcohol by asymmetric epoxidation using (+)-DIPT and {- 

)-DIPT, respectively, and in situ derivatization .2  Regiospecific opening of 

epoxide 3 and 3 ' with 1-hexadecanoi was achieved using catalytic amounts of 

boron trifluoride etherate in alcohol-free chloroform (Scheme 1 ). Tosylates4 

and 4' were isolated and purified by flash chromatography in 80% yield, mp 

68-69° C; lit. mp 68-69°C;7 4: [<x] D 2 5  = -6.24 (c 5.0, C6 H6); lit. [a] D 2 5  = -5.55 

(c 5.0, C6 H6 ) ; 7  4': [a] D 2 5  = +6.37 (c 5.0, C6 H6); lit. [a] D 2 5  = +5.75 (c 5.0, 

CgHg) . 7  1H NMR analysis (400 MHz) of the Mosher ester of 4 (prepared 

according to ref. 9) showed > 99% e.e.; HPLC of the diastereomeric Mosher 

e s te r  (C18 C arbosphere , CH gCN ^-PrO H  9:1) indicated > 99% purity. 

Conversion of 4 into 5 was carried out using mild benzylation conditions1 0  

with preformed benzyl triflate to avoid base-induced epoxide formation of 4, 

affording 5 in 96% yield; [alp 2 5  = -7.32 (c 5.0, CHCIg). Attempted detosylation 

of 5 with potassium superoxide in the presence of 18-crown-6 1 1  gave a 

complex mixture; however, the reaction sequence of displacement of tosylate 5 

with cesium acetate  1 2  followed by lithium aluminum hydride reduction 

without isolation of the intermediate acetate afforded alcohol 6  in 92% overall 

yield; mp 29-31 °C; lit. mp 28-30°C; 7  [<x] D 2 5  = -9.27 (c 5.0, C6 H6); lit. [a ] D 2 5  = 

•8.76 (c 5.0, CgHg) 7  Phosphorylation of 6  was achieved using phosphorus 

oxychloride at -10°C  in a tcoho l-free  chloroform  in th e  p re se n c e  of 

triethylamine; addition of dry choline tosylate in pyridine at r.t., then water , 1 2  

yielded phosphocholine 7 in 75% overall yield; (a]p 2 5  -  +3.92 (c 5.0, CHCI3- 

CH3 OH 1:1); lit. [a]p 2 2  = +3.54 (c 5.0, CHCI3 -CH3 OH 1:1)7  Debenzylation of 

7 with Pearlman’s catalyst for 24 h gave 2-lysophosphocholine (100%), which 

was filtered, dried, and acetylated to give PAF 1 in 100% yield; mp 247°C 

(dec); lit. mp 247°C (dec); 6  [a ] D 2 5  = -3.39 (c 0.53, CHCI3 -CH3 OH 1:1); lit.
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M d 2 5  = " 3 -3 0  (° °-53* CHCI3 -CH3 OH 1:1) . 6  Similarly, the sam e methodology 

(Scheme 1) was used to convert tosylate 4 ’ into the enantiomer of PAF (2); mp 

247°C (dec); lit. mp 247°C (dec); 6  [cc] D 2 5  -  +3.20 (c 0.53, CHCI3 -CH3 OH 

1:1); lit. [a ] D 2 5  = +3.18 (c0.53, CHCI3 -CH3 OH 1:1 ) . 6

Hirth and Barner used 1-Ohexadecyl-2,3-epoxypropane (8 ), which 

was prepared from D-mannitol, as  the precursor for the preparation of PAF 1 . 7  

We prepared epoxide 8  in quantitative yield from tosylate 4 using potassium 

carbonate in methanol; mp 42-43°C; lit. 41-42°C; 7  [a]0 2 3  = +9.74 (c 5.0, 

C6 H6); lit. [a ] D 2 5  = +9.00 (c 5.0, C6 H6 ) 7

In conclusion, this methodology offers a  route for the asymmetric 

synthesis of other glycerophospholipids from derivatives of giycidot. Our 

studies of the conversion of other glycidol derivatives, such as its silyl ether, to 

different PAF analogs and other ether-linked lipids are currently in progress in 

our laboratory.

20



Schem e I

<<r |= C >  1

O  OCwHj i  |--------OCk H j j

OT« HO — —  h  A *  hbO —  —  H

. ------- 01,1 -  '-------OT«

enantiomeric ex cesi» 99 %

-------OCuH u -----OCu H „
0
1

C H ,C O a»B n O ^ — — H BnO —  H - * £ »

-------OH
0
1

------OPOCHjCHjN’fCHj^6

H - C

' o
OCuHj,
OH

OTi

 OC„H jj

H
0
1

 OPOaijCHjiM’fCHj),

1 1'

b,c,d,e*f
01

■ OCCHj
0
1

 OPOCHj CHiN^CHjJj

2 o'

(a)C i6 H3 3 0 H, BF3 -Et2 0 , CHCI3 . (b) BnOTf, 2,6-di-f-butyl-4-methyl- pyridine, 

CH2 CI2 . (c) CsOAc, DMF / DMSO (4:1); then LiAIH4  / Et2 0 . (d) POCIg, Et3 N, 

CHCI3 ; then HO(CH2 )2 N+Me3  OTs', pyridine; then H2 0 . (e) H2 , Pd(OH) 2  / C, 

MeOH / H2 0  (9:1). (f) Ac2 0 ,  DMAP, CHCI3 . (g) K2 C 0 3 , MeOH.

21



References

1. Mangold, H.K. Angew. Chem., Int. Ed. Eng/. 1 9 7 9 , 18, 493-503.

2. Jung, M.E.; Shaw, T.J. J. Am. Chem. Soc. 1 980 , 102, 6304-6311.

3. Lok, C.M.; Ward, J.P.; van Dorp, D.A. Chem. Phys. Lipids 1 976 , 16, 115- 

122.

4. Fujita, K.; Nakai, H.; Kobayashi, S.; Inoue, K.; Nojima, S.; Ohno, M. 

Tetrahedron Lett. 1982 , 23, 3507-3510.

5. Tsuri, T.; Kamata, S. Tetrahedron Lett. 1 9 8 5 , 26, 5195-5198.

6 . Ohno, M; Fujita, K; Nakai, H.; Kobayashi, S.; Inoue, K.; Nojima, S. Chem. 

Pharm. Bull. 1 9 85 , 33, 572-582.

7. Hirth, G.; Barner, R. Helv. Chim. Acta1982, 65, 1059-1084.

8 . Gao, Y.; Hanson, R.M.; Klunder, J.M.; Ko, S.Y.; Masamune, H.; Sharpless, 

K.B. J. Am. Chem. Soc. 1 9 8 7 , 109, 5765-5780. (2R)- and (2S)-Glycidyl 

tosylate are now available commercially (Aldrich Chemical Co.).

9. Dale, J.A.; Dull, D.L.; Mosher, H.S. J. Org. Chem. 1 9 6 9 , 34, 2543-2549.

10. For an example of mild benzylation of a  sugar see: Berry, J.M.; Hall, L.D. 

Carbohydr. Res. 1976, 47, 307-310.

11. San Filippo, J., Jr.; Chern, C-l.; Valentine, J.S. J. Org. Chem. 1 9 75 , 40, 

1678-1680.

1 2 . Dijkstra, G.; Kruizinga, W.H.; Kellogg, R.M. J. Org. Chem. 1987 , 52, 4230- 

4234.

13. Witzke, N.M.; Bittman, R. J. Lipid Res. 1 9 8 6 , 27, 344-351.

22



Chapter 4: Regiospecific Opening of Glycidyl Derivatives 
Mediated by Boron Trifluoride. Asymmetric Synthesis  of 
Ether-Linked Phospholipids

Abstract: A short, chiral syn thesis of unnatural, cytotoxic ether-linked 

phospholipids is reported in which the key step is the very high regio- and 

stereospecific nucleophilic opening of the p-toluenesulfonate (1a, 1b) or tert- 

butytdiphenylsilyi ether (6a, 6b) derivatives of (fl)- or (S)-glycidol with 1 - 

hexadecanol using boron trifluoride etherate as catalyst. The enantiomeric 

excess (ee) of the ring-opened products was >94%, as judged by 1H NMR and 

chiral HPLC analysis of the Mosher e ste r derivatives, indicating that ring 

opening of 1  and 6  proceeds without significant loss of optical purity. The 

synthetic strategy of using optically active glycidyl derivatives a s  the precursor 

of the glycerol backbone permits the desired enantiomers of 1(3)-Oalkyl-2-0- 

m ethylphosphocholines (5a, 5b) to be generated in good yield and high 

optical purity from the ring-opened intermediates (2, 7) in three steps without 

the use of protecting groups.

Introduction: Unnatural ether-linked phospholipids, often referred to a s  alkyl 

phospholipids (ALPs), represent an important group of biologically active 

molecules that act on cytoplasmic targets. The ALPs that contain a  sixteen- or 

eighteen-carbon aliphatic chain at the sn - 1  position1 and an O-methyl group at 

the sn-2 position of glycerophosphocholine (GPC) have potent cytotoxic 

activity toward various tum or cells . 2  The cytotoxic e ther phospholipids 

accumulate in membranes of tumor cells, where they may affect the structural 

order of m em brane lipids and alter tum or cell invasion3  or interfere with
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cellular phospholipid m etabolism . 4  They may also activate tumor-specific 

cytotoxic macrophages in the host cells. 5  Since l-O-alkyl-2-Omethyl-GPC is 

a structural analog of the naturally occurring platelet activating factor (PAF), the 

possible involvement of ALP binding to a  specific PAF membrane receptor has 

been considered in the mechanism of action of this class of new antitumor 

agents, particularly at the cell surface of m acrophages . 6  Interaction of ALP or 

its metabolites with the phospholipid-requiring enzyme protein kinase C may 

also contribute to the  m echanism  of cytotoxic ac tion . 7  With very few 

exceptions , 6 , 6  a  racemic mixture of l-O-alkyl-2-O-methyl-GPC (available 

commercially) 9  was used in the biochemical, biological, and pharmacological 

studies cited above. The development of methods to prepare optically pure 

isomers of ALP analogs would accelerate efforts to advance the understanding 

of the antitumor activity of synthetic tumoricidal ether lipids. Enantiomers 5a 

and 5b could be used, for exam ple, to analyze w hether conversion to 

metabolic products and/or binding to receptors in biological system s play 

important roles in the selective toxicity of 5 to tumor cells.

Epoxides have served as important synthetic intermediates because of their 

high chemical reactivity, ease  of preparation, and availability in optically active 

form. In previous applications of epoxides as lipid precursors, (S)-glycidol has 

been used to prepare optically active triacylglycerols, 1 0  and raoglycidol has 

been used to prepare rao-mono- and diacylglycerols1 1 and phospholipids . 1 2  

The discovery that Ti(0-/-Pr) 4  mediates the regioselective attack of a  variety of 

n u c leo p h ile s  at C 3  of 2 ,3 -epoxy  a lc o h o ls  u n d e r mild ex p erim en ta l 

conditions1 3  was the basis for the Ti(0-/-Pr)4-assisted opening of (S)-glycidol 

with stearic acid, which gave (S)-glycidyl steara te  in low yield . 1 4  Recent 

advances in asymmetric epoxidation of low molecular weight allylic alcohols
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by the use of catalytic amounts of Ti(0-/-Pr) 4  and tartrate ester in the presence 

of molecular sieves, followed by in situ derivatization of the epoxide formed1 5  

offer a  convenient synthetic route to optically active lipids. We demonstrate 

here the use  of the p -to luenesulfonate and terf-butyldiphenylsilyl e ther 

(TBDPS) derivatives of (fl)- and (S)-glycidol (1 and 6) as precursors in a  short 

synthesis of both enantiomeric forms of 1-Oalkyl-2-0-methyl-3-GPC (5a) and 

3-0-alkyl-2-0-methyl-1-GPC (5b).16 The key carbon-oxygen bond-forming 

s te p  is the  regio- and  ste reospecific  nucleophilic opening of glycidyl 

derivatives 1 and 6 with a  long-chain alcohol using BF3  etherate a s  a  

catalyst. Although BF3-m ediated opening reactions of epoxides using 

organom etallic  re a g e n ts 1 7  and a c e to n e 1 6  have been  reported, to our 

knowledge BF3-mediated nucleophilic opening of glycidyl derivatives has not 

yet been reported . 1 6  In this paper we show that BF3  etherate is a  much better 

Lewis acid than Ti(0 -/-Pr) 4  for ether lipid synthesis, probably because a  non- 

nucleophilic molecule (ether) is displaced during ring opening; on the other 

hand, the nucleophilic species (2-propanol) liberated when excess Ti(0-/-Pr) 4  

is used to mediate the ring opening1 3  would be expected to compete with the 

long-chain alcohol. Furthermore, our BF3-mediated procedure for opening of 

epoxide derivatives with a  long-chain alcohol provides ether-linked lipids in 

much higher yield and optical purity than the Ti(0 -/-Pr)4 -mediated opening of 

glycidol with a  long-chain fatty acid . 1 4

Results

Epoxide Opening. Attempts to effect base-induced opening of TBDPS 

ether 6  with the sodium salt of 1-hexadecanol in DMF were unsuccessful. 

Reaction of the alkoxide ion with 6  resulted in attack on silicon, giving n-
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hexadecyl tert-butyldiphenylsilyl ether as the sole product. Alkoxide ion attack 

on glycidyl tosylate 1  is also not suitable for the preparation of chiral products 

5a and 5b; alkoxide attack is known to give direct displacement of the tosyl 

group together with ring opening followed by internal displacement of the tosyl 

group, forming partially racemized product. 2 0  It is known, however, that Ti(0-/'- 

P r ) 4  m e d ia te s  th e  open ing  of glycidol by th io p h en o l an d  N- 

isopropylbenzylamine with high regioselectivity2 1  and the opening of glycidyl 

p-nitrobenzoate by a variety of nucleophiles . 2 2  In the present paper, BF3  

etherate is shown to be the Lewis acid of choice for opening of glycidyl 

derivatives with 1-hexadecanol. In fact, glycidyl derivatives 1 and 6  did not 

react with 1-hexadecanol when Ti(0-/-Pr) 4  was used in either catalytic or 

stoichiometric amounts. Use of TiCI4 , SnCI4, and ZnCI2  a s  potential catalysts 

resulted in attack by chloride ion with only small amounts of attack by the long- 

chain alcohol. However, we found that when BF3  etherate was used as the 

catalyst, ring-opened products 2 and 7 w ere obtained  in good yields. 

Excellent regioselectivites w ere realized in this reaction. Attack of 1- 

hexadecanol on tosylate 1  gave regioisomer 2  exclusively, whereas attack on 

TBDPS ether 6  resulted in a  9:1 ratio of the desired regioisomer 7 (C3  attack) 

to the undesired positional isomer (C2  attack). Furthermore, ring opening 

proceeded with very high stereoselectivity (see Enantiomeric Purity). We 

also found that the p-toluenesulfonate and TBDPS ether derivatives 1 and 6  

were far superior as C3 synthons compared with the p-nitrobenzoate ester of 

glycidol. The latter compound gave n-hexadecyl p-nitrobenzoate a s  the major 

product when treated with 1 -hexadecanol and BF3  etherate.

Synthesis. Scheme I shows the conversion of (fl)- and (S)-glycidyl tosylates 

(1a, 1b) into the desired enantiomers of Ohexadecyl-2-O-methyl-GPC (5a,
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5b). Mild conditions were required for the conversion of ring-opened product 2 

into O-methyl compound 3 in order to avoid epoxide formation. Methylation 

using diazomethane in the presence of excess silica gel2 3  gave 3 in only 64% 

yield. Better results were obtained by methylating 2 using methyl triflate in the 

p resen ce  of the  hindered 2,6-di-ferf-butyl-4-m ethylpyridine in refluxing 

dichloromethane, giving 3 in 90% yield. The latter method has been applied to 

the methylation of carbohydrates under mild conditions . 2 4  Conversion of 

tosylate 3 into alcohol 4 was first attem pted by displacem ent with iodide 

followed by MCPBA oxidation , 2 5  affording the alcohol in 61% overall yield. 

We improved the yield of this step to 81% by carrying out the reaction of 3 with 

potassium superoxide in the presence of 18-crown-6. These conditions have 

been reported to accomplish the direct displacem ent of tosylates to form 

alcohols . 2 6  In the final step, the phosphocholine moiety was introduced by 

reaction of alcohol 4 with 2-chloro-2-oxo-1,3,2-dioxaphosphoiane, followed by 

reaction of the cyclic phosphate intermediate with dry trimethylamine 2 7  

Scheme II shows the conversion of {R)-{+)- and (S)-(-)-oxiranemethanol tert- 

butyldiphenylsilyl ethers ((+)-6 a and (-)-6 b), which were prepared by trapping 

glycidol with tert-butyldiphenylsilyl chloride , 1 5  into alcohols (-)-4a and (+)-4b. 

Although the regioselectivity of the ring-opening reaction of 6  - 7 was not quite 

a s  high a s  that of 1 - 2, the desired regioisomer 7  was obtained in high yield. 

The sodium salt of 7 was methylated using methyl iodide in benzene, giving 8  

in almost quantitative yield. Desilylation using tetrabutylammonium fluoride2 6  

gave alcohol 4 in quantitative yield.

E v a lu a tio n  of O p tica l Purity . To determine the enantiomeric excess of 

the ring-opened products 2 and 7 we prepared their (fl)-(+)-a-methoxy-a- 

(trifluoromethyl)phenylacetic acid ((fl)-(-t-)-MTPA) esters .2 9  The diastereomeric
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ratio of the resulting mixture was analyzed by two methods: 400-MHz 1H NMR 

and HPLC on a  chiral stationary phase. Figure 1A show s the 1H NMR 

spectrum (5 4.0-4.3) of a  mixture prepared from 80% of (-)-2a and 20% of (+)- 

2b. Integration of the two doublets of AB quartets on an expanded scale 

indicated a  4:1 ratio of the areas of the signals at 5 4.15-4.3 vs. those at d 4.0- 

4.1. The individual diastereotopic protons of CJI2 OTS in each enantiomer 

show baseline separation. The lower field doublet of doublets (54.28) is 

assigned to Ha  of stereoisomer (-)-2a (see Figure 1B), and the other doublet of 

doublets (54.20) of (-)-2a is assigned to H^. Enantiomer (+)-2b has a low-fi eld 

doublet of doublets at 54.09 (Ha of (+)-2b) and a  higher field doublet of 

doublets at 54.04 (Ha of (+)-2b; Figure 1C). The absence in Figure 1B of the 

signals at 54.09 and 54.04, and the absence in Figure 1C of the signals at 

54.28 and 54.20 indicate that the optical purities of (-)-2a and (+)-2b are >99% 

(the limits of detection).

We were unable to determine the optical purities of (+)-7a and (-)-7b 

directly by 400-MHz 1H NMR because the diastereotopic protons of the OCJI2  

signals of their Mosher esters overlapped. Therefore, (+)-7a and (-)-7b were 

desilylated, and the bis-(fl)-MTPA esters were prepared from 1-Ohexadecyl- 

and 3-O-hexadecyl-sn-glycerol ((-)-9a and (+)-9b, respectively). Figure 2A 

shows that the two CJdgOMTPA signals exhibited by the bis-Mosher ester of 

rao9 are baseline separated in the region of 5 4.3-4.8. The A proton doublet 

(split by the methine proton) of the AB quartet of each diastereoisom eric 

C ^O M T PA  group is clearly visible, with baseline separation in the region of 5 

4.58-4.75. The B segm ents are not so readily separable, and our estimation of 

enantiomeric purity was thus based only on the A segm ents. The integrated 

ratio of the signals centered at 54.73 : 54.62 in Figure 2B (on an expanded
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scale) indicated 96% ee for (-)-9a. Similarly, Figure 2C was analyzed to give 

98% ee for (+)-9b. Thus we conclude that the optical purities of the precursors 

of (-)-9a and (+}-9b, i.e. (+)-7a and (-)-7b, are of the sam e magnitude. (Note 

that the specific rotations of (-)-9a and (+)-9b are higher than those reported in 

the literature.)

Since NMR analysis of the (R)-(+)-MTPA ester of 2 indicated a  higher ee 

than that reported1 5  for epoxide 1 3 0  we reevaluated the ee  of the MTPA 

esters derived from 2  by chiral HPLC. The % ee values of the (fl)-(+)-MTPA 

esters of (-)-2a and (+)-2b were 94.0 and 95.7, respectively 5 1  Moreover, three 

recrystallizations of (-)-2a from ether-hexanes prior to conversion to the MTPA 

derivative enriched its chiral purity to 97.7% ee. Although the (fl)-{+)-MTPA 

esters of (+)-7a and (-)-7b were not suitable for ee determination by NMR, 

chiral HPLC analysis was successful (Figure 3). The values obtained (93.8 

and 95.3% ee, respectively ) 3 2  are consistent with the higher optical purity 

estimated by comparing the specific rotation of (S)-6b with the literature1 5  

value. Thus, chiral HPLC analysis indicated that the ring opening of 1 and 6 

by 1 -hexadecanol proceeded without any significant loss of chiral purity.

Discussion

We have shown that BF3  etherate serves as an excellent catalyst for the 

opening of glycidyl derivatives 1 and 6, giving monoprotected diols 2 and 7 in 

high yield, regioselectivity, and optical purity. Our synthesis of the cytotoxic 

phospholipid, 1-Oalkyl-2-Omethyl-GPC (5a), from glycidyl synthons 1a and 

6a is short and efficient. Enantiom er 5b, which has not been  reported 

previously in pure form, 3 3  has been prepared by the sam e methodology from 

1 b and 6b. The enantiomerically pure compounds 5a and 5b will be useful for
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the study of the mechanism of cytotoxic activity and tumor specificity of these 

antineopiastic agents.

Previous syntheses of 5a used natural sources as starting materials, 

such as D-mannitol, ® 4  L-glyceric acid, and L-tartaric acid.®® The previous 

synthetic routes involve many s te p s  and require the  extensive use  of 

protection-deprotection reactions. Since these  published routes rely on a 

natural source, the stereochemistry of the product is limited to the chirality of 

the starting material. In contrast, our asymmetric synthesis proceeds from 

inexpensive starting materials, which are prepared by asymmetric epoxidation 

of allyl alcohol followed by in situ sulfonation or siiylation. Our synthesis of 

g lycerolip ids is sho rt s in ce  no pro tecting  g roups a re  required . This 

methodology is flexible and can, therefore, be applied to prepare related 

analogs of ALPs. For example, the Lewis acid catalyzed ring-opening reaction 

(1 -- 2, 6 -- 7) can be carried out with various aliphatic alcohols. Oleyl and 

petroselinyl [(Z)-9- and (Z)-6-octadecen-1-yl, respectively] groups were 

introduced at the s/7 -1  position of 2®7a and 7®7I:) in very high regio- and 

stereospecificity by use of the unsaturated alcohols as nucleophiles. These 

ring-opened intermediates can be converted into unsaturated long-chain ALP 

analogs of 5 by the sam e procedures used for the hexadecyl derivative. A 

variety of alkyl groups can be introduced at the 2  position by carrying out the

O-alkylation of 2 and 7 with long-chain alkyl triflates or short-chain alkyl 

iodides (unpublished results). Such analogs are useful for examining the 

relationship betw een ALP structure and antitumor activity. The ability to 

prepare both enantiomers of ALPs and its analogs in high enantiomeric excess 

is expected to facilitate the study of the molecular mechanisms of action of 

ALPs, especially the possible involvement of a  stereospecific receptor in the
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cellular responses elicited by these compounds.

Experimental Section

General Procedures. Melting points are uncorrected. Silica gel G TLC 

plates of 0.25-mm thickness (Analtech, Newark, DE) were used to monitor 

reactions, with 1 0 % sulfuric acid in ethanol and/or short-wave ultraviolet light to 

visualize the spots. E. Merck silica gel 60 (230-400 ASTM mesh) was used for 

flash  chrom atography. So lven ts w ere dried a s  follows: chloroform , 

dichloromethane, dimethyl sulfoxide (Me2 SO), dimethyiformamide (DMF), and 

acetonitrile were distilled from calcium hydride and stored  over type 3A 

molecular sieves; benzene and hexane were distilled from and stored over 

sodium; tetrahydrofuran was refluxed over sodium benzophenone ketyl for 

several hours, then used immediately; acetone was stored over calcium sulfate 

for a t lea s t one week. (fl)-Glycidyl to sy la te  ((fl)-ox iranem ethanol 4- 

methylbenzenesulfonate, (-)-1a) was purchased from Aldrich Chemical Co.

(S)-Glycidyl tosylate ((+)-1 b) was prepared in 40% yield as described by Gao 

et al. ; 1 5  [a]25^  +17.1°(c 2.75, CHCI3). In later experiments, commercially 

available (+)-1b was used (Aldrich). 1 -Hexadecanol and (fl)-(+)-MTPA were 

purchased from Aldrich.

1-O-Hexadecyl-s/i-glycerol 3-O-p-Toluenesulfonate ((-)-2a). To 

1.0 g (4.4 mmol) of (-)-1a and 1.5 g (6.2 mmol) of 1-hexadecanol in 25 mL of 

alcohol-free chloroform was added three drops (~5 mol %) of freshly distilled 

BF3  etherate. After the mixture was stirred for 24 h under nitrogen, the solvent 

was removed under reduced pressure to give a  residue which gave 1.65 g 

(80%) of (-)-2a after flash chromatography (elution with 5:1 hexane/EtOAc, Rf 

0.25); mp 68.0-69.0 °C (lit. 3 8  mp 68.0-69.0 °C); TLC (20% ethyl acetate-
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hexanes) Rf 0.30; [a]25D -6.24° (c 5.0, C6 H6) (lit. 3 8  [a]25D -5.55° (c 5.0, 

C s ^ ) ) ;  94.0% e e , 3 1  97.7% ee  after three recrystallizations from ether- 

hexanes; IR (KBr): 3600, 1360, 1182, 1130, 1102, 846, 821 cm*1; 1H NMR 

(300 MHz, CDCI3 ) 8  7.82 (d, J=  8.5 Hz, 2  H), 7.32 (d, 8.5 Hz, 2 H), 4.05 (m,

3 H, CU2 OTS and Ch^CJiCHg), 3.44 (d, J =  5.0 Hz, 2  H, CtfeOC^ 6 H33), 3.39 

(t, J =  7.0 Hz, 2  H, OCH2 CH2 ), 2.45 (s, 3 H, CH3 C6 H4), 2.15 (s, 1 H, OH). 1.29 

(br s, 28 H, CH3 (CH2 ) i 4 ). 0.91 (brt, 3 H, ©-CH3 ). Anal. Calcd for C2 6 H4 5 O5 S: 

C, 66.41; H, 9.89; S, 6 .8 6 . Found: C, 66.49; H, 9.66; S, 6.83.

3 -O -H ex ad ecy l-s /i-g ly ce ro l 1 -O -p -T o lu e n e su lfo n a te  ((+)-2b). The 

title compound was prepared in 79% yield from (+)-1b by the sam e procedure 

used to prepare (-)-2a; mp 68.0-69.0 °C (lit3 8  mp 68.0-69.0 °C); [a]25^  

+6.37° (c 5.0, C6 H6) (lit3 8  [a]25D +5.75° (c5.0, C6 H6)); 95.7% e e ;3 1  IR and 

1H NMR spectra were identical to those obtained for (-)-2a.

G enera l P ro c e d u re  fo r P re p a ra tio n  of M osher E s te rs . To 1.5 g (6.4 

mmol) of (fl)-(+)-MTPA in 1 mL of hexane were added sequentially 1.67 mL 

(19.2 mmol) of oxalyl chloride and 1 drop of DMF. The mixture was stirred at 

room temperature for 30 min, and then was refluxed for 3 h. After the volatiles 

were removed under reduced pressure, the Mosher chloride w as distilled 

under vacuum (50 °C, 0.6 mm Hg) (lit3 9  50 °C, 0 . 6  mm Hg). To a  solution of 

0.15 mmol of the alcohol [(-)-2a, (+)-2b, (+)-7a, (-)-7b] in 1 mL of pyridine was 

added 30 mL of neat (R)-(+)-MTPA chloride. The mixture was stirred until all of 

the starting material had been consumed (approximately 2  h), a s  monitored 

by TLC (hexane/EtOAc, 4:1 for (-)-2a and (+)-2b, 9:1 for (+)-7a and (-)-7b). 

Ether (50 mL) was added, the ether layer was washed with water (4 x 30 mL), 

dried (Na2 S 0 4 ), filtered, and concentrated, affording the crude Mosher ester.

M o sh er E s te r  of (-)-2a. 1H NMR (400 MHz, CDCI3) 5 7.82 (d, J =
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8.5 Hz, 2 H), 7.35-7.45 (m, 5 H), 7.31 (d, J = 8.5 Hz, 2 H), 5.38 (m, 1 H, 

CH2 C aC H 2), 4.28 (dd, JA C = 3.0 Hz, JAB= 11.5 Hz, 1 H), 4.20 (dd, J s c = 7.5 

Hz, JAB= 11.5 Hz, 1 H), 3.52 (dd, J AC= 5.4 Hz, JAB= 10.3 Hz, 1 H), 3.51 (s, 3

H. CH3 O), 3.46 (dd, JBC = 5.4 Hz, JAB = 10.3 Hz, 1 H), 3.27 (t, J « 6.59 Hz, 2 

H, OCJtt2 CH2), 2.45 (s, 3 H, CHgCgH^, 1.26 (br s, 28 H, CH3 (CtL2)i 4). 0 . 8 8  

(brt, 3 H, co-Ctlg). See Figure 4 for chiral HPLC chromatograms.

M o sh er E s te r  of (+)-2b. 1H NMR (400 MHz, CDCI3 ) 5 7.82 (d, J 

= 8.5 Hz, 2 H), 7.35-7.45 (m, 5 H), 7.31 (d, J = 8.5 Hz, 2 H), 5.41 (m, 1 H, 

CH2 CtLCH2), 4.09 (dd, JAC = 3.66 Hz, JA B = 10.74 Hz, 1 H), 4.04 (dd, JBC = 

6.35 Hz, JA B = 10.74 Hz, 1 H), 3.31-3.59 (m, 4 H, OCH2 (CH2 )1 4 CH3  and 

C d 2 0 C 1 6 H33), 3.49 (s, 3 H, C d 3 0), 2.45 (s, 3 H, CtL3 C6 H4), 1.26 (br s, 28 

H, CH3 (CH2 ) i 4 ). 0 8 8  (br 3  H> ®-Cld3 ). See  Figure 4 for chiral HPLC 

chromatograms.

1 -0 -H e x a d e c y l-2 -0 * m e th y l-3 -0 -p - to lu e n e su lfo n y l-sn -g ly c e ro l ((-)- 

3 a ) .  This com pound was prepared  by using two different procedures. 

P ro c e d u re  A: To a  mixture of (-)-2a (235 mg, 0.5 mmol) in 15 mL of ether 

and 1.2 g (50 wt. equiv based on substrate 2a ) of silica gel (Baker, 60-200 

mesh, dried overnight at 12 0  °C) was added a  solution of diazomethane (20 

mol equiv based on substrate 2 a) in ether. The mixture was stirred at room 

tem perature for 6  h, filtered, and washed with ether. The solvents were 

evaporated  under vacuum , leaving a  residue that w as purified by flash 

chromatography (elution with 8:1 hexane/EtOAc) to give 155 mg (64%) of (-)- 

3 a . P ro c e d u re  B: A solution of (-)-2a (141 mg, 0.3 mmol) and 2,6-di-fert- 

butyl-4-methylpyridine (616 mg, 3.0 mmol) in dry dichloromethane (3 mL) was 

treated with methyl triflate (340 mL, 3.0 mmol). After the mixture was refluxed 

for 16 h under nitrogen, the solvents were evaporated. To the residue EtOAc
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(50 mL) and 2N HCI (30 mL) were added. The organic phase was isolated 

and washed again with 30 mL of 2 N HCI. To recover the excess hindered 

pyridine, the combined aqueous phase was neutralized with 2 0 % aqueous 

NaOH, and  2 ,6 -d i-fe rf-bu ty l-4 -m ethy lpy rid ine  w as e x tra c te d  into 

dichlorom ethane. The EtOAc phase  w as w ashed with water, saturated  

NaHC0 3 , and water, then dried (Na2 S 0 4 ). Removal of the solvents gave a  

residue  tha t w as purified by flash ch rom atography  (elution with 8 : 1  

hexane/EtOAc) to yield 130 mg (90%) of (-)-3a a s  a  yellow oil at room 

temperature. [a]25D -4.82° (c5.0, CHCI3); IR (CHCI3): 1360, 1182, 1130, 846, 

821 cm '1; 1H NMR (300 MHz, CDCI3) 8  7.80 (d, J = 8.3 Hz, 2 H), 7.34 (d, J  = 

8.3 Hz, 2 H), 4.17 (dd, JAC = 4.15 Hz, JAB = 10.42 Hz, 1 H, C3 -Ha ), 4.05 (dd, 

J B C = 5.6 Hz, JAB= 10.42 Hz, 1 H, C3 -tLp), 3.36 (s, 3 H, OCJl3), 3.33-3.53 (m, 

5 H, -CH2 OCM2 - and -CH2 CHCH2-), 2.45 (s, 3 H, CJdgCgH^, 1.26 (br s, 28 H, 

CH3 (Ctt2)14-), 0.88 (br t, 3 H, <o-Ctl3 ). Anal* Calcd for C27H4 8 °5 S: C- 

66.90; H, 9.98 S, 6.61. Found: C, 66.98; H, 9.82; S, 6.58.

3 - 0 - H e x a d e c y l - 2 - 0 * m e t h y l - 1 - 0 - p - t o lu e n e s u l f o n y l - s / i -  

g ly c e ro l ((+)-3b). This compound was prepared from (+)-2b in 89% yield by 

Procedure B described above; [<x]2 5 q  +4.80° (c 5.0, CHCI3); IR and 1H NMR 

spectra were identical with those obtained for (-)-3a.

1 - O - H e x a d e c y l - 2 - O - m e th y l - s n - g ly c e r o l  ( ( - ) - 4 a ) .  This 

compound was prepared by two procedures. P ro c e d u re  A: To a mixture of 

potassium superoxide (42 mg, 0.6 mmol) and 18-crown-6 (159 mg, 0.6 mmol) 

in 3 mL of Me2 SO/DMF/1,2-dimethoxyethane (1:1:1) at room tem perature 

under nitrogen was added 70 mg (0.15 mmol) of (-)-3a. After the mixture was 

stirred for 6  h, 2 mL of cold brine was added slowly and cautiously. The 

product was extracted with ether (2 x 30 mL), the ether layer was washed with
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water (20 mL) and dried (Na2 SC>4 ). Removal of the solvents under vacuum 

gave a  yellow residue that was purified by flash chromatography (elution with 

4:1 hexane/EtOAc) to give 40 mg (81%) of (-)-4a as a  low-melting solid, mp 29- 

30 °C (lit. 3 6  mp 30-31 °C); [a]25D -9.96° (c1.64, CHCI3); (lit.3 6  [a]25D -9.95° 

(C1.64, CHCI3 ); IR (neat) 3370, 2930, 2840, 1640, 1460, 1375, 1190, 1060 cnT 

1; 1H NMR (300 MHz, CDCI3 ) 8  3.38-3.85 (m, 10 H, CH2 OCH2 , CH2 OH, 

CH2 CdCH2), 3.47 (s, 3 H, OCH3 ), 1.26 (br s, 29 H, CH3 (CH2 ) l 4 . OH), 0.89 (br 

t, 3 H, 00-CH3 ). P ro c e d u re  B: To a solution of (-)-3a (83 mg, 0.17 mmol) in 1 0  

mL of dry acetone was added 51 mg (0.34 mmol) of sodium iodide. The 

mixture was refluxed for 24 h under nitrogen. The solvents were evaporated 

under reduced pressure, and dichloromethane was added to the residue. After 

the salts were removed by filtration, the filtrate was treated with 1.5 equiv of m- 

chloroperbenzoic acid (MCPBA) at 0 °C for 1 h and then was allowed to stir at 

room temperature for 24 h. The mixture was filtered, the filtrate was washed 

with 0 .5  N NaOH, and  th e  a q u e o u s  layer w as ex trac ted  tw ice with 

dichloromethane. The combined organic phase was dried over Na2 S 0 4  and 

the solvent was removed under vacuum to give a  residue that w as purified by 

flash chromatography (elution with 4:1 hexane/EtOAc), yielding 36 mg (61% 

overall) of (-)-4a as a  low-melting solid with the sam e physical properties as 

described for the product obtained from Procedure A.

3 - 0 - H e x a d e c y l - 2 - 0 - m e t h y l - s n - g l y c e r o l  ( (+ ) -4 b ) .  This 

compound was prepared from (+)-(3b) in 89% yield by Procedure A; mp 29- 

30 °C; [a]25D +9.92° (c 1.64, CHCI3 ); IR and 1H NMR spectra were identical 

with those obtained for (-)-4a.

1 -0 -H e x a d e c y l-2 -0 -m e th y l- s n -g ly c e ro -3 -p h o s p h o c h o l in e  

((-)- 5 a ). To a solution of 2-chloro-2-oxo-1,3,2-dioxaphospholane (51.3 mg,
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0.36 mmol) in 3 mL of benzene at 0 °C was added slowly with stirring a 

mixture of 94 mg (0.30 mmol) of (-)-4a and 50 mL (0.36 mmol) of triethyiamine 

in 3 mL of benzene. During a period of 2 h of stirring at room temperature the 

starting material (fy 0.32) had completely disappeared as monitored by TLC 

(4:1 hexane/EtOAc). After the crystalline triethyiamine hydrochloride was 

removed by filtration, the solvent was removed under vacuum to give 128 mg 

(1 0 0 %) of the desired cyclic phosphate as a  white solid, which was used as 

soon as possible in the next step. The cyclic phosphate (128 mg, 0.30 mmol) 

was transferred into a  pressure bottle with 4 mL of dry acetonitrile. The mixture 

was cooled to -78 °C and excess (approximately 0.5 mL) of dry trimethylamine 

(Fluka) was allowed to condense into the solution. The bottle was sealed and 

heated at 65-70 °C for 36 h. On cooling at -20 °C for 3 h, 152 mg of crystalline 

product was obtained. Flash chromatography (CHCI3 /CH3 OH/H2 O 65:25:4) 

gave 94 mg (63% overall yield) of the product (-)-5a; [a]25^  -5.41° (c0.95, 

CHCI3 /CH3 OH 1:1); (lit. 3 6  [a]25D -5.38° (c 0.95, CHCI3  /CH3 OH 1 :1 )); IR 

(Nujol) 3385, 1220, 1080 cm-1; 1H NMR (300 MHz, CDCI3 /CD3 OD 1:1) d 

3.38-3.85 (m, 10 H, CH2 OCtL2, CH2 OH, CH2 CtLCH2), 3.46 (s, 3 H, OCtfc),

3.39 (s, 9 H, N(CM3 )3 ), 1 2 6  <b r s * 2 8  H- CH3 <Cli2 ) i 4 ). 0.89 (br t, 3 H, ô CUq). 

Anal. Calcd for C 2 5 H5 4 0 6PN H2 0 :  C, 58.45; H, 10.99; N, 2.73; P, 6.03. 

Found: C, 58.71; H, 10.86; N, 2.53; P, 5.98.

3-0-Hexadecyl-2-0-m ethyl-sn-glycero-1-phosphochollne  

((+)- 5b). This compound was prepared from (+)-4b in 65% overall yield; 

[<x ]2 5 d  +5.45° (c0.95, CHCI3 /CH3 OH 1 : 1 ).

(7?;-(+)-Oxiranemethanol ferf-Butyldiphenylsilyl Ether ((+)- 

6a). Epoxide (+)-6a was prepared in 45% yield by asymmetric epoxidation of
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allyl alcohol using the procedure of Gao et al . 1 5  with minor modification; 

[ a p Q  +2.40° (c 9.07, CHCI3 ); IR (CHCI3 ) 2968, 2962, 2940, 1365, 1110 cm" 

1; 1H NMR (300 MHz, CDCIg) 5 7.67-7.71 (m, 5 H), 7.35-7.45 (m, 5 H), 3.86 

(dd, J=  2.9, 12.5 Hz, 1 H), 3.70 (dd, J=  4.4, 12.5 Hz, 1 H), 3.10-3.13 (m, 1 H), 

2.73 (dd, J =  3.3, 5.8 Hz, 1 H), 2.60 (dd, 3.3, 5.1 Hz, 1 H), 1.06 (s, 9 H).

('SM-)-Oxiranemethanol ferf-Butyldlphenylsllyl Ether ((-)- 

6b). Epoxide (-)-6b was prepared in 49% yield as described above using D-(- 

)-DIPT. GC/MS analysis of the oil obtained from vacuum distillation (138-140 

°C, 0.1 mm Hg) ind icated  th e  p re se n c e  of 10% im purity (allyl tert- 

butyldiphenylsily l e th e r) ; th e re fo re , (-)-6b w as purified  by flash  

chromatography (20:1 hexane/EtOAc); TLC (9:1 hexane/EtOAc) Rf0.59; [a]25p 

-2.46° (C9.07, CHCI3 ); (lit. 1 5  [a]25p  -2.28° (C9.07, CHCI3 )).

1 -0 -H e x a d e c y l - 3 - ( 0 - f e r f - b u ty ld ip h e n y ls i ly l ) - s n - g ly c e r o l  

((+)- 7a). To a solution of 625 mg (2.0 mmol) of (+)-6 a and 510 mg (2.1 

mmol) of 1-hexadecanol in 1 2  mL of dry dichloromethane under nitrogen 

atm osphere were added catalytic am ounts (2 drops, ~5 mol %) of BF3  

etherate. After the mixture was stirred for 24 h, water (30 mL) was added and 

the products were extracted into dichloromethane (3 x 60 mL). The organic 

layer was dried ( ^ 3 8 0 4 ) and the solvents were removed under vacuum. 

TLC analysis (9:1 hexane/EtOAc) of the residue indicated the presence of a 

sm all am ount of le s s  p o la r m ateria l; flash  c h ro m a to g ra p h y  (96:4 

hexane/EtOAc) gave 819 mg (74%) of (+)-7a as an oil that crystallized on 

storing at -20 °C and 93 mg (8 %) of the regioisomer. (+)-7a: [a]25p  +2.56° 

(c 11.05, CHCI3 ); 93.8% e e ;3 2  IR (CHCI3 ) 3600, 2985, 2930, 1130, 1105 cm" 

1; 1H NMR (200 MHz, CDCI3 ) 8  7.69 (m, 5 H), 7.41 (m, 5 H), 3.86 (quintet, 1 H, 

CH2 CtiCH 2 ), 3.69 (d, 2  H, CtL2 OSi), 3.40-3.55 (m, 4 H, CtL2 OCtL2). 2.15 (brs,
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1 H, OH), 126  (br s, 28 H, CH3 (CH2 ) i 4 ). 105  (s, 9 H, ( C i ^ S i ) .  0.89 (br t, 3 

H, C0 -CH3 ). Anal. Calcd for 0 3 5 1 -1 5 3 0 3 8 1 : C, 74.75; H, 10.54. Found: C, 74.79; 

H, 10.44.

3-0-HexadecyM-(O-ferf-butyldiphenylsilyl)-sn-glycerol ((- 

)- 7b). The TBDPS ether (-)-7b was prepared from (-)-6b in 6 8 % yield as 

described above; [oc]25p  -2.60° (c 11.05, CHCI3 ); 95.3% ee . 3 2  The IR and 1H 

NMR spectra were identical with those obtained for (+)-7a. Anal. Calcd for 

C 3 5 H5 8 0 3 Si: C, 74.75; H, 10.54. Found: C, 74.80; H, 10.53.

1-0-Hexadecyl-2-0-methyl-3-(0*ferf-butyldiphenylsilyl)-s/i- 

glycerol ((+)-8a). Sodium hydride (97%, 24 mg, 1.0 mmol) was added 

under a  stream of dry nitrogen to a  solution of 277 mg (0.5 mmol) of (+)-7a in 

dry benzene (5 mL) at room temperature. After the evolution of hydrogen had 

stopped, 0.4 mL (6.4 mmol) of methyl iodide was added, and the reaction 

mixture was stirred for 1 2  h at room temperature. Hexane (5 mL), ethanol (1 

mL), and w ater (0.5 mL) were added successively, and the product was 

extracted with hexane ( 2  x 50 mL). The organic layer was dried over Na2 S0 4  

and the solvents were evaporated under vacuum. The residue was purified by 

flash chromatography (97:3 hexane/EtOAc) to give 279 mg (98%) of (+)-8a; 

[a]25D +5.98° (C4.09, CHCI3 ); IR (CHCI3 ) 2985, 2930, 1130, 1 1 10 cm '1; 1H 

NMR (200 MHz, CDCI3 ) 5 7.69 (m, 5 H), 7.39 (m, 5 H), 3.69 (d, 2 H, C ^ O S i) , 

3.40-3.65 (m, 5 H, CH2 OCH2 . CH2 CHCH2), 3.38 (s, 3 H, OCH3 ), 126 (brs, 28 

H, CH3 (CH2 ) i 4 ). 105  (s, 9 H, ( C h ^ S i) ,  0.89 (brt, 3 H, ©-CH3 ). Anal. Calcd 

for C3 6 H6 0 O3 Si: C, 76.00; H, 10.63. Found: C, 76.16; H, 10.84.

3-O-Hexadecyl-2-O-methyM-(O-f0rf-butyldiphenylsllyl)-sn- 

glycerol ((-)-8b). This compound was prepared from (-)-7b in 97% yield as 

described above; [a]25^  -6.01° (c4.09, CHCI3 ). The IR and 1H NMR spectra

38



were identical with those obtained for (+)-8a. Anal. Calcd for Cggh^gOgSi: C, 

76.00; H, 10.63. Found: C, 75.80; H, 10.75.

1 -O -H exadecyl-2-O -m ethy l-sn -g lycero l ((-)-4 a ). To a 

solution of 256 mg (0.45 mmol) of (+)-8a in 5 mL of tetrahydrofuran was added 

0.9 mL (0.90 mmol) of a  1.0 M solution of tetrabutylammonium fluoride in 

tetrahydrofuran. After the mixture was stirred for 2 h at room temperature, 

water was added and the product was extracted into ether (3 x 50 mL). The 

organic layer was dried over Na2 S 0 4  and the solvents were removed under 

v acuum . The re s id u e  w as purified by flash  c h ro m a to g ra p h y  (4:1 

hexane/EtOAc) to give 148 mg (1 0 0 %) of (-)-4a; mp 29-30 °C (lit. 3 6  mp 29-30 

°C); [aj25D -9.46° (c 1.64, CHCI3), 97.5 % ee based on lit. 3 6  [cc]25D -9.92° (c

1.64, CHCI3 ) and 97% ee based on 1H NMR analysis of its (fl)-(+)-MTPA ester. 

Anal. Calcd for C2 0 H4 2 O3 : C, 72.67; H, 12.80. Found: C, 72.49; H, 12.79.

Mosher ester of (-)-4a. 1 H NMR (200 MHz, CDCI3) 5 7.46 (m. 5 

H), 4.52 (dd, JAC « 3.8 Hz, JAB= W . 6  Hz), 4.36 (dd, JBC = 6.0 Hz, JAB= 11. 6  

Hz, 1 H), 3.33-3.61 (m, 5 H, CH2 CtLCH2 , O C E 2 (CH 2 ) 1 4 C H 3 , and 

CM2 0 C 1 6 H3 3 ), 3.56 (s, 3 H, CH3 O), 3.39 (s, 3 H, CU3 O), 1.26 (br s, 28 H, 

CH3 (CM2 )i 4). 0-89 (br t, 3 H, C0 -CJI3 ).

3 -0 -H e x a d e c y l-2 -0 -m e th y l-s n -g ly c e ro l ((+ )-4 b ). This 

com pound w as prepared from (-)-7b in 100% yield by using the sam e 

procedure as described for (-)-4a; [<x ] 2 6 q  +9.51° (c 1.64, CHCI3 ). Anal. Calcd 

for C2oH 4203 :C, 72.67; H, 12.80. Found: C, 72.65; H, 13.08.

1-O-Hexadecyl-sn-glycerol ((-)-9a). A solution of 832 mg (1.50 

mmol) of (+)-7a in 25 mL of tetrahydrofuran was treated with 3 mL (3.0 mmol) 

of a 1.0 M solution of tetrabutylammonium fluoride in tetrahydrofuran for 2 h at 

room temperature. Workup as described above for (-)-4a gave a  white solid
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that was purified by flash chromatography (1:1 hexane/EtOAc), yielding 460 

mg (97%) of (-)-9a; mp 63.0-64.0 °C (lit. 4 0  mp 62.5-63.5 °C); TLC (2:1 

hexane/EtOAc) R /0 .16 ; [a]25D -2.68° (c 3.5, THF), [a]25D -3.40° (c 1.0, 

CHCI3); (lit4 0  [a]25D -3.20° (c 1.0, CHCI3 )).

3 - O - H e x a d e c y l- s n - g ly c e r o l  ( (+ ) -9 b ) . This com pound w as 

prepared from (-)-7b in 98% yield by using the sam e procedure as described 

for (-)-9a; mp 63.0-64.0 °C (lit4 0  mp 62.5-63.5 °C); TLC (2:1 hexane/EtOAc) 

Rf 0.16;[a]25D +2.69° (c3.5, THF), [a]25D +3.50° (c 1.0, CHCI3 ); (lit4 0  [a]25D 

+2.28° (C3.5, THF), lit. 3 8  [a]25D +3.10 (c 1.0, CHCI3 )).

B ls -M o sh e r  E s te r  o f (-)-9a , (+ )-9b , a n d  rac-9. The MTPA 

chloride was prepared as described under General Procedure for Preparation 

of Mosher Esters. To a solution of the diol (0.15 mmol) in 2 mL of pyridine was 

added 60 mL of neat (fl)-(+)-MTPA chloride. After the mixture had stirred 

overnight, TLC analysis (1:1 hexane/EtOAc) indicated the complete conversion 

of the diols into the corresponding bis-M osher e ste rs . Workup w as as 

described above. 1 H NMR (400 MHz, CDCI3 ) of b is-M o sh er e s te r  of 

(-)-9 a :8 7 .4 5  (m, 1 0  H), 5.45 (m, 1 H, CH2 ChLCH2), 4.73 (dd, 1 H, JAB = 12.45 

Hz, JAC = 2.93 Hz, Ha of C3  of CH2 OH), 4.42 (dd, 1 H, JA B = 12.45 Hz, JBC = 

6 .34  Hz, Hb of C 3  of C E 2 OH), 3 .31-3 .59  (m, 10 H, CR 2 O C 1 6 H3 3 , 

OCH2 (CH2 )1 4 CH3 , and two OCJdg), 1.26 (br s, 28 H, CH3 (ChL2 ) i 4 ), 0.89 (brt, 

3 H, C0-CH3 ). 1 H NMR (400  MHz, CDCI3 ) of b is -M o sh er e s te r  of (+)- 

9b: 8  7.45 (m, 10 H), 5.48 (m, 1 H, -CH2 CHCH2-), 4.62 (dd, 1 H, JAB = 12.45 

Hz, JAC = 3.40 Hz, Ha  of C 1 of CJi2 OH), 4.36 (dd, 1 H, JAB = 12.45 Hz, JBC = 

5.08 Hz, Hb of C 1 of C a 2 OH), 3 .31 -3 .59  (m, 10 H, CtL2 O C 1 6 H3 3 , 

OCH2 (CH2 )1 4 CH3 , and two OCH3 ), 1.26 (br s, 28 H, CH3 (CH2)14), 0.89 (brt, 

3 H, C0 -CH3 ) .1 H NMR (400  MHz, CDCI3 ) of b is-M o sh er e s te r  o f ra c -9:
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5 7.45 (m, 10 H), 5.48 (m, 1 H, CH2 CHCH2), 4.73 (dd, 0.5 H, JA B = 12.45 Hz, 

JAC = 2.93 Hz, Ha of C3  of CJI2 OH), 4.62 (dd, 0.5 H, JAB = 12.45 Hz, JBC =

3.40 Hz, Hb of C-| of CH2 OH), 4.42 (dd, 0.5 H, JAB = 12.45 Hz, JAC -  6.34 Hz, 

Ha  of C3  of CH2 OH), 4.36 (dd, 0.5 H, JAB= 12.45 Hz, JBC= 5.08 Hz, Hb of C-, 

of CM2 OH), 3.31-3.59 (m, 10 H, CH2 OC1 6 H33, OCH2 (CH2 )1 4 CH3, and two 

OCMa), 1.26 (br s, 28 H, CH3(Cht2 ) l 4 ). 0  8 9  <b rt- 3  H-

41



Scheme l a

iX ^ 0TsJL
OR1 b (90%)

H CH3Oi

la
—  OTs c (64%) 

2 a (80%)

OR1

H

OTs

R1 = C 16H 33

d (81%)

CHgO

(61% overall)
4a

lb
a

OR1

OR2J L  H 

OTs

C
2b, R2 = H (79%) 4b (82%) 

3b, R2 = CH3 (89%)

3a

OtCHgJisCHg

f
—  CHgO— —  H

0
II

------ O PO fC H ^N lV les
1
O '

5a (6 3 %)

OR1
------O fC H ^sC H g

OCHg H ► OCH3
0

OH II
 OPOtCH^NlUleg

O'

5b (65%)

S c h e m e  I (a) CH3 (CH2 )1 5 OH, BF3 Et2 0 , CHCI3 ; (b) CH3 OTf, 2,6-di- 

FC4 Hg-4 -CH3 -pyr, CH2 CI2 , reflux; (c) CH2 N2 , S i02 , Et2 0 ; (d) K02, 

18-crown-6, Me2 SO/DMF/DME, 1:1:1; (e) i. Nal, Me2 CO, reflux; ii. 

MCPBA, CH2 CI2 ; (f) i. 2-chloro-2-oxo-1,3,2-dioxaphospholane, Et3 N, 

C6 H6 , 0°C; ii. Me3 N, CH3 CN, 65-70°C.

42



Scheme t f

0  I—  0(CH2)15CH3 |- - - - 1

OTBDPS —  H 0 » - | - «  H — CHjO 1 

> OR I- - - - 1

|—  0(CH2)15CH3 j—  OfCHjljsCHj

—  4a
(100%)

OR I- - - - OTBDPS
tia

7a, R = TBDPS (74%) &  (98%)

( 9a, R = H

O fCH^CH , |- - - - - 0(CH2)15CH3
i

(100%)

| 0(CHj)15C ^

J L

I—  nn

OTBDPS—  H —I— OH _ 1 *  H » H — OCH3 —  4b

OR I—  OTBDPS
tib

7b, R=TBDPS (68%) 8b (97%)

<
9b,R =H

S c h e m e  II (a) CH3 (CH2 )1 5 OHl BF3  Et2 0 , CH2 CI2 ; (b) CH3 I, NaH, 

C6 H6 ; (c) (/7-C4 H9 )4 N+P , THF.

43



(*H+>-KTTA it 

'r - « a

'O h

HDl

< 1 1 1 1  
4 .4 4  4 . JO 4 .2 0  4 .1 0  4.00

Figure 1. 1H NMR spectra (400 MHz) of the (fl)-(+)-MTPA esters of 

tosylate 2 corresponding to the C ^ O T s  protons (h ,̂ Hb) at C3  of <-)- 

2a and C-| of (+)-2b. (A) a  4:1 mixture of (-)-2a/(+)-2b, (B) (-)-2a, (C) 

(+)-2b.
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Figure 2 . 1 H NMR spectra (400 MHz) of the bis-(fl)-(+)-MTPA esters of 

rao  9, (-)-9a, and (+)-9b corresponding to the CM2OMTPA protons 

(Ha , Hb) at C3  of (-)-9a and C  ̂ of (+)-9b. (A) rac-9, (B) (-)-9a, (C) (+)- 

9b.
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Figure 3. HPLC chromatograms of the (fl)-(+)-MTPA ester of 7: A, 

racemic mixture of 7; B, 7a; C, 7b. See Table 1, page 10, footnote r, 

for HPLC conditions.
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Figure 4. HPLC chromatograms of the (fl)-(+)-MTPA ester of 2: A, 

racemic mixture of 2 ; B, 2b;C, 2a. See Table 1, page 10, footnote /, 

for HPLC conditions.
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Chapter 5: An Efficient S tereocontrolled Route to Both 
Enantiomers of Platelet Activating Factor and Analogs with 
Long-chain Esters at C2 : Saturated and U nsaturated Ether 
Glycerolipids by Opening of Glycidyl ArenesuIfonates

A b strac t: Both enantiomers of various ether/ester glycerophosphocholines 

(fl)- and (S)-1 , including platelet activating factor (PAF, 2), have been 

synthesized from arenesulfonate derivatives of glycidol ((R)- and (S)-3) that 

are readily available in high enantiomeric purity. Regio- and stereospecific 

opening of (/?)- or (S)-3 with 1.0-1.4 equiv of long-chain sa tu ra ted  or 

unsaturated alcohol using boron trifluoride etherate as catalyst in CH2 CI2  or 

CHCI3  solvent afforded 1(3)-0-alkyl-3(1)-0-arenesulfonyl-sn-glycerol (4) in 

good yields (73-83%) and with the sam e very high optical purity of the parent 

glycidyl arenesulfonate (94-99% ee). For saturated alkyl/acyl 1 and 2, O- 

benzylation of 4 was achieved with retention of the arenesulfonate group by 

using benzyl trifluoromethanesulfonate in the presence of excess 2 ,6 -di-fert- 

butyl-4-methylpyridine; the C2  hydroxyl of unsaturated O-alkyl 4 was protected 

as the methoxymethyl ether under mild conditions in which the arenesulfonate 

group is retained. Displacement of the arenesulfonate group and introduction 

of th e  phosphocholine  group to  produce PAF an a lo g s  com plete  th is 

synthetically useful route to chiral ether-ester phospholipids with various alkyl 

and acyl functionalities.

Ether-linked phosphoglycerides bearing a  long-chain ester at C 2  

((A)-1 ) are important structural constituents of cellular membranes of various 

tissues . 1 Since they contain the O-alkyl linkage, alkylacyl phosphoglycerides 1 

may also play important roles in cellular function by serving a s  precursors of
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bioactive ether-linked lipids. The potent ether-linked mediator of many 

biochemical and physiological activities, platelet activating factor (PAF, (fl)-2), 

can be synthesized when cells are appropriately stimulated by the sequential 

ac tio n  of a p h o sp h o iip a se  A2  an d  an acety l-C oA  t ra n s fe ra s e  on 

alkylacylglycerophosphocholine . 2

Many glycerol derivatives have been used as starting materials in 

chemical syntheses of alkylacyl glycerophospholipids (1). For example, rac-1-

O-alkylglycerol, which is available by alkylation of the isopropylidene 

d e riv a tiv e  of g lycero l, can  be c o n v e rted  into 1  by acy la tio n  and  

phosphorylation procedures . 3  1-OAikyl-sn-glycerol was prepared from d- 

mannitol in eight steps, and the sam e route without Walden inversion gave 3-

0 -a lk y l-sn -g ly ce ro l;4a-d  1,2 -O -iso p ro p y lid en e -sn - glycerol is a  key 

intermediate in this synthetic scheme, and 2,3-0-isopropylidene-sn-glycerol4e' 

9 and its tosylate4*,h also serve as a  useful chiral C 3 -synthon. rac - 1  -OAIkyl-2 -

O -b en zy lg ly ce ro p h o sp h o ch o l-  ine, w hich is a v a ila b le  from 1,3- 

benzylideneglycerol,5a and rac-1-deoxy-1-iodo-3-0-alkylglycerol6d have also 

served a s  precursors of 1. Naturally occurring O-alkyEglycerols are also 

starting materials for the preparation of alkyl phospholipids with a limited range 

of alkyl chains at the 1 (3) position. 4 6  A mixture of 1 -O-alkyl-2-acyl-sn-glycerols 

was obtained from the liver oil of the ratfish {Hydrolagus colliei), which can be 

converted to alkylacylglycerophosphocholine . 6  A semisynthetic synthesis of 

the sn- 1 and sn-3 enan tiom ers of alkylacylglycerophosphocholine was 

accom plished by treatm ent of rac-alkylacylglycerophosphocholine with 

p h o s p h o iip a s e  A2 , fo llow ed by iso la tion  and  reacy la tio n  of 1 - 0 - 

alkylglycerophosphocholine.^

Platelet activating factor ((A)-2) has been the object of many synthetic
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efforts that have employed natural sources a s  the starting material, such as d- 

mannitol ,8a D-tartaric acid ,8b,c s-malic acid , 8 *1 and L-glyceric acid . 8 0  Since 

the  chirality of the naturally occurring starting material determ ines the 

configuration of the product in this synthetic approach, we sought to develop a 

stereocontrolled route to the enantiomers of 2  that does not rely on a  naturally 

occurring precursor.

Previous syntheses of lipids from epoxide starting materials have 

been limited to the preparation of ester-linked glycerolipids. For example, the 

conversions of (S)-glycidol to optically active acylglycerols, 9  rac-glycidol to 

rac^mono- and 1 ,2 -diacylglycerols1 8  and phospholipids , 1 8 0  rac-glycidyl esters 

to rao1,3-diacylglycerols , 1 1 and glycidyl derivatives 3a and 3b to diacyl 

glycerophospholipids1 2  have been reported. As part of a  program to prepare 

ether-linked lipid precursors by the nucleophilic opening of derivatized epoxy 

alcohols with alcohols , 1 8  we undertook a synthesis of both enantiomers of 

PAF (2) and of related phospholipids 1 bearing a long-chain ester at the 2 

position via the ring opening of stable, crystalline arenesulfonates derivatives 

of glycidol (3). Epoxide opening is catalyzed by BF3 OEt2 , and the attack of 

long-chain saturated or unsaturated alcohol occurs exclusively at C3  of 3. The 

approach to the preparation of 1 outlined in Schem e I was disappointing, 

however, because reaction of the arenesulfonate of alkylacylglycerol 5a with 

silver diphenyl phosphate led to (R)-1 in low optical purity. Moreover, this 

approach could not be applied successfully to the synthesis of 2  because 

d irec t ace ty la tion  of alcohol 4a gav e  a  low yield of th e  d e s ire d  3- 

arenesulfonate of 1 -Oalkyl-2 -acetyl-s/7-glycerol. Therefore, the synthesis of 1 

and 2 outlined in Scheme II was developed.
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Results and Discussion

Opening of 3 with Long-Chain Alcohols. Epoxide opening 

with n-hexadecyl, oleyl. and petroselinyl alcohols occurred exclusively at C3 , 

as  shown by reversed-phase HPLC (C1 3  Carbosphere column),13a giving 4 

a s  the only regioisomer in good yields (73-83%). Table I shows that the 

BF3  OEt2 -catalyzed opening of 3a takes place stereospecifically, affording the 

opening product 4 in very high ee (94-99%) a s  determined by HPLC on a 

chiral stationary p h a se .13a Glycidyl 3-nitrobenzenesulfonate (3b), when 

recrystallized twice from ethanol,14 gave 4 in higher ee  than did glycidyl 

tosylate (3a). However, the ee  of the hydroxy tosylates 4a produced from 3a 

can be enhanced to £97% by multiple recrystallization of 3 a 14 or of 4a (Table 

I). Thus, both arenesulfonates derivatives are effective chiral C3  synthons for 

the preparation of ether-linked lipids.

Preparation of 1 from 4. Partial racem ization took place in 

Schem e I, apparently during the conversion of tosylate Sa to diphenyl 

phosphate ester 6  in refluxing xylenes. (Low yields were obtained when 

refluxing benzene and toluene were used.) We have recently suggested that a 

resonance-stabilized dioxolane-type oxocarbonium ion is the intermediate 

responsible for partial racemization during the conversion of 1 ,2 -distearoyl-sn- 

glycero-3-p-toluenesulfonate into its diphenyl phosphate ester in refluxing 

xylenes.1 ^ Detosylation of 4a into 1-0-hexadecyl-2-palmitoyl-sn-glycerol was 

not attempted because acyl migration from the secondary to primary position is 

recognized as a  serious p r o b l e m . 1 ^ . 1 5

To obtain isomerically and enantiomerically pure products 1 and 2 

we developed an alternative route, which is outlined in Scheme II. The key 

features of Scheme II are (a) Obenzylation of ring-opened arenesulfonate 4a
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under basic conditions that proved to be so mild that epoxide formation via 

arenesulfonate displacement did not occur and (b) conversion of O-benzyl 

tosylate 8  into O-benzyl glycerol 9 by displacem ent using cesium aceta te  

followed by lithium aluminum hydride reduction. It should be noted that acetate 

displacement proceeded much more rapidly with 3-nitrobenzenesulfonate 12 

and 13 than with tosylate 8; thus, use of 3b as  starting material offers an 

advantage over 3a when displacem ent-reduction reactions are  involved. 

Alcohol 9 and its enantiomer (9') were converted to optically pure ether-ester 

phosphocholines (fl)- and (S)-1, 2 using standard procedures. Attempts to 

prepare  (fl)-2 via direct acetylation of 4a were unsuccessfu l, although 

acyiation with long-chain acid anhydrides and acyl chlorides gave 5 in 

satisfactory yields. The O-acetyl analog of 5 may undergo acetyl migration 

with tosylate displacement through a  dioxolane-type intermediate to give a 

mixture of the 2- and 3-acetyl derivatives of 1-O-alkylglycerol. To avoid this 

side reaction, we used a  route to 2  involving protection of the C2  hydroxyl as 

th e  benzyl e th e r  8  (S ch em e  II) an d  s u b s e q u e n t  c o n v ers io n  to 

lysophosphocho line  11 after rem oval of the  benzyl group. To obtain 

unsaturated ether intermediates of 4, the C2  hydroxyl was protected as its 

methoxymethyl ether, again using mild conditions in which the arenesulfonate 

group is retained (see Scheme III). The methoxymethyl ether, which has not 

been used previously to our knowledge in lipid synthesis , 1 6  is shown here to 

be a  useful protecting group of the C2-hydroxyl group of substituted glycerol 

derivatives bearing unsaturated alkyl chains.

The new approach to 1-0-alkyl-2-acyl-sn-glycero-3-phosphocholine 

using chiral epoxides such as 3a and 3b as  starting materials will make it 

possible to conveniently prepare phospholipids with systematic modifications
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of the alkyl and acyl functionalities at the sn- 1  and sn - 2  positions, respectively, 

and is compatible with the preparation of alkylacyl phosphoglycerides with 

labeled chains. Products 1 and 2 and related analogs will be of value in 

studies of the influence of chirality on the interaction of phospholipids with 

other m em brane com ponents and of the action of lipolytic enzym es on 

alkylacyl phosphoglycerides . 1 7

S um m ary

In the present paper we have shown that (fl)- and (S)-3 are useful 

chiral building blocks for the synthesis of both enantiomers of phosphocholines 

1  and 2. The chiral purity of each stereoisom er of 4 was established by 

examination of the diastereomeric mixture of the (fl)-(+)-MTPA ester by chiral 

HPLC. Comparison of the optical rotations of the stereoisomers of 4, 9 ,1 0 ,  

and 1 1  with the literature values also indicates that the ring-opening reaction 

with 1 -h e x a d e c a n o l and  s u b s e q u e n t  re a c tio n s  o c cu r with high 

stereospecificity. En fact, the optical rotations of these compounds are higher 

than those reported by Hirth and Barner, 1 8  who used 1,2-O-isopropylidene-sn- 

glycerol a s  the starting material. Our route is thus a facile and valuable 

a lte rn a tiv e  to th e  u se  of 1 ,2 -iso p ro p y lid e n e -sn -g ly c e ro l and  2,3- 

isopropylidene-sn-glycerol. Since partial racem ization can occur during 

storage of isopropylidene-sn-glycerol,8c and complete racemization can occur 

in the presence of a  trace of acidic impurity , 1 9  the use of chiral glycidyl 

derivatives as starting materials offers significant advantages. Furthermore, the 

use of unsaturated long-chain (such as oleyl and petroselinyl) 2 0  alcohols as 

nucleophiles in the ring-opening reaction gives precursors of unsaturated 

analogs of PAF (2) and 1 in excellent chemical and optical yields.

58



Experimental Section

General Procedures. The solvents used were dried a s  follows: 

dichloromethane and ethanol-free chloroform were distilled from calcium 

hydride and stored over type 3A molecular sieves. Hexane was distilled from 

and stored over sodium. Xylene was distilled from calcium hydride and stored 

over type 4A molecular sieves. Alcohol-free chloroform was obtained from J.T. 

Baker (Phillipsburg, NJ). Triethylamine w as dried and stored over calcium 

hydride. Commercially available BF3 *OEt2  from Aldrich (8.1 M) was distilled 

and then diluted with 9 volumes of dichloromethane. The stock solutions of 

BF3 'OEt2  (0.81 M) in dichloromethane were used a s  the catalyst in the ring- 

opening reactions described here within about two months. Other chemicals 

were obtained from the following sources: (fl)-(-)- and (S)-(+)-Glycidyl tosylate 

(oxiranemethanol 4-methylbenzenesulfonate), (fl)-(-)- and (S)-(+)-glycidyl 3- 

nitrobenzenesulfonate, oleyl alcohol, petroselinyl alcohol, palmitoyl chloride, 

palm itic anhydride, 4-(N,A/-dimethylamino)pyridine, 2,6-di-fe/t-butyl-4- 

m ethy lpyrid ine, p h o sp h o ru s  oxych lo ride , p h o sp h o ru s  p en to x id e , 

trichloroacetonitrile, and trifluoromethanesulfonic anhydride were from Aldrich. 

Choline tosy late 2 1  and silver diphenyl p hospha te 2 2  were prepared  a s  

described previously. (fl)-(+)-a-Methoxy-a-(trifluoromethyl)phenylacetic acid 

(MTPA) was obtained from Aldrich and Fluka Chemical Corp.

Reactions were monitored on 0.25-mm thick silica gel GF TLC plates 

purchased from Analtech, Newark, DE. Detection of the compounds on TLC 

plates w as by short-wavelength ultraviolet light or by spraying with 1 0 % 

sulfuric acid in ethanol or with molybdate spray a s  described previously .2 1  

Flash chromatography was carried out with silica gel 60 (230-400 ASTM
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mesh) of E. Merck, purchased from Aldrich.

All 1H NMR spectra were recorded at 200 MHz unless indicated 

otherwise. Melting points are uncorrected.

1 -O -H e x a d e c y l- s n -g ly c e ro l  3 -O -p -T o lu e n e s u lfo n a te  ((-)- 

4 a ) . This compound was prepared a s  described in Chapter 4; 94.0% ee, 

97.7% ee after three recrystallizations from ether-hexanes . 2 3

3 -O -H e x a d e c y l-s n -g ly c e ro l 1 -O -p -T o lu e n e s u lfo n a te  ((+)- 

4 'a ) .  This compound was prepared by the procedure described in the 

Chapter 4; 95.7% ee . 2 3

1 -O -O le y i-sn -g ly c e ro l 3 -O -m -N ltro b e n z e n e s u lfo n a te  ((-)- 

4b ). To a  mixture of 104 mg (0.40 mmol) of (fl)-(-)-3b [[a] 2 ® 0  -23.3° (c 2.14, 

CHCI3 )] and 107 mg (0.40 mmol) of oleyl alcohol in 3 mL of dichloromethane 

was added four drops (~5 mol %) of a  10% stock solution of boron trifluoride 

etherate in dichloromethane. After the mixture had stirred at room temperature 

under nitrogen for 18 h, the solvent was removed under reduced pressure, 

leaving a residue that was purified by flash chromatography (elution with 2 0 % 

ethyl acetate-hexanes) to give 156 mg (73%) of 4 b  as a  pale yellow oil; TLC 

(20% ethyl acetate-hexanes) Bf 0.26; [cx] 2 5 q  -7.04° (c2.33, CHCI3 ); 1H NMR 

(CDCIg) 5 8.78 (t, 1 H, J=  1.7 Hz, C6 H4), 8.54 (m, 1 H, C6 H4), 8.29 (m, 1H, 

C6 H4), 7.81 (t, 1 H, J=  7.9 Hz, C6 H4), 5.34 (m, 2 H, vinyl), 4.23 (dd, 1 H, JAC  

= 4.7 Hz, JAB = 10.2 Hz, CHc CHAHBO S 0 2 Ar), 4.19 (dd, 1 H, JBC = 5.7 Hz, 

JAB = 10.4 Hz, CHc CHAHBO S 0 2 Ar), 4.01 (m, 1 H, CHOH), 3.37-3.48 (m, 4 H, 

CHCH 2 O C 1 8 H3 5 , OCH2 C 1 7 H3 3 ), 2 .44  (s, 1 H, OH), 2.01 (m, 4 H, 

CH2 CH=CHCH2), 1.27 (br s, 24 H, (CW2)12), 0.88 (br t, 3 H, co-CH3 ). 

Determination of the enantiomeric excess of the (fl)-(+)-MTPA ester of (-)-4b by 

chiral stationary phase HPLC gave 99% e e . 2 4  Anal. Calcc i r  C2 7 H4 5 0 7 SN:
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C, 61.45; H, 8.59; N, 2.65. Found: C, 60.82; H, 8.81; N, 2.75.

3-0-Oleyl-s/)-glycerol 1-O-m-Nitrobenzenesulfonate ((+)- 

4'b). This compound was prepared in 76% yield from (S)~3b as described 

above; [a]25D +6 .8 8 ° (c2.33, CHCI3); 97.1% e e . 2 4

1-O-Petroselinyl-sn-glycerol-3-O-m-Nltrobenzenesulfonate 

((-)-4c). A mixture of 130 mg (0.5 mmoi) of (fl)-(-)-3b [[oc]25q -23.3° (c 2.14, 

CHCI3 )], 160 mg (0.60 mmol) of petroselinyl alcohol, and three drops of 10% 

boron trifluoride e therate  in 3 mL of dichlorom ethane w as stirred under 

nitrogen for 24 h. The solvent was removed under reduced pressure, and the 

residue was purified by flash chromatography (elution with 2 0 % ethyl acetate 

in hexanes) to give 217 mg (82%) of (-)-4c as a  colorless oil; TLC (2 0 % ethyl 

acetate-hexanes) fy0.26; [a]25D -6.98° (c2.33, CHCI3 ); IR (neat) 3566-3319, 

3120, 3013, 2919, 2849, 1602, 1537, 1461, 1445, 1431, 1373, 1349, 1190, 

1119, 973, 932, 879, 761, 732, 6 6 8  cm-1; 1H NMR (CDCI3 ) 5 8.78 (t, 1 H ,J  = 

1.7 Hz, C6 H4), 8.54 (m, 1 H, C6 H4), 8.29 (m, 1 H, C6 H4), 7.80 (t, 1 H, 8.0 

Hz, C 6 H4), 5.34 (m, 2 H, vinyl), 4.24 (dd, 1 H, JAC = 4.7 Hz, JAB = 10.2 Hz, 

CHc CHAHBO S 0 2 Ar), 4.21 (dd, 1 H, JBC = 5.8 Hz, JAB = 10.2 Hz, 

CHc C H AHBO S 0 2 Ar), 4.01 (m, 1 H, CHOH), 3 .3 8 -3 .4 7  (m, 4 H, 

CHCW 2 O C 1 8 H3 5 , OCH 2 C 1 7 H3 3 ), 2 .44 (s, 1 H, OH), 2.01 (m, 4 H, 

CH 2 CH=CHCH2), 1.27 (br s, 24 H, (CH2)12), 0.88 (br t, 3 H, (0 -CH 3 ). 

Determination of the enantiomeric excess of the (fl)-(+)-MTPA ester of (-)-4c by 

chiral stationary phase HPLC gave >99% ee  (see Figure 1 ) . 2 4  Anal. Calcd for 

c 27h 4 5 ° 7 SN: c - 6 1  -45: H- 8-59; S, 6.08; N, 2.65. Found: C. 61.38; H, 8.80; 

S, 6.18; N, 2.67.

3-O-Petroselinyl-s/i-glycerol-l-O-m-Nitrobenzenesulfonate

((+ )-4 'c ). This compound w as prepared from (S )-3b  in 75% yield as
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described above; [cc]2 5 d  +6 .8 6 ° (c2.33, CHCI3); 98.1% ee (see Figure 1) 2 4  

1-0-Petroselinyl-2-0-methoxymethyl-3-0-m -nitrobenzene- 

sulfonyl-sn-glycerol ((-)-13). To a mixture of 159 mg (0.30 mmol) of ring- 

o p e n e d  in te rm ed ia te  (-)-4c and an e x c e s s  (3 mL, 33 .9  mmol) of 

dimethoxymethane in 3 mL of dry chloroform was added 750 mg (5.3 mmol) of 

phosphorus pentoxide. The mixture was stirred at room temperature under 

nitrogen for 24 h, then cooled to 0 °C, and treated with 10% aqueous sodium 

carbonate solution (about 2 mL, added dropwise) to consume the excess 

phosphorus pentoxide. The product was extracted into chloroform (2 x 50 mL), 

and the organic layer was dried (K2 CO3 ) and evaporated to give 168 mg 

(98%) of (-)-13; TLC (25% ethyl acetate-hexanes) fy0 .36 ; [a]25D -4.97° (c 

1.88, CHCI3 ); IR (neat) 3084, 2919, 2849, 1608, 1537, 1461, 1373, 1349, 

1307, 1273, 1119, 1114, 1038, 973, 879, 808, 732, 673, 662, 585 cm’1; 1H 

NMR (CDCI3 ) 8  8.78 (t, 1 H, J=  1.7 Hz, C6 H4), 8.54 (m, 1 H, C6 H4), 8.29 (m, 1 

H, C6 H4), 7.80 (t, 1 H, J = 7.9 Hz, C6 H4), 5.35 (m, 2  H, vinyl), 4.63 (s, 2 H, 

CH 3 0 C H 2 0 ) , 4 .33 (dd, 1 H, JAC  = 3 .8  Hz, JAB = 10.4 Hz, 

CHc CHAHBO S 0 2 Ar), 4.22 (dd, 1 H, JBC = 5.7 Hz, JAB = 10.4 Hz, 

C H c CHAHBO S 0 2 Ar), 3.94 (m, 1 H, CHOMOM), 3 .35-3.49 (m, 4 H, 

CHCH2 OC1 8 H35, OCH2 C 1 7 H33), 3.33 (s, 3 H, CH3 OCH2 ), 2.01 (m, 4 H, 

CH2 CH=CHCH2), 1.27 (br s. 24 H, (CH2)̂  2 ). 0.88 (br t, 3 H, w-CH3).

t-O-Petroselinyl-2-O-methoxymethyl-sn-glycerol ((+)-15). 

A m ixture of a re n esu lfo n a te  (-)-13  (114 mg, 0.2 mmol) in 4 mL of 

dimethylformamide-dimethyl sulfoxide 4:1 and cesium acetate (154 mg, 0.8 

mmol) was stirred under nitrogen for 4 h at room temperature. The mixture was 

extracted with diethyl ether (2 x 75 mL), washed with water (2 x 50 mL), dried 

over sodium sulfate, filtered, and concentrated in vacuo to a  volume of ~5 mL.
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The crude acetate was cooled to 0 °C and lithium aluminum hydride (16 mg, 

0.4 mmol) was added in one portion. The mixture was stirred at 0 °C for 30 min 

and at room temperature for 1 h, then quenched by slow addition of water. The 

mixture was filtered to remove aluminum salts and extracted with chloroform 

(40 mL). The organic layer was dried over MgS0 4  and concentrated in vacuo 

to give a  residue that was purified by flash chromatography (elution with 

hexanes-ethyl acetate 4:1). There was isolated 69 mg (89%) of (+)-15 as a  

clear, colorless oil: TLC (25% ethyl acetate-hexanes) Ffy0.34; [a]25D +19.92° 

(c 4.20, CHCI3); IR (neat) 3448, 3013, 2919, 2849, 1461, 1155, 1114, 1032, 

917 cm-1; 1H NMR (CDCI3 ) 5 5.33 (m, 2 H, vinyl), 4.75 (s, 2 H, CH3 0CW2 0), 

3.44-3.78 (m, 7 H, CHOMOM, CHCH2 OC1 8 H35, OCH2 C i 7 H33, CH2 OH), 

3.42 (s, 3 H, CH3 OCH2), 2.76 (brs, 1 H, OH), 2.01 (m, 4 H, CH2 CH=CHCH2),

1.28 (brs, 24 H, (CW2)12), 0.87 (brt, 3 H, cd-CH3).

1 - O H e x a d e c y l - 2 - p a l m l t o y l - s n g l y c e r o l - 3 - p -  

T o luenesu lfona te  ((-)-5). To a  solution of 376 mg (0.80 mmol) of 

(-)-4a in 8  mL of hexane containing 97 mL (1.20 mmol) of pyridine was added 

dropwise 264 mg (0.96 mmol) of palmitoyl chloride in 10 mL of hexane. After 

the mixture was heated under reflux for 4 h, water (2 mL) was added to destroy 

the excess palmitoyl chloride, and refluxing was continued for 10 min. The 

mixture was cooled and diluted with hexane. The organic layer was washed 

with dilute sulfuric acid, water, saturated aqueous sodium bicarbonate solution, 

and  w ater, then dried (M gS 04 ), filtered, and  co n cen tra ted  by rotary 

evaporation. The free fatty acid was removed by dissolving the crude product 

in 100 mL of m ethanol-dichlorom ethane-hexane, 40:33:27, followed by 

extraction with 40 mL of 1 N potassium hydroxide. The upper layer containing 

the fatty acid salt was separated from the lower layer, which was diluted with
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100 mL of hexane and washed with water three times to neutrality. The 

organic  ex trac ts  w ere dried with MgS0 4  and co n cen tra ted  by rotary 

evaporation to give a residue that afforded 452 mg (81%) of (-)-5 after two 

recrystallizations from cold (-20 °C) acetonitrile; mp 55-56 °C; TLC (2 0 % ethyl 

acetate-hexanes) R/0.70; [a]25D -7.62° (c0.32, CHCI3); 1H NMR (CDCI3) 8  

7.75 (d. 2 H, J = 8.5 Hz, C6 H4), 7.32 (d, 2 H. J = 8.5 Hz, C6 H4), 5.04 (m, 1 H, 

CH2 CWCH2), 4.35 (dd, 2  H, J  = 4.5 and 1 1.5 Hz, CH2 OTs), 3.48 (dd, 2  H, J  = 

4.5 and 11.5 Hz, CH2 OC1 6 H33), 3.35 (t, 2 H, J=  7.0 Hz, OCH2 C 1 5 H31), 2.43 

(s, 3 H, 0 S 0 2 C6 H4 CH3 -p), 2 . 2 2  (t, 2 H, J=  8.0 Hz, 0 2 CCH2 C 1 4 H29), 1.29 (br 

s, 54 H, OCH2 (CH2 ) 1 4  and 0 2 CCH2 (CH2 )1 3 CH3), 0.86 (br t, 6  H, to-CH3). 

Anal. Calcd for C4 2 H7 0 O6 S: C, 70.64; H, 10.86; S, 4.79. Found: C, 70.58; H, 

10.86; S, 4.79.

3 - O - H e x a d e c y l - 2 - p a l  m i t o y  I - s n - g l y c e r o l - 1  - p -  

T o lu e n e s u lfo n a te  ((+ )-5 '). This compound was prepared a s  described 

above for (-)-5; yield, 83%; TLC (20% ethyl acetate-hexanes) Rf0.70; [cc]25^  

+7.48° (c0.32, CHCI3).

D i p h e n y l  1 -O -H e x  a d  e c y  I- 2 - p a  Im i t  o y  I- s n - g l y c e r  0 - 3 - 

p h o s p h a te  ((+)-6 ). A mixture of 100 mg (0.14 mmol) of (-)-5 and 126 mg 

(0.35 mmol) of silver diphenyl phosphate in 7.5 mL of dry xylene was refluxed 

in the dark under nitrogen atmosphere for 6  h. The mixture was cooled to room 

temperature, filtered through a Celite pad, and washed with chloroform (3 x 30 

mL). Evaporation of the solvent gave a  yellow oil that was purified by flash 

chromatography (elution with hexanes-ethyl acetate 8:1). There was isolated 

82 mg (75%) of diphenyl phosphate ester (+)-6 , mp 44-45 °C; TLC (hexanes- 

ethyl acetate 8:1) Rf 0.28; [a]25D +2.14° (c0.5 , CHCIg); 1H NMR (CDCI3) 8

7.41 (br s, 10 H, C6 H5), 5.04 (m, 1 H, CH2 CHCH2), 4.41 (t. 2 H, J =  7.6 Hz,
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CH2 OP(0)(OC6 H5)2). 3.48 (d, 2  H, J =  8 . 2  Hz, CH2OC^ 6 H3 3 ), 3.35 (t, 2  H,J  =

7.0 Hz, OCH2 C 1 5 H31), 2.22 <t. 3H , J *  8.0 Hz, 0 2 CCH2 C 1 4 H29), 1.29 (br s, 

54 H, OCH2 (CH2 ) 1 4  and 0 2 CCH2 (CH2 )1 3 CH3), 0.86 (brt, 6  H, co-CH3).

1 -OHexadecyl-2-palmitoyl-sn-glycero-3-phosphatidlc Acid

(7). A mixture of 100 mg (0.44 mmol) of platinum oxide in 10 mL of glacial 

acetic  acid w as stirred  in a  50-mL tw o-necked flask under hydrogen 

atmosphere for 1 h at room temperature. A solution of 107 mg (0.14 mmol) of 

( + ) - 6  in 20 mL of acetic acid-cyclohexane 1:1 was added rapidly via syringe, 

and the mixture was stirred at room temperature for 6  h. The mixture was 

filtered through a  Celite pad, which was washed with chloroform. Evaporation 

of the filtrate under vacuum gave a white solid, which was dissolved in a  small 

volume of chloroform. Precipitation twice from cold (-20 °C) acetonitrile 

afforded 70 mg (79%) of 7, which was used in the next step without further 

purification.

1-0-Hexadecyl-2-palm itoyl-sn-glycero-3-phosphocholine  

((/? )-(-)-1); see Scheme I. To a  solution of 70 mg (0.11 mmol) of 

phosphatidic acid 7 in 5 mL of dry pyridine were added 305 mg (1.1 mmol) of 

choline tosylate and 3 mL of trichloroacetonitrile. The mixture was heated 

under nitrogen at 50 ± 5 °C for 2  days, during which time the mixture became 

brown. After 10 mL of chloroform-methanol 1:1 was added, the solvents were 

removed under reduced pressure, leaving a  brown residue. The residue was 

dissolved in 20 mL of tetrahydrofuran-water 9:1, and the solution was applied 

to a  column of Amberlite MB-3 (25 g) that had been previously equilibrated 

with the sam e sam e solvent system. Elution with 500 mL of tetrahydrofuran- 

water 9:1, evaporation of the solvents under reduced pressure, and azeotropic
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evaporation of water in a  rotary evaporator with 2-propanol (3 x 50 mL) gave a 

brown residue that w as purified by flash chrom atography (elution with 

chloroform-methanol-water, 65:25:4). There was isolated 27 mg (35%) of the 

desired phosphocholine (fl)-(-)-1; TLC (chloroform-methanol-water, 65:25:4) 

Rf  0.33; [a]25p  -1.09° (c 0.52, CHCI3 -CH3 OH, 1:1) (32% optical purity, see 

below). Treatment of (fl) - 1 prepared by this procedure with phospholipase A2  

(Naja naja, Sigma Chemical Co.) in pH 7.4 buffer at 38 °C resulted in 

incomplete hydrolysis to 1-0-hexadecyl-2-lyso-sfl-glycero-3-phosphocholine 

and palmitic acid (Hf 0.13 and 0 .8 6 , respectively, in chloroform-methanol- 

water, 65:25:4). Comparison of the [oc]2®d values of (FI)-1 prepared by the 

routes outlined in Schemes I and II also indicates that partial racemization at 

C 2  occurred in Scheme I, probably at the refluxing xylene temperature used in 

the conversion of tosylate (-)-5 to diphenyl phosphate ester (+)-6 ; partial 

racem iza tion  via a  d ioxo lane-type  in te rm ed ia te  h a s  b een  p ro p o sed  

previously . 1 2

1 - 0 - H e x a d e c y l - 2 - 0 - b e n z y l - s n - g l y c e r o l - 3 - p -  

T o lu e n e su lfo n a te  ((-)-8 ). Trifluoromethanesulfonic anhydride (168 mL,

1.0 mmol) was added to 5 mL of dry dichioromethane at -78 °C in an oven- 

dried 50-mL round-bottom flask equipped with a Claisen head and a  nitrogen- 

filled balloon. A solution of 104 mL (1.0 mmol) of benzyl alcohol and 205 mg 

(1.0 mmol) of 2,6-di-fert-butyl-4-methylpyridine in 2 mL of dry dichioromethane 

was added dropwise over a  5-min period. After the reaction was stirred at -78 

°C for 15 min, a  solution of 235 mg (0.5 mmol) of (-)-4a and 268 mg (1.3 mmol) 

of 2,S*di-fert-butyl-4-methylpyridine in 2  mL of dry dichioromethane was added 

dropwise over a  5-min period. The mixture was stirred for 30 min at -78 °C, 

then allowed to warm to room temperature with stirring until all of (-)-4a had
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disappeared (about 4 h) a s  monitored by TLC (25% ethyl acetate-hexanes). 

The excess of benzyl trifluoromethanesulfonate was then destroyed by slowly 

adding 167 mL (2.07 mmol) of pyridine. The reaction mixture was diluted with 

30 mL of dichioromethane and washed with water ( 3 x 1 0  mL). The organic 

phase was dried (Na2 S 0 4 ), the solvents were evaporated under reduced 

pressure, and the residue was purified by flash chromatography (elution with 

hexanes-ethyl acetate 8:1) to furnish 268 mg (96%) of O-benzyl product ( - ) - 8  

as  a  colorless oil; TLC (hexanes-ethyl acetate 8:1) Rf0.33; [a]25p  -7.32° (c5.0, 

CHCI3); IR (CHCI3 ) 1602, 1499, 1360, 1182, 1 1 0 2 , 820, 766, 756, and 707 cm' 

1; 1H NMR (300 MHz, CDCI3 ) 8  7.77 (d, 2 H, J = 8.3 Hz, aromatic), 7.29 (m, 7 

H, aromatic), 4.58 (s, 2 H, OCH2 C6 H5), 4.17 (dd, 1 H, J AC = 4.1 Hz, J AB =

10.4 Hz, CHc HAHBOTs), 4.08 (dd, 1 H, J BC = 5.8 Hz, J  AB = 10.4 Hz, 

CHc HAHBOTs), 3.75 (m, 1 H, ChfeCWCHg), 3.45 (collapsed AB quartet, 2 H, 

J = 7 .86  Hz, Du = 4 .66 , CH 2 O C 1 6 H3 3 ), 3 .34  (t, 2 H, J = 6 . 6  Hz, 

OCH 2 C 1 5 H3 1 ), 2 .43  (s, 3 H, 0 S 0 2 C 6 H4 C H 3 ), 1.26 (br s , 28 H, 

OCH2 (CH2 ) 1 4  ), 0.89 (brt, 3 H, co-CHg).

3 - O - H e x a d e c y l - 2 - O - b e n z y l - s n - g l y c e r o l - 1  - p- 
Toluenesulfonate ((+ )-8 ’). This compound was prepared in 92% yield as 

described above for (-)-8 ; (a]25p  +7.48° (c5.0, CHCI3 ).

l-O-Hexadecyl-2-O-benzyl-s/i-glycerol ((-)-9). To a  solution 

of 192 mg (1.0 mmol) of cesium acetate in 5 mL of dry dimethyl sulfoxide- 

dimethylformamide 4:1 was added 280 mg (0.5 mmol) of (-)-8 . After the 

mixture was stirred at room temperature for 36 h under a  drying tube, water (30 

mL) was added and the product was extracted with ether (3 x 50 mL). The 

organic phase was dried with Na2 S 0 4 , and the solvents were concentrated 

under reduced pressure to a  volume of about 10 mL. The solution was cooled
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to 0 °C and 40 mg (1.0 mmol) of lithium aluminum hydride was added. After 

the mixture was stirred for 30 min at 0 °C and for 2 h at room temperature, 

water w as added. The aluminum salts were removed by filtration and the 

product was extracted with chloroform (60 mL). Evaporation of the solvents 

under reduced pressure gave 187 mg (92% overall yield) of {-)-9 a s  a  low- 

melting solid, mp 27-28 °C (lit. 1 8  mp 28-30 °C); [a]25Q -9.27° (c5 .0 , CgHg) 

[lit. 1 8  [a]25D -8.76° (C5.0, CgHg)]; IR (Nujol) 3450, 1520, 1126,1072, 742,700 

cm-1; 1H NMR (CDCIg) 5 7.37 (s, 5 H, C6 H5), 4.81 (d, 1 H, J = 12.0 Hz. 

OCHa HbC 6 H5), 4.69 (d, 1 H ,J AB= 12.0 Hz, OCHAHBCgH5), 3.25-3.98 (m, 7 

H, CH2 OCH2, CH2 OH, CH2 CHCH2), 2.15 (s, 1 H, OH), 1.26 (br s, 28 H, 

OCH2 (CH2 ) i 4  ), 0.88 (brt, 3 H, co-CHg).

3 - 0 - H e x a d e c y l - 2 - 0 - b e n z y l - s / 7 - g l y c e r o l  ( ( + ) - 9 ’) . This 

compound was prepared in 93% overall yield by the procedure described 

above for (-)-9; mp 29-31 °C (lit. 1 8  mp 28-30 °C); [a]25D +9.19° (c5.0, CgHg) 

[lit. 1 8  [a]25D +8.70® (C5.0, CgHg)].

l - 0 -H e x a d e c y l-2 -0 -b e n z y l- s /> -g ly c e ro -3 -p h o s p h o c h o lln e  

((+ )-10). To a  solution of 134 mg (0.90 mmol) of phosphorus oxychloride and 

163 mL (0.90 mmol) of triethylamine in 4 mL of alcohol-free chloroform at -10 

°C under nitrogen was added a  solution of 243 mg (0.72 mmol) of (-)-9 in 4 mL 

of alcohol-free 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 (300 mg, 1.08 mmol) and pyridine (0.5 mL) were added, and the 

mixture was stirred under nitrogen for 16 h. Water (0.2 mL) w as introduced, 

and stirring was continued for 30 min. After the solvents were removed under 

reduced pressure, 30 mL of dichloromethane-toluene 1 :1 was added to the 

residue and the mixture was filtered. Evaporation of the filtrate left a  residue
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that w as dissolved in tetrahydrofuran-w ater 9:1 and p assed  through an 

Amberlite MB-3 column two times (elution with tetrahydrofuran-water 9:1). The 

solvents were removed under vacuum, and the residue was purified by flash 

chromatography (elution with chloroform-methanol-water, 65:35:4) to give 318 

mg (75%) of (+)-10 as a  white solid, mp 2 0 0  °C; [a]25^  +3.92° (c 5.0, CHCI3- 

CHgOH 1:1) [lit. 1 8  [a]25D +3.54° (c5.0, CHCI3 -CH3 OH 1:1)]; IR (Nujol) 3413 

(H2 0), 3048, 1493, 1256, 1106,1089, 1069, 1067, 705, 645 cm '1; 1H NMR 

(CDCI3 ) 5 7.41 (s, 5 H, C6 H5), 4.74 (s, 2 H, OCH2 C6 H5), 3.32-4.62 (m, 11 H, 

CH2 OCH2 , CHCH2 OP, P(0)(CT)OCH2, CH2 N+(CH3)3), CH2 CHCH2), 3.25 (s, 

9 H, N+(CH3)3), 1.26 (brs, 28 H, OCH^CH ^ 4  ), 0.88 (brt. H, co-CH3).

3 - O H e x a d e c y l-2 -0 -b e n z y l- s n -g ly c e r o -1 -p h o s p h o c h o l in e  

( ( - ) -1 0 ') . This compound was prepared in 73% yield by the procedure 

described above for (+)-10; [a]28D -3.95° (c5 .0 , CHCI3 -CH3 OH 1:1) [lit. 1 8  

[a]25D -3.53° (c5.0, CHCI3 -CH3 OH 1:1)].

1 - 0 -H e x a d e c y l- 2 - ly s o - s r 7 -g ly c e ro - 3 - p h o s p h o c h o l in e  ((-)- 

11). A mixture of 150 mg (0.24 mmol) of (+)-10 and 100 mg of 20% palladium 

hydroxide on carbon in 9 mL of methanol and 1 mL of water was stirred under 

hydrogen atmosphere for 24 h. The mixture was filtered through Celite, the 

Celite w as w ashed with methanol, and the filtrate was evaporated under 

reduced pressure. The residue was dried by azeotropic removal of water 

using 2 -propanol, giving 128 mg (1 0 0 %) of ( - ) - l  1 , mp 250 °C (dec); [<x]2 5 d  -  

6.09° (c 1.04, CHCI3 -OH3 OH 1:1) [lit. 1 8  [a]25D -6.03° (c 1.04, CHCI3 -CH3 OH 

1:1)]; IR (Nujol) 3280, 1252, 1095, 1062 cm '1; 1H NMR (CDCI3 ) 5 3.48-3.51 

(m, 11 H, CH2 OCH2 , CHCH 2 OP, P (0 ) (0 ')0 C H 2 , CH 2 N+(C H 3 )3 , 

CH2 CHCH2), 3.28 (s, 9 H, N+(CH3)3), 1.26 (b rs, 28 H, OCH2 (CH2)14), 0.88 

(brt, 3 H, 0D-CH3 ). Anal. Calcd forC 2 4 H5 2 0 6 PN-1.5H2 0 : C, 56.67; H, 10.89;
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N, 2.71. Found: C, 56.66; H, 10.80; N, 2.24.

3-0-Hexadecyl-2-lyso-sf)-glycero-1-phosphocholine ((+)- 

1 1 ') .  The sam e procedure described above for the preparation of ( - ) - 1 1  was 

used to prepare 11 ' in 100% yield; mp 250 °C (dec); [<x]2 5 q  +6.11° (c 1.05, 

CHCI3 -CH3 OH 1:1).

1-0-Hexadecyl-2-palm itoyl-sn-glycero-3-phosphochoiine  

((fl)-(-)-1); see Scheme II. A mixture of 53 mg (0.12 mmol) of (-J-11, 291 

mg (0.60 mmol) of palmitic anhydride, and 15 mg (0.12 mmol) of 4- 

(dimethylamino)pyridine in 2 mL of alcohol-free chloroform was stirred under 

nitrogen for 24 h. The solvents were removed under reduced pressure, 

leaving a  residue that was purified by flash chromatography (elution with 2 0 0  

mL of chloroform, followed by 200 mL of chloroform-methanol 9:1, and 500 mL 

of chloroform-methanol 3:2). There was isolated 85 mg (98%) of (fl)-(-)-1, 

which was lyophilized from 3 mL of benzene; [a]25p  -3.38° (c 0.53, CHCI3 - 

CH3 OH 1:1); 1H NMR (CDCI3)5  5.16 (m, 1 H, CH2 CHCH2), 3.25-3.59 (m, 10 

H, CH2 OCH2, CHCH2 OP, P(0)(Cr)OCH2, CH2 N+(CH3)3 ), 3.22 (s, 9 H, 

N+(CH3)3), 2.33 (t, 3 H, J=  8.0 Hz, 0 2 CCH2), 1.26 (brs, 54 H, OCH2 (CH2 ) 1 4  

and  0 2 C C H 2 (CH2 )i 3 ), 0 .88  (br t, 3 H, co-CH3 ). Anal. C alcd  for 

c 40H8 2 °7 PN’3H2O: c - 6 1  ° 6 : H> 1105 : N* 1-81; P, 4.00. Found: C, 59.80; H,

11.06; N, 1.73; P, 4.00.

3-0-Hexadecyl-2-palm itoyl-sn-glycero-1-phosphocholine  

((S)-(+)-1). This compound was prepared in 97% yield by the procedure 

described above for (fl)-(-)-1 ; [a]25^  +3.42° (c 0.50, CHCI3 -CH3 OH 1:1). 

Anal. Calcd for C4 0 H8 2 O7 PN-4 H2 O: C, 60.06; H, 11.45; N, 1.77; P, 3.91. 

Found: C, 60.09; H, 11.06; N, 1.72; P, 4.61.
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1 -O H e x a d e c y l-2 -a c e ty l-sn -g ly c e ro -3 -p h o sp h o c h o lln e  ((R)- 

2). A mixture of 30 mg (0.060 mmol) of lyso-PAF (11), 7 mg (0.066 mm i) of 4- 

(dimethylamino)pyridine, and 110 mL (1.2 mmol) of acetic anhydride in 2 mL of 

chloroform was stirred at room tem perature for 24 h. The solvents were 

removed under reduced pressure to leave a  residue that was purified by flash 

chromatography (elution with CHCI3-CH3OH-H2O, 65:25:4), yielding 30 mg 

(93%) of (fl)-2 as a  white solid, mp 248 °C (dec); [a]25Q -3.39° (c0.53, CHCI3- 

CH3OH, 1 :1 ); lit.8c [a]25D -3.30° (c 0.53, CHCI3-CH3OH, 1:1); 1H NMR 

(CDCI3) 5 5.11 (m, 1 H, CH2CHCH2), 4.20 (m, 4 H, CH2CHCH2), 3.40-3.52 

(m, 1 0  H, CH2OCH2, CH2OP, P(0 )(Cr)OCH2, CH2N+(CH3)3), 3.30 (s, 9  H, 

N+(CH3)3), 2.08 (s, 3 H, 0 2CCH3), 1.29 (br s, 28 H, (CH2)14), 0.89 (t, J= 8.0 

Hz, 3 H, w-CH3); IR (KBr): 3428, 32f 2856, 2, 1627, 1460, 1372 cm '1.

Anal. Calcd for C2 6 H5 4 0 7 PN-1 .5 H2 0 : C, 56 .7 1 , H, 10.43; N, 2.54. Found: C, 

56.66; H, 10,80; N, 2.24.

3 -0 -H e x a d e c y l-2 -a c e ty l-sn -g ly c e ro -1 -p h o sp h o c h o lin e  ((S )- 

2). The above procedure was repeated w h 1 givi (£ '-2  in 92% yield;

[a]25D +3.20° (c 0.53, CHCI3 -CH3 OH, 1:1); ln.3c [aJ25D +3.18° (c 0.53, 

CHCI3 -CH3 OH, 1 :1 ).
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Scheme m. Stereocontrolled Synthesis of Unsaturated Ether-Linked Analogs of 1 and 2°

I OR I----OR I----- OR

H MOMO»-+— H MOMÔ  -^H  C=> (*)•!, (R)-2

I—  OSOj;C6H4NCV3 '—  OSQAHW '—  OH

4b: R=oleyi 12: R=oleyl 14: R = olcyl

4c R = petroselinyl 13: R=petroselinyl 15: R = petroselinyl

Scheme III: a R eagents: (a) CH2 (OMe)2 , P2 0 5 * CHCI3 ; CsOAc,

DMF/DMSO 4:1; (c) LiAH4, Et2 0 , 0 0 to 25 °C.
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Table I. Preparation of Saturated and Unsaturated Ether-Linked Glycerol
Arenesulfonates by Stereospeclflc Opening of 3 Catalyzed by BF3 -OEt2 a

o
OSQ2Ar

BFg OEt2\
(fl)-3a: Ar = C6 H4 CH3-4 
(fl)-3b: Ar = C6 H4 N02-3 RO—  .OSOaAr

O SQ 2Ar ROH /  

BF3  OE*2

(S)-3a
(S)-3b

Ring-opened product

X Y R Ar yield, % la ]2 5 D,deg % eec

4 a OH H hexadecyl C6 H4 CH3 - 4 80 -6.24^ 94.0(97.7)®

4 'a H OH hexadecyl CeH4 CH3-4 79 +6.37<* 95.7

4 b OH H oleyl C6 H4 NO2 - 3 73 *7.04^ >99

4 'b H OH oleyl C6 H4 NO2 - 3 76 +6 .8 8 ^ 97.1

4 c OH H petroselinyl C6 H4 NO2 - 3 82 -6.98^ >99

4 'c H OH petroselinyl C6 H4 NO2 - 3 75 +6 .8 6 ^ 98.1

4 d d OH H hexadecyl C6 H4 NO2 - 3 83 -6.45^-6.93)^ 93.3d

4 *d i H OH hexadecyl C6 H4 NO2 - 3 80 +6.12f(+6.76)/» 88.4'

a  Substrate 3 and long-chain alcohol (1.0-1.4 equiv) were reacted in CH2 CI2  or ethanol-free 

CHCI3  at room temperature for 18-24 h in the presence of -5  mol % BF3 -OEt2 . The 

regioselectivity (exclusive attack at C3 ) was determined by reversed-phase HPLC (4.6 x 250 mm 

C 1 8  Carbosphere). Recrystallized 3b (99% ee) was used to prepare 4b, 4'b, 4c, and V zP  
Isolated yield. c  Determined by HPLC on a chiral stationary phase (4.6 x 250 mm) column (Pirkle 

type IA, J. T. Baker), d c 5.0, CgHg. 6 4a was recrystallized three times from ether-hexanes prior 

to conversion to the (fl)-(+)-MTPA ester, f c  2.33, CHCI3 . 9 The % ee of the commercially 

available starting material [(s)-3b], [aj2 5 0  -2 1 .42° (C2.14, CHCI3 ), was 92.2. h  [a]25o  ( c 2 33, 

CHCI3 ) normalized to 99% ee of 3, which is attained by two recrystallizations.141 The % ee of th 

commercially available starting material[(S)3b],[a]25Q +20.82° (c2.14, CHCI3 ), was 89.6.
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Figure 1. HPLC Chromatograms of the (R)■ (+)-MTPA ester of 4:A, rac-4; B, 

4c; C, 4 'c. See Table 1, page 10, footnote o, for HPLC conditions.
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C h a p te r  6: P r e p a ra t io n  of 1 - 0 - H e x a d e c y l - 2 - 0 -  
methoxy-sn-glycero-3-(p-D-thioglucose)
Abstract:

Synthetic glyceroglycoiipids containing a  long alkyl chain at the sn- 1 

position and a  methoxy group at the sn- 2  position (1 ) p o sse s s  

cancerostatic activities. 1 The mechanism of antitumor action of ether 

glycolipids 1 e has not yet been established, nor is the mode of action of 

ether phospholipids ("alkyl lysophospholipids") fully understood . 2  The 

recent finding that 1-0-alkyl-2-0-methylglycero-3-|3-D-glucopyranose 

and 3-phosphocholine are converted into l-O-alkyl-2-O-methylglycerol 

in d ic a te s  th a t m etabo lism  of sy n th e tic  1 -O -alky l-2 -O- 

methyiglyceroglyco- and phospholipids is involved in the cytotoxicity of 

these compounds . 1 3  l-O-Hexadecyl-2-O-methylglycerol was found to 

inhibit protein kinase C in mouse fibrosarcoma cells ;2  this phospholipid- 

dependent enzyme is implicated in signal transduction pathways. 1 - 0  

Alkyl-2-O-methylglycerol or a  metabolite derived therefrom has been 

suggested to be the active agent in the expression of the cytotoxic 

effects of 1 -O alkyl-2 -Omethylglyceroglycolipids and 1 -0 *alkyl-2 - 0 - 

m ethylglycero- 3-phosphocholine . 4  S tud ies of the m etabolism  of 

a n tin e o p la s tic  g lyco sy lg ly cero lip id s  w ould be fac ilita ted  if a 

radiolabeled derivative w ere available for radioautography of the 

chloroform extract of cells or if a  continuous spectrophotometric assay of 

the b-glucosidase were available. We report here a practical, short, 

stereoselective synthetic route to the ether-linked glycerothiogiycolipid 

1 c from 1 -thio-p-D-glucose tetraacetate. The latter is available from the
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reaction of thiourea with tetraacetyl-a-bromoglucose5  and thus can be 

prepared with 35S by use of [3 5 S]thiourea. Furthermore, if the thiol 

group is liberated on incubation of 1c with cells, colorimetric assay  

using agents that react with sulhydryl groups is possible. The biological 

properties of 1c (and its anomer 1b) in various cell lines are currently 

under investigation in the laboratories of Dr. Hassan Salari (University 

of British Columbia, Vancouver, B. C.) and Dr. Fred Snyder (Oak Ridge 

Associated Universities, Oak Ridge, TN).

Discussion. Scheme 1 shows the conversion of 2a (obtained by the 

method described in Chapter 5, p. 58 ) into the glycerothioglycolipids 1c 

and 1f. The syntheses of 1 e and its sn-2 epimer 1 'e starting with 1-0- 

hexadecyl-2-0-methyl-sn-3-fe/t-butyldiphenylsilyl e ther 2b and its 

enantimer 2’b are also outlined in the scheme. Treatment of 2a with 1 - 

thio-p-D-glucose in the presence of the base DBU 3  in THF resulted in a  

3/1 mixture of 1 a /1 b , indicating that epimerization at the anomeric 

carbon occurred. The p and a  epimers are easily separated by flash 

chromatography (hexanes/ethyl acetate, 4/1). The individual spectral 

characteristics of 1 a and 1 b were determined by the J  value of the 

glucosyl H-| ■ (for the 0 anomer J = 5.77 Hz and for the a  anomer J = 

10.80 Hz); furthermore, their connectivities were determined by 2D-NMR 

(COSY). The peracetylated compounds 1 a and 1 b were hydrolyzed by 

treatment with catalytic barium oxide in dry methanol, giving 1c and 1f 

in almost quantitative yield. Conversion of 2b and 2’b (Z = H) into the 

P-glycolipids 1e and 1'e was achieved by well- known procedures 

using acetobromo-a-D-glucose in the presence of mercuric cyanide in 

b en zen e /n itro m eth an e  (1 / 1 ), followed by b a se  hydrolysis with
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methanolic sodiui’n hydroxide.

Materials and General Procedures. The solvents were dried as 

follows: THF, distilled from sodium benzophenone ketyl and collected 

over sodium; nitromethane, dried over calcium chloride and distilled 

prior to use; benzene, washed with concentrated sulfuric acid, then 

aqueous 1 0 % sodium bicarbonate and water, then dried over calcium 

chloride, and distilled over sodium; methanol, dried over magnesium 

sulfate. 1 -O-Hexadecyl-2-O-methyl- 3-0-(p-tolylsulfonyl)-sn-glycerol 

(2a), 1-O -hexadecyl-2-O -m ethyl- 3 - 0 -(fe/t-butyldiphenylsilyl)-s/7- 

g lycerol (2 b ) , and  3 -O -h ex ad ecy l-2 -0 -m eth y l-1 -O -(fe rf- 

butyldiphenylsilyl)- sn-glycerol (2 'b )  were synthesized as described 

previously^ . Acetobromo-a-D-glucose (2,3,4,6-tetraacetyl-a-bromo-D- 

glucose) was obtained from Sigma Chemical Co. 1-Thio-|3-D-glucose 

tetraacetate, mercuric cyanide, barium oxide, ethyl formate, and DBU 

were purchased from Aldrich Chemical Co. Dowex 50W-X8 was from J. 

T, Baker. Reactions were monitored on 0.25-mm thick silica gel GF TLC 

plates (Analtech, Newark, DE). Compounds were detected by spraying 

with 10% sulfuric acid in ethanol. Flash chromatography was carried 

out with silica gel 60 (230-400 ASTM mesh) from E. Merck, purchased 

from Aldrich. 1H NMR spectra  were recorded on a  GE Model QE 

spectrometer (300.5 MHz). Chemical shifts are given in parts per million 

from tetram ethylsilane a s  internal standard. Infrared spectra  were 

recorded on a  Perkin-Elmer 1600 spectrophotometer. Optical rotations 

were m easured at room temperature in a  1-dm cell on a  JASCO DIP- 

140 digital polarimeter. Melting points are uncorrected. Elemental 

analyses were performed by Desert Analytics (Tucson, AZ).
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Experimental Section
1 - O - H e x a d e c y l - 2 - 0 - m e t h o x y - s n - g l y c e r o - 3 - ( D -  

thioglucopyranosyl 2,3,4,6-tetraacetate) (ca. 3:1 mixture of p 

and a  anomers) (1a, 1 b, X = S , R = Ac). To a  mixture of 220 mg 

(0 .46  mmol) of 1 -O -hexadecy l-2 -O -m eth  -sn -g lycero l 3-p- 

toluenesulfonate and 182 mg (0.5 mmol) of 2 ,3 ,4 ,6-tetra-O acetyM - 

mercapto-p-D-glucopyranose in 4 mL of dry tetrahydrofuran was added 

75 mL (0.5 mmol) of DBU. The mixture was stirred under nitrogen at 

room temperature for 18 h; TLC (hexane-ethyl acetate 4:1) indicated 

that all of the starting tosylate had been consumed. The solvent was 

evaporated under reduced pressure, giving a brown residue that was 

purified by flash chromatography (hexane-ethyl acetate 4:1). There was 

obtained 312 mg (92%) of a  mixture of the a  and b anomers, which were 

separated by flash chromatography (hexane-ethyl acetate 4:1) to give 

234 mg (69%) of the p tetraacetate (fy  0.38) and 75 mg (22%) of the a 

tetraacetate (Rf0.27) as pale yellow oils. IR (neat): 2919, 2849, 1749, 

1461, 1367, 1224, 1113, 1090, 1037, 912 cm-1. Anal. Calcd for 

^ 3 4 H6 0 °1 1 S: C’ 60-33; ®-93: S, 4.74. Found: P anomer: C, 60.48;

H, 8 .8 6 ; S, 4.69. a  anomer: C, 60.37; H, 8.91; S, 4.71. 1H NMR (300 

MHz, CDCI3 ) p anomer: 5:5.69 (d, J=  5.77 Hz, 1 H, glucosyl Hr ), 5.36 

(dd (apparent t), J = 9.98 Hz, J = 9.53, 1 H, glucosyl H3 .), 5.03 (m, 2 H, 

glucosyl H2* and H4 1 ), 4.41 (m, 1 H, glucosyl H5 .), 4.29 (dd, ^n^a-H S ' = 

4.55 Hz, ^H6 'a-H 6 'b = 1 2  3 3  Hz- 9 'ucosyl H6.a ), 4.07 (dd, 4 i6 ’b-H5' =

I.85 Hz, JH6 'a-H 6 'b = 1 2  3 3  Hz* 9|uc°syl Hg'b). 3.38-3.57 (m, 8  H, with 

singlet a t 8  3.41 (3H), CH 2 OCH 2 C 1 5 H3 1 , CH3OCH), 2 .60-2.87
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(distorted AB quartet, 2 H, CH2S), 2.09 (s, 3 H, OAc), 2.05 (s, 3 H, OAc),

2.03 (s, 3 H, OAc), 2.01 (s, 3 H, OAc), 1.55 (br t, 2 H, 

OCH2CH2C 14H29), 1.26 (brs, 26 H, (CH2)13), 0.89 (brt, 3 H, co-CH3). 

a  anomer: 8 : 5.21 (dd (apparent t), J=  9.32 Hz, J=  9.27, 1 H, glucosyl 

H3>), 5.08 (dd (apparent t), J=  9.82 Hz, J=  9.20 , 1  H, glucosyl H4.), 5.01 

(dd (apparent t), J=  9.61 Hz, J=  9.37, glucosyl H2'), 4.63 (d, J=  10.08 

Hz, 1 H, glucosyl H-p), 4.25 (dd, JH6 'a-H 5 ' = 4,84 *"*z, ^H6 'a-H 6 'b =

12.04 Hz, glucosyl H6.a ), 4.12 (dd, JH6’b-H5' = 2  0 6  Hz> J H6 'a-H 6 'b “

12.04 Hz, glucosyl Hg<b), 3.69 (m, 1 H, glucosyl Hg*), 3.36-3.55 (m, 8  H, 

with singlet at 8  3.42 (3H), CH2 OCH2 C 1 5 H31 , CH3 OCH), 2.75-2.92 

(distorted AB quartet, 2 H, CH2 S), 2.09 (s, 3 H, OAc), 2.05 (s, 3 H, OAc),

2 .03 (s, 3 H, OAc), 2.01 (s, 3 H, OAc), 1.56 (br t, 2 H, 

OCH2CH2C14H29), 1.26 (brs, 26 H, (CH2)13), 0.89 (brt, 3 H, o>-CH3). 

1 -0 -H ex ad ecy l-2 -0 -m e th o x y > s/i-g ly ce ro > 3 -(f5 -D -th io g lu co se ) 

(1c , X = S , R s  H). The tetraacetate of the b anomer was hydrolyzed 

by adding 4.5 mg (0.03 mmol) of barium oxide to a  solution of 102 mg 

(0.15 mmol) of the tetraacetate in 4 mL of dry methanol. After the 

mixture had stirred for 24 h at room temperature under nitrogen, Dowex 

50W-X8 (H+ form) was added, and stirring w as continued for an 

additional 2  h (during which period the solution became clear). The 

mixture was filtered to remove the ion-exchange resin, which was 

w ashed with 20 mL of THF. The filtrate was dried over sodium 

bicarbonate to remove traces of acid. After filtration, the solvents were 

removed under reduced pressure to give 75 mg (100%) of the product 

a s  white crystals, mp -210 °C (decomp.); fy0 .45  (chloroform-methanol 

85:15); [<x]25D 122.4° (c 1.06, THF). IR (KBr): 3359, 2919, 2849, 1407,
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1365, 1223, 1112, 1090, 1037, 913 cm*1. 1H NMR {300 MHz, CDCI3) 5: 

5.40 (d, J = 5.3 Hz, 1 H, Chi>), 3.41-3.81 (m, 14 H, with a  singlet at d 

3.44), 2.74 (m, 2 H), 1.26 (br s, 28 H), 0.89 (br t, 3 H). Anal. Calcd for 

c 26h 5 2 °7 S: C, 61.38; H, 10.30; S, 6.30. Found; C, 61.17; H, 10.21; S, 

5.73.

1 - O - H e x a d e c y l - 2 - 0 - m e t h o x y - s n - g l y c e r o - 3 - ( p - D -  

g lu c o p y ra n o sy l 2 ,3 ,4 ,6 - te tra a c e ta te )  (1d , X = O, R = Ac). A

mixture of 330 mg (1.0 mmol) of l-O hexadecyl-2-O -m ethoxy-sn- 

glycerol, 495 mg (1.2 mmol) of acetobromoglucose, and 308 mg (1.2 

mmol) of mercuric cyanide in 10 mL of dry benzene-nitromethane (1:1) 

was stirred under nitrogen at 80 °C for 8  h. Additional amounts of 

mercuric cyanide (156 mg, 0.6 mmol) and acetobromoglucose (248 mg, 

0 . 6  mmol) were added, and the mixture was stirred for an additional 16 

h. After cooling to room temperature, the mixture was diluted with ether 

(50 mL) to precipitate the mercury salts, and then filtered through a  

Celite pad, which was washed with 100 mL of ether. The filtrate was 

washed twice with 10% aqueous sodium bicarbonate solution (75 mL), 

brine (75 mL), and water (75 mL). The ether layer was dried over 

Na2 S 0 4  and the solvent was removed under reduced pressure. The 

residue was purified by flash chromatography (elution with hexane-ethyl 

acetate 2:1) to give 560 mg (85%) of the product a s  white crystals, mp 

61-62 °C (lit. mp 61-62 °C--CPL 41, 93-100 '8 6 ); Rf 0.41 (hexane-ethyl 

acetate 2:1); [a]25p  -13.56° (c 1.0, chloroform-methanol 1:1). IR (CCI4): 

2919, 2849, 1749, 1367, 1224, 1118, 1090, 1038, 911 cm*1. 1H NMR 

(300 MHz, CDCI3 ) 8:5.24 (dd (apparent t), J=  9.42 Hz, J =  9.39 Hz, 1 H, 

glucosyl-H3.), 5.12 (dd (apparent t), J = 9.76 Hz, J = 9.43 Hz, 1 H,
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glucosyl-H^). 5-01 (dd, ^H2,-H3' = 9*4^ Hz, •^h1 ,-H2 > ~ 7 , 9 9  Hz, 1 H, 

glucosyl-H2»), 4.59 (d, J|-|1-H2 = 7 -9 1  Hz, 1 H, glucosyl-H^), 4.31 {dd, 

4 t6 'a-H 6’b = 1 2 , 6  Hz’ J H6 'a-H 5 ' = 4  7 5  Hz* 1 H* glucosyI-H6*a ), 4.17 

(dd, J H6 'a-H 6 'b = 1 2  6  Hz- JH6'b-H5' = 2  3 0  Hz- 1 H’ glucosyl-H6.b), 

3.93 (dd, J|-|1'-H3a = 3  3 2  Hz, ^H3a-H3b = 9*®® *"*2’ 1 ^ 3 '^ a ) ’ 3 , 7 4

(m, 1 H, glucosyl-H5 <), 3.68 (dd, ^H1'-H3b 3  4 , 4 1  Hz, ^H3a-H3b = ~9-® 

Hz, 1 H, C 3 -Hb ), 3 .41-3.58 (m, 8  H, with a singlet a t d 3.46, 

CH2 OCH2 C 1 5 H31, CH3QCH), 2.09 (s, 3 H, OAc), 2.05 (s, 3 H, OAc),

2.03 (s, 3 H, OAc), 2.01 (s, 3 H, OAc), 1.56 (br t, 2 H, 

OCH2 CH2 C 1 4 H29), 1.26 (brs, 26 H, (CH2)13), 0.88 (brt, J = 7.8 Hz, 3 

H).

3 - O - H e x a d e c y l - 2 -  O - m  e t h o x y - s n - g l y c e r o - 1 - (  p - D -  

g lu c o p y ra n o s y t  2 ,3 ,4 ,6 - te tra a c e ta te )  (1 'd , X = O, R = A c).

This compound was prepared in 87% yield by the sam e procedure as 

described above; mp 56-58 °C [lit. mp of racemate at C-2 : 52-54 °C] 1 b ; 

Ffy0.41 (hexane-ethyl acetate 2:1); [<x]23d  -6.33° (c 1.0, chloroform- 

methanol 1:1). 1H NMR (300 MHz, CDCI3 ): sam e as its C- 2  enantiomer 

in the region 8  4.17-5.24; different at 8  3.98 (dd, ^H1 ’-H1 b = 3 , 6 5  Hz> 

•>H1a-H1b = 9 , 7 1  Hz, 1 H, C-|-Ha ), 3.74 (m, 1 H, g lucosyl-^.), 3.61 (dd,

JH1'-H1b = 4 -4 5  Hz* J H1a-Hb = 9  7  Hz- c 1 'Hb)- 
1 -0 -H e x ad e cy l-2 -0 -m e th o x y -s /i-g ly c e ro -3 -(p -D -g lu c o se )  (1e ,

X = O, R = H). The hydrolysis procedure of Weber and Benning1b

was used without modification; yield, 1 0 0 %; mp 200 °C (decomp.);

[a]25D ‘11-9° (c 1.0, chloroform-methanol 1:1); lit. [a]25[) -11° (c 1.0,

chloroform-methanol 1:1)1b; IR (KBr) 3359, 2919, 2849, 1112, 1090,

1037, 913 c m '1; 1H NMR (300 MHz, CDCI3 ) 8  3.41-4.61 (m with a
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singlet at 8  3.44, 17 H, assignment), 1.26 (br s, 28 H, (CMgJ^CHg), 

0.89 (brt, 3 H o*CH3).

3 - 0 - H e x a d e c y l - 2 - 0 - m e th o x y - s / r - g ly c e r o - 1 - ( p - D - g lu c o s e )  

( 1 'e ,  X = O, R = H). This compound was prepared a s  described 

above; [a]25^  -7.30° (c1.0, chloroform-methanol 1:1).
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Scheme I. Conversion of ether-linked glycerols 2  into glyceroglycoljpids 1 (X ■ 0  and S)
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