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Abatra& Optmally active threo-3-[(benzyloxycarbonyl)oxy]-2-fluorotetradec~olc acid, 
(2R,3S)-11, was synthesized from 3,4,6-tn-0-acetyl-D-glucal uza methyl uronate derivative (5) 
Reactron of 5 with octylidene tnphenylphosphorane followed by treatment with DAST yielded 
methyl 2-fluorotetradecenoate derivative (2R,35)-7, from which (2R,3s)-11 was achieved m 
four steps The enantiomer was obtained by the resolution of raceme 8 

Lipid A is a hpoph& part of hpopolysacchande (LPS), which is a component of the 

outer membrane of Gram-negative bacteria, and shows most of the endotoxm activity of 

LPS I It has two (R)-3-hydroxytetradecanoyl groups at 2- and 3-positions of glucosamme, and 

also has (R)-acyloxytetradecanoyl groups at 2’- and 3’-positions of another glucosamne 

moiety Lpid X2 is the reducing part of lipid A, and IS one of the biosynthetic precursors of 

lipid A Hasegawa and Kiso showed that the non-reducing sugar part of hpid A (ex GLA-60) 

elicited some &stmct and potentml biologmal activity of lipid A and LPS.3 

We are interested in the biological activity of the compounds related to lipid A, X or 

GLASO, contaming a fluonnated hydroxytetradecanoyl group. Therefore, we attempted to 

synthesize optmally active three-3-[rbonyl)oxyl-2-fluorotetradecanoic aud, 

(2R,3S)-11, from 3,4,6-tri-O-acetyl-D-glucal. And the enantiomer was obtained by resolution of 

raceme 8, which was prepared from l-fluoro-3,3-dimethyl-2-butanone and dodecanal Here 

we describe the synthesis of (2R,3S)-3-[(benzyloxycarbonyl)oxyl-2-fluorotetradecanolc acid, 

(2R,3S)-11, (Scheme I), and the optical resolution of (f)-8 4 

The compound 1, obtained from ethyl 2,3-dldeoxy-a-D-crythro-hex-2-enopyranoside,5 

was converted to tntyl ether by treatment with tnphenylmethyl chloride m pyrnhne, and 

then to benzyl ether 2 by treatment with benzyl brormde m N,N-&methylformmde (DMP) 

usmg sodmm hydride (NaH) as a base Treatment of 2 with 4% sulfuric acid m methanol 
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(a) TrCi-pyndme, room temperature. 16 h; and BnBr, NaH-DMF, room temperatune, 18 h, 786, 

(b) 4%-H$W,-MeOH, room temperature, 15 h, 76%, (c) Jones ox~Won, O“C, 1 h, 63%. (d) 

CHZNZ-Et@EtOAc, room temperature, and dmxane-q 0.5% HzS04 (l.l), 70-75”C, 3 h, 88%, 

(e) n-C7H&H=PFh~-THF, room temperature, 15 mm, 55%, Q Et2NSFs-CH&, O’C-room 

temperature, 2 h, 34%, (g) 1 M N&H-EtOH (3.40). room temperature, 2 h. and Hz, Pd./C-AcOH, 

room temperature, 01) Ph&Nz-CH$&. room temperature, 1 h, three steps, 53%; (I) ClCOOBn, 

DMAP-CH~U~. 0°C 30 mm-mom temperature 30 mm, 95%, 0) CFQKIH-C&Cl,, room 

temperature, 1 h, 79% 

Scheme 1 
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gave the alcohol 36,s an anomeric nuxture. Treatment of 3 with Jones reagent gave an 

enantiomenc mixture of carboxylic acid 4. Esteriflcation of 4 with diazomethane, and 

deprotectlon of anomeric position with 5% sulfuric acid in ckoxane gave 6. Witt;lg reactron of 

S with n-octyl triphenylphosphomum bromide-lithium hexamethyhhsilazide 111 THP gave 6. 

Treatment of 6 with diethylarmnosulfur trifluoride (DAST) gave 7 with the inversion of 

configuration. The syn configuration of 7 was confirmed by the comparison of physical data 

of 9 and 11 m the latter stage The compound 7 was found to have a smell smular to that of 

stmkbug Saponification of 7 with aqueous 1M sodmm hydroxide m ethanol, and reduction of 

the double bond, followed by hydrogenolysls of the benzyl group using pallamum on carbon 

as a catalyst m acetic acid gave (2R,35)-8 Estenficatlon of thus resulted 2-fluoro-3- 

hydroxytetradecanolc acid with dlphenyhkazomethane gave (2R,3&9 Treatment of (2R,3S]- 

9 with benxyl chloroformate-DMAP gave (2&3S)-10, which was further converted to (2R,3S)- 

11 using tnfluoroacetlc aud m dichloromethane. 

On the other hand, the optical resolution of racermc-8 was achieved by treatment with 

dehydroabietylamme,7 to get a crystalline salt of (2S,3R)_8, winch was further converted to 

(2S,3R)-11 by the same procedure as described for the preparation of (2R,3S)-11 from (2&3S)- 

8 
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Figure 1 

X=n-C, ,H, 
Y=n-C,,H, 
GLA-60 

Melting points are uncorrected 1H NMR were recorded at 270 MHz using a JROL 

JNN-270 with tnmethylsllane as an mternal standard The IR absorption spectra were 

determined on a Jasco IR A-2 spectrophotometer Mass spectra were obtamed on a JMS- 

OlSG mass spectrometer Optical rotation was recorded Perkin-Elmer 241 polanmeter 

Column chromatography was carried out on silica gel-60 (Merck, 230-400 mesh ASTM), at 

slightly elevated pressure (12 atm) for elutlon 
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Ethyl t2,8dideoxy~~~de~ (1). To a solutron of ethyl 2,3-dideoxy-u-D- 

erythro-hex-2-enopyranoside5 (18.0 g, 122 mmol) in EtOH (180 mL) was added 10% Pd on 
carbon (2 0 g). The mxture was stirred for 30 min under H2 at room temperature. The 

catalyst was filtered off, and the filtrate was concentrated in uucuo to give 18 0 g of 1 

(quantitatively) as a crystallme solid, mp 72.573 5°C (needles from EtOAc-cyclohexane), 
which was employed for the next reactron without purification. 1H NMR (CDC13) 5 1.70-1.95 

(4H, m), 3.41-3.82 (6H, m), 4.79-4.80 (lH, m, Cl-H) IR vmax(N~ol) 3400-3250 cm-1 MS m/z 
175 (M+-1), 145,131,116. Anal. Calcd. for C8HI604. C, 54 63, H, 9.15 Found C, 54.38; H, 

8 88 

Ethyl 4-Chmyl6tHaiphemyhnethyl~~hhexo~de (2). (1) To a solution of 

1(14 8 g, 84.0 mmol) m pyndme (150 mL) was added Ph3CCl(23.4 g, 83 9 mmol) The 

mixture was stirred for 16 h at room temperature The precipitate was filtered off, and the 

filtrate was concentrated in UUCUO, diluted with EtOAc, washed successively with dil. HCl, 
H20, sat NaHC03, and brme, dried over MgSO4, and concentrated in U~CUO to give 35 1 g of 

ethyl 6-0-tnphenylmethyl-a-D-erythro-hexopyranoside, which was employed for the next 

reaction without punfication (11) To a solution of thus obtamed tntyl ether (35.1 g, 83.9 

mmol) m DMF (200 mL) were added NaH (3 02 g, 126 mmol) and BnBr (21.5 g, 126 mmol) 

The nuxture was stirred for 18 h at room temperature, and diluted with EtOAc, washed with 
ice-water, and brme, dried over MgS04, and concentrated m uucuo to grve a rmxture which 

was chromatographed on a silica gel column Elutlon with cyclohexane-EtOAc (9 1) gave 
33 5 g of 2 (78 %) as a gum IH NMR (CDCl3) 5 125 (3H, t, J=6 9-7 3 Hz), 174-2 06 (4H, m), 

3 19 (lH, dd, J=5 4,9 8 Hz), 3 41-3.58 (3H, m), 3 82-3 91 (W, m, OCH2), 4 25,4 48 (2H, AB-q, 

J=ll5 Hz), 4 88 (lH, d, J=2 0 Hz), 6 99-7 03 (2H, m), 7 19-7.37 (13H, m), 7.48-7 52 (5H, m) IR 
v,,,(neat) 1595 (w) Anal Calcd for C34H36C4 C, 80 28, H, 7 13 Found C, 79 95, H, 7 11 

Methyl4_0_benzvl-~de~~~~~p~& (3). The rmxture of 2 (33 0 g, 

64 9 mmol) m 4% H2SO4 m MeOH (v/v %, 500 mL) was stirred for 15 h at room temperature 

To this solution Et3N (56 mL) was added, and the rmxture was concentrated m uucuo to give 

an oily mixture, which was diluted with EtOAc, washed successively with H20, sat. 

NaHC03, and bnne, dned over MgSO4, and concentrated m uucuo to grve a rmxture The 

mixture was chromatographed on a ahca gel column Elutlon wrth cyclohexane-EtOAc 
(5 1, then 3 2) 12 4 g of 3 (76 %) as a gum 1H NMR (CDC13) 6 145-2 15 (4H, m), 1.74-2.06 (4H, 

m), 3 35 (2 2H, a, a-OMe), 3 44 (lH, m), 3.49 (0 8H, a, 8-OMe), 3 64-3 89 (4H, m), 4 48 (lH, d, 
J=ll7 Hz, OCHPh), 4 61-4 68 (2H, m, OCHPh and Cl-H), 7 25-7 38 (5H, m) IR v,,,(neat) 

3450 cm-l Anal. Calcd for C14H2004 C, 66 64, H, 7 99 Found C, 66 30, H, 8 33 

Methyl 4_O_benzyl-~_~~~~~~~~d~~c acid (4). To a solution 

of 3 (110 g, 43 6 mmol) m acetone (270 mL) Jones reagent (21 mL) was added gradually at 

0°C The mixture was stirred for 1 h at this temperature, diluted with EtOAc (2 L), and 
filtered The filtrate was washed with sat NaHC03 (500 mL x 3) The combmed aqueous 
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layer was washed with EtOAc (800 mL), and audified with cone HCl The acnhc aqueous 

layer was extracted with EtOAc. The organic layer was washed with bnne, dried over 
MgS04, and concentrated to give 7.32 g of 4 (63%) as an oil 1H NMR (CDCI3) 8 1.60-l 97 (3H, 

m), 2.04-2 16 (lH, m), 3 40 (15/6H, s), 3 53 (3/6H, s), 3 68 (lH, dt, J=4 9,9.8 Hz, C4-H), 4 26 (lH, 

d, Js9.8 Hz, G-H), 4 56,4 71 (W, AR-q, J=11.2 Hz), 4.61 (l/6H, d, J=3.4 Hz, Cl-Ha), 4 81-4 82 
(5/6H, m, Cl-He), 7.27-7 40 (5H, m) IR vmax(neat) 3650-2400,1715 cm-l Anal CaIcd for 

Cl4Hl805.1/2H20: C, 6131; H, 6 98 Found C, 6134, H, 6 54 

Methyl 4-Gbenxyl-2$dideoxy-a$-D-e@~hexopyranuronate (5) To a solution of 4 

(7 31 g, 27 5 mmol) in EtOAc (200 mL) was added an excess solution of CH2N2 m Et20 at 

room temperature with stirring The mixture was condensed in uucuo to give an oily 
residue, which was dissolved in dioxane-aqueous 0 5% H2SO4 (l:l, 500 mL). The solution 

was warmed to 70-75OC for 3 h with stirrmg, and cooled to room temperature using me, 
diluted with EtOAc (15 L), washed with H20 and brine, dried over MgSO4, and concentrated 

in uocuo to give a rmxture. The mixture was chromatographed on a silica gel column 

Eluixon wrth cyclohexane-EtOAc (11) to give 6 42 g of an anomeric mixture 5 (88%) as 
crystalls mp 111-113°C (from EtOAc-cyclohexane), 1H NMR (CDCl3) 6 18-2 2 (4H, m), 2 82 

(lH, d, J=3.9 Hz, OH), 3 70 (2.2H, s, OCH3), 3.76 (0 8H, s, OCH3), 4 71 (lH, d, J=2 3 Hz, C5-H), 

5.21-5.29 (IH, m, C4H), 5.42 (lH, m, Cl-H), 7.31-7 61(3H, m), 8 01-8.06 (2H, m), IR 
vmax(Nqol) 3410,1742,1705 cm -1, MS m/z 248 (M+-18) Anal. Calcd for Cl4Hl606. C, 

59 99; H, 5.75. Found: C, 60 lo; H, 6 86. 

(2S,3SWIethyI3-benxyk~-~hydroxyte~t.e (6) To a solution of 5 (996 mg, 3 74 
mmol) in THF (20 mL) was added a solution of n-C7Hl5CH=PPh3 in THF-hexane [prepared 

from a suspension of (Ph3PW8Hl7)Br (3 0 g) m THF (25 mL) and a solution of n-B&l (16 M 

hexane solution, 6 mL) at room temperature for 15 nun under mtrogenl After 15 mm at 

room temperature, the reaction mixture was quenched with 4N-HCl, diluted with EtOAc, 
washed with sat. NaHC03, brine dried over MgS04, decolonzed with activated charcoal, and 

concentrated in uucuo to mve an oily residue, which was chromatographed on a silica gel 

column. Elution with cyclohexane-EtOAc (3 1) gave 739 mg of 6 (55%) as a gum The 
stereochermstry of thm compound could not be established clearly 1H NMR (CDC13) 6 0 88 

(3H, t, J=6.3-6.9 Hz), 1.26-1.40 (lOH, m), 1.40-1.52 (lH, m), 1.73-189 (lH, m), 1.992 21(2H, m), 

3.72 (lH, m), 3.80 (3H, s), 4.46 (lH, d, J=3.0 Hz) 4.58,4 68 (2H, AR-q, J=11.6 Hz), 5.24-5 44 (2H, 
m, olefimc), 7.28-7.35 (5H, m), IR vm,,(neat) 3470, 1730 cm-l; MS m/z 362 (M+), 344, 273 

AnaI CaIcd for C22H3404 C, 72 89; H, 9 45 Found C, 72 69; H, 9 35 

c21z$sMetllyI~~-%~t8-m0. To a solution of 6 (362 mg, 10 
mmol) in CH2C12 (6 mL) was added Et2NSF3 (450 mg, 2.79 mmol) at 0°C. The mixture was 

stirred for 2 h at room temperature The reaction nuxture was quenched with ice-water, 
diluted with EtOAc, washed with sat. NaHC03, and bnne, dned over MgSO4, and 

concentrated in uacuo to give an ody residue, which was chromatographed on a silica gel 
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column Elution with cyclohexane-EtOAc (9:l) gave 51 mg of an uIlldenthd product 

(R&O 421), and 124 mg of 7 (34%, I&0.368) as a gum. The stereochexmstry of this compound 
could not be estabhahed clearly IH NMB (CDCl3) 5 0.88 (3H, t, J=6 4-6.8 Hz), I 27 (IOH, 

m),l70-1.90 (2H, m), 190-2.20 (4H, m), 3.76 (3H, s), 3.88 (lH, dm, J~~=24.4 Hz, C3-H), 4.54, 

4 61 (W, AB-q , J=ll7 Hz, CH2Ph), 4.94 (lH, dd, J=2.9-3.4,48.4 Hz, C2-H), 5.27-5.47 (W, m, 

oleiimc), 7 27-7.37 (5H, m); IR vma,(neat) 2930,2850, 1745 cm-l, MS m/z 364 &I+), 273,255, 

235,203,175 Anal Calcd for C22H3303F: C, 72 49; H, 9.13, F, 5.21 Found. C, 72.29, H, 9.17, 

F,485 

<~-~~[(21535)-91. To a solution of 7 

(96 mg, 0 263 mmol) m EtCH (8 mh) was added a solution of 1M NaOH (0.6 mL). The nurture 

was stirred for 2 h at room temperature. The reaction mixture waB acuhfied with &l HCl, 
and extracted with EtOAc. The orgamc layer was washed with sat. NaCl, dried over MgSC4, 

and concentrated in vucuo to grve 87 mg of 3-benzyloxy-2-fluorotetradec-6-enoic acid aa a 

gum, which was reduced and hydrogenolyzed m AcOH (6 mL) contammg 10% Pd on carbon 

(90 mg) at room temperature for 8 h. The catalyst was filtered off and the filtrate was 

concentrated in vucuo to grve 71 mg of (2R,35’)_3-hydroxy-2-fluorotetradecanoic acid t(uZ,SS)- 
81. The acid in EtOAc (2 mL) wa8 estenfied with Ph2CN2 (70 mg) for 1 h at room 

temperature. The rmxture wae chromatographed on a silica gel column. Elution with 

cyclohexane-EtOAc (10-l) to grve 60 mg of (2R,3SZS (5396, Bf=O 420, cyclohexane:EtOAc&l) 
as crystalls mp 60-61’C (from hexane), [aID 24 +4.5“ (c 1.2, CHCl3); 1H NMB (CDC13+D20) 5 

0 88 (3H, t, &6.4-6 8 Hz), 125 (18H, m),l40-164 (W, m), 4 04 (lH, dtd, 5=2.9,6.0,25.0 Hz, C3- 
H), 4.90 (lH, dd, &2.9, 47.9 Hz, C2-H), 7.01 (lH, 8), 7.28-7.38 (lOH, ml, IR vmax(EBr) 3520, 

1735 cm-l. Anal Calcd. for C27H3703P C, 75 67, H, 8 70, F, 4 43 Found. C, 75.78; H, 8 94, F, 

456 

CWW=mWS VI-%-- C~lOl. 
To a solutron of (2R,3S)_9 (24 mg, 0.056 mmol) in CH2Cl2 (1 mL) were added ClCCOBn 

(30 mg, 0.180 mmol) and DMAP (20 mg, 0 16 mmol). The mxture was stirred for 30 mm at 

0°C and then for 30 mm at room temperature. The reaction mixture was chromatographed 

on a preparative TIC plate. Development with cyclohexane-EtOAc (91) gave 30 mg of 
(2~,3S)-10 (95%) as a gum: IH NMB (CDC13) 6 0.88 (3H, t, J=6 4-6.8 Hz), 1.20-1.35 (18H, 

m),1.66-1.76 (2H, m), 4.90-5.20 (4H, m), 6.95 (lH, a), 7.25-7.40 (15H, m); IB vmar&neat) 2925, 

2860,175O cm-l. Anal Calcd. for C35H4305F: C, 74.71; H, 7.70; F, 3.38. Found C, 74 62, H, 

779,F,327 

(2z?#&W~)cmyl-~~ ada co-111. To a eolution 
of (2R,3@10 (20 mg, 0.036 mmol) in CH2Cl2 (1 n-L) was added CF3COOH (0.3 mL), and atter 

1 h at room temperature, the reaction lntxture was concentrated m vacua to give a residue, 

which was washed wrth hexane, leaving behind a deposit of 11 mg of (2R,3S)-11(79%) as a 
powder: mp 65*C. [a]$4 - 8.0“ (c 1.2, CHCl3), 1H NMB (CDC13) 5 0.88 @II, t, 5=6.4-6.8 Hz), 
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1.18 (18H, m), 1.68-1.90 (W, m), 3.95 (lH, bs), 5.00 (HI, dd, J=2.9,47.4 Hz), 5.09-5.24 (3H m), 
7 35 (5H, m); IRvmax(CHC13) 1770 cm-l. Anal. C&d. for C27H370#: c, 66.85, H, 8.50, F, 

4.82. Found C, 66.70; H, 8.42; F, 4.71. 

oplical-of-~~ml-~-~ *- . 

aci4w.switb me** To a suspension of the racemic carboxyhc acld 
W-84(13.0 g, 49 6 mmol) in Et20 (300 mb) was added dehydroabietylamine (14.9 g, 52.0 

mmol) at room temperature. After 1 h the dehydroabietylamine salt of (2S,3RZ8 was 

preciprtated from the resulted solution, and another 1 h stirring, the preuprtated salt was 
collected by 6ltration. The preuprtate was suspended m Et20 (200 mL) and refluxed to 

dissolve the salt with gradual addrtron of MeOH (ca. 50 mL). The solution was allowed to 

stand at room temperature where upon a crystalhne solid was obtained. Thrs 

recrystalhzation process was repeated once more to obtam 2 1 g of dehydroabietylamme salt 
of (2S,3R)-8 as a powder, mp 163-171°C, [aln 24 +20 8’ (c 1.2, MeOH) 1H NMR (CDC13) 5 

0 86-2 07 [43H, m, contaimng at 5 1.08 (3H, s), 1.18 (3H, s), 120 (3H, s), 1.24 (3H, s)], 2 30-2 42 

(lH, m), 2.70-2.97 (5H, m), 3.81-3.98 (H-I, m), 4 58 (HI, dd, J=3.4,50.3 Hz), 6 87 (lH, d, J=2 0 
Hz), 6 95 (lH, dd, J=2.0,8 3 Hz), 7.15 (lH, d, J=8.3 Hz) , IR vmax(K13r) 3305,2922,2852,1617, 

1585,1541,1459,1417,14042 cm -1. Anal Calcd for (&H58No3F: C, 74.54, H, 10 67; N, 2 56, 

F, 3 47 Found C, 74.45, H, 10 90, N, 2 42; F, 3 55 

cB93Rh~PhenY~W~fl~~b~ -te KWW-91 To a suspension of 
dehydroabretylamine salt of (2S,3R)_8 (1.27 g, 2 32 mmol) m THF (20 mL) was added Ph2CN2 

(495 mg, 2 55 mmol) The nnxture was warmed at 50°C for 5 h, then quenched w&h AcOH, 

and concentrated m uacuo to give a residue, which was chromatographed on a slhca gel 

column. Elution wrth cyclohexane-EtOAc (19 1) gave 900 mg of (2S,3R)-9, mp 59-60°C (from 
hexane), [al*24 - 4 4O (c 13, CHC13), 1H NMR and IR data were identical with those of 

(2R,3S)-9 Anal Calcd for C27H3703F C, 75 81, H, 8 85, F, 4 59 Found: C, 75 67, H, 8 70, F, 

443 

@S,3RWiphenyImethyl3-[cben~lo~~~nyl)o~l-2-fluo~~~~oa~ [(2&3R)-101. 

Thus obtained (2S,3R)-9 (200 mg, 0 47 mmol) was estenfied by the same procedure as 

descrrbed for the preparation of (2R,3S)-10 from (2R,3S)-9 Chromatography on a srhca gel 
column gave 236 mg of (2S,3R)-10 (90%) [aID +2 3O (c 0.8, CHCl3), 1H NMR and IR data 

were ldenucal wrth those of (2R,3S)-10 Anal Calcd for C35H4305F: C, 74 71, H, 7.70, F, 3 38 

Found C, 74 95, H, 7 76, F, 3 27 

(2S$R)sr@enxykuKycarbonyi)oxyl-2-ftuorote b&canoic acid [@S,3Z&ll]. Thus 

obtained (2S,3R)-10 (216 mg) was treated by the same procedure as described for the 

preparation of (2R,3S)-11 from (2R,3S)-10 to give 126 mg of (2S,3R)-2 (83%); mp 64 5-65 5°C 
Ealn24 +7 9” (c 10, CHC13), 1H NMR and IR data were ldentlcal wrth those of (2R,3S)-2. MS 
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m/z 395 (M+-l), 351,334,245,225,180,151,107,91 AnaI. Calcd. for C27H3703E C, 66.64; H, 

8 39, F, 4 79 Found C, 66.85; H, 8.50; F, 4.82 
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