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ABSTRACT - Carbocyclic analogues of lipid X and nor-lipid X (I and 2) are synthesized 
respectiveZy from amino-inososes 3 and Zba, readily prepared from exocyclic olefins by Ferrier 
rearrangement 

R&urn& La syntht?se danalogues carbocycliques du iipide X et du nor-lipide X (Z et 2) a et& 
realiske respectivement d partir des amino-inososes 3 and Z6a, preparees aisement par un 
rearrangement de Ferrier des ol&ines exocycliques correspondantes. 

Lipid A,* the hydrophobic portion of lipopolysaccharide (LPS) of Gram-negative bacteria, first 

synthesized by Shiba et al ,2 is of considerable biological and pharmacological interest, because it is responsible 

for many physiological effects of Gram-negative bacteria; endotoxicity, adjuvancity, immunostimulating 

prqerties. Lipid A is believed to be associated with et&toxin induced septic shock. Due to their toxicity, LPS 

and lipid A could not be used clinically. 

Monophosphoryl Iipid A (MLA)S and a monosaccharide lipid X (N2,03-diacylglucosamine-l- 

phosphate)4 have been isolated from bacterial lipopolysaccharides. In contrast to LPS and lipid A. they am 

nontoxic to animals. MLA possesses immunostimulant and potent adjuvant properties and enhances 

immunoresponsiveness and nonspecific resistance to bacterial infections.5 Until now, lipid X. synthesized in an 

efficient way by Macher,o exhibited, albeit weakly, most of the activity of lipid A. Very recently7 in 1990, 

synthetic lipid X highly purified by gel filtration over Sephadex LH20. was re-examined for endotoxin like 

biological activities and was found to be. virtually devoid of immunostimulant properties. It displays, however, 

anti-viral and anti-et&toxic activities. In addition, lipid X can also inhibit protein kinase C in human platelets.8 
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MLA ‘G3 

As part of a larger synthetic program, we am interested in replacing the D-glucosamine moiety of simple 

or complex natural products by pseudo-D-glucosamine, where the ring oxygen of the D-glucosamine has been 

changed to a methylene group.9 This nominally simple modification might give rise to isosteres with novel and 

interesting biological activity.10 Towards this objective, we initiated a synthetic program to prepare carbocyclic 

analogues of lipid X. 

We describe in this paper the synthesis of carbocyclic lipid X 1 and a carbocyclic nor-analogue of lipid 

X.l 1 These two compounds are devoid of immunostimulant activity but, like lipid X, antagonize LPS toxicity. 

The carbocyclic lipid X is able to inhibit the capacity of LPS (S. thyphimwim) to induce procoagulant activity 

and did not induce tumor necrosis factor (TNF). 

Recently a paper12 was published on the synthesis of Carbocyclic Analogue of lipid X. The pseudo-lipid 

X has been described in two Ph. D. theses,l 1 presented at the University of Paris XI. 

Synthesis of the Carbocyclic Analogue of Lipid X 1 (Scheme 1). 

The synthesis of the carbocyclic analogue of Lipid X 1 uses a carbamate derivative of pseudo-D- 

glucosamine 3a as key intermediate. 9b The preparation of 1 was realised in 10 steps in 6% overall yield (Scheme 

1). 

4,6-O-Benzylidenation of 3 to yield 4 (54%) was performed by transacetalation with benzaldehyde 

dimethyl acetal in N,N-dimethylformamide at 60°C under vacuum (18 mmHg) in the presence of toluene-p- 

sulfonic acid as catalyst. Under these conditions, we also observed the simultaneous formation of an aminal 

group. The alcohol 4 was transformed to the 3-O-ally1 derivative 5 by treatment with ally1 bromide and sodium 

hydride in NJGlimethylfotmamide (71%). The benzylidene and aminal groups were removed by acid hydrolysis 

to afford the dio16 (95%). Cleavage of the oxazolidinone ring under basic conditions afforded the 3-O-allyl- 

pseudo-D-glucosamine 7. N-Acylation of 7 by N-(R)-3-benzyloxytetradecanoyloxysuccinimidel3 in N,N- 

dimethylformamide was followed by 4,6-O-benzylidenation to give 9 (86%). This latter was converted to the l- 

dibenzylphosphono derivative 10 by treatment with N,Nethyldiisopropyldibenzylphosphoramidite14 in the 

presence of tetrazole in acetonitrile, followed by oxidation of the phosphite by r-butylhydroperoxide (73%). 

Cleavage of the ally1 group of 10 was achieved with selenium dioxide15 to afford the alcohol 11 (62%). 

Acylation of 11 by (R)-3-benzyloxytetradecanoic acid, 6 dicyclohexylcarbodiimide in the presence of 4- 
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dimethylaminopyrldine in dichloromethanc furnished 12 (52%).The benzyl and benzylidene groups of 12 wem 

removed by catalytic hydrogenation to yield 1(85%). 

Synthesis of the nor Analogue of Lipid X (Scheme 2) 

The synthesis of the carbocyclic nor-analogue of Lipid X 2 was achieved from amino-inosose 16a 

available from D-glucosamine. 

The iodo compound 13 prepared in 6 steps from D-glucosamine as previously descrlbed9b was acetylated 

and converted to the exocyclic olefin 15 by treatment with DBU in tetrahydrofuran at 80°C. In the presence of a 

catalytic amount of mercuric sulfate in dioxane with aqueous sulfuric acid at 80°C, the olefin IS was transformed 

to the ketones 16a and 16b with a good stereoselectivity (7:2 respectively). The ketone 16a was reduced with 

sodium borohydride in the presence of cerium chloride16 in ethanol to afford exclusively the equatorial alcohol 

17. Hydrolysis of the acetate group of 17 with ammonia followed by treatment of 18 with 2,2- 

dimethoxycyclohexane and toluene-p-sulfonic acid in N,N-dimethylfomtamide gave the cyclohexylidene acetal 

19 together with the side product 20 which, by hydrolysis in the presence of toluene-p-sulfonic acid, was 

transformed to the desired derivative 19. Treatment of the latter with SEM chloride in the presence of N- 

ethyldiisopropylamine afforded 21. Catalytic hydrogenolysis of 21 was achieved with ammonium formate as 

proton source and palladium on charcoal 10% in methanol to yield 22. N-Acylation of 22 with N-(R)-benzyloxy- 

tetradecanoyloxysuccinimide (13) in N,N-dimethylformamide gave 23 (61%). O-Acylation of 23 was carried out 

by treatment with (R)-3-benzyloxytetradecanoic acid in the presence of dicyclohexylcarbodiimide and 4- 

dimethylaminopyridine in dichloromethane to afford 24 (84%). Removal of the SEM blocking group of 24 was 

achieved according to the method described by Paquette 17 which involved heating 24 in solvent-tree melted 

tetra-n-butylammonium fluoride under a vacuum of 2 mmHg to yield 25. Phosphorylation of 25 at positon 1 

with N,N-ethyldiisopropyldibenzylphosphoramidite in the presence of tetrazole in acetonitrile, followed by 

oxydation of the phosphite by r-butylhydtoperoxide furnished 26 (71%). Hydrolysis of the acetal group followed 

by catalytic hydrogenolysis of the benzyl groups yielded the carbocyclic nor-analogue 2 of Lipid X. 

EXPERIMENTAL SECTION 

Microanalyses were performed by the Analytical Department, C.N.R.S., Gif-sur-Yvette. Melting 
points were determined on a Reichert ap 
Perkin-Elmer polarimetcr 141. 1H and P 

aratus and am uncorrected Optical rotations were measured with a 
3C NMR spectra were recorded on Bruker spectrometers: WP 80 

(80 MHz), WP 200 (200 MHz, 50 MHz ‘3C), WM 400 (400 MHz). Mass spectra were recorded on AEI 
MS 50 (BI), AEI MS 9 (IC) and Kratos MS 80 (PAB) spectrometers. Chromagel60 A CC (230400 mesh) 
SDS was used for column chromatography. HPLC chromatography was carried out on a silica gel column 
(Si 60 5u). Chromatography was done using the flash column technique. 

1-0-(1,2,4/3,5)-4,7-O-Benzylidene-2-N-(methoxymethylphenyl)-amina~-l,2-N,~-carbonyl- 
5-C-hydroxymethyl-1,3,4-cyclohexanetriol 4. A solution of 1 D-( 1,2,4/2,5)-3,4-Di-0-benzyl-2- 
benzylamino-1,2-N,O-carbonyl-5-hydroxymethyl- 1,3,4-cyclohexanetrioI9b (0.5 g, 1.057 mmol) in dry 
tetrahydrofuran (5 mL) was added to a blue solution of Li metal in liquid NH3 (30 mL. dried over Na) at 
-78°C. Small amounts of Li were added in alternation with the benzyl derivative to maintain the blue color. 
After 30 min tcrt-butyl alcohol (3 mL) was added dropwise in three portions and then ethanol until the solution 
turned white. The mixture was diluted with tetrahydrofuran and treated with a resin CC 50 H+. This mixture 
was filtered off and concentrated to give the crude trio1 3a. To this latter (0.214 g, 1.05 mmol) in N,N- 
dimethylfotmamide (1 ml) was added benzaldehyde dimethyl acetal(2 ml) and a catalytic amount of toluene-p- 
sulfonic acid. The mixture was stirred at 6O‘C under vacuum (18 mm Hg) for 3 h and concentrated The 
residue was diluted with dichloromethane, washed with water and the organic layer was dried (MgSO4), 
filtered and evaporated to dryness. Column chromatography (ethyl acetate-hexane, 1:2) of the residue gave 4 as 
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a colorless Oil (0.233g, 54%). Anal. Calcd. for C23 Hz5 N 06: C, 67.14; H. 6.12. Found: C, 67.25; H, 6.08. 
lUlo20= -62” (c= 6.29, CH2C12). MS (EI. m/z): 411 (M) +.. lH NMR Ii (200 MHz, CDCl3): 1.38 (m, lH, H6); 
2.17 (m, 2H, H5, H6’); 3.28 (t. lH, H2, Jl.2= J2.3” 7 Hz); 3.43 (t. lH, H4. J4.5= 10 Hz) ; 3.62 (t, lH, H7, 
J5,7= J7.7” J5,7*= 11 Hz); 3.72 (s, 3H, OCH3); 3.90 (t, lH, H3, J3.4= 10 Hz); 4.27 (dd, lH, H7’); 4.52 (m, 
lH, Hl); 5.57 (s. 1H. OCHO); 6.25 (s. lH, OCHN); 7.32-7.62 (m, lOH, Ph). *3C! NMR 6 (50 MHz, 
CDC13): 26.4 (C6); 31.5 (C5); 57.8 (OCH3); 60.5 (C2); 70.7 (C7); 74.7 (C3); 75.1(Q); 79.6 (C4); 85.2 
(OCN); 101.6 (OCHO); 126.2-137.9 (Ph); 157.7 (CO). 
~-D-(~,2,4/3,5)-3-O-Allyl-4,7-0-benzylidene-1,2-N,O-carbonyl-5-C-hydroxymethyl-2-N- 
(methoxymethylphenyI)-aminal-1,3,4-cyclohexanetriol 5. To a stirred suspension of sodium 
hydride (50% in oil) (0.143 g, 3.11 mmol) in N,N-dimethylformamide (4 ml) was added dropwise at OY!, 
under argon a solution of alcohol 4 (0.85 g. 2.07 mmol) in N,N-dimethylformamkle (1 ml) and ally1 bromide 
(0.269 ml, 3.11 mmol). The mixture was stirred at 20°C for 2 h and diluted with tetrahydrofuran (20 ml), 
neutralized with a resin IRN-77 H+ at O°C and then filtered. The filtrate was evaporated to dryness and the 
residue was chromatographed on a silica gel column (ethyl acetate-hexane, 1:2) to yield 5 (0.66 ,71%) as a 
colorless oil. Anal. Calcd. for ($6 Hz9 N 06: C, 69.16; H. 6.47. Found: C, 69.19; H, 6.71. f _ 0 [o]D e= 62 (c = 
0.81, CH&!l2). MS (CI, m/z): 452 (MH) +*. lH NMR 6 (200 MHz, CDC13): 1.17 (m, 1H. H6); 2.08 (m, 2H, 
H5, H6’); 3.35 (t, lH, H2); 3.53 (m, 2H. H4. H7); 3.68 (m, 4H. H7’, OCH3); 4.20 (m, 2H, 
OcHzCH=CH2); 4.40 (t. 1H. H3); 4.50 (m, 1H. Hl); 5.50 (m, 3H, m=CHCH20, mph); 6.14 (m, 2H, 
OCHN, CH2=--CHgO); 7.40 (m. 10 H, Ph). l3C NMR 6 (50 MHz. CDC13): 26. 5 (C6); 30.4 (C5); 56.9 
(C2); 58.3 (0CH3); 70.7 (C7); 74.4 (eCH=CH2); 74.9 (C3); 83.1 (Cl); 83.4 (C4); 86.3 (OCHN); 101.3 
(CCHO); 116.5 (CH=cH$; 125.9-129.0 (Ph); 135.3 aH=CH$; 136.8 (Ph); 138.1 (Ph). 
1-D-(1,2,4/3,5)-3-0-Allyl-2-amino-1,2-N,O-carbonyl-5-C-hydroxymethyl-l,3,4-cyclo- 
hexanetriol6. A suspension of 5 (0.452 g, 1 mmol) in water/acetic acid (3 ml, 1:2) was stirred for 24 h at 
room temperature and then concentrated. Column chromatography (dichloromethane-methanol, 7:l) gave the 
crystalline diol 6 (0.23 g. 95%). Anal. Calcd. for Cl1 H17 N 05: C, 54.31; H, 7.04. Found: C, 54.28; H, 
7.09. lU]p2’= +62“ (c= 1, CH3OH). Mp: 141’C (CHC13). MS (CI, m/z): 244 (MH)+.lH NMR 6 (200 MHz, 
CDC13): 1.63 (m. 2H, H6, H5); 2.13 (d, lH, H6’); 3.30 (m, lH, H4, H7); 3.63 (m, H2, H3, H7); 4.38 (dd, 
2H, CHz=CH- 

?2 
0); 4.76 (m, lH, Hl); 5.23 (m, 2H, a=CH-); 6.08 (m, 1H. CHg=Q&). I3C NMR 6 

(50 MHz. CDCl3): 8.6 (C6); 40.2 (CS); 58.8 (C2); 64.0 (C7); 73.1 (Cl); 74.2 (mH2-CH=CH2); 76.3 (C3); 
86.7 (C4); 117.2 cH2=CH-); 136.5 (CHz=cH-). 
1-D-(1,2,4/3,5)-3-0-Allyl-2-amino-5-C-hydroxymethyl-l,3,4-cyclohexanetrioI (3-O-Allyl- 
pseudo-D-glucosamine) 7. To a solution of lithium hydroxide (0.88 g, 20 mmol) in water methanol (10 
ml, 64) was added 6 (Oil5 g, 0.61 mmol). The mixture was heated at 90°C overnight. The solution was then 
cooled, diluted with water (10 ml) and neutralized with a resin IRN-77 H+ and filtered. The resin was washed 
with methanol and ammonium hydroxide 10 N (2x10 ml). The solvent was evaporated to give 7 (0.125 g, 
93%). MS (FAB, m/z): 218 (MH)+. *H NMR 6 (200 MHz, CD3OD): 1.74 (m, 2H, H6’, H5); 2.33 (d, lH, 
H6); 3.24 (m, 3H, I-U. H4, H7); 3.60 (m, 2H, H3, H7’); 3.93 (s, lH, Hl); 4.14 (dd, lH, C!Hz=CH-a- 
0); 4.45 (dd, lH, CHz=CH-UO); 5.15 (m, 2H, m=CH-); 6.10 (m, lH, CH2=a-CH2). 13C NMR 6 
(50 MHz, CD3OD): 33.8 (C6); 40.5 (C5); 57.7 (C2); 64.7 (C7); 69.6 (Cl); 75.1 (xH2-CH=CH2); 76.5 
(C3); 85.9 (C4); 116.8 cHz=CH-); 137.0 (CHz=cH-). 
1-D-(1,2,4/3,5)-3-O-Allyl-2-[(R)-3-benzyloxytetradecanoyl-amido]-5-C-hydroxymethyl- 
1,3,4-cyclohexanetriol 8 A mixture of 7 (0.15 g, 0.69 mmol) and (R)-3-benzyloxy- 
tetradecanoylsuccinimide (0.3 g, 0.71 mmol) in dry N,N-dimethylformamide (2 ml) was stirred at room 
temperature overnight under argon and then concentrated. The residue was chromatographed on a silica gel 
column (dichloromethane-methanol, 7:l) to give crystalline 8 (0.288 g, 78%). Anal. Calcd. for C31 H51 N 06: 
C, 69.76; H, 9.63. Found: C,69.60; H, 9.58. [Ulozo= +33” (c= 1.81, CH3OH). Mp: 112-l 17’C (CHC13). MS 
(FAB, m/z): 534 (MH)+. lH NMR 6 (200 MHz, CDC13): 0.72, 1.30, 1.65, 2.47, 2.60 (m, 28 H, H6, H6’. 
H5, CI-I3-CHZ-chain); 3.50 (m, 2H, H4, H7); 3.67 ( m, 2H, H7’, H2); 3.97 (m, 3H, Hl, H3, QBXH2Ph); 
4.13 (m, 2H. CHz=CH--0); 4.57 (q, 2H, mph); 5.20 (m, 2H, m=CH-CH20); 5.90 (m, lH, 
CHZ=~-CH~O); 6.95 (d, lH, NH); 7.50 (m. 5H, Ph). 13C NMR 6 (50 MHz, CDC13): 14.1 (CH3); 22.6, 
25.2, 25.4, 29.3, 29.6, 42.0 (CHZ-chain); 34.1 (C6); 38.1 (C5); 54.8 (C2); 66.0 (C7); 68.5 (Cl); 71.8 
CHgh); 72.8 (CI-I+ZH-cH20); 76.4 (C3); 76.6 CHOCHzPh); 81.2 (C4); 116.9 (cHz=CH-); 127.9, 
128.0. 128.5 (Ph); 135.1 (CHz=.H-); 171.9 (CO). 
l-D-(1,2,4/3,5)-3-O-Allyl-4,7-O-benzylidene-2-[(R)-3-benzyloxytetradecano,yl-amido]-5-C- 
hydroxy-methyl-1,3,4-cyclohexanetriol 9. A mixture of zinc chloride (0.08 g, 0.587 mmol), 
benzaldehyde (1.5 ml) and trio1 8 (0.11 g, 0.206 mmol) was stirred under argon at room temperature for 30 
min and then diluted with dichloromethane. The solution was neutralized with a resin IRA-68 and filtered. The 
filtrate was washed with water, dried (MgS04), then filtered and evaporated to dryness. Column 
chromatography (ethyl acetate) yielded 9 as an oil (0.11 g, 86%). Anal. Calcd. for C38 H55 N 06: C, 73.40; 
H, 8.92. Found: C, 73.48; H, 8.87. [oloZo= +3’ (c= 5.53, CHC13). MS (CL m/z): 622 (MH)+. lH NMR 6 
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(200 MHz, CDC13): 0.88, 1.25, 1.63, 2.40 (m. 28 H, H6, H6’, H5. CHg-CHZchain); 3.60-4.20 (m. 8H, 
H2, H3, H4, Hl, aOCHZPh, CHz=CH-=O, H7, H7’); 4.42 (dd. 1H. CHz=CH-=O); 4.60 (q, 2H, 
mph); 5.23 (m, W, Q&CH-CH20); 5.63 (s, IH, m0); 5.90 (m. 1H. CH&&CH20); 6.65 (d, lH, 
NH); 7.50 (m, lOH, Ph). *SC NMR 8 (50 MHz, CDC13): 14.1 (CH3); 22.7, 25.3, 29.4, 29.7, 31.9. 42.0 
(CHZ-chain); 34.1 (C6); 55.8 (C2); 68.0 (Cl); 71.3 (C7); 71.7 GH2Ph); 73.6 (CHz=CH-GH20); 77.1 
(QIOCHzPh); 77.4 (C3); 85.1 (C4); 101.8 (C8); 116.5 cHz=CH-); 126.1, 128.7 (Ph); 135.5 (C!H2$H-); 
138.5, 138.6 (Ph); 171.9 (CC). 
1-0-(1,2,4/3,5)-3-0-Allyl-4,7-O-benzylidene-2-[(R)-3-benzyloxytetradecanoylamido]-1-0- 
dibenzyl-phosphono-S-C-hydroxymethyl-l,3,4-cyclohexanetriol 10. To a solution of alcohol 9 
(0.15 g. 0.242 mmol) in dry acetonitrile (1 ml) was added at room temperature, under argon, sublimed 
tetrazole (0.054 g, 0.793 mmol) and NJ’-ethyldiisopropyldibenzylphosphoramidite (0.12 ml, 0.348 mmol). 
The mixture was stirred at room temperature for 30 min and diluted with dichloromethane (10 ml), then r- 
butylhydroperoxide (0.2 ml) was added. After 2 h, a solution of sodium thiosulfate was added and then the 
mixtute was extracted with dichlotomethane. The organic layer was dried, filtered (MgSO4) and evaporated to 
dryness. Column chromatography on a silica gel column (ethyl acetate-heptane, 3:1) yielded the phosphate 10 
as an oil (0.155 g. 73%). Anal. Calcd. for C52 Hea N OgP: C, 70.08; H. 7.77. Found: C, 70.01; H, 8.03. 
[o]D*‘= +17” (c= 4.30, CH2C12). MS (FAB, m/z): 883 (MH)+. tH NMR 6 (200 MHz, CDCl3): 1.00, 1.33, 
1.60, 1.90, 2.20, 2.42 (m, 28 H, H6, H6, H5, CHj-CHa-chain); 3.47-3.85 (m. 4H, H7, H7’. H4, H2); 
3.96 (dd, lH, CH2=CH-C&O,); 4.17 (m. 2H, H3, CHOCHzPh); 4.37 (dd. 1H. CH2=CH-=O); 4.57 (q, 
2H, CHOmPh); 4.91 fjn, lH, Hl); 5.17 (m, 6H, POC&Ph, tJ&=CH-CH20); 5.70 (s, lH=Ph); 5.92 
(m, lH,CH2==-CH20); 6.91 (d, lH, NH); 7.53 (m. 20H, Ph). 13C NMR 6 (50 MHz, CDC13): 14.1 
(CH3); 22.7, 25.4, 29.0, 29.4, 29.7, 32.0 (CHZ-chain); 33.8 (C6); 32.5 (C5); 53.6 (C2); 69.7, 69.8, 70.9 
GH2Ph); 71.1 (C7); 73.7 (CH2=CH-GH20); 76.5 CHOCHzPh); 77.1 (C3); 84.7 (C4); 101.3 (C8); 116.6 
(Q&=CH-); 126.0, 128.8 (Ph); 135.2 (CHz=GH-); 136.1, 138.4, 138.5 (Ph); 171.9 (CO). 
1-0-(1,2,4/3,5)-4,7-O-Benzylidene-2-[(R)-3-benzyloxytetradecanoylamido]-l-~-dibenzyl- 
phosphono-S-C-hydroxymethyl-1,3,4-cyclohexanetriol 11. To a solution of 10 (0.051 g, 0.058 
mmol) and selenium oxide (IV) (0.0065 g. 0.059 mmol) in dry dioxane (2 ml) was added under argon acetic 
acid (0.045 ml, 0.075 mmol). The mixture was heated at lOO“C for 2 h. The solvent was evaporated under 
reduced pressure. Column chromatography of the residue gave 11 as an oil (0.030 g, 62%). Anal. Calcd. for 
C4g H64 N OgP C. 69.90; H. 7.66. Found: C, 69.71; H, 7.58. [a]ozo= +9” (c= 7.40. CH2Cl2). MS (FAB, 
m/z): 842 @U-I)+. lH NMR 6 (200 MHz, CDC13): 0.90, 1.30, 1.82, 2.13, 2.43 (m, 28 H, H6, H6’, H5, 
CH3-CH2-chain); 3.44-4.17 (m. 6H, H2, H3, H4. H7, H7’, Cf-JOCHzPh); 4.58 (m, 2H, mph); 4.81 (m, 
lH, Hl); 5.07 (m. 4H, mph); 5.64 (s. lH, mph); 7.01 (d, lH, NH); 7.42 (m. 2OH, Ph). t3C NMR 6 (50 
MHz, CDCl3): 14.1 (CH3); 22.7, 25.4, 28.2, 29.1, 29.4, 29.7, 32.0, 41.2 (CHZ-chain); 31.9 (C5); 34.0 
(C6); 54.9 (C2); 69.7,70.0,70.9 cH2Ph); 71.1 (Cl); 7 1.2 (C7); 76.1 (C3); 76.2 CHOCHzPh); 84.1 (C4); 
102.0 (KHO); 126.2- 138.8 (Ph); 172.2 (CO). 
1-0-(1,2,4/3,5)-4,7-O-Benzylidene-3-O-[(R)-3-benzyloxytetradecanoyll-2-[(R)-3-benzyl- 
oxytetradecanoylamidol-l-O-dibenzylphosphono-5-C-hydroxymethyl-l,3,4-cyclohexanetrio~ 
12. To a solution of 11 (O.O74g, 0.088 mmol), (R)-3-benzyloxytetradecanoic acid (13) (0.035 g, 0.70 mmol) 
and a catalytic amount of 4dimethylaminopyridine in dry dichloromethane (1 ml) was added under argon 
dicyclohexylcarbodiimide (0.022 g, 0.105 mmol). The mixture was kept at room temperature for 24 h and then 
evaporated under reduced pressure. The residue was chromatographed on a silica gel column (ethyl acetate- 
hexane, 2:l) to give 12 as a syrup (0.053 g, 52%). Anal. Calcd. for C70 H9g N OltP: C, 72.58; H, 8.35. 
Found: C, 72.14; H, 8.03. [aID*‘= +19’ (c= 4.70, CH2Cl2). MS (FAB, m/z): 1158 &U-I)+. tH NMR 6 (200 
MHz, CDC13): 0.88, 1.23, 1.92, 2.17, 2.52 (m, 53 H, H6, H6’, H5, CHS-CHZ-chain); 3.47-3.84 (m, 4H, 
H2, H4, H7, H7’); 4.02 (m, lH, H3); 4.30 (m, 2H, 2 CHOWzPh); 4.45 (m, 4H, mph); 4.77 (m, lH, 
Hl); 5.05 (m, 4H, 2 S&Ph); 5.48 (s, lH, CHPh); 6.61 (d, lH, NH); 7.42 (m, 25H, Ph). 13C NMR 6 (50 
MHz, CDC13): 14.1 (CH3); 22.8, 25.1, 25.2, 25.5, 25.8, 29.2, 29.4, 29.7, 30.1, 34.1, 34.3, 34.8, 40.0, 
41.4 (CHZ-chain); 32.0 (C6); 32.3 (CS); 53.4 (C2); 69.9, 70.8 GH2Ph); 71.2 (C7); 75.7 (C3); 76.1 (C3); 
76.0176.6 (QWCH2Ph); 81.3 (C4); 101.6 (XHO); 126.3-139 (Ph); 171.0 (COO); 171.8 (NCO). 
1-0-(1,2,4/3,5)-3-0-[(R)-3-Hydroxytetradecanoyll-2-[(R)-3-hydroxytetradecanoyl-amido]- 
l-O-phosphono-5-C-hydroxymethyl-1,3,4-cyclohexanetriol 1. A solution of 12 (0.115 g, 0.099 
mmol) in a mixture of tetrahydrofuran/water (30 ml, 9: 1) was hydrogenated for 5 h at 25’C and 105 Pa over 
10% Pd/C (0.1 g) and then filtered. The tetrahydrofuran was evaporated and the aqueous suspension was 
lyophilised. The lyophilisate (0.07 g) was washed with ether and dried to give 1 (0.06 g, 85%). MS (FAB, 
m/z): 710 (MH)+; 732 (M+Na)+. Anal. Calcd. for C35HeaNOttP. H20: C, 57.75; H, 9.69; N, 1.92; P, 4.26. 
Found: C, 58.01; H, 9.31; N, 1.94; P, 4.09. 
Methyl-4-O-acetyl-3-O-benzyl-2-(N-benzyl-~-benzyloxycarbonylamino)-2,6-dideoxy-6- 
iodo-a,D-glucopyranoside 14. To a solution of 13 (23 g, 37.3 mmol) in dry dichloromethane was added 
at 0°C acetic anhydride (4.6 ml, 48.7 mmol), triethylamine (7.87 ml, 56.0 mmol) and a catalytic amount of 4- 
dimethylaminopyridine. The mixture was stirred at 20°C for 30 min and extracted with water. The organic layer 
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was dried (MgSO4), filtered and evaporated to dryness. The residue was crystallized from ethyl acetate to yield 
14 (23.2 g, 92%). Anal. Cal& for C3t H34 I N 07: C, 56.45; H. 5.2Q N, 2.12. Found: C, 56.38; H, 5.31; 
N, 2.01. [a]+ +76O (c= 1.49, CHzC12). Mp= 152“C (ethyl acetate). MS (EI, m/z): 659 (M)+*. 1H NMR 6 
(200 MHz, CDCl3): 2.00 (s. 3H, COCH3); 2.95 (s, 3H, 0CH3); 3.10 (m, lH, H6); 3.20 (m, lH, H6’); 3.70 
(td, 1H. H2); 4.35 (m, W, H3, H5); 4.45 (m, 3H, H4. PhGH2N); 4.70 (m, ZH, PhGH20); 5.05 (m, 2H. 
PhGHZO); 5.15 (m, lH, Hl); 7.00-7.40 (m. ISH, Ph). ‘3C NMR I (50 MHz. CDCl3): 4.3 (c6); 20.9 
(CO-); 47.5 (NQ-IzPh); 55.2 (C2); 67.6 (OcH2Ph); 69.9 (C5); 74.2.74.8 (M. C4); 99.6 (Cl); 125.9- 
139.6 (Ph); 157.2 cO$H2Ph); 169.6 aOCH3). 
Methyl-4-O-acetyl-3-O-benzyl-2~(N~henzyI-N-benzyloxyearbonylamino)-2-deoxy~~D-xylo- 
hex-enopyranoside 15. To a solution of 14 (5 g, 7.4 mmol) in dry tetrahydrofuran (50 mL) was added 
diazabicyclo-(1,8)-(5,4,O)undec-7-ene (DBU) (12.5 ml, 84 mmol). The mixture was heated at WC for 24 h. 
The co&d mixture was diluted with dichloromcthane, washed with water and the organic layer was dried 
(MgSO4). filteti, then eva ted to dryness. Column chromatography of the residue (ethyl acetate-hexane, 
1:4) gave the crystalline 4”” S (3.3 g, 82%). Anal. Calcd. for C3t H32 N 07: C, 70.04, H, 6.26; N, 2.63. 
Found: C. 69.98; H, 6.39, N, 2.58. [alD% +57” (c= 0.79. CH&lz). MP= 126“C (ethyl acetate-hexanc); MS 
(EI, m/z): 531 (M)+.. ‘H NMR 6 (200 MHz, CDC13): 2.05 (s, 3H, COCH3); 2.90 (s, 3H, 0CH3); 4.10 (t, 
lH, H2); 4.25 (d, lH, H3); 4.45 (s, 2H, CHzPh); 4.57 (s, lH, H6); 4.64 (s, 2H. m2Ph); 4.70 (s, lH, 
H6’); 4.85 (m, lH, Hl); 5.10 (d, 2H, CHZPh); 5.55 (m, lH, H4): 7.00-7.40 (m, 15H, Ph). 13C NMR 6 (50 
MHz, CDCl3): 20.1 (CwH3); 47.4 (NcHpPh); 55.1 (OCH3); 52.8 (C2); 67.8 (OQI2Ph); 72.0 (C3); 74.6 
(C4); 96.5 (C6); 100.4 (Cl); 125.9-139.7 (Ph); 151.6 (C5); 157.3 cO2CH2Ph); 169.4 aOCH3). 
2-L-(2,4,5/3)-2-0-Acetoxy-3-O-benzyloxy-4-N-benzyl-N-benzyloxycarbonylam~~o-S- 
hydroxy-cyclohexanone 16a. A solution of alkene 15 (2 g, 3.8 mmol) and mercuric (II) sulfate (0.02 g) in 
dioxane-aqueous H2SO4 5 mM (45 ml, 2: 1) was heated at WC for 2 h. The cooled mixtun was extracted with 
dichloromethane. The organic layer was washed with water, dried (MgSO& filtered and evaporated to dryness. 
The residue was purified by flash chromatography (ethyl acetate;hexane, 2: 1) to afford a -isomer 16a (1 g, 
52%). Anal. Calcd. for C30 H3t N 07: C, 69.62; H, 6.04, N, 2.71. Found: C, 69.38; H. 6.21; N, 2.43. 
[alD2’= +23’ (c= 1.41, CHzCl2). MS (CI, m/z): 518 (MH)+ .tH NMR 6 (200 MHz, CDC13): 2.07 (s. 3H, 
COCH3); 2.30 (m, lH, H6); 2.55 (dd, lH, H6’); 3.55 (m. 1H. OH); 4.05 (t, lH, H3); 4.18 (m, lH, H4); 
4.45 (s. 2H. Qi2Ph); 4.57 (d, 2H, CHzPh); 4.80 (s, lH, H5); 5.20 (d, 2H, cH$‘h); 5.27 (d. lH, H2): 7.10- 
7.50 (m. 15H, Ph). *SC NMR S (50 MHz, CDC13): 20.2 (Ca3); 45.7 (C6); 47.5 (NcH2ph); 66.0 (C5); 
68.5 (OQ-IzPh); 69.4 (C4); 75.3 CHzPh); 76.0 (C3); 81.6 (CZ); 159.4 cO2CH2Ph); 170.6 cOCH3); 204.2 
(C-l). 
l-D- (1,2,4/3,5)- 4-0-acetoxy-3-O-benzyloxy- 2-N-benzyl- N. benzyloxycarbonylamino- 
1,3,4,fkyclohexatetrol 17. To, a solution of 16a (3.3, 6.36 mmol) in methanol (50 ml) was added 
Cerium (III) chloride heptahydrate (2.56 g. 6.87 mmol). The mixture was stirred until the solution became 
homogenous and then a suspension of sodium borohydride in ethanol (24 ml) was added dropwise at -78’C. 
After 90 min, the mixture was tmatcd at O’C with acetic acid to remove the excess of sodium borohydride and 
filtered through a silica gel cake. The filtrate was evaporated under reduced pressure to give 17 as a colorless 
oil (2.65 g, 80%). Anal. Calcd. for C3t-1 H33 N 07: C, 69.35; H, 6.40; N, 2.70. Found: C, 69.48; H, 6.33; N, 
2.58. [a]$‘= +8’ (c= 1.57, CH2C12). MS (EI, m/z): 519 (M) +.. ‘3C NMR 6 (50 MHz. CDC13): 20.4 
(COm3); 33.6 (C6); 67.8 (CmHZPh); 69.1 (Cl); 72.8 (C5); 73.0 (C3); 74.8 (KHzPh); 79.0 (C4); 158.5 
(NCOO); 170.2 ~OCHg). 
1-D-(1,2,4/3,5)-3~0-Benzyloxy-2-N-benzyl-N-benzyloxycarbonylamino-4,S-O-cyclohexy~ 
lidene-1,3,4,Scyclohexanetetrol 19. Compound 17 (3 g, 5.78 mmol) was dissolved in dry methanol 
(70 ml) and ammonia was bubbled through over 2h 30 at O’C. The solution was evaporated to dryness to give 
the crude 18 which was used without futher purification for the next step. 

To a solution of the crude trio1 18 (2.76 g, 5.78 mmol) in N,N-dimethylformamide (5 ml) was added 
2.2-dimethoxycyclohexane (8 ml, 55.56 mmol) and a catalytic amount of toluene-p-sulfonic acid. The mixture 
was heated at 100°C under vacuum (18 mmHg) and then evaporated to dryness. Column chromatography 
(ethyl acetate-hexane: 2-5) gave 19 as an oil (2.32 g, 72% from 17) and 20 which was recycled into 19 by 
hydrolysis in the presence of a catalytic amount of p-toluene sulfonic pyridinium salt in tetrahydrofuran-water 
atJo”Cfor3 h. 
Compound 19: Anal. Calcd. for C34 H39 N 06: C, 73.23; H, 7.05; N, 2.51. Found: C, 73.28; H. 7.02; N, 
2.53. [a]$)= -13’ (c= 1.12, CH2C12). MS (EI, m/z): 557 (M) +.. t3C NMR 6 (50 MHz, CDC13): 23.2.23.6, 
24.5, 34.7, 38.0 (CH2); 31.8 (C6); 67.3 (COaH2Ph); 70.7 (Cl); 72.5 (xH2Ph); 74.4 (C3); 76.1 (C5); 
82.3 (C4); 110.1 (OCO); 126.7-139.9 (Ph); 158.0 (NCOO). 
Compound 20: SM (EI, m/z): 637 (M) +.. ‘3C NMR 6 (50 MHz. CDC13): 22.4, 23.3, 23.6, 24.0, 25.0, 27.3, 
35.2, 38.2, (CH2, C6); 47.2 (NGHzPh); 57.6 (C2); 67.0 (CO&HzPh); 71.8 (Cl); 72.2 (OGH2Ph); 72.9 
;C!~~;;.” (C4); 81.8 (CJ); 94.1 (OC=cH-); 109.1 @CO); 127.1-139.7 (Ph); 151.6 (O-c=CH); 157.6 
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acyl-chain); 22.5, 25.2, 29.2, 29.5, 33.9, 40.9. cH2-N-acyl-chain); 23.6, 23.8, 24.9, 35.2, 37.9 cH2); 
31.8 (C6); 51.0 (C!2); 69.2, 69.3 (=HzPh); 70.8, 71.3 (cy=HzPh); 70.9 (Cl); 72.3 (C3); 75.4, 75.6, 75.7 
(C4, m 

s” 
); 77.0 (C5); 110.0 (x0); 127.3-138.6 (Ph); 171.1 (COO); 171.8 (ND). 

l-D-(1,2,4 3,5)-3-0-[(R)-3-Hydroxy-tetradecanoylJ-2-[(R)-3-~ydroxytetradecanoylamido]- 
1-0-phosphoso-cyciohexanetetrol 2. A scWion of 26 (0.07 g, 0.062 mmol) in tetrahydrofuran (20 
ml) was hydmgenolyzed over palladium (10%) on charcoal (0.03 g) at room temperature for 4 h then filtered. 
Pymgen-free water (2 ml) and Dowex AG 5OW-X8 in H+ form (lg) was added. The mixture was kept at 60°C 
for 1 h. The resin was filtered off, the tetrahydrofuran was evaporated and the aqueous suspension was 
lyophilised to give 2 (0.018 g, 46%).This latter was dissolved in 5 ml of a mixture of 1:l tetrahydmfuran- 
water (pyrogen-free) and the pH was adjusted to 7 by addition of a 0.1 M solution of 
tris(hydroxymethyl)aminomethane in pyrogen-free water. The tetrahydrofuran was evaporated and the 
aqueous suspension was lyophilised. The lyophilisate (0.025 g)- was dissolved in methanol (10 mg/ml) and 
chromatographed over Sephadex LH-20. using methanol as eluent to give TRIS salt of 2 (0.007 g. 14%). 
A$.ml.vci for C38 H77 N2Ot4P: P. 3.79. Found 3.47. IH NMR spectrum shows that all mting groups 
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