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Abstract: Disaccharide mimics of the sialyl Lewis X (sLex) ligands have been prepared as 

potential antagonists of binding to the lectin domains of the E-selectin adhesion molecule. 

Versatile derivatives of sialic acid provide an entry to a series of simplified linker groups 

supporting the fucose and sialyl residues. The stereo&activity of nucleophilic addition to the 

fucosyl ketone derivative 7 is determined by the conditions employed: basic and Lewis acid 

conditions give opposite resultst. 

The selectins are a family of cell adhesion-receptor glycoproteins that are implicated in the adhesion of 

leucocytes to the vascular endothelium 2, E-selectins mediate the adhesion of circulating neutrophils and 

monoeytes to the cytokine stimulated endo~elium of blood vessels, an essential early step in mounting an 

inflammatory response to an ~unological challenge 3. Blocking this interaction might represent a possible 

therapy for those pathological conditions in which neutrophil infiltration is excessive or misdirected; among 

others these include reperfusion injury, ARDS and Crohn’s disease% 

Figure I 

sialyl Lmis X (sI.4~~) sialyl Lewis A IsLeo) 3’ -sialyl-3-fucosyl-Lactose 

Recognition occurs by the interaction of the leetin domain of E-selectin with the glycosylated ligands on the 

in~a~~~ cell. It would appear that a key epitope 5.6 is formed by the fucose, sialic acid and by parts of the 

@lactose residue since sL.ex 7, .sLea a and 3’-sialyl-3-fucosyl lactose 5 (Figure 1) have all been shown to bind to 

E-selectin. We were interested in developing antagonists to the binding of ligands to the E-selectin and as part 

of this investigation we sought to probe the minimum structural components of sLex required for binding. As a 

starting point we chose to keep the functionalities presented to the receptor by the sialic acid and fucose residues 

and replace the g~~~N-~l~~~~ne unit with a syn~ti~ly much simpler Linker group. A model of 

sLex derived from nmr data 9 and a comparison with tri- and tetrasaccharide structures in the Cambridge Data 

Base suggested a (i-carbon atom linker between the C-2 of the sialic acid and the C-4 of the fucose groups might 

act as a suitable unit. Our model indicated that equatorial substitution at the fucose would be optimal, both to 
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maintain the fucose residue in a chair-like conformation and also to ensure the 4bydroxyl group is in an axial 

orientation where it is presumably more accessible to the receptor. A similar approach has recently been used to 

identify a triterpene glycoside, glycyrrhizin. as an inhibitor of selectin bindingto. 

Figure 2 

The synthetic strategy involved the addition of a fucosyl ketophosphonate to an aldehyde derivative of sialic acid 

(Figure 2). This allowed us to involve the very expnsive sialic acid in as few synthetic steps as possible, as 

well as allowing some flexibility in the nature of the linker. For example the enone formed in the condensation 

can be reduced or hydroxylated as desired. 

Scheme 1 

3 n=l 1 
n=2 4 
n=3 5 

Reagents for 1: a. Silver salicylate/CH~=CHCH~OH/4,k sieves 95% b. O$McOH O’T then Me2.3 60% 

The aldehyde 1 was constructed in two steps from methyl tetra-0-acetyl a2-chloro-N-acetylneuramimidaterr 

(Scheme 1). Reaction with ally1 alcohol in the presence of silver salicylate 11 and powdered 4A sieves gave the 

a-ally1 glycoside 3 (n =I) in 95% yield. Ozonolysis in methanol at O0 followed by a dimethyl sulphide workup 

gave the sialic acid aldehyde 1 in 55% yield after chromatography on silica. Subsequent to our embarking on 

this work some further nmr studies on sLex using nOe measurements suggested that the 6-carbon linker may not 

be optimal a. TO take account of this information the aldehydes 4 and 5 were prepared in a similar manner to 

that used for 1 by substituting the appropriate alcohols. 

The fucose ketophosphonate 2a was prepared from methyl 2,3-di-0-benzoyl-a-L-fucopyranoside 6 12 (Scheme 

2). Oxidation (pyridinium chlorochromate and 4A sieves) gave the fucosyl ketone 7 in 80% yield. Elaboration 

of this ketone to the desired ketophosphonate proved difficult owing to its sensitivity towards base induced 

elimination of the 2-0-benzoyl group. For example reaction with ethyl triphenylphosphonium acetate in benzene 

gave enone 8 as the only identifiable product in 20% yield. We therefore decided to add a 3-carbon nucleophile 

to the Si face of ketone 7 under Lewis acid conditions and then develop this into an equatorial ketophosphonate 

group. However, although addition of allylsilane using Tic1413 or SnCl4 in dichloromethane at -7g’C gave 

excellent yields of a homoallylic alcohol 9, nOe experiments showed that attack had occurred exclusively from 

the face opposite to that requiredt4. It would appear that the Lewis acid complex formed between the keto and 

methoxy groups is able to maintain the fucosyl ketone in a boat-like reactive conformation thereby leading to 

attack solely from the Re face in contrast to direct nucleophilic attack from the Si face (Figure 3). 
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Scheme 2 
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a. PCC CH&& 4k wws 1% 80% b. Ph#CHCqEt C!,H, 20% c. (1) CH$OCHpO(OMe~, NaH-BuLi THF OV (P)CITi(Ot-Prh 

-WC (3) 7 -78*C 2hr43% d. CH+HCH$IM~ TiCb CH&lz -7SoC 2hr 95% e. mCPBA CH#Z 48h192% f. LttNiir~ THP 2hr 

98% g. PCC CH2Clz 4A sieve 12hr 78% h. P(Ch-Prh 8O“C 2hr 39%. 

Although we had obtained the wrong isomer it was decided to take this through to the axial ketophosphonate 2 b 

with the intention of inverting the C-4 centre at a later stage to give an equatorial derivative. Axial derivatives of 

2b would be of value in their own right both in providing structural comparisons against the equatorial isomers 

and also as controls in tbe biological evaluation. 

Figure 3 

Nu jcxBz Nu-a-;= 

BZO H 

Epoxidation with mCPBA (92%) followed by treatment with LizNiBr4 1s was uneventful and gave a pair of 

diastereomeric bromohydrins 10 in 98% yield. Oxidation to the a-bromoketone with PCC and molecular 

sieves (78%) followed by an Arbusov reaction with triisopropylphosphite 16 at 8OY! gave the ketophosphonate 

2b in 39% yield after chromatographic separation from the Perkow products. This compound reacted with the 

aldehyde 1 in t-butanol in the presence of Cs2CO3 to give the disaccharide 11, the axial epimer of our desired 

target. Unfortunately, all attempts to invert the 4-hydroxy group, either in the alkene 9 or the ketophosphonate 
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2b, were unsuccessful so we went back to look at basic additions to the ketone 7. Addition of the lithium 

dianion of dimethyl 2-oxopropylphosphonate17 gave a 15% yield of the desired ketophosphonate 2a with no 

contaminating axial by-product. The stereochemistry at C-4 was assigned from nOe enhancements of 3% and 

5% observed from the axial H-3 and H-S protons of the fucose ring to the protons of the methylene group 

between the ketone and C-4. No enhancement was observed between the CH2 group and H-2 in contrast to that 

observed with 914. This result led us to examine the effects of reducing the basicity of the nucleophile by the 

addition of metal additives. In the presence of CeC1318 the yield of 2a rose to 2Y% but this was further 

improved by the use of TiCl(Oi-Pr)sra. Thus the addition of one equivalent of the ketone 7 to two equivalents 

of the sodium-lithium dianion of dimethyl 2-oxopropylphosphonate in the presence of 1.2 equivalents of 

chlorotriisopropoxytitanium in THF at -78V gave only the desired fucose ketophosphonatc 2a in 43% yield. 

Owing to the base sensitive nature of both the sialic acid aldehyde 1 and the enone product 12 the Wadsworth- 

Ernmons reaction proved to be unexpectedly demanding. Only one of the conditions we examined, Cs&@ in 

t-butanol 20, gave consistently satisfactory results 21. The reaction of 1 with 2a was relatively fast giving an 

optimal yield (57%) of the enone 12 after 2 hr at room temperature. Longer reaction times led to diminishing 

yields presumably as a result of hydrolysis of the sialic acid to give the enone alcohol 13, which can be isolated 

as a by-product of the reaction. In contrast the reactions with the longer chain sialic acid aldehydes 4 and 5, 

which arc no longer activated towards nucleophilic attack by the a-ether oxygen, were much slower. The enone 

15 is produced in a yield of 46% after 2 days at room temperature while only a 10% yield of the enone 14 has 

been achieved. 

Scheme 3 
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Further elaboration of the enone 12 proved straightforward (Scheme 4). Catalytic hydrogenation gave the 

ketone 16 in quantitative yield and this was further reduced to the alcohols 17. The enols 18 can be obtained 

by NaBHA-&Cl3 reduction of the enone 12 and these were then hydroxylated with 0~04 to give, after removal 

of the 0-acyl protecting groups and hydrolysis of the ester, a mixture of the four decals 19. It was envisaged 

that the polyhydroxylated linker of the decals 19 might act as an unsophisticated mimic of parts of the 

functionality of the Gal-GlcNAc unit and so they were evaluated as mixtures in the biological assays. Removal 

of the acyl protecting groups (NaOMe-MeOH) from 16, 17 and 18 and hydrolysis of the ester to the sodium 

salt gave the other desired final products 20-22. ‘The enone 15, which incorporates the extended eight carbon 

linker, was treated in a similar manner to give the enols 23 from which the target compounds 24 were obtained 

following removal of the protecting groups. 

Scheme 4 

I b 

HO 

x=0 20 
X=OH,H 21 

19 

ec 23 R,=OAc.R,=OBz -- 22 

24 Rz,R, =H 

a. H2 PdlC MeOH 100% b. NaBH&et& MeOH 77% c. NaBH4 MeOH 1133% d. 0~0, t-B&OH Et.,NOAc acetone 41% e. (1) NaOMe MeOH 

(2) NaOD 40 for R = Me + Na 

The cost of sialic acid along with its high functionalisation make this residue an attractive area for ‘structural 

minimisation’. Also structure activity studies have indicated that much of the effect of this sugar is attributable 

to the charge carrying carboxylate function 8.22. We wished to combine a simple analogue with our backbone 

linker chemistry so we chose to convert the CT-C9 glycerol sidechain to a smaller hydroxymethyl group. 

Periodate cleavage and borohydride reduction of the glycerol sidechain of the deprotected ether of 3 (n = 1) gave 



2046 N. M. ALLANSON et al. 

the simplified derivative 25. Following reprotection and ozonolysis the aldehyde 26 was prepared BS above. 

Wadsworth-Emmons reaction with the ketophosphonate 2.a gave the enone 27 in yields similar to that obtained 

with the parent aldehyde 1 (Scheme 5). Further derivatives from this simplified series are being explored. 

Scheme 5 

38‘ *:&r-&:b b 

AcO 
25 

AcO 
26 

c 

a. (1) NaOMe MeOH (2) NaIO4 NaBb on Dowex (3) TMSCI MeOH (4) AczO DMAP pyridine b. 0s DMS c. Cs2COs 2n 

t-BuOH 

Both the methyl ester and the sodium carboxylate salt of the 6-carbon liked ketone 20 blocked the adhesion of 

an sL.ex myeloid cell line U937 to activated endothelial cell cultures at twenty five and thirty-fold higher 

concentrations than sLex. Derivatives with an extended linker such as 23 were not effective. Full biological 

details will be published elsewhere 23. 
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Experimentat 

All solvents and reagenfs used were Analar grade. Tetrahydrofnran was dried by heating under reflux in a still containing sodium 

metal and benzophenone for several hours under argon and was distilled immediately prior to use. Anhydrous dichloromethane was 

obtained from Aldrich. Solution transfers. where anhydrous conditions were required, were performed under argon using hypodermic 

syringes and cannulas. T.1.c. were performed on precoated silica gel plate 60-F254 plates (33. Merck, Darmstadt) and visualised by 

quenching of the fluorescence and (or) by charring after spraying with 5% anisaldehyde-5% sulphuric acid in ethanol. For “silica gel 

chromatography”40-63pM silica gel 60 was used, and the ratio of compound to silica was typically 1:30. Solutions of crude 

products in organic solvents were dried over MgSO+ The organic solvents were removed on a rotary evaporator equipped with a dry- 

ice acelone condenser at bath temperatures below 40°C under the vacnnm of an oil pump. IH mm spectra were recorded at 250 MHz 

on a Brnker AC-250. *3C nmr spectra were recorded at 62.8 MHz. 

The nmr assignments are annotated as follows: S stands for the sialic acid residue, F for the fncose residue and L for the linker 

joining the two sugars. The number following the letter represents the atom’s position within each of the sugar residues. The 

numbering system for the linker runs away from the fucose residue. hence L-l refers to the methylene adjacent to tie 4-position of 

the fncose ring. 
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Metby 2-nllyl-5-acetamido-4,7,g,9.tetra-O-acetyl-3,5-dideoxy-D-gfycero.u-D.galacto-2-nonulosonate (3). 

A sns~si~ of silver satiylate (0.46 g, 1.87 rttmol), feshly srtivated powdered 4A sieves (2.0 g) and methyl @chtitetm-O- 

4.7,8,P-acetyl-N-acetyi-neuram inidaie9 (1.0 g. 1.87 mmolf was stir& inaliyi alcohol (6.7 ml) at r~~rn temperature m&r argon for 

5 hr. The crude mixtum was fdtered throngh a pad ofcelite with dichlaomethane (2 x SO ml) and evaporated. The residue was taken 

up in chioroforrn (100 ml), washed with 2M sodium bicarbonate solution (2 x Xl ml) and with 5% sodium thiosulpbate sdntion (2 

x 10 ml) then dried. Evaporation gave pare O-a&+aeurominidnre 3 as s white foam (0.97 g, 1.81 mmol, 93% yield): (Found: C, 

51.68: H, 6.02; N, 2.74. C23H33N013 requires C, 51.97: H. 6%. N, 2.63W.): lm (CD(&) 6 5.83 (H. dddd, J = tO.S,?. 5. 

and 5 Hz, ally1 -CH+ 5.35 (H, m, S-8). 5.30 (H, dd, 3 = 8.5 and 1.8 Hz, S-7). 5.26 (H, dd. J = 17.0 and 1.5 Hz, &HZ), 5.14 (H. 

d, J = 10 Hz. NHAc), 5.13 (H. dd. J = 10.5 and 1.5 Hz), 4.83 (H. m. S-4). 4.27 (H. dd. J = 12.5 and 2.7 Hz, S-9), 4.27 (H, m), 

4.03-4.1 I (3H, m), 3.84 (H. dd. J = 12.5 and 5.8 Hz, S-9). 3.76 (3H, s, methyl ester), 2.59 (H, dd, 12.0 and 4.8 Hz, S-3e), 1.86. 

2.0.2.02. 2.11.2.13 (15H, 5 x s. NHAc and OAc): ‘?hn (CDci3) S 171.2. 170.9. 170.4, 170.3. 168.5 IS-l), 133.6, 117.4, 

98.2 (S-2), 72.5 (S-6), 69.0,68.5,67.3,66.0,62.3,49.3, 38.0.23.1, 21.0, 20.7.20.6.20.6. 

Methyl 2-(2’-oxoetbyl)-5~acctsmido-4,7,g,9-tetra-O-acetyi-3,S-d~deoxy-~-glycera-~-D-gaiacto-2- 

noaulosonate (1). 3 (0.42 g, 0.78 mmol) was ozonolysed in dichlommethane-meti1 (SO ml. 10 ml) at O°C for 2 hr. Methyl 

sulphide (2 ml) was added and the reaction mixture was stood for 8 hr at room temperature before evaporating. ‘The residue was 

chromatogmphed ou silka, eluant ethyl acetate to give the oldehyde 1 asa hygroxopic white foam (0.28 g. 0.52 mmd, 66% yield) 

fFoundz C, 48.41; H, 5.83; N. 2.58. C2~H~tNOt~O.7 Hz0 requires C,48.39; H. 5.98; N, 2.5646.); vmpx (KBr) 1748, 1663, 1547, 

1436, 13X&1228,1 129,1040 cm-l; tm (CDC13) 8 9.58 (H. s. CHO), 5.62 (H. m). 5.28 (2H, mf. 4.89 (H, m), 4.37-3.96 (6H. 

m), 3.77 (3H, s, OMe), 2.66 (H, dd. H-3@. 2.08 (6H. 2s. 2 x OAc). 2.05 (H, dd. H-3a), 1.98 ( 6H. 2s. 2 x OAcL 1.84 (3H. s, 

NH&. 

Methyl 2-(4’-oxobutnn-l’-yl)-5-acetamido-4,7,g,9-tetrm-O-acetyl-3,5-dideoxy-D-glycero-~-D-gaIaeto-2- 

nonulosonate (5). a) A suspension of methyl ~-2~hlo~~,7.8.9-~~~O-acetyl-N-~ety~-nen~ini~e (375 mg, 0.74 mmolf, 

silver salicylate (175 mg) and freshly activated powdered 4h sieves (250 mg) was stirred in dry 4-penten-l-01 (7.6 ml) at room 

temperature in the dark. The slurry was filtered through celite and washed well with dshlorometbane. The filtrate was evaporated in 

VIICUO, then the residue was redissolved in diihloromethaae (20 ml) and washed with 5% NaHC03 (aq), 5% sodium thiosnlphate (as), 

and water. hying and evaporation gave the ofkene as a white foam (330 mg, 0.59 mmol, 80% yield); tm (CDc13) 6 1.8.2.0, 

and 2.1 ffSH, 5 x s. 4 x OAc, NHAc). 3.7 (3H, S-OMe). 4.9 (2H. m, CH&, 5.7 (H, m. -CH=): tti (CDCl3) S 20.6.20.7. 

and 20.9 (4 x AcO), 22.9 (NHAc), 29.8 and 29.9 (2 x CH2), 37.9 (S-3), 46.2 (S-5), 52.4 (OMe), 62.3 (CH?), 64.0 (S-9). 67.4 (S- 

4), 68.3 and 69.0 (S-7 and S-8). 72.3 (S-6). 98.6 (S-2). 114.7 (CH23. 137.8 (-CH=), 168.4, 170.0, 170.5, 170.7, 170.7 and170.8 

(4 x OAc, NHAc and S-2). 

bt The aikene (330 mg, 0.59 mmol) was ozonolysed as described for 3 to give after ch~lnato~~y (siiica - ethyl acetate) the 

&bed undo 5 as a white foam (210 mg, 63% yield): tm (CD&) 6 1.8 (SH. s. NHAc, CH2). 2.0 (8H. 2 x s + m. 2 x 

OAc and CHz), 2.1 (7H, 2 x s + m, 2 x OAc and S-3a). 2.5 (H, tn. S-3e), 3.8 (SH, m, S-OMe and KHz), 4.1 (2H, m, S-9). 4.3 

(H. dd), 4.8 (II, m), 5.3 (2H, m), 5.5 (H, d. NH). 9.7 (H. s. CHO). 

Methyl 2-(3’-oxopropan-l’-yl)-S-acetamido-4,7,8,9-tetra~O-acetyl-3,5~dideoxy-D-glycero-u-D-gala~to-2- 

nonulosonate (4). This was prepared from 3 and 3-bntene-la1 in a manner similar to that deserihed alive to give ~~~hy~ 

4 as an oil in 45% yield after coInmn chromatography (EIOAc). II wm used without further purification: tm (CK13) 6 1.8 
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(SK m, NHAc). 1.95 W-i, s +m. OAc + S-3), 2.08 (4H. s, OAc). 2.55 (2H. m, C&CHO). 3.22 (H. dd. S-S). 3.62 (H, m), 3.75 

(4% S +m, OMe + S), 4.01 f4H, m, oCHz+ S9), 4.29 0% brd). 4.78 (H, m), 5.30 (2% m), 5.65 (H, d, NH). 9.70 (H, d, I= ZM, 

CHO). 

Methyl 2,3-di-O-benzoyl-4-oxo_8-l-fucopyranoside (7). A suspension of methyl 2,3-di-O-benzoyl-a-L- 

fucopyranosidetz (lO.lg, 26.2 mmol), pyridinium chlorochromate (25.4 g. 117.9 mmol) and dried powdered 4A sieves (50 g) was 

mechanically stirr& in degassed anhydrous dichloromethane (400 ml) under argon at room temperature for 18 hr. The supematant 

was decaot~ from the solids and the solids were DiNrated with dichlommethane (5 x 50 ml). The combined dichloromethane Iayers 

were pnssed through a short siiica column and evaporated to give pure Letone 7 as a coiourless oil (8.01 g, 20.9 mmol, 80% yield) 

which solidified on standing; (Found: C, 65.38: H, 5.13. C2tH2& requires C, 65.62; H, 5.24%): I- (CDCI3) 6 8.55 (4H, 

2d. OBz), 7.55 (2H, W, 03x). 7.5-7.35 (4H, 2t, OBz), 6.16 (H, d, H-3). 5.58 (H, d, H-2). 5.28 (H, d, H-l), 4.48 (H. 4, H-S), 3.56 

(3H, s. 0CH3), 1.41 (3H. d, H&f; ‘3m (CDC13) 6 197.7 (C-4), 165.5 (OcOPh), 133.5. 133.4. 130.0. 129.9. 129.0, 128.5, 

128.5, 128.2 (2xOBz). 97.1 (C-l), 74.4, 72.8.69.3, 56.2 (OCH,), 13.8 (C-6). 

Methyl 2,3-dl~O-benaoyI-4-(3’-dimethylphosphono-2’-ouo-propan-l-yl)-6-deouy-~-L-galactopyran~ide (2a). 

Dimethyl f-oxoptopylpbosphonam (0.42 g) was added to a stirred suspension of hexane-washed NaH (97 mg) in dry tetrahydmfnran 

(10 ml) at room temperature under argon. After 10 minutes n-butyl lithium (1.9 ml of a 1.35M solution in hexanes, 2.53 mmol) 

was added to the stirred white slurry at 0°C to give a deep yellow solution. After 30 minutes at O°C, tbc solution was cooled to 

-7VC and chlorotriisopropoxytitium (0.3 ml) was added from a warmed syringe.. The dark brown solution was stirred for 5 

minutes before a solution of ketone 7 (214 mg) in te~hy~ofa~ (5 ml) was added by syrmge. The reaction mixture was stirred at 

-78°C foi 2hr then quenched with ZM HCI (aq) (5 ml) and extracted with ethyl acetate (2 x SO ml). The combined organic layers 

were dried and evaporated to give an oil. Flash chr~atogmphy on silica using a gradient eluant (ethyl acetate then 5% methanol- 

ethyl acetate) gave the product ~n~inared with dime~yl 2-ox~ropylpho~honate. This was removed by partial Kugelrohr 

distilladon at 125% and 0.9 mm Hg to afford pure phosphonofucopyranos 2a (125 mg 41% yield) as a light brown oit; ‘Knrm 

(CDCl3) 6 7.99-7.137 (4H, Zd, 2 x OBz), 7.52-7.X (6H. m, 2 x OBz). 5.8Z(H. d. J = 10.2 Hz. H-3). 5.49 (H, dd, J = 3.8 and 10.2 

Hz, H-2), 5.14 0% d, J = 3.8 Hz, H-l). 4.24 (H. q, J = 6.4 Hz. H-5). 4.10 (H. br s, OH). 3.71 (3H, d, J = 11.3 Hz, MeOP), 3.64 

(3H. d, J = 11.3 Hz, MeOP), 3.41 (3H, s, Fl-OMe). 3.10-2.99 (2H, dd. J = 5.5 and 22.6 Hz. (MeO)2OPC&CO-), 2.86 (2H. s. 

COC&C-4), 1.30 (3H, d, J = 6.4 Hz); ‘3G,.~m (‘XXI,) S 200.6 (-CO-), 166.+ ’ 166.0 (2 x WOPh), 133.3, 133.3, 129.8, 129.7, 

129.3, 129.2. 128.4, 128.2 (2 x Ph)_ 97.0 (C-I), 75.1 (C-4). 72.9, 70.6. 67.X. 60.3 Cl-0cH3). 53.0, 52.9 (P(OCH&), 46.8 

(CtXH$-4), 43.58 and 41.6 (EHzCO). 13.5 (C-6): m/z talc for C2dHstOttP fM+Hj 551.16823: found 551.16787. 

Methyt 2r3-di-O-benzoyl-4-~prop-2’-en-1’-yi)-6-deoxy-~-L-gtucopyranoside (91. AllyI silane (4.45 g. 39 mmol) 

was added to a stmed solution of 7 (10.0 g, 26 mmol) and titanium tetmchloride (39 ml of a 1 hl solution in dichlo~me~~e, 39 

mmol) in dichlo~meth~e (120 ml) at -78°C under argon. The reaction mixture was held at -78°C until it sohditied (20 mm), then 

at -20°C for 3 hr, and then pour@I into NnHCO3 (aq) (200 ml) and stirred until the aqueous layer became colourless. The organic 

layer was scpratcd. washed with brine (100 ml), dried and evaporated m )ucuo to give pure axial homualfylic akdtoZ 9 as a clear oil 

(9.0 g, 81% yield), (Found: C. 66.33; H, 6.05. C2.tHz070.5 Hz0 requires C, 66.19; H, 6.25%); I- 6 (CDCls) 8.0 (4H. 2 x 

d, OBz), 7.5 (2H, 2% t, OBz). 7.4 (4H, 2 x d, 2 x OBz), 6.08 (A. m, -CR). 5.22 (H. d, F-3). 5.43 (H, dd. F-2), 5.29 and 5.15 (2H, 

m. CH2=), 5.13 (A. d. F-l). 4.11 (H, q, F-S), 3.41 (3H. S. F-OM& 3.18 (H, hr S. OH), 2.8-2.46 (2H. 2 x dd, -CH2). 1.38 (3H, d, 

F-OMe). NOE experiment (CDCII): irradiation of the rrllylic CH2 resulted in an 11% enhancement at F-2,6% at F-6 and 5% at the 
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olefinic CH2 signals which is only consistent with an axial allylic sut&tuent; ‘3w (CDCI3) 8 167.3 (OCOPL), 166.0 

WOPh), 133.8 (CH=), 133.4, 133.2, 129.9, 129.8, 129.2, 128.4, 128.3, 118.4 (CH2=). 96.8 (F-l), 74.9 (I+), 70.7.70.0, 55.2 

(F-OMe), 34.4 (allyI CH2), 14.0 (F-6). 

Methyl 2,3-di-O-benzoyl-4-(3’-diisopropoxyphosphono-Z’-oxoprop-l’-yl)-6-deoxy-~-L-glucopyranoside 

(Zb). a) Excess technical grade (80% pure) m-chloroperoxybenzoic acid (15 g, 70 mmol) was added in 3 portions over 5 hr 10 a 

solution of 9 (9.21 g. 21.6 mmol) under reflux in dichloromethane (200 ml). The reaction mixture was cooled, stirred for 30 min 

with a saturated solution of sodium thiosulphate and sodium carbonate (200 ml), separated, and the organic layer was washed with 

brine and tied. Evaporation gave a 1:l mixture. of the desired cpoxides methyl 2,3-di-O-benzoyl4-(2’(S and R)3’ -epoxypropan-l’- 

yl)-6-deoxy-gL-glucopyranoslde as an oil (8.77 g. 19.9 mmol, 92% yield), (Found: C, 63.05; H, 5.71. C2&&.0.8 Hz0 requires 

C. 63.09; H. 6.09%): v,, (film) 3464, 3061,2934, 1723, 1279 cm- 1: I_ (CDCl3) 6 8.01-7.92 (4H, m, OBz), 7.51-7.27 

(6H. m. OBz). 5.78 and 5.74 (H, 2 x d. J = 10.6 and 10.6 Hz. F-3). 5.36 (H, dd, J = 3.9 and 10.6 Hz. F-2), 5.10 and 5.07 (H, 2 x d, 

J = 3.9 Hz, F-l), 4.09 (H, m, F-5). 3.66-3.55 (H, br m), 3.41 and 3.40 (3H, 2 x s, F-OMe), 3.37-3.28 (H, m, H-2’), 2.78 (H, m, 

H-3a’). 2.59 (H, m, H-3b’), 2.22-1.90 (2H, m. -CHz-), 1.33 (3H, d, J I 6.6 HZ): 13h 6 (CDC13) 165.9 (several lines), 134.5- 

128.3 (several lines OBz), 96.9, 77.0, 76.7,75.5, 75.4. 70.5. 70.1. 70.0, 55.3.49.2.48.8.47.8. 33.2, 32.7. 13.7, 13.5. 

b) Nickel dibromide (6.97 g, 32 mmol) and lithium bromide (5.57 g, 64 mmol) were heated under reflux for 3 hr at 8OT in 

anhydrous tetiydrofuran (100 ml) to afford a deep blue solution of LizNiBrd (32 mmol). The above epoxide mixture (8.8 g, 20 

mmob ws added 10 this solution and heated under reflux at 8OT for 3 hr and then evaporated. The residue was taken up in ethyl 

a&ate (200 ml) and citric acid (100 ml). The organic phase was separated, washed with brine, dried and evaporated to give the 

bromohydrins, methyl 23-di-0-benzoyl-4-(3’ bromo-2’1s andR]-hydroxypropan-1 ‘-y&5-deoxy-FL-glucopyranoside 10 as a white 

foam (10.N g. 19.6 mmol, 98% yield); $LMU (CDC13) 8 8.1- 7.9 (4H, m, OBz), 7.47-7.27 (6H, m, OBz), 5.9 and 5.75 (H, 2 x 

d. F-3), 5.35 and 5.15 (H, 2 x dd, F-2). 5.08 @I, dd, F-l), 4.6 and 4.26 (2H, m, F-5 and H), 4.03 (H, m, CHOH), 3.45 (2H, m, 

CWr), 3.40 (3H. s, F-OMe), 2.3-1.99 (2H, m, -CH2-), 1.35 (3H, 2 x d, F-6); 13m (CDC13) 6 167.9, 166.8, 166.6, 166.0, 

134.4. 133.1, 130.0, 129.8, 129.6, 129.3, 129.8, 128.4, 128.3. 128.1. 97.7, 77.7, 77.1, 76.6.76.6, 75.9, 75.4, 75.1, 71.2, 71.0, 

70.1.69.8, 69.2, 67.9, 55.2, 53.4, 39.0, 38.3, 32.8, 32.2, 25.5, 13.9, 13.3. 

c) The bromohytin mixture 10 (0.5 g, O.% mmol) was stirred with two equivalents of pyridinium chlorcchromate (412 mg, 1.91 

mmol) and powdered 4A sieves (0.5 g) in anhydrous dichloromerhane (10 ml) for 15 hr under argon. The reaction mixture was 

concenuated, resuspended in ether and passed through a 5 cm pad of silica The pad was flushed with additional portions of etha 

until no more compound was observed by UC of lhe eluted fractions. Evaporation in vacua gave the merhy[ 2%di-0-benzoyl4-(3’ 

bromo-2’-oxo-prop-I’-yl)-6-deoxy-~L-glucopyrunoside in about 90% purity as white foam (0.39 g, 78% yield); l&~m( (CDCb,) 

6 7.95 - 7.85 (4H. m, OBz), 7.53 - 7.27 (6H. m, OBz), 5.84 (H, d. J = 10.8 HZ, F-3), 5.24 (H, dd, J = 4.0 and 10.8 Hz, F-2). 5.09 

(H, d, J = 4.0 Hz, F-l), 4.86 (H, s, OH). 4.10 (H, q. J = 6.3 Hz, F-5). 4.06 (2H. s. BrCH2-), 3.41 (3H. s, F-OMe), 3.30 (H, d, J = 

17.3 Hz Co-C&Hb-COH), 2.97 (H, d, J = 17.3 Hz, CO-CHa&-COH), 1.27 (3H. d. J = 6.3 Hz, F-6): ‘3m (CDCl3) 6 

203.4, 166.2, 166.0, 133.4, 129.8 (4 lines), 129.3, 129.1, 128.5 (4 lines), 96.8, 76.4, 75.5, 69.3, 68.7, 55.3, 36.6, 35.7, 13.9. 

d) The a-bmmoketone (1.28 g, 2.5 mmol) was heated at 8oOC in lriisopmpylphosphite (10 ml) for 4 hr. The solvent was removed 

by kugelrohr distillation at 125°C and 1 mm Hg pressure to give a yellow oil. Flash chromatography using gradient elution; 20% 

ethyl acetatehexane rising to neat ethyl acetate gave three products: methyl 2,3-di-O-benzoyl4-(2’-oxoprop-I’-ylJ&deoxy-/% 

glucopyranoside (0.10 g. 9% yield ) Rf (ethyl acetate) 0.70: ~H_J.uJu (CDQ) 6 7.9-7.85 (4H, m, OBz), 7.5-7.27 (6H, m, OBz), 
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5.87 (H. d. F-31, 5.17 (9 dd, F-2). 5.08 (H, d, F-1). 4.09 (H, q, F-5),4.43 (3H, s, F-OMe), 3.07 (H, d, CO-CH&bXOH), 2.88 

(H. d, CO-CHU-COH), 2.36 (3H, S. CH3-CO-), I.26 (3H. d, F-6); m/z 443 (M+H): methyl 2.3-di-O-benroyl-l-(2’- 

ditsop~o~~phosph4te-prop-J’-en-I’-yl)d-deoxy-~L-giucopy~a~o~tde (0.28 8, 18% yield) Rf (ethyl acetate) 0.57; *I&UC (CDCI3) 

6 7.93 (2H. d, J = 7.1 Hz. OBz), 7.63 (2H. d. J = 7.3 Hz, OBz), 7.42-7.19 (6H. m, OBz). 5.78 (H. d, J L $0.9 Hz, F-3). 5.21 (H, 

dd. J = 4.0 and 10.9 Hz. F-2). 5.05 (H, d, J = 4.0 Hz, F-l), 4.96 and 4.79 (2H, 2 x s. KHz). 4.6-4.38 (4H. tn. P(-o-Citl)& 4.3 (11, 

br s, OH). 4.02 (H, q, F-S), 3.31 (3H. s, F-OMe), 2.86 (H. d, 3 = 15.2 Hz, CO-CmHb-COH), 2.76 (Ii, d. J = 15.2 HZ, CO- 

CHaIZt-COW, 1.25 (6H. d, J = 6.3 Hz. 2 x isopropyl CH3). 1.17 (6H. d. J = 6.3 Hz. 2 x isopropyl CH$, 1.02 (3H. d, J 9 6.2 Hz, 

P-6): 13m (CDCW 6 166.6 (OcOPh). 165.9 @COW), 152.6 (Jcp = 32.3 Hz. =C-O-P), 133.1. 132.0, 129.8, 129.7, 129.6, 

129.1, 128.2, 128.1, 102.1 (Jcp = 19.8 Hz, H&=C-O-P), 96.7 (F-1). 75.6 (F-4). 75.1, 73.4 (3 tines Jcp = 24.8 and 29.0 Hz. 2 x 

isoProPY1 O-,W, 70.9,70.2,55.1 (F-OMe), 34.1 (Jcp = 13.5 Hz, P-O-CxHz-COH). 23.5-23.1 (6 lines, 4 x isopropyl CH$ 13.3 

(F-6); N& 607 (M+ H); and methyl 2.3-di-0-benzoyI-4-(~-diisopraporyphosphono-2’~~-prop-l’-yl)dlleoxy-~L-glucopyranoside 

2b as a white foam CO.49 g, 35% yield). m.p. 129-131’ (ethyl acetate-hexane). Rf (ethyl acetate) 0.45; (Found: C, 58.45; H, 6.57. 

CSOH3901 IF 0.5H20 WUireS c, 58.51: H. 6.5d%); ‘Knmr fCDc13) 6 7.93-7.85 (4H. m, 2 x OBZ). 7.5-7.25 (6H. RI, 2 x OBZ), 

5.87 (H, d, F-3). 5.35 (H, br s, OH), 5.17 (x. dd. F-2). 5.09 (H. d, F-I), 4.75-4.55 (2H. m, 2 x impropyl CHs), 4.06 (H, q, F-S}, 

3.39 (3H. s. F-OMe). 3.30-2.95 (4H, m. P-Cl&-WC&-), 1.30 (lSH, 3 x d, F-6 and 4 x isopropyl CH3s); 13~ (CDC13) 6 

203.2 (JCP = 18Hz. ketme 5=0), 165.8, 165.7. 133.1. 129.8, 129.7, 129.6. 129.4, 129.0, 128.3, 96.6 (F-l), 76.2 (F-4). 75.6, 

75.0, 74.6. 73.4. 71.8 (Jcp = Hz), 70.2, 69.6, 55.1.46.6.44.6, 40.9.23.8. 13.8. 

Methyl 5-acetamido-2-[5”-(methyl 2’,3’-di-0-beozoyl-6’-deoxy-P_L-glueopyranoside-4’-yl~-4”-oxo-pent-Z”- 

en-1-yll-4,7,8,9-tetra~O-acetyl-3,J-dideoxy-~-glycero-a-~-galac~o-2-nonulosohate (11). A suspension of 

caesiom carbonate (1X0 mg, 0.55 mmol). 1 (300 mg. 0.537 mm&) and 2b (300 ~18.0.495 mmof) were stirred in 2-methylpropan- 

2-olc7 ml) at between 25T and 3OT to give an intense yellow sot&on. The reaction was quenched after la0 minutes with 2M 

HCI Can> (0.5 ml) and azeotroped to dryness with toluenc. The residue was flash chromamgraphed on silii (45 g) using 80% ethyl 

acetate-hexanc to give fsst recovered 2b. then secondly en~ne 11 as a white foam (180 mg, 38% yield), m.p. lU7-11Oo (ethyl 

acetate - hexane); (Found: C, 56.46: H, 5.81; N. 1.41. Cd6H55N0z1 1.0 Hz0 requires C, 56.61: H: 5.89: N, 1.43%); lm 

(CDCt3) S 7.94 (2H. d, J = 8.1 Hz, OBz). 7.88 (ZH. d. J = 8.0 Hz, OBz). 7.48 (2H. t. J = 7.3 Hz, OBz). 7.37-7.27 (2H, m. OBz), 

6.89 (H, dt, J = 3.6 and 15.8 Hz, L-41. 6.48 (H. d, J = 15.8 Hz). 6.01 (H. s). 5.87 @I. d, J = 10.6 Hz, F-3). 5.41-5.31 (2H, m), 

5.15 (H, dd. J = 10.6 and 4.0 Hz, F-2). 5.14 (H. m), 5.09 (H, d. J = 4.0 Hz, F-l), 4.92 (H, m, S-Q), 4.55 (H, br d, J = 16.9 Hz), 

4.29 (H, dd, J = 2.2 and 12.5 HZ). 4.16-4.03 (5H. m. F-5. 1 x S-9, 1 x L-5. S-6, S-5). 3.78 (3H. s, S-OMe). 3.40 (3H, s, F-OMe), 

3.12 and 3.02 (2H, 2 x d. J = 16.8 Hz. L-l). 2.68 (H. dd. J = 4.6 and 12.9 Hz, S-3e). 2.16,2.13,2 x 2.04 (12H. 4 x s, 4 x OAc), 

2.10 (H, dd, S-3a1, 1.90 (3H, s, NHAcl, 1.22 (3H. d, J = 7.0 Hz. F-6): ‘3fLnmr (0X13) 6 202.0 (L-2, ketone), 171.1. 170.8, 

170.6, 170.2, 170.0, 168.0, 166.0, 16J.6. 143.7, 133.2. 132.9, 129.8. 129.7. 129.6. 129.3, 129.1, 128.3. 128.2. 98.4 (S-2). 96.7 

(F-1). 76.9, 74.8, 72.6, 71.0, 69.4. 68.9. 68.2, 67.2, 63.4, 62.4, 60.4, 55.2 (F-OMe). 52.8 (S-OMe), 49.3 (S-5). 37.9 (S-3), 35.6 

(L-l), 23.1 (NHAc), 21.1, 20.9,20.8, 20.7. 14.1 (l-6). 

Wadsworth Emmoos reaction between aldehyde (1) and ketophosphonate (2af. A suspension of caesium carbonate 

(180 mg, 0.65 mmol), 1 (300 mg, 0.55 mmol) and Za (300 mg, 0.56 mmol) was stirred in 2-methylpropan-2-ol(10 ml) for 2 hr at 

30°C. The Yellow solution was quenched with 2M H3P04 (aq) (1 ml) and evaporated in vucuo. The residue was taken up in 

dichloromethane (80 ml). washed with sodium bicarbonate solution (20 ml) and water (20 ml), dried and coacenuated. The crude 

reaction mixture was flash chromatog~h~ on silica using ethyl acetate to afford nzerhy~ 5-ocetanrido-2-(5”-Jmerhyi 2’,3’-d&O- 
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ben~oyld’-deoxy-BL-go~c~~~~&~-yl)-4”-oxo-pent-2”~n-~“-yl~~,7~,9-teua~-acet~-3~didw~-D-gl~er~a~~~ct~2- 

nonulosonate 12 as a yellow oil (320 mg, 0.33 mmol, 60% yield). (Found: C. 56.76: H. 5.97: N, 141. C46H5fN021 0.6HzO 

requires C. 57.03; H; 5.85; N, 1.44%); ‘ELMy (CD’&) 8 7.9 (4H. m, OBz), 7.5-7.3 (6H, m, OBz). 6.57 (Ii, dt, L-4). 6.15 (H, d, 

L-3). 5.82 (H, d, F-3), 5.50 (H, dd, F-2). 5.3 (2H. m. S-7, S-8), 5.15 (H, d, F-l), 4.85 (2H. m, S-4, NH). 4.33-3.85 (6H, m. 2 x 

L-5, 2 x S-9, F-S, S-6). 3.77 (H, br s. OH), 3.75 (3H, s, F-OMe), 2.85 (H, d, L-l), 2.65 (H, d, L-l’), 2.57 (H. dd, S3e). 2.15 (6H, 

2 x S, 2 x OAc), 2.10 (H. m, S3a), 2.05 (6H, 2 x s, 2 x OAc), 1.90 (3H, a, NHAc), 1.30 (3H. d, F-6); I- (CDCl$ S 199.3 

(L-2). 170.8, 170.5, 170.2, 170.0, 169.9, 167.9, 166.0. 165.9. (4 x OAc, NHAc, 2 x OBz, S-l), 143.4 (L-4). 2 x 133.1, 129.7, 

129.4, 129.4, 128.2, 128.2 (2 x OBz), 128.3 (L-3). 98.3 (S-2). 97.0 (F-l), 75.9 (F-4), 73.1 (F-3). 72.5 (F-S), 70.8 (F-2). 68.8 (S- 

4). 68.6 (S-6). 68.3 (S-8). 67.2 (S-7). 63.2 (S-9), 62.4 (L-5), 55.4 (F-O&), 52.8 (S-O&), 49.3 (S-5). 42.2 (L-l), 37.7 (S-3), 

23.0 (NH&& 21.0, 20.7, 20.7, 20.6 (4 x OAc). 13.9 (F-6). The allytic al&~11 methy/ Zj-di-O-binroyl-4-~S’-l?rdrory-2’-oxo- 

pent-3’-en-l ‘-yr]~-deoxy-g 13 was also isolated as an oil (21 mg): lm (CDC13) 6 8.0-7.88 (4H. m, 2 x 

OBz). 7.53-7.27 (6H. m, 2 x OBz), 6.67 @I, dt, 1 = 15.8 and 3.8 Hz. L4). 6.15 (H. dt, J = 15.8 aod 1.9 Hz, L3), 5.82 (H, d, 1 = 

10.3 Hz, F3), 5.47 (H, dd, J = 10.3 sod 3.8 Hz. F2), 5.18 (H, d. J I 3.8 Hz), 4.90 (H, br s. OH), 4.12 (3H. m, L5, FS). 3.41 (3H. 

s, Fl-OMe), 2.85 (H, d, J = 15.6 HZ, Ll), 2.57 (H. d, J = 15.6 HZ, Ll’), 1.33 (3H, d, J = 6.4 HZ, F6). 

Methyl S-acetamido-Z-[7”-(methyl 2’,3’-di-O-henzoyl-6’-dcoxy-~-L-galactopyfaaoside-4-yl)-6”-oxo-hept~4”- 

cn-1”-yl]-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-D-glycero-a-D-galacto-2-noaulosonate (15). Caesium carbonate 

(72 mg, 0.21 mmol) was a&d to a stirred solution of 2~ (100 mg, 0.18 mmol) and 5 (102 mg, 0.18 mmol) in t-batanol (12 ml) at 

mom temperature. After 18 hr the reaction mixture was quenched with several drops of 6M HCl (as) and toluene was added. The 

solvents were removed in vacua to give an off-white foam. Chromatography on silica, eluant ethyl acetate, gave enonc 15 as a 

white foam (70 mg, 71 Bmol, 48% yield); tm 6 (CDCl3) 1.3 (3H, d, F-6). 1.45 (2H. m, L-6). 1.8 (3H. s, NHAc), 2.0 (6H. 2 

x s, OAc), 2.1 (6H, 2 x s, OAc), 2.48 @I. d, L-l), 2.52 (2H. m. L-5). 2.84 (H. d. L-l’), 3.12 (H. m), 3.4 (3H. s, F-OMe), 3.6-3.8 

(3H, m), 4.05 (SK m, 2 x L-7.2 x S-9, F-S), 4.26 (I-I, d. S-6). 4.81 (H, m), 5.12 (H, brd), 5.32 (2H. m, S-4, NH), 5.40 (H, dd, F- 

2), 5.61 (H, d, F-3). 5.8 (H, d, L-3), 6.7 WI, dt, L-4). 7.0-7.5 (6H. m, OBz), 7.86 (4H. m, OBz); 1-S (CDCl3) 13.9 (F-6). 

20.7, 20.8, 21.0, 23.1 (NHAc), 27.5, 28.7, 38.0 (S-3). 41.1. 49.3 (S-S). 52.6 (S-OMe), 55.4 (F-OMe), 62.3 (L-7), 63.7 (S-9). 

67.3, 68.4, 68.9, 69.0. 71.0, 72.4, 73.2, 97.0 (F-l), 98.6 (S-2), 128-130, 132.9. 133 (L-4), 149.7 (L-3). 165.9, 168.3, 170.0, 

170.3, 170.6, 170.9.200.2 (L-2); m/z (FAB) 1008 (M + Na), 952.925.414. 

Methyl 5-acetamido-2-[5”-(methyl 2’,3’-di-O-benzoyl-6’-deoxy-P-L-galactopyranoside-4’-yl)-4”-oxo-pent- 

l”-yll-4,7,g,9-tetra-O-acetyl-3,5-dideoxy-D-glycero-a-D-galacto-2-nanulosoaate (16). 12 (70 mg, 7.31 x lo- 

5mol) was stirred with 10% palladium on charcoal (5 mg) in methanol (5 ml) at room temperature under 1 atm of hydrogen gas. 

After 16 hr the reaction mixture was ffltered through a pad of celite and concentrated to afford the ketone 16 as a yellow foam (68 

mg, 98%); 1k&g11 (CDCl3) 6 7.97-7.87 (4H, 2 x d, OBz), 7X-7.27 (6H. m, OBz), 5.76 (H. d, J E 10.3 Hz, F-3). 5.51 (H, dd, J = 

10.3 and 3.6 Hz, F-2). 5.35-5.23 (3H. m, S-7. S-8, OH). 5.14 (H. d, J = 3.6 Hz. F-l), 4.86 (H, br s, NH), 4.82 (H. m, S4). 4.30 

(H, dd, J = 1.9 and 12.2 Hz). 4.154.02 (3H, m, S-9’. S-6, F-5). 3.79 (3H. s, S-OMe), 3.59 (H, m, L-5), 3.41 (3H, s, F-OMe), 

3.13 (H. m, L-5’), 2.63 (2H, 4 lines, J = 10.3 Hz, L-l, L-l’). 2.50 0% dd, J = 4.6 and 12.9 Hz, S-3e), 2.42 (2H, q, J = 7.3 HZ, L- 

3), 2.13 (3H, s, OAc), 2.12 (3H, s, OAc), 2.07 (H, S-la). 2.02 (3H. s. NHAc). 1.5 (2H, m, L-4). 1.29 (3H, d, J = 6.3 Hz, F-6); 

t3m (CDCl3) 6 210.5 (L-2). 170.9-165.9 (8 lines, 4 x OAc. 2 x OBz. COzMe, NHAc), 133.3. 133.0, 129.8, 129.7, 129.3, 

129.1, 128.4, 128.2 (2 x OBz), 98.6, (S-2), 97.1 (F-l), 75.6 (F-4). 73.4 (F-3). 72.5 (F-5). 70.6 (F-2). 69.1.68.6, 68.3,67.3 (S-4, 

S-6, S-7, S-8). 63.5 (S-9), 62.4 (L-5). 55.5 (F-OMe), 52.6 (S-OMe). 49.3 (S-5). 44.5 (L-l), 40.7 (L-3). 37.9 (S-3), 23.1 WAC), 

22.1 (L-4). 21.0,20.8,20.8,20.7 (4 x OAc), 13.8 (F-6): m/z 982 (M + Na), 901.474.414. 
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Hydrolysis of the protected ketone (16). I6 (JO mg. 5.21 x IO-‘mol) was stirred with I equivalent (5.2 x IO-5moI) of 

sodium methoxide in anhydrous methaaol (4 ml) under argon for 14 hr. The reaction mixture was neutralised with 1 drop of 

hydrwchloric acid then concentrated and flash c~rn~~p~d on silica using a gzadJent eiution of 10% increasing ~150% merhanoi 

in ethyl acetate. MethylSdcetomido-2-[S”-(melhyl 6’-~o~~L-galactopyr~~side-4’-y~)-l”~xo-pent-2”-en-l”-yl] -3S-dideo.xy-D- 

glycero-a-D-galocto-2-nonrrlosonore 20 (R = Me) was obtained as a light yellow oil (20 mg, 66% yield); tH_u~ (DzO) 6 4.84 

(H. d, F-l). 4.07 (H, q, J r 6.4 Hz, F-5). 3.83 (3H. s. S-O&$ 3.82-3.39 (IIH, m. F-2. F-3. S-4, S-5. S-6, S-7, S-8.2 x S-9. 2 x 

L-5), 3.36 (3H, s, F-OMe), 2.87 (H, d, J = 16.4 Hz. L-l), 2.66-2.59 (4H, m, L-l’, 2 x L-3, S-3e). I.99 (3H, s, NH&$, 1.87-1.70 

(3H, m, 2 x L-4, S-3a). 1.12 f3H, d, J = 6.4 Hz. F-6): I- t’&O) S 213.5 a-2). 175.2 (S-l), 178.4 (NH&). 99.5 (S-Z), 99.4 

@F-J), 76.0 (F-4). 73.1 (S-8). 71.3 (F-2). 70.9 (F-3). 69.2 (S-7). 68.5 (S-6). 68.1 (F-S), 67.4 <S-4), 64.1 @.-5X 63.3 (S-S), 55.3 <F- 

OMe), 53.6 (S-OMe), 52.0 (S-5). 45.5 (L-l). 40.6 (L-3). 39.4 (S-3), 23.2 (L-4). 22.3 (NHAc), 13.0 (F-6); m/z talc for 

C~.&~NOIS: [M + Nal606.23739: found 6Ofj.23763. 

(20 R = MeHI mg. 25.6 gmol) was dissolved in -0 (0.6 ml) containing one equivalent of sodium deureroxide (26 pmol). 

Saponifiation as judged by *H nmr was complete after 18 hr. 7&e solution was concentrated to give sodium .5-ace~amido-Z-[5”- 

(methyl 6’-deo~~-gulaeiopyra~side~~-y1)4”-oxo-pent-2”-en-l”-y~/-35-dideoxy-D-g!ycPro-a-D-ga~act~2-~nulo~nate (20 R = 

Nat as a clear glass (17 mg, quantitative yield): I&UXIK (D20) S 4.8 (H. d. F-J), 4.08 (H, q, F-5). 3.9-3.39 (lOH, m). 3.35 (3H. 

s. FOM&, 2.68 (H, dd, S-3e), 2.04 (3H. s, NH&). 1.8-1.3 (SH, m. 2 x L-l. 2 x L-3.2 x L-4, S-3a). 1.18 (3H, d, F-6): L~C,LIJ~ 

(90) 8 181.3, 175.4, 173.8, 100.8, 99.5, 76, 74.6. 72.8, 72.0, 69.3. 68.5. 68.3. 64.0. 62.9. 55.3. 52.3, 49.0, 40.7, 23.6. 23.2, 

22.3. 13.1. 

Methyl .5-acetamido-2-[5”-(methyl 2’,3’-di-O-benzoyl-6’-deoxy-B_L-galactopyranoside-4’-yl)-4”-(R and S)- 

hydroxy-pent-2”-en-l”-yI]-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-~-glycero-~-~-galacto-2-nonulosonate (lg). 

Sodium borohydride (26 mg. 0.69 mmol) was added bit by bit to a stirred solution of 12 (220 mg. 0.23 mmol) and CeCI,7H,O (8.5 

mg. 0.345 mmol) in metbanof (5 ml) at room tem~~tu~. After 1 hr the reaction mixture was quenched W&I 2M l-I3PQ (aq) 

(3m0 and ccvlcennared in wcuo. The residue was partitioned between dichloromethane (50 mlf and 2M HCI (aq) (50 ml) and then 

the organic layer w= dried and evaporated to afford the en& 18 as a white foam (170 mg. 0.17 mmol, 77% yield). The rano of 

epimers al L-2 is approximately 3:2 by tH nmr. tH (CDCJ3) 6 8.00-7.87 (4N. m. OBz). 7.47-7.27 (6H, m, OBz), 5.90 

f1/2H. d). 5.75 (WH, d), 5X14-5.24 (6H, m), 5.13 (H. m, F-J). 4.81 (H, m), 451-3.93 (9H. m). 3.85-3.72 (H,m), 3.71 and 3.65 

(3H, 2 x s, S-OMe), 3.39 (3H. s. FOMe). 2.54 (H, S-3~). 2.09.2.03-1.99 and 1.92 (13K 8 x s, 4 x OAc, S-3&, 1.84 f3H. 2 x s, 

NHAc), 1.77-1.6 tH, m, L-l), 1.37-1.29 (H. m. L-l’). 1.25 and 1.22 (3H, 2 x d. F-6): t?m (CDC13) S 171.0, 170.9, 170.2. 

168.4, 166.0, 135.2, 134.9, 133.0, 129.7, 129.3, 128.6, 126.0. 98.4 (2 hnes S-2). 97.0 (F-l), 75.3, 73.9, 72.6, 72.3. 71.3, 70.9. 

69.3, 69.1, 68.5, 67.5, 64.6, 62.9 (CHz), 62.4 (CH?), 55.4. 52.8. 49.1, 40.0 (CH?), 37.8 (CHZ), 23.2, 21.1, 20.9, 20.8, 14.1, 

13.8. 

Methyl 5-aeetamtdo-2-~5”-(methyl 6’-deo%y-~-L-galactopyraooside-4‘-yl)-4”-(R and S)-hydroxy-pent-2”‘-en- 

I’“-yf~-3,5-dideoxy-D-glyeero-a~D-galacto-2-nonu~osonate (22). 18 (92 mg, 0.09mmoff was stirred with two 

equivalents of sodium methoxide (0.18 mmol) in methanol (5 ml) at room temperature under argon. After 16 hr the reaction 

mixture was neutralized with Dowex H+ resin and preabsorbed onto silica (0.5 g). Flash chromatography on silica using a gradient 

elution of 10% rising to SO% methanol-ethyl acetate gave the dissuccharide 22 (R = Me) as a white solid (32 mg, 57% yield). The 

ratio of epimers is approximately 2~1. ‘m (CD3OD) 6 5.69 (2H, m, L-3. L-4). 4.78 (3H, m). 4.60 (H, d, F-it, 4.28-4.22 

(ZH, m). 3.93 (2H. m). 3.80 (3H, s, S-OMe). X82-3.45 (7H. m). 3 33 f3H, s. F-OMe). 2.65 (H, dd. J = 4.3 and 12.7 Hz. S-k), 
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1.97 (3H. s, NHAc). 1.89-1.66 (2H. m. S-3a, L-l), 1.56-1.46 (H, m, S-l’), 1.15 and 1.14 (3H. 2 x d, J x 6.3 HZ, F-6); 13m 

(CD30D) 6 175.2 (S-l), 171.0, 137.5 and 137.3 (L-3). 126.9 and 126.7 (L-4). 101.1 (F-l), 100.1 (S-2). 76.3 (F-4). 7X0.73.7, 

72.8,72.4,71.0,70.2,69.9,69.7,69.0,68.5,68.4,65.4 (2 lines L-5). 64.7 (S-9). 55.6 (SOMe), 53.8 and 53.5 (S-5 and F-OMe), 

43.3 and 42.5 (L-1),41.7 (S-3). 22.7 (NHAc). 14.3 and 14.0 (F-6). 

Sodium 5-acetamido-Z-[5”-(methyl 6’-deoxy-p-L-galactopyranoside-4’.yl)-4”.(R and S)-hydroxy-pent-Y-en- 

l”-yll-3,5-dideoxy-D-glycero-a-D-gaiacto-Z-nonulosonate (22, R =Na). 22 (R = Me) (17 mg, 29 pmol) was stirred 

with two equivalents of NaOD (58.1 pmol) in 90 (0.5 ml) for 20 hr. The reaction mixture was concentrated in vacua to give the 

desired sodium crzrbaxyl~re salts 23 (17 mg, quantitative yield); tKnmr. (D# 6 5.74 (2H, m, L-3, L-4). 4.9-4.7 (water peak 

obscuring F-l), 4.27 (2H. m). 4.05-3.90 (2H. m), 3.82-3.49 (9H. m), 3.34 (3H. s, F-OMe), 3.29 (4H. m). 2.66 (H, m). 1.98 (3H. 

s, NHAc), 1.98-1.89 0-I. m, S-3a). 1.82-1.55 (2H. m. Ll), 1.16 and 1.14 (3H, 2 x d, F-6); 13C~m1 (D20) 6 175.3 (S-l), 170.4 

WAC), 136.6 and 136.4 (L-3). 126.5 and 126.1 (L-4). 99.3 (F-l and S-2), 75.7 and 75.5 (F-4). 73.3,73.0,72.0,71.4,70.9,70.7, 

69.4.68.6, 68.0.67.6. 67.4.65.0 (2 lines L-S). 63.4 and 62.9 (S-9). 55.3 (F-OMe), 53.7, 52.0, 49.2.40.7 (S-3). 40.3 and 39.6 

(L-l), 22.4 and 22.3 (NHAe), 13.2 and 12.9 (F-6). 

Methyl S-acetamido-2-[Y-(methyl 2’,3’-di-O-benzoyl-6’-dcoxy-B_L-galactopyranoside-4’-yl)-4”-(R and S)- 

hydroxy-pent-l”-yl]-4,7,g,9-tetra-O-acetyl-3,5-dideoxy-D-glycero-a-D-galacto-2-nonulosonate (17). 18 (81 

mg, 0.085 mmol) was stirred with 1096 palladium on charcoal catalyst (10 mg) in methanol (5 ml) for 3 hr. The reaction mixture 

was filtered through celite using methanol (50 ml) and then evawed to give the soturuted alcohols 17 as a white foam (82 mg, 

1005G yield): ~HJIUI 6 (CDC13) 8.01-7.86 (4H. m). 7.46-7.26 (6H, m), 5.92 and 5.73 @I, 2 x d, J = 10.3 Hz and 10.2 Hz, F-3), 

5.51-5.25 (4H. m), 5.14 (H, F-l). 4.82 (H, m). 4.32-3.6 (IlH, m). 3.36 (3H. 2 x s. F-OMe). 3.23 (H, m). 2.51 (H, m, S-3e), 

2.11-1.84 (15H. 4 x OAc and NHAc), 1.80-1.30 (IOH, m); 13m S (CDC13) 171.0-166.1 (7 lines), 133.3 (2 lines), 129.7, 

129.3 128.4, 128.4, 128.2, 98.6 (2 lines, S-2). 97.0 (F-l), 75.3. 74.2, 72.4, 71.3 and 71.1, 69.5-67.4 (6 lines), 65.0, 62.7, 62.6, 

55.4 (2 lines), 52.6.49.2.41.3, 40.1, 37.9, 35.5, 35.3, 25.5, 23.1, 21.0-20.8 (multiple lines), 13.7 and 13.5. 

5-Acetamido-Z-I5”-(methyl 6’-deoxy-p-L-galactopyranoside-4’-yl)-4”-(R and S)-hydroxy-pent-1”-yl]-3,5- 

dideoxy-D-glytero-a-D-galacto-2-nonulosonic acid (21). 17 (66 mg, 0.07 mmol) was stirred with two equivalents of 

sodium methoxide (0.14 mmol) in methanol (4 ml). After 14 hr the reaction mixture was neutralised with 2M HCI (aq) (0.1 ml) 

and az.eotropd to dryness with toluene. The residue was taken up in methanol, preabsorbed onto silica and flash chromatographed on 

silica using a gradient elution of 10% methanol-ethyl acetate rising to neat methanol. The carboxylic acids (21, R = H) were 

obtained as a white solid (38 mg, 66.5 Fmol, %J yield): 1m (DZO) 6 494.8 (Hz0 peak), 4.62 (H, m). 4.03 (H, q, J = 6.9 

Hz. F-5). X99-3.40 (13H. m), 3.31 (3H, s, F-OMe), 3.27 (3H, m), 2.78 (H, dd, J = 3.6 and 12.5 Hz, We), 1.98 (3H, s, NHAc), 

1.82-1.35 (7H. m), 1.16 and 1.14 (3H, 2 x d, J = 6.9 Hz, F-6); ‘3Cm.u (CD3OD) 6 175.5, 174.8 (2 lines), 101.8 (S-2). 101.1 and 

101.0 (F-l), 76.6, 76.4, 74.3, 73.9, 72.9, 72.4. 71.0. 70.3, 69.7. 69.5. 69.3. 69.1, 67.4. 65.1 and 64.6 (L-5). 64.3 (S-9). 55.6 

and 55.5 (F-OMe), 54.2 (S-S), 43.3.42.8 and 42.6 (S3 and L-l), 36.7 and 36.3 (L-3). 26.8 and 26.7 (L-4). 22.7 (NHAc), 14.3 and 

14.0 (F-6). 

Reaction of the enols (18) with osmium tetroxide. A solution of osmium tetroxide (2.5% by weight) in t-butanol (25 

WI, 1.6 mm00 was added to a solution of 18 (95 mg. 99 pmol), t-butyl hydroperoxide (70% in H20) (22 pl, 60 ptnol) and 

tetraethyl ammonium acetate tetrahydrate (7 mg, 24.8 pmol) in acetone (4 ml) and the mixture was stirred for 60 hr at room 

temperature. Water (5 ml), sodium bisulphite (0.5 g) and ethyl acetate (20 ml) were added, and stirring was continued for 20 min 
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before the layers were separated. The aqueous phase extracted with ethyl acetare (20 ml\ and the combined organic layers we+‘e dkd 

and evaporated u) afford a yellow oil. Flash c~~~o~hy on silica using ethyl acetate gave an inseparable mixture of the 

diastereomkc r&Is methyt ~-afera~~2-~5”-(~~~y12’~.~-0-6e~~zoy~~~eo~-~~-g~~c~~a~s~~~-y1~~ 3” A+‘-wihydroxy- 

pent-l”-yI~-4,789-tetra-0-oceryl-3J-dideo~-D-g (4 epimers synthesised (2’R. 3’R. 4’S). (2’5, 

3’R. 4’S). (2’R. 3’S, 4’R) and (2’S, 3’s. 4’R)) as a white solid (40 mg, 40 pmol): lm (CDQ) 6 8.0-7.82 (4H, m, OBz), 

7.48-7.28 (6H. m, OBz), 6.00-5.78 (H, m), 5.62-5.09 (4H. m), 4.86 (H, m). 4.35-3.6 (14II. m) 3.34 (3H, 3 x s, F-OMe). 2.6- 

2.55 (H. m, S-fef, 2.1.5-1.87 (15H. several singlets. 4 x OAc, NHAc), 1.4-1.3 (SH. m). 

Sodium 5-acctamido-2-15”-(methyl 6*-deoxy-~-L-gaiactopyraaoside-4’-yl)-2”,3”,4”-tribydroxy-peat-l”-yll- 

3,S-dideoxy-D-glycero-a-D-gaiacto-2.nonulosonate (19). 4 epimers synthesised (2X 3”R, 4”S), (2”S, 3”R. 4W, 

(2”R, 3°K 4”R). and (2”s. 3”s. 4’X). The acylated triols (40 mg, 40 pmol) were taken up in dry methanol (4 ml) containing one 

equivalent of sodium methoxide (40 pmol). After 24 hr at room temperature, the reaction mixture was evaporated and the residue 

flash chromatographed on silica using a gradient elution of 20% rising to 50% methanol in ethyl acetate. The desired #r&f 

corbomiic acid sod&m s&s 19 were obta.ined as an oil (IO mg); ‘&m~ 6 (DzOf 4.9 (H, m. F-I), 4.1-3.4 (14H, m), 3.30 (3H, 3 

lines. F-OMe). 2.6 (H, m, S-3e). 1.97 (3H. s, NHAc), 1.85 (H. m), 1.7-1.5 (2H. L-l), 1.15 (3H. m, F-6); *sh 6 (90) 

175.3. 174.0, 101.0, 100.8, 99.5, 99.46, 76.1, 75.8, 74.8-74.0 (5 lines), 73.0, 72.3-71.8 (3 lines), 69.8, 69.4, 69.2, 68.5, 68.0, 

67.5. 66.7. 66.4, 63.0, 61.2, 55.2. 53.4, 52.6, 49.1. 40.9 (2 lines). 39.7, 39.2. 37.1, 22.3. 14.4. 13.4. 13.0. 

Methyl S-acetamido-2-[?“-(methyl 2’,3’-di-O-beazcyl-6’-deoxy-~-L-galartopyraaoside-4-yI)-6”-(R and S) 

hydroxy-ltept-4”-en-l”-yll-4.7,8.9-tetra-O-acetyl-3,J-dideoxy-D-glycero~a-D-galacto-Z-nonuiosonate (24). 

15 (50 mg, 50.8 wmol) and cerium trichloride (19 mg, 76.1 wmol) were stirred for I5 min in ethanol (5 ml) then sodium 

borohydride (6 mg, 152 wmol) was added. After 20 min more sodium borohydride (100 mg) was added and the reaction mixture was 

stirred for 5 minutes before quenching with 2M NC1 faq). The solvent was removed ire vocuo and the residue taken up in ethyl 

acetate (50 ml). washed with 2M HCI (50 ml). dried and the solvent evaporated lo give the oictlfiols 24 as a yellow oil (50 mg). The 

epimet ratio (azbf was 3~7; f&~&r 6 (CcDct 3) 7.97-7.87 (4H. m. 2 x OBz), 7.46-7.27 (6H. m, 2 x OBz). 5.945 (3/1OH, d, J = IO.4 

Hz, F,-31, 5.68 (7/1OH, d, 3 = 9.5 Hz, Fb-3), X4-5.3 (6H. m. F-2, S-7. S-8, S-4, L-3. L-4). 5.16 (H, d, J = 4.3 Hz. F-l), 4.5-3.70 

(14H. m), 3.41 (3H, s, F-OMe). 2.6 (H. m, S-3e). 2.1-2.0 (15H. m, 4 x OAc and NHAc), 2.0-1.35 (7H. m), 1.27 and 1.24 (3H, 2 

x d, J = 7.0 Hz); m/z 1010 (M +Na), 414. 

Methyl S-acetamido-2-[7”-(methyl 6’-deoxy-~-L-galactopyranoside-4’-yi)-6”-{R and S) hydroxy-hept-4.‘-en- 

l”-y~l-3,5-dideoxy-D-glyfero-a-D-gslacto-Z-nonuIoso~ate (25). 24 (50 mg) was treated With two equivalents of 

sodium methoxide (110 pmol) in dry methanol (4 ml) at room temperarure for 20 hr. The solution was preabsorbed and flash 

chromatogmphed on silica using a gradient elution of 20% rising to 50% methanol-ethyl acsta~r to give the methyl esters 25 as a 

Yellow Oil (19 mg, 31 pmOl. 62% yield from 15): 1m 6 (C&00) 5.67-F-37 (2H. m. L3. L-4), 4.5X (H, d, F-I), 4.324.20 

(H. m, S-5), 3.94 (El. q, F-5). 3.87-3.28 tl5H. m including 3 singlets at 3.68, 3.33 and 3.31: these are S-OMe and 2 x F-OMe), 

2.64 (H, dd, J = 4.6 and 12.8 Hz, S-3e) .2.05-I.43 (1OH. m includmg s at 1.Y7, NHAc, S-3a. 2 x L-l, 2 x L-5,2 x L-6). 1.16 and 

l.I3(3H.2xd.F-6); ‘3Q.u6(CD30D) 175.2, 171.2, 135.3, 131.3, 130.9. 101.2. 101.1, 100.6. 76.2. 74.9, 73.6,72.5, 71.1, 

70.2. 69.6. 69.3, 69.0, 68.5, 64.7. 64.4, 55.5, 53.8, 53.4. 43.5. 41.7. 30.2. 294, 22.6. 22.6. 14.2, 13.9. 

Sodium S-acetamido-2.[7”-(methyl 6’.deoxy+L-galactopyranoside-4-yl)-6”-(R and S) hydroxy-bept-4”.en- 

l”-yl]-3,5-dideoxy-D-gfycero-a-D-~alacto-2-nonalosonate (25 R = Na). 25 (R = Me) was hydrolysed using two 
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equivalents of NaOD in Dfl affording the sodium carboxylare salts 25 as an oil (19 mg, 31 pmol, quantitative yield); IILpmE S 

(90) HO-S.46 (2H. m. L-3, L-4). 4.92 (w, m. F-l). 4.19 (H. m), 3.98 (H, m), 3.82 (H, m). 3.82-3.35 (12H. m), 3.30 (3H. s, F- 

Om). 2.67 (H, m, S-3e). 2.08-2.02 (3H. m). 1.98 (3H. s. NHAc), 1.64-1.59 (4H. m), 1.17 and 1.14 (3H. 2 x d, 6.6 and 6.6 Hz, 

Fd): 13m6 (90) 175.3, 175.3. 173.8, 170.5, 133.1, 132.9. 132.4, 132.3, 100.9 (S-2). 99.4 and 99.3 (F-l), 75.6 (2 lines, F- 

4). 73.1, 72.8, 72.0, 70.9.70.6, 69.4, 69.3, 68.5, 68.4, 67.9, 67.4, 64.6, 63.3.62.8, 55.2, 52.2,49.1(!&5). 40.7(s-3). 40.5 and 

39.5 (L-l), 28.6 and 28.1 (both 2 lines, L-5 and L-6). 22.3 (NHAc), 13.1 and 12.8 (F-6). 

Preparation of the sialic acid mimic (25). a) The sialic acid ester 3 (7g, 13 mmol) in methanol (100 ml) was added under 

argon to a solution of sodium methoxide in methanol (33 ml of a O.lM soln). The solution was stirred fc# 3 hr by when the 

reaction was adjudged complete by UC (CHC13-MeOH, 9~1). Dowex resin (H+ form) was added to neutralise the solution which was 

tilttxed and evaporated to leave a yellow solid (3.74 g. 76%). 

b-d) Sodium borohydride (50 g) in water (200 ml) was mixed with Ambcrlite IRA 400 anion exchange resin (Cl- form) (100 g). 

The slurry was stirred for 1 hr the solution then decanted and replaced with a fresh portion of the borohydride solution. After 30 min 

the slurry was filtered, washed thoroughly with wafer and stored at room temperature as a damp sluny. A second portion of 

Amberlite resin was added to sodium periodate in water (600 ml of a 0.5M solution). The resin was stirred gently for 1 hr and then 

the solution was removed by decanting and a fresh solution of sodium periodate. added. This process was repeated once more and then 

the resin was filtered and washed thoroughly with water. The two resins (40 g of each) were washed with methanol and then added 

portionwise with stirring te a solution of the deacerylatcd sialic acid derivative (1.74 g) in dry methanol (200 ml) under argon. 

Stirring was continued for 90 min when tk indicated the reaction was complete. The solution was filtered, washed with methanol (2 

x 100 ml) and the solvent evaporated. Chromatography on silica (hexane-methanol, I:1 to 1009b methanol) gave the required 

sidechain modified sialic acid derivative acid (0.68 g). The total product was reesterified by stirring overnight in methanol with 

chlorotrimethylsilane. Removal of the solvent gave the ester as a brown oil which was redissolved in pyridine (3 ml). 

Diiethylaminopyridine (15 mg) and acetic anhydride (1.5 ml) were added and the mixture stirred under argon overnight. The 

solution was then diluted with dichloromethane (80 ml) and washed with 1M hydrochloric acid (2 x 50 ml), water, sodium 

bicarbonate s&n, brine and dried. Evaporation of the solvent left a brown oil which after chromatography (hexane: ethyl acetate, 

1: 1) gave the desired ester , methyl 5-acetamidoJ-ollyl- 4,7-di-O-aceryl-j5~deo~-~L~rabino-2-~ptulopyra~~~te 25 as a 

yellow oil; tm (CDCl$ 6 1.86 (3H, s, NHAc), 1.96 (6H. s, OAc), 2.06 (H, m, ‘S’-3a), 2.62 (H, dd, ‘S’-3e), 3.78 (3H, s, 

OMe), 3.9-4.4 (7H. m, WH2 x 2 +), 5.02 (H, m, CHO), 5.14 (H, dd, =CHaHb), 5.24 (H, brd, =CuaHb), 5.75 (H, d, NH), 5.85 

(H, m, CH=CH2): 13Chm (CDCl3) 6 20.89, 20.9, 22.8. 38.7. 51.2 (C-5). 53.7.64.6. 66.2. 71.5, 73.5 (C-6), 101.5 (C-2). 116.7, 

136.2, 172.2, 172.9, 173.6, 174.9. 

Ozonolysis of alkene (25). A slow stream of ozone was passed through a solution of the methyl ester 25 (0.3 g) in 

dichloromethane-methanol (5:1, 25 ml) at -5°C for 2 hr by when tk indicated that the starting material had been consumed. 

Dimethylsulphide (2 ml) was added and the reaction mixture was allowed to stand overnight. The solvent was removed to leave the 

aldehyde, methyl S-acetomido-2_(2-oxoerlryl)-4,7-di-O~ce~l-35-dideo~-~L~rabi~-2-hep~lopyranoso~te 26 (205 mg, 68%) as a 

yellow oil which was used in the coupling step without further purification: tm (CDCl3) 6 1.85 (3H, s, NHAc), l.% (6H. s, 

OAc), 2.06 (H. m. ‘S-3a), 2.46 (H, dd, ‘S’-3e), 2.58 (H, dd, CHaHbCHO), 2.58 (H. dd. CHaLIbCHO), 3.72 (3H, s, OMe), 3.95- 

4.3 (5H, m, OCH2 ), 4.94 (H, m), 5.25 (H, m), 5.75 (H, m), 9.62 (H, m. CHO); 13m (CDQ) 6 20.83, 20.85, 23.0, 37.0, 

50.3 (C-5). 52.7.63.4, 68.8, 71.5, 73.6 (C-6). 98.3 (C-2), 168.6. 170.3, 171.1, 171.7, 199.9. 

Wadsworth Emmons reaction of aldehyde (26). The aldehyde 26 (185 mg), ketophosphonate 2a (185 mg) and caesium 
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carbonate (I40 mg) were stirred together at room temperature in 2-methyl-2-propanol(6 ml ) for 2.5 hr. Phosphoric acid (1 ml, 2M 

soln) WAS added and the solution evaporated to dryness. The residue was redissolved in dichloromelhane (50 ml) and washed with 

sodium bicarbonate solution. brine and dried. Evaporation of the solvent gave a colonrless oil which after chromatography (hexane- 

ethyl acetale. 3: 1) gave the desired methyl ~-oceta~~do-~-l~” -(meth_vf 2’ ~‘-dibenroyl-6’-deo.~y-~L-~uiactopyra~~ide~-yl~~‘~-o~- 

~ent-t”~~-i”-yl~-4,7-di-Osce~i-3S-~~o~~L-arabino_2 27 as an oil (100 mg); tm (CDC13) 6 1.36 

(3H. d, F-Me). 1.98 (3H, s, NAc), 2.03 (3H, s, OAc), 2.10 (3H. s. OAc), 2.48 (H, m, ‘S-3e). 2.60 (H, d, L-l), 2.64 (H, m), 2.82 

(H. d, L.-l). 3.42 (3H. s, F-OMe). 3.79 (3H, s. CO2Me). 3.83 (2H. m), 4.03-4.35 (7H, m), 4.92 (A, ddd, ‘S-5). 5.18 (H, d. F-l), 

5.55 (2K m, NH + F-2). 5.82 (H, d, J =ll Hz, F-3). 6.13 (H.brd, J = 16SH2, L-3). 6.55 (H, dt, J 2: 16.5 HZ L-4). 7.25- 7.55 (6H, 

m. OIW, 7.85-7.95 (4H. m, OBz); t3m (CLX13) 6 13.9, 20.9 (2 x OAc), 23.2, 37.1, 42.3, 50.4, 52.9, 55.5, 62.7, 63.3, 68.7, 

70.9. 73.8, 76.1 (F-4). 97.1 (F-l). 98.2. (‘S-2), 128.3, 128.8, 129.7. 133.2. 143.5 (L-Q, 165.6, 165.8. 168.4, I70.5, 171.0, 

171.2: m/z 836.3 (M + Na). 814.3 (M 4 H). 782.3.754.3.521.2. 
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