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Abdtnact - Highly enantiomchica~~y puke [S)-I-) 2 and (RI-(+J- 
dhontafin 3 and (-I-maeyngoeide 4 wehe bynthesizZd dhom the 
common chi?& building block, I Zi?)- I, Z-0-i6op&opy~idcne-Z- 
hydfioxymethye-pent-4-ene-1,2-dioe 9 headily pkepaaed in dive btepb 
and 35% ove&aee yield dhom a-D-iboZacchazino-1,4-tactone I. 

INTRODUCTION 

Monosaccharides and their readily available derivatives have been widely used over 

the last ten years’ *2 as versatile precursors in the synthesis of optically active 

compounds. When this approach is used to generate a chiral building block with only 

one asyl.. metric center, it is necessary to employ a cheap and readily available star- 

ting material in order to be competitive with other enantioselective syntheses. 

Saccharinic acids are a good illustration of this requirement since they are ob- 

tained in one step by the well known rearrangement involving prolonged treatment of 

hexoses with aqueous alkali3. In this way, u-D-isosaccharinic acid, isolated as its 

crystalline lactone , 1, was prepared in good yield from lactose4. Curiously enough, 

the potential of this compound in synthesis has seldom been exploited5-7 as we dis- 

covered during our work on the synthesis of anthracyclinones such as daunomyci- 

none8” or y-rhodomyc inone 9 analogs. Two new applications of this versatile synthon 

for the preparation of the title compounds” 2,3 and 4 are now reported. 

RESULTS AND DTSCUSSION 

I. rot& bynthebib 06 natuhai? and unnatuhaZ ,j&ontaein 

(S)-(-)-frontalin 2 is known to be the aggregation pheromone of the southern pine 

beetle Dendroctonus 11 frontalis . The biologically active form of this l,S-dimethyl- 

6,8-dioxabicyclo/3.2.l.joctane pheromone is the (lS,SR) enantiomer12 Previous reports 

on the synthesis giving optically pure frontalin have relied on the incorporation 

of chiral building blocks1,3 asymmetric syntheses (e.g. self reproduction of chirali- 

tyi4Sharpless asymmetric epoxidation of allylic alcohol 15, , 
16 

taker’s yeast mceiated 

transformations, use of chiral auxiliary)17and optical resolution.‘8 

Although frontalin contains two asymmetric centers, only the (1s) center needs to 

be considered since the correct configuration at C-5 is dictated by this carbon 

center during the formation of the bicyclic structure. The substitution pattern at 

C-l is rarely observed in the usually available chiral building blocks. However 
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s-D-isosaccharino-1,4-lactone .1 does possess the desired functionality and for this 

reason it was chosen as starting material for the preparation of both enantiomers 

of frontalin (which is of interest for the evaluation of the behavioural and phy- 

siological aspects of this pheromone), 

The retrosynthetic analysis as shown on scheme I indicates that the dioxabicyclo- 

13.2.1. Ioctane compounds 2 and 3 can be viewed as being formed by internal ketaliza- 

tion of the hydroxyketone derivatives 14 and 21 themselves obtained from 2 easily - - 
prepared from 1. 

OH 

0 OH A 26 - 

OH 

Scheme I 

Firstly, condensation of aldehyde 5, prepared ‘a from isosaccharino-lactone Awith 

the stabilized l-(triphenyl-phosphoranylidene)-2-propanone 5 
19 was attempted. The 

expected albeit unstable product 7 was obtained (scheme II) as a minor component of _ 
the reaction mixture along with S resulting from an intramolecular Michael reaction. 

All attempts to prevent this intramolecular reaction met with little success. Simi- 

lar difficulties have been already reported by Fraser-Reid et al. 
13 for a closely 

related system. 

Since protection of the primary alcohol of 2 could not be satisfactory achieved in 

the presence of the highly reactive aldehyde function, we turned our attention to- 

wards the y,6-unsaturated alcohol derivative 9 in order to obtain a clean Wittig reac. 

tion. Compound 9 was synthesized from 1 in four steps in 30-35% overall yield9 and, 

as depicted in scheme III, was transformed into the corresponding tosyl compound 10 - 
in 75% yield, Reduction of the tosyl group giving 11 with a methyl as present at C-l 
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Scheme II 

in the final compound, natural frontalin &was unsuccessful. Indeed when 10 was - 
reacted with LAH, it was recovered unchanged whereas several by-products were 

formed when the reduction was attempted in the presence of LiEt3BH. In consequence, 

we decided to keep the tosyl group until the last step and to carry out the reduction 

at the dioxabicyclo derivative stage. .Cxidation of the terminal double bond of TO - 
was carried out by ozonolysis in dichloromcthane at -78°C followed by reductive work- 

up in the presence of triphenylphosphine. ‘The aldehyde 12 obtained in 85% yield was 

then condensed with 1-(triphenylphosphoranylidene)-Z-propanone, 6, affording stereo- 

specifically the trans unsaturated ketone 13 in 60% yield. When the hydrogenation of -- - 
13 was realized in the presence of 10% Pd/C, a mixture of the acyclic derivative 14 - 
and of the dioxabicyclo analog 15 was obtained in a 2:l ratio. In contrast, exclusive - 
formation of 14 was observed when triethylamine was added to remove any traces of a- - 

20 cid present in the catalyst . Compound 14 was easily converted into the dioxabicyclo - 
precursor of frontalin 15 in 95% yield by treatment with Amberlyst-15 ion exchange - 
resin. Finally, reduction of 15 into (S)-(-)-frontalin z was readily accomplished in 

95% yield with LiEt3BH as reducing agent. 

w CH3 - 
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a OR 
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4 0 01s 
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11 9 R=H - 12 - - 
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13 - 

Scheme III 
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Transformation of the other hydroxymethyl group in 2 into a methyl group would lead, 

according to the above sequence steps to the lR,SS compound enantiomer of frontalin. 

Thus, as depicted in scheme IV, 2 was temporarily protected as a benzyl ether, using 

the Czernecki procedure 'I to afford g in 80% yield. After hydrolysis of the acetal 

ring to the diol 17 (80%) followed by tosylation of the primary alcohol, compound u - 
was obtained in 90% yield. Reduction of the tosyl group was easily achieved using LAtf 

in THF at reflux which led to the suitable methyl derivative 19 in 90% yield. Otono- - 
lysis of the terminal double bond of 19 at low temperature followed by a reductive - 
work-up with triphenylphosphine provided the aldehyde 20 in 65% yield. The same se- 

quence of reactions used for the synthesis of frontalin z was again employed to conver 

20 to (lR,!iS) unatural frontalin 2 in 70% overall yield: i) Wittig reaction with - 
I-(triphenylphosphoranylidene)-2-propanone ; ii) hydrogenation with Pd-on-charcoal 10% 

Interestingly, cleavage of the benzyl ether, hydrogenation of the double bond and ring 

closure simultaneously occurred during the last reaction. 

2. 16 - 1,7 R = H 

12 R - Ts 

H 

OH OH 

20 - 
21 - 

4 
Scheme IV 

In bummahy, the dynthcdid 06 both enantiomehs 06 ,jtontaein hub been achieved in dew 

dtep6 and 13% and 8% hebpective Ovehakf- yiek!d ,$oh 2 and 3 d'torn i6obacchahinoLacXone - 
1. 

2. To;taL bynthebib 06 (-)-MaQngoLide. 

(-)-Malyngolide 4 is an antibiotic active against Mycobacterium smegmatis and 

Streptococcus pyogenes which has been isolated from the lipid extract of the blue- 

green marine alga Lyngbya majuscula Gomont". Malyngolide has been the target of 

a large number of syntheses including six asymmetric total synthesis of natural 

;;5b:otic'7b,23 two syntheses of its antipode 
24 , twelve syntheses of the racemic 

26 
and a synthesis of dihydro and isomalyngolide analogs . The retrosynthetic 

pathway (Scheme I) shows that aldehyde 26 is a good target since it could be obtained 

by ring opening of the epoxide 24 followed by hydrolysis. Epoxide 24 was itself - 
readily prepared from the tosyl intermediate _I2 used in the synthesis of frontalin 

(vide supra). 

Thus synthesis of malyngolide was achieved as depicted in scheme V. Treatment of 12 
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with Amberlyst-15 ion-exchange resin in metbanol afforded the 2-deoxy apioside deri- 

vative 22 in 90% yield. When formation of the oxirane system was attempted by treat- - 
ment of 22 with potassium methoxide at room temperature , 23 was obtained instead - 
of epoxide 24. Since the epoxide ring appeared to be unstable in the presence of ba- - 
se even when the temperature of the reaction was decreased to O’C, a methanolic so- 

lution of 22 was stirred in the presence of IRA-410 (OH-1 resin. Under these condi- - 
tions, epoxide 24 was quantitatively and specifically obtained. 

0 015 

w J-JA t 00 - * 

r- 
12 22 23 - / - - 

OH 

24 
- 

25 R = CN3 “I 
2 R-H 

Scheme V 

The reaction of epoxide 24 with octyl magnesium bromide in the presence of a cata- 

lytic amount of cuprous iodide at -4OOC in THF afforded the alkyl derivative _zS 

as a mixture of diastereoisomers. While hydrolysis of 25 in the presence of di- 

lute WC1 afforded a mixture of the hemiacetal 26 with the corresponding furane - 
derivative 27, the former was exclusively obtained in the presence of diluted AcOH. 

Since $J ka6 p~eu~uu~~g been conversed to (-I-ma&yngo&ide by HO et af.!3d, 

EXPERIMENTAL 

Melting points were determined on a Kofler hot-stage microscope and are uncorrected, 

IR spectra were recorded on a Perkin-Elmer Model 257 spectrophotometer, calibrated 

against polystyrene film and are expressed in cm *‘. ‘H NMR spectra were obtained 

on a Bruker HX 270 in CDC13. Chemical shifts are relative to TMS (6 = 0.0) and 

coupling constants are in Hertz. Mass spectra (DCI,DEI? were recorded on a Nermag 

R 1OlOC. Silica gel for column chromatography was Merck silica gel 60 n09385. 

Microanalyses were performed by the “Laboratoire de Microanalyses du CNRS” de 

Gif-sur-Yvette. 

f6R)-6,7-dihydroxy-6,7-O-isopropylidene-6-hydroxymetbyl-hept-3-ene-2-one (7) and 

f2R,S)-(4Rf-2-fpropanone~-4-hydroxy-4-hydroxyethyI-4;rlt-O-isopropylidene-tetra- 

hydrofurane (2). To a stirred solution of aldehyde 2 (100 mg, 0.57 mm011 in aceto- 

nitrile (30 ml) was added 2 (500 mg, 1.6 mmol). After the reaction mixture was 
refluxed for 2h, the solvent was removed under reduced pressure. A flash chromatogra 

phy using hexane-ethylacetate (2:lI as eluent afforded 1 (15 mg, 12%) and then 8 

(100 mg, 80%). 
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;.p. alQC; Iej z” +l.S” (c 0.9 in CIiClf); Xm, (CHCl,): 1710, 1400 and 1360 cm-l; 

H-NMR: 6 7.70 (d, 2H) and 7.22 (d, 2H)(J= 10, 4H arom.), 3.81 (d, 2H) and 3.63 

(d, 1H) (H= 10, CH2-7)) 3.80 (s, 2H, CH2-6’), 2.44 (s, 3H, Me), 2.37 (m, 2H), CH2-3), 

2.09 (s, 3H, COMeI, 1.54 (m, 4H, CH2-4 and CH2-S), 1.28 (s, 3H) and 1.31 (s, 3H) 

(2Me); MS (DCI/NH3): 388 (M+NHi), 330 (M+NHi-MeCO, loo%), 313. Anal. Calcd for 
C18H2606S: C, 58.37; II, 7.08. Found: C, 58.43; 11, 7.15. 

(1S,5R)-5-methyl-l-p-toluenesulfonyloxymethyl-6,8-dioxabicyclo~3,2,l~octane (15). - - 
From 13: - an ethanolic solution of 13 (224 mg, 0.6 mmol) was treated as described - 
above (cf. preparation of 14) but without triethylamine. This gave after flash 

chromatography using hexan:EtOAc (3:1), 120 mg of 14 and 65 mg of 15. - _- 
From 14: to a solution of 14 (2.55 g, - - 7 mmol) in chloroform (50 ml) were added 

5 g of Amberlyst-15 resin. The reaction mixture was stirred at room temperature 

for 0.5 h and filtered over a short path of celite. The filtrate was evaporated 

under reduced pressure to give 15 (2.03 g, 95%) as a crystalline compound. A sample - 
was recrystallized from hexane: m.p. llO°C; 

1630 cm-‘; ’ 

Ial ;0 -200; Vmax (CHCI,) : 1600 and 

Ii NMR: 6 7.70 (d, 2H) and 7.32 (d, ZH)(J= 10, H arom.), 4.03 (s, ZH, 

CH2-I), 3.85 (d, 1H) and 3.52 (d, lH)(J= 7, CH2-71, 2.42 (s, 31f, Me), 1.75-1.60 

(m, 4H, CH2-2 and CI12-3)) 

31 3 (M+H+) ; 
1 .38 (s, 3H, Me) ; MS (DCI/NH3): m/z 330 (M+NH4+, loo%), 

Anal. Calcd for C15H2005S: C, 57.68; tl, 6.46. Found; C, 57.60, If, 6.50. 

(1S,SR)-(-)-l,5-dimethyl-6,8-dioxabicyclo~3,2,f /octane or (S)-(-)-frontalin (2). 

To a stirred solution of tosylate 15 (2 g, 6.5 mmol) in THF (40 ml) at O”C, - 
were added 200 ml of a 1M solution of LiEt3BH in THF. After stirring under reflux 

for 3 h, the reaction mixture was poured into ice-water (150 ml). Extraction was 

carried out with ether after acidification with 1M aqueous HCl (50 ml). The or- 

ganic solution was washed with saturated aqueous solution of NaHC03, with water, 

dried (Na2S04) and evaporated under reduced pressure at low temperature. Natural 

frontalin 2 was obtained as a liquid (880 mg, 

lot:’ 

95%): b.p. 92’C/llO mmHg and 

-52’ (c 1 in ether); litt.18 b.p. 91°C 1100 mm Hg andlajk’ -52O (c 1.63, 

in ether). 

(2R)-2*benzyloxymethyl-l,2-0-isopropylidena-pent-4-ene-~,2-dioi (16) 

To a cold (0-S”C) solution of alcohol 2 (6 g, 35 mmol) in THF (200 ml), was 

slowly added NaH (1.6 g, 53 mmol, 80% in oil) and then tetrabutylammonium iodide 

(8.98 g, 52 mmol). After stirring for 0.5 h, benzyl bromide (9g, 52 mmol) was 

added and the mixture was stirred, overnight at room temperature. Excess of 

benzyl bromide was hydrolyzed by careful addition of water (200 ml) before 

extraction with ether. Usual work-up afforded a residue which was purified by 

chromatography over silica gel using hexane and then hexane-acetone (2:l) as 

eluent. This gave 16 (7g, 80%) as a syrup; Io1: - 
1640, 1380 and 1370 cm-‘; 

-50’ (c 4 in ether) ; vmax (film) : 
‘H NMR: 6 7.26 (m, SH arom.), 5.76 (m, lH, H-4), 5.06 

(d, J= 12, CH2-5), 4.51 (s, 2H, CH2-Ph), 3.92 (d, 1H) and 3.74 (d, lH)(J= 9, 

CH2-2’), 3.37 (s, 2H, CH2-I), 2.42 (d, 2H, J= 7, CH2-3), 1.38 (s, 3H, Me) and 

1.39 (s, 3H, Me); MS (EI): m/z 262 (M?, traces), 247 (M+-lS,lO), 221 (38), 204 

(Mf-acetone, traces), 141 (M?, C6H5CH20CH2* ,60), 91 (100). Anal. Calcd for 

C,6H2203: C, 73.25; H, 8.45. Found: C, 72.98; H, 8.53). 

(2S)-2-benzyloxymethyl-pent-4-ene-f,2-dfol (17). 
To a solution of 16 (14 g, 53 mmol) in methanol (250 ml) was added 15 ml of O.OSN 

aqueous Xl. The mixture was stirred overnight at room temperature,neutralized with 

IR 45 (OH-) Amberlyst and filtered. After evaporation of the solvent under reduced 
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pressure, chromatography of the residue using hexane-acetone (3:l) as eluent led 
20 to-7 (9.4g, 80%) as a syrup; Ial, +S” Cc I in CHC13); Vmax(fiW: 3400 and 1060 

cm ; 'H NMR: 6 7.30 (m, SH, arom.), 5.60 (m, lH, H-41, 5.10 (d, lH, J= 14, H-Sal! 

5.00 (d, lH, J= 6, H-5b1, 4.50 (s, ZH, CH2Ph1, 3.60 (d, IH) and 3.20 (d, lH)(J=S.S, 
CH2-2*), 3.46 (d, 1H) and 3.41 (d, ltl) (J= 4, CH2-11, 2.44 (s, 2H, OH), 2.30 (d, 

ZH, J= 3.5, CH2-3); MS (DCI/NH3): m/z 240 (M+NHi, loo), 223 (W+H+). Anal. Calcd 

for C13Hf803: C, 70.24; H, 8.16. Found: C, 70.33; H, 8.20. 

(2R)-2-benzyloxym~thyl-l-p-toluenesulfonyloxy-pant-4-~ne-2-o1 (21. 

To a solution of 17 (ll.lg, 50 mmol) in anhydrous pyridine (45 ml) was added TsCl - 
(11,5g, 60 mmol) and the mixture was stirred overnight at room temperature. After 

the addition of 45 ml of water, extraction with ether and usual work-up afforded 

after evaporation of the solvent under reduced pressure, 18 (17g, 90%) as a syrup; 

bl;O -So (c 1 in CHC13); urnax (film); 3520 and 1640 cm -7 1 H NMR: 6 7.90-7.00 

(m, 9H, arom.),S.72 (m, lH, H-41, 5.03 (d, lH, J= 6, H-Sal and 5.00 (d, lH, J= 17, 

H-Sb), 4.42 (s, 2H, CH2Ph), -- 3.96 (d, lH1 and 3.87 (d, lH)(J= 8, CH2-2'1, 3.39 (d, 

1H) and 3.30 (d, 1H) (J= 7, CH2-11, 2.38 (s, 3H, Me), 2.24 (d, 2H, J= 7, CH2-3). 

Anal. Calcd for C20H240SS: C, 63.82; H, 6.43. Found: C, 63.90; H, 6.50. 

(2R)-2-benzyloxymethyl-pent-4-ene-2-01 (19) 

To a cooled solution of the tosyl derivative 19 (lSg, 40 mmol) in THF (150 ml), was -- 
slowly added lithium aluminum hydride 2.Sg, 60 mmol). The mixture was refluxed for 

15h and after cooling, excess of LAH was destroyed in usual manner by successive ad- 

dition of water (2.5 ml), 0.25% aqueous NaOH (2.5 ml) and finally, water (7.5 ml). 

The suspension was filtered through celite and the filtrate evaporated under 

reduced pressure. The remaining oil was coevaporated with toluene to give 19 _- 
(7.6 g, 90%) as a pale yellow syrup; jc~lg'-2~ (c 0.5 in CHC13); Vmax (film) 
3420 and 1640 cm -';'HIU@G7.32 (s, SH, arom.), 5.76 (m, lH, H-4), 5.04 (d, lH, 

J= 14, H-Sal, 5.02 (d, lH, J= 12, H-Sb), 4.51 (s, 2H, W2Ph), 2.18 (d, 1H) and 

2.09 (d, 1H) (J= 10, CH2-I), 2.27 (m, 2H, (X2-3), 1.21 (s, 3H, Me);MS (DCI/NH3): 

m/z 224 (M+NHi, loo), 206 (M+), 189 (M+H+-181, 91. Anal. Calcd for C,3H,S02: 

C, 75.69; H, 8.80. Found: C, 75.53; H, 8.85. 

(3R)-3-benzyloxymethyl-3-hydroxy-butanal (20) - 
A stream of ozone was bubbled for 15 min. through a cold solution (-78°C) of 

19 (1 g, 4 mm011 in dichloromethane (20 ml). Dimethylsulfide was then added - 
and the mixture was stirred at room temperature for 3 h. Evaporation under 

reduced pressure followed by a flash chromatography using dichloromethane- 
20 methanol (99:l) as eluent afforded 20 (670 mg, 65%) as an Oil; IolD +lO' (c 1 - 

in CHC13); X max (film): 3440, 2740 and 1715 cm-'; 'H NMR 6 9.75 (t, lH, H-11, 

7.26 (m, SH, arom.), 4.51 (s, ZH, CH2-Ph), 3.37 (s, 2H,CH2-41, 2.82 (broad 

s, lH, OH), 2.68 (dd, lH, J= 18, J'= 2, H-2a), 2.48 (dd, lH, J= 18, J’= 2, H-2b), 

1.27 (s, 311, Me);MS (DCI/NH3): m/z 226 (M+NHi, 1001, 208 CM+). Anal. Calcd 
for C,2H,603: C, 69.21; H, 7.74. Found: C, 69.50; H, 7.80. 

(6R)-6-benzyloxymethyl-6-hydroxy-hept-3-ene-(E)-Z-one (21). - 
Treatment of 20 (416 mg, - 2 mmol) as described for the preparation of 13 afforded - 
after flash chromatography using hexane-acetone (4:l) as eluent, 2_1 (425 mg, 86%); 

)a/ i" +12' (c 1.8 in CHC131; urnax (film): 3420, 1665 and 1625 cm-'; 'H NMR: 6 

7.33 (m, SH, arom.), 6.88 (m, lH, J= 16, J’= 8, J"= 7. H-41, 6.10 fd, lH, J- 16, 

H-3), 4.57 (s, 2H, W2Ph), 3.33 (s, 2H, CH2-7). 2.49 (dd, lH, J= 14, J'= 7, H-Sal, 

2.36 (dd, lH, J= 14, J'= 8, H-Sb), 2.20 (s, 3H, Me) and 1.20 (s, 3H, Me). MS 
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(DCI/NH3): m/z 266 (M+NHi, lOO), 231 (M+H+-H20). Anal. Calcd for ClSHZO03: C, 72.55; 

H, 8.12. Found: C, 72.48; H, 8.27. 

(lR,Sg)-(+)-l,S-dimethyl-6,8_dioxabicyclo\3,2,1 /octane or (+)-front&in 2 

A methanolic solution of 21 (400 mg in SOml) was stirred overnight under H2 in the - 
presence of 10% Pd/C (SO mg). The mixture was filtered, diluted with water and ex- 

tracted with dichloromethane. Evaporation of the organic layer under reduced pres- 

sure gave 2 (184 mg, 80%) as a liquid: Iui;" +S2O (c 1, ether) or +29' (c 0.95 

methanol); Xmax (film) and 1H NMR were in agreement with the literature'3*'4"8. 

Methyl 2-deoxy-3'-0-p-toluenesulfony-apioside (22). 

To a stirred solution of 12 (8g, 24 mmol) in MeOH (250 ml) was added Amberlyst A15 

(4 g), After 72h, the susp&sion was filtered and evaporation of the filtrate af- 

forded 22 (6.84g, 93%). A flash chromatography using hexane-acetone (3:l) as - 
eluent gave both anomers as pure compounds, 

Anomer 22a (less polar): IaIr +3* (c 0.8 in CHC13); urnax (CHC13): 3680, 3580, 

3530 cm-‘; ‘11 NMR: 6 7.85 (d, 2H) and 7.32 (d, ZH)(J= 10, H arom.), 5.00 (d, lH, 

J= 6, H-l), 4.00 (s, ZH, CH2-3'), 3.85 (s, 2H, CH2-4), 3.34 (s, 3H, OMe), 2.42 

Is, 3H, Me) t 2.06 (dd, lH, J= 13, J'= 6, H-2a), 1.96 (d, lH, J= 13, H-Zb). Anal. 
Calcd for C13H1806S: C, 51.65; H, 6.00. Found: C, 51.80; H, 6.02. 

Anomer 22b (more polar): /aliO -38“ (c 1.2 in CHC13); ‘H NMR:6 7.77 (d, 2HI and 

7.30 (d, ZH)(J= 10, H arom.), 5.08 (dd, 1'1, J= 6, J'= 2, H-l), 4.10 (S, 2H, CH2-3'), 

3.76 (s, 2H, CH2-4), 3.26 (s, 3H, OMe), 2.46 (s, 3H, Me), 2.16-1.89 (m, 2H, CH2-2); 

MS (EI): m/z 301 (M+-1 ,traces), 271 (M+-31, 6 %I, 252 ( jj %). Anal. Found; 0, 51.57; 

H, 5.93. 

Methyl 2-deoxy-3'-O-methyl-apioside (23). - 
To a cold (OOC) solution of crude tosylate 22 (mixture of anomers, 0.9 g, 3 mmol) in - 
SO ml of methanol, was added 1M aqueous solution of MeOK (S ml). The mixture was 

stirred overnight at room temperature and neutralized by filtration through Amberlite 

IR (SO Ht) resin. Evaporation of the solvent under reduced pressure gave 23 - 
(0.37 g, 90%). A flash chromatography using hexane-acetone (4:l) as eluent affor- 

ded successively the anomers a and b. 
Anomer 23a (less polar): 'H NMR: 6 5.00 (d, lfi, J= 6, H-l), 3.91 (d, 1H) and 3.85 

(d, 1H) (J= 11, CH2-41, 3.43 (s, 3H, OMe), 3.41 (s, 3H, OMe), 2.07 (dd, 1H, J= 14, 

.I’= 6, H-2a), 1.96 (d, lH, J= 14, H-Ze); Anal. Calcd for C7H,404: C, 51.84; H, 8.70. 

Found: C, 52.03; H, 8.80. 

Anomer 23b (more polar); 'H NMR: 6 5.15 (dd, J= 6, J’= 2, H-11, 3.85 (d, 1H) and 

3.83 fd, lH)(J= 9, CH2-3'), 3.52 (d, 1H) and 3.45 td, lH)U= 8, CH2-41, 3.41 (s, We), 
3.32 (s, 3H, OMe), 2.20 (dd, lH, J= 15, J’= 6, H-2a) f 1.91 (dd, lH, J= 7, J'= 2.5, 

H-2b); MS IDCI/NH3): m/z 180 fM+NHi), ?48 fM+ NH4+ - 32,100). .,naI. Found: 

C, 51.75; H, 8.65. 

Methyl 3,3'-anhydro-2-deoxy-apioside (2). 

A solution of tosylate 22 (1 g, 3.3 mmol) in chloroform (SO ml) was stirred at room - 
temperature for 48 h in the presence of Amberlyst IRA 410 resin (5 g). Filtration 

and evaporation of the filtrate afforded 24 (420 mg, 98%) as a syrup. The two diaste- 

reoisomers were separated by flash chromatography using hexane-acetone (4:l) as 

eluent and isolated in a 3~2 ratio. 
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homer 24a (less polar): la1~*-174” Cc 1 in CHC13); 'H NMR: 6 5.17 (d, lH, J- 6, 

H-l), 4.07 (d, 1H) and 3.70 (d, lH)(J= 12, CH2-4), 3.37 (s, 3H, OMe), 3.10 Id, 1H) 

and 2.90 (d, lH)(J= 5, CfI2-3'), 2.27 (dd, lH, J= 14, J'= 6, H-2a), 2.16 (d, J= 14, 

H-2b). Anal. Calcd for C6H1003: C, 55.38; H, 7.74. Found; C, 55.40; H, 7.80. 

Anomer 24b: ~u~~* +158" (c 1 in CHC13); 'H NMR: 6 5.08 (d, lH, J= 6, H-l), 3.98 fd, 

1H) and 3.83 (d, 1H) (J= 14, CH2-4), 3.41 (5, 3H, *me), 2.95 (d, 1H) and 2.10 (d, 1H) 

(J= 5, CH~-3'), 2.42 (dd, lH, J= 14, J'= 6, H-2a), 1.87 (d, lH, J= 14, H-2b). Anal. 

Found: C, 55.25; H, 7.65. 

Methyl 2,4-dideoxy-3-C-nonyl-D-glycero-tetrofuranoside (25) 
To a solution of octylmagnesium bromide (prepared from octyl bromide (0.99 g, 

5.14 mmol) and magnesium (0.13 g, 5.15 mmol) in THF (20 ml) at -4O*C was added CuI 

(0.1 g, 0.51 mmol). After stirring at -40" for 2 h, a solution of epoxide 24 - 
(0.53 g, 4 mmol) in 5 ml of THF was added whereas the temperature was allowed to 

reach room temperature. 15 min later, a saturated solution of NH4C1 (150 ml) was 

added and the reaction mixture was extracted with ether. This led after evaporation 

of the solvent under reduced pressure to a residue which was chromatographed using 

hexane-acetone (3:l) as eluent. The two anomers were separated in an overall yield 

of 40% (0.39 g). 

Anomer 25a:luli* +79O (c 1 in CHC13); ’ H NMR: 6 5.00 (dd, lH, J= 6, J'= 4, H-l), 3.92 

(d, 1H) and 3.74 (d, 1H) (J= 8, CH2-4), 3.25 (s, 3H, OMe),Z..O(dd, IH, J= 14, J'= 6, 

H-Za), 1.87 (dd, lH, J= 14, J'= 6, H-Zb), 1.56 (m, 2H), 1.21 (m,l4H) and 0.94 (t, 

3H) (octyl). Anal. Calcd for C,4H2803: C, 68.81; H, 11.55. Found: C, 68.95; 

H, 11.52. 

Anomer ZSb:/a(i* -89' (c 0.9 in CHC13); 'H NMR: 6 5.13 (dd, lH, J= 2, J'= 6, Htl), 

3.70 (d, 1H) and 3.64 (d, lH)(J = 10, CH2-4), 3.32 (s, 3H, *Me), 2.20 (dd, J= 14, 

J'= 6, H-23), 1.87 (dd, J= 14, J'= 2, H- b), 1.63 (m, ZH), 1.25 (m,14H) and 0.88 

(t, 3H) (octyl); MS (DCI.NH3): m/z 262 (M+NH;), 230 (M+NH;;-32, 100); Anal. Calcd 

for C14H2803, Found: C, 68.80; H, 11.51. 

2,4-dideoxy-3TC-nonvl-D-plvcero-tetrofuranose (26). 
Method A: To a solution of methyl glycoside 25 (62 mg, 0.25 mmol) in acetone (10 ml) - 
was added 0.25 ml of 1N HCl. The mixture was refluxed for 15 min and after cooling, 

neutralized with saturated solution of NaHC03. Extraction with dichloromethane fol- 

lowed by flash chromatography using hexane as eluent gave 17 mg (30%) of 26 along 
with the corresponding aromatic derivative 27 (19 mg, 40%); ‘H NMR: 7.19 (S, 1H, - 
H-l ), 7.06 (s, lo, H+), 6.20 (s, lH, H-2), 2.40 (m, 2H), 1.55 (m, 2H), 1.29 (m, 

14H), 0.88 (t, 3H) (octyl); MS (DcI/NH3): m/z 195 (,c(+H+), 130 (and 74). 

Method B: The solution of 25 (100 mg, 0.4 mmol) in 25% aqueous AcOH was refluxed - 
for 3-4 h. Neutralization with solution of NaHC03 followed by extraction with 

dichloromethane yielded 26 (64 mg, 70%) as a mixture of anomers in a S:l ratio: 

I&" +23O (c 0.6, CHC13); 'H NMR: 6 5.70 (dd, J= 5, J'= 6, H-la), 5.51 (d, J= S, 

H-lb), 4.05 and 3.92 (2d), 3.74 and 3.68 (Zd) (H-4a)and H-4b), 2.3-1.85 (m, 2H, 

CH2-2), 1.62 (m, ZH), 1.25 (m,l4H) and 0.88 (t, 3H) (octyl); MS (DCI/NH3): m/z 

248 (M+NHi), 230 (H+NH~+ -lB), 204 (100); Anal. Calcd for C13H2603: C, 67.79; 

H, 11.38. Found: C, 67.90; H, 11.22. 
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