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derivatives gives in good yields o.-C-glycopyranosides which are easily converted into glycosylated -keto
esters, butenolide and dihydropyrone. © 1998 Elsevier Science Ltd. All rights reserved.

INTRODUCTION

Carbohydrate analogues in which a carbon atom substitutes the glycosidic oxygen (or nitrogen in the case of
nucleosides) are defined as C-glycosides, or more correctly C-glycosyl compounds. 1,2 They became attractive as
potential inhibitors of carbohydrate processing enzymes (glycosidases and glycosyl transferases) and stable
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C-glycosides. C-Glycosylation of pyranose or furanose uniis could therefore afford chiral building biocks for the
synthesis of macrocyclic structures. Most often the creation of a new stereocentre at the anomeric position exploits
the electrophilic character of that carbon atom. Various leaving groups generate a stabilized oxocarbenium
intermediate in Lewis acid-promoted reactions. In the case of pyranosides a stereoclectronic effect3+4 ensures that
nucleophiles approach the anomeric centre mostly from the side opposite to the axial clectron pair of the ring
oxygen. D-Gluco- and D-galactopyranosides therefore afford a-C-glycosyl derivatives with excellent stereo-

selection.
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seiectivity by its ability io coordinaic with intermediate oxonium ions.’ Manipuiation of the allylic appendage

(most often ozonolysis) allows further integration of the pyranose unit in more elaborate stuctures.
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reach the target molecuie as as possibie. A Acetate® and halide® substituted al allyisiianes have been occasionaly
used.

Various dianion equivalents of acetoacetate have been used in the synthesis of y-substituted-f-ketoesters. y-
Furanosyl10:11 and pyranosyl12 acetoacetates have been prepared by a non stereoselective Wittig reaction of
phosphorane Ph3P=CHC:OCH2CO2R with a sugar hemi-acetal. 1,3-Bis(trimethylsilyloxy)-1-methoxybuta-1,3-
diene 113 and diketene 2,14 a cyclic enol ester, have been added to acetals in Lewis acid-promoted reactions. The

silyl dienolate 3 readily available from the diketene-acetone adduct undergoes!5 enantioselective additions to
aldehydes in the presence of a catalytic chiral Lewis acid. The adduct 4 between diketene and Me3SiCH,MgCl
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Isopentenyl pyrophosphate and its isomerization product, dimethylallyl pyrophosphate, are five-carbon
building blocks involved in the terpenoid biosynthesis.2! These activated forms of isoprene can be chemically
mimicked 18.22 by allylsilane 7. Ozonolysis!? of the allyl appendage affords y-substituted acetoacetates in good

yields. Alternatively, the presence of a carboxylate function allows easy double bond migration leading to conju-
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pyrano sugars and of the resulting C-glycosides.

DISCUSSION

B-D-Glucopyranose pentaacetate reacted sluggishly with allylsilanc 7 and boron trifluoride etherate in
acetonitrile at room temperature. A 6:1 mixture of a- and B-C-glycosides was obtained after 45 h in only 24%
vield. No improvement resulted from changing the solvent to dichloromethane, increasing the temperature of the
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reaction or using tnmcthylsilyl trifluoromethanesulfonate (TMSQOTY) as acid promoter.
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ghiCOpylauusyi fluoride 9 (p :a43:7) was g iantitativ
benzyl-D-glucose 8 with diethylaminosulfur trifluoride (DAST) in tetrahydrofuran. The D-galactopyranosyl
fluoride 13 (B:a 11:89) was prepared from the corresponding B-thiophenyl glycoside 12 as reported by
Nicolaou ezal .26 Both fluorides 9 and 1 3 reacted at 0°C with allylsilane 7 and BF3- OEt; in acetonitrile to give C-
glucopyranoside 10 (a:p 95:5, 86%) and C-galactopyranoside 14 (only a, 90%) respectively (Scheme 1). Pure
10a crystallized from ethanol. 'H NMR analysis of crude 10 and 14 in CDCl3 allowed evaluation of diastereo-
meric ratios by integration of the signals corresponding to the methyl ester (singlets at 8 3.65 and 3.64 for 10a

and 1 0B respectively). Signals of pyranose hydrogen atoms revealed complex mixtures of conformers at room
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ultiplicity of anomeric H-51n 10a (ddd, Jsa 5 11, J4p 5 3.3 and J56 5.6 Hz) was

S,

temperature. The expected mu
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Scheme 1
Excellent yields of unprotected allyl C-glycosides have been obtained2? from methyl a-D-glucopyranoside
16 by sequential O-trimethylsilylation, TMSOT{-promoted addition of allyltrimethylsilane and deprotection on
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triethylamine in N, N-dimethylformamide;?8 the crude products 17 and 20 were then treated at 0°C with allyl-
silane 7 and TMSOTT in acetonitriie to give unproiected C-giucopyranoside 18 (a:f 74%) and C-
galactopyranoside 2 1 (only a, 75%) respectively (Scheme 2). 1H NMR spectra of 18 and 21 in CD30D showed
4Cy chair conformers (Jg 7 9.7, J78 8.7 and Jg 9 9.7 Hz in 18, Js7 9.2 Hz in 21) with an a-appendage at C-5

(Js65.6Hzin18and 21).
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oxidation of O-7 benzyl cther was also isolated in 6% yield; its structure was ascertained by the downfield shift of
H-7 signal (8 5.49) and the low-field signals of the aromatic hydrogens in the benzoyl group. Oxidation of benzyl
ethers by ozone has been reported.29.30 C-Galactoside 14 was also submitted to ozonolysis to give the B-

ketoester 15 in 70% yield (Scheme 1). Its conformation was found by 1H NMR analysis to be far from the chair
one (J563.6, Jg 7 6.6, J78 2.5 and Jg 9 4.1 Hz). The exocyclic chain in f-ketoesters 11 and 15 had also a quite

different conformation (J4, 5 ~ 6 and Jay, 5 ~ 8 Hz) when compared to the methylene precursors 10 and 14 (J4a 5
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sodium methoxide solution, since H-2a and H-2b are more acidic than H-4a and H-4b.
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by Cipolla etal 31 The electrophile-promoted cyclization of y,8-unsaturated ethers is a well known procedure32 to
make 2,5-disubstituted tetrahydrofurans. Addition of iodine to a solution of 14 in acetonitrile at room temperature
gave a 3:2 mixture of C-3 epimers 22 which was submitted to reductive elimination with zinc. C-galactoside 23
was obtained in a 65% overall yield (Scheme 3). Addition of trichloroacetyl isocyanate33 to an NMR sample of
23 shifted H-6 signal (6 3.82, dd, Js¢ 4.6, Jg7 10 Hz in 23) towards lower fields (6 5.17). The 2-0O-

unprotected C-galactoside will be a valuable precursor for the synthesis of a-C-glycosides of D-galactosaminc.34
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tetrahydrofuran for 3 days.35.36 A 4:1 mixture of Cr‘ystaumc, E and Z isomers 26 was obiained in 83% yield

and 13C chemicai shifts of CH3-3 and CHz-4 groups. In the E isomer these signals occurred respectively at oy
2.16, 8¢ 18.56 and dH.4a 2.58, dp1ap 2.48, 8¢ 36.18, whereas in the Z isomer the following values were found:
oy 1.92, 8¢ 25.55 and 8y4a 3.34, Op4ap 2.95, 8¢ 28.69. It is noticeable that attempted conjugation with
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potassium Zerf-butoxide in tetrahydrofuran—sert-butyl alcohol led to unidentified compounds
group had been affected.

The dicnolate anion involved in conjugation experiments can be produced at low temperaturc by reaction of
lithium diisopropylamide (LDA) in tetrahydrofuran. It is known3® that dianionic species generated from o, -
unsaturated acids are mostly a-alkylated by carbonyl compounds at low lemperatures; retroaddition and
recombination to the more stable y-alkylated product occur at higher temperatures. However the regioselectivity of
addition can be dependent on the nature of the electrophile, carbonyl compounds adding preferentially to the soft
nucleophilic y-position.3? We observed (Scheme 4) that the lithium dienolate prepared from 10 added
benzaldehvde at -78°C to give the E y-alkylated product which cyclized at room temperature into the a,B-

unsaturated d-lactone 27 (59%, 1:1 crystalline mixture of epimers at C-12).
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Finallv. C-olucoside 10 was converted into the butenolide 29 (639 overall vield) via the ris-hvdroxv-
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intermediate diol lactonized during the reaction to give a 7:3 mixture of epimeric alcools 2 8. Treatment of 28 with
methanesulionyl chioride and triethylamine at room temperaturc gave rise to elimination of the intermediate tertiary
sulfonate (Scheme 4).

CONCLUSION

Addition of allylsilane Me3SiCH2C:CH2CH2CO2Me to D-gluco and D-galactopyranosyl derivatives (most
specially perbenzylated fluorides) gives access to a-C-glycosides which can be easily transformed into useful C-
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General Procedures:

Melting points were determined using a Kofler hot stage apparatus under a Reichert microscope and are
uncorrected. Optical rotations were measured at room temperature on a Perkin-Elmer 341 automatic polarimeter
(concentration in g/100 mL). NMR spectra were recorded on a Bruker ARX-400 instrument. !|H NMR were
obtained at 400.13 MHz (s=singlet, d=doublet, t=triplet, m=multiplet, bd=broad). Assignments were confirmed

by homonuclear 2D COSY correlated experiments 13C NMR were obtai

alnulibal 240 LD 1 LIRS CAPUIIINCIRS. O PLS S AN 4

Thin layer chromatography (TLC) was performed on Merck DC-Alufolien Kieselgel 60 Fps4 Art. 5554 with
detection by UV light and charring with 1:10 HSO4~MeOH. Flash chromatography4! was performed on Merck
Kieselgel 60 (40-63 wm). All solvents were dried and distilled according to standard laboratory procedures.#2
Elemental analyses were performed by the Service de Microanalyse du Centre National de la Recherche

Scientifique (Gif-sur-Y vette, France).

Methyl 5,9-Anhydro-6,7,8, 10-tetra-O-benzyl-2,3,4-trideoxy-3-C-methylene-D-glycero-D-ido-deconate (10).
2
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allowed to warm to 0°C within 45 min, then diluted with dichloromethane, and washed with saturated aqueous
NaHCOj and water. The organic phase was dried (MgS0O4) and evaporated. The residue was purified by flash
chromatography (petroleum ether—ethyl acetate, 17:3), then crystallized from ethanol to give 10 (455 mg, 86%);
mp 42-45°C; [at]p +20 (¢ 1, CHCl3). 'H NMR (DMSO-dg, 80°C): 6 7.34-7.21 (m, 20 H, 4 Ph), 5.03 and 4.94
(2 bd s, 2 H, CHy=), 4.83 and 4.73 (2 d, 2 H, J 11.5 Hz, CH7Ph), 4.73 and 4.55 (2 d, 2 H, J 11.3 Hz,
CHPh), 4.63 (m, 2 H, CH,Ph), 4.51 and 4.46 (2 d, 2 H, J 12.1 Hz, CHPh), 4.23 (ddd, 1 H, J4a.5 11, Jab 5

|98
~J
20
—
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33, Js g 5.6 Hz, H-5), d, | H, Jg7 8.8, J25 8.2 Hz, H-7), 3.70 (m, 1 H, H-9), 3.65 (dd, 1 H, H-6),
2AIR[ER (im 27H H_1Na 1 Y RAN (¢ T H COAMaY 2 A4A (AA Io o 4 7 _) Q]A (hd ¢ 2 H H-
3.84-3.36 11, 2 11, 11-i1vd,1va), 5.9V \5, J 11, L2iVal), 399 (U, 1 51, w39 C5 aad, 1t 8), 14008 S, 20, 12
2a,2b), 2.60 (dd, 1 H, J4a 4p 15.4 Hz, H-4a) and 2.41 (dd, 1 H, H-4b); 13C NMR (CDCI3): § 171.90 (C-1),
139.37, 138.80, 138.24, 138.23 and 138.08 7 C

(CH»=), 82.42, 79.96, 78.03, 72.68 and 71.26 (C-5,6,7.8,9), 75.60, 75
68.85(C-10), 51.92 (CO2CH3y), 41.31 (C-2) and 30.75 (C-4). Anal.Calcd for C4ol-l4407: C, 75.45; H, 6.96.
Found: C, 75.44; H, 7.13.

Methyl 5,9-Anhydro-6,7,8,10-tetra-O-benzyl-2,4-dideoxy-D-glycero-D-ido-dec-3-ulosonate (11).
A solution of 10 (480 mg, 0.75 mmol) in dichloromethane (20 mL) was treated with ozone at -78°C until

a persistent blue color appeared. The excess of ozone was then 1 removed within 15 min bv a stream of ox ygen,
persistent blue color appeared. 1he €XC

than within 18 min hu a ctream of nitracen at 7R Trinhenvinhocnhine (5900 mo. 2 25 mmol) was added and
(891 1 VvV Iitlkikl 1.7 11111 U DULAKLERL 7L LIl 19 U N lll}}l]\/ll] A}JAAVUHAALL!V \~ <V lllc, i edas AiaiiATAy ¥ S RReiiNis

a
the solution was stirred at -78°C for | h, then at room temperature for 3 h. After evaporation the residue was
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nurifiaed hv flach chromatnoranhv (netroleum ether_athvul aretate A-1Ytaoive 11 (310 mo A4 ac a eyrun: Tole
puniicg 0y [iasn caromalograpny (petroieum €iner—einy: acelale, 411 ) o give 2 2 (210 g, 047¢) as a syrup; (&4;p

232 AN 0T MLIO 1LT AT\ AD IOTW N e R T2 7T YA fema DINTIT A DMWY AQCQ nend ATOQO Y A N 1L F11 7 LI
TIIN\C V.TIT7, LI - ANAIC1d). U /007,29 (1, 4LV 1L, 9 T11), .07 allu 4./7 (4 U, <11, J 11.4 T/,

CHPh), 4.79 and 4.56 (2 d, 2 H, J 11.7 Hz, CH;Ph), 469 (m, 1 H, H-5), 461 and 447 (2d, 2 H, J 11.2
Hz, CH2Ph), 4.59 and 4.46 (2 d, 2 H, J 12.2 Hz, CH,Ph), 3.78-3.55 (m, 6 H, H-6,7,8,9,10a,10b), 3.68 (s, 3
H, CO2Me), 3.48 and 3.41 (2d, 2 H, J2a2p 15.8 Hz, H-2a,2b), 3.01 (dd, 1 H, J4a 4b 15.6, J1a5 5.8 Hz, H-4a)
and 2.82 (dd, 1 H, J4p 5 8.1 Hz, H-4b); 13C NMR (CDCl3) 8 200.15 (C-3), 167.42 (C-1), 138.47, 138.01,

137.87 and 137.67 (4 C quat. arom.), 128.52-127.68 (20 C arom.), 81.87, 79.06, 77.57, 72.55 and 70.83 (C-
5.6,7.8.9), 75.38, 75.00, 73.51 and 73.38 (4 CH,Ph), 68.73 (C-10), 52.30 (CO>CH3), 49.61 (C-2) and 40.24

(C-4). Anal. Caled for C3gHas0g: C, 73.33; H, 6.63. Found: C, 73.25; H, 6.57.

a0 200 LS5t 4

The '7-().hpn7nvl derivative was eluted next (28 mg, a%). IH NMR (CDCl3): 8 7.90, 7.51 and 737 (3 m

~ewaa Y RIS R P ~237 .24 QLS \~ =azy

5 H, PhCO), 5.49 (dd, 1 H, J¢7~ 78 ~ 9.1 Hz, H-7), 474 (m, 1 H, H-5) and 3.70 (m, 1 H, H-6); 13C NMR

1o AN 2 1A

{CDCi3): 0 198.78 (C-3), 160.33 and i64.70 C-i and PhCO).

—~~

Methyl 5,9-Anhydro-6,7,8,10-tetra-O-benzyl-2,3,4-trideoxy-3-C-methylene-D-glycero-L-gluco-deconate (1 4).
Fluoride 13 (1 g, 1.8 mmol) in dry acetonitrile (25 mL) was treated with 7 (1.37 g, 7.35 mmol) and boron
trifluoride etherate (220 L., 1.8 mmol) as described for the preparation of 1 0. The crude product was purified by
flash chromatography (petroleum ether—ethyl acetate, 4:1) to give 14 (1.07 g, 91%) as a syrup; [a]p +33 (¢ 1,
CHCI3). IH NMR (CDCl3): 8 7.36-7.24 (m, 20 H, 4 Ph), 4.99 and 4.94 (2 d, 2 H, J 0.8 Hz, CHp=), 4.76-4.42

1H H-5), 406397 (m, 2 H H8102),384(m, | H H-6), 378 (m, 1 H, H

L1, 137 155y 4 2Ry 1170, T REl, 4 Lk, K27

2a,2b), 2.52 (dd, i
for C4oH4407: C, 75.45; H, 6.96. Found: C, 75.31; H, 6.95.

Methyl 5,9-Anhydro-6,7,8,10-tetra-O-benzyl-2,4-dideoxy-D-glycero-L-gluco-dec-3-ulosonate (15).

Alkene 14 (400 mg, 0.63 mmol) was treated with ozone, then with triphenylphosphine (500 mg, 1.9
mmol) as described for the preparation of 1 1. The crude product was purified by flash chromatography (toluene—
ethyl acetate, 9:1) to give 15 (280 mg, 70%) as a syrup; [a]p +27 (¢ 1, CHCl3). IH NMR (CDCl3): & 7.36-7.13

(m 20H APhY A71 441 (m QH ACH-Phand HSY A (m 1H HO 307(dd 1 H J=e 2.5 ’nn_An

\1lhy &L\s X2, °F K ALf, \ihd, F B2, W Soera s AR 11T, TS (B, 4 KL, SATS )y ST My L UL, U B ety R

[oy

Hz, H-8), 3.83 (dd, 1 H, J9,10a 7.6, J10a,10b 10.7 Hz, H-10a), 3.80 (dd, 1 H, J5¢ 3.6, Js.7 6.6 Hz, H-6), 3.68
(dd, i H, H-7), 3.65 (s, 3 H, CO2Mej, 3.63 (dd, 1 H, Jg,10b 4.6 Hz, H-10b), 3.48 and 3.40 (2 d, Z H, J i5.8
i3¢

Hz, H-2a,2b), 2.81 (dd, 1 H, J4a 5 7.6, Jaadn 16.3 Hz, H-4a) and 2.74 (dd, 1 H, Jgp 5 6.1 Hz, H-4b);
NMR (CDCl3): & 200.96 (C-3), 167.62 (C-1), 138.29, 138.27, 138.22 and 137.77 (4 C qual. arom.), 128.43-
127.53 (20 C arom.), 76.08, 73.73 and 67.85 (C-5,6,7,8,9), 73.31, 73.25, 73.05 and 72.87 (4 CH,Ph), 67.21
(C-10), 52.20 (CO2CH3), 49.51 (C-2) and 42.11 (C-4). Anal. Calcd for C39H4208: C, 73.33; H, 6.63. Found:

C, 73.51; H, 6.62.
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trimethylchlorosilane (1.5 mL, 12 mmol). The mixture was stirred for 3 h at room temperature, then diluted with

pentane and washed with iced water. The organic phase was dried (MgSQy), then concentrated to give 17 as a
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To a solution of methyl 2,3,4,6-tetra-O-(inmethyisilyl)-a-D-glucopyranoside (1 7, 882 mg, 1.83 mmoi) in

dry acetonitrile (10 mL) were successively added at 0°C under nitrogen 7 (1 g, 7.66 mmol) and trimethylisilyl
trifluoromethanesulfonate (TMSOTT, 0.98 mL, 5.43 mmol). The mixture was stirred at 0°C for 6 h, then diluted
with methanol (10 mL) and neutralized with Dowex 1 X-8 (OH") resin. After filtration the solution was
evaporated to give 1 8 (409 mg, 74%). A sample of 18 was purificd by column chromatography (ethyl acetate—2-
propanol-water, 34:6:1). 1H NMR (CD30D): d 4.97 and 4.89 (2 s, 2 H, CHs=), 4.02 (ddd, 1 H, Jaas511.2,

Jap 5 3.6, Js 5.6 Hz, H-5),3.64 (dd, 1 H, Jo 105 2.6, Jy0a 105 12.2 Hz, H-10a), 3.60 (s, 3 H, COMe), 3.57
(dd, 1 H, Jg 10p 4.6 Hz, H-10b), 3.52 (dd, 1 H Jo7 9.7 Hz, H-6), 3.44 (dd, 1 H, /78 8.7 Hz, H-7), 3.40
(ddd, 1 H, Jg9 9.7 Hz, H-9), 3.22 (dd, 1 H, H-8), 3.11 (m, 2 H, H-2a,2b), 2.48 (dd, 1 H, Jaa4p 15.3 Hz, H-
4a) and 2.40 (dd, 1 H, H-4b); 13C NMR (CD30D): 6 173.94 (C-1), 141.54 (c-2), 116.83 (CHp=), 76.09,

. 62.86 (C-10), 52.34 (CO2CH3), 42.05 (C-2) and 31.87 (C-4)

75.11, 74.53, 72.83 and 72.09 (C-5,6,7,8,9),
Anal. Calcd for C12H7007 - 0.25 H,0: C, 51.

Methyl 5,9-Anhydro-2,3,4-trideoxy-3-C-methylene-D-glycero-L-gluco-deconate (21).
Methyl a-D-galactopyranoside 19 (554 mg, 2.61 mmol) was silylated, then added to 7 as described for the

preparation of 18 to give 21 (538 mg, 75%). An analytical sample of 21 was obtained by crystallization from
ethanol; mp 103-105°C; [alp +73 (¢ 0.985, MeOH). IHNMR (C 230D)Y: 8 5.05and 4.96 (2 bd s, 2 H, CHs=)

allitl IVILLS viIv AWAIJNVILS) .J, &L IR, NIR—

4.14(ddd, 1 H, J445 11.2, J4p 5 3.1, J56 5.6 Hz, H-5),3.94 (m, 1 H, H-8),3.91 (dd, 1 H, J6 7 9.2 Hz, H-6),
3.76-3.64 (m, 4 H, H-7,9,10a,10b), 3.67 (s, 3 H, COsMe), 3.18 (m, 2 H, H-2a,2b), 2.55 (dd, 1 H, J4aqp 15.3

Hz, H-4a) and 2.43 (dd, 1 H, H-4b); 13C NMR (CD30D) & 174.00 (C-1), 141.60 (C-3), 116.75 (CHy=),
74.79, 73.88, 71.82, 70.04 and 69.99 (C-5,6,7,8,9), 61.96 (C-10), 52.36 (CO2CH3), 42.08 (C-2) and 32.36
(C-4). Anal. Calcd for C2H»007: C, 52.17; H, 7.30. Found: C, 51.86: H, 7.27.

Methyl 5,9-Anhydro-7,8,10-tri-O-benzyl-2,3,4-trideoxy-3-C-methylene-D-glycero-L-gluco-deconate (2 3).
of 14 (450 mg, 0.71 mmol

L4 3 v Al g,

N
5

[=N
2
)
(@]
o
Q
3

mL) at 0°C under nitrogen The mixture was stirred overnight at room temperature, then diluted with ether (10
mL) T'he solution was washed with saturaied aqueous 1\Id232\13 \:) mL ) The aqueous pnase was extracted with
cther and the combined organic phases were washed with brine, dried (MgSQy4) and concentrated. {H NMR
(CDCl3): 22a 6 7.40-7.15 (m, 15 H, 3 Ph), 478 and 4.68 (2 d, 2 H, J 11.9 Hz, CH,Ph), 4.74 and 4.57 (2 d,

H, J 11.4 Hz, CH,Ph), 4.56 (m, 2 H, CH>Ph), 447 (dd, 1 H, Jab 5 5.5, J56 ~ 3 Hz, H-5), 425 (dd, 1 H, J6,7
4.3 Hz, H-6), 4.20 (ddd, 1 H, Jg 9 5.1, J9,10a 8.5, J9,10b 3 Hz, H-9), 4.01 (dd, 1 H, J7 g 2.5 Hz, H-8), 3.88
(dd, 1 H, J10a,10b 10.6 Hz, H-10a), 3.83 (dd, 1 H, H-7), 3.70-3.60 (m, 6 H, COsMe, CHal and H-10b), 3.06

and 2.97 (2d, 2 H, J 15.6 Hz, H-2a,2b), 2.33 (d, 1 H, J3a 41 14.4 Hz, H—4a) and 2.22 (dd, 1 H, H-4b); 22b &

7.40-7.15 (m, 15 H, 3 Ph), 4.84-4.65 and 4.61-4.51 (2 m, 6 H, 3 CH,Ph), 447 (m, 1 H, H-5), 4.23 (m, 1 H,
H-6), 4.16 (m, 1 H, H-9),3.99 (m, 1 H, H-8), 3.85 (m, 1 H, H-10a), 3.80 (m, L H, H-7), 3.75-3.65 (m, 5 H,
CO2Me and CHal), 3.59 (m, 1 H, H-10b), 2.93, 2.73 and 2.36 (3 m, 4 H, H-2a,2b,4a,4b)

Powdered zinc (462 mg, 7.1 mmol) was added to a solution of crude 22ab in 1:1 tetrahydrofuran—
methanol (8 mL). A few drops of acetic acid were added and the mixture was stirred overnight at room

temperature, then filtered over Celite and concentrated. The residue was purified by flash chromatography
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(petroleum ether—ethyl acetate, 7.3) to give 23 (251 mg, 65%) as a syrup. 'H NMR (CDCl3): 6 7.37-7.22 (m, 15

a
H, 3 Ph), 5.02 and 4.97 (2 bd s, 2 H, CHy=), 4.73, 4.72, 456 and 4.54 (4 d, 4 H, J 11.7 Hz, 2 CH,Ph), 4.52
and 4.48 (2d, 2 H, J 11.7 Hz, CH,Ph), 423 (ddd, 1 H, J445 9.7, Jab 5 ~ J5,6 ~ 4.6 Hz, H-5), 4.13-4.01 (m, 3
H, H-8,104,10b), 3.82 (dd, 1 H, Jg¢,7 ~ 10 Hz, H-6), 3.71-3.60 (m, 2 H, H-7,9), 3.64 (s, 3H, CO3Me), 3.16
and 3.11 (2d, 2 H, J 15.8 Hz, H-2a,2b), 2.47 (dd, 1 H, J4, 41 15.3 Hz, H-4a), 2.39 (dd, 1 H, H-4b); lH NMR
(CDCl3 + CCI3CONCO): 6 8.67 (bd s, 1 H, NH), 7.39-7.26 (m, 15 H, 3 Ph), 5.17 (m, 1 H, H-6), 5.00 and
498 (2 bd s, 2 H, CHy=), 4.76 and 4.64 (2 d, 2 H, J 12 Hz, CH»Ph), 4.66 and 4.54 (2d, 2 H, J 11.7 Hz,

(o8] c
=l
p-
<

~ M

Methyl 5,9-Anhydro-6,7,8,10-tetra-O-benzyl-2,3,4-trideoxy-3-C-methyl-D-threo-L-ido and D-threo-L-gulo-
deconates (24).
A solution of 14 (1.43 g, 2.25 mmol) and triethylamine (0.31 mL, 2.25 mmol) in ethanol (15 mL) was

hydrogenated overnight in the presence of 5% palladium on charcoal at room temperature and atmospheric

pressure, The mixture was filtered over Celite and the filtrate was concentrated to give 24 (1.43 g, 100%). IH
NMR (CDCl3): & 7.37-7.23 {m, 20 H, 4 Ph), 4.79-4.44 (m, 8 H, 4 CH,Ph), 4.10-3.50 (m, 7 H, H-
5,6,7,8,9,10a,10b), 3.61 and 3.60 (2 s, 2x1.5 H, COyMe), 2.39-2.33 (m, 1 H, H-2), 2.20-2.02 (m, 2 H, H
2,3), 1.85-1.25 (4 m, 2 H, H-4), 0.97 and 0.91 (2 d, 2x1.5 H, J 6.6 and 6.1 Hz, Me)

5,9-Anhydro-6,7,8,10-tetra-O-benzyl-2,3,4-trideoxy-3-C-methyl-D-threo-L-ido and D-threo-L-gulo-deconic acids
(25).

Lithium hydroxide monohydrate (327 mg, 7.8 mmol) was added to a solution of ester 24 (1 g, 1.57 mmol)
in 3:1 methanol-water (16 mL). The mixture was heated at reflux for | h, then cooled, diluted with
dichloromethane (100 mL) and washed with 10% aqueous hydrochloric acid (5 mL). The aqueous phase was

¢ extracts were concentrated to give 25

e veral tim h d ed ni
(950 mg, 97%) homogeneous in t.lc (dlcbleremethane—mefhﬂnel, 19:1, £0.42). 'TH NMR (CDCl3): 6 0.92
and 0.87 (2 d, 2x1.5 H, J 6.1 and 6.6 Hz, Me)

Methyl 5,9-Anhydro-6,7,8,10-tetra-O-benzyl-2,3,4-trideoxy-3-C-methyl-D-glycero-D-ido-dec-2-enonate (26 £
and 267).

A solution of B,y-unsaturated ester 10 (246 mg, 0.39 mmol) in dry tetrahydrofuran (1 mL) containing
piperidine (80 uL, 0.81 mmol) was heated under reflux for 72 h, then cooled, diluted with dichloromethane,
washed with 0.1 M HCI and water, dried (MgSO4) and concentrated. The residue was purified by flash
chromatography (toluene—ethyl acetate, 19:1) to give first 26Z (41 mg, 17%); mp 78-80°C; [a]p +46 (¢ 0.994,
CHCl3). 'H NMR (CDCl3): 8§ 7.40-7.13 (m, 20 H, 4 Ph), 5.76 (bd s, 1 H, H-2), 4.95 and 4.47 (2 d, 2 H, J

LS 5 L W 10T NS S A B £ SaS

10.7 Hz, CH,Ph), 4.81 (m, 2 H, CH,Ph), 4.79 and 4.69 (2 d, 2 H, J 11.7 Hz, CH,Ph), 4.57 and 4.43 (2 d, 2
H, J 12.2 Hz, CH,Ph), 4.40 (ddd, 1 H, J4a5 11.7, Jan 5 3.1, J56 5.6 Hz, H-5), 3.86-3.75 (m, 3 H, H-6,7,9),

P O 7 AN 1 A

3.69-3.55 (m, 3 H, H-8,10a,10b), 3.64 (s, 3 H, COxMe), 3.34 (dd, 1 J4a,4b 14.2 Hz, H-4a), 2.95 (dd, 1 H,
H-4b) and 1.92 (s, 3 H, Me); 13C NMR (CDCl3): 6 166.55 (C-1), 157.86 (C-3), 138.82, 138.42
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138.08 (4 C quat. arom.), 128.37-127.55 (20 C arom.), 117.59 (C-2), 82.28, 80.29, 78.07, 73.70 and 71.80
(C-5,6,7,8,9), 75.53, 74.92, 73.40 and 73.23 (4 CH,Ph), 65.00 (C-10), 50.88 (CO,CHj3), 28.69 (C-4) and

25.55 (Me). Anal. Calcd for C40H4407: C, 75.45; H, 6.96. Found: C, 75.35; H, 7.11.

2 6 was eluted next (164 mg, 67%); mp 76-78°C; |a]p +49 (¢ 0.975, CHCl3). IH NMR (CDCl3): & 7.34-
7.11 (m, 20 H, 4 Ph), 5.72 (bd s, 1 H, H-2), 4.93, 4.81 and 4.46 (3d, 4 H, J 11.2 Hz, 2 CH>Ph), 4.73 and
4.60(2d,2H,J11.7 Hz, CH2Ph), 462 and 443 (2d, 2 H, J 12.2 Hz, CH2Ph), 4.24 (ddd, I H, J4a5 11.2,
Jab 5 2.5, J56 5.6 Hz, H-5), 3.78-3.57 (m, 6 H, H-6,7,8,9,10a,10b), 3.65 (s, 3 H, COsMe), 2.58 (dd, 1 H,
Jaa ap 14.8 Hz, H-4a), 2.48 (dd, 1 H, H-4b) and 2.16 (d, 3 H, Jp Me 1 Hz, Me); 13C NMR (CDCl3): 8 166.99
-1,

e N YaWEalls]
7.0U (L-2

~ CDL

5,9-Anhydro-6,7,8,10-tetra-O-benzyl-2,3,4-trideoxy-3-C-(2R and 2S hydroxy-2-phenylethyl)-D-glycero-D-ido-
dec-2-enonic acid 6 lactones (27).

A 2.5 M solution of n-butyl lithium in hexane (36 pL., 90 pmol) was added under nitrogen to a solution of
diisopropylamine (13 uL, 92 wmol) in tetrahydrofuran (200 pL) at -78°C. After 15 min at -78°C, a solution of 10

(40 mg, 60 wmol) in tetrahydrofuran (200 uL) was added. The yellow mixture was stirred for 1h at -78°C, then a
golution of benzaldehvde (7 ul, 70 umaol) in tetrahvdrofuran (400 ul Y wasadded and ¢

ture wae warmad tn
D\Il“lrl\lll A Wlm\l\tll s d \ 7 'nu rP\s wllvl, AL W A“ll) NIV Wl \-I'\I\I Mld’ 1

room temperature and stirred for an additional 5 h. Saturated aqueous NH4Ci was added and the solution was
extracted with ethyl acetate. The extract was dried (MgSOy4) and concentrated. The residue was purified by flash
chromatography (petroleum ether—ethyl acetate, 4:1) to give first recovered 10 (13 mg, 34%), then 27 (25 mg,
59%) which crystallized, mp 110-115°C; 'H NMR (CDCl3): & 7.40-7.22 (m, 23 H, arom.), 7.10 (m, 2 H,
arom.), 5.95 and 5.93 (2 bd s, 2x0.5 H, H-2), 534 and 5.31 (2 dd, 2x0.5 H, J 3.7, 3.8, 12.3 and 12 Hz, H-
12), 4.95-4.39 (4 m, 8 H, 4 CHPh), 4.16 (ddd, 1 H, H-5), 3.79-3.52 (m, 6 H, H-6,7,8,9,10a,10b) and 2.76-
2.33 (m, 4 H, H-4,11); 13C NMR (CDCl3): 8 164.61 (C-1), 157.84 and 157.69 (C-3), 138.53, 138.49, 138.42,

138.40, 137.93, 137.91, 137.87, 137.82, 137.65 and 137.58 (5 C quat. arom.), 128.62-127.75 and 126.08,
126.05 (25 C arom.), 118.21 and 117.82 (C-2), 82.02, 81.97, 79.73, 79.63, 77.69, 77.58, 71.69 and 71.65

and 72.07 (C-5), 68.52 and 68.41 (C-10), 35.15, 34.86, 32.45 and 32.36 (C
C,77.72; H, 6.52. Found: C, 77.34; H, 6.52.

5,9-Anhydro-6,7,8,10-tetra-O-benzyl-2,3,4-trideoxy-3-C-hydroxymethyl-D-glycero-D-ido-dec-2-enonic acid y
lactone (29).
4-Methylmorpholine N-oxide (NMMO, 41 mg, 0.35 mmol) and osmium tetroxide (a few mg) were added
solutionof 10 (200 mg, 0.31 mmol) and pyridine (25 pL, 0.31 mmol) in 2:3:1 tetrahydroluran—tert-butanol—

.|
-t

1AQ AN
1440 111, /470) as a b)lup l"l IN1V]

(2d, 1.42 H, J9.8 Hz, H-ll) and 4.11 and 3.89 (2 d, 0.58 H, /9.6 Hz, H-11).
Trnethylamine (260 uL, 1.86 mmol) and methanesulfonyl chloride (72 uL, 0.92 mmol) were successively
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uted with dichioromethane, washed with brine, dried (MgbU4) and conceniraied. The

Pt

under nitrogen, then di
residue was purified by flash chromatography (petroleum ether—ethyl acetate, 7:3) to give 29 (123 mg, 86%)
which crystallized from ethanol; mp 113-115°C; [a]p +44 (¢ 0.985, CHCIl3). IH NMR (CgDg): & 7.10-6.75 (m,
20 H, 4 Ph), 541 (bd s, 1 H, H-2),4.63 and 4.26 (2d, 2 H, J 11.2 Hz, CHoPh), 4.57 (m, 2 H, CH>Ph), 4.16
and 3.91 (2d, 2 H, J 11.6 Hz, CH2Ph), 4.06 and 3.98 (2d, 2 H, CH2Ph), 3.93 and 3.81 (2dd, 2 H, J211a ~
J2.11b~ 1, J11a,116 17.5 Hz, H-11a,11b), 3.48 (dt, 1 H, J4 5~ 7.2, J5 6 ~ 5.9 Hz, H-5), 3.38-3.13 (m, 6 H, H-
6,7,8,9,10a,10b) and 1.91 (d, 2 H, H-4a,4b); 13C NMR (CgDg): & 171.81 (C-1), 164.88 (C-3), 137.93,

137.66, 137.30 and 137.15 (4 C quat. arom.), 126.96-126.44 (20 C arom.), 116.18 (C-2), 80.76, 78.70,
77.11, 71.26 and 70.99 (C-5,6,7.8,9), 73. 73.72,72.32, 72.29 and 71.43 (4 CH»Ph, C-11) and 23.39 (C-
4). Anal. Caicd for Cagli4007: C, 75.46; H, 6.49. Found: C, 75.21; H, 6.54
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