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Summary: Reductive radical a-D-golactosidation of 5-exo-(benzeneselenyl)-6+ndo-c~ro-3-methylidene-7- 
-oxabicyclo[2.2.l]heptan-2-one with acetobromo-D-galoctose, followed by ketone reduction led to (+)-(lR& 
3R.4S5S~S)-5~~(benzeneselenylt6endo_e- 
thyl]-7-oxabicyclo[22.l]hepton-2-en~I which was converted into (+)-methyl 3&og-3-[(a-D-galactopyrono- 
syl)methyl]-a-D-mmmopyranoside (1). (+)-3-deoxy-3-[a-D;lactopyronosyl)methyl]-D-mannitol (2) and 
4-deo~-~(2’~‘,4:6’tetra-O-oceryl-a-D-ga~ctopyr~o~l)~thyl]-2J.6-tri-O-ocetyl-D-maNlono-l ,.Woctone 
(3). IH-IUNR dato of the a-C-galoctosides confirmed that their preferred conformations involve antiperiplanar 
arrangements for the C-linked substrates ond bond aC(13.C(2’) of the a-(1+3)-C-galactoside unit. The a-(1+3)- 
-C-goloctosidc of methyl mannopyranoside 1 adopts a conformation similar to that proposed for methyl 3-O_(a-D- 
-galactopyronosyl)-a-D-mannopyranoside. 

Introduction. - The replacement of the interglycosidic oxygen atom in disaccharides by a methylene group 

generates a class of interesting analogues of disaccharides, narrely the C-disaccharides, which constitute 

potential inhibitors of glycosidases~ and disaccharidases.B Inhibitors of a-amylases and other mammalian 

intestinal carbohydrate-splitting enzymes have aroused medical interest in the treatment of metabolic diseases 

such as diabetes.%3 Inhibitors of sucrose as well as maltase may bring about a reduction in food consumption 

and weight gain.4 A huge number of cellular recognition events are thought to involve the specific binding of 

particular classes of oligosaccharides on one cell surface to “receptor” glycoproteins on the surface of another 

cell.5~5 The immense number of structures that can be made from a relatively small number of saccharide units 

and the multiplicity and specificity of the enzymes which assemble them suggest that intercellular 

communication is encoded in oligosaccharides.5.7 Thus, specific glycosidase inhibitors may find applications as 

antiviral,8 antitumo~ or fertility control agents.10 Since the first synthesis of a @(1+6)-C-disaccharide (B-D- 

Glcp-CH2( l-+6)-c+D-Glcp-OMe) by Rouzaud and Siinaj;l 1 several approaches to C-disaccharides and 

analogues have been proposed.t2-28 The synthesis of CC-trisaccharides has also been reported by Kishi and 

co-workers.3 Only two examples of (1+3)-C-disaccharides have been described thus far, i.e. a-D-Galp-CH2- 

-(1+3)-D-Gall& aud a-D-&p-CHz-( 1+3)-L-Man. 27 We report here the first syuthesis of a-D-Galp-CHz- 

-(l-+3)-cc-D-Manp-OMe (1) which relies on the stereoselective additionn of 2,3,4,6-tetra-O- 

-acetylgalactopyranosyl radical onto a 3-methylidene-7-oxabicyclo[2.2.l]heptan-2-one derivative. The same 

method has allowed one to generate the C-disaccharides 2 and 3 hnldug centre C(1) of cc-galactopyranose to 

the carbon centre C(3) of mannitol and carbon center C(4) of mannono-1,5lactone, respectively. lH-NMR 

studies confirmed that the galactopyranosyl and mannopyranosyl moieties of 1 adopt 4C1 conformations. It is 

found also that the C(3)-CH2 bond of the mannoside unit is antiperiplanar with respect to the C( l’)-C(2) bond 

*“Naked Sugars” as Synthetic Intermedietes, part XXVI. Part XXV, see ref. la: Part XXIV, see ref. lb 
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of the a-galactoside. Similar conclusions were reached for the conformation of other u-C-galacrosides with 

their hydroxy groups being acetylated. 

HO /OH HO PH AcOPAc 

Hw,e H%f$+O. k-o 
1 2 OH 3 OAC 

Resutts and discwsion. - Under conditions similar to those recommended by Giese and co-workers.13 the 

slow addition (2.5 h) of a molar solution of Bu3SnH in anhydrous toluene containing 1% of AIBN (a&- 

azoisobutyronitrile) to a solution of a-acetobromogalactose (4, 0.2 molar, 1.3 equivalent) and enone (lt)-9n 

(0.15 molar) in toluene maintained at 75°C afforded a mixture composed of the reduced sugars 7 and 8 (55%) 

resulting from the radical intermediates 5 and 6. nqectively,3o a 1:l mixture of the a-galactosides (+)-11 and 

(+)-12 (25%) and traces of the B-galactosides 13, 14, and of the product of phenylselenide reduction 15 and 

16. A significant proportion of enone (f)-9 polymerized under the above conditions. Better yield of the desired 

a-galactosides (+)-II and (+)-12 (42%) were obtained when the enone (zb)-9 was added to the solution of 4 

4 5 6 7 8 

1 Bu$inH 

(+)-11 X=SePh 
15 X=H 

(+)-12 X=SePh 
16 X=H 

together with Bu3SnH, AIBN in toluene. Slower addition rates and higher temperatures (>75T) decrease the 

yield of (+)-11 and (+)-12. The best yield was reached when a solution 0.5 molar in BugSnH, 0.38 molar in 
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enone (*)-9 and 0.006 molar in AIBN in benzene was added iu 90 min to a boiling 0.5 molar solution of aceto- 

bmmogalactose in benxene. Under these conditions a 1:l mixture of (+)-11 and (+)-12 was isolated with a 

yiekl better than 65% after Sash chromatqraphy on silica gel. The two a-galactosides could be separated by 

low pressure snalyticdl column chromatography (see Exper. Part) and fully chamcterixed by their spectml data. 

The end0 configuration of the (2’,3’,4’,6’-tetta_o_acetyGD_g~p~~yl~~y~ substituent at position C(3) 

of the 7-oxabicyclo[2.2.1]heptan-2-ones (+)-11 ad (+)-12 was given by the vi&al coupling constants 

3.&H-C(3).H-C(4)) = 6.0 Hz in (+)-11 and 5.0 Hz in (+jl2.31 No trace of the 3-~isomer of (+)-II and 

(+)-I2 could be detected in the 400 MHx tH-NMR spectrum of the crude reaction mixtore. thus ~rnon~~g 

the high stereoselectivity of the reductive D-gatactopyranosyl radical addition to the bicyclic enone (*)-9. 

These results can be intmpreted in terms of the formation of the 7-oxabiiyclo[2.2.l]heptyl radical in- 

of type 10, the reaction of which with Bu3SnH is expected to be highly tzo face se1ective.n The absolute 

configuration of the %oxabiiyclo[2.2.l]heptyl moieties in (+)-11 ad (+)-12 was given by the radical 

g~cto~ti~of~~~yp~ (-)-9m whichgave (+)-1L ~~ve~c~o~~~hy afFordeddsothe 

ldeoxygalactose derivative 7 (17%) and a 1:1 mixture of the deselenated derivatives 15 and 16 (10%). When 

(Me$i)$ZG2 was used instead of Bu3SnH as hydrogen atom donor,lg the yiekl in (+)-11 and (+)-I2 never 

surpassed 33% (75% conversion of enone (zb)-9). On lower& the concentration of the Bu3SnH solution, the 

yield of C-galactosidation decreased (58%. 0.2 molar in beumue) and the B_C-galactosides 13 and 14 (24%) 

were formed con0.uiently with the a-C-gaiactosides. 
Cl 0 

a 

I 
10 +4 

Bu&iH 

PE!!C 
17 

?!6! c =I~~~ ~~ 

& 

18 19 

When dienone (f)-1727 was used instEad of enone (z&9 for the reductive galaotosidation, a 1:l mixture 

of the a-galactosides 18 and 19 was obtaiued in mediocre yield (16%). 

Reduction of the mixture of (+)-11 and (+)-12 obtained above with NaB& (THlVvfeOH, OT, 10 min) 

gave a 1:l mixture of the co~on~g end0 akohols (-t-)-Z@ and (+)-21 which were separated by Sash 

column chromatography and obtained in 32.2% and 32.3% yield, respectively. Oxidative eGGnation of the 

phenylseleno substituent of (+)-21 with metachloroperbenxoic acid (mCPBA, CH2Clz) afforded (+)-22 (98%) 

the acetylation of which (Ac~O/pyridine/DMPA) led to (+)-23 (95%). Double hydroxylation of the 

chioroalkene (+)-23 with trimethylamine oxide and a catalytic amount (1%) of 0~04 followed by acetylation 

(A~2O~~~~A) furnished ketone (+)-24 ~84%). Baeyer-Vilhger oxidation with ~B~~~ 

CH2U2 provided the uronolactone (-f-Z!5 (93%), the reaction of which with MeOH aud SOCl2 afforded a 8: 1 

mixture of the mannonohexopyranoside 26 and mannonohexofuranoside 27. Reduction of 26 with an excess of 

GARQ in ‘HIP followed by acetylation gave (+)-I28 (71%). Saponification with K~CO$MeOH/J&O followed 

by p&f&&on of Dowex SOOW 4X 200-400 mesh loaded with CaCl2 provided pure methyl 3deoxy-3-[(u-D- 

-g~~~p~~yl)~~yl]-~-~~o~xop~~oside (1) in 77% yield. 
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(+I-= 

MeOJ3H20 

K2’333 - 
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Reduction of uronolactone (-)-25 with NaBH&zC@ in MeOH, followed by acetylation afforded the 

C-galactoside (+)-29 which was deprotected (K2CQIMeOHH20) to give 3deoxy-3-[(a-D-galactopyrauo- 

syl)methyl]-D-manuitol(2) in 78% yield. When (-)-25 was treated fist with 0.02 N HCI in dioxaue/H20 (5OT, 

14 h), followed by reaction with Na(C!N)BHs (ZOT, 3 h), acidic treatment @H = 1, (I-ICI), 60°C, 24 h) and 

acetylation (Ac~O/pyridine/DMPA, 20°C, 14 h). 4-deoxy-4[2’,3’,3’,6’-tetra-O-acetyl-a-D-galactopyranosyl)- 

methyl]-2.3,6-t&O-acetyl-D-mannono-1,5-lactone (3) was isolated in 30% yield. 

OR 
RO 0 

(-)-25 - OR 
---- 

Y 

OR RO 

O;;; -oV&&/&E&o 

OAc 

(+)-29 R=Ac 
R 

3 
2 R=H 

The structure of all the new compounds described above were confirmed by their elemental analyses, 

their spectral data and mode of formation. The vicinal proton-proton coupling constants obtained by double 

irradiation experiments (400 MHz 1H-NMR, CD3OD) of 1 were consistent, as expected, with 4Cj-chair 

conformations for both the a-D-galactopyrauoside and a-D-mannopyranoside units. One of the two methylene 

protons of the CH2-link showed relatively large vi&al coupling constants (10.2 hertz) with H-C(1’) of the 
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gftktoside moiety and with H-C(3) (9.2 hertz} of the mannoside moiety. These data are consistent w&b 

conformer A in which the pro-S proton (Hs) of the C!H2-link is antiperiplanar with respect to both H-C(1’) and 

H-C(3) or with conformer B in which the pro-R proton (HR) of the CH2-link is antiperiplanar with respect to 

both H-C(1’) and H-C(3). By analogy with the extensive work carried out by Kishi and co-workers14 on the 

~0~0~~~ analysis of ah kinds of C-disacchaudes, conformer A which implies a zig-zag arrangement for 

the oC(l’)-C(2) and aC(3)-CHz bonds, should be preferred. This conformation corresponds also to that 

proposed recently by Lipkind and KolchetkovJ3 for methyl 3-0-(cc-D-galactopyranosyl)-&D-mannopyranoside 

and which allows for hydrogen bridging (7membered ring) between the hydroxy group at C(2) and the oxygen 

atom of the ring of the ~t~~osi~ unit. In conformer B which implies a gauche ~gement for bonds 

CJ(C(I’),C(~‘) and C(3)-CH2, this stabilizing interaction is not possible. The NOESY spectrum of 1 was also 

consistent with conformer A. Most sign&ant was the observation of a NOE between protons H-C(2) and 

H-C(S) indicating a relative short distance between these. protons which cannot be reabxed with conformer B. 

This effect is also visible in the IH-NMR spectmm of the polyacetylated derivative (+)-28. Applying the 

mod&cl Karplus equation for the calculation of vi&al proto~ro~n couliug constauts~ we estimate the 

following dihedml angles in 1: H-C(i’)/Hs: 175”, H-c(l’)/Hf~: 64”, H-C(3)&: 159” and H-C(3)&: 47’. 

Lipkind and Kotchetkov33 obtained a ratio of 4.33 for the intensity of the NOB’s between proton pairs H- 

C(l’)/H-C(3) and H-C(l’)/H-C(2) in the case of methyl 3-0-(a-galactopyranosyl)-a-D-manno-pyranoside. We 

measure a ratio of 2.26 for the same proton pairs in 1, consistent with the fact that both the 0 and 

corresponding C-linked disaccharides adopt very similar conformations. 14 

A 
3@i-C( 1 ‘),Hs) = 10.2 hertz 
3J@GC!(l’),HR) = 2.4 
~J(H-c(~*),H-~(29)) = 5.3 
3J(H-C(3),HS) = 9.2 
3.Q-GC(3),HR) = 4.2 
?qH-C(3),SC!(2)) 5 2.3 
3~(H-C(3),H-C{4)) = 10.0 
3J(H-C(4),H-C(5)) = 10.0 

Strong NOE between: 
H-C(1’) (S, = 4.16 ppm) and 
H-C(2’) (3.89). HR(i.38), 
H-C(2) (4&O), H-C(3) (1.93) 
H-C(5’) (S, s 3.90 ppm) and HS (1.82) 
H-C(l) (S, = 4.57 ppm) and H-C(2) 
H-C(3) and HR, H-C(2) 
H-C(3’) (& = 3.71 ppm) and Hg 

The 1H-NMR spectrum (see Exp. Part) of the polyacetate (+)-28 showed that this disaccharide adopts an 

average conformation that is somewhat different from that of 1. Vicii coupling constants suggest that both 

the galactoside and mannoside u&s adopt ‘%I conformations. Proton H-C(1’) of the galactoside couples with 

the protons of the methylene link with 3J,HC(l’),H~) = 11.6 hertz and 3J(H-C(l’),HR) = 3.0 hertz. A strong 
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NOE between protons H-C(2) of the ma~~~ide and H-C@‘) of the galactoside m&ties coofixms that bonds 

c%$-c(3) and C(l’bC(2’f are ~~~ as shown with C. The coupling constants 3~~i-~(3),H~~ = 3.9 

hertz and 3~~-C(3~,~~ = 4.4 hertz se consistent with a nearly eclipsed corkrmation about bond c(3)-(%2. 

Compared with 1 (conformation A), (+I-28 has undergone a rotation of 40-500 about the C(3)-CH2 bond. The 

ratio of the WOE’s measured for the proton pairs H-C(l’)/H-C(3) and H-C(l’)/H-C(2) amounts to 5.0; it 

contkns the average conformation C which is consistent also with the observation of NOE’s between protons 

H-C!(2)/H-CT@‘) which is significantly stronger in (+)-LB than in 1. 

A C 

The NOESY tH-NMR (CD,cJlz, spectra of the C-galactosides (+)-I1 and {+)-12 were consistent with 

the cot&mnations D and E, respectively. The vi&al coupling constants amfimzd %&chair conformation for 

the 2,3,4,6-tetra-0-aceqi g~~p~o~l moieties and ~~~1~~ armngements for the bonds oC(l’),CCg) 

of the galactoside and C!(3)-CHz of the 7-oxabicycloi2.2.llheptanone units. The absolute configuration of the 

latter group does not affect, apparently, these arrangements; it affects the orientation of the bicyclic system 

with respect to the C(3)-cH2 bond, as shown by the coupling constants between H-C(3) and the two 

aethylene protons of the CH2 link and by the NOE measurements. Most significant NOE’s were those 

involving protons H-C(3) and fl-C(5) of the 7-oxa~cyclo[2~.l]hep~i system with those of the CH2 iink and 

H-C(l’) of the galactoside unit, as indicated with representations D and E. 

&AC b AC 

E 

3J(H-C(l’).rg) = 11.8 hertz 

3J(H-C( l’),w = 2.2 hertz 

3J(H-C(3),H$ = 9.6 hertz 

3J(H-C(3),z+J = 4.5 hertz Hs 

3J(H-C(l’),~ = 3.1 hertz 

3J(H-C(3.),H~ = 4.1 hertz 

3J(H-C!(3),Ha) = 10.7 hertz 



Conformation of a-C-galactosides 2.083 

COIlClUSlOR. - lllc ndnctive radiail galitmsldaticm of racemic 5-exe-~lerryi*tihloro-3- 

-~~ydtnc-7~~~c10[2~21]~~-2-0ne ((f)-9) gives a mixtum of the ~~ 3-e~C-a- 

-galactosides (+)-11 and (+)_12 which were reduced into the comsponding be&&kohohr (+)-29 and (i-f-21 

that were readily separated and purified by flash cohunn chromatography. Isomer (+)-21 was converted with 

high stereoselectivity into a-D-(1*3) and a-D-(14)~C-buhed galactosides of D-manrrose derivatives. The 

tH-NMR data of the a-C-galactosides confirmed that their preferred conformations involve antiperiphurar 

Gwen for the C-linked substrates and bond aC( l’),C(Z,) of the a-g&cto&e unit. The aids of 

methyl 3d~xy-3-[(~-~g~p~osyl~~~yl]-a-D-m~~~si~ (I) adopts a corrformation &r&r to 

that proposed for methyl 3-O-(a-~~~ac~yranosyl)-a-pmannopyranoS. 33 

Experlmenfal Part 

General remarhs~ see ref. 35. The 400 MHx EH-NhtR and 100.61 MHz 1%NMR spectra were recerded 

on a Bruker ARX 400 spectrometer (Aspect X32/3 computer, 1.5 MBYTE max. acquisition memory). Double 

irradiation experiments for the selective proton-proton decouplings used a power of 40-50 dB, NOESY spectra 

were recorded with various “mixing time” (0.2, 0.4, 0.8, 1.0, 1.5 s). Usually the best spectra were obtained 

with a mixing time of 0.6 s. The NMR signal attributions were all cor%mred by the double irradiation 

experimer~ts, including the NOESY spectra. The 600 MHx tH-NMR spectra were recorded on a Bruker-AMX- 

600 spectrometer, RISC-CPU-R-3000 computer, 3 MBYTB max. aquisition memory. 

(+)-(IS,3S,~~SR,GR)-Scxo-Benzeneselenyl-6cndo-c~ro-3~~o-[(2’,3’,4’,6’-te~a-O-acetyl-a-D-galacto- 

pyranosyl)merhhy-7-onabicyclo[2.2.l]hcp~n-2-one ((+)-11) ad (+)~IR,3R,4S,5S.dS)-S-exo-Benzenesele- 

~~~~do-cMoro-3-cndo_12’3:4:6?iterra-O-aee~i-a-D-g~c~yra~~~~~t~~~-~~~~~c~~2~.i]~- 

&ml-one ((+)-12). A solution of rt&obromo-D-gaktose (4,5.1 g, 12.27 mmol) in anh. benzene (24 ml) was 

heated under reflux. Enone W-927 (3 g, 9.44 mmol), Bu3SnH (3.3 ml, 12.27 mm@ and AlBN (150 mg) in 

SOlution in anh. benzene (12 ml) was added through an automatic syringe in 90 min. The mixture was then 

heated under mflux for 30 min and allowed to cool to 2OT. XF (4 g) was added and the mixtutu was stirred at 

20°C for 14 h. After solvent evaporatiorr in vacua, the residue was purifkd by ilash chromatography on a 

column of silica gei (300 g, E~A~~t petroleum 1:2) yielding first 0.51 g of 4,5 g of a mixture of C!-gal&o- 

sides (+)-n, (+)-12, 7, 8 and 0.51 g (10%) of 15 + 16, Analytical samples of (+)-11 and (+)-12 could be 

obtained by columr~ chromatography (Lob&, column type A Si60,4O-63 pm, EtOAc/light petroleum 12.5). 

Characteristics of(+)-11: Colourless oil [a]: = +24; [a]& = +31.5; [a]& = +41; [u]f& = +79; [ar”, = +93 

(c = 1.0 CHU3). UV (CH3CN): ~(273) = 1300, E(zrg) = 5900. IR (IU3r) v: 1740,1370,1220,1110,1040 cm-f. 

IH-NMR (4OO MHx, CLLLQZf 8~: 7.6-7.7 (m, 2 Harem.); 7.3-7.4 (m, 3 Harem.); 5.20 (dd, 3J = 5.1, 3.3, 

H-C(4)‘)); 5.13 (dd, 35 = 5.8,3.3, HC(3’)); 5.00 (dd, 33 = 5.8.3.0, H-C@‘)); 4.92 (d, 3.f(&-C(3),H-C(4)) = 

6.0, H-C(4)); 4.54 (dd, 2J = 12.3, 33 = 9.3, H-C’@‘)); 4.45 (d, 3J(H-C(l),H-C(6)) = 4.7, H-C(l)); 4.30 (dd, 

3.f = 4.7, 3.4, H-C(6)); 4.21 (m, H-C(1’)); 4.05 (dd, 23 = 12.3, M = 3.5, El’-C(6’)); 3.73 (m, H-C(S)); 3.69 (d, 

3.! = 3.4, H-C(5)); 2.72 (m, H-C(3)); 2.05, 2.07, 2.08, 2.09 (4s, 4 AC); 1.84 & 1.54 (2m. az-C(3}). 13C- 

NMR ~1~.61 h@Iz, C&C@ k: 206.9 (s), 170.78, 169.85, 169.82, 169.58 (4s), 134.7, 129.7, 128.8 (3d, 

V(C,H) I 161, H-Carom.); 87.3 (d, V(C,H) = 168, C(4)); 83.3 (d, ~J(C,Hj = 170, C(1)); 71.1 fd, U(C,H) = 
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148, C(S)); 69.4 (d, lJ(C,EI) = 152, C(2’)); 68.8 (d, lJ(C,H) = 145, C(l’)); 67.5 (d, lJ(C,J$ = 155, C(3’)); 66.3 

(d. ‘J(C,H) = 150. C(4’)); 60.1 (t, lJ(C,N) = 148, C(6’)); 58.8 (d. tJ(C,H) = 167. C(6)> 51.7 (d, lJ(C.H) = 

132, C(3)); 47.3 (d, ‘.F(C,H) = 152, C(5)); 25.8 (t. “J(C!,H) = 129, C&-C(3)); 20.94,20,88,20.83,20.77 (4q, 

V(C,H) = 129,4 Me); signal attributions confinned by 2D(1H-~3C)-cOSY-spectnm~ Cl-MS -3) m/z: 646 

@4*‘, 4). 453 (X4), 344 (5), 310 (121,245 (8), 158 (16), 78 (100). Anal. caled. for C~~31~1lSe (645.95): 

C 50.20, R 4.84; found: C 50.12, H 4.72. 

C~~~~~~cs of (+12: colouriess 0i.L {ag = 41; [a]: = H4.5; [iTacE = +55; [u]z = +W, [a]% = 

+315 (c = 1.0 aC13). w (CH3CN): 4273) = 2800, 4216) = X0600. LR (KBr) v: 3440, 2980, 1740, 1370, 

1220, I1 10, 1050,740 cm-l. 1H-NMR (400 MHz, CD&&) &j: 7.6-7.7 (m, 2 H); 7.3-7.4 (m, 3 H[); 5.37 (dd, 

3J = 2.8, 2.7, H-C@‘)); 5.18 (dd, 3J = 9.1, 2.7, H-C@‘)); 5.14 (dd, 3J = 9. I, 4.6, H-C(2’)); 4.89 (d, 3J@Im- 

C(3),H-C(4)) = 5.0, H-C(4)); 4.51 (d, 3J = 5.8, H-C(l)); 4.32 (dd, 3.7 = 5.8,3.2, H-C(6)); 4.22 {dd, 23 = 10.8, 

3J = 7.1, H-W’)); 4.0-4.12 (m, H-C(S), X-T-C%‘)); 3.93 (m. H-CU’)); 3.47 (d, 3J = 3.2, H-C(S)): 2.80 (m, H- 

C(3)); 2.22 8t 1.38 (Zm, 2J = 15.4, H&!-C(3)); 1.9-2.1 (4s, 4 AC). 13C-NhB (100.61 MHz, CD2Cl~ k: 

207.3. 170.2, 170.03 (3s); 135.2, 130.0, 129.1 (3d. lJ(C,H) f: 162; CHarom.); 85.4 {d, ‘J(C,H) = 163, H- 

C(4)); 83.8 (d, lJ(C,H) = 172, C(1)); 69.7 (dd, lJ(C,H) = 151, C(1’)); 69.2 (d, lJ(C,H) = 158, C(S)); 68.4 (d, 

lJ(C,H) = 154, C(2’)); 67.9 (d, lJ(C.H) = 149, C(4’)); 67.6 (d, U(C,H) = 153. C(3’)); 61.5 (t, lJ(C,H) = 150, 

C(6’)); 58.9 (d, lJ<C,H) = 167, C(6)); 49.8 (d. U(C,H) = 133, C(3)); 46.9 (d, ‘J(C,H) = 155. C(5)); 23.4 (tt 

lJ(C,H) = 131, cH2-C(3)); 20.9 (q. lJ(C!,H) = 130, AC); signal attributions confirmed by ZD(lH-13C)-COSY- 

spectrum. CI-MS (NH3f mk 646 (M*. 81, 453 (S), 386 (18). 316 (16), 231 (17). 158 (51). 103 (18), 78 

(100). Anal. calcd. for C27H3lClOlgSe (645.95): C 50.20, H4.M found: C 50.06, H 4.81. 

~~uc~e~tics of the I.2 m&we of I.IS,3S,4S,6S)-6-endo-chloro-3-endo-[~2’~~~4’,~-te~u-O~ce~~-a-~- 

galactopyra~syl}methyl]-?-ox&icyclo[2.2.I]heptan-2-one (IS) and {IR,3R,4R,dR)-6-endo-chloro-3-endo- 

[(2’,3’,4’,6’-tetra-O-ace~IyI-a-D-galactopyra~~~methyl]-7-o~i~c~o[2~.~ Jheptan-2-one (16). IR (KEir) v: 

1740, 1360, 1220, 1110, 1040 an-l. IH-NMR (400 MHz, C&&j) of 15, t& 5.55 (t, 3J = 3.0, H-C@‘)); 5&O- 

5.52 (me H-C@‘),H-C(3’)): 4.75 (t, 3J = 5.6, H-C(4)): 4.44 (dd, 2J = 11.8, 3J = 8.4, H-C@‘)); 4.39 (m, H- 

C(1’)); 4.17 (m, H-C(l)); 4.13 (dd, ZJ = 11.8, 3J = 4.3, R-C(6’)); 3.94 (m, H-W’)); 3.84 (m. H-C(6)); 2.58 

(m, H-C(3)); 2.43 (m, Hew-C(S)); 2.02 & 1.65 (2m. c&c(3)); 1.84 (m, &d-C(S)); 1.6-1.7 (4s, 4 AC). WI- 

N’MR (400 MH2, C&g) of 16, &z 5.40-5.52 (m, H-C@‘), H-C@), H-C@‘)); 4.59 (t, 3J = 5.4, H-C()); 4.32 
(dd, 2J = 11.2, 3J = 8.0, H-C@‘)); 4.16-4.25 (m, H-C(l), H-C(l’)); 4.01 (dd, ZJ = 11.2, 3J 3: 4.7, HI-C@‘)); 

3.75 (m, H-C(6)); 3.68 (m. H-C@‘)); 2.82 (m, H-C(3)); 2.48 8r; 1.54 (2m, CHz-C(3)); 1.93 (m, Hexo-C(5)): 

1.6-1.8 (4% 4 AC); I.54 (m, He&-C(S)). I3C-MMR (100.61 MHz, CDC13) of 15, 6c: 207.4, 170.5, 169.8, 

169.6, 169.5 (Ss), 82.0 (d, lJ(C,H) = 171), 80.1 (d, lJ(C,H) = 163), 70.4 (d tJ(C,H) = 147). 69.5 (d, 

WC&) = 149), 68.3 (d, U(C,H) = 147), 67.3 (d, U(C,H) = 149), 66.6 (d, lJ(C,H) = 149), 60.6 (t, ~J(C!,H) = 

149), 50.9 & 50.8 (2d, IJ(C,H) = 135), 34.6 (t, lJ(C,H) = 135), 24.1 (t. lJ(C,H) = 137), 20.6 (4q, ‘L&C,H) = 

130). 13C-NMR (100.61 MHz, CDC13) of 16. SC: 207.9, 170.3, 169.8. 169.7, 169.4 (5s). 82.3 (d, U(C,H) = 

171); 78.8 (d, lJ(CB) = 163); 69.4 (d, ‘J(C,H) = 148); 68.4 (2d. lJ{C,H) = 147), 67.4 {2d, IJfC,H) = 148); 

61.2 (t, *J(C,H) = 150); 50.9 (d, lJ(C,H) = 135); 48.5 (d, lJ(C,H) = 133); 34.4 (8: 22.8 (2t, lJ(C,H) = 132), 

20.6 (%, lJ(C,H) = 130). CI-MS (NH3) m/z: 508 (M+17,4), 491 (M+, 2), 431 (2), 386 (81,269 (I), 205 (3), 

169 (lOI, 84 (100). Anal. talc. for C2lH27Ol$I (490.9): C 51.38, H 5.54; found: C 51.35, H 5.52. 
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M-e of ~~~,~~,~~)~-Chl~~0-~~~~0-~~~‘~~,4~,6’-te~a-0-acety1-aD-gafacto~~~~1~~~~]-~-~~i- 

cyctol22.llhept-5-en-2-0~ (18) and (IR3R4Sla-c~oro-3~~o-[f2’3‘,~,~-~~a-O~ce~l-u-D-g~- 
pyr~~l~~~l~-7-oxabicyclol2~.illrept-S-en-2~~ (19). This mixtm ~85 pnpand txca&& to he 

Pn=bne described for me preparation of (+)-11 and (+)-12, starting with 4 (0.68 g, 1.65 RUIIO~) in I%H (8 

ml), Bu3Sa (0.44 ml, 1.65 mm@, MBN (20 mg) and 1727 (0.2 g. 1.27 mmol) in anh. I’MI (4 ml). Ck~lumu 

c~o~tography on silica gel @tOAc/CH2C& 1: 10) gave 101 mg (16%) of a 1: 1 mixtnm of 18 and 19 that 

could not be separated. 

C~~~te~~s of 18: Et o(Br) v: 1745, 1360, 1220,105O an-l. 1H-NMR (400 MHz, CD$l2) &z 6.43 (da 

3J = 1.9, H-W); 5.33-5.45 (m, H-C(4), H-W)); 5.13 (m, 2 W, H-W), H-W)); 4.54 (m, H-C@‘)); 4.50 

(d, 4J (H-C(l)&C(4)) = 1.0, H-C(l)); 4.38 (dd, 2.J = 11.6,jJ = 7.8. H-C@‘)); 4.31 (t-n, H-C(l’)); 4.22-4.00 

(m, H-W)); 2.41 (m, H-C(3)); 2.2-2.0 (4s. 4 AC); 1.9 & 1.28 (2m, CH$(S)): 13c-NMR (100.61 MHZ, 

cr?zcsz) k: 206.8, 1’70.7, 170.2, 169.9, 169.8 (5s). 136.1 (s), 134.5 (d, U(C,H) = 182), 85.4 (d, V(C,H) = 

176); 83.7 Cd, IJ(C,H) = 173); 71.3 (d. lJ(C!$D = 146); 70.3 (d. lJ(CH) = 147); 68.9,67.8,67-O (3d, lJ(C,H) 

= 146); 61.1 (t, rJ(CsI) = 149); 40.4 (d, *J(C,H) = 135); 29.2 (t, tJ(C,H) = 128); 20.8 (q, U(C,H) = 130). 

Characteristics of 19: 1H-NMR (400 MHz. CD$i2.) &z 6.54 (d. 3J = 1.9, H-C(S)); 5.36 (m, H-C!(4)); 5.33. 

5.45 (m. H-C(4’)): 5.20 (m, H-W’), H-W’)); 4.54 (d, 4J = 1.0, H-C(l)); 4.22-4.00 (m, H-C(l’), BC(S),H2- 

C(6’)); 2.53 (m, H-C(3)); 2.24 & 1.02 (Zm, C!Hz-C(3)); 2.2-2.0 (4~ 4 AC). 13C-NMR (100.61 MHZ, CD$!l~ 

k: 207.5,170.8,I70.1,170.0,169.9 (5s); 136.8 (s); 133.3 (d, lJ(C,H) = 182); ET.9 (d, xJ(C,H) = 176); 82.5 

(d, fJ(C,H) = 170); 69.3 (d, lJ(C,H) = 147); 68.9 (d, ‘J(C,Hj = 146); 68.7 (d, lJ(C,H) = 150); 67.9.67.6 (26, 

lJ(C,H) = 146): 61.4 (t, lJ(C!&) = 150): 40.8 (d. U(C!,H) = 135): 28.2 (t. U(C,H) +* 129); 20.8 (q, U(C!,H) = 

130). CI-MS (NH3) m/z: 489 (M*. ll), 427 (7), 386 (RIO), 266 (g), 210 (19). 169 (24), 98 (Sl), 73 (57). 

Anal. cak. for C21H25c9Ot1(488.90): C 51.59, H 5.15; found: C 51.48, H 5.15. 

(+)-(lS,2~3S,4R~,aR)-5-exo-Be~e~se~e~l~-e~o~~oro-3-en~~~2~~’,4f,6’-te~-U~ce~~-u-~-g~~- 

tupyranosyi~methyl.l-7-oxabicyclof2.2.IIheptan-2-endo-o1((+)-2O) and (+)_(IR,2SJR,4SJSbS)-5~xo-(Ben- 

zeneseleny1)-6endo-chloro-3endo-~(2’$:4:6- 
[2.2.l]heptan-2-endo-ol ((+)-21). NaRIQ (90 mg, 2.35 mmol) was added to a solution of the 1:l mixture of 

(+)-11 and W-12 obtained above (0.5 g, 0.77 mmol) in THF/MeQH 1:l (20 ml) cooled to 0°C. After stirring 

at OT for 10 min, the mktum was neutralized with 10% aq. HCI aad extracted witb CH$l2 (25 ml). The 

organic extract was washed with Hz0 (25 ml) and then with brine (25 ml, twice). The combined aqueous 

phases were extracted wim CH2Cl2 (25 ml, 3 times). Tbe combined organic extracts were dried (MgSO4) and 

tbe solvent evaporated in vacua. The residue was purified and separated by ftasb column chromatography on 

silica gel (60 mg, CH$Zi$EtOAc 5: 1) giving 0.22 g (44%) of (+)-21 and 0.25 g (50%) of (+)-u). 

C~acte~c~ of(+)-2tk y&ow crysaks, m.p. 61-67T (dec.). [ixg = +33.X [czj& = +35.6; fag = i43.5 

[IX]% = +76.3; [c& = +86.5 (c = 1.2, CHCl3). IR (KEk) v: 3500,1740, 1370, 1220, 1040 cm-l. 1HNMR 

(400 MHz, C&C&) 8~: 7.75-7.85 (m, 2 H); 7.30-7.40 (m, 3 H); 5.26 (m, H-C(4’)); 5.16 (dd, 3J = 6.8, 3.1, H- 

C(3)); 5.07 (dd, 3J = 6.8.4.1, H-C@‘)); 4.62 (d, 35 = 5.6, H-C(4)); 4.48 (m, H-C(l), H-C(2), HC(6’)); 4.31 

(m, H-C(6)), 4.22 (m, H-C(1’)); 4.05 (dd, 2J = 12.4,3J = 4.1, IT-C@‘)); 3.85 (m, H-C(S)); 3.71 (d, 35 = 4.9, 

SC(S)); 2.70 (d, 3J 5 8, OH), 2.48 (m, H-C(3)), 2.0-2.2 (4s, 4 AC); 1.76 & 1.50 (2m, CHIC). 13C-NMR 

(62.9 MHz, CDC13) SC: 170.5,169.6,169.5, 169.4 (4s), 134.6 (d, lJ(C,H) = 170); 129.2 (d, ‘J(C,H) = 167); 
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128.3 (s); 128.1, 89.1 (2d. lJ(C.H) = 167); 78.3 (d, U(C,H) = 159); 72.9 (d, ‘J(C,H) = 156); 69.5 (d, 

‘J(C,H) = 155); 69.2 (d, ‘J(C,H) = 150); 68.9 (d, lJ(C.H) = 166); 67.2 (d, lJ(C,H) = 162); 66.4 (d. IJ(C,H) = 

165); 62.7 (d. lJ(CSr) = 162); 60.2 (t. lJ(C,H) = 149); 46.8 (d, U(C,H) = 150); 40.7 (d, lJ(C,H) = 135); 22.5 

(t, lJ(C,H) = 124); 20.50-20.75 (4q, U(C,H) = 129). CI-MS (NH3) m/z: 648 (M+“, 17), 595 (21,455 (19). 395 

(8), 312 (68), 234 (lo), 157 (14), 78 (100). Anal. talc. for C27H33ClOllSe (647.97): C 50.05. H 5.13; found: 

C 50.01, H 5.17. 

Cha~uc~eti&ics of (+)-21: yellow crystals, m.p. 79-85‘T (dec.). [a]: = +41.2; [ax& = +43; [aE = +53; 

[a]% = +loO; [oL]~ = +119 (c = 0.92, CT-Q). IR (KBr) v: 3490. 1740, 1370, 1220 cm-l. IH-NMR (400 

MHz, Cl&Cl2) &: 7.65 (m, 2 H); 7.35 (m. 3 H); 5.39 (dd, 3J = 3.6, 3.5, H-C@‘)); 5.20 (dd, 3J = 7.5, 3.5, H- 

C(3’)); 5.11 (dd, 3J = 7.5,4.0, H-C@‘)); 4.52 (d. 3.Z = 5.5, H-C(4)); 4.47 (rn, H-C(6’). H-C(2), H-C(l)); 4.25 

(m. H-C(5’)); 4.20 (m, H-C(6)); 4.05 (m, H-C(l’), H-C@)); 3.49 (d, 3J = 5.4, H-C(5)); 2.94 (d, 3J = 5, OH); 

2.37 (m. H-C(3)); 2.02-2.20 (as, 4 AC), 2.00 & 1.78 (2m, CHz-C(3)). 13C-NMR (62.9 MHz, CDC13) &: 

170.7, 169.8, 169.6, 169.3, 138.8 (5s); 127.7 (d, lJ(C,H) = 178); 83.6 (d, lJ(C,H) = 174); 83.2 (d, V(C,H) = 

173); 70.7 (d. tJ(C,H) = 172); 70.3 (d, U(C,H) = 169); 70.0 (d, U(C,H) = 167); 69.2 (d, U(C,H) = 172); 67.5 

(d, 1WXQ = 165); 66.3 (d, lJ(C,H) = 167); 60.1 (t. lJ(C,H) = 148); 41.7 (d, U(C,H) = 135); 24.0 (t, 

tJ(C,H) = 127); 20.7-20.5 (4q. U(C,H) = 130). C&MS (NH3) m/z: 648 (M+‘, 7). 455 (3.8), 395 (7), 314 (39), 

236 (43), 188 (ll), 157 (53). 117 (17). 78 (100). Anal. talc. for C~H&lOttSe (647.97): C 50.05. H 5.13; 

found: C 50.04, H 5.16. 

(+)-(~R.2S~R.4S)-6-Ch~oro-3-endo-[(2’J:8:- 

[2.2.Z]hept-5-en-2-endo-of ((+)-22). A solution of mCPEtA (75% 3-ClC&k$i&H in 3-ClC&&@H, 371 

mg) iu anb. CH2Cl2 (10 ml) was added dropwise to a stirred solution of (+)-21 (1.17 g. 1.8 mmol) in anh. 

CH2Ciz (30 ml) cooled to -78T iu 30 min. After stirring at -75°C for 3 h, the mixture was allowed to warm up 

to 20°C in 10 h. CHzClz (50 ml) was added and the solution was washed with sat. aq. soln. of NaHC03 (50 

ml). The aqueous phase was extracted with CHzClz (50 ml, 3 times). The combined org. phases were washed 

with brine (50 ml) and dried (MgSO4). After solvent evaporation in vacua the residue was purified by flash 

column chromatography on silica gel (120 g, CH$$/EtOAc 1:5), yielding 0.87 g (98%), colourless crystals, 

m.p. 61-67°C (dec.). [a$ = +61; [a]:; = +64; [a]E = +75; [a]% = +133; [a]2 =+157 (c = 1.3, CHC13). 

IFZ (KBr) v: 1740, 1370, 1220, 1050 cm-l. IH-NMR (400 MHz, CDCl3) &: 6.21 (d, 33 = 2.0, H-C(5)); 5.37 

(dd, 3J = 3.3, 3.2, H-C@‘)); 5.18 (dd, 3J = 6.8, 3.2, H-C(3’)); 5.08 (dd, 3J = 6.8, 3.5, H-C(2’)); 4.81 (m, H- 

C(4)); 4.74 (d, 3J = 4.4, H-C(l)); 4.63 (dd, 2J = 12.1, 3J = 9.0, H-C(6’)); 4.53 (m, H-C(2)); 4.20-4.30 (m, H- 

C(l’), H-C(5’)); 4.03 (dd, 2J = 12.1, 3J = 3.9, H’-C(6’)); 3.0 (d, 3J = 3, OH); 2.28 (m. H-C(3)); 2.12, 2.11, 

2.10, 2.09 (4s, 4 AC); 1.58 & 1.25 (2m, CHz-C(3)). 13C-NMR (62.9 MHz, CDU3) EC: 170.8, 169.8, 169.6, 

169.3, 138.9 (5s); 127.8 (d, tJ(C,H) = 179); 83.6, 83.3 (2d, lJ(C,H) = 173); 70.7, 70.5 (2d, tJ(C,H) = 168); 

70.1 (d, lJ(C,H) = 170), 69.3 (d, lJ(C,H) = 167); 67.5 (d, tJ(C,H) = 170); 66.3 (d, lJ(C,H) = 165); 60.0 (t, 

lJ(C,H) = 144); 42.0 (d, lJ(C,H) = 136); 24.2 (t. lJ(C,H) = 127); 20.7, 20.6 (2q, lJ(C,H) = 130). CT-MS 

(NH31 m/z: 491 (M+. 8), 473 (5), 431 (3), 389 (6), 328 (25), 297 (8), 251 (15), 226 (6). 148 (14). 102 (100). 

75 (30). Anal. yak. for C21H27ClOlt (490.90): C 51.38, H 5.54; found: C 51.24, H 5.55. 

~+)-~~R.2S3R,4S)-6-Chloro-3-endo-[(2’3’,4’,6’-tetra-O-acetyl-a-D-galactopyranosyl)methylj-7-oxabicyclo- 

122.Zlhept-5-en-2-cdo-yl Acetate ((+)-23). A mixture of (+)-22 (0.87 g. 1.77 mmol), a&. pyridh (10 ml), 
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ACZO (O-85 ml 8.8 mmdt) and ~(~~~0~ (IO mg) was stirred at ~CPC for 15 IL TIE sobcat 

was mpmati in vacua ad the residue washed witi3 toluenc several th3~. purification by fkd COG 

chromatogtaphy OII silica gel (120 g, CH$kBtOAc X:1) gave 905 mg (95%), colourless crystals, m.p. 62- 

63°C tdec.). [c$ = +47; [a$$ =: +4$ [a% = +59; [a]; = +105; [a]& = i-123 (c = 1.(X’, C~c!l$. UV 

KXWN): q2111) = 1400. Et (KBr) v: 1750,1374 1230,llOO cm-l. tH-NMR (4OOMHz, CDCl3) & 6.21 (d, 

3J= 2.0, H-W)); 5.38 (t, 35 = 2.4, KC(4’)); 5.10-5.30 (m, H-C@‘), H-C(3’), H-C(2)X 4.95 (rn, H-C(4)); 4.25 

(m. H-C(6’B 4.17 On, H-W’)); 4.05 (m. H-W’), H-C@‘)> 2.54 (rn, H-C(3)); 2.11,2.07,2.O4,2.O3,2.01 (55, 

5 AC); 1.73 & LOO (2m. CH?,-C(3)). 1%NMR (100.61 MHZ, CDC!l$ k: 170.6, 170.5, 169.9, 169.9, 169.8, 

169.8 (5s); 137.9 (s), 128.3 (d, @C,H) = 178); 82.1 (d, U(C,H) = 166); 81.8 (d, U(C,H) = 171); 71.0 (d, 

tKH) = 161): 70.0 (d, tJ(C,H.) = 151); 68.5.68.4 @d. U(C,H) = 155); 67.6 (d, U(C!,H) = 150); 67.3 (d, 

lrt(%H) = 152); 61.2 (t, v(C,H) = 149); 38.1 (d, ~@I!,H) = 137); 23.3 (t, tJ(C,H) = 127); 20.7, 20.6, 20.5 

(3q, tJ(C,H} = 123). CI-MS (NH3) m/z: 550 (211,533 (M+-, Q), 473 (31), 413 (14), 370 (221,331 {99), 268 

(6% 251 (19), 225 (121, 169 (ZO), 109 (lOO), 81 (84). Anal. cak. for C23H29cLO12 (532.93): c 51.84, H 

5.48; found: C 51.73, H 5.44. 

(+J-(lR~S~S,4S5SJ~-~~-3endo-[(2’3~,4’,6’-tetra-O-ace~l-~-~-galnctoWranosy 

[22.li~pt-2endo~-exo-diyl Diacetate ((+W). Me3NO (67 mg, 0.6 rnrnolj in THF/Hfi 5:l (2 ml) was 

added dropwise to a stirred solution of (+)-23 (10 mg, 0.3 mmol), NaHCX?j (90 mg, 1.2 mmol), and 0.156 

mohw soln. of OH34 in CC4 (0.02 ml), THF/Hfl5:1 (2 ml). After sthring at 20°C for 2 h, EtOAc (20 ml) was 

added and the solution was washed with a sat. aq. soln. of NaHSa {2O ml, 3 timea), than with brine (2O ml, 

twice). The combined aq. phases were extracted with EtOAc (25 ml, twice). The combined org. phases were 

dried ~gSO4). AtIer solvent evaporation in vacua. the residue wss dissolved in anh. pyridine (5 ml) and Acti 

(0.2 ml) and ~~~N)C~ (5 mg) were added. After stiniag at 20°C for 14 h, the solvent was evaporated 

in vacua and the residue washed with toluene. -cation by flash cohnnn chromatography on silica gel (50 g, 

CH$l2/l%IAc 5:l) yielded 148 mg (86%), coloarless crystals, rn.p. 66-75°C (dec.). [ccr = +283; [CZ~ = 

+29; [a]Z = +35; [cc]% = +43 (c = 1.1, CHCl3). UV (CH3CN): &(27g) = 2000. IR (KFk) v: 1780, 1740, 

1370, 1220 cm-l. lH-NMR (400 MHz, CDCl3) SH: 5.40 (t, 3J = 3.4, H-C(4’)); 5.24 (m, H-C(l), H-W’)); 5.18 

(dd, 3J = 7.5,3.4, H-C(3’)); 4.75 (s, H-C(5)); 4.65 (d. 33 = 5.5, H-C(4), H-C(2)); 4.36-4.46 (m. H-C(l’), I-I- 

C(6’)); 4.08-4.17 (m, H-C(S), H-C(6’)); 2.73 (m, H-C(3)); 2.15,2.11, 2.10, 2.08,2.05.2.03 (6s. 6 AC); 1.87 

& 1.50 @I, a2-c(3)). ‘3&-NMR (100.61 MHz. CDCl3) k: 201.3,170.6,170.5,169.8, 169.7,169.6, 169.5 

(7s); 82.6 (d, V(C,H) = 165); 80.7 (d, ‘J(C,H) = 171); 70.4 fd, tJ(C,HJ = 168); 69.9 (d, ‘J(C,H) = 164), 68.6, 

68.1 (2d, V(C,H) = 165); 67.6 (d, tJ(C,H) = 167); 66.6 (d, ‘J(C,H) = 164); 60.7 (t, ‘I(C,H) = 150); 38.7 (d, 

tJ(C,H) = 137); 22.3 (t, ‘J(c,H) = 103); 20.6-20.5 (6q, V(C,H) = 126). Cl-MS (NH3) m/z: 573 @W, 7), 530 

(5), 425 f9), 366 (7), 212 (14), 170 (21), 97 (32), 71 (100). Anal. talc. for CvH3flt5 (572.52): C 52.45, H 

5.63: found: C 52.50, H 5.70. 

(-J-(IS,4S5S,6S,7SJ-3C)xod-endo-l(t’3’,4’,6’-reno-O-acetyl-a-D-gal~topyranosyl)mei- 

cycZo~32.I]oc~a4-exo,7-endo-diyl Diacetate ((-)-25). A mixture of (+)-24 (110 mg, 0.19 mm@, NaHCO.3 

(20 mg), mCPBA (80% 48 rng, 0.19 mmol) and anh. CH2c92 (5 ml) was stked at 2OT for 14 h. CH$l2 (20 

ml) was added and the mixture washed with sat. aq. soln. of NaHC@ (25 ml, twice), than with brine (25 rni, 

twice). The combined aq. phases were extracted with CH2Cl2 (25 ml, 3 times). The combined org. phases were 

dried (MgSO4) and the solvent was evaporated in vacua. The residue was purified by flash column chromato- 
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gmphy on silica gel (50 g. CH2CWEtOAc 5:l) yielding 105 mg (93%). colourless crystals. m.p. 85-9OT 

(dec.). [a]; = -20.3; [a]: = -21; [o&g = -22.4; [ix]% = -35.3; [c&$ = -46 (c = 1.4, CHCX3). IB (KBr) v: 

1750, 1370, 1230, 1100 cm-l. 1H-NMR (400 MHz, CDCl3) 8~ 6.10 {d, 3J = 4.2, H-C(l)); 5.40 (t, 3.f = 3.6, 

H-C(4)); 5.18-5.30 (m. H-C(2), HX(3’)); 5.15 (dd, ‘JJ = 9.3, 4.2, H-C(7)); 4.52 (d, 3J = 6.6, H-C(5)); 4.46 

(dd, 2.J = 11.8,s.T = 8.4, H-C(6)); 4.33 (m. H-C(1’)); 4.14 (m. H-C(S)); 4.07 (dd, U = 11.8. M = 4.1. HX(6’)); 

2.73 (m, H-C(6)); 2.17, 2.14. 2.12, 2.10.2.09,2.08, 2.04 (6s, 6 AC); 1.94 & 1.67 (Zm, C!H2-C(6)). 13C-NMR 

(62.9 MHz. CDCl3) 8~: 170.5, 169.77, 169.7, 169.6 (4s); 163.0 (s), 100.4 (d, IJ(C,H) = 185); 80.7, 72.8, 

69.9, 68.3 {4d, rJ(C,H) f 168); 68.0 cd, lJ(C,H) = 166), 67.4 (d, tJ{C,H) = 168): 67.0 (d, lJ(C,H) = 170); 

66.5 (d, WC.H) = 171); 60.6 0, lJ(C,H) = 147); 37.7 (d, IJ(C,H) = 134); 21.8 (t* IJ(C.H) = 132); 20.7-20.3 

(6q, lJ(C,H) = 127). CI-MS (NH3) m/z: 606 (lOO), 589 (M +-, 23), 548 (7), 456 (15), 350 (23), 273 (lo), 169 

(S), 97 (23). Anal. talc. for C25H320te (588.52): C 51.02, H 5.48; found: C 51.10, H 5.52. 

Methyl (Methyl 2,4-di-U-Acetyl-3-deoxy-3-[(2’,3’,4’,6’-tetra-O-acetyl-a-~-golactopyr~syl)m-a- and 

-P-D-~~~~yranosi~o~te (26a + 268) ad Methyl i~et~yi 2,4-di-O-ace~i-3-l-[~2~~~,~,6~-te~u- 

O-ace@&a-D-gaiactopyrmwsyl)mezhylj-a- and -$-D-munm~amsfd]uronate (27a + 278). Freshly d&i&d 

S0cl2 (0.11 ml, 1.53 mmol) was added dropwise to a stirred solution of (-)-25 (150 mg, 0.25 mmol) in anh. 

MeOH (3 ml) cooled to 0°C. After stirring at 20°C for 18 h, the solvent was evaporated in vacua. The residue 

was dissolved in pyridine (3 ml), then Ac20 (0.7 ml) and DMAP (10 mg) were added. After stirring at 20°C for 

14 h. the solvent was evaporated in vacua and the residue taken with toluene. The solvent was evaporated in 

vacua (3 times). The residue was purified by filtration through a pad of silica gel (10 g, EtOAc) and then by 

cohrmn chromatography on silica gel (Lob&, column type A, EtOAc/hght petroleum 1:2) yielding 99 mg 

(62%) of 26a + 26s and 12 mg (7%) of 27a +27$. 

Churacteristics of26a + 268 (91): colourless oil. lR (KBr) v: 1730. 1440, 1370, 1220.1020 cm-l. IH-NMR 

(400 MHz. -6) of 26a. SH: 5.80 (t, 3J = 10.0, H-C(4)); 5.58 (dd, 3J = 9.1, 3J = 5.3, H-C(2’)); 5.50 (t, 3J = 

3.3, H-C(4)); 5.47 (dd, 33 = 9.1, 3.3, H-C@‘)); 5.22 (m, H-C(2)); 4.83 (d, 3J = 1.3, H-C(l)); 4.61 (m, H- 

C(1’)); 3.72 (dd, 2.I = 11.2, 3J = 8.2, H-C@‘)); 4.41 (d, 3J = 10.0, H-C(5)); 4.06 (dd, V = 11.5, 3J = 4.3, H- 

C(6)); 3.91 (m. H-C(5’)); 3.39 (s, MeOOC); 2.98 (s, MeO); 2.74 (m. H-C(3)); 1.99 (m. CHz-C(3)); 1.88, 1.86, 

1.75, 1.70, 1.56, 1.55 (6s, 6 AC). r3CNMR (100.61 MHz, C@j) of 26~ 8~: 171, 170.7, 170.5, 170.4, 170.2, 

169.9, 169.3 (7s); 98.2 (d, tJ(C,H) = 170); 73.1, 72.7, 71.1, 70.4, 69.7, 69.5, 68.5 (7d, tJ(C,H) = 152-154); 

62.3 ft, U{C,H) = 148); 55.3 (q, U(C,H) = 143); 52.4 (q, tJ(C,H) = 147); 36.3 (d, lJ(C,H) = 169); 25.5 (t, 

tJ(CH) = 126); 20.7 (6q, ‘J(C,H) = 130). CI-MS (NH3) ink 652 (M-t-18, 73), 603 (84), 543 (9), 515 (46), 

455 (loo), 412 (25), 350 (9X 251 (7), 145 (5), 105 (15). Anal. talc. for CmH38017 (643.59): C 51.10, H 6.04; 

found: C 51.14, H 6.12. 

ikmcteristics &!7a + 278 (d$ 1O:l). Colourless oil. IB (KBr) v: 1740, 1440, 1370, 1220, 1040 a-1. IH- 

NMB (400 MHZ, f&De) of 27~ &Z 5.65 (t, 3J = 9.5, H-C(4)); 5.5-5.6 (m, H-C(2’), H-C(2), H-C@), H- 

CW); 4.70 (m, H-CV’)); 4.56 tdd, 2J = 10.7,3J = 6.7, H-C@‘)): 4.25 (m. H-C(S), H-C(@); 4.14 (s, H-C(l)); 

3.95 (d. 3J = 9.5, H-C(5)); 3.40 (s, MeOOC); 3.21 (s, MeO); 2.29 (m, H-C(3)); 2.08 & 1.98 (Zm, H$-c(3)); 

1.89, 1.80, 1.74, 1.73. 1.69, 1.65 (6% 6 AC). 13C-NMR (100.61 MHz, we) of 27a, 8~: 170.4, 170.0, 169.9, 

169.4, 169.1, 168.1 (6s), 101.4 (d, lJ(C,H) = 158, C(1)); 76.0 (d, tJ(C,H) = 146, C(5)); 71.7 (d, IJ(c,H) r 

164, c(l’)); 69.3.69.2.69.1, 68.5, 68.2 (5d, lJ(C,H) = 140, C(2), C(2’), C(3’), C(4). C(4)); 61.2 (t, IJ(C,H) = 
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150, c(6)) 56.6 (4, ‘J(C,H) = 13Q), 51.9 (q, tJ(C,H) = 148); 39.8 (d, tJ(C,H) = 127, C(3)); 25.0 (t, tJ(c,H) 

= 128); 20.2 @q, V(CH) = 130). CI-MS (NH31 m/z: 652 (M+lS, SO), 603 (67), 543 (ll), 515 (sz), 455 

(Loo), 412 (35), 339 (15), 279 (8), 225 (8), 97 (23). AnaL talc. for CnH38017 (643.59): c 51.10, H 6.04; 

found: C 51.21, H 6.21. 

(+)-Methyl 3-Deo~-3-[(2’~‘,4’,6’te~-O-acetyi~-D-gal~t~pyraMsyl)me- 

~~Y~~~~~ G+Wh I.iAE4 (140 mg, 3.7 mmol) was added portionswise to a sthred solution of 2&z + 268 

(168 mg, 0.26 mm00 in anh. THF cooled to 0°C. After stirring at 20°C for 3 h 3% aq. sch. of HCl was added 

until pH=3 at 0°C. The solvent was evaporated in vacua at 60°C nntil dryness, pyridke (5 ml), Aa0 (1 ml) 

and DMAp (10 mg) were added and the mixture stirred at 20°C for 14 h. The solvent was evaporated in vacua 

and the residue taken with toluene which was evaporated to dryness (3 times). The m&e ww pdfied by 

filtration through a pad of silica gel @tOAc) and then by c&mn chromatography (Lob@, column type B, 

EtOAcIlight petroleum 2:l) yielding 122 mg (7l%), colourless crystals; mp. 69-7l*C (de&). [ag = i-62; 

t4:7 = +a4; [a]: = +76; [cz]~ = i132; (a]$ = +154 (c = 1.35, CBCl3). IR (KBr) v: 1740,1370,1220 

cm-t. tH-NMR (4OO MHz, c&j) &p 5.58 (dd, 3J = 9.0, 5.3, H-C(2)); 5.54S.4O (m, H-C@), H-C!(4), H- 

C(4’)); 5.23 (s, H-C(2)); 4.77 (s, H-C( 1)); 4.55 (m, H-C(1’)); 4.47 (dd, 2.i = 11.4,3J = 8.2, H-C(6)); 4.42 (dd, 

2J = 12.1, 3J = 4.9, H-C(B)); 4.11 (m, H-C(6), H-C@‘)); 3.99 (m, H-C(S)); 3.85 (m, H-C(S)); 3.03 0. MeO); 

2.68 (m, H-C(3)}; 2.02 & 1.89 (2m, CH$(3)); 1.89, 1.87, 1.79, 1.78, 1.75. 1.65, 1.61 (7s, 7 AC). 13C-NMR 

(100.61 MHz, cd)6) k: 171.1, 170.9, 170.5, 170.4, 170.2, 169.9 (6sk 98.1 (d, tJ(C,H) = 173, C(l)); 73.7 

(d, tJ(C,H) = 153); 72.8 (d, V(C,H) = 149); 69.9, 69.7,69.5,68.58.&8,52 (5d, V(C,H) = 152153); 63.2 (t, 

tJ(C,H) = 148); 62.4 (t, tJ(C,H) = 150); 54.9 (q, U(C,H) = 140): 36.5 (d, lJ(C.H) = 130, C(3)); 25.4 (t, 

tJ(C,H) = 127); 21.0, 20.8, 20.7, 20.4 {4s, U(C,H) = 130). CL-MS (NH3) m/z: 666 (h&18. 100); 617 (95), 

557 (lo), 529 (55), 496 (23), 468 (69), 443 (59). 369 (7). 331 (23), 1% (7), 81 (24). Anal. cdlc. for 

C&4uO~7 (648.62): 51.85, H 6.22; found: C 51.86, H 6.09. 

i-b)-MethyI 3-Deoxy-3-C(a-D-gatactopyr~~f)~e~yi~-~-D-~n~pyr~~~ (1). A mixhne of (+)-28 (PO 

mg, 0.138 mmol), anh. K2m (268 mg, 1.P mmol) and 1:l MeOHJHzO (4 ml) was stirred at 20°C for 3 h. 

After solvent evaporation the residue was purified by column chromatography on DOWEX 500 W 4X 200-400 

mesh&M+ @I@] yiekiing 38 mg {77%), colourless oil. [ag = ti9.6; [a]& = j-58.4; [ug = +72; [cr1”, = 

+X27; [a]: = +I47 (c = 0.75, MeOH). IR (film) v: 3400, 1660, 1630 cm-t. tH-NMR (600 MHz, CD3OD) 

6rr. 4.57 (d, 3J= 1.5, H-C(l)); 4.16 (m, H-C(1’)); 4.0 (t, 3J = 2.3, H-C(2)); 3.95-3.83 (m, H-c(2’), H-C@‘). H- 

C(6), H-C(4). H-C(S)); 3.73 (dd, 3J = 11.7, 5.9, H-C(6)); 3.70-3.66 (m, H-C@‘), H-C@‘)); 3.55 (m, H-C(5)); 

3.47 (t, 3.F = 10, H-C(4)); 3.43 (s, OMe); 2.15 (m, H~R-~2-C~3)): 1.93 (m, H-C(3)); 1.82 (m, HproS-CH2- 

C(3)). I3C-NMR (100.61 MHz, mOD) k: 102.2 (d, U(C,H) = 169); 76.7 (d, tJ(C,H) = 148); 75.2 (d, 

U(C,H) = 145); 74.2 (d, tJ(C,H) = 140); 72.0 (d, tJ(C,H) = 142), 70.4,70.3,70.2 (3d, ‘f(C,H) = 159); 67.6 

(d, tJ(C,H) = 144); 63.2,62.5 (2t, lJ(C,H) = 142X 55.0 (q, lJ(C,H) = 142); 42.6 (d, tJ(C,H) = 127); 225 (t, 

V(C,H) = 126). CL-MS (NH3) m/z: 372 (M+17,61), 355 @f*, 78), 337 (13), 323 (51) 287 (23), 236 (100), 

134 (4’7),97 (63), 74 (80). MS [electrospray, LiCl]: 361 @I+ +Li, loo), 329 (32). Anal talc. for Cl4H2&0 

(354.36): C 47.45, H7AO; found: C 47.30, H 7.38. 

(+)-3-Deo~-3-~(2’,3’,4:6’-tetre-O-aceryl-~-~-gal~t~~yra~~)~et~l~-~~,4S,d-penta-O-aceryl-D-manai- 

td ((+)-29). A mixture of (-)-25 (100 mg, 0,165 mmol), anh. K$O3 (10 mg) and anh. MeOH (4 ml) was 
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stirred at 20°C for 30 min. The soln. was cooled to 0°C and NaEW (80 mg, 2.3 mmol) was added. After 

stirring at 20°C for 2 h 45 min the solvent was evaporated in vacua and the residue taken with 1 N HCl(2 ml). 

After stirring at WC for 14 h, the solvertt was evaporated in vacua to dryness and pyridine (2 ml), AC@ (0.2 

ml) and DMAP (5 mg) were added. After stirring at 2oOC for 14 h, the solvent was evaporated in vacua and 

the residue was purified by flash column chromatography on silica gel (30 g, EtOAcfight petroleum 1:1) 

yielding 64 mg (53%). colourless crystals. m.p. 82-83Y!. [a$’ = +66.5; [a]g = +72.5; [a]k = +87; [IX]% = 

-i-155; [u]E = +183 (c = 1.0, CHC13). IR (KBr) v: 1740,1360,1220,1040 cm-t. tH-NMR (400 MHz, C&j) 

6rr: 5.73 (dd, 3J = 7.1, 4.2. H-C(4)); 5.67 (t, 3.7 = 3.3, HC(4’)); 5.57-5.43 {m, H-C(Z), H-C(2’), H-C@‘). H- 

C(5)); 4.76 (dd, ZJ = 12.1,3J = 3.4, H-C(6)); 4.65 (dd, W = 11.1, 3J = 7.3, H-C@)); 4.55 (m, H-C(l’j); 4.45 

(dd, 2.I = 12.4, 3J = 2.9, H-C(l)); 4.30-4.21 (m. H-C(l), H-C(S), H-C@‘)); 4.18 (dd, 2J = 12.1, 3J = 7.5, H- 

C(6)); 2.50 (m, H-C(3)); 2.05 & 1.95 (2m, CHz-C(3)); 1.88, 1.87, 1.86, 1.79, 1.78, 1.65, 1.64, 1.60 (8s, Q 

AC). t3C-NMR (100.61 MHz, C&&j) SC: 170.6, 170.5, 170.4, 170.2, 170.1, 169.9 (6s); 72.3,71.5, 71.0.70.3, 

69.7, 68.7, 67.7 (7d, tJ(C,H) = 152-154); 64.4, 62.4,61.2 (31, tJ(C,H) = 148); 37.7 (d, 1J(C,H) = 129); 24.9 

(t, l.I(C,H) = 127); 21.1, 21.0, 20.8, 20.6, 20.5 (5q, U(C,H) = 130). CI-MS (NH3) m/z: 739 @VW, 99}, 737 

(loo), 661 (85), 540 (231, 498 (45), 485 (18), 425 (7), 299 (3), 169 (9), 81 (8). Anal. talc. for C3tHe2019 

(738.83): C 50.40, H 8.46; found: C 50.54, H 8.23. 

(+)-3-Deoxy-3-Na-D-guCnctopyranosyl)methyl(2). A mixture of (+)-29 (100 mg, 0.135 mmol), 
K2CQ (20 mg) and MeOH& 1:l (2 ml) was stirred at 20°C for 24 h. The solvent was evaporated and the 

residue purified by flash ~~~m~aphy OR silica gel (15 g, E~~~~~A~H 100:100:1) givbtg 36.3 mg 

(78%), colourless oil. [a]: = +33; [a]% = +37; [a]; = +47; [a]z = +88; [cz]‘& = +102 (c = 0.9. MeOH). 

IR (film) v: 3350, 1570, 1440 cm-l. 1H-NMR {400 MHz, CD3OD) &: 4.20 (m, H-C(1’)); 3.96-3.80 (m. H- 

C(l), H-C(2), H-C(2), H-C(4), H-C(4), H-C(6), HC(6’)); 3.57-3.77 (m, H-C(l). H-C(3’). H-C(5), H-C(5’), 

H-C(6), H-C@‘)); 2.18 (m, H-C(3)}; 1.99 & 1.83 (2m, CH#(3)). 13CNMR (100.61 MHz, CD3OD) k: 

75.4,74.9,74.2,73.2,72.0,71.3,70.2 (7d. tf(C,H) = 141); 69.9 (d. U(C,H) = 145); 64.9 (21, WXZ) = 142); 

62.0 (1, U(C,H) = 142); 39.0 (d, kr(C,H) = 126); 21.3 (t, tJ(C,H) = 124). CI-MS (NH3) m/z: 343 (M-+1,7), 

325 (8), 307 (2), 223 (8), 189 (13), X25 (31), 111 (78). 81 (100). MS [electrospray, LiCl]: 349 (M+ +Li, 82), 

348 (100). 

4-De~~-4-f(2’,3’,44:6’-te~u-O-acety1-a-D-galactopyra~~l~~thyi~-2,3,6-tri-O-ace~~-D-mannono-l~- 

Zactorze (3). A mixture of f-l-25 (50 mg, 0.082 mmol), 50% aq. dioxane (10 ml) and 1 N HU (0.2 mIj was 

heated to 50°C for 14 h. Aq. NH3 was added until pH=3 and Na(CN)BH3 (7 mg} was added at 20°C. After 

stirring at 20°C for 3 h, 1 N HCI was added until pH=l and the mixture heated to 60°C for 24 h. The solvent 

was evaporated in vacua (10-S Torr) to dryness. Pyridine (5 ml), Ac20 (0.5 ml) and DMAP (5 mg) were added 

and the mixture was stirred at 20°C for 14 h. The solvent was evaporated in vacua and the residue purified by 

flash column c~o~to~aphy on silica gel (10 g, EtOAc/light petroleum 2:l) giving 16 mg (30%), colourless 

oil. IR (CH2Clz) v: 1740, 1360, 1200, 1050. rH-NMR (400 MHz, CDQ3) &.p 6.14 (d, 3.r = 1.5, H-C(2)); 5.41 

(m, H-W’)): 5.30-5.10 (m, H-C(5), H-C(2’), H-W’)): 4.95 (dd. 3&H-C(2),H-C(3)) = 1.5,3&H-C(3),H-C(4)) 

c 3, H-C(3)); 4.40-4.21 (m. H-C(6), H-C@‘), H-C(1’)); 4.14-3.99 (m, H-C(5’), H-C(6), H-C@‘)); 2.43 (m, H- 

C(4)); 2.18, 2.15, 2.14, 2.11, 2.09, 2.08, 2.07 (7s, 7 AC); 1.70 & 1.53 (2m, CHz-C(4)). 13C-NMR (100.61 

MHz, -3) 8~: 170.1, 169.7. 167.9 (3~1, 88.7 (d, U(C,H) = 177); 71.5, 70.9, 69.9, 69.3, 68,7, 68.4, 66.7 

(7d, WC,H) = 150-156); 67.5 (t, U(C,H) = 154); 60.3 (t, tJ(C,H) = 153); 36.2 (d, tJ(C,H) = 128); 24.2 (t, 
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‘&CYH) = 130); 20.8 (q, l~(C$Q = 129). CI-MS (NH31 ndz: 683 (M+3 NH3, loot, 555 (M-CG+3 NH3, 301, 

634 (M+l, 11, 606 (N+l-CG. 391, 485 (71, 443 (13) 399 (13), 331 (7). MS @lectrospray, I.iU, injeuion 

MeOH/H~~: 673 @I* +Li+MeGH, 92), 647 (h4+ +2Lii 26); 640 (M+ +Li, 14.6), 612 (M+ +Li+MeGH- 

AcGH, 100). Anal. talc. for Cz7&5017 (633.58): C 51.27, H 5.74; found C 51.06, H 5.91. 
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