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Abstract: The synthesis of pyranodd and furanoid derivatives of 6-dcoxy-4-thio- 
e-galactose from methyl a-P-glucopyranoside (1) is described. A key intermediate 
for the synthesis, methyl 2,3-di-~-bentoyl-6-deoxy-4-thio-o_P-galac~opyranosid~ 
(II) was prepared by different approaches from _&. Regioselectivfry for the 
protection or modification of the hydroxyl groups of 1 or its derivatives was 
achieved by employing various reagents. The thiol group at C-4 was introduced 
by nucleophilic subst.itution of a eoeylate by thiocyanate followed by reduction 
or alkaline methanolysis of the thiocyano group. A by-product of the latter 
reaction was characterized as a monorhiolcarbonste derivative (17). whose 
conformation was studied by molecular mechanics calculations. Acetolysis of 
methyl 6-deoxy-4-thio-o-i-galactopyranosids (16) afforded ring sulfur containing 
dertvatlvee of 6-deoxy-4-thio-_D-galactofuranose, which are described for the 
first time. 

In addition to the varied biological activities displayed by thio sugars 

they represent interesting targets for synthesis. The chemistry of thio 

sugars with sulfur in the ring is of particular interest, as the sulfur 

atom can participate in a variety of reactions and rearrangements. 1,2 

We have recently reported3 the synthesis of 4-thio-P-galactofuranose, a 

potential antimetabolite of galactofuranosidase. Some reactions of thio 

sugars and the possibility of converting 4-thiopyranoses into 4-thio- 

furanose derivatives were also examined. 3 In order to evaluate the 

influence of C-6 deoxygenation on the reactivity and biological properties, 

we have now developed a convenient synthesis of 6-deoxy-4-thio-l&galactose. 

Although pyranoid derivatives of this sugar have been prepared starting 

from partially benzylated monosaccharides, 4,s the ring contraction to 

furanoid forms was not reported. We here describe the synthesis of furanose 

derivatives of the 4-thiosugar. 

The strategy adopted for the synthesis of 6-deoxy-4-thio-Q-galactose 

derivatives involves the preparation of a key intermediate: methyl 2,3-di- 

~benzoyl-6-deoxy-4-O_(ptolylsulfonyl)-o -p-glucopyrmoside (11) which may be 

obtained from inexpensive methyl a-Q-glucopytanoside (1) by deoxygenation 

of the hydroxymethyl group, selective protection of HO-2 and HO-3, and 

conversion of HO-4 into a good leaving group. Substitution of protected 
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HO-4 by a nucleophile, precursor of thiol, would simultaneously produce the 

inversion of C-4 to give a derivative with the galacto configuration. 

The first approach for the synthesis of a precursor of 13, methyl 2,3-di- 

O-benzoyl-6-bromo-6-deoxy-4-O-(p-tolylsulfonyl)-a-p-glucopyranoside (g), 

involves benzoylation of the 4,6-g-benzylidene derivative of 1. Further 

hydrolysis of the benzylidene gave 2, whose HO-6 and HO-4 groups were 

derivatized by tritylation and tosylation respectively, to afford compound 

2. Hydrolysis of the trityl ether of 2 led to compound 5, which on treatment 

with Ph3P-CBr46 underwent the substitution of the hydroxyl group at C-6 by 

bromine, to give the 6-bromo-6-deoxy derivative 8, in 738 yield from 1. The 

replacement of the HO-6 group by bromine was evident by the large upfield 

shifting (29 ppm) showed by the C-6 signal, in the 13 C NMR spectrum of g as 

compared to the same signal in the spectrum of A. 

The 6-bromo-4-g-tosyl derivative a was also obtained from r by a shorter 

route. Compound 1 was converted into methyl 6-bromo-6-deoxy-a-g-gluco- 

pyranoside (2) by reaction with Ph3P-CBr4. The selective protection of HO-2 

and HO-3 of 2 was achieved by benzoylation of 2 with N-benzoylimidazole, 

which has shown high regioselectivity for the protection of carbohydrates. 
7 

Acylations of sugar derivatives having gluco configuration have indicated7 

a lower reactivity for HO-4. Accordingly, benzoylation of 1 with 2.4 molar 

equivalents of fi-benzoylimidazole gave the 2,3-dibenzoate 5 as the main 

product (75% yield), being the tribenzoate 1 a by-product (158) of the 

reaction. The structures of 2 and 1 were assigned on the basis of their 

spectroscopic data (Tables I and II). Thus, the signals for H-4, H-3 and H-5 

appeared shifted downfield in 1, being the signal for H-4 the more strongly 

shifted (> 1.0 ppm), as expected for the benzoylation of HO-4 of 5. The 
13 
C NMR spectrum of 7_, when compared with that of 5 also showed a small 

displacement for the signal of the a-carbon atom (C-41, but a larger upfield 

shift for the signals of the &carbons (C-3 and C-5), as observed for the 

benzoylation of a given hydroxyl group in a sugar. 
8 
The structure of 5 was 

further confirmed, as this compound was identical to the one obtained by 

the Ph3P-CBr4 bromination of 2. Treatment of 5 with tosyl chloride-pyridine 

led to the I-tosylate i in 81% yield. As observed for the sulfonylation of 

other sugar derivatives, 
9 

the l3 C NMR spectrum of g revealed that tosylation 

of the HO-4 caused a large downfield shift for the signal of C-4 (' 6 ppm) 

and an upfield displacement for the signals of C-3 and C-5. Nickel Raney 

catalyzed hydrogenation of 1 gave the 6-deoxy-4-g-tosyl derivative 13 in 89% - 
yield. The methyl group appeared in the 

1 
H NMR spectrum of 13 as a doublet - 

(J 6.0 Hz) at 1.45 ppm, and the 13 C NMR spectrum of 13 showed the signal for - 
C-6 in the region of aliphatic carbons (17.6 ppm). 



Fmmoidmd pynu~oiddcrivativcs 1133 

HO 

OCH3 OCH3 
2 R-Ph3C 

H*_Rfi_Bq ArS020 

OCH3 0CH3 
5 5 R-H !! 

OCH3 

2 g R'-Bz, R‘-H 

I1 R1-H, R2-Bz - 
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An alternative route for the synthesis of 13 was also developed starting - 
from methyl 6-bromo-6-deoxy-a-P-glucopyranoside (S), which was hydrogenated 

using Raney Nickel as catalyst to afford methyl 6-deoxy-a-P-glucopyranoside 

(91, in almost quantitative yield (98%). The next step of synthesis, the 

selective benzoylation of HO-2 and HO-3 of 2, was performed with 2.4 molar 

equivalents of &I-benzoylimidazole. The mixture obtained was separated by 

column chromatography to afford, in addition to the perbenzoylated product 

12 (12%), - the 2,3-dibenzoate 10 (59%) and the 2,4-dibenzoate 11 (13%). - - 
Similar yields for the dibenzoates 10 and 11 had been previously reported 10 - - 
for the benzoylation of 2 with benzoyl chloride at low temperature (-40°C), 

although in this case the physical constants for the products were not 

given. The lower reactivity for HO-4 in 2 than in 2 may be explained by the 

gauche interactions of HO-4 and the C-5 substituent. The C-5 bromomethyl 

group of 2 being bulkier than the C-5 methyl group of 2 should produce a 

stronger interaction for benzoylation of the HO-4 in compound 2 than in 2. 

Tosylation of the HO-4 of 10 led to the 4-g-tosyl derivative 11, in a yield - 
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which was about 20% lower than that obtained through the sequence previously 

described. 

Nucleophilic substitution of the sulfonyloxy group of 13 by thiocyanate in - 
DMF took place at llO°C to afford the 4-thiocyano derivative 14 in excellent - 
yield (95%). We have previously described3 that among the various reagents 

studied, potassium thiocyanate in aprotic polar solvents such as DMF, was 

the most convenient nucleophile for the conversion of tosylates into thio- 

cyano derivatives. The substitution reaction allowed the introduction in the 

molecule of a group precursor of thiol and the inversion of the configuration 

of C-4. Thus, the coupling constants observed for the H-4 signal in the lH 

NMR spectrum of 14, J3 4 3.9 Hz and J4 5 1.5 Hz were consistent with the 

change from gluco to g:lacto configura;ion, which was confirmed by comparing 

the 13C NMR spectra of 14 and 13 11 
- -* The shielding effect of the sulfur atom 

produces a strong upfield shifting for the C-4 signal of 14 (125 ppm); and - 
C-2 is also shifted upfield, as observed for related compounds having the 

galacto configuration. 3 Furthermore, the carbon signal for the thiocyano 

group appeared at 111.6 ppm, similar to reported values for other thiocyanate 

derivatives. 3 

13 - 

HS 

15 
dCH3 

- 

dCH3 OCH3 

16 - 11 

Reduction of the thiocyano group of 14 to thiol was conducted with zinc- - 

acetic acid, to give compound 15 in 77% yield. - The IR spectrum of 15 showed 

the characteristic SH absorption at 2600 cm 
-1 . Moreover the 

1- H NMR spectrum 

of 15 showed a doublet at 6 1.58 and a multiplet at 63.73 which were assigned - 
to SH and H-4 respectively, as on deuteration, the doublet disappeared and 

the multiplet collapsed to a double doublet. The 
13 C NMR spectrum of 15 - 

showed the signals for two carbonyl groups and for the aromatic carbons (two 

benzoates); and the signals of the anomeric, methoxyl and methyl carbons at 

6 91.4, 55.4 and 18.2, respectively. The signal for C-4 bonded to sulfur, 

appeared at higher field (6 46.5) than those for C-2 and C-3. 
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Treatment of compound 15 with methanolic sodium methoxide produced g-de- - 
benzoylation to give crystalline methyl 6-deoxy-4-thio-a-e-galactopyranoside 

(16) in 690 yield. Since sodium methoxide has been employed 
12 

for the - 
hydrolysis of the thiocyano group to thiol, the reagent was also used for 

the simultaneous debenzoylation and alkaline methanolysis of the thiocyanate 

14. When the reaction was conducted for long periods b 49hs) the expected - 
thiol derivative 16 was obtained as the main product. However, for shorter - 
reaction times two products were detected by TLC. Separation of the mixture 

by column chromatography led to the thiol 16 and a crystalline by-product. 
-1 

The IR spectrum of the latter showed an absorption at 1720 cm . The presence . 
of a carbonyl group was confirmed by the appearance of a signal at6 168.6 in 

the I3 C NMR spectrum of the product. However, no aromatic carbons were 

observed, which indicated that we were dealing with a azspletely~dehenzoylated 

compound. The signals for C-3 and C-4 were strongly shifted downfield with 

respect to those of 15, suggesting the formation of a ring involving HO-3 

and HS, and therefore the by-product was formulated as methyl 6-deoxy-rl- 

thio-a-Q-galactopyranoside 3,4-monothiolcarbonate (17). The 'H NHR spectrum 

of 17 showed the signals for H-3 and H-4 shifted to lower fields in aqarison - 
with the same signals of 12, which supports the proposed structure. Further- 

more, the coupling constant value between H-3 and H-4 (J 6.OHz) is larger 

than that for J3,4 in the related derivatives fi, 15 and 16, whereas the - 

J2,3 
values for these compounds are larger than J2 3 (8.5Hz) for 17, 

suggesting a distortion of the pyranoid ring by the'cyclic thiolcarbonate. 

The conformation of compound 17 was investigated using molecular mechanics - 
calculations. The substituted bicyclic system was minimized with respect to 

energy, employing the MODEL program of Still which incorporates Allinger's 

MM2 program. 
13 

The conformation of lower energy for the pyranoid ring was a 
4 
Cl flattened chair, having dihedral angles beween H-2 - H-3; H-3 - H-4 and 

H-4 - H-5 of 163', 39" and 49', respectively. On the other hand, molecular 

mechanics calculations indicated an almost ideal 
4 
Cl conformation for l_(. 

The thiolcarbonate derivative 17 may be formed from 14 by attack of the C-3 - - 
alcoxide anion, generated by debenzoylation, on the thiocyano carbon atom, 

followed by hydrolysis of the resulting imino group. 

The next step of the synthesis, the hydrolysis of the methyl glycoside 16 - 
would allow to achieve the 4-thiohexofuranose derivatives. Thus, on acetolysis 

of 16 a syrupy product was obtained, - which zhowed by GLC three n&n axqonents 

in a 2:4.4:1 ratio. The same ratio was determined by integration of the areas 

for the anomeric signals in the 1 H NMR spectrum of the crude mixture. m, 

only two spots were observed by monitoring the mixture by TIC, and two fractions 

were obtained by column chromatography. The secondly eluted fraction afforded 

a crystalline product whose 13 C NMR spectrum showed no signals for thioacetyl 
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and methoxyl carbons, and the signal for C-l appeared strongly shifted upfield, 

suggesting a sulfur containing five membered ring. The anomeric proton in the _ _ 
lIi NMR spectrum of 18 appeared as a doublet.with Jl 2 4.4 Hz, indicating" - 
an 0 configuration. The chemical shifts and couplin& constants for the other 

ring protons of 18 were similar to those reported3 - for the 1,2,3,5,6-penta+- 

acetylated analog of 18. - 

HOAC, AC*0 
w 

H2S04 

g RI-", R2-OAc 20 - 
19 Rl-OAc, R2-ti - 

The '?I NMR spectrum of the first chromatographic fraction indicated that it 

was formed by two products, which were separated by HPLC. The amponenthaving 

lower tR was identified as l9, the R-anomer of l8, on the basis of the spectral 

data; the chemical shift for H-l and the Jl 3 value" (3.3 Hz) indicated a 

&configuration for C-l. the component of higher t R was the major product of 

the mixture. Its 
13 
C NMR spectrum showed the signals characteristic for thiol- 

acetate (6 193.9 and 30.7) and the C-l signal at a 6value typical of hexo- 

pyranose derivatives. Furthermore, the 'H NMR spectrum of this ccqound &XX& 

for H-l a J1,2 of 3.8 Hz, in agreement with an a-configuration for C-l, 

therefore, the compound was characterized as 1,2,3-tri-g-acetyl-4-s-acetyl- 

6-deoxy-4-thio-a-Q-galactopyranose (20). 

Acetolysis of 16 afforded a larger proportion of the pyranoid isomer than - 
the acetolysis3 of the 6-hydroxylated analog of 16. This result may be explainad - 
on the basis of the mechanism proposed for the acetolyeis reaction of 4-thio 

nexopyranose derivatives, 
3 
which rationalizes the product distribution in 

terms of stabilizing or unetabilizing stereoelectronic effects operating on 

the ionic intermediates. Under acidic conditions, the protonation of the 

methoxy group of 16 would occur, promoting the cleveage of the glycosidic 

linkage and generating a positive charge at C-l. The carbocation formed may 

be stabilized by participation of the ring oxygen lone pair electrons to 

give an oxonium ion (z), or by anchimeric assistance of sulfur affording a 

bicyclic sulfonium ion (22). The stereochemical course of the reaction would - 
depend on the relative stability of these ionic species, which has been 

reported to be affected by the electronic properties of the C-6 substituent. 15 

Thus, an electron withdrawing group at C-6, such as hydroxy or acetoxy, WouLd 
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2.L 22 23 - 

a RI-H or AC, R2-H 

b RI-H or AC, R2-OH or OAc 

decrease the electron donation from the ring oxygen atom to the C-l carbocation 

favoring the formation of zb by participation of sulfur. Furthermore, the 

electron withdrawing C-6 eubstituent of 22b will promote the cleavage of the - 

C-l - 0 ring linkage leading, through the ion sb, to a higher proportion of 

4-thiofuranoses. Conversely, the presence of an electron-donating group at 

C-5, as in l6, would allow the stabilization of a positive charge at C-l by 

the oxygen lone pair electrons, generating a stable oxonium ion la, pecurmr 

of the 4-thiohexopyranose derivative 20, the major product in the acetolysis 

reaction of 16. - The sulfonium ion 22a could give 20 by attack of acetic acid - 
to C-l, or 18 and 19 through the ion 23, by cleavage of the C-l - 0 ring bond. - - 

Ring contraction to the furanoid form should be expected for free 4-thio- 
3,16 

sugars, according to the higher nucleophilicity of sulfur. Thus deacylation 

of 20 led to an approximately 1:2 mixture of the 6 and o anomers of 6-deoxy- - 
4-thio-g-galactofuranose, as estimated from the 

13 C NMR spectrum of the free 

sugar. Acetylation of the latter yielded the anomeric mixture of furanoid 

peracetylated products, as observed for other free 4-thiohexosee. 
17 
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Experimental 

Melting points were determined in A Tbomar-Hoover apparatur and are uncorrected. Optical 

rotations were measured vith a Parkin-Elmor 141 polarimetcr for 1% eolutiona in CHCl3 at 

25°C. ‘H and l3 C NMR spectra were recorded with a Varian XL-100 spectrometer at 100.1 ond 

25.2 MHz, respectively, for solutions in CDC13 unleaa otherwise indicated. TetrmmwlsGxm 

wan used aa internal rtandard. Signal aaaignnentr for the 
13 

C NHR spectra were made on the 

basis of aelective heteronuclear decoupling experimento. Data are rhown in Tableo I and II. 

IR spectra were recorded on a Perkin-Elmer 7108 spectrophotometer with the polystyrene 
-1 

absorption at 1602 cm aa the reference. TLC uaa carried out on precoated l luminium plates 

(0.25 m) of silica gel 6OF-254 (Fferck) with 9:l PhMe-EtOAc. HPLC was performed with a 

!4icroneriticr liquid chromatograph equipped with a refractive-index btector rd aWti.cn 

730 injector. CLC wan recorded with a Hewlett-Packard HP5830 gaa chromatograph, using a 

glase column (180 x 0.2 cm) packed with 3% OV-17 and nitrogen as carrier, flar rate- 28 de, 

Ti 25O’C. Tc lOO-29O*C, T gradient lO’C/min. Molecular mechanics calculationa were porfonmd 

with PCMODEL 2.0 and MHX from Serena Softvare, Bloomington, IN., U.S.A. 

Methyl 2,3-di-0-benroyl-a-D-glucopyranoaide ” (2) and methyl 2.3-di-0-benroyl-4-O-(n-tolyl- 

rulfonyl)-6-0-trityl-o-D-glucopyrano#ide (2). Compound 1 was rynthemixed by 4,6-g- 

benzylidenetion l9 of methyl a-P_glucopyranoside (r), followed by 2.3-g-benroylation and 

hydrolysis of the benrylidene group. Compound 2 vaa obtnined from 2 aa prmviamly deacriM.2U 

Methyl 2,3-di-0-benzoyl-4-0-(p-tolylsulfonyl)-a-P-glucopyr~no~ide (4). To A solution of 2 

(3.0 8, 3.76 rmwl) in dry CH2C12 (150 IA), 14% BF3 in methanol (2.1 mL) wan added, and the 

mixture vas stirred for 2h at room temperature. The solution WBI extracted with water (3 x 

50 mL), dried (MgS04) and concentrated to a syrup , which crystallized from EtOH to give 

2.0 g (96X) of 6; m.p. 180-181.; [aID +98’; in good agreement with reported values. 
21 

Methyl 6-bromo-6-deoxy-a-D-glucopyranoside (2). To a euapeneion of 1 (3.5 g, 18.04 mmol) pd 

CBr4 (7.5 g, 22.6 mmol) in HeCN (40 mL), Ph3P (7.1 8, 22.6 mmol) was added in 0.5 g-porriam 

every 10 min and the mixture wan stirred at room temperature for 36h. when complete 

diseolution was observed. The solvent vaa evaporated and the residue purified by column 

chromatography using 2:l AcOEt-PhFIe as eluent , to give 3.4 g (73%) of compound 1, which 

recryotallixed from ether haa m.p. 126-127’. [a], +158* (2 1, MeOH); Lit.22 m.p. 126-127’; 

lul, +137*. (Found: C, 32.96; H, 4.90; Br, 30.8Y. C7H13Br05 requirea C, 32.70; H,.S.lO; 

Br. 31.08). 

Methyl 2,3-di-O-benzoyl-6-bromo-6-deoxy~-D-glucopyr~noside (2). a) Starting from 2. To a 

solution of compound 2 (0.72 g, 1.8 mmol) and CBr4 (0.82 g, 2.47 -1) in MeCN (5 mL), Ph3P 

(0.78 g, 2.47 mrcol) was alovly ndded. and the mixture wan stirred for 48h at room taapsrature. 

The solvent was evaporated and the residue purified by column chromatography (19:l EtOAc- 

thee) to afford 0.62 x (74%) of compound 2. which Bave m.p. 146-147.; [III,, .+154*. (Found: 
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C, 54.15; Ii, 4.76; Br, 17.48. C21H27Br07 requires: C, 54.21; 1. 6.55; Br. 17.17). 

b) Starting from 2. To a ruepension of compound 2 (0.64 g, 2.5 -1) in 1,2-dichlororthsne 

(20 mL), ~-benxoylimidsrole23 (1.03g. 6.0 ml) VAB added and the mixture WAS stirred at 

the rcflux trmpsrstura for 24h. The reeultin6 solution vse diluted vith CH2C12 (0.5 L) and 

extracted vith 5% aq. HCl, vster. sq. NAM03 and vster. The orgenic layer vse dried (MgS04) 

and the solvent evaporated to afford a residue, which rhoved tvo main epots on TLC (Rf 0.69 

and 0.41). The mixture vss sspsrsted by column chromatography (19:l PhMe-EtOAc). 

The leso polar component (Rf 0.69) vss isolated In 15% yield (0.22 8) and chsrscterired 

se methyl 2.3,4-tri~_-benroyl-6-br~o-6-deoxy-a-~glucopyrsnoside (I), vhich crystsllired 

from EtOH to give m.p. 122-123.. [a]D +lOO’ (c 0.9. pyridfne), [lit22’24 m.p. 122’. [aID 

+90.9=1. 

The other compound (Rr 0.41) ieolsted from the column vss 5 (0.87 g, 75%). which shoved 

the esme physic.1 constants as those indicsted above. 

Methyl 2,3-di~enzoyl-6-bromo-6-deoxy-4~-(p-tolylsulfonyl)~-D-glucopyrsnoslde (8). 

a) Starting from 4. Compound 4 (2.1 g, 3.76 -1) suspsoded in U&N (8 mL) vss alloved to 

react with Ph3P (1.5 g, 5.66 mmol) and CBr4 (1.57 g, 4.73 -1) sa described for the 

preparation of 1, to give 1.96 8 (84X) of compound i, which recrystsllirsd from EtOH hsd 

m.p. 147-148.. [a], +lOl*. (Found: C, 54.44; Ii, 4.63; S, 5.39. C28H27BrOgS require8 C, 54.29; 

H. 4.39; S, 5.17). 

b) Starting from 2. To a solution of 2 (0.62 g, 1.34 mmol) in pyridins (10 mLt). tosyl 

chloride (1.0 g, 5.24 -1) vsn slowly added. The mixture vss kept at 0. for 24h. and then 

at room temperature for additional 24h. A solid vse obtained by pouring the solution into 

ice-vatcr. Crystallization from &OH gave 0.67 g (81%) of compound i. 

Methyl 6-deoxy-o-Q-slucopyrsnoelde (2). Compound 2 (2.28 8, 8.88 mmol) dlnaolved in HeOH 

(100 ml.) conteining Et3N (1.5 mL) vse hydrogenated in the presence of Rsney Nickel (3.0 g) 

at 47 psi for 12h. The catalyst vss filtered and the flltrste l vsporsted. The resulting 

syrup vse purified through s short column of silks gel, using EtOAc se l luent. to give 

1.56 g (98.5%) of compound 2. Upon crystsllirstion from ether, 2 gave m.p. 97-98.; [aID 

+153* (c 0.9, H20) (lit.25 m.p. 98-99’. [aID +159’). 

Methyl 2,3-di-Q-bentoyl-6-deoxy+-&j-glucopyrsnonide (lo). To a suspension of 2 (1.1 g, 

6.0 mmol) in 1,2-dichlorosthsne (40 mL) heated at the reflux temperature, z--lMdszole 23 

(2.48 g, 14.4 mmol) vss’sdded folloving the procedure described for the preparation of 6. 

The mixture obtained vas separated by column chromatography (9:l PhMa-EtOAc). The farteet 

migrating component on TLC (Rf 0.55) ves obtsined (0.35 8, 12%) snd identified se methyl 

2.3.4-tri-0_benxoyl-6-deoxy-o-~-~lucopyrsnosid~ (l3), vhich had m.p. 141-142. (from EtOH). 

[al, +107* (5 1. pyridine) (lit.24 m.p. 139-140.. [aID +107’). 

The next chrometogrsphic fraction (Rf 0.34) afforded 0.30 8 (13%) of methyl 2,4-dl-0_ 

bentoyl-6-deoxy-o-P-glucopyrsnoeide (11). vhich upon crystsllirstion from isopropyl ether- 
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hcxane gave m.p. 130-131’; [a], +lll*. (Found: C. b5.06; II, 5.9b. C2LH2207 requires C, 65.28; 

H, 5.74). 

The IDD~C polar component (Rf 0.27) vas chAracterlzed an the 2.3-dlbensoate (lo) isomer of 

11. Compound lo, which vas obtained In 59% yield (I.36 g), had [a]D +lb7’. (Found: C, 65.37; - 

Ii, 5.96. C21H2207 requires C, 65.28; H, 5.74). 

Hethyl 2,3-dl4benzoyl-b-deoxy-4-0-(p-tolyloulfonyl)-o-P-glucopyranoalde (13). a) Starting - 

from 8. Compound 1 (1.55 g, 2.5 mmol), dissolved In 1:I NaOH-EtOAc (30 mL) vas hydrogenated -- 

using Raney Nickel (2.0 g) as described for the preparAtlon of 2. Cryatalllxatlon from gtCH 

Afforded 1.2 g (89%) of compound 13. m.p. 138-139.; [a]D +100.5* (lit. 
10 m-p. 141-142.; 

[a], +95.8’). 

b) StArtlng from 10. To a solution of 10 (0.9b g, 2.5 ml) In pyrldlne (20 mL), tory1 - - 

chloride (1.85 8,. 9.7 mmol) was slovly Added At 0.. Aftrr 72h the mixture vas poured Into 

Ice-vater. and extracted vlth CH2C12 (3 x 100 mL). The organic extrAct vas washed vlth 5% 

Aq. HCl. vater And Aq. NAHCO~, dried (MgSO,), filtered And l vAporAted. ‘Dm xuf&kas crysm 

from EtOH to give 0.85 g (63%) of compound 13. - 

liethy 2,3-dl-0-bensoyl-4.b-dldeoxy-4-thlocyano~-D-galactopyranoslde (14). To A solution - 

of 13 (1.12 g, 2.07 -1) In DW (11 mL), KSCN (1.3 g, 13.25 ml) VAA added end tlm mixture - 

vae stirred at 110. for 3bh. The solution vaA poured Into water And extrActed with CH2C12. 

The organic extract VAB dried (KgS04) and evAporAted, And the residue VAB purified by Cohn 

chromatography (99:l PhMe-EtOAc), to afford 0.85 g (95%) of compound 3; [a], +84*. (Found 

C. 61.49; H, 4.95; S, 7.16. CZ2H21NObS requires C, 61.82; H. 4.95; S, 7.50). 

Methyl 2.3-dl-0-bentoyl-b-deoxy-4-thlod-D-galactopyranorlde (IS). To A solution of 14 - - 

(0.55 g, 1.28 mmol) In acetic acid (22 mL), powdered zinc (0.9 g) VAT added. The mixture 

VAS heated under reflux for 40h and then diluted with CH2C12 And filtered. TEA residue VAB 

vaahed vlth CH2C12 and the filtrates pooled and washed vlth aq. NaHC03. and vater. The 

organic axtrAct vas dried (HgSO,) and the solvent evaporated to give A syrup, vhlch van 

purified by column chromatography (4:l hexane-KtOAc) , to afford 0.40 g (77%) of compound 

IJi [al, +173’. IR (f llm) 2600 -’ cm (SH). (Found: C, 62.50; H, 5.69; S, 8.11. C21H220bS 

requires C, 62.67; H, 5.51; S. 7.97). 

&thy1 b-deoxy-4-thlo-o-D-galactopyranoside (16). A) Starting from g. To A AolutiOn of g 

(0.82 g, 1.93 mmol) In MeOH (60 mL) vas Added dropvlse , At O*C, A sblutlon prepered by 

dissolving sodium (106 mg. 4.63 mmol) In LieOH (6 PL). The mixture was stirred for 0.5h At 

O’C And then for 2h At room temperAture, when no stArrIng material VAA detected by TLC. The 

solution vas neutrAIlred with Dowex 5OW(H+) resin, flltared and the solvent evaporated. The 

residue, vhich shoved tvo spots by TLC (Rf 0.58 And Rf 0.47, 1O:l EtOAc-MeOH), was 

chromatographed using EtOAc. Evaporation of the fractions contAlning the product of Rf 0.58 

Afforded 0.11 g (29%) of 16, vhlch crystallized from CH2C12-hexane, gave m.p. IO3-105.; 
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[a], +225’; IR 3700-3100 (OH) and 2560 cm-1 (SH). (Found: C, 43.51; H, 7.31; S. 15.90. 

C7H1104S require0 C, 43.28; H, 7.26; S, 16.50). 

From the fractions of Rf 0.47, 0.08 g (19%) of crystalline methyl 6-deoxy-4-thio-o-P 

galactopyranooide 3.4-monothiolcarbonate (17) uam obtained. Recrystallized from ether, - 

compound 17 gave m.p. 142-143.; [a], +83*; IR 3550-3100 (OH), and 1720 cm -l (-scoo-). - 

(Found: C. 43.34; H, 5.80; S. 14.85. C8H1205S requires C. 43.63; H, 5.49; S. 14.56). 

Treatment of compound 14 (0.43 g, 1.0 ml) in HeOH (25 mL) with acthanolic aa&xa~tlxvd& 

prepared by dissolving medium (83 mg, 3.61 ml) in HeOH (3 mL), at room temperature for a 

longer time (48h). afforded after chromatographic isolation 0.11 g (57%) of g. Only traces 

of E were detected by TLC. 

b) Starting from 11. To a rolution of 15 (0.33 g, 0.83 -1) in MeOH (20 mL) a 0.4 H 

solution of sodium methoxide (5 mL) was added dropwise, at O*C and the mixture was stirred 

for 10h at room temperature. The procukae described above was followed to isolate compound 

16, yielding 0.11 g (69%). 

l.2.3.5-tetra-O-acetyl-6-deoxy-4-thio-a-D-galactofurano~e (Is). 1.2.3,5-tetra-C-acetyl-6- 

deoxy-4-thio-S-D-galactofuranome (e) and 1 2,3-tri-O-•cetyl-4-S-acetyl-6-deoxy-4-thio-o- - 2 

D-galactopyranose (20). Compound 16 (75 mg, 0.39 mrol) wan dissolved at O*C in a solution - 

of glacial acetic acid (8 mL). acetic anhydride (8 mL) and rulfuric acid (0.5 mL). The 

mixture war, kept at 4.C for 48h and sodium acetate (0.75 g) was added. After 0.5h of stlrrir\g 

at room temperature, the solution was concentrated, and the residue extracted with CH2C12 

(2 x 100 mL), it was filtered and the filtrate waa warhed with aq. NaHC03 (2 x 150 mL) and 

water (150 I&). dried (MgSC4) and evaporated. The raaidue was examined by C.L.C., showing 

three main peaks of & 6.27, 6.73 and 7.16, in a ratio 2:4.4:1. The OAme ratio of areas was 

obtained by integration of the anomeric region of the 
1 

H NhR spectrum of the mixture. W 

only two spots (Rf 0.48 and Rf 0.43, 2:l Phhe-EtOAc) were detecred by TLC. The mixture W~II 

chromatographed on silica gel with 3:l hexane- EtOAc. Fractions containing the laur migrating 

component (Rf 0.43) were pooled and evaporated affording 25 mg (19%) of compound fi, which 

crystallized upon addition of ether. Compound g nad m.p. 123-124.C; [a], +154* (Found: 

C. 48.34; H. 5.56; S. 9.64. C14H2008S requirea C, 48.27; H, 5.79; S. 9.20). 

The fraction having Rf 0.48 contained two products. aA determined on the basis of its ‘H 

Nl4R spectrum. The mixture wan separated by reversed-phase HPLC [Altech R-S11 C-18 column 

(10 urn), 50 x I cm, at a flow rate of 1.2 mL/min] with 1:l acetone-water. A minor fraction 

(10 mg, 7.5%) having & 25.8, corresponded to 19, [aID -146.. 

The fraction of _tR 28.5 min gave , upon evaporation 41 mg (31%) of 20. [QlD +53*; IR (f&J 

1750 (CH3C02-). and 1700 cm -’ (CH,COS-). (Found: C. 48.03; H, 5.98; S, 9.14. C14H2008S 

aodium methoxidc 

1 EtOAc-MeOH) was 

ltered and 

the aqueous layer 

requires C. 48.27; H. 5.79; S, 9.20). 

Compound 20 (52 mg. 0.15 mmol) woe deacetylated with a O.OlN eolution of 

(10 mL), under nitrogen, at O’C for 2h. when a single apot of R 0.57 (10: 
+F detected on TLC. The solution wan neutralized with Dowex SOW(H ) resin, fi 

concentrated. The residue was dieeolved in water and extracted with ether, 
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was freeze-dried to afford a syrup, whose 
13 

C NMR Bpectruin (I:1 D20-B20) showed Bi@,dB 

corresponding to the carbons of the furanoid forms: ‘84.1 (C-18). 79.9 (C-la), 56.1 (c-46), 

54.3 (C-4o). 22.5 (C-68) and 22.4 (C-60). 

Acetylation of the syrup with acetic anhydride (0.5 mL) and pyrldine (0.5 mL) afforded 

35 mg (67% yield) of a mixture of compounds s and 19 In a 2.3:1 ratio as determined by 

lH NMR. 
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