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ABSTRACT 

Methyl ~-D-galacto~ra~oside (3) was readily obtained by tin(N) cbloride- 
catalyzed gly~osylation of penka-~-ben~oyl-*,~-D-galacto~ranose (11, followed by 
debenzoylation with sodium methoxide. Glycosylation of 1 with 2,3,5-tri-0-ben- 
zoyl-D-gaiactono-1,4-lactone (4) or with the 4-U-trityl-lactone derivative 5 gave the 
benzoylated /3-D-galactofuranosyl-( l-+6)-D-galactono-1 #actone 6 in excellent 
yield. The structure of disaccharide 6 was confirmed by borohydride reduction to 
the glycosyl-aldito~ 7. A byproduct of the condensation reaction of 1 with 4 or 5 was 
identified as the benzoylated (l-l)-P$‘-D-galactofuranosyi disaccharide 8. Com- 
pound 8 was readily prepared (88% yield) by controlled addition of water to 1, in 
the presence of stannic chloride. 0-Debenzoylation of 8 afforded crystalline /V-D- 
galactofuranosyl-(l-+1)-/?-D$$alactofuranoside (9). The glycosyl-lactone 6 con- 
stitutes a key intermediate for the synthesis of a disaccharide derivative having 
both units in the furanoid form. Thus, diisoamylborane reduction of the lactone 
function of 6 led to the disaccharide derivative 10, from which the methyl glycoside 
l2 was prepared. 0-Debenzoylati~n of 12 gave the corresponding methyl PD- 
galactofuranosyl-(l-+6)-p-D-galactofuranoside (W). The free disaccharide P-D- 

calf-(I-&)-D-Galp (14) and its acetyiated derivative (15) were also synthesized 
from 10. 

We have recently described’ a novel use of partially protected aldono-1,C 
la&ones as glycosyiating agents of monosaccharides. The resulting glycosyl-lactone 
can be converted into a substituted disaccharide having the reducing end in a 
furanose form. With the aim of extending the scope of this method, we have now 
synthesized disaccharides composed of two galactofuranose units. In our 
laboratory, we have shown that D-galactofuranose is a constituent of the glyco- 
conjugates obtained from the parasite Trypanosoma cruziZ, and from the fungus 
Ascobol~ ~~~~raceo~3. The partial hydrolysis of immunolo~~liy specific poiy- 
saccharides from ~y~o~l~~rn~ mycoides4 or from Mycobacterium tuberculo& gave 
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/3-r>-Galf-( l--&)-D-G* 1 d p, indicating that at least the terminal non-reducing galacto- 

se was in the furanose form. McNeil ef al. have recently demonstrated that the 

highly immunogenic arabinogalactans of Mycohacterium leprae and Mycobacterium 
tubercdosis contain, exclusively, arabinofuranosyl and galactofuranosyl residue@. 

It was also established that some of the galactofuranose units were (l-+6)-linked. 

In this paper we report the synthesis of ~-D-Gal~-(1-+6)-D-Gal~ derivatives. 

RESULTS AND DISCUSSION 

Benzoylation of D-galactose at high temperature7 gave a crystalline anomeric 

mixture of 1,2,3,5,6-penta-O-benzoyl-cu,P-D-galactofuranoses (1) whose ‘H-n.m.r. 

spectrum indicated an approximately 1: 1 ratio for the (Y: p anomers. It has been 

shown that peracylated derivatives of sugars may be converted’.* into the corre- 

sponding 1,2-trans glycosides on treatment with tin(IV) chloride followed by reac- 

tion with an alcohol. Therefore, the anomeric mixture 1 was allowed to react with 

methanol in the presence of stannic chloride, to afford the crystalline methyl 

2,3,5,6-tetra-O-benzoyl-P_D-galactofuranoside (2) in 8.5% yield. The /3-anomeric 

configuration for the methyl glycoside 2 was established” from the small J,,, value 

(<l.O Hz). The coupling constants for the other protons of the furanoid ring (& 

1.1, I,,, 5.4 Hz) suggested a preferential E,(D) conformation for 2, as proposedlO 

for P-galactofuranosides. The r3C-n.m.r. spectrum of 2 showed the signal of C-l at 

106.7 p.p,m., and two low-field signals (82.0 and 81.1 p.p.m.) corresponding to C-2 

and C-4, characteristic of /3 anomers of galactofuranose derivatives’.7.11. The high 

selectivity in favor of the p anomer in reactions of peracylated sugars with stannic 

chloride has been attributedI to the formation of acyloxonium ions by removal of 

the C-l substituent and anchimeric participation of the C-2 acyloxy group. 
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0-Debenzoylation of 2 gave methyl P-D-galactofuranoside (3) in 91% yield. 
The values of the chemical shifts of the 13C-n.m.r. spectrum of 3 were identical to 
those already reported13. The synthetic route described herein is a more efficient 
and high-yielding method for the preparation of methyl Po-galactofuranoside than 
has been previously reported14J5. 

In view of the success obtained for the stereoselective formation of a simple 
1,2-truns glycoside by this method, we decided to explore this reaction further, and 
studied the glycosylation of 1 with conveniently protected derivatives of D- 

galactono-1,4-lactone, employing SnCl, as catalyst. The resulting glycosyl-aldono- 
1,4-lactone would then be the precursor of a disaccharide derivative formed by two 
galactofuranose residues. 

We first employed 2,3,5-tri-0-benzoyl-D-galactono-1,4-lactone (4), having a 
free 6-hydroxyl group, for the glycosylation of 1. Compound 4 may be obtained by 
boron trifluoride-catalyzed detritylation of the readily available’ 2,3,5-tri-O- 
benzoyl-6-O-trityl-rr-galactono-1 ,Clactone (5). Reaction of 1 with 4 in the presence 
of SnCI, afforded the glycosyl-lactone 6, in 91% yield. A 2D-COSY ‘H-n.m.r. 
experiment16J7 allowed the complete assignment of the spectrum of 6. The signals 
for the protons of the lactone moiety were readily identified by their connectivities 
starting from H-2, which appeared as a doublet at 5.93 p.p.m. Signals for the 
protons of the galactofuranosyl residue were assigned by comparison with the 
spectrum of glycoside 2. These assignments were also confirmed by the connec- 
tivities of the protons starting from the lower-field signal (6.08 p.p.m.), corre- 
sponding to H-5’. The broad singlet for H-l’ (J,,,,, <1 .O Hz) would dictate9 the p 
configuration for the galactofuranoside ring. The lowest-field signal in the 13C- 
n.m.r. spectrum of 6 was the lactone carbonyl (C-l) at 168.5 p.p.m. The seven 
carbonyl groups of the benzoates were found between 165.8 and 164.6 p.p.m. The 
anomeric carbon (C-l’) appeared at 105.5 p.p.m., and the signals at 82.1 and 81.8 
p.p.m. corresponded to C-2’ and C-4’. 

We have previously observed1 that SnCl, was an effective catalyst for 
condensing peracylated derivatives of sugars with hydroxyl groups protected as 
trityl ethers, and therefore condensation of 1 with 5 was performed. Although the 
reaction was slower than with compound 4, and a larger amount of SnCl, was 
required, the condensation afforded compound 6 in 85% yield. The formation of 
the glycosidic bond in reactions of 1 with 4 or 5 stereoselectively gave the isomer 
having the p configuration. Confirmation of the structure of disaccharide 6 was 
achieved by borohydride reduction, followed by deacylation with sodium 
methoxide, which gave the glycosyl-aldito17. The ‘“C-n.m.r. spectrum of 7 showed 
at lower fields the C-l’, C-4’, and C-2’ signals for the furanose moiety at 108.6, 
83.6, and 81.8 p.p.m., respectively. The signals for the carbon atoms of the acyclic 
moiety appeared shifted upfield (71.7-69.6 p.p.m.), being distinguishable from 
those of the hydroxymethyl carbons (C-l and C-6’) at 64.2 and 63.6 p.p.m. The C-6 
atom, involved in the glycosidic linkage, was shifted downfield. Trimethylsilylation 
of a sample of 7, gave the trimethylsilyl (MesSi) derivative, which showed a mass 
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spectrum identical to that of the Me,Si-alditol derived from the galactan of 
Mycobacterium tuberculosis5. 

During the condensation of 1 with the partially protected la&one derivatives 
4 or 5, a by-product was detected, whose proportions increased when the reaction 
were not conducted under strict anhydrous conditions, indicating possible 
hydroIysis of the anomeric benzoate. However, the expected formation of 2,3,4,6- 
tetra-0-benzoyl-D-galactofuranose was ruled out according to the ‘H-n.m.r. 
spectrum, which showed an unique signal (a broad singlet) for H-l, at 5.77 p.p.m. 
The other coupling constants for the ring-protons indicated the presence of a 
furanoid system, having the p configuration. A (l-+1)-linked non-reducing di- 
saccharide structure 8 was proposed for this side-product. This finding was 
supported by the 13C-n.m.r. spectrum, which resembled that of 2, although the C-l 
signal of the latter was deshielded by 5.8 p.p.m. with respect to the C-l signal in 8. 
Similar chemical shifts have been reported in the literature for related com- 
pounds’s. The structure of 8 was further confirmed by debenzoylation to give the 
crystalline disaccharide 9. Compound 9 showed only six signals, in the r3C-n.m.r. 
spectrum, as expected for such a symmetrical structure, and a single anomeric 
signal was detected. Furthermore, compound 9 did not mutarotate, and on acidic 
hydrolysis (monitored by ‘H-n.m.r. spectroscopy) a gradual decrease of the 
anomeric signal at 5.20 p.p.m. was observed, together with the appearance of the 
doublets at 6 5.22 (Jr,, 3.0 Hz) and 4.56 (J1,2 7.6 Hz) corresponding to the cy and p 
anomers of galactopyranoser9. 
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A good yield (88%) of crystalline 8 was obtained by reaction of 1 with SnCl, 
followed by the controlled addition of water. Compound 8 could be produced by 
condensation of the benzooxonium ion intermediate8J2 with 2,3,4,6-tetra-o-ben- 
zoyl-/3-D-galactofuranose. The latter product is obtained by the nucleophilic attack 
of water on C-l of the benzooxonium ion. We have also previously observed the 
formation of a nonreducing disaccharide by the self-condensation of 2,5,6,7-tetra- 
0-benzoyl-3-deoxy-P-D-gluco-heptofuranose18, catalysed by Lewis acids. Dyong et 
a/.*O have described similar dimerization on treatment of acetylated reducing al- 
dofuranoses with BF, . OEt,. 

On the other hand, diisoamylborane reduction21,22 of the glycosyl-lactone 6 
afforded the disaccharide derivative 10, in 86% yield, with a large preponderance 
of the p anomer, as indicated by the ‘H- and 13C-n.m.r. spectra. Thus, the C-l 
signal appeared at 100.7 p.p.m., comparable to the shift found for C-l of @D- 

galactofuranose13. 
Debenzoylation of 10 with NaOMe afforded the disaccharide 14 

contaminated with galactose, as partial hydrolysis of the glycosidic bond occurred 
during the isolation. Purification of this latter was achieved by h.p.1.c. and afforded 
the pure disaccharide 14, which had the same optical rotation as the one isolated 
from the galactan of hdycoplasma mycoides 4, from the arabinogalactan of iVyco- 
bacterium tuberculoosis5, and obtained by synthesis through condensation23 of 3,5,6- 
tri-O-acetyl-l,2-0-(1-methoxyethylidene)-a-~-galactofuranose with benzyl 2,3,4- 
tri-0-benzyl-a-D-galactopyranoside. In order to avoid the tedious h.p.1.c. purifica- 
tion of compound 14, the product obtained by 0-debenzoylation of 10 with 
NaOMe, was acetylated immediately after neutralization of the base (CO,) and the 
crude, acetylated derivative 15 obtained was then purified by column chromato- 
graphy (58% yield, from 10). A 2D-COSY ‘H-n.m.r. experiment allowed the com- 
plete assignment for the spectrum of disaccharide 15. The doublet located at lower 
field (5.69 p.p.m.) corresponded to H-l, and the large value for the coupling con- 
stant (J1,* 8.3 Hz) suggested the p configuration for the anomeric center. No signal 
for the cr-anomeric proton was detected. The low value of 6 for H-6a, H-6b (3.69 
and 3.58 p.p.m.) confirmed that the HO-6 group of the galactopyranose was 
involved in the glycosidic linkage. The chemical shift for C-l (92.1 p.p.m.) in the 
13C-n.m.r. spectrum of 15 agreed with the value reported for C-l of penta-O-acetyl- 
@D-galactopyranose13. The other signal in the anomeric region was that of C-l’ 
(105.5 p.p.m.), which was attributed to the p-D-galactofuranosyl residue. The 
electron-impact mass spectrum of 15 was in good agreement with that given for the 
acetate of the natural disaccharide5. Acetylation of disaccharide 10 gave the l- 
acetate 11, mainly the p anomer, as shown by its ‘H-n.m.r. spectrum. The anomeric 
proton gave two signals: a broad singlet at 6.48 p.p.m. (J1,* cl.0 Hz) and a doublet 
at 6.60 p.p.m, (J1,* 4.2 Hz), in 5: 1 ratio, which corresponded respectively to the p 
and (Y anomers. The anomeric region of the 13C-n.m.r. spectrum of 11 showed two 
intense signals at 105.5 (C-l’) and 99.4 p.p.m. (C-l p anomer), and a signal of 
lower intensity at 93.5 p.p.m_ was attributed to C-l of the (Y anomer. Similar shifts 

have been reported for the anomers of per-0-benzoylated galactofuranose’. 
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Attempts to preparing glycosides from compounds 10 or 11 employing SnCl, 

as catalyst were unsuccessful, as hydrolysis of the glycosidic linkage occurred. 

Methylation of the free hydroxyl group of 10 with diazomethanc catalysed by 

traces of BF,. OEt, led to the corresponding disaccharide methyl glycoside 12, 

isolated as a chromatographically homogeneous solid. The ‘H and ‘“C-n.m.r. 

spectra of 12 showed that this product was actually an -2.5: 1 mixture of p and LY 

anomers, respectively. The p anomer showed C-l and C-l’ signals at lower field 

(106.8, 105.8 p.p.m.), values similar to those observed for the anomeric carbon 

atom of benzoylated methyl P-D-galactofuranoside (2). The CK anomer showed C-l ’ 

at 105.2 p.p.m. and C-l shifted upfield (100.9 p.p.m.), comparable with the 

reported values for a-galactofuranosides 13. Furthermore, the signal for the methyl 

group of each anomer appeared clearly differentiated, at 55.5 and 54.9 p.p.m., 

corresponding to the (Y and /3 anomers, respectively. The anomeric protons of the 

major anomer were readily identified in the ‘H-n.m.r. spectrum of 12. Both protons 

(H-l and H-l’) had a J,,, value of <l.O Hz, consistent with the p configuration9 at 

C-l and C-l’. The anomeric mixture could not be separated by column chromato- 

graphy, and therefore 0-debenzoylation was performed. As observed previously 

for the debenzoylation of 10, partial hydrolysis of the glycosidic linkage of the 

methyl disaccharide glycoside 12 also occurred during the neutralization of NaOMe 

with Dowex 50 W resin. Removal of the benzoyl groups using 5 :2: 1 MeOH-H,O- 

Et,N was more effective, and no hydrolysis of 12 occurred. Examination of the 

reaction product by t.1.c. showed two spots because of the presence of both, LY and 

p anomers. Flash chromatography allowed the purification of the main component, 

the methyl /3-glycoside of the disaccharide 13, formed by two galactofuranose units. 

The 13C-n.m.r. spectrum of 13 showed in the C-1,1’ region two close signals (109.7 

and 109.4), which confirmed the presence of two furanose rings having the p- 

anomeric configuration. The electron-impact mass spectrum of the per-0-Me,Si 

derivative supported the structure of 13. It showed intense peaks at m/z 319. 217, 

and 205, typical of hexofuranosides24. 

The present work confirms the utility of partially protected aldonolactones as 

glycosylating agents for monosaccharides. The formation of the 1 ,Ztrarzs-glycosidic 

linkage occurred stereoselectively with very high yield of the p anomer. Reduction 

of the lactone function afforded a disaccharide derivative having both units in the 

furanose form. The methyl glycoside of Galfif-p-r~-(1-+6)-D-Gal~ (13) constitutes a 

synthetic analog of the terminal unit found6 in the highly immunogenic arabino- 

galactans from Myobacterium tuberculosis and Mycohacterium leprae. 

EXPERIMENTAL 

Genera6 methods. - Melting points were determined with a Thomas-Hoover 

apparatus and are uncorrected. Optical rotations were recorded with a Perkin- 

Elmer 141 polarimeter. ‘H- and ‘“C-n.m.r. spectra were recorded with a Varian 

XL-100 spectrometer operating in the Fourier-transform mode, at 100.1 and 25.2 
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MHz, respectively. For solutions in CDCI,, tetramethylsilane was used as internal 
standard. 2D-COSY-‘H-n.m.r. experiments were performed with a Bruker 500- 
MHz spectrometer. G.l.c.-m.s. was performed with a Varian Aerograph 1400 gas 
chromatograph coupled to a Varian-MAT CH 7A spectrometer at 70 eV, using a 
glass column (180 x 0.2 cm) packed with 3% OV-17 and helium as carrier, at a flow 
rate of 28 mUmin; Ti 250”; T, lOO-290”, with a temperature gradient of 20”/min. 
H.p.1.c. was performed with a Micromeritics liquid chromatograph equipped with 
a refractive-index detector and a Micromeritics 730 injector, using a Lichrosorb 
NH, (10 pm) column (25 x 0.4 cm internal diameter) and 4:l MeCN-H,O at a 
flow rate of 3 mL/min. Column chromatography was performed on Silica Gel 60 
(Merck). T.1.c. was carried out on precoated aluminum plates (0.2 mm) of Silica 
Gel 6OF-254 (Merck), with (a) 3: 1 hexane-EtOAc, (6) 9:l PhMe-EtOAc, and (c) 
7: 1:2 PrOH-EtOH-H,O. Detection was effected by exposure to U.V. light and by 
spraying the plates with 5% (v/v) H,SO, in EtOH followed by heating. Descending 
paper chromatography was performed on Whatman No. 1 with 6:4:3 l-butanol- 
pyridine-water, detection being effected with AgN0,-NaOH25. 

1,2,3,5,6-Penaa-0-benzoyl-D-galactofuranose (1). - Compound 1 was pre- 
pared as described in the literature’. 

Methyl 2,3,5,6-tetru-0-benzoyl-P-D-galactofuranoside (2). - To a solution of 
compound l(l.40 g, 2 mmol) in dry CH,Cl, (20 mL) cooled to O”, SnCl, (0.25 mL, 
2.1 mmol) was added. The solution was stirred for 10 min followed by the addition 
of MeOH (0.2 mL, 2.6 mmol). T.1.c. examination (solvent u) of the mixture after 
15 h of stirring at room temperature, showed a main spot (R, 0.40) faster-moving 
than the starting material (RF 0.32). The mixture was diluted with CH,Cl, (40 mL) 
and extracted with saturated aq. NaHCO,. The organic layer was dried (MgSO,) 
and evaporated. Purification of the residue, by column chromatography (3:l 
hexane-EtOAc) afforded a syrup (1.26 g, 85%), which slowly crystallized from 
EtOH. Compound 2 had m.p. 90-92”, [a]60 -3” (c 1, CHCl,); ‘H-n.m.r.: 6 8.15- 
7.20 (20 H, aromatic), 6.06 (H-5), 5.62 (J3,4 5.4 Hz, H-3), 5.46 (J2,3 1.1 Hz, H-2), 
5.20 (.Ir,z cl.0 Hz, H-l), 4.77 (H-6,6’), 4.65 (J4,s 3.5 Hz, H-4), and 3.47 (CH,O); 
13C-n.m.r.: 6 165.8, 165.4 (x 2), 165.2 (PhCO), 133.3-128.2 (C-aromatic), 106.7 
(C-l), 82.0 (C-4), 81.1 (C-2), 77.6 (C-3), 70.2 (C-5), 63.4 (C-6), and 54.9 (C&O). 

Anal. Calc. for C35H30010: C, 68.85; H, 4.95. Found: C, 69.16; H, 5.18. 

Methyl /3-D-guluctofurunoside (3). -To a suspension of compound 2 (0.52 g, 
0.85 mml) in MeOH (40 mL), a 0.5~ solution of NaOMe in MeOH (10 mL) was 
added. The mixture was stirred for 2 h at o”, made neutral with Dowex 50 W (H+), 
filtered, and the filtrate evaporated. Methyl benzoate was eliminated by distillation 
with water. The residue (0.15 g, 91%) showed a single spot by t.1.c. (RF 0.36, 4:l 
EtOAc-MeOH). Compound 3 had [a],, 2o -120” (c 1, MeOH), in agreement with 
data from the literature15; 13C-n.m.r. (1:l D,O-H,O): 6 109.0 (C-l), 83.8 (C-4), 
81.6 (C-2), 77.5 (C-3), 71.8 (C-5), 63.6 (C-6), and 55.8 (CH,O). 

2,3,5-Tri-O-benzoyl-6-0-(2,3,5,6-tetru-O-benzoyl-~-D-guluctofurunosy~)-D- 
guluctono-1,4-luctone (6). - (u) Starting from 2,3,5-tri-O-benzoyl-D-guhactono-1,4- 
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lactone’ (4). To a solution of penta-O-benzoyl-n-galactofuranose (1; 1.01 g, 1.45 
mmol) in dry CH,Cl, (15 mL), SnCl, (0.18 mL, 1.5 mmol) was added, and the 
solution was stirred for IO.min at 0”. Compound 4 (0.71 g, 1.45 mmol) was then 
slowly added, and the mixture was stirred for 5 h at room temperature, when 
examination by t.1.c. (solvent 6) showed a main spot (R, 0.44), with intermediate 
mobility with respect to the starting materials 1 (R, 0.52) and 4 (RF 0.15). The 
solution was poured into aq. NaHCO,, and extracted with CH,Cl, (40 mL, three 
times). The organic extract was washed with water (40 mL, twice), dried (MgSO,), 
filtered and evaporated. The syrup obtained was then dissolved in hot EtOH which 
yielded an amorphous solid upon cooling. Compound 6 was purified by dissolution 
and precipitation from EtOH; yield 1.41 g (91%); [a]n -7” (c 2, chloroform); 
2D-COSY-‘H-n.m.r. (CDCl,): S 8.15-7.15 (35 H, aromatic), 6.08 (H-5’), 5.93 (J,,, 

6.0 Hz, H-2), 5.85 (& 5.6 Hz, H-3), 5.84 (H-5), 5.61 (.&, 4.8 Hz, H-3’) 5.46 
r s 1.0 Hz, H-2’), 5.41 (J,, 2, cl.0 Hz, H-l’), 5.10 (J4,5 2.5 Hz, H-4), 4.72-4.80 

EL:‘, H-6’a,6’b), 4.12 (J, 6a 7.7 Hz H-6a) and 4 02 (J5,6b 6.O,J,,,,, 10.3 Hz H-6b). 
13C-n.m.r.: 6 168.5 (C-1),‘165.5, 165.3, 165.2, 165.1, 164.9, 164.6 (PhCO): 133.4-1 
127.8 (C-aromatic), 105.5 (C-l’), 82.1, 81.8 (C-2’,4’), 78.7, 77.5 (C-3’,4), 73.8, 
72.3, 70.3, 70.1 (C-2,3,5,5’) and 63.8, and 63.4 (C-6,6’). 

Anal. Calc. for C6rH4s0,s: C, 68.54; H, 4.53. Found: C, 68.72; H, 4.76. 

(b) Starting from 2,3,5-tri-O-benzoyl-6-O-trityl-D-galactono-I,4-~actone1 (5). 
Compound 5 (2.0 g, 2.73 mmol) was slowly added to a solution of 1 (1.91 g, 2.73 
mmol) and SnCl, (0.33 mL, 2.75 mmol) in CH$l, (25 mL), as before. T.1.c. 

examination showed that some of the startig material remained, even after 20 h of 
reaction time, therefore an additional amount of SnCl, (0.33 mL) was added. After 
stirring for an additional 20 h, the mixture was processed as described earlier. Com- 
pound 6 (2.48 g, 85%) had the same physical constants and spectral properties as 
the product from (a). 

In the mother liquors of preparations (a) and (b), a by-product was detected 
on t.1.c. with a higher R, (0.50, solvent b). This latter was isolated and charac- 
terized as octa-O-benzoyl-P-D-galactofuranosyl-(I~I)-~-D-galactofuranoside (8, 
see later). 

/3-D-Ga~actofuranosyl-(~-+6)-~-galactito~ (7). - To a suspension of com- 
pound 6 (0.50 g, 0.46 mmol) in MeOH (15 mL) was added NaBH, (0.35 g, 9.21 
mmol) in 0.05 g portions every 0.5 h. After stirring for 20 h, the mixture showed 

by t.1.c. several spots (partially benzoylated products), but no starting material was 
detected. Debenzoylation was completed by addition of 0.5~ NaOMe in MeOH (8 
mL) and stirring for 3 h. The solution was deionized with Dowex 50 W (H+) resin, 
filtered, and the filtrate evaporated. Methyl benzoate was eliminated by repeated 
evaporations with water. The syrup (0.12 g, 76%) showed a main spot by t.l.c., R, 

0.67 (solvent c), and by paper chromatography RGo, 0.82. Compound 7 had [a],$” 
-41” (c 0.6, H,O); r3C-n.m.r. (1:1 D,O-H,O): 6 108.6 (C-l’), 83.6 (C-4’), 81.8 
(C-2’), 77.6 (C-3’), 71.7, 71.1, 70.8, 70.5, 70.2, 69.6 (C-5’,2,3,4,5,6) and 64.2, and 
63.6 (C-1,6’). 
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Compound 7 (5 mg) dissolved in pyridine (0.5 mL) was silylated with Tri-Sil 
(Pierce) (0.5 mL). G.l.c.-m.s. (only values of m/z >300 and >5% of the base peak 
are given): 525(61), 451(67), 422(5), 361(63), 345(67), 332(66), 319(100), and 
307(65). 

2,3,5,6-Tetra-O-benzoyl-(2,3,5,6-tetra-O-benzoyl-~-~-galactofuranosyl)- 
(I+l)-P-D-galactofuranoside (8). - A solution of compound l(l.0 g, 1.43 mmol) 
in dry CH,Cl, (15 mL), was allowed to react at 0” with SnCl, (0.17 mL, 1.43 mmol) 
for 10 min. Water (0.025 mL, 1.43 mmol) was added, and the mixture was stirred 
for 3 h at room temperature. The solution was poured into saturated aq. NaHCO, 
and extracted with CH,Cl,. The extract was dried (MgSO,), filtered, and 
evaporated, to afford compound 8 (0.74 g, SS%), which crystallized from EtOH. 
Compound 8 was recrystallized from EtOH and had m.p. 79-82”, [a];” -18” (c 1, 
CHCI,); lH-n.m.r.: 6 8.15-7.20 (H-aromatic), 6.10 (H-5), 5.77 (J1,2 cl.0 Hz, H-l), 
5.73 (J3,4 4.9 Hz, H-3), 5.56 (J2,3 1.0 Hz, H-2), 4.92 (H-4), and 4.78 (H-6,6’); 13C- 
n.m.r.: 6 165.8, 165.4, 165.3, 165.2 (PhCO), 133.2-128.1 (C-aromatic), 100.9 
(C-l), 82.3, 82.0 (C-2,4), 77.3 (C-3), 70.2 (C-5), and 63.6 (C-6). 

Anal. Calc. for C,H,,O,,: C, 69.50; H, 4.63. Found: C, 69.53; H, 4.75. 
P_D-Galactofuranosyi-(l+l)-/?-D-galactofuranoside (9). - To a suspension 

of 8 (0.49 g, 0.41 mmol) in anhydrous MeOH (30 mL) at o”, 0.5~ NaOMe in MeOH 
(7.8 mL) was added. A solid was formed after stirring overnight at room tempera- 
ture. It was filtered (0.08 g) and the mother liquor was made neutral with Dowex 
50 W, filtered and the filtrate evaporated. The residue obtained (0.03 g) was crystal- 
lized from MeOH. Both solids had the same R, value (0.64, solvent c) and m.p. 
They were pooled (0.11 g, 78%) and recrystallized from MeOH, to afford pure 
compound 9; it had m.p. 206-208”, [a] 6” -150” (c 1, ho); ‘H-n.m.r. (D,O): 6 
5.20 (b.s, H-1,1’); 13C-n.m.r. (1:l D,O-H,O): 6 104.8 (C-l), 84.6 (C-4), 82.4 (C-2), 
78.1 (C-3), 72.1 (C-5), and 64.0 (C-6). 

Anal. Calc. for C,,H,,O,,: C, 42.11; H, 6.48. Found: C, 41.79; H, 6.46. 
Hydrolysis of 9 (0.02 g) was performed with 2M deuterium chloride in D,O 

(0.5 mL) at room temperature, and monitored by ‘H-n.m.r. spectroscopy with 1,4- 
dioxane as the internal reference (3.70 p.p.m. downfield from Me,Si). After 24 h 

‘the anomeric region showed: 6 5.22 (H-l, a-Galp), 5.20 (H-1,1’, compound 9), and 
4.56 (H-l, @Galp). 

2,3,5- Tri-O-benzoyl-6-0-(2,3,5,6-tetra-O-benzoyl-~-D-galactofuranosy~~-D- 

galactofiranose (10). - To a solution of freshly prepared bis(3-methyl-2-butyl)- 
borane21,22 (6.75 mmol) in tetrahydrofuran (5 mL), under a nitrogen atmosphere, 
compound 6 (1.80 g, 1.68 mmol) in tetrahydrofuran (5 mL) was added. The solu- 
tion was stirred for 16 h at room temperature, under a static nitrogen atmosphere, 
and then processed as already described Z. Boric acid was eliminated by co- 
evaporation with MeOH, and the resulting syrup showed on t.1.c. (solvent b) a 
main spot (RF 0.26), which was slower-moving than the starting material (6). The 
syrup was dissolved in hot EtOH and precipitation occurred upon cooling, 
affording a chromatographically homogeneous, amorphous solid (1.55 g, 86%); 



74 C. MARINO, 0. VARELA. R. M. DE LEDERKREMER 

[LY]~(~ +3” (c 1, CHCl,); ‘H-n.m.r.: 6 8.18-7.15 (35 H, aromatic), 6.1k5.94 

(H-5,5’), 5.77 (.J2 <l.O Hz, H-1,3), 5.60 (J3’,4, 5.0 Hz, H-3’), 5.55, 5.46 (& = J2,,3, 
-1.0 Hz, H-2,2’), 5.36 (J,,,,, <l.O Hz, H-l’), 5.08-4.65 (H-4,4’,6’a,6%), 4.24 
(H-6a), and 3.97 (H-6h); IX-n.m.r.: 6 166.0, 165.6 (x 2), 165.4 (x 3), 165.0 
(PhCO), 133.7-128.2 (C-aromatic) 104.7 (C-l’), 100.7 (C-l), 83.2, 81.8, 81.6, 80.6 
(C-2,2’,4,4’), 77.4, 77.1 (C-3,3’), 70.6, 70.3 (C-5,5’), and 64.1, 63.3 (C-6,6’). 

Anal. Calc. for C,,H,,O,s: C, 68.40; H, 4.70. Found: C, 68.12; H, 4.97. 
I-0-AcetyE-2,3,5-tri-O-benzoyl-6-0-(2,3,5,6-tetra-0-benzoyl-P_D-galacto- 

furunosyZ)-D-guluctofurunose (11). - Acetic anhydride (0.5 mL) was added drop- 
wise to a solution of compound 10 (0.15 g, 0.13 mmol) in dry pyridine (0.5 mL), 
previously cooled at -5”. The mixture was kept for 20 h at -5”, and then MeOH 
(1 mL) was slowly added. After 0.5 h of stirring at room temperature, the solution 
was evaporated with PhMe to eliminate the pyridine. The residue showed a single 
spot by t.1.c. (RF 0.42, solvent b). Compound 11 was obtained as an amorphous 
solid (0.14 g, 87%) by dissolution in hot EtOH, followed by cooling. The n.m.r. 

spectra indicated a 5: 1 ratio for the p:cu anomers. It had [(Y]&O -13” (c 0.7, CHCl,); 
‘H-n.m.r. (p anomer): 6 8.15-7.15 (35 H, aromatic), 6.48 (J,,, (1.0 Hz, H-l), 
6.18-5.82 (H-5,5’), 5.70-5.55 (H-2,3,3’), 5.42 (&, 1.0 Hz, H-2’), 5.39 (J,,,,, cl.0 
Hz, H-l’), 4.90-4.66 (H_4,4’,6’a,6’b), 4.33-3.91 (H-6a,6b), and 2.06 (CH,CO). 
The a anomer showed a doublet at 6 6.60 (J1,l_ 4.2 Hz). 13C-N.m.r. (p anomer): 6 

168.9 (CH,CO), 165.4-164.9 (PhCO), 133.3-128.1 (C-aromatic), 105.5 (C-l’), 99.4 
(C-l), 83.5, 81.7 (x 2), 81.4 (C-2,2’,4,4’), 77.5, 77.1 (C-3,3’), 70.6, 70.2 (C-5,5’), 
64.9, 63.8 (C-6,6’), and 20.9 (CH,CO). The cr-anomeric carbon appeared at 93.5 
p.p.m. 

Anal. Calc. for C,H,,O,,: C, 68.05; H, 4.62. Found: C, 68.15; H, 4.73. 
Methyi 2,3,5-tri-O-benzoyl-6-0-(2,3,5,6-tetra-O-benzoyl-~-D-galactofurano- 

syl)-D-galactofurf2noside (12). - Compound 10 (0.50 g, 0.47 mmol) was methyl- 
ated with diazomethane-BF,. OEt, in CH,Cl,. The reaction was monitored by 
t.1.c. (solvent B) until no starting material could be detected (120 mL of the 
diazomethane solution had been consumed). The mixture was filtered and 
evaporated. The syrup was purified by column chromatography using 24: 1 PhMe- 
EtOAc as eluent. Fractions containing the product of R, 0.46 (solvent B) were 
combined and evaporated; yield 0.39 g (77%). A solid was obtained by cooling a 
hot solution of the syrup in EtOH. The 13C-n.m.r. spectrum of the product 
indicated a 2.5:1 B:(Y ratio of anomers. It had [cr]s” -10” (c 1, CHCl,); ‘H-n.m.r. 
(j3 anomer): 6 8.15-7.15 (35 H, aromatic), 6.09 (H-5’), 5.85 (H-5), 5.62 (H-3,3’), 
5.43 (H-1’,2), 5.15 (H-l), 4.83-4.70 (H-4,4’,6’a$‘b), 4.31-3.94 (H-6a,6b), and 
3.41 (C&O); ‘SC- n m.r. (/3 anomer): 6 165.8, 165.4 (X 4), 165.2, 164.9 (PhCO), . 

133.2-128.2 (C-aromatic), 106.8, 105.8 (C-1,1’), 82.2, 81.8 (x 2), 80.9 
(C-2,2’,4,4’), 77.4 (C-3,3’), 70.9, 70.1 (C-5,5’), 65.4, 63.4 (C-6,6’), and 54.9 
(CH,O). The Q anomer showed, inter alia, signals at 105.2 (C-l’), 100.9 (C-l), 
74.5, 72.1, and 55.5 (Cl&O). 

Anal. Calc. for C,,H,,O,,: C, 68.63; H, 4.85. Found: C, 68.85, H, 4.94. 
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Methyl 6-0-(/3-D-galactojiuanosyl)-/3-D-galactofuranoside (13). - A suspen- 
sion of compound 12 (0.27 g, 0.25 mmol) in 5:2: 1 MeOH-H,O-Et,N (15 mL) was 
heated at 60” with stirring. After 10 h complete dissolution was observed. Paper 
chromatography showed a single spot (R,,, 0.72). The solvent was evaporated, the 
product obtained was dissolved in water (15 mL), and was extracted with ether (3 
X 10 mL). The aqueous solution was freeze dried. The resulting product (76 mg, 
86%) which showed two spots by t.1.c. (solvent c): R, 0.73 (main, p anomer) and 
0.66 (a anomer) was purified by flash chromatography on a column of silica gel 
with 2:l EtOAc-MeOH. The p anomer (13, 42 mg) was isolated pure; [a];O -90” 
(c 0.5, H,O); 13C-n.m.r. (1:l D,O-H,O): S 109.7, 109.4 (C-1,1’), 84.6 (C-4,4’), 
82.7, 82.4 (C-2,2’), 78.5,78.4 (C-3,3’), 72.5 (C-5), 71.3, 70.7 (C-5’,6), 64.4 (C-6’), 
and 56.6 (CH,O). The (Y anomer had: 6 103.6 (C-l), 83.0 (C-4), 78.0 (C-2), 76.1 
(C-3), 73.2, 70.1 (C-5,6), and 56.8 (CHsO). G.l.c.-m.s. (Me,Si derivative, only 
values of m/z >200 and >3% of the base peak are given): 511(3), 451(3), 361(12), 
332(62), 319(97), 271(73), 247(9), 243(9), 241(6), 231(61), 217(100), and 205(70). 

Anal. Calc. for C,,H,,O,,: C, 43.82; H, 6.79. Found: C, 44.17; H, 6.86. 
p-D-Galactofuranosyl-(l-+6)-D-galactopyranose (14). - A solution of 0.5~ 

NaOMe in MeOH (6 mL) was added to a suspension of 10 (0.35 g, 0.32 mmol) in 
dry MeOH (20 mL) previously cooled at 0”. After 2 h the mixture was processed as 
described for the preparation of compound 3. T.1.c. of the deionized product (0.09 
g, 81%) showed a main spot of R, 0.52 (solvent c) and a spot with the same mobility 
as galactose (R, 0.54). Purification by h.p.l.c., gave pure compound 14, which had 

RGd ‘. 77 ; RImros~ 1.30; [a];” -21” (c 0.4, water), in good agreement with data 
reported in the literature4,s. 

1,2,3,4-Tetra-O-acetyl-6-0-(2,3,5,6-tetra-O-acety~-~-D-ga~acto~ranosy~)-D- 
galactopyranose (15). - Compound 10 (0.43 g, 0.39 mmol) suspended in dry 
MeOH (30 mL) was debenzoylated with 0.5~ NaOMe in MeOH (7 mL). After 2 h 
of stirring at room temperature, the mixture was made neutral by addition of solid 
carbon dioxide. The solvent was evaporated, and the residue was dried overnight 
in vacua over P,O, and then was acetylated by addition of pyridine (3 mL) and 
Ac,O (3 mL). After 5 h, the mixture was poured into water, and extracted with 
CH,Cl, (3 X 30 mL). The extract was washed with 1% aq. HCI, saturated aq. 
NaHCO,, and water. The solution was dried (MgSO,), filtered, and evaporated. 
The residue was chromatographed on a column of silica gel, with 2:l hexane- 
EtOAc. Evaporation of the fraction having the product of R, 0.48 (solvent B), 
afforded 0.16 g (58%) of compound 15; [c]o -13” (c 1, CHCI,): 2D-COSY ‘H- 
n.m.r. (CDCI,): S 5.69 (Jr,, 8.3 Hz, H-l), 5.47 (J4,5 2.9 Hz, H-4), 5.36 (H-S’), 5.33 
(J2,3 10.4 Hz, H-2), 5.06 (53,4 3.3 Hz, H-3), 5.01 (H-l’ and H-2’), 4.99 (J3,,4’ 5.8 Hz, 
H-3’), 4.33 (J5,,6,a 3.7 Hz, H-6’a), 4.18 (J5C,6,b 7.1, J6,a,6Cb 12.0 Hz, H-6’b), 4.12 (J5,& 
7.7, J5,6b 5.8 Hz, H-5), 3.69 (J6a,6b 9.6 Hz, H-6a), 3.58 (H-6b), and 2.18, 2.11 (X 2), 
2.10, 2.09, 2.06, 2.04, 1.98 (CHJO); 13C-n.m.r.: 6 170.3, 170.0, 169.9, 169.7, 
169.3, 168.7 (CH,CO), 105.5 (C-l’), 92.1 (C-l), 81.2, 80.7 (C-2’,4’), 76.2 (C-3’), 
72.3, 71.0, 69.6, 67.7, 66.7 (C-5’,2,3,4,5), and 64.1, 62.7 (C-6,6’); m.s. (only val- 
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ues m/z >160 and >.5% of the base peak are given): 533(S), 331(81), 317(6), 

245(g), 240(6), 229(5), 210(12). and 169(1OO). 

Anal. Calc. for C28H38019: C, 49.56; H, 5.64. Found: C, 49.30; H, 5.43. 
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