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ABSTRACT

The syntheses of the poly-phosphorylated galactosides 6, 8, 10, 13, 16, and 20, isolated as sodium
salts, have been performed. The non-phosphorylated disaccharide 17 and trisaccharide 21 have been
prepared via glycosylation of the 2-(trimethylsilyDethyl galactosides 3 and 2, respectively, and subse-
quent complete deprotection. Preliminary insulin-like activity of the phosphorylated derivatives is
reported.

INTRODUCTION

Several lines of evidence have shown that insulin stimulates the generation of
low molecular weight mediators which serve as intermediates in the intracellular
insulin signalling process'~*. Saltiel and Cuatrecasas™® reported the purification
and partial identification of two related substances, generated from liver plasma in
response to insulin, containing carbohydrate glycosidically linked to inositol and
phosphate. Mato et al.” reported on the chemical composition of an inositol glycan
which inhibited cyclic AMP-dependent protein kinase. This inositol glycan con-
tained myo-inositol, non-N-acetylated p-glucosamine, galactose, and phosphate. In
the intact glycolipid (GPI), the inositol is linked to diacylglycerol through a
phosphodiester linkage and the substance seems to contain an average of two
additional phosphate groups localized at the non-reducing end of the oligosaccha-
ride on the galactose residues®. The structure of the oligosaccharide and the exact
location of these phosphate groups remain unknown.

As part of studies of the structure of this inositol phospho-glycan (IPG), we
have carried out syntheses and preliminary studies of the insulin-like activity of the
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phosphorylated compounds 6, 8, 10, 13, 16, and 20, as well as syntheses of the
non-phosphorylated disaccharide 17 and trisaccharide 21.

RESULTS AND DISCUSSION

Synthesis. —The syntheses of the disaccharide glycosides 14-17 required selec-
tive protection of HO-3, HO-4, and HO-6 in the acceptor 3. Acetonation of
compound 1 (ref. 9) was achieved by treatment with 2,2-dimethoxypropane in
acetone as described'’, to give mainly the 3,4-O-isopropylidene derivative 2 (70%).
Protection of HO-6 with the tert-butyidiphenylsilyl group, using thc procedure
described by Glaudemans'', proceeded rapidly and gave compound 3 in 96% vyield.
Mercuric salt-promoted glycosylation of 3 with 2,3,4,6-tetra-O-acetyl-a-p-galac-
topyranosyl bromide in benzene at 60°C gave the B-disaccharide 14 in 94% yield.
Hydrolysis of the isopropylidene group of 14 with aqueous 90% trifluoroacetic acid
in dichloromethane at 0°C {80%), treatment with dibenzyloxy(diisopropylamino)-
phosphine'? and 1 H-tetrazole in acetonitrile—dichloromethane, and further oxida-
tion with catalytic RuCl; and NalQ, in a biphase system'*!" gave derivative 15 in
82% vyield. The conversion of 15 into the 3.4-bisphosphate 16, isolated as the
sodium salt (80%), was accomplished by sequential removal of the tert-butyl-
diphenyisilyl group with tetrabutylammonium fluoride in tetrahydrofuran, deacety-
lation, and catalytic hydrogenolysis (10% Pd-C) in a buffered solvent mixture
(methanol-acetic acid-sodium acetate, pH 3), in order to avoid hydrolysis of the
disaccharide.

Disaccharide 17 was obtained from compound 14 by acid hydrolysis with
aqueous 90% trifluoroacetic acid in dichloromethane, cleavage of the silyl ether
group, and deacetylation as described above.

Compound 2 was also used to synthesise the trisaccharide derivatives 18-21 and
the monosaccharide bisphosphate derivatives 6 and 13, Thus, mercuric salt-promo-
ted glycosylation of 2 with 2,3,4,6-tetra-O-acetyl-a-p-galactopyranosyl bromide in
benzene at room temperature and treatment of the crude reaction mixture with
aqueous 90% trifluoroacetic acid in CH,Cl, at 0°C afforded compound 18 (48%).
Treatment of 18 with dibenzyloxy(diisopropylamino)phosphine and then oxidation
with NalO,~RuCl, (- 19, 66%), deacetylation, and catalytic hydrogenolysis, as
described for 15, gave 20 isolated as the sodium salt (93%). Deacetylation of 18
gave 21 in quantitative yield.

The conversion of 2 into the 3,4-bisphosphate derivative 6 was accomplished by
benzylation ( — 4, 82%), acid hydrolysis, treatment with the phosphitylating reagent,
oxidation (— 5, 73%), and catalytic hydrogenolysis, as described above. These
steps were also followed to obtain compound 13, starting from methyl 2,6-di-O-
benzyl-a-p-galactopyranoside ', in 85% overall yield.

Finally, treatment of both compounds 1 and methyl a-p-galactopyranoside with
the phosphitylating reagent and oxidation under the conditions described above
afforded compounds 7 (61%) and 9 (82%) which, after hydrogenolysis as indicated
for compound 18, gave 8 and 10 in quantitative yield.
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Insulin-like activity.—Preliminary biological assays were performed with com-
pounds 6, 8, 10, 13, 16, and 20 by studying the effects of these phosphate
derivatives on the activity of cyclic AMP-dependent protein kinase (PKA)', an
enzyme which is regulated by insulin and IPG®. The results (see Table ) indicate
that significant inhibition on the activity of this enzyme was produced by com-
pounds 8 and 10. Compound 20 was less active (only 14% inhibition) at the same
concentration (100 M), and compounds 8, 13, and 16 did not show any effect at
all.

With the aim of determining the effects of compounds 8, 10, and 20 on intact
cells, the incorporation of [*Hlthymidine in DNA of human fibroblasts IMR 90)
was carried out'”. Compounds 8 and 10 stimulate the incorporation of [*Hlthymi-
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TABLE 1
Insulin-like activity for compound 6, 8, 10, 13, 16, and 20
Addition Activity Thymidine
16 : e 17

Compound Concentration (M) of PKA™ (%) incorporation
None 100 100
1IPG 1 70 %5 205+10

6 100 100 110+15

8 100 62 +53 200+ 10
10 100 68.5+4.9 190+ 3
13 100 100 110+10
16 100 100 95+ 6
20 100 86 +2 1204+ &
Insulin 0.01 - 210+ 10

dine twofold at a concentration 100 uM, mimicking the effects of insulin and IPG
(see Table I). The other phosphate derivatives did not produce any significant
effect on this biological system.

EXPERIMENTAL

General methods.—Melting points were determined on a Kofler hot-stage
apparatus and are uncorrected. TLC was performed on Silica Gel GF,s, (Merck)
with detection by charring with H,SO,. Flash-column chromatography was per-
formed on Silica Gel 60, 40-63 uwm (Merck). '"H NMR spectra were recorded with
a Varian XL-300, *C NMR spectra with a Bruker AM-200 or Bruker AM-360,
and *'P NMR spectra with a Varian XL-300 or Bruker AM-360 spectrometer.
Optical rotations were determined with a Perkin-Elmer 241 polarimeter. Biologi-
cal assays were performed as described elsewhere!®!.

NMR spectroscopy. —For recording 'H NMR specira of phosphorylated com-
pounds, samples (10-20 mg) of 6, 8, 10, 13, 16, and 20, previously deuterated with
D,0, were dissolved in 0.5-0.7 mL of a solution of NaOD in D,0 (pD ~ 12) and
degassed in the NMR tube under Ar. All experiments were performed at 30°C.
Chemical shifts are given in ppm, using dioxane as external reference. 'P NMR
spectra are referenced to external aq 80% H,PO,.

2-(Trimethylsilyl)ethyl  3,4-O-isopropylidene-B-p-galactopyranoside (2).—Com-
pound 1 (ref. 9) (505 mg, 1.80 mmol) was dissolved in acetone (35 mL) and
2,2-dimethoxypropane (1 mL), N,N-dimethylformamide (1 mL), and H,SO, (10
pL) were added". The mixture was stirred for 24 h at room temperature after
which Na,CO, was added to neutralize the solution. The solvents were evaporated
and the residue was column-chromatographed (1:3 acetone-hexane) to vyield 2
(0.403 g, 70%); mp 93-94°C (from hexane-acetone); [al, +7.3° (¢ 1.2, CHClL,).
"H NMR data (300 MHz, CDC1,): 6 4.18(d, 1 H, J,, 8.3 Hz, H-1), 415 (dd, 1 H,
Jas 2, J34 5.6 Hz, H-4), 408 (dd, 1 H, J;, 5.6, J,; 7.3 Hz, H-3), 4.0 (m, 2 H,
CHHCH,Si, H-5), 3.83 (m, 2 H, H-6a,6b), 3.35 (m, 2 H, CH HCH,Si, H-2), 149,
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1.32 (s, 6 H, 2 CH,), 0.99 (m, 2 H, CH,CH,Si), and 0.14 (s, 9 H, Si(CH),); '*C
(50 MHz), & 110.41, 101.78, 78.85, 73.94, 73.68, 73.42, 67.44, 62.46, 28.08, 26.34,
18.28, and —1.46. Anal. Caled for C,,H,;O,Si: C, 52.47; H, 8.81. Found: C, 52,71;
H, 9.00.

2-(Trimethylsilyl)ethyl  6-O-(tert-butyldiphenylsilyl)-3,4-O-isopropylidene-B-p-
galactopyranoside (3).—Compound 2 (1.00 g, 3.13 mmol) was dissolved in N,N-di-
methylformamide (7 mL). tert-Butyldiphenyl chloride (0.9 ml, 3.45 mmol), followed
by silver nitrate!! (0.595 g, 3.53 mmol) were added and the mixture was stirred in
the dark at room temperature for 2 h. The mixture was filtered (Celite), and the
precipitate was washed with CHCl,. The combined filtrates were concentrated,
diluted with CHCl,;, washed with water, dried (Na,SO,), and concentrated.
Product 3 (1.59 g, 96%) was isolated by column chromatography (5:1 hexane-
EtOAc) as a syrup; [a], —3.5° (¢ 1.5, CHCl;). NMR data (CDCl,): 'H (300 MHz),
8 7.70 (m, 4 H, Ph), 7.38 (m, 6 H, Ph), 4.25(dd, 1 H, J,, 5.4, J,5 2.1 Hz, H-4), 4.16
(d, 1 H, J;, 82 Hz, H-1), 407 (dd, 1 H, J,; 7.5, J;, 5.5 Hz, H-3), 4.0 (m, 3 H,
CHHCH,Si, H-6a,6b), 3.86 (dt, 1 H, J,5 2, Jsg,, 6 Hz, H-5), 3.55 (m, 2 H,
CHHCH,Si, H-2), 249 (d, 1 H, J 2.2 Hz, HO-2), 1.51, 1.34 (s, 6 H, 2 CH;,), 1.06
(s, 9 H, CH;), 1.12 (m, 2 H, OCH,CH,Si), and 0.13 (s, 9 H, Si(CH;),); “C (50
MHz), § 135.58, 133.44, 133.39, 129.67, 127.66, 127.60, 109.97, 101.78, 78.68, 73.88,
73.66, 73.24, 67.10, 62.70, 28.17, 26.72, 26.29, 19.18, 18.24, and —1.47. Anal. Calcd
for C,H ,O,Si,: C, 64.48; H, 8.30. Found: C, 64.43; H, 8.46,

2-(Trimethylsilyl)ethyl 2,6-di-O-benzyl-3,4-O-isopropylidene-B-p-galactopyranoside
(4).—Compound 2 (126 mg, 0.4 mmol) was added to a suspension of NaH (190 mg,
0.4 mmol) in N, N-dimethylformamide (1 ml) at 0°C. The suspension was stirred at
that temperature for 15 min and then benzyl bromide (0.2 ml, 1.7 mmol) was
added. The solution was allowed to warm slowly to room temperature. After 2 h,
the reaction was quenched by addition of MeOH at 0°C, diluted with CH,Cl, (15
ml) and washed several times with water, dried (Na,SO,), and concentrated. The
residue was column-chromatographed (8:1 hexane-EtOAc) to give 4 (164 mg,
82%); mp 92-93°C (from hexane-acetone); [a]y +21° (¢ 1.1, CHCl,). NMR data
(CDCl,): 'H (300 MHz), § 7.36-7.23 (m, 10 H, Ph), 4.82 (d, 1 H, J,.,, —11.8 Hz,
PhCH), 477 (d, 1 H, J,, —11.8 Hz, PhCH), 461 (d, 1 H, J,,, —11.8 Hz,
PhCH), 4.53 (d, 1 H, J,,, —11.9 Hz, PhCH), 429(d, 1 H, J;, 8.0 Hz, H-1), 4.10
(m, 2 H, H-3,4), 4.00(m, 1 H, J 7.6, J 9.6 Hz, CHHCH,Si), 3.88 (m, 1 H, J,5 1.5,
Jsea 5.1, Is g 6.9 Hz, H-5), 3.78 (dd, 1 H, Js¢, 5.1, J5, o — 10.1 Hz, H-6a), 3.75 (dd,
1 H, Jg 69, Jog —100 Hz, H-6b), 355 (m, 1 H, J 7.6, J 9.6 Hz,
CHHCH,S1),3.35 (m, 1 H, J;, 80, J,; 3.2 Hz, H-2), 1.32, 1.30 (5, 6 H, 2 CH,,),
1.02 (m, 2 H, J 8.7 Hz, CH,CH,Si), and —0.01 (s, 9 H, Si(CH,),); B¢ (50 MHz),
& 138.50, 138.31, 128.39, 128.17, 127.61, 127.47, 109.87, 102.47, 79.83, 79.16, 73.91,
73.61, 72.27, 69.69, 67.17, 27.79, 26.39, 18.45, 18.45, and —1.43. Anal. Calcd for
C3H,,O6Si: C, 67.17; H, 8.05. Found: C, 67.18; H, 7.88.

2-(Trimethylsilylethyl  2,6-di-O-benzyl-B-p-galactopyranoside  3,4-bis(dibenzyl
phosphate) (5).—To a solution of compound 4 (130 mg, 0.26 mmol) in CH,Cl, (3
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mL) at 0°C was added aq 90% trifluoroacetic acid (0.3 mL). After 30 min (TLC;
6:1 hexane-EtOAc), 1:1 toluene—-EtOAc (20 mL) were added and removed in
vacuo at ~ 40°C. A second portion of 1:1 toluene~EtOAc (20 mL) was added and
removed. The residue was dissolved in 1:1 acetonitrile-CH,Cl, (4 mL), and
1 H-tetrazole (109 mg, 1.6 mmol) and dibenzyloxy(diisopropylamino)phosphine'?
(360 mg, 1 mmol) were added at room temperature with stirring. After 1 h (TLC;
1:1 hexane—EtOAc), water (3.5 mL), RuCl; - 3H,0 (2 mg, 0.01 mmol), and NalO,
(334 mg, 1.56 mmol) were added and the mixture was vigorously stirred for 1 h.
Then the mixture was diluted with CH,Cl, (10 mL) and washed twice with water
(10 mL). The aqueous phase was extracted twice with CH,Cl, (10 mL), the organic
phases were combined and dried (Na,SO,), and the solvent was evaporated.
Column chromatography of the residue (3:1—2:1 hexane-EtOAc) afforded
syrupy 5 (185 mg, 73%); [al, +16° (¢ 1, CHCI;). NMR data (C,D,): 'H (300
MHz), § 7.54-7.08 (m, 30 H, Ph), 5.5 (dd, 1 H, /5, 2.9, J, 9.6 Hz, H-4), 5.47-5.22
(m, 6 H, 3 PhCH,), 5.1 (d, 1 H, Joem —11.5 Hz, PhCH), 5.03 (m, 2 H, PhCH,),
484(d, 1 H, /., —11.5 Hz, PhCH), 480 (m, 1 H, J5,, 1.8, J3, 3.1, J; 55 9.6 Hz,
H-3), 447 (d, 1 H, J,.,, —11.9 Hz, PhACH), 4.35(d, 1 H, J,, 7.6 Hz, H-1), 431 (d,
1 H, J,.,, —11.9 Hz, PhCH), 4.11 (dt, 1 H, J 7.6, 9.9 Hz, C H HCH,Si), 4.03 (dd, |
H, J,, 7.6, J,; 9.9 Hz, H-2), 3.89 (dd, 1 H, Jy,, 6.7, J, s —9.5 Hz, H-6a), 3.77
(dd, 1 H, Js g 6.2, Jg, g — 9.5 Hz, H-6b), 3.61 (dt, 1 H, J 6.9, 9.6 Hz, CH HCH,Si),
1.06 (m, 2 H, CH,CH,Si), and 0.0 (s, 9 H, Si(CH,);). Anal. Caled for
Cs,H,,0,,P,Si: C, 64.88; H, 6.37. Found: C, 65.10; H, 6.21.
2-(Trimethylsilyl)ethyl B-p-galactopyranoside 3,4-bis(disodium phosphate) (6).—
Compound 5 (65 mg, 0.07 mmol) was dissolved in MeOH (1.5 mL) and buffered aq
AcOH-NaOAc (1 mL, pH 5, 0.5 M), and the mixture was treated with Pd-C
(10%, ~ 10 mg) and H, at atmospheric pressure for 2 h with stirring at room
temperature. TLC (4: 1 CHCl;-MeOH) showed a single product at the origin. The
mixture was filtered (Celite) and partially evaporated, and the solution was treated
with Amberlite IR-120 (Na* form, water) and concentrated. The residue was
passed through a column (1 X 15 cm) of Sephadex G-15 (water) and the appropri-
ate fractions were lyophilized to obtain 6 (34 mg, 97%) as an amorphous solid;
[al, —24° (¢ 0.6, M NaOH). NMR data (D,0, pD ~ 12): 'H (300 MHz), § 4.45
(d, 1 H, J;, 7.8 Hz, H-1), 444 (dd, 1 H, J,, 104, J,, 3.2 Hz, H-4), 409 (m, | H,
Jipq 1.1, Jy, 3.4, 7 107 Hz, H-3), 3.98 (m, 1 H, J 5.4, J 9.9 Hz, CHHCH,Si),
3.77-3.65 (m, 5 H, H-2,5,6a,6b, CHHCH,Si), 1.03 (m, 2 H, CH,C H,Si), and 0.02
(s, 9 H, Si(CH,),); '>C (90 MHz2), § 103.31 (C-1), 75.71, 75.11, 71.63, 68.87, 59.86,
1846, and —1.76; “'P (145 MHz), 8 556 and 4.5. Anal. Caled for
C,,H,,0,P,SiNa,: C, 25.01; H, 4.20. Found: C, 24.51; H, 5.20.
2-(TrimethylsilylJethyl B-p-galactopyranoside 2,3,4,6-tetrakis(dibenzyl phosphate)
(7).—To a solution of compound 1 (203 mg, 0.73 mmol) in 1 : | acetonitrile-CH ,Cl,
(10 mL) were added 1H-tetrazole (609 mg, 8.7 mmol) and dibenzyloxy(diisopro-
pylamino)phosphine (2.00 g, 5.8 mmol) with stirring. After 1.5 h, water (21 mL),
RuCl; - 3H,0 (2 mg, 0.01 mmol), and NalO, (1.02 g, 4.76 mmol) were added and
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the mixture was vigorously stirred for 1 h. Then the mixture was diluted with
CH,Cl, (15 mL) and washed twice with water (10 mL). The aqueous phase was
extracted twice with CH,Cl, (10 mL), the organic phases were combined and dried
(Na,S0,), and the solvent was evaporated. Column chromatography of the residue
(1:1 hexane-EtOAc) afforded syrupy 7 (580 mg, 61%), [a], +6.6° (¢ 0.9, CHCl,).
NMR data (C4Dg): *H (300 MHz), & 7.38-6.94 (m, 40 H, Ph), 5.4(dd, 1 H, J5, 2.7,
J,p 92 Hz, H-4), 5.37-4.94 (m, 17 H, H-2, 8 PhCH,), 4.69 (btt, 1 H, J;p, 1.9, J
9.7 Hz, H-3), 4.39 (m, 2 H, H-6a,6b), 428 (d, 1 H, J,, 7.7 Hz, H-1),3.93 (dt, 1 H, J
8.9, J 7.7 Hz, CHHCH,Si), 3.55 (dt, 1 H, J 7.5, J 9.7 Hz, CH HCH,,Si), 3.35 (bt,
1 H, Jsq, 6.7 Hz, H-5), 0.89 (m, 2 H, J 8.9 Hz, CH,CH,Si), and —0.16 (s, 9 H,
Si(CH ,);). Anal. Calcd for C,H,40,4P,Si: C, 60.90; H, 5.80. Found: C, 60.91; H,
5.79.

2-(Trimethylsilyl)ethyl B-p-galactopyranoside 2,3,4,6-tetrakis(disodium phosphate)
(8).—Compound 7 (200 mg, 0.15 mmol) was dissolved in MeOH (3 mL) and
buffered ag AcOH-NaOAc (1 mL, pH 5, 0.5 M), and the mixture was treated with
Pd-C (10%, ~ 10 mg) and H, at atmospheric pressure for 2 h with stirring. The
mixture was filtered (Celite) and partially evaporated, and the solution was treated
with Amberlite IR-120 (Na* form) and concentrated. The residue was passed
through a column (1 X 15 ¢m) of Sephadex G-15 (water) and the appropriate
fractions were lyophilized to obtain 8 (99 mg, 85%) as an amorphous solid; [a],
—1.9° (¢ 1.2, M NaOH). NMR data (D,0, pD ~ 12): 'H (300 MHz), 6 4.53 (d, 1
H, J,, 5.7 Hz, H-1), 447 (m, 1 H, J5, 2.6, J;p3 4.9, J,p 9.7 Hz, H-4), 4.10 (ddd, 1
H, J,, 59, J 89, J 9.7 Hz, H-2), 404-3.81 (m, 5 H, H-3,5,6a,6b, CHHCH,Si),
3.67 (m, 1 H, J 49, J 5.74, J 8.2 Hz, CHHCH,Si), and —0.09 (s, 9 H, Si(CH,),);
13C (50 MHz), § 102.65 (C-1), 76.35, 75.20, 73.90, 72.37, 69.27, 65.72, 18.82, and
—1.09; 3P (145 MHz), & 474, 4.64, 4.14, and 3.96. Anal. Calcd for
C,1H,5,0,4P,SiNag: C, 17.02; H, 2.60. Found: C, 17.01; H, 2.70.

Methyl a-p-galactopyranoside 2,3,4,6-tetrakis(dibenzyl phosphate) (9).—Methyl
a-p-galactopyranoside (212 mg, 1.1 mmol) was dissolved in 1:1 acetonitrile-
CH,Cl, (10 mL) and treated with 1H-tetrazole (1.148 g, 16 mmol) and dibenzy-
loxy(diisopropylamino)phosphine (3.618 g, 10.4 mmol). After 2 h (TLC; 1:2 hex-
ane-EtOAc), water (30 mL), NalO, (1.536 g, 6.33 mmol), and RuCl;-3H,0 (3
mg, 0.015 mmol) were added and vigorous stirring was continued for 2 h. Then, the
mixture was extractively worked up as described for 5. Column chromatography
(2:1 hexane~-EtOAc) afforded syrupy 9 (940 mg, 82%); [aly, +37° (¢ 0.73,
CHCl,). NMR data (C¢Dg): 'H (300 MHz), & 7.29-7.18 (m, 40 H, Ph), 5.07-5.82
(m, 18 H, H-1,4,8 PhCH,), 475 (m, 1 H, J5 54 13, J;p5 11.5, J;, 10 Hz, H-3), 4.62
(m, 1H, J,, 3.4, J 10.2, J 6.8 Hz, H-2), 405 (m, 2 H, H-6a,6b), 3.79 (bdt, 1 H, J,
~1, Js 6.1 6.5 Hz, H-5), and 3.25 (s, 3 H, OCH,,). Anal. Calcd for Cg;HgO5P,: C,
61.27; H, 5.39. Found: C, 60.99; H, 5.19.

Methyl a-p-galactopyranoside 2,3,4,6-tetrakis(disodium phosphate) (10).—Com-
pound 9 (106 mg, 0.083 mmol) was dissolved in MeOH (2 mL) and buffered aq
AcOH-NaOAc (1 mL, pH 5, 0.5 M), and the mixture was treated with Pd-C
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(10%, ~ 10 mg) and H, at atmospheric pressure for 2 h with stirring at room
temperature. Then the mixture was treated as described for 6, to obtain 10 (54 mg,
94%) as an amorphous solid; [a]; +64° (¢ 0.9, M NaoH). NMR data (D,0, pD
~12): "H (300 MHz), § 5.07(d, 1 H, /,, 3.3 Hz, H-1), 452(bd, 1 H, J;;, 8.9, J, 5
0.9 Hz, H-4), 430 (m, 1 H, J,, 3.7, J,; 106 Hz, H-2), 422 (bt, | H, J,,, 10.9 Hz,
H-3), 4.16 (m, Jsp 44, Js, 7.6, J5 ¢ 7.9 Hz, H-5), 4.03 (m, 2 H, H-6a,6b), and 3.44
(s, 3 H, OCH,); C {'H) (75 MHz), 5 99.9 (C-1), 75.0 (d, Jp 5.8 Hz, C-4), 73.5
(m, C-3), 72.5 (, Jp~ 5.7 Hz, C-2), 70.9 (dd, J 4.0, J 8.2 Hz, C-5), 65.9 (d, Jp - 4.6
Hz, C-6), and 56.8 (OCH.,); *'P (121 MHz), 5 5.18, 4.63, 4.6 and 3.47. Anal. Calcd
for C,H,,0sPyNa,: C, 12.19; H, 1.46. Found: C, 12.85; H, 2.10.

Methyl 2,6-di-O-benzyl-a-p-galactopyranoside 3,4-bis(dibenzyl phosphate) (12).—
Methyl 2,6-di-O-benzyl-a-p-galactopyranoside!® (86 mg, 0.24 mmol) was dissolved
in 1:1 acetonitrile-CH,Cl, (4 mL) and treated with 1/H-tetrazole (136 mg, 1.9
mmo)) and dibenzyloxy(diisopropylamino)phosphine (368 mg, 1.01 mmol). After 1
h (TLC; 1:1 hexane-EtOAc), oxidation was carried out by adding water (3.5 mL),
RuCl; - 3H,0 (2 mg, 0.01 mmol), and NalO, (337 mg, 1.56 mmol) with vigorous
stirring. After 1 h, the reaction mixture was worked up as described for 5 and the
residue was column-chromatographed (3:1 hexane-EtOAc) to yield 12 (215 mg,
88%) as a syrup; [a], +33° (¢ 1, CHCl;). NMR data (C,Dy): 'H (300 MH2), &
7.38-7.00 (m, 30 H, Ph), 5.43(dd, 1 H, J5, 3, J,p 9 Hz, H-4), 5.39-5.20 (m, 6 H, 3
PhCH,), 518 (m, 1 H, J;p, 1.7, J, 3, J3p 11.1 Hz, H-3), 498 (ddd, 2 H, J .,
=117, Jyp 11.6 Hz, PhCH,), 467 (d, 1 H, J,, 3.5 Hz, H-1), 448 (d, 1 H, /J,

gem
~11.9 Hz, PACH), 437 (d, | H, J,., —11.9 Hz, PACH), 431 (d. | H, J o, =119
Hz, PhCH), 422 (d, 1 H, J,,, —11.9 Hz, PhCH), 402 (dd, 1 H, J,, 3.4, J,; 10.1

Hz, H-2), 3.86 (m, 1 H, J, 1, Jsg, 63, Jsq, 6.5 Hz, H-5), 3.78 (dd, 1 H, J, 5.9,
Jousy —9:4 Hz, H-6a), 3.69 (dd, 1 H, Js 6.7, J 5o — 9.4 Hz, H-6b), and 3.03 (s, 3
H, OCH,). Anal. Caled for C 4H,0,,P,: C, 65.77; H, 5.86. Found: C, 66.01; H,
6.15.

Methyl a-p-galactopyranoside 3,4-bis(disodium phosphate) (13).—Compound 12
(80 mg, 0.09 mmol) was dissolved in MeOH (2 mL) and buffered ag AcOH~NaOAc¢
(0.6 mL, pH 3, 0.5 M), and the mixture was treated with Pd—C (10%, ~ 10 mg) and
H, at atmospheric pressure for 2 h with stirring at room temperature. Then the
mixture was treated as described for 6, to obtain 13 (39 mg, 97%) as an amorphous
solid; [al, +70° (¢ 0.6, M NaOH). NMR data (D,0, pD ~ 12): 'H (300 MHz), &
481(d, 1 H, J,, 39 Hz, H-1), 448 (m, 1 H, J;, 3.4, J,p 10, J ~ 1 Hz, H-4), 425
(m, 1 H, J,, 3.4, J,5 10, J5,, ~0.9 Hz, H-3), 401 (dd. 1 H, J,, 3.9, J,, 10.3 Hz,
H-2), 387 (dt, 1H, J,5 ~ 1, Js,, 6.2, J 5 6.8 Hz, H-5), 3.73 (dd, 1 H, J,, ,, —11.8,
Js g, 6.8 Hz, H-6b),3.69 (dd, 1 H, J,, ¢, —11.8, Js,, 6.2 Hz, H-62), and 3.39 (s, 3 H,
OCH,). C {"H} (75 MHz), 5 100.7 (C-1), 74.7 (C-3), 74.0 (C-4), 71.5 (C-5), 68.6
(C-2), 622 (C-6), and 56.7 (OCH,); *'P (121 MHz), & 6.30 (dd, Jp,,, 9 Hz, P-3)
and 5.09 (d, Jpu4 9.9 Hz, P-4). Anal. Caled for C,H,0,,P,Na,: C, 19.02; H,
2.74. Found: C, 19.15; H, 3.01.

2-(Trimethylsilylyethyl  6-O-(tert-butyldiphenylsilyl)-3,4-O-isopropylidene-2-O-
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(2,3,4,6-tetra-O-acetyl-B-p-galactopyranosyl}-B-p-galactopyranoside (14).—To a
stirred mixture of 3 (0.37 g, 0.68 mmol), mercuric cyanide (0.343 g, 1.36 mmol),
mercuric bromide (0.673 g, 1.87 mmol), and powdered 4A molecular sieves (1.04 g)
in benzene (17 mL) was added a solution of 2,3,4,6-tetra-O-acetyl-a-D-galac-
topyranosyl bromide (0.67 g, 1.7 mmol) in benzene (3.5 mL) under Ar, and the
mixture was kept in the dark with stirring at 60°C. After 2 h (TLC; 1:1 hexane—
EtOAc), the reaction mixture was cooled to room temperature, filtered (Celite),
washed with satd ag NaHCO, (20 mL), satd aq KBr (10 mL), and water (10 mL),
dried (Na,80,), and concentrated in vacuo. Column chromatography (3:2 hex-
ane-EtOAc) gave syrupy 14 (0.57 g, 94%); [al, +9° (¢ 1, CHCl;). NMR data
(CDCl,): 'H (300 MHz), § 7.67 (m, 4 H, Ph), 7.33 (m, 6 H, Ph), 537(dd, 1 H, J, &
L1, Jy 4 3,4 Hz, H-4'), 521 (dd, 1 H, J. v 8, J,r 5 10.6 Hz, H-2), 5.03 (dd, 1 H,
T4 34, Tp 5 105 Hz, H-3'), 48 (d, 1 H, J,» 7.9 Hz, H-1), 425 (d, 1 H, J,, 7.9
Hz, H-1), 4.19 (dd, 1 H, J,5 2, /5, 5.7 Hz, H-4), 4.13 (m, 2 H, CHHCH,,Si, H-5 or
H-5"), 4.05 (t, 1 H, J ~ 6.3 Hz, H-3), 3.95 (m, 4 H, H-6a,6b,6'a,6'b), 3.77 (dt, 1 H,
I.s 2.1, Js5 6.2 Hz, H-5 or H-5"), 3.58 (dd, 1 H, J,; 6.6, J, , 7.8 Hz, H-2), 3.54 (m,
1 H, CHHCH,Si), 2.13, 2.07, 2.01, 1.97 (s, 12 H, 4 OAc), 1.46, 1.30 (s, 6 H, 2
CH,), 1.04 (s, 9 H, 3 CH,), 1.00 (m, 2 H, CH,CH,Si), and —0.01 (s, 9 H,
Si(CH3),); *C (50 MHz), § 170.2, 170.17, 170.13, 169.6, 135.6, 133.4, 129.7, 127.7,
127.6, 109.8, 101.6, 101.1, 82.01, 78.8, 73.2, 73.0, 71.0, 70.6, 69.4, 67.0, 62.7, 61.0,
28.0, 26.7, 26.3, 20.9, 20.6, 19.2, 18.2, and —1.4. Anal. Calcd for C,,H,0,5i,: C,
59.44; H, 7.26. Found: C, 59.18; H, 7.10.

2-(Trimethylsilylethyl 6-O-(tert-butyldiphenylsilyl)-2-O-(2, 3,4, 6-tetra-O-acetyl-B-
p-galactopyranosyl)-B-p-galactopyranoside 3,4-bis(dibenzyl phosphate) (15).—To a
solution of compound 4 (164 mg, 0.18 mmol) in CH,Cl, (3.6 mL) at 0°C was added
aq 90% trifluoroacetic acid (0.36 mL). After 30 min (TLC; 1:1 hexane—-EtOAc),
1:1 toluene—EtOAc (15 mL) was added twice and removed in vacuo at ~ 40°C.
The residue was column-chromatographed (1: 1 hexane-EtOAc) to afford partially
deprotected disaccharide (122 mg, 80%). A portion (100 mg, 0.12 mmol) was
dissolved in 1:1 acetonitrile~-CH,Cl, (4 mL), and 1H-tetrazole (82 mg, 12 mmol)
and dibenzyloxy(diisopropylamino)phosphine (248 mg, 7.2 mmol) were added at
room temperature with stirring. After 1 h (TLC; 1:1 hexane-EtOAc), water (3.5
mL), NalO, (152 mg, 0.71 mmol), and RuCl,-3H,0 (2 mg, 0.01 mmol) were
added and the mixture was vigorously stirred for 1 h. Then (TLC; 1:1 hexane-
EtOAc) the mixture was treated as described for compound 5. Column chromatog-
raphy (2: 1 hexane-acetone) afforded syrupy 15 (520 mg, 76%); [a]p, —1.3° (¢ 1.75,
CHCl,). NMR data (C(Dy): 'H (300 MHz), 8 7.78 (m, 3 H, Ph), 7.48 (m, 3 H, Ph),
7.1 (m, 24 H, Ph), 5.64 (dd, 1 H, J,.»» 8.1, J, 5 10.5 Hz, H-2"), 5.5 (dd, 1 H, Js.,
3.2, Jys 1 Hz, H-4"), 551 (dd, 1 H, Jp y 8.3, Jpern —11.6 Hz, PhCH), 5.39 (dd, 1
H, Joyu 7, Jyew —11.9 Hz, PhCH), 5.36 (m, 1 H, J5, 2.7, Jpy 89, J ~05 Hz,
H-4),5.29 (ABq, 2 H, J,,, —12 Hz, PhCH,), 5.15 (dd, 1 H, J5 ,, 3.5, 1,5 10.4 Hz,
H-3"), 516 (dd, 1 H, Jp 4 6.9, Jgop, —12.1 Hz, PhCH), 5.03 (dd, 1 H, Jp i 8, Joery
—11.9 Hz, PhCH), 5.00 (d, 1 H, J,.,, 8.1 Hz, H-1), 487 (dd, 1 H, Jpyy 73, Jyem
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—11.9 Hz, PhCH), 478 (dd, 1 H, Jpyy 8.3, Jg,, —11.9 Hz, PRCH), 4.63 (m, 1 H,
H-3), 4.15 (m, 7 H, H-1,2,6a.6b,6'a,6'b, CHHCH ,Si), 3.62 (m, 1 H, CHHCH,Si),
348 (m, 1 H, H-Sor H-5),3.28(m, 1 H, H-5 or H-5"), 2.13, 1.72, 1.65, 1.61 (s, 12
H, 4 OAc), 1.19 (s, 9 H, 3 CH;), 1.07 (m, 2 H, OCHQCHZSD, and 0.03 (s, 9 H,
Si{CH ;)5). Anal. Caled for CoH, 0,,P,Si,: C, 60.51; H, 6.33. Found: C, 60.28; H.
6.07.

2-Trimethylsilyl)ethyl 2-O-B-p-galactopyranosyl-B-D-galactopyranoside 3,4-bis(di-
sodium phosphate) (16).—Compound 15 (94 mg, 0.067 mmol) was dissolved in
anhyd tetrahydrofuran (2.5 mL), and 1.1 M tetrabutylammonium f{luoride in
tetrahydrofuran (70 wl, 0.075 mmol) was added. After 12 h (TLC; 1:1 hexane-
EtAcO) the solvent was evaporated and the residue was percolated through a
short-path column of silica gel (1:1 hexane~EtOAc) to obtain the 6-O-deprotected
disaccharide (60 mg, 80%). A portion (30 mg, 0.026 mmol) was dissolved in MeQOH
{1 mL), and M NaOMe (5 pl, ~ 5 pmol) was added. After 30 min, the mixture was
neutralized with Amberlite IR-120 (H") and concentrated. The residue was
dissolved in MeOH (2 mL) and buffered ag AcOH-NaQAc (0.2 mL, pH 5, 0.5 M),
and the mixture was treated with Pd-C (10%, ~ 10 mg) and H, at atmospheric
pressure for 2 h with stirring at room temperature. Then the mixture was treated
as described for 6, to obtain 16 (17 mg, 94%) as an amorphous solid; [a], —10° (¢
0.6, M NaOH). NMR data (D,0, pD ~ 12): 'H (300 MHz), 8 4.64 (d, 1 H, J,
7.4 Hz, H-1'), 453 (d, 1 H, J,, 7.7 Hz, H-1), 447 (bd, | H, J,; 6.8 Hz, H-4), 4.15
{bt, 1 H, J 9.8 Hz, H-3), 3.95(m, 1 H, CHHCH,Si), 3.91 (d, 1 H, J,.,, 3 Hz, H-4"),
388 (dd, 1 H, J,, 7.8, J,5 9.8 Hz, H-2), 3.79 (m, 1 H, H-5), 3.76-3.68 {m. 5 H,
H-6a,6b,6'a,6’b, CHHCH,Si), 3.65 (dd, 1 H, J,. 5 10, J;,, 3.4 Hz, H-3"), 3.66 (m,
1 H, H-5), 1.0 (m, 2 H, CH,CH,Si), and 0.01 (s, 9 H, Si(CH;),); C (75 MH2), 8
106.9, 103.8, 81.5, 77.4, 77.1, 76.6, 75.5, 74.0, 73.9, 73.5, 71.0, 70.6, 63.1, 61.8, 20.3,
and —0.5; HP (121 MHz): 6 63(d, 1 P, J 108 Hz), 597(d, 1 P, J 9.3 Hz). Anal.
Caled for C,H,,0,P,SiNa,: C, 29.57; H, 4.67. Found: C, 28.23; H, 5.82.

2-(Trimethylsilyllethyl  2-O-B-p-galactopyranosyl-B-p-galactopyranoside (17).—
Compound 14 (148 mg, (.16 mmol) was dissolved in MeOH (8 mL), and M
NaOMe (0.8 mL) was added at room temperature, After 2 h, the solution was
neutralized with Amberlite IR-12- (H*), filtered, and concentrated. The residue
was passed through a short-path column of silica gel (1:1 hexanc-EtOQAc) and the
appropriate fractions were concentrated to obtain the deacetylated derivative (100
mg, 86%). The residue was dissolved in dry tetrahydrofuran (4 mL) at 0°C and
treated with 1.1 M tetrabutylammonium fluoride in tetrahydrofuran (0.16 mL, 0.18
mmol). The solution was allowed to warm to room temperature; after 3 h, more
tetrabutylammonium fluoride was added (160 ul, 0.18 mmol} and stirring was
continued overnight at room temperature. After 20 h, deprotection was completed,
the solvent was evaporated, and the residue was percolated through a short-path
column of silica gel (1:2 hexane-EtQA¢), Finally, a portion (63 mg, 0.13 mmol)
was dissolved in MeOH (2 ml.), and aq 10% acetic acid was added (10 mL). The
solution was warmed at 100°C and, after 1 h (TLC; 4:1 CHCIl,-MeOH), the
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solvents were evaporated in vacuo and the residue was column-chromatographed
(3:1 CHCI;-MeOH) to give 17 (50 mg, 82%) as an amorphous solid; [al, —2° (¢
1, H,0). NMR data (D,0): 'H (300 MHz): 4.75 (d, 1 H, J,, 7.6 Hz, H-1), 4.52 (d,
1 H, J;, 78 Hz, H-1'), 405 (m, 1 H, CHHCH,Si), 394 (t, 2 H, J ~2.5 Hg,
H-4,4),3.84 (dd, 1 H, J, 5 9.7, J 4 3.2 Hz, H-3'), 374 (dd, 1 H, J;. 5 7.8, J,i 5
~ 10 Hz, H-2"), 3.75 (m, 7 H, H-5,5",6a,6b,6’a,6'b, CHHCH,Si), 3.57 (dd, 1 H,
I, 7.6 Hz, J,, 9.8 Hz, H-2), 1.05 (m, 2 H, CH,CH,Si), and 0.2 (s, 9 H, Si(CH,),);
BC (50 MHz), § 104.6, 102.07, 80.04, 76.91, 76.33, 76.13, 74.59, 74.15, 73.8, 72.8,
70.58, 70.39, 69.9, 69.71, 69.49, 61.95, 19.35, 18.9, and ~1.28. Anal. Calcd for
Cy,H,,0,,Si: C, 46.14; H, 7.74. Found: C, 46.42; H, 7.28.

2-(Trimethylsilyl)ethyl 2,6-di-O-(2,3,4,6-tetra-O-acetyl-B-D-galactopyranosyl)-3-p-
galactopyranoside (18).—To a stirred mixture of compound 2 (400 mg, 1.25 mmol),
mercuric cyanide (505 mg, 2 mmol), mercuric bromide (1.13 g, 3.13 mmol), and 4A
molecular sieves in benzene (30 mL) was added a solution of 2,3,4,6-tetra-O-acetyl-
a-Dp-galactopyranosyl bromide (1.3 g, 3.13 mmol) in benzene (10 mL) at room
temperature under Ar, and the reaction was stirred in the dark for 18 h (TLC; 1:1
hexane-EtOAc). Then the mixture was treated as described for compound 14, and
the residue (2.13 g) was percolated through a silica gel column (1: 1 hexane-EtOAc)
in order to eliminate excess galactopyranosyl bromide. The residue (700 mg) was
dissolved in CH,Cl, (14 mL), and ag 90% trifluoroacetic acid (1.4 mL) was added
at 0°C. After 30 min, the solution was diluted with CH,Cl, (15 mL) washed twice
with satd ag NaHCO, (10 mL) and water (10 mL), and dried (Na,SO,). Column
chromatography (1:1 hexane—acetone) afforded 18 as a syrup which crystallized
on standing (564 mg, 48% from 2). Compound 18 had: mp 98-99°C (from
hexane-acetone); [al, —1° (¢ 1.2, CHCl,). NMR data (CDCl,): 'H (300 MHz), 8
5.35(m,2H, H-4'4"),5.16(2dd, 2 H, J 8, J 10 Hz, H-2',2"), 497 (2dd, 2 H, J 3,
J 10 Hz, H-3',3"), 4.85(d, 1 H, J},,, 7.9 Hz, H-1'), 4.54 (d, 1 H, J;» ,» 8 Hz, H-1"),
4.30(d, 1 H, J,, 7 Hz, H-1), 4.13-4.05 (m, 4 H), 4.00-3.80 (m, 6 H), 3.58-3.5 (m, 4
H),2.84(d, 1H,J ~4Hz HO),257(d, 1 H, J ~3Hz, HO), 2.11, 2.10, 2.05, 2.02,
2,01, 1.99, 1.95, 1.94 (s, 24 H, 8 OAc), 0.93 (m, 2 H, CH,CH,Si), and 0.01 (s, 9 H,
Si(CH,),). Anal. Caled for C;0H,0,,S1: C, 49.78; H, 6.43. Found: C, 50.04; H,
6.51.

2-(Trimethylsilyl)ethyl 2,6-di-O-(2,3,4,6-tetra-O-acetyl-B-p-galactopyranosyl)-B-n-
galactopyranoside 3,4-bis(dibenzyl phosphate) (19).—Compound 18 (357 mg, 0.38
mmol) was dissolved in 1:1 acetonitrile-CH,Cl, (6 mL), and 1H-tetrazole (280
mg, 4 mmol) and dibenzyloxy(diisopropylamino)phosphine (786 mg, 2.28 mmol)
were added at room temperature. After 1 h (TLC; 3:2 hexane~-EtOAc), water (5
mL), NalO, (488 mg, 2.28 mmol), and RuCl,-3H,0 (4 mg, 0.015 mmol) were
added and the mixture was vigorously stirred. After 1.5 h, the mixture was treated
as described for compound 5 and the residue was column-chromatographed (2:1
hexane-acetone) to give 19 (357 mg, 66%) as a syrup; [a], —1.3° (¢ 1.35, CHCI,).
NMR data (C,Dy): 'H (300 MHz), § 7.5 (m, 2 H, Ph), 7.24-7.04 (m, 18 H, Ph),
5.68Q2dd,2H,J 79,J 95 Hz, H-2'2"), 549 (bs, 2 H, H-4',4"), 544 (dd, 1 H,
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Jou 84, Jyery —11.9 Hz, PhCH), 5.34 (dd, 1 H, Jp gy 7.2, Jy,, - 11.9 Hz, PhCH ),
5.3-4.66 (m, 10 H, H-4,1,3',3", 3 PhCH,), 457 (m, 1 H, 7 0.8, J 93, J 2.5 Hz,
H-3),4.35(d, 1 H, Jy»,» 7.9 Hz, H-1"), 4.29(d, 1 H, J , 8.1 Hz, H-1), 4.29-4.01 (m,
8 H, H-2,6a,6b,6'a,6'b,6"a,6"b, CHHCH,Si), 3.67 (m, 1 H, J 7.7, J 93 llz,
CHHCH,S), 3.52 (dt, 1 H, J50 0.8, Jogn, 7.0, Jorgn, 7.4 Hz. H-5"), 3.38 (dt,
Jys 11, Jorr, 6.7, Jar o, 6.6 Hz, H-5'), 330 (bt, Js,, 5.6, Jo g, 5.5 Hz, H-5), 2.08,
1.90, 1.73, 1.72, 1.71, 1.65, 1.61, 1.57 (s, 24 H, 8 OAc), 1.15 (m, 2 H, CH,CH,Si),
and 0.12 (s, 9 H, Si(CH,);). Anal. Caled for C,H,0,P,Si: C, 55.06; H, 5.93.
Found: C, 55.26; H, 5.90.

2-(Trimethylsilyl)ethyl 2,6-di-O-(B-v-galactopyranosyl)-B-v-galactopyranoside 3,4-
bis(disodium phosphate) (20).—Compound 19 (180 mg, 0.12 mmol) was dissolved in
MecOH (6 mL) and treated with M NaOMe (0.180 mL). After 1 h, the solution was
neutralized with Amberlite IR-120 (H*), filtered, concentrated, and column-chro-
matographed (4:1 CHCIl,~MeOH). The appropriate fractions were concentrated
to yield the deacylated derivative of 19 (125 mg, 94%), which was dissolved in
MeOH (5 mL) and AcOH-NaOAc buffer (0.7 mL, pH 5, 0.5 M), and the solution
was treated with Pd-C (10%, ~ 20 mg) and H, at atmospheric pressure for 2 h
with stirring at room temperature. The mixture was filtered (Celite) and partially
evaporated, treated with Amberlite IR-120 (Na™ form), and concentrated. The
concentrate was passed through a column (1 X 15 cm) of Sephadex G-15 (water).
and the appropriate fractions were lyophilized to obtain 20 (95 mg, 93%) as an
amorphous solid; [a], —2.2° (¢ 0.6, M NaOH). NMR data (D,0, pD ~ 12): 'H
(300 MHz), 8 4.72 (d, 1 H, J, .  Hz, H-1'), 455 (d, 1 H, J,, 7.8 Hz, H-1), 4.47 (d,
1 H, J,.,» 7.7 Hz, H-1"), ~ 4.5 (bd, | H, overlapping with H-1, H-4), 423 (bt, 1 H,
J ~8 Hz, H-3), 409 (d, 1 H, Jo. -10.1 Hz, H-62), 406-3.97 (m, 1 H,
CHHCH, S0, 3.93 (d, 1 H, J,, o —10.2 Hz, H-6b), 3.91(dd, J;., 3, J, 5 < 0.5 Haz,
H-4"), 3.88(dd, 1 H, Jy 4 3.3, Jy 50 <05 Hz, H-4"), 385 (dd, 1 H, J,, 7.8, /5,
10.2 Hz, H-2), 3.83-3.6 (m, 8 H, H-5,5',5",6'a,6'b,6"a,6"b, CHCH,S1), 3.66 {dd, |
H, Jor v 10.2, Jy 0 3 Hz, H-3), 3.62 (dd, 1 H, J,» 30 9.7, J3 0 3.3 Hz, H-3"), 3.50
(dd, 1 H, Jpye 7.7, Jynge 9.7 Hz, H-2), 3.46 (dd, 1 H, J,50 8, Jy 5 10.2 Hz, H-27),
1.02 (m, 2 H, CH,CH,Si), 0.01 (s, 9 H, Si (CH ;),); 3C (50 MHz), 8 105.29, 104.64,
102.46, 81.34, 76.87, 76.24, 76.14, 74.74, 74.32, 74.20, 72.47, 71.30, 71.25, 70.49,
69.92, 69.79, 62.53, 62.01, 19.29, and —0.93; *'P (121 MHz), § 5.3 (d. L P, J 10.6
Hz) and 3.71 (d, 1 P, J 9.1 Hz). Anal. Calcd for C,;H ,,0,,P,SiNa, - 3H,0: C.
30.47; H, 5.34. Found: C, 30.76; H, 6.37.

2-(Trimethylsilyl)ethyl  2,6-di-O-(B-p-galactopyranosyl)-B-v-galactopyranoside
(21).—Compound 18 (62 mg, 0.065 mmol) was dissolved in McOH (3 mL), and M
NaOMe (0.3 mL) was added at room temperature. After 2 h, the solution was
ncutralized with Amberlite [R-120 (H™), filtered, and concentrated. The residue
was column-chromatographed (4:1 CHCl;~MeOH) to afford amorphous 21 (38
mg, 97%; [alp —6.5° (¢ 0.6, H,0). NMR data (D,0): 'H (300 MHz), § 4.69 (d. 1
H, J,, 7.7 Hz, H-1'), 452 (d, 1 H, J,, 7.7 Hz, H-1), 443 (d. 1 H. J,.,. 7.7 Hz,
1-1"). 4.04-3.69 (m, 1 H, CHHCH,Si), 3.98 (dd. 1 H, /5, 3.2,/ < 0.5 Hz, H-4),
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3.93(dd, 1 H, J54 32, Jy o <05 Hz, H-4'),392(dd, L H, J;» v 34, Jppsr <05
Hz, H-4"),3.84 (dd, 1 H, J,; 94, J;, 3.4 Hz, H-3), ~3.8 (m, 1 H, CHHCH,S),
3.74 (m, 8 H, H-5',5",6a,6b,6'a,6'b,6"3,6"b), 3.73 (dd, 1 H, J,, 7.7, J,; 94 Hz,
H-2), 3.73 (m, 1 H, H-5), 3.66 (dd, 1 H, J,3 10, J3., 3.2 Hz, H-3"), 3,63 (dd, 1 H,
Jyrgn 9.9, Ja 4 34 Hz, H-3"),3.57 (dd, 1 H, Jy 5 7.7, J5i 5 10 Hz, H-2'), 3.52 (dd,
VH, Jinge 1.7, Jyrze 99 He, H-2"), 1.02 (m, 2 H, CH,CH,Si), 0.02 (s, 9 H,
Si(CH ;),); *C (90 MHz), 104.19, 103.94, 101.63, 79.54, 75.96, 75.96, 75.93, 74.49,
73.54, 73.36, 72.38, 71.51, 69.56, 69.48, 69.38, 69.28, 61.76, 61.53, 18.52, and — 1.69.
Anal. Caled for C,H ,O,Si: C, 45.69; H, 7.33. Found: C, 45.72; H, 7.60.

ACKNOWLEDGMENTS

This work was supported by the Direccién General de Investigacidn Cientifica y
Técnica {Grant PB 87-0367) and by Buropharma S.A. We thank Mr. G. Corrales
for technical assistance, and Dr. JM. Mato and Dr. A. Guadafio-Larrauri (In-
stituto de Investigaciones Biomédicas, C.S.1.C., Madrid) for assistance in determin-
ing biological activities. One of us thanks the Instituto de Cooperacién Iberoameri-
cana for a fellowship (H.-N.C.).

REFERENCES

1 I. Larner, G. Galasko, K. Chen, A.A. De Poach-Roach, L. Huang, P. Daggy, and 1. Kellog, Science,
206 (1979) 1408-1410,
2 L. Jarret and J.R. Seals, Science, 206 (1979) 1407-1408.
3 S. Suzuki, T. Toyota, H. Suzuki and Y. Goyo, Biochem. Biophys. Res. Commun., 118 (1984) 40-46.
4 I, Larner, Diabetes, 37 (1988) 265-275.
5 A.R. Saltiel and P. Cuatrecasas, Proc. Natl. Acad. Sci. U.S.4., 83 (1986) 5793-5797.
6 AR. Saltiel, J.A. Fox, P. Sherline, and P. Cuatrecasas, Science, 233 (1986) 967-972.
7 J.M. Mato, K.L. Kelly, A. Abler, L. Jarrett, R. Corkey, J.A. Cashe, and D. Zopf, Biochem. Biophys.
Res. Commun., 146 (1987) 764-770.
8 1. Mérida, F.J. Corrales, R. Clemente, J.M. Ruiz-Albusac, M. Villalba, and J.M. Mato, FEBS Lett.,
236 (1988) 5627-5647.
9 K. Jansson, S, Ahlfors, T. Frejd, J. Kihiberg, and G. Magnusson, J. Org. Chem., 53 (1988)
5627-5647.
10 H. Paulsen and M. Paal, Carbohydr. Res., 137 (1985) 39-62.
11 E.M. Nashed and CP.J. Glaudemans, J. Org. Chem., 52 (1987) 5255-5260.
12 W. Bannwarth and A. Trzeciak, Helv. Chim. Acta, 70 (1987) 175-186; K.L. Yu and B, Fraser-Reid,
Tetrahedron Lett., 29 (1988) 979-982.
13 P.H.J. Carlsen, T. Katsuki, V.S. Martin, and K.B. Sharpless, J. Org. Chem., 46 (1981) 3936-3938.
14 A. Fernandez-Mayoralas, unpublished results.
15 I. Schneider, Y.C. Lee and H.M. Flowers, Carbohydr. Res., 36 (1974) 159-166.
16 M. Villalba, K.L. Kelly, and J.M. Mato, Biochim. Biophys. Acta, 968 (1988) 69-76.
17 C. Vasta, P. Bruni, F. Vanini, M. Farnararo, R. Clemente, J.M. Mato, and 1. Varela, submitted.



