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ABSTRACT

The reaction of 2,3,6,2',3’,4',6’-hepta-O-acetyl-a-lactosyl bromide (§) and 1,3-di-O-benzylglycerol in
the presence of mercury(Il) cyanide in benzene—nitromethane afforded 1,3-di-O-benzyi-2-0-(2,3,6,2',3' .4,
6'-hepta-0O-acetyl-f-lactosyl)glycerol (70%), which was converted into 2-0-g-lactosylglycerol. 1,2-Di-O-§-
lactosyl-(R,S)-glycerols were obtained by way of the coupling of & to either 1-O-benzyl-(R,S)-glycerol or
1-0-benzyl-2-0-(2,3,6,2,3' 4',6’-hepta-O-acetyl-f-lactosyl)-(R,S)-glycerols. The most efficient route to 1,2,
3-tri-O-B-lactosylglycerol (17) involved treatment of 2-0-(2,3,6,2,3’ 4',6'-hepta-O-acetyl-g-lactosyl)glycerol
with 3 mol. equiv. of § followed by removal of the blocking groups, to give 17 (47%).

INTRODUCTION

Glycosides having di-O-acylglycerol as the aglycon form one class of glycolipids'
and, as such, are widely distributed in Nature. In plants’? and some algae*?, the
principal glycoglycerolipids are O-g-p-galactopyranosyl-(1—1)-2',3'-di-O-acyl-(S)-
glycerols and O-f-p-galactopyranosyl-(1—6)-0-$-pD-galactopyranosyl-(1—1')-2',3'-di-
O-acyl-(S)-glycerols'*. All photosynthetic organisms contain O-(6-deoxy-6-sulfo-a-p-
glucopyranosyl)-(1—1')-2',3'-di-O-acyl-(S)-glycerols'. Digalactosyldiglycerides also
have been found’® in the human brain. Bacteria synthesize several glycosyldiglycerides®’,
including  O-o-D-galactopyranosyl-(1 —2)-0-a-D-glucopyranosyl-(1-1')-2',3'-di-O-
acylglycerols®®, O-a-D-mannopyranosyl-(1—1)-2’,3'-di-O-acylglycerols, and O-a-D-
mannopyranosyl-(1 —»3)-0-¢-D-mannopyranosyl-(1—1')-2',3’-di-O-acylglycerols’.
Glycosides of unesterified glycerol have been isolated from such diverse sources as
algae*'®™, cyanobacteria'®, wheat flour's, lilies'’, and human urine'®.

Despite the variety of di-'**'®? and oligo-saccharides® > present in naturally
occurring glycoglycerolipids, no lactosyldiglyceride or lactosylglycerol has been found,
although lactosylceramides® are well known and alditolyl glycosides of N-acetyl-
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lactosamine-type oligosaccharides have been prepared®. Alditolyl glycosides occur in
Nature?”, and a broad spectrum of such compounds has been obtained as products of
the Smith degradation® of polysaccharides, by reduction of the products of the partial
degradation of glycoproteins®, and by a variety of synthetic methods***?. However,
Ogawa et al®** have described the synthesis of 1-0-(2,3,6,2',3',4',6'-hepta-O-
acetyl-f-lactosyl)-2,3-di-O-tetradecyl-(R)-glycerol, the corresponding hepta-O-acetyl-
a-lactosyl stereoisomer™, and the 1-O-a- and -f-lactosyl-2,3-di-O-tetradecylglycerols™.
Hronowski et al.***® have reported the synthesis of 1-O-g-lactosyl-(R,S)-glycerols,
1,3-di-O-p-lactosylglycerol®, 1-O-a-lactosyl-(R,S)-glycerols, and 1-O-a-lactosyl-3-O-8-
lactosyl-(R,S)-glycerols®. These compounds are of considerable interest for the study of
the binding properties of the asialoglycoprotein receptor’”* of normal mammalian
hepatocytes, a receptor which recognizes® and binds*“* p-galactopyranose-terminated
glycoproteins and oligomers.

Apart from the work of Hronowski er al.***, there are few examples of glyco-
sylglycerols that have more than one hydroxyl group of the glycerol moiety involved ina
glycosidic linkage. Wang e al.*® obtained mass spectrometric evidence of the presence in
urine of fucosyl- and galactosyl-glucosylglycerols in which one monosaccharide unit
was attached to each of positions 1 and 2 of glycerol, but the unequivocal determination
of the structures of these compounds has not been reported. We now describe the
synthesis and characterization of 2-O-B-lactosylglycerol (10), 1,2-di-O-f-lactosyl-(R,S)-
glycerols (14), and 1,2,3-tri-O-g-lactosylglycerol (17), thereby affording a significant
extension of the range of lactosylated glycerols available for the elucidation of the
binding properties of galactose-specific receptors.

RESULTS AND DISCUSSION

The synthesis of 10, 14, and 17 required the preparation of 1,3-di-O-benzylglyce-
rol (1) and 1-O-benzyl-(R,S)-glycerol (2), which were obtained from 1,3-dichloro-2-
propanol (3) and 3-chloro-1,2-propanediol (4), respectively, by the method of Fair-
bourne et al.®’

1,3-Di-0-benzyl-2-0-(2,3,6,2',3' 4',6'-hepta-O-acetyl-f-lactosyl)glycerol (6, 70%
after chromatography) was synthesized by reaction of hepta-O-acetyl-a-lactosyl bro-
mide* (5) with 1 in the presence of mercury(II) cyanide® in benzene—nitromethane for
16 h at 40°. O-Debenzylation of 6, by catélytic transfer hydrogenation* over Pd-C in
methanol-formic acid, gave 2-0-(2,3,6,2',3',4',6'-hepta-O-acetyl-S-lactosyl)glycerol (7,
59%) and 1-O-benzyl-2-0-(2,3,6,2',3',4',6'-hepta-O-acetyl-g-lactosyl)-(R,S)-glycerols
(8, 17%); 8 consisted of a mixture of diastereomers. The yield of purified 8 could be
increased to at least 41 % by decreasing the time of reaction. The 'H-n.m.r. spectrum of 8
indicated that the diastereomers were present in a ratio of 2:1. Treatment of 7 with acetic
anhydride-pyridine gave 1,3-di-O-acetyl-2-0-(2,3,6,2,3',4',6'-hepta-O-acetyl-§-lacto-
sylglycerol (9). O-Deacetylation®® of 7 with methanolic sodium methoxide afforded
2-0-B-lactosylglycerol (10, 97%).

'H-N.m.r. spectroscopy is particularly convenient™ for determining the config-
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uration of the glycosidic bond between lactose and glycerol. The 'H resonances of 6, 7,
and 9 were assigned on the basis of 2D, F.t., proton chemical-shift-correlation spectro-
scopy (COSY)** experiments. The J, , values of the glucopyranosyl residues were in the
range 7.9-8.1 Hz, which indicated**”¢ them to have the f configuration. A comparison of
the chemical shifts of the resonances of the lactosyl protons of the two diastereomers,
which comprised 1-0-(2,3,6,2',3',4',6'-hepta-O-acetyl--lactosyl)-(R,S)-glycerols®,
with those of 9 (see Fig. 1), revealed differences of <0.02 p.p.m., except for H-1 of 9,
which resonated at 6 4.62, 0.11 p.p.m. downfield from that of the 1-O-isomer™.

The first approach to 1,2-di-O-f-lactosyl-(R,S)-glycerols (14) involved the reac-
tion of 2 with § in the presence of mercury(II) cyanide® in benzene—nitromethane, which
afforded 3-O-benzyl-1,2-bis-0-(2,3,6,2',3',4',6'-hepta-O-acetyl-f-lactosyl)-(R,S)-glyce-
rols (11, 34%) as a 1:1 mixture of the diastereomers. The second approach involved the
partial O-debenzylation of 6 to produce 8, which was coupled® with 5 to afford 11 (65%
from 8) as a 3:1 mixture of diastereomers. O-Debenzylation* of 11 (1:1 mixture of
diastereomers) gave 1,2-bis-0-(2,3,6,2',3',4',6'-hepta-O-acetyl-f-lactosyl)-(R,S)-glyce-
rols (12, 72%) as a 1:1 mixture of diastereomers. O-Debenzylation of 11 (3:1 mixture of
diastereomers), and partial resolution of the product by column chromatography,
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Fig. 1. 400-MHz 'H-COSY spectrum of 9 in CDCl,.

afforded 12 (48%) as a 7:1 mixture of the two diastereomers; in the solvent used (8:8:1
toluene—ethyl acetate-2-propanol), the R value of the major diastereomer was slightly
lower than that of the minor isomer. The reaction of 12 (1:1 mixture) with acetic
anhydride-pyridine gave 3-O-acetyl-1,2-bis-0-(2,3,6,2',3',4',6'-hepta-0O-acetyl-§-lacto-
syl)-(R,S)-glycerols (13, 94%). O-Deacetylation® of 12 or 13 then afforded 1,2-di-O-§-
lactosyl-(R,S)-glycerols (14) in quantitative yield.

The 'H resonances of 11-13 were assigned on the basis of COSY**’ experiments.
The '"H-COSY spectrum of 13 is given in Fig. 2. The chemical shifts of the H-1’
resonances of 11-13 were in the range J 4.48-4.52 and J,., values were in the range
7.8-8.2 Hz. The H-1 resonances of these compounds exhibited a wider range (6 4.44—
4.54) of chemical shifts, but the J| , values were of similar magnitude (7.8-8.1 Hz). The
H-1" resonances had chemical shifts in the range J 4.60-4.71, 0.1-0.3 p.p.m. downfield
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Fig. 2. 400-MHz 'H-COSY spectrum of 13 in CDCl,.
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from those of the H-1' resonances, and the J,.,. values were 7.8-8.1 Hz. These data
infer’>* that each of the lactosyl groups was f.

Three approaches to 1,2,3-tri-O-f-lactosylglycerol (17) are reported. The most
efficient synthesis involved treatment® of 7 with 3 mol. equiv. of 5 which afforded
1,2,3-tris-0-(2,3,6,2',3’,4’,6'-hepta-O-acetyl-f-lactosyl)glycerol (15, 48%). O-Deacety-
lation* of 15 gave 17 (97%). In contrast, the reaction® of 1,3-bis-0-(2,3,6,2',3’,4',6'-
hepta-O-acetyl-f-lactosyl)glycerol’* (16) with 1.7 mol. equiv. of 5 gave only 5% of 15,
and 52% of 16 was recovered. This finding indicates that the secondary hydroxyl group

6CH;OI\(: "
0\ 0 CHy

5.
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of 16 is so sterically hindered as to be almost unreactive under Helferich* glycosylation
conditions, whereas the primary hydroxyl groups of 7 are reactive. The third route
involved the reaction®® of 16 with 2 mol. equiv. of 5 in the presence of silver trifluoro-
methanesulfonate and 2,4,6-trimethylpyridine in dichloromethane. Only one product
was obtained, namely, 3,6,2’,3',4',6'-hexa-O-acetyl-a-lactose 1,2-[1,3-bis-0-(2,3,6,2",3',
4',6'-hepta-O-acetyl-f-lactosyl)glycer-2-yl orthoacetate] (18, 29%).

1,2-Orthoesters have been obtained as side-products during Helferich-type®
glycosylation reactions. Normally, these ortho esters are separable easily from the
desired glycosides, and these and other side-products will be discussed elsewhere.

The assignment of the 'H resonances of 15 was deduced from the COSY spectrum
(Fig. 3). The two H-1 atoms resonated at § 4.39 and 4 4.53, whereas H-1” resonated at &
4.67. The J,, and J,.,. values were in the range 7.8-8.1 Hz, indicative™* of § config-
urations.

The 'H resonances of 18 were assigned on the basis of the COSY spectrum and by
comparison with the data for 16 and 3,6,2',3',4',6-hexa-O-acetyl-a-lactose 1,2-(ethyl
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Fig. 3. 400-MHz 'H-COSY spectrum of 15 in CDCl,.
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Fig. 4. 400-MHz 'H-COSY spectrum of 18 in CDCl,.

orthoacetate)”. The observation of a broad range of J values made it necessary to
perform two COSY experiments (Figs. 4 and 5) to enable both the strong and the weak
couplings to be measured (see ref. 50). The protons of the orthoacetate group gave a
sharp singlet at § 1.70. In addition, the lack of broadening or splitting of the individual
peaks in the multiplets suggested that only one of the two possible diastereomeric ortho
esters (see ref. 51) had been obtained.

Thus, the target compounds, 10, 14, and 17, have been synthesized by reaction
sequences in which the key intermediates have been characterized fully. The lactosylgly-
cerols are useful in the assessment of the binding properties of galactose-terminated
glyceryl glycosides to the asialoglycoprotein receptor of normal rabbit and human
hepatocytes.
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Fig. 5. 400-MHz 'H-COSY spectrum of 18 in CDCI, with the spectrometer optimized for the visualization
of the long-range couplings.

EXPERIMENTAL

General methods. — Optical rotations were measured with a Perkin-Elmer model
241 automatic polarimeter (0.1-dm cell). '"H-N.m.r. spectra (internal Me,Si) were
recorded with a Bruker AM-400 (400 MHz) spectrometer; singly and multiply primed
numbers are assigned as shown in the formulae. T.l.c. was performed on Silica Gel
60F ., (Merck), using toluene—ethyl acetate 4, 3:2; B, 2:3; C, 1:2;and D, 1:3; and E, 8:8:1
toluene—ethyl acetate—2-propanol; and detection with cerium(IV) sulfate (1%) and
molybdic acid (1.5%) in aqueous 10% sulfuric acid at 150°. Column chromatography
was performed on Silica Gel 60 (Merck, 7734, 70-230 mesh). Evaporations were
performed under reduced pressure at <40°.

1,3-Di-O-benzyiglycerol (1). — A stirred mixture of benzyl alcohol (26.3 g, 243
mmol), 1,3-dichloro-2-propanol (3; 10 g, 77.5 mmol), and potassium hydroxide (15 g,
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267 mmol) was heated at 130-140° for 1 h, then cooled to room temperature and
partitioned between dichloromethane (75 mL) and water (50 mL). The organic layer
was extracted with water (2 x 50 mL), dried (CaCl,), and concentrated, and 1 was
fractionally distilled®’. "H-N.m.r. data (CDCI,): 6 2.6 (bs, 1 H, OH), 3.52 (dd, 2 H, J,,,,
9.6,°J6.2Hz,H-1,3),3.56(dd, 2 H, J,,,, 9.6, 4.4 Hz, H-1,3),4.02 (m, 1 H, H-2),4.54 (s,
4 H, 2 CH,Ph), 7.2-7.4 (m, 10 H, 2 Ph); the OH proton was exchangeable with D,O.
1-O-Benzyl-(R,S)-glycerol (2). — Compound 2 was prepared from 4 as de-
scribed®, except that potassium hydroxide was used instead of sodium hydroxide.
'H-N.m.r. data (CDCl,): §3.49 (dd, 1 H, J ., 9.6,°J 6.0 Hz, H-1), 3.52(dd, 1 H, J;, 9.6,
*J4.2Hz,H-1),3.57(dd, 1 H, J,,, 11.4,°J5.9Hz,H-3),3.65(dd, 1 H, J,,,, 11.4,°7 3.7 Hz,
H-3), 3.86 (m, 1 H, H-2), 4.53 (s, 2 H, CH,Ph), 7.2-7.4 (m, 5 H, Ph).
1,3-Di-O-benzyl-2-0-(2,3,6,2',3' 4 ,6'-hepta-O-acetyl-B-lactosyl )glycerol (6). —
A mixture of 5 (4.48 g, 6.40 mmol), 1(1.47 g, 5.40 mmol), and mercury(1I) cyanide (1.92
g, 7.60 mmol) in benzene—nitromethane (1:1, 30 mL) was stirred at 40° for 16 h, then
diluted with toluene (60 mL), washed sequentially with saturated aqueous sodium
hydrogencarbonate (2 x 35 mL) and water (35 mL), dried (CaCl,), and concentrated.
Column chromatography (solvent A) of the residue gave 6 (3.39 g, 70%), isolated as a
colorless, glassy solid, R 0.40, [¢]2* —6.6° (¢ 1.75, chloroform). '"H-N.m.r. data (CDCl,):
61.92(s,3H,0Ac), 1.96(s,3H, 0Ac),2.031(s,3H,0Ac),2.033(s, 3H, OAc), 2.05(s, 3
H, OAc),2.06(s, 3 H, QAc),2.15(s, 3 H, OAc), 3.51-3.56 (m, 3 H, H-5,1",3"), 3.63 (dd, 1
H,J,,10.7,°J7.7Hz, H-1"),3.64 (dd, 1 H, J ., 10.5,°J 6.2 Hz, H-3"),3.78 (t, 1 H,J 9.4
Hz, H-4), 3.86 (bt, 1 H, J 6.8 Hz, H-5), 4.01 (m, 1 H, H-2"), 4.04-4.15 (m, 3 H,
H-6,6,6),4.45(dd, 1 H, J,,,, 12.0,°J 2.2 Hz, H-6),4.47(d, 1 H, J,., 8.0 Hz, H-1"),4.50 (s,
2H, CH,Ph),4.51(s,2H, CH,Ph),4.76 (d, 1 H, J, ,8.1 Hz, H-1),4.90 (dd, 1 H, J,,9.2,
J,,8.1Hz,H-2),495(dd, 1 H, J,, 104, J, , 3.3 Hz, H-3'),5.10(dd, | H, J,,; 10.4, J, ;.
8.0Hz, H-2),5.18(t, 1 H,°J9.2 Hz,H-3),5.34(bd, 1 H, J,. ;, 3.3 Hz, H-4), 7.2-7.4(m, 10
H, 2 Ph).
Anal. Calc. for C;H,,0,,: C, 57.97; H, 6.11. Found: C, 58.00; H, 6.06.
2-0-(2,3,6,2 .3 4',6'-Hepta-O-acetyl-f-lactosyl ) glycerol (T) and 1-O-benzyl-2-O-
(2,3,6,2,3 4 ,6-hepta-O-acetyl-B-lactosyl ) -(R,S)-glycerols (8). — A suspension of 10%
Pd-C (2.3 g) in methanol (12 mL) was added to a solution of 6 (3.77 g, 4.22 mmol) in
methanol (80 mL) containing 10% of formic acid*. The mixture was stirred at room
temperature for 18 h, the solids were collected and washed with methanol (50 mL), and
the combined filtrate and washings were concentrated. Column chromatography (sol-
vent E) of the residue gave components with R 0.46 and 0.14. The latter component, 7
(1.77 g, 59%), was obtained as a colorless, glassy solid, [x]** —0.8° (¢ 2.95, chloroform).
'H-N.m.r. data (CDCl,): 6 1.95 (m, 1 H, OH), 1.97 (s, 3 H, OAc), 2.059 (s, 6 H, 2 OAc),
2.064 (s, 3H, OAc), 2.070 (s, 3H, OAc), 2.13(s,3 H, OAc), 2.16 (s, 3 H, OAc), 2.89 (m,
H, OH), 3.56-3.78 (m, 7H, H-4,5,1",1",2",3",3"), 3.89 (m, 1 H, H-5),4.05(dd, 1 H, /.,
11.7,J,56.1 Hz, H-6),4.08 (dd, 1 H, /., 11.0, J; ; 7.2 Hz, H-6"),4.14 (dd, l H, J,, 1 1.0,
Jgs 6.3 Hz, H-6'),4.51 (d, 1 H, J,., 8.0 Hz, H-1'), 4.59 (dd, | H, J,., 11.7, J,5 2.2 Hz,
H-6),4.63(d, 1H,J,,7.9Hz, H-1),4.94(dd, 1 H, J,,9.4,/,, 7.9 Hz, H-2),4.98 (dd, 1 H,
Jy 10.3,J,,3.3Hz, H-3),5.12(dd, 1 H, J,,, 10.3, J,,,. 8.0 Hz, H-2"), 5.24 (dd, 1 H, J,,
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9.4, J;,8.9 Hz, H-3), 5.36 (bd, 1 H, J, ; 3.3 Hz, H-4); the protons giving the m at 1.95
and 2.89 p.p.m. were exchangeable with D,O.

Anal. Calc. for C,iH,,0,,: C, 49.01; H, 5.96. Found: C, 48.41; H, 5.81.

The component, 8 (0.57 g, 17% crude yield), with Ry 0.46 was obtained as a
colorless, glassy solid and was shown by 'H-n.m.r. spectroscopy to be contaminated.

1,3-Di-O-acetyl-2-0-(2,3,6,2',3' 4 ,6'-hepta-O-acetyl-f-lactosyl)glycerol (9). —
Compound 7 (0.180 g, 0.253 mmol) was treated conventionally with acetic anhydride (5
mL) in pyridine (15 mL) at room temperature for 3 days. Column chromatography
(solvent B) of the product gave amorphous 9 (0.167 g, 83%), [a]2' —8.7° (c 2.4,
chloroform), R 0.36. '"H-N.m.r. data (CDCL): 6 1.97 (s, 3 H, OAc), 2.03 (s, 3 H, OAc),
2.047 (s, 3 H, OAc), 2.051 (s, 3 H, OAc), 2.059 (s, 3 H, OAc), 2.067 (s, 3 H, OAc), 2.08 (s,
3 H, OAc), 2.13 (s, 3H, OAc), 2.16 (s, 3 H, OAc), 3.62 (ddd, 1 H, J,, 9.5, J;, 5.4, J;4 1.9
Hz, H-5),3.78 (t, 1 H,379.3 Hz, H-4), 3.88 (bt, 1 H, °J 6.8 Hz, H-5), 4.00-4.21 (m, 8 H,
H-6,6',6',1",17,2",3",3"),4.49 (m, | H, H-6),4.49(d, 1H, J,,, 8.0 Hz, H-1),4.62(d, 1 H,
J,,8.1Hz, H-1),4.90 (dd, 1 H, J,,9.2, J,, 8.1 Hz, H-2),4.96 (dd, 1 H, J, , 10.4, 7, . 3.4
Hz, H-3'), 5.11(dd, 1 H, J,, 10.4, J,.,. 8.0 Hz, H-2"), 5.19 (t, 1 H, °J 9.3 Hz, H-3), 5.35
(bd, 1 H, J,, 3.4 Hz, H-4).

Anal. Calc. for C,,H,0,,: C, 49.88; H, 5.83. Found: C, 49.90; H, 5.83.

2-O-p-Lactosylglycerol (10). — To a solution of 7 (0.244 g, 0.343 mmol) in
methanol (15 mL) was added methanolic 0.1M sodium methoxide (10 mL). The solution
was stirred at room temperature for 6 h, then treated with Amberlite IR-120 (H*) resin
(5 mL) for 20 min, the resin was collected and washed with methanol-water (1:1, 20
mL), the combined filtrate and washings were concentrated, and the residue was dried
under vacuum to give 10 (0.139 g, 97%) as a hygroscopic, colorless, glassy solid, [a]?*
+43°(c0.55, water). "H-N.m.r. data [(CD,),SO]: § 3.01-3.78 (m, 17 H, CHO and CH,0),
420(d, 1 H,3J7.3Hz, H-1"),4.35(d, 1 H,*J 7.9 Hz, H-1),4.40-4.45 (m, 2 H, 2 OH), 4.51
(d,1 H,J4.6 Hz, OH),4.55(t, 1 H, 75.9 Hz, OH), 4.66 (t, 1 H, J 5.0 Hz, OH), 4.69 (bs, 1
H, OH), 4.78 (d, 1 H, J 5.3 Hz, OH), 5.09 (d, 1 H, J4.3 Hz, OH), 5.18 (d, 1 H, /3.9 Hz,
OH); the protons responsible for the m’s at 4.40-5.18 p.p.m. were exchangeable with
D,0.

Anal. Calc. for C;H,,0,;;H,0: C, 41.47; H, 6.96. Found: C, 41.69; H, 6.81.

3-O-Benzyl-1,2-bis-0-(2,3,6,2' 3’ 4 ,6'-hepta-O-acetyl-p-lactosyl)-(R,S)-glyce-
rols (11). — (a) A mixture of 5 (4.46 g, 6.37 mmol), 2 (0.511 g, 2.80 mmol), and
mercury(II) cyanide (2.00 g, 7.92 mmol) in benzene—nitromethane (1:1, 25 mL) was
stirred at 40° for 18 h, then diluted with toluene (50 mL), and washed sequentially with
saturated aqueous sodium hydrogencarbonate (2 x 30 mL) and water (30 mL), dried
(CaCl,), and concentrated. Column chromatography (solvent B) of the residue gave 11
(1.34 g, 34%) as a colorless, glassy solid, R. 0.29, [a]?* —11° (¢ 2.25, chloroform).
'H-N.m.r. data (CDCl,): 6 1.945 (s, 3 H, OAc), 1.959 (s, 3 H, OAc), 1.968 (s, 12 H, 4
OAc), 2.035(s,9H, 3 OAc), 2.045-2.053 (m, 18 H, 6 OAc), 2.060 (s, 12 H, 4 OAc), 2.083
(s, 3H, OAc), 2.090 (s, 3 H, OAc), 2.105 (s, 6 H,2 OAc), 2.132 (s, 3 H, OAc), 2.152 (s, 6
H, 2 0OAc), 2.155(s, 6 H,2 OAc), 3.42(dd, 1 H, J, 10.1, J;.. ,. 6.4 Hz, H-3"),3.49 (dd, 1
H, J. 10.6, 6.7J,.. ,.. H-3"), 3.54-3.70 (m, 8 H, H-5,5,5",5",1",1",3"",3""), 3.783 (t,  H,
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’J9.9Hz,H-4 or H-4"),3.792(t, 1 H,%J9.1 Hz, H-4 or H-4"),3.809 (t, 1 H, /9.6 Hz, H-4
or H-4"),3.814 (t, 1 H, *J 9.3 Hz, H-4 or H-4"), 3.85-4.17 [m, 20 H, H-6(2),5'(4),6'(8),6"
(2),17(2),2"(2)}),4.44(d, 1 H, J, , 8.0 Hz, H-1), 4.46-4.56 [m, 12 H, H-6(2),1'(4),6"(2) and
2CH,Ph)],4.54(d, 1 H, J,, 79 Hz, H-1),4.69(d, 1 H, J,.,. 8.1 Hz, H-1"),4.71 (d, 1 H,
Jy.2-8.1Hz, H-1"),4.835(dd, 1H, /,,9.4,J,, 7.9 Hz, H-2), 4.859(dd, 1 H, /,. ;. 9.6, J,. .
8.1 Hz, H-2"),4.863 (dd, 1 H, J;.;.9.6, J,.,. 8.1 Hz, H-2"),4.872(dd, 1 H, J,,9.5, J,, 8.0
Hz, H-2),4.955(dd, 2 H, J;, 10.3, J, , 3.7Hz, H-3',3), 4964 (dd, 2 H, J,,, 10.3, J; . 3.6
Hz, H-3,3),5.110(dd, 2 H, J, , 10.3, J, ,, 8.0 Hz, H-2',2'), 5.112 (dd, 2 H, J,.5, 10.3, J, ,.
7.9Hz,H-2,2),5.184(t, 1 H,°79.4 Hz, H-3 or H-3"), 5.193(t,2H, 9.4 Hz, H-3 and/or
H-3"),5.217(t, 1 H, °J 9.4 Hz, H-3), 5.35 [m, 4 H, H-4' (4)], 7.2-7.4 (10 H, m, 2 Ph). The
'H-n.m.r. spectrum showed that two diastereomers were present in approximately equal
amounts.

Anal. Calc. for C,,H,,0,;: C, 52.47; H, 5.82. Found: C, 52.48, H, 6.00.

(b) O-Debenzylation* of 6 (3.15 g, 3.53 mmol), as described above for 7 and 8, for
4 h, followed by column chromatography (solvent E) of the products, gave 8 (1.15 g,
41%) as a colorless, glassy solid. 'H-N.m.r. spectroscopy indicated that 8 was a 2:1
mixture of diastereomers.

A mixture of 5(0.82 g, 1.2 mmol), 8 (0.78 g, 0.97 mmol), and mercury(II) cyanide
(0.33 g, 1.3 mmol) in benzene-nitromethane (1:1, 25 mL) was stirred at 40° for 15 h, then
diluted with toluene (25 mL), washed with saturated aqueous sodium hydrogencarbo-
nate (2 x 25 mL) and water (25 mL), dried (CaCl,), and concentrated. Column
chromatography (solvent C) of the residue gave 11 (0.90 g, 65%), which 'H-n.m.r.
spectroscopy indicated to be a 3:1 mixture of two diastereomers. In the major diastere-
omer, H-1" resonated at § 4.71 (in CDCl,), and H-1" of the minor isomer at & 4.69.

1,2-Bis-0-(2,3,6,2' 3 4',6'-hepta-O-acetyl-f-lactosyl)-(R,S)-glycerols (12). —
(a) From the 1:1 mixture of the two diastereomers of 11. Compound 11 (1.20 g, 0.85
mmol) was O-debenzylated as described for the preparation of 7and 8 . After 4.5 h, the
solids were collected and washed with methanol (40 mL), and the combined filtrate and
washings were concentrated. Column chromatography (solvent E) of the residue gave
12 (0.804 g, 72%), isolated as a colorless, glassy solid, R 0.37, [a]* —6° (c 2.1,
chloroform). 'H-N.m.r. data (CDCl,): J 1.97 (s, 12 H, 4 OAc), 2.05-2.07 (m, 45 H, 15
0Ac), 2.076 (s, 3H, OAc), 2.12 (s, 3 H, OAc), 2.13 (s, 3H, OAc), 2.14 (s, 3 H, OAc), 2.16
(s, 15 H, 5 OAc), 3.44-3.95 [m, 22 H, H-4(2),5(2),5'(4),4"(2),5"(2),17(4),2"'(2),3"'(4)},
4.01-4.19[m, 12 H, H-6(2),6'(8),6"(2)), 4.45(d, 1 H, J;,8.1 Hz, H-1),4.46-4.61 (m, 4 H,
H-6,6,6",6"),4.505(d, 1H, J,,8.1 Hz, H-1),4.512(d, 2 H, J,., 8.2 Hz, H-1",1"),4.518 (d,
2H,J,»8.0Hz H-1'1),4.61(d, | H, J,.,.8.0Hz, H-1"),4.65(d, 1 H, J,.,. 7.8 Hz, H-1"),
4.852(dd, 1 H, J,,9.4, J,, 8.1 Hz, H-2), 4.857 (dd, 1 H, *J 9.9, °J 7.8 Hz, H-2 or H-2"),
4.863(dd, 1H, J,,.9.3,/,.,.8.2Hz, H-2"),4.884 (dd, 1 H,*79.3,°7 8.4 Hz, H-2 or H-2"),
4.964 (dd, 2 H, J,, 10.3, J,, 3.2 Hz, H-3',3"), 4972 (dd, 2 H, J,, 104, J,, 3.1 Hz,
H-3',3),5.12[m, 4 H, H-2'(4)], 5.183(t, 1 H, /9.3 Hz, H-3 or H-3"), 5.205(t, 1 H,379.0
Hz, H-3 or H-3"), 5.216 (t, 1 H, *J9.4 Hz, H-3 or H-3"), 5.225(t, 1 H,°79.2 Hz, H-3 or
H-3"), 5.35 [m, 4 H, H-4'(4)].'"H-N.m.r. spectroscopy revealed that 12 was a 1:1 mixture
. of diastereomers.
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Anal. Calc. for C;H,O,,: C, 49.70; H, 5.76. Found: C, 49.78; H, 6.06.

(b) From the 3:1 mixture of the two diastereomers of 11. O-Debenzylation of 11
(0.80 g, 0.56 mmol) was performed for 2 h as described for the preparation of 7 and 8.
Column chromatography (solvent E) of the products gave 12(0.36 g, 48%) isolated as a
colorless, glassy solid, R 0.33, [«]* —7° (¢ 1, chloroform). '"H-N.m.r. data (CDCl,):
major diastereomer, d 1.97 (s, 6 H, 2 OAc), 2.05-2.06 (m, 24 H, 8 OAc), 2.13 (s, 3 H,
OAc), 2.14 (s, 3 H, OAc), 2.16 (s, 6 H, 2 OAc), 3.55-3.69 (m, S H, H-5,5" and 3 glyceryl
H’s), 3.805 (t, 1 H, °J 9.5 Hz, H-4 or H-4"), 3.816 (t, 1 H, J 9.5 Hz, H-4 or H-4"),
3.76-3.84 (m, 1 H, glyceryl H), 3.89 (m, 2 H, H-5,5'), 3.88-3.95 (m, 1 H, glyceryl H),
4.05-4.18[m, 6 H, H-6,6'(4),6"],4.508 (d, 1 H, J, , 7.8 Hz, H-1),4.514(d, 1 H, J,., 7.8 Hz,
H-1'),4.521(d, 1 H, J,., 7.8 Hz, H-1'), 4.583 (dd, 1 H, J,,, 12.0, °J 2.0 Hz, H-6 or H-6"),
4.595(dd, 1 H, J,, 11.9,°J 2.0 Hz, H-6 or H-6"), 4.66 (d, 1 H, J\-»-8.1 Hz, H-1"), 4.853
(dd,1H,J,,9.6,J,,7.8Hz,H-2),4.865(dd, 1 H, J,.;.9.6,J,. . 8.1 Hz, H-2"),4.966 (dd, 1
H, Jy, 10.3,J5 ,3.3Hz,H-3'),4.974(dd, 1 H, J,, 10.3, J; , 3.1 Hz, H-3'),5.12(dd, 2 H,
Jy310.3,J,, 7.8 Hz, H-2',2), 5.205 (t, 1 H,?J 9.3 Hz, H-3 or H-3"), 5.217(t, 1 H, /9.4
Hz, H-3 or H-3"),5.35(bd, 2 H,°J 3.3 Hz, H-4',4"). '"H-N.m.r. spectroscopy revealed that
12 was a 7:1 mixture of diastereomers.

Anal. Calc. for C;H,,0,;: C, 49.70; H, 5.76. Found: C, 49.57; H, 5.62.

3-O-Acetyl-1,2-bis-0-(2,3,6,2' .34’ ,6'-hepta-O-acetyl-p-lactosyl)-(R,S)-glycerols
(13). — Compounds 12 (1:1 mixture of diastereomers) (0.743 g, 0.56 mmol) were treated
conventionally with acetic anhydride (5 mL) in pyridine (15 mL) at room temperature
for 22 h. Column chromatography (solvent C) of the product gave 13 (0.725 g, 94%),
isolated as a colorless, glassy solid, [¢]2* —12° (¢ 2.25, chloroform); R, 0.28.'"H-N.m.r.
data (CDCl,): 6 1.97 (s, 12 H, 4 OAc), 2.04-2.06 (m, 51 H, 17 OAc), 2.10 (s, 3 H, OAc),
2.121(s,3H, OAC), 2.127(s,3H, OAc), 2.137 (s, 3H, OAc), 2.139 (s, 3 H, OAc), 2.154 (s,
12 H, 4 OAc), 3.54 (dd, | H, J, 11.1, J,.,. 7.1 Hz, H-1"), 3.56-3.66 (m, 5 H,
H-5,5,5",5",1""),3.78 (t, | H,*J9.5 Hz, H-4 or H-4"),3.81 (t,3H,°J9.6 Hz, 1 or 2 x H-4
and 1 or2 x H-4"),3.81-3.95[m, 6 H, H-5'(4),1"'(2)], 4.01-4.21 (m, 18 H, H-6(2),6'(8),
6"(2),2"(2),3"(4)],445(d, 1 H, J,, 8.0 Hz, H-1), 4.47-4.53 (m, 2 H, H-6,6", or H-6,6, or
H-6",6"),4.501 (d,2 H, J,, 7.9 Hz, H-1,1'), 4.511 (d, 1 H, J, , 7.9 Hz, H-1"),4.513 (4, 1
H.J, ,79Hz H-1'),4.53(d, 1 H, J,,8.0Hz, H-1),4.55(dd, 1 H, J,,, 12.3,°J2.1 Hz, H-6
orH-6"),4.57(dd, 1 H, J,,, 11.7,°J 1.8 Hz, H-6 or H-6"),4.60 (d, 1 H, J,..,. 7.9 Hz, H-1"),
4.64(d, 1 H,J,.,. 7.9 Hz, H-1"), 4.841 (dd, 1 H, J,.,.9.6, J,. .. 7.9 Hz, H-2"), 4.846 (dd, 1
H, J,,9.6,J,,8.0 Hz, H-2),4.867 (dd, 1 H, J,.,. 9.5, J,.,. 7.9 Hz, H-2"), 4.870 (dd, 1 H,
J,39.5,J,,8.0Hz, H-2),4.955(dd, 1 H, J;, 10.3, J; , 3.9 Hz, H-3'),4.958 (dd, 1 H, J,,,
10.3, J; 4 3.2 Hz, H-3'), 4.966 (dd, 1 H, J; ;. 10.4, J; , 3.1 Hz, H-3"), 4.969 (dd, 1 H, J; ,
10.3,J, , 4.1 Hz, H-3), 5.109(dd, 2H, J, 5 10.3,J, ., 79 Hz, H-2',2"), 5.112(dd, 2 H, J,
10.3, J, . 7.9 Hz, H-2,2'), 5.180 (t, 1 H, *J 9.4 Hz, H-3 or H-3"), 5.191 (t, 2 H, °J 9.6 Hz,
H-3",3", or H-3,3"), 5.215 (t, 1 H, *J 9.6 Hz, H-3), 5.35 [m, 4 H, H-4'(4)]. '"H-N.m.r.
spectroscopy revealed that 13 was a 1:1 mixture of diastereomers.

1,2-Di-O-B-lactosyl-(R,S)-glycerols (14). — (a) From the 1:1 mixture of the two
diastereomers of 13. Compound 13 (0.638 g, 0.465 mmol) was O-deacetylated, as
described for the preparation of 10, to give 14 (0.332 g, 99%) as a colorless, glassy solid,
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[@]?* +5° (¢ 2, water). '"H-N.m.r. [(CD,),SOJ: J 2.98-3.91 (m, 58 H, CHO and CH,0),
4.19-4.21 (m,4H,4 H-1, H-1', or H-1"),4.23(d, 1 H,J8.0 Hz, H-1, H-1", or H-1"), 4.31
(d,1H,J8.0Hz, H-1,H-1",or H-1"),4.39 (d, 1 H, /8.0 Hz, H-1, H-1’, or H-1"),4.47(d, 1
H,J7.7Hz, H-1,H-1’, or H-1"), 4.444.59 (m, 10 H, 10 OH), 4.64-4.69 (m, 8 H, 8 OH),
4.76-4.79 (m,4 H, 4 OH), 5.07-5.10(m, 6 H, 6 OH), 5.12(d, l H,J5.0 Hz, OH), 5.16 (d,
1 H, J 4.3 Hz, OH). All of the OH protons were exchangeable with D,0. 'H-N.m.r.
spectroscopy showed 14 to be a 1:1 mixture of diastereomers.

Anal. Calc. for C,;H,;0,,-2H,0: C, 41.75; H, 6.75. Found: C, 42.08; H, 6.85.

(b) From the 7:1 mixture of the two diastereomers of 12. Compound 12 (0.265 g,
0.2 mmol) was O-deacetylated, as described for the preparation of 10, to give 14 (0.146 g,
99%), as a colorless solid, [x]2* +4° (c 2, water). "H-N.m.r. spectroscopy showed 14 to be
a 7:1 mixture of diastereomers; for the major isomer, H-1, H-1, and H-1" resonated at ¢
4.20 (2 H), 4.23, and 4.39, respectively.

Anal. Calc. for C,,;H;0,,-2H,0: C, 41.75; H, 6.75. Found: C, 42.23; H, 6.85.

1,2,3-Tris-0-(2,3,6,2',3 4' 6 -hepta-O-acetyl-f-lactosyl ) glycerol (15). — (a) A
mixture of 5(2.7 g, 3.9 mmol), 7(0.91 g, 1.3 mmol), and mercury(II) cyanide (1.04 g, 4.12
mmol) in benzene-nitromethane (1:1, 27 mL) was stirred at 40° for 10 h, then at room
temperature overnight, diluted with toluene (60 mL), washed with saturated aqueous
sodium hydrogencarbonate (2 x 30 mL) and water (30 mL), dried (CaCl,), and
concentrated. Column chromatography (solvent C) of the residue gave 15(1.19 g, 48%)
as a colorless, glassy solid, Ry 0.29, Ry 0.31 (solvent D), [x]2 — 10° (¢ 2.85, chloroform).
'"H-N.m.r. data (CDCl,): 6 1.97 (s, 9 H, 3 OAc), 2.04-2.06 (m, 33 H, 11 OAc), 2.11 (s, 3
H, OAc), 2.12 (s, 3 H, OAc), 2.14 (s, 3 H, OAc), 2.150 (s, 3 H, OAc), 2.154 (s, 9 H, 3
OAc), 3.54.2 (m, 5 H, glyceryl H), 3.53-3.66 (m, 3 H, H-5,5,5"), 3.76-3.93 [m, 6 H,
H-4(2),5(3),4"], 4.06-4.17 [m, 9 H, H-6(2),6'(6),6"], 4.39 (d, 1 H, J,, 8.1 Hz, H-1),
4.50-4.60 (m, 3 H, H-6,6,6"),4.50 (d, 1 H, J,., 7.9 Hz, H-1'),4.51 (d, 1 H, J,, 7.4 Hz,
H-1),4.53(d, 1H,J,,8.0Hz, H-1),4.54(d, 1 H, J,., 7.8 Hz, H-1'),4.67(d, 1 H, J..,» 7.8
Hz, H-1"),4.82(dd, 2 H,?J9.8,%J 7.9 Hz, H-2,2"), 4.85(dd, 1 H,’J9.7,°J 8.1 Hz, H-2),
496 (dd, 1 H,*710.3,372.9 Hz, H-3),4.97 (dd, 2 H, *J 10.4,°J 3.2 Hz, H-3',3"), 5.11 (dd,
2H,%710.6,°J7.9Hz, H-2',2), 5.12(dd, 1 H,%710.3,°7 7.9 Hz, H-2"), 5.18 (t, 1 H,’J 9.4
Hz, H-3 or H-3"), 5.21 (t, 1 H, °J 9.4 Hz, H-3 or H-3"), 5.22 (t, 1 H,*J 9.5 Hz, H-3 or
H-3"), 5.35 (m, 3 H, H-4' 4',4).

Anal. Calc. for Cy H,,,0: C, 49.95; H, 5.69. Found: C, 49.77; H, 6.01.

(b) A mixture of 5 (0.49 g, 0.70 mmol), 16 (ref. 35) (0.54 g, 0.41 mmol), and
mercury(I) cyanide (0.23 g, 0.89 mmol) in benzene—nitromethane (1:1, 20 mL) was
stirred at 40° for 15.5 h, then diluted with toluene (25 mL), washed with saturated
aqueous sodium hydrogencarbonate (2 x 25mL) and water (25 mL), dried(CaCl,), and
concentrated. Column chromatography (solvent D) of the residue gave 15(0.043 g, 5%)
and 16 (0.28 g, 52%).

1,2,3-Tri-O-f-lactosylglycerol (17). — Compound 15 (0.439 g, 0.225 mmol) was
O-deacetylated, as described for the preparation of 10, to give 17 (0.234 g, 97%) as a
colorless, glassy solid, [a]?* + 3° (c 1.8, water). 'H-N.m.r. data [(CD,),SOJ: J 2.96-3.66
(m, 35 H, CHO and CH,0), 3.73-3.78 (m, 3 H, CHO and/or CH,0), 3.88-3.97 (m, 3 H,
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CHO and/or CH,0), 4.18-4.23 (m, 3 H, H-1, H-1", or H-1"),4.27(d, 1 H, 7 7.9 Hz, H-1,
H-1’, or H-1"),4.35(d, 1 H, 7 7.8 Hz, H-1, H-1’, or H-1"),4.50 (d, 1 H, J 7.5 Hz, H-1,
H-1',or H-1"),4.47-4.57 (m,6 H, 6 OH), 4.63-4.68 (m, 6 H, 6 OH), 4.754.77(m,3H, 3
OH), 5.06-5.11 (m, SH, 5 OH), 5.13(d, 1 H, J 5.0 Hz, OH). All of the OH protons were
exchangeable with D,0.

Anal. Calc. for C,,H0,,:3H,0: C, 41.86; H, 6.67. Found: C, 42.05; H, 6.76.

3,6,2",3' 4 ,6'-Hexa-O-acetyl-a-lactose 1,2-[1,3-bis-0-(2,3,6,2,3' 4 ,6'-hepta-O-
acetyl-B-lactosyl)glycer-2-yl orthoacetate] (18). — To a solution of 16 (0.711 g, 0.535
mmol) in dichloromethane (20 mL) was added 2,4,6-trimethylpyridine (0.137 g, 1.13
mmol) and silver trifluoromethanesulfonate (0.298 g, 1.16 mmol). The mixture was
cooled to —40° and a solution of 5 (0.782 g, 1.12 mmol)in dichloromethane (10 mL) was
added. After 30 min, the miixture was stirred at room temperature overnight, then
diluted with dichloromethane (60 mL), washed with saturated aqueous sodium hydro-
gencarbonate (30 mL) and water (30 mL), dried (CaCl,), and concentrated. Column
chromatography (solvent C) of the residue gave compounds having R; 0.14 and 0.22,
corresponding to 16 and 18, respectively. Compound 18 (0.303 g, 29%) was obtained as
a colorless, glassy solid, [a]2* —7.7° (¢ 2.4, chloroform). "H-N.m.r. data (CDCL,): § 1.70

O
|

(s, 3H, CH3CIZ—O), 1.97 (s, 6 H, 2 OAc), 1.98 (s, 3 H, OAc), 2.03-2.06 (m, 30 H, 10 OAC),
O

2.11(s,3H, 0Ac), 2.135-2.152 (m, 15 H, 5 OAc), 2.18 (s, 3 H, OAc), 3.50-3.97 [m, 14 H,
H-4(2),5(2),5(2),4",5",5",1""(2),2"" ,3""(2)}, 4.05-4.17 [m, 9 H, H-6(2),6'4),6".6"(2)],
424 (dd, 1H, J,, 11.8, J,.;. 1.6 Hz, H-6"), 437 (dd, 1 H, J,. . 5.1, J,. . 1.8 Hz, H-2"),
4.447(d, 1 H,J 7.9 Hz, H-1), 4.454 (d, 1 H, *J 8.1 Hz, H-1), 4.47-4.55 (m, 2 H, H-6,6),
450 (d, 1 H,*J 8.1 Hz, H-1), 4.53 (d, 1 H, °J 8.0 Hz, H-1'), 4.60 (d, 1 H, J,..,.. 8.1 Hz,
H-17),4.85(dd, 2 H, J,, 7.9, J,; 9.4 Hz, H-2,2), 4.966 (dd, 1 H, J;, 10.2, J, , 3.3 Hz,
H-3),4.975(dd, 1H, J, , 10.4,J;, 3.6 Hz, H-3), 5.016 (dd, 1 H, Jy.. . 10.4,J,.. .. 3.5 Hz,
H-3"), 5.107 (m, 1 H, H-2), 5.110 (dd, 1 H, J,,,, 10.4, J,, 8.1 Hz, H-2)), 5.15 (m, 1 H,
H-2"),5.173 (t, 1 H,?J9.4 Hz, H-3), 5.183 (t, 1 H,3J 9.4 Hz, H-3), 5.35 (bd, 2 H, J 3.3 Hz,
H-4'4'), 5.39 (bd, 1 H, J 3.2 Hz, H-4"), 5.49 (m, | H, H-3"), 5.60 (d, 1 H, J,.,, 5.1 Hz,
H-17).
Anal. Calc. for Cy H,,,O,,: C, 49.95; H, 5.69. Found: C, 50.33; H, 5.72.
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