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ABSTRACT

The reaction of 2,3,6,2',3".4',6'-hepta-O-acetyl-a-lactosyl bromide (4) and benzyl 3,4-di-O-benzyl-a-
D-mannopyranoside (3) in the presence of mercury(II) cyanide in benzene-nitromethane produced benzyl
3,4-di-O-benzyl-2,6-bis-0-(2,3,6,2',3',4',6'-hepta-O-acetyl-f-lactosyl)-a-p-mannopyranoside (5) and benzyl
3,4-di-O-benzyl-6-0-(2,3,6,2',3' 4 ,6'-hepta-O-acetyl-f-lactosyl)-a-D-mannopyranoside (6), as part of a
compiex mixture. Column chromatography, followed by acetylation of the fraction containing §and 6, gave
a sample of § and benzyl 2-O-acetyl-3,4-di-O-benzyl-6-0-(2,3,6,2',3' 4',6’-hepta-O-acetyl-f-lactosyl)-a-D-
mannopyranoside (7) in ~ 35% and 17% vyields (based on 4), respectively. Deprotection of § and 7 afforded
the target compounds, namely 2,6-di-O-f-lactosyl-a,f-D-mannopyranoses and 6-O-f-lactosyl-a,f-D-man-
nopyranoses, respectively. If the coupling of 4 with 3 were performed in the presence of silver trifluorometh-
anesulfonate and 2,4,6-trimethylpyridine, only a mixture of 3,6,2',3',4',6'-hexa-O-acetyl-a-lactose-1,2-{[3,6,
2',3',4',6'-hexa-0O-acetyl-a-lactose 1,2-(benzyl 3,4-di-O-benzyl-a-D-mannopyranosid-6-yl orthoacetyl)-2-yl]
orthoacetate} and 3,6,2',3',4’,6'-hexa-O-acetyl-a-lactose 1,2-(benzyl 3,4-di-O-benzyl-a-D-mannopyrano-
sid-6-yl orthoacetate) was obtained. The orthoacetates were characterized by n.m.r. spectroscopy. The two
target materials are useful in the assessment of the binding properties of galactose-terminated ligands to the
asialoglycoprotein receptor of normal rabbit and human hepatocytes.

INTRODUCTION

D-Mannose is a very common constituent of glycans which are conjugated to the
peptide chains of glycoproteins'>. This monosaccharide has been implicated as the site
of glycosidic linkages between the glycan and the peptide moieties in certain O-
glycoproteins', and as both a chain constituent* and a branch point"*'* in numerous
glycosylically N-linked oligo-mannosylicglycoproteins'>**!". These data suggested
that oligosaccharides having D-mannose as the terminal, reducing unit, and having
D-galactopyranose or lactose units as ligands attached to the mannopyranose residue,

* Synthesis and Binding of p-Galacfose-terminated Ligands to Human and Rabbit Asialoglycoprotein
Receptor. Part IV.
 Author for correspondence.
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might assume conformations™ similar to those of natural determinants and may be
useful candidate molecules in our investigations of the binding of D-galactopyranose-
terminated ligands'*"'" to the asialoglycoprotein receptor of normal, human, and rabbit
hepatocytes. This article reports the synthesis and characterization of 6-O-g-lactosyl-
o,f-D-mannopyranoses (11) and 2,6-di-O-f-lactosyl-a,f-D-mannopyranoses (9).

An N-acetyllactosamine analog of 9, namely 2,6-di-O-[#-D-galactopyranosyl-
(1—-4)-0-(2-acetamido-2-deoxy-f-D-glucopyranosyl)]-D-mannose®, and its p-(trifluor-
oacetamido)phenyl glycoside'®, have been prepared by Arnarp and co-workers. A
tris(sialyl) derivative of the former pentasaccharide forms one segment of the glycosyl
portion of the bovine blood coagulation factor IX®. As well, an N-acetyllactosamine
analog of 11, namely O-f-D-galactopyranosyl-(1—4)-0-(2-acetamido-2-de-
oxy-f-D-glucopyranosyl)-(1 —6)-D-mannose, has been synthesized'*”. Although 9 has
been previously prepared *', no details of the method were published, and this paper
constitutes the first complete description of the synthesis of 9 and 11.

It is noteworthy that during the course of synthesizing 9 and 11, following
standard methodologies**', only complex 1,2-orthoesters of peracetylated lactose were
initially obtained. Of course, the formation of 1,2-orthoesters during Koenigs-Knorr-
type glycosidation is very well known'"*, and conditions have been defined which
give high yields of 1,2-orthoesters’*** with no detectable glycoside formation® %,
Equally well known is the use of 1,2-orthoesters for glycoside formation®*** with high
stereoselectivity”*! (see ref. 34). For the characterization of the complex orthoesters
encountered in the present study, and those earlier reported'’, model 1,2-orthoesters of
lactose were prepared” 2% from hepta-0-acetyl-a-lactosyl bromide (4) (ref. 15). These
model compounds were identified by high-resolution, proton nuclear magnetic reso-
nance (‘"H-n.m.r.) spectroscopy’>, and by the ease with which they underwent hydroly-
sis’'*?in solutions of weak acids. The nature of the products of hydrolysis of orthoesters
and the stereoselectivity of the hydrolysis of the intermediate dioxolenium ions have
been the subjects of extensive discussion®*,

RESULTS AND DISCUSSION

Benzyl 3,4-di-O-benzyl-a-D-mannopyranoside (3) was prepared from D-man-
nose, which was first converted into benzyl a-pD-mannopyranoside (1) and then into the
2,3:4,6-di-O-benzylidene derivative (2), in the manner described by Shaban er al*
Hydrogenolysis of 2, using lithium aluminum hydride-aluminum chloride***, gave 3
(ref. 5). Compound 3 was coupled with 4 (ref. 15) (see Scheme 1) in the presence of
mercury(II) cyanide” in benzene—nitromethane to produce benzyl 3,4-di-O-benzyl-2,6-
bis-0-2,3,6,2',3',4',6'-hepta-O-acetyl-f-lactosyl)-a-D-mannopyranoside (5) and benzyl
3,4-di-O-benzyl-6-0-(2,3,6,2',3',4',6'-hepta-O-acetyl-f-lactosyl)-a-D-mannopyran-
oside (6) as part of a complex mixture. Column chromatography, using 2:3 (v/v)
toluene—ethyl acetate, separated this mixture into three fractions having R 0.55, 0.44,
and 0.23. In our experience, the components having R 0.55 and 0.23 are the typical
side-reaction and decomposition products of 4 in the Helferich”® coupling procedure.
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The fraction having Ry 0.55 afforded a 'H-n.m.r. spectrum similar to those of the
1,2-orthoesters of peracetylated lactose (see Scheme 3). The fraction having R 0.23
gave a '"H-n.m.r. spectrum indistinguishable from that of a mixture of 2,3,6,2',3',4',6'-
hepta-O-acetyl-a- (18) and S-lactose (19) and thus was indicated to be the hydrolysis
product of 4. In association with unidentified impurities, 5 and 6 migrated conjointly
(Rg 0.44) on column chromatography. However, when this fraction was treated with
acetic anhydride in pyridine, esterification of all of the free hydroxyl groups was
achieved, and column chromatography, using 1:1 (v/v) toluene—ethyl acetate, afforded
benzyl 2-O-acetyl-3,4-di-O-benzyl-6-0-(2,3,6,2',3',4',6'-hepta-O-acetyl-S-lactosyl)-a-
p-mannopyranoside (7) and impure 5.

The 'H-n.m.r. signals of the protons of 7 and those of the other products
described in this article were assigned on the basis of two-dimensional, Fourier-
transform, proton chemical-shift correlation spectroscopy (COSY)***” experiments.
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The chemical shift of the H-1b resonance and the value of the coupling constant are J
4.50 and 8.0 Hz, respectively, and infer that the glycosidic linkage has the -p-config-
uration'>®,

The linkage of the lactosyl group to the C-6 position of mannose was determined
on the basis of the chemical shifts of the resonances of the protons on the mannosyl
residue in compound 7. Comparison of the values of these chemical shifts with those of
the chemical shifts of the resonances of the corresponding protons of benzyl 3,4-di-O-
benzyl-a-D-mannopyranoside (3) and its fully acetylated derivative (3a), which are
summarized in Table I, shows relatively small variations for all of the protons except for
those at C-2 and C-6. Acetylation of 3 to 3a caused a downfield shift of the H-2 signal of
~ 1.3 p.p.m. An almost identical shift of the signal of H-2 in the mannosyl residue was
observed in the spectrum of 7. In contrast, acetylation caused a downfield shift of the
H-6 signals of ~0.5 p.p.m. in the spectrum of 3a, whereas the corresponding shift was
not observed in the case of 7. Instead, the resonances of the H-6 protons in 7 occur at
positions which are similar to those observed for the resonances of the H-6 protonsin 3.

The impure sample of 5, obtained by us from the coupling™ of 4 and 3 (see Scheme
1) was O-debenzylated by catalytic transfer hydrogenation* using 10% palladium-on-
carbon in methanol containing 10% formic acid. The product mixture was resolved by
column chromatography to give 2,6-di-0-(2,3,6,2',3',4',6"-hepta-O-acetyl-g-lactosyl)-a,
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TABLE1

'H-N.m.r. data® of the D-mannosy) residues in 3%, 3a%, and 7°

Proton Chemical shifts (0) and coupling constants ( Hz )*
3 3a 7

H-1{J,, 4.97(1.9) 490 (1.5) 488 (1.7)
H-2 (J,5) 4.07 (3.0) 5413.2) 5.39(3.3)
H-3(J,) 3.95(9.3) 4,04 (9.1) 4.02(9.1)
H-4 (J,,) 3.89 (9.3) 3.75 (10.0) 3.67-3.73
H-5 3.72 3.89 3.67-3.73
H-6 (J ) 3.79 (3.9) 4.27 (2.0) 3.81-3.86
H-6 (J55) 3.83(2.8) 4.35(5.1) 4.06-4.16

“ For a solution in CDCl,. * More complete 'H-n.m.r. data for 3, 3a, and 7 are given in the Experimental
Section. © In garentheses.

B-D-mannoses (8) in 17% yield. O-Deacetylation®’ of 8 afforded 9 in 97% yield. The
deproietion 617 py 2 IMbar senes O} reathons gave mmahy v-OI273.075 3.5 5 nep-
ta-0-acetyl-f-lactosyl)-2-O-acetyl-a,S-p-mannopyranoses (10) in 41% yield and then
KL in 96% vield.

The chemical shifts of the protons of 8 and 10 were assigned with the aid of
CDSY™™ expenmenis. The N-Yb proions oF B apd ID a0d e VD protops o) 3
resonate in the d 4.51-4.62 region, and the values of the coupling constants are in the
range 7.8-7.9 Hz. These values indicate that the glycosidic bonds of these constituents
have the S-pD-configuration'*'¢,

Lee et al” reported the synthesis of 9 but provided no experimental details.
Sussaquently, it was learmed™ that aa inpure sample of § kad been prepared &y
conpnng & wiin D n Yhe presence of shiver 1NHuoromeinanesionale and 2,8, b-in-
methylpyridine* . In our hands the attempted preparation of § by the latter method
afforded omty & mixare of e ¥, 2-ortiioesters 12 and 13 {see Schanire 2, amd thie destraed
lactoside could not be detected in the product mixture. Treatment of the mixture of 12
and 13 with acetic anhydride in pyridine gave a new mixture containing 12 and 14.
Column chromatography readily separated these two components from one another,
but each was contaminated with small amounts of impurities. The crude yields of 12 and
14 were 48 and 19%, respectively.

The interpretation of "H-n.m.r. spectral data associated with some of the side
products of these reactions, including the complex 1,2-orthoesters (see refs. 22-26)
descriped neren and previonsiy”, reguired Yne syn¥pesis 0§ severad mpde) comppunis pj
known structure (see Scheme 3). The 1,2-orthoesters, 3,6,2',3',4',6’-hexa-O-acetyl-1,2-
O-(ethyl orthoacetyl)-a-lactose (15) and 3,6,2,3',4',6'-hexa-O-acetyl-1,2-0-(benzyl or-
thoacetyi)-u-iatiose (16), were prepared from 4 by reaction with ethanoi and benzyi
FAOGNGY, respaCtivaly. THE reActiait OOGIIGITS WEre SITHEr (0 throse deserived™ for te
preparation of 3,4,6-tr1-O-acetyi-1,2-O-{alkyl orthoacetyi}-a-D-giucoses from 2,3.3.6-
tetra-O-acetyi-o-D-giucopyranosyl bromide angd involved the addition of the ajcohoi fo
a suspension of 4 and tetrabutylammonium bromide” in 2,4,6-trimethylpyridine®.
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Compounds 15 and 16 were each obtained in a yield > 80% after column chromatog-
raphy, High-resolution '"H-n.m.r. spectroscopy indicated that each of 15 and 16 was a
single diastereomer. In their study of tri-O-acetyl-1,2-0-orthoesters of a-D-glucopyra-
nose, Lemieux and Morgan®* reported that two diastereomeric orthoesters were pro-
duced in each case, and they reasoned, on the basis of 'H-n.m.r. spectral data® and
energy considerations®, that the major isomer was that in which the alkoxyl group on
the dioxolane ring was trans to the pyranose ring (i.e., of the exo configuration). The
close correlation between the coupling constants of the protons of the p-glucopyranosyl
residues of 15 and 16 and those of the (presumed) exo isomer of 3,4,6-tri-O-acetyl-1,2-
O-(ethyl orthoacetyl)-a-D-glucopyranose® (see Table III) infers that 15 and 16 also
possess the exo configuration at the orthoester function. Table II summarizes the

TABLE I

'H-N.m.r. data” of the D-glucosyl residues in 12°, 14”, and a model compound®.

Proton Chemical shifts (6) and coupling constants ( Hz )*
12 (ring b) 12 (ring @) 14 €
H-1({,,) 5.66 (5.2) 5.58 (5.1) 5.65(5.3) 5.60 (5.1)
H-2 (J,9 4.40 (2.7) 4.36 (2.7) 436 (2.7) 4.37(1.8)
H-3 (/,)) 5.55(1.1) 5.46 (1.1) 552(1.4) 5.49
H-4(J,) 3.65(9.5) 3.57(5.6) 3.64 (9.6) 3.50-3.97
5

H-5 387 3.7 3.87 3.50-3.97
H-6 (J45) 4.12 (5.6) 4.06 (5.7 4.12 (5.5) 4.05-4.17
H-6 (J,5) 4.25(2.3) 42129 4.26 (2.4) 4.24 (1.6)
Me 1.71 1.64 1.73 1.70

* For the solution in CDCl,. ® More complete '"H-n.m.r. data for 12 and 14 are given in the Experimental
Section. ° The H-X" protons of 1,2-0-[1,3-bis-0-(2,3,6,2',3,4',6’-hepta-0O-acetyl-f-lactosyl)glycer-2-y! or-
thoacetyl]-3,6,2',3,4',6'-hexa-O-acetyl-a-lactose, which is compound 18 in ref. 17. ¢ In parentheses.

TABLE III

'H-N.m.r. data® of the p-glucosyl residues in 15°, 16°, and a model compound*

Proton Chemical shifts (8) and coupling constants (Hz)*

15 16 ¢
H-1(J,,) 5.66 (5.0) 5.63(5.2) 5.72 (5.0
H-2 (/,5) 4.31 (2.6) 4.32 (2.7 (2.8)
H-3 (J,,) 5.54 (1.0) 5.56(1.2) 5.19(2.8)
H-4 (J,,) 3.66 (9.5) 3.64 (9.8) 5.09 (9.0)
H-5 3.86 3.87
H-6 (J,5) 4.10-4.17 (5.7) 4.07-4.18 (5.6)
H-6 (J,5) 4.25(2.1) 4.26 (2.4)
Me 1.72 1.80

“ For a solution in CDCI,. * More complete '"H-n.m.r. data for 15 and 16 are given in the Experimental
Section. ¢ 3,4,6-Tri-O-acetyl-1,2-O-(ethyl orthoacetyl)-z-D-glucopyranose®.  In parentheses.
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chemical shifts and coupling constants for the protons of ring bin 12 and 14 and of ring
d in 12. Note that these values correspond very closely with those of the corresponding
pracaas of the madel compouads, 1§ aad 16 (see Table [T}, These similarities, aad the
tutky natuce of the alcatial graug ta the greseac sertes af 1,2-actliaestecs af gecacacylac-
ed lactose, particularly in structures 12 and 14, make it probable®™*>* that they, too,
have the alcohol group in the exo orientation.

The data of Tables II and III reveal that the resonances of the protons of the
D-glucopyranosyl residues of 12 and 14-16 exhibit a characteristic set of chemical-shift
values. These values are readily distinguishable from those of the corresponding sites of
lactosyl derivatives (see Table IV and ref. 16) and are insensitive to changes in the
constituent groups of the {,2-orthoesters. Thus, the 'H-n.m 1. specira provide a conven-
ient way to identify such structural features in complex compounds, such as those cited
in Scheme 2 and Table II. In the case of the pentasaccharide 12, confirmatory evidence
ffar the accurreace of arthaacetvt units was abtataed by “C-a.auc. spectrasequy. The
spectrum in CDCI, showed the presence of two signals at 4 121.65 and 121.42, attribut-
I RS IR TCRARARAEY O BN T - D FRATHESP Bneetiny e Srangmans TR ginay atenr
the region in which such atoms have been observed to resonate (see ref. 26).

The hydrolysis of 15 using 88% (v/v) formic acid, or of 16, using 95% (v/v)
AULBUNF ARG, £V OT QPPVSRATTSRY apanmsinrariake oF 1,008 2, 35,4, 5 apia-
O-acetyl-a-lactose (17) and a ~ 1:2 mole-ratio mixture of 19 and 18, respectively. A
stmadat Tonxtete of 17, 18, and €9 had tven obained” by e fydiotyss of hepia-G-
REEFRP2RCLSEYE S it acetone o i N, N-dnmetyionmannde NSy, Thee mik-
tare of 17, 18, and 19 was treated with benzyl bromide and sitver{i) oxide in DMF 10
produce benzyl 2,3,6,2,3' 4',6'-hepta-O-acetyl-a-lactoside (20) and the corresponding
fB-anomer (21) in yields of 39 and 23%, respectively. Analysis of the reaction products,
wstng dnin-rayer cnromarograpny {.1.c.y and “fi-n.m.r, spectroscopy, faifed o detect fne
presence of a 2-O-penzyl derivaiive. This result mnfers that tne 1-&-acyl group of 17

TASLE (Y

'H-N.m.r. data® of the D-glucosyl residues in 17-22*

Proton Chemical shifts (8\ and counling constants (Hz ¥
17 18 19 20 21 22

H-1 6.17 5.38 4.73 5.03 4.51 6.26
() 13.D 3.9 7.9 13D 1.9 3D
H-2 3.73 4383 4.80 4.80 4.97 5.01
H-3 5.26 5.53 5.24 5.53 5.16 5.47
H-4 3.75 3.77 3.79 3.75 382 3.82
H-5 3.92 4.054.21 3.65 3.94 3.58 4.02
H-6 412 4.054.21 4.054.21 4.11 4.11 4.13
H-6 4.38 447453 4.47-4.53 4.38 4.52 4.46

* For a solution in CDCY,. * More complete "H-n.m.r. data for 17-22 are given in the Experimental Section.
¢ In parentheses.
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migrated to the C-2 position during the reaction. Similar conditions were used by Croon
and Lindberg”' to prepare 4-0-benzyl-p-glucopyranose from methyl 2,3,4-tri-O-acetyl-
p-p-glucopyranoside by exploiting the facile migration of the acetyl group from the C-4
to the C-6 position. Compound 21 also was prepared by the reaction® of 4 with benzyl
alcohol. Compound 17 was separated from 18 and 19 by column chromatography. The
mixture of 18 and 19 was obtained as well from 20 by O-debenzylation. These products
were investigated by '"H-n.m.r. spectroscopy. Table IV lists the values of the coupling
constants J, ,, and the chemical shifts of the resonances of the protons of the p-glucosyl
residues of 17-21, as well as those of 1,2,3,6,2',3',4',6'-octa-O-acetyl-a-lactose (22). The
data for the protons of the p-galactopyranosyl residues of these compounds have not

6
CH;0AC
3 (o]
4 OAc 1

3 2 OAc
CAc

been shown because they differ by less than +0.01 p.p.m. from those given for
peracetylated lactosyl glycerides which were fully described in an earlier publication' in
this series. For the compounds cited in Table IV, the J, , values of the a-lactosides are in
the range 3.4-3.7 Hz, whereas those of the f-lactosides are in the range 7.8-7.9 Hz.
Moreover, the chemical shifts of the resonances of the H-1 protons of 18 and 20 are
0.5-0.6 p.p.m. downfield from those of 19 and 21, respectively (see Table 1V). This
feature is consistent with the results'® from other a,f-pairs of lactosyl glycosides.

Thus, the target compounds 9 and 11 have been synthesized by reaction sequences
in which the key intermediates and principal side-reaction products have been fully
charaterized.

EXPERIMENTAL

General methods. — Melting points were determined on a Fisher—Johns appara-
tus and are uncorrected. Optical rotations were measured with a Perkin—-Elmer model
141 or 241 automatic polarimeter for solutions in a 0.1-dm cell. '"H-n.m.r. spectra were
recorded with a Bruker CXP-200 (200 MHz) or AM-400 (400 MHz) spectrometer, with
tetramethylsilane (Me,Si) as the internal standard, for solutions in CDCl,, unless
otherwise stated. The >C-n.m.r. spectrum was recorded on the Bruker AM-400 spec-
trometer at 100.6 MHz, with CDCI, as the solvent and internal standard (77.00 p.p.m.).
Chemical shifts (9) of all of the signals are given in p.p.m. downfield the signal of Me,Si.
In recording these data two conventions have been used to identify the protons. For the
disaccharide derivatives cited, the D-galactopyranosyl ring has been assigned primed
numbers, and the aglycon has not been numbered. For the tri- and penta-saccharides
cited, the rings have been assigned letters. Thin-layer chromatography (t.l.c.) was
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performed on glass plates precoated with E. Merck Silica Gel-60 F254 as the adsorbent
(layer thickness, 0.25 mm). The following solvent systems (v/v) were used: (4) 1:1, and
(B) 2:3 toluene-ethyl acetate; (C) 9:9:1, (D) 8:8:1, (E) 4:4:1, and (F) 3:3:1 toluene-ethyl
acetate—2-propanol. The developed plates were air-dried and sprayed with a solution of
cerium(IV) sulfate (1%) and molybdic acid (1.5%) in 10% aqueous sulfuric acid, and
heated at 150°. Column chromatography was performed using E. Merck Silica Gel-60
(70-230 mesh, cat. No. 7734) as the solid phase. Solvents were evaporated under
reduced pressure at ~40°, '

Benzyl-a-pD-mannopyranoside (1) — Compound 1 was prepared in the manner
described by Shaban et al.*' and had m.p. 130-133°, lit.* m.p. 132-133°; [«]2’ +75.5° (¢
1.35, water), lit.* [«}® +73.5° (c 1.5, water); 'H-n.m.r. (400 MHz, Me,SO-d;): o
3.38-3.71 (m, 6 H, H-2,3,4,5,6,6),4.43 (d, 1 H, J,,,, 12.1 Hz, CH,Ph), 449 (t, 1 H, 3759
Hz, CH,0H),4.56 (d, 1 H,*J 6.0 Hz, OH), 4.67 (d, 1 H, J,., 12.1 Hz, CH,Ph), 4.69 (m, 1
H,H-1),4.73(d, 1 H,3J 5.9 Hz, OH),4.74(d, 1 H,*/ 4.6 Hz, OH), and 7.28-7.43(m, 5 H,
Ph).

Benzyl 2,3:4,6-di-O-benzylidene-o-D-mannopyranoside (2). — Compound 2 was
prepared by the method of Shaban et al.* and had m.p. 173-176°, lit.* m.p. 174-176°;
'H-n.m.r. (400 MHz, CDCL,): 6 3.8-3.94 (m, 3 H), 4.20(d, 1 H, /5.4 Hz),4.30 (dd, 1 H, J
9.8,/3.9Hz),442(d,1 H,J,, 11.7Hz, CH,Ph),4.68(dd, 1 H,J5.5,J7.6 Hz),4.73(d, |
H,J,., 11.7Hz,CH,Ph), 5.22 (s, 1 H), 5.65 (s, 1 H), 6.29 (s, 1 H), and 7.29-7.56 (m, 15 H,
3 Ph).

Benzyl 3,4-di-O-benzyl-a-D-mannopyranoside (3) and benzyl 2,6-di-O-acety!-3 ,4-
di-O-benzyl-a-D-mannopyranoside (3a). — Compound 3 was prepared by the method of
Arnarp et al’; [a]’ +55.3° (c 1.14, chloroform), lit.* [«2' +55° (¢ 1, chloroform);
'H-n.m.r. (400 MHz, CDCl,): §2.19 (brs, 1 H, OH), 2.70 (br s, 1 H, OH), 3.72 (dt, 1 H,
J549.3,°73.3 Hz, H-5), 3.79 (m, 1 H, J,;, 11.9, J¢ 5 3.9 Hz, H-6), 3.83 (m, 1 H, J,,, 11.9,
Jg52.8 Hz, H-6),3.89(t, 1 H,°J9.3 Hz, H-4),3.95(dd, 1 H, J; 9.3, J,, 3.0 Hz, H-3),4.07
(m,1H,J,;3.0,J,, 1.9 Hz, H-2),4.47(d, | H, J.,, 11.7 Hz, CH,Ph), 4.67 (d, 1 H, J,,
10.9 Hz, CH,Ph), 4.68 (d, 1 H, J,,, 11.7 Hz, CH,Ph), 4.70 (s, 2 H, CH,Ph), 4.88 (d, 1 H,
Jyem 10.9 Hz, CH,Ph), 4.97 (d, 1 H, J,, 1.9 Hz, H-1), and 7.1-7.4 (m, 15 H, 3 Ph). The
protons having signals at 4 2.19 and 2.70 were exchangeable with D,0O.

Compound 3 was treated with acetic anhydride in pyridine to give 3a; 'H-n.m.r.
(400 MHz, CDCl,): 6 2.08 (s, 3 H, OAc), 2.14 (s, 3 H, OAc), 3.75 (t, 1 H,°J 9.7 Hz, H-4),
3.89(ddd, 1 H, J;,10.0, J, (5.1, J, 2.0 Hz, H-5), 4.04 (dd, 1 H, J,,,9.1, J; , 3.2 Hz, H-3),
4.27(dd, 1 H, J,, 11.7,J, 2.0 Hz, H-6),4.35(dd, 1 H, /., 11.7, J; 5 5.1 H2, H-6),4.49 (d,
1H, /., 11.8 Hz, CH,Ph),4.52(d, 1 H, /., 10.4 Hz, CH,Ph),4.54(d, | H, J,,, 10.6 Hz,
CH,Ph),4.68(d, | H, /., 11.8 Hz, CH,Ph),4.70(d, 1 H, J,,, 11.3 Hz, CH,Ph), 4.89 (d, 1
H, /.., 10.6 Hz, CH,Ph),4.90(d, 1H, J,,1.5Hz, H-1),5.41(dd, 1 H, J,,3.2,J,, .5 Hz,
H-2), and 7.1-7.4 (m, 15 H, 3 Ph).

Benzyl 2,6-bis-O-(2,3,6,2',3 4 ,6'-hepta-O-acetyl-B-lactosyl)-3,4-di-O-benzyl-a-
D-mannopyranoside (5) and benzyl 6-O-(2,3,6,2',3' 4’ ,6'-hepta-O-acetyl-f-lactosyl )-2-O-
acetyl-3 4-di-O-benzyl-a-D-mannopyranoside (7). — A mixture of 4 (ref. 15) (3.82 g, 5.46 *
mmol), 3 (0.82 g, 1.82 mmol), and mercury(II) cyanide (1.56 g, 6.18 mmol) in 1:1 (v/v)
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benzene-nitromethane (40 mL)* was stirred for 19 h at 40°. Compound 4 (1.29 g, 1.84
mmol) and mercury(II) cyanide (0.51 g, 2.02 mmol) were added, and stirring was
continued for 27 h at 40°. The reaction mixture was diluted with toluene (30 mL) and
washed sequentially with sat. aq. sodium hydrogencarbonate (2 x 30 mL)and water (30
mL). The organic phase was dried (CaCl,), concentrated, and the residual mixture was
resolved by column chromatography to give three main components having Ry 0.55,
0.44,and 0.23 (solvent B). The component having Ry 0.44 (1.54 g) consisted of a mixture
of §, 6, and other minor impurities. This mixture was treated with acetic anhydride (10
mL) in pyridine (30 mL) at room temperature, concentrated, and the residual mixture
was resolved by column chromatography to give two components having R 0.59 and
0.34 (solvent A). The component having Rg 0.59 was chromatographically homogene-
ous 7 (0.308 g, 15%), which was obtained as a colorless, glassy solid: [«]?> +8° (c 0.65,
chloroform); 'H-n.m.r. (400 MHz, CDCl,): § 1.97 (s, 3 H, OAc), 1.98 (s, 3 H, OAc), 2.04
(s, 3 H, OAc), 2.05 (s, 3 H, OAc), 2.06 (s, 3 H, OAc), 2.09 (s, 3 H, OAc), 2.14 (s, 3 H,
OAc), 2.16 (s, 3 H, OAc), 3.57 (ddd, 1 H, J5, 4, 9.5, Jsp e 44, Js 6 2.2 Hz, H-5b),
3.67-3.73(m, 2 H, H-4a,5a), 3.81 (t, 1 H,J 9.5 Hz, H-4b), 3.81-3.86 (m, 1 H, H-6a), 3.87
(brt,1H,°J6.7Hz, H-5¢),4.02(dd, 1 H, J,, ., 9.1, J,, ,, 3.3 Hz, H-3a),4.07 (dd, | H, Jgem
11.8, Jo, 5 4.4 Hz, H-6b), 4.06-4.16 (m, 3 H, H-6a,6c,6¢), 4.47 (d, 1 H, J,.,, 12.1 Hz,
CH,Ph),4.48(d, 1 H, J,.,. 7.9 Hz, H-1¢), 4.50 (d, 1 H, J,,, ,, 8.0 Hz, H-1b), 4.506 (d, 1 H,
Joem 12.4 Hz, CH,Ph),4.512(d, | H, J, ., 11.4 Hz, CH,Ph), 4.52(dd, 1 H, J,, 11.8, Jg 5,
2.2Hz, H-6b),4.67(d, 1 H, J,,,, 12.2Hz, CH,Ph),4.69(d, 1 H, /., 10.8 Hz, CH,Ph), 4.88
d,1H,J,,,,1.7Hz, H-12),4.91 (d, 1 H, J,, 11.0 Hz, CH,Ph), 4.96 (dd, 1 H, J, ,_10.5,
Jicac 3.5 Hz, H-3¢), 5.03 (dd, 1 H, Jy, 3, 9.6, J 5, ,, 8.0 Hz, H-2b), 5.11 (dd, 1 H, J,_5. 10.5,
Jse1e 7.9 Hz, H-2¢), 5.20 (t, 1 H, J 9.3 Hz, H-3b), 5.35 (br d, 1 H, °J 3.4 Hz, H-4c), 5.39
(dd, 1 H, J,,5, 3.3, J,,,, 1.7 Hz, H-2a), and 7.25-7.40 (m, 15 H, 3 Ph). The component
having R; 0.34 consisted of impure § (0.999 g, 35% crude yield), which was shown by
'H-n.m.r. spectroscopy to be contaminated by minor impurities.
2,6-Bis-0-(2,3,6,2',3 4 6'-hepta-O-acetyl-f-lactosyl )-a.B-D-mannopyranoses (8)
— A suspension of 10% (w/w) palladium-on-carbon (2.2 g) in methanol (10 mL)
(Caution! Fire hazard.) was added to a solution of impure 5 (0.78 g, 0.46 mmol,
theoretical) in methanol (100 mL) containing 10% (v/v) formic acid*, and stirred for
10.5 h at room temperature. A second portion of catalyst (1.9 g) suspended in methanol
(10mL) was added, followed by the addition of methanol (20 mL) containing 10% (v/v)
formic acid, and stirring was continued for 22 h. The mixture was filtered, the residue
washed with methanol (100 mL), and the combined filtrate and wash solution were
evaporated to dryness. The residue was resolved by column chromatography to give 8
(0.110 g, 17%) as a colorless, glassy solid, Ry 0.38 (solvent E); 'H-n.m.r. (400 MHz,
CDCl,): 61.97 (s,6 H, 2 OAc), 2.03-2.07 (m, 24 H, 8 OAc), 2.14 (s, 3 H, OAC), 2.15(s, 3
H, OAc), 2.16 (s, 6 H, 2 OAc), 3.3-5.15 (m, 7 H, mannosyl Hs) 3.61 (ddd, 1 H,%79.8,%J
3.3,°J 2.0 Hz, H-5b or H-5d), 3.67 (ddd, 1 H, %/ 9.9, 3J 5.6, 3/ 1.9 Hz, H-5b or H-5d),
3.783(t, 1 H,*79.7 Hz, H-4b or H-4d), 3.807 (t, 1 H,>J9.7 Hz, H-4b or H-4d), 3.89 (brt,
- 2H,°J6.6 Hz, H-5¢,5¢), 3.98-4.19 (m, 6 H, H-6b,6c,6c,6d,6¢,6¢), 4.50 (d, 1 H,°7 8.1 Hz,
H-1c or H-1e), 4.51 (d, 1 H, °J 7.9 Hz, H-1b or H-1d), 4.54 (d, 1 H, 3/ 8.0 Hz, H-1c or
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H-1e),4.53-4.58 (m, 1 H, H-6b or H-6d),4.59 (d, 1 H,*J 7.8 Hz, H-1b or H-1d),4.71 (dd,
1H, /., 12.3, 3J 1.7 Hz, H-6b or H-6d), 4.861 (dd, 1 H, /9.2, 7 8.0 Hz, H-2b or H-2d),
4.896 (dd, 1 H,3J9.5,78.1 Hz, H-2b or H-2d), 4.971 (dd, 1 H,3J10.5,%73.1 Hz, H-3cor
H-3¢), 4.978 (dd, 1 H, °J 10.4, °J 2.9 Hz, H-3¢c or H-3¢), 5.09-5.14 (m, 2 H, H-2¢,2e),
5.188 (t, 1 H, 9.3 Hz, H-3b or H-3d), 5.191 (t, 1 H, *J 9.5 Hz, H-3b or H-3d), and 5.35
(m, 2 H, H-4c 4e).

Anal. Calc. for CzHg O,y C, 49.15; H, 5.69. Found: C, 49.12; H, 5.72.

2,6-Di-O-f-lactosyl-a,f-D-mannopyranoses (9). — To a solution of 8 (0.088 g,
0.062 mmol) in absolute methanol (15 mL) was added 0.1M sodium methoxide in
methanol (5 mL), and the solution was stirred at room temperature for 0.5 h. A second
aliquot of 0.1M sodium methoxide in methanol (2.0 mL) was added, and stirring was
continued for 2.5 h. The reaction solution was treated with Amberlite IR-120 (H ") resin
(5 mL) for 20 min. The resin was removed by filtration and washed with methanol (25
mL). The combined filtrate and wash solution was concentrated, and the residue was
dried under vacuum to give 9 (50.5 mg, 97%) as a glassy solid.

2-0O-Acetyl-6-0-(2,3,6,2 .3 4 ,6'-hepta-O-acetyl-f-lactosyl ) -o,f-D-mannopyrano-
ses (10). — A suspension of 10% (w/w) palladium-on-carbon (1.7 g) in methanol (40
mL) (Caution! Fire hazard.) containing 10%-(v/v) formic acid* was added to a solution
of 7 (0.272 g, 0.245 mmol) iz methanol (25 mL), and the mixture was stirred for 27 h at
room temperature. The product mixture was obtained in the manner described above
for the preparation of 8 and was resolved by column chromatography to afford 10 (85
mg, 41%) as a white solid: Ry 0.38 (solvent F); 'H-n.m.r. (400 MHz, CDCl,): 5 1.98 (s, 3
H, OAc), 2.051 (s, 3 H, OAc), 2.055 (s, 6 H, 2 OAc), 2.07 (s, 3 H, OAc), 2.14 (s, 3 H,
0OACc),2.15(s, 3H, OAc), 2.16 (s, 3 H, OAc), 2.42 (brd, 1 H, >°J 5.2 Hz, OH-3a), 2.72 (br
d, 1 H,*J 3.3 Hz, OH-4a), 3.60-3.66 (m, 2 H, H-4a,5b), 3.71 (d, 1 H, °J 3.6 Hz, OH-1a),
3.81(t,1H,°J9.5Hz, H-4b), 3.83 (dd, 1 H, J,,, 11.2, J, 5, 6.0 Hz, H-6a), 3.89 (br t, 1 H,
°J 6.8 Hz, H-5c), 3.97-4.10 (m, 5 H, H-3a,5a,6a,6b,6¢), 4.15 (dd, 1 H, /., 11.1, J, 5. 6.3
Hz, H-6c),4.52(d, 1 H, J,_, 8.1 Hz, H-1c), 4.62 (d, 1 H, J,, ,, 7.8 Hz, H-1b), 4.65 (dd, 1
H, Jpom 12.4, Jgo 5, 2.1 Hz, H-6b), 4.91 (dd, 1 H, /5,3, 9.3, /5,5 7.8 Hz, H-2b), 4.97 (dd, 1
H, J;.5 10.3, J;. 4 3.3 Hz, H-3c), 5.11 (m, 1 H, H-2a), 5.11 (dd, 1 H, J, 5. 10.3, J,.,. 8.1
Hz, H-2c), 5.21 (t, 1 H, °J 9.3 Hz, H-3a), 5.22 (dd, 1 H, J,,,, 1.2, °J 3.6 Hz, H-1a), and
5.35(brd, 1 H, *J 3.3 Hz, H-4c).

Anal. Calc. for C,,H,;0,,: C, 48.57; H, 5.75. Found: C, 48.50; H, 5.80.

6-O-p-Lactosyl-a,f-D-mannopyranoses (11). — O-Deacetylation of 10 (0.0675 g,
0.080 mmol), in the manner described for the preparation of 9, gave 11 (39 mg, 96%) as a
light-yellow, glassy solid; '"H-n.m.r. (400 MHz, Me,SO-d,): 6 3.00-4.28 (multiplets, 20
H, CH, and CH), 4.44-5.12 (multiplets, 10 H, 10 OH), 4.85(br d, 1 H, /4.4 Hz, H-1a),
6.26 (d,°J 6.6 Hz, OH-1a), and 6.35 (d, °*J 4.4 Hz, OH-1a). The signals at 4 6.26 and 6.35,
and those in the range J 4.44-5.12, except for the H-1a signal, were extinguished in the
presence of D,0O. The ratio of the area-integrals of the signals at § 6.26 and 6.35 was 1:4.

3,6,2.,3 4 6'-Hexa-O-acetyl-a-lactose 1,2-[ (3,6,2',3' 4’ ,6'-hexa-O-acetyl-a-lacto-
se 1,2-(benzyl 3,4-di-O-benzyl-a-D-mannopyranosid-6-yl orthoacetyl)-2-yl) orthoace-
tate] (12) and 3,6,2',3' . 4'.6'-hexa-O-acetyl-a-lactose 1,2-(benzyl 2-O-acetyl-3,4-di-O-
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benzyl-a-D-mannopyranosid-6-yl orthoacetate) (14). — A solution of 4 (5.29 g, 7.56
mmol) in dichloromethane (15 mL) was added, dropwise, during 15 min, to a mixture of
3(0.85 g, 1.9 mmol), 2,4,6-trimethylpyridine (1.06 g, 8.75 mmol), and silver(I) trifluoro-
methanesulfonate (1.91 g, 7.55 mmol) in dichloromethane (15 mL) which had been
cooled to —40°. The cooling bath was removed, and the mixture was stirred at room
temperature overnight. Pyridine (2 mL) was added, the mixture was filtered, and the
residue was washed with dichloromethane (40 mL). The combined filtrate and wash
solution was evaporated to dryness, and the residual mixture was separated by column
chromatography into three fractions having R 0.56, 0.44, and 0.29 (solvent B). Exam-
ination of the fractions having Ry 0.56 and 0.29, using 'H-n.m.r. spectroscopy (60
MHz), indicated that no aromatic protons were present, and the fractions were dis-
carded. The fraction having R 0.44 was resolved by column chromatography (solvent
A)into two components having R 0.20 and 0.26, corresponding to 12 and 3,6,2',3',4°,6'-
hexa-O-acetyl-a-lactose 1,2-(benzyl 3,4-di-O-benzyl-a-D-mannopyranosid-6-yl orthoa-
cetate) (13), respectively. The difference in R,. values was insufficient for preparative
separation of 12 and 13 using solvent A. The mixture of 12 and 13 was, therefore, treated
with acetic anhydride (10 mL) in pyridine (30 mL) in the manner described above for the
preparation of 5and 7. This reaction afforded a mixture of 12and 14, having R.0.23 and
0.49 (solvent A), respectively, which was partially resolved by column chromatography.
'H-N.m.r. spectroscopy of 12 and 14 indicated the presence of small amounts of
impurities after column chromatography. Compound 12 (1.518 g, 48%): '"H-n.m.r. (400
MHz, CDCl,): 6 1.64 (s, 3 H, Me), 1.71 (s, 3 H, Me), 1.98 (s, 6 H, 2 OAc), 2.027 (s, 3 H,
OAc), 2.037 (s, 3 H, OAc), 2.056 (s, 3 H, OAc), 2.069 (s, 3 H, OAc), 2.096 (s, 3 H, OAc),
2.103(s,3H,OAc),2.110(s,3H, OAc), 2.119(s,3H, OAc), 2.16 (s, 3H, OAc), 2.18 (s, 3
H, OAc), 3.57 (m, 1 H, J,45,9.6 Hz, H-4d), 3.65 (m, 1 H, J,, 5, 9.5 Hz, H-4b), 3.65-3.74
(m, 3 H, H-5a,6a,6a), 3.767 (ddd, 1 H, J5;44 9.6, Js464 5.7, J5a6q 2.4 Hz, H-5d), 3.778 (t, 1
H, J9.6 Hz, H-4a), 3.87(ddd, 1 H, J, 4, 9.5, Jo, ¢ 5.6, S5 2.3 Hz, H-5b),3.93 (dd, | H,
J32409-6, S5, 2, 3.1 Hz, H-3a), 3.93-3.98 (m, 2 H, H-5c,5¢), 4.061 (dd, 1 H, J ., 12.2, J 54
5.7Hz, H-6d),4.064 (dd, 1 H, J,, ;,3.1,J,,,, 2.0 Hz, H-2a),4.117 (dd, | H, J ., 12.1, Jg 54
5.6 Hz, H-6b), 4.10-4.18 (m, 4 H, H-6¢,6¢,6¢,6¢), 4.21 (dd, 1 H, J,, 12.2, J454 2.4 Hz,
H-6d), 4.25 (dd, 1 H, J,,, 12.1, J, 5, 2.3 Hz, H-6b), 4.364 (ddd, 1 H, J,4 4 5.1, Jpy 34 2.7,
“Jraaa 1.0Hz, H-2d),4.397(ddd, 1 H, J,, ., 5.2, /5,3, 2.7, *J5p 4 1.1 Hz, H-2b),4.46 (d, 1 H,
Jeem 11.7 Hz, coupled to H having signal at 6 4.69, CH,Ph), 4.594 (d, 1 H, J,.,. 8.0 Hz,
H-1e),4.600(d, 1 H, J.,, 10.8 Hz, coupled to H at § 4.879, CH,Ph),4.65 (d, 1 H, J,_,. 8.0
Hz,H-1¢),4.69(d,2H, J,,, 12.0Hz, CH,Ph),4.73(d, 1 H, J,, 11.6 Hz, coupled to Hat &
4.69, CH,Ph),4.84(d, 1 H, J,,,, 2.0 Hz, H-1a),4.879 (d, 1 H, /., 10.8 Hz, CH,Ph), 5.002
(dd,1H,J,,,.10.4,/, .. 3.4Hz,H-3¢),5.017(dd, 1 H, J,_,, 10.4, J, ,. 3.5Hz, H-3c), 5.157
(dd,1H,J, . 10.4,/J, ,.8.0Hz,H-2e),5.190(dd, 1 H, J, ;. 10.4,J, . 8.0Hz, H-2c), 5.379
(dd, 1H,°73.5,%70.9 Hz, H-4c or H-4¢), 5.389 (dd, 1 H, *J3.5,°J 1.2 Hz, H-4¢ or H-4e),
5.46(dd, 1 H, Jy4,42.7, 3444 1.1 Hz, H-3d), 5.55 (dd, 1 H, J}y, 5, 2.7, J3, 4, 1.1 Hz, H-3b),
5.58(d, 1 H, J,4,4 5.1 Hz, H-1d), 5.66 (d, 1 H, J,,,,, 5.2 Hz, H-1b), and 7.14-7.40 (m, 15
H, 3 Ph).
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Compound 14 (0.396 g, 19%): 'H-n.m.r. (400 MHz, CDCL,): 4 1.73 (s, 3 H, Me),
1.98 (s, 3 H, Me), 2.03 (s, 3H, OACc), 2.058 (s, 3 H, OAc), 2.066 (s, 3 H, OAc), 2.121 (s, 3
H, OAc), 2.128 (s, 3 H, OAc), 2.16 (s, 3 H, OAc), 3.64 (m, 1 H, J,, 5, 9.6 Hz, H-4b),
3.67-3.84(m,4 H, H-4a,5a,6a,6a), 3.87 (ddd, 1 H, J, 4, 9.6, J4, ¢, 3.5, J5, & 2.4 Hz, H-5b),
394 (tofd, 1 H,J (6.7, J5 .. 0.9 Hz, H-5¢), 4.01 (dd, 1 H, J,, ., 8.8, J3, ,, 3.4 Hz, H-3a),
4.12(dd, 1 H, J,, 12.0, J, 5, 5.5 Hz, H-6b), 4.1-4.2 (m, 2 H, H-6¢,6¢),4.26 (dd, 1 H, J .,
12.0, J, 5, 2.4 Hz, H-6b), 4.36 (ddd, 1 H, J,;, 1, 5.3, J, 3 2.7, “J 4 1.0Hz, H-2b),4.46 (d, 1
H, J,em 11.9 Hz, coupled to H at  4.67, CH,Ph),4.52(d, 1 H, J.,, 11.1 Hz, coupled to H
at64.69,CH,Ph),4.58 (d, 1 H, J,., 11.0 Hz, coupled to H at §4.91, CH,Ph), 4.61 (d, 1 H,
J\.28.0Hz,H-1c), 4.67(d, 1 H, J,,, 11.9Hz, CH,Ph),4.69(d, 1 H, J,, 11.1 Hz, CH,Ph),
4.86(d, 1 H, J,,,, 1.8 Hz, H-1a),4.91 (d, 1 H, J.,, 11.0 Hz, CH,Ph), 5.01 (dd, 1 H, J;,,
10.6, J,. 4 3.5 Hz, H-3¢), 5.19(dd, 1 H, J,,5,10.6, J,. , 8.0 Hz, H-2c¢), 5.383 (dd, 1 H, J, ;.
3.5, J4s. 0.9 Hz, H-4c), 5.397 (dd, 1 H, J,, 5, 3.4, J,, ., 1.8 Hz, H-2a), 5.52(dd, 1 H, /3,5,
2.7, Jyp 4o 1.4 Hz, H-3b), 5.65(d, 1 H, J,; 5, 5.3 Hz, H-1b), and 7.16-7.40 (m, 15 H, 3 Ph).

3,6,2.3 4 ,6'-Hexa-O-acetyl-1,2-O-(ethyl orthoacetyl)-a-lactose (15). — Abso-
[ute ethanol (2.4 mL, 41 mmol) was added to a suspension of 4 (23.2 g, 33.2 mmol) and
tetrabutylammonium bromide (3.506 g, 10.9 mmol) in 2,4,6-trimethylpyridine (130
mL), and the mixture was heated for 10 h at 50°, with manual shaking during the initial
15 min. The reaction product mixture was filtered, and the residue was washed with
dichloromethane (50 mL). The combined filtrate and wash solution was evaporated,
and the residual mixture was resolved by column chromatography to give 15 (179 g,
81%) as a colorless, glassy solid: R 0.41 (solvent A); '"H-n.m.r. (400 MHz, CDCl,): §
1.18(t,3H,%J7.1 Hz, CH,CH,), 1.72(s, 3 H, Me), 1.98 (s, 3 H, OAc), 2.04 (s, 3 H, OAc),
2.07 (s, 3 H, OAc), 2.12 (s, 6 H, 2 OAc), 2.17 (s, 3 H, OAc), 3.55(q, 2 H, °J 7.1 Hz,
CH,CH,),3.66(m, 1 H,J,;9.5Hz, H-4),3.86 (ddd, 1 H, J;,9.5, J; 5.7, J;6 2.1 Hz, H-5),
3.95(m,1H,J;6.7,J;,1.0Hz, H-5),4.10-4.17 (m, 3 H, H-6,6',6)),4.25(dd, 1 H, J,,,
12.0, J; ;2.1 Hz, H-6),4.31 (ddd, 1 H, J,, 5.0, J,,2.6,*J,, 1.0 Hz,H-2),4.62(d, 1 H, J, ,
8.0 Hz, H-1"),5.01(dd, 1 H, J; , 10.3, J, , 3.4 Hz, H-3'),5.19 (dd, | H, J, 5 10.3,J, , 8.0
Hz,H-2)),5.38(m,1H,J,,3.4,J,,1.0Hz, H-4),5.54(dd, 1 H, J;,2.6,J,,1.0 Hz, H-3),
and 5.66 (d, 1 H, J,, 5.0 Hz, H-1).

3,6,2',3 .4’ 6'-Hexa-O-acetyl-1,2-O-( benzyl orthoacetyl )-u-lactose (16). — Benzyl
alcohol (2.8 g, 26 mmol) was added to a suspension of 4 (14.3 g, 20.4 mmol) and
tetrabutylammonium bromide (2.25 g, 7.0 mmol) in 2,4,6-trimethylpyridine (80 mL).
The mixture was treated in the manner described above for the preparation of 15.
Column chromatography of the product mixture gave 16 (11.79 g, 80%) as a colorless,
glassy solid: R, 0.48 (solvent 4); [a]** —0.4° (¢ 2.15, chloroform); 'H-n.m.r. (200 MHz,
CDCl1,): 6 1.80 (s, 3 H, Me), 1.98 (s, 3 H, OAc), 2.04 (s, 3 H, OAc), 2.07 (s, 3 H, OAc),
2.105(s,3 H,0Ac),2.12(s, 3 H, OAc), 2.18 (s, 3 H, OAc), 3.64 (m, 1 H, H-4), 3.87 (ddd,
1H, J;,9.8,J,,5.6,J;, 2.4 Hz, H-5), 3.94 (m, 1 H, H-5'), 4.07-4.18 (m, 3 H, H-6,6,6"),
4.26(dd,1H,J,,12.2,J,,2.4Hz,H-6),4.32(ddd, 1H, J,,5.2,J,,2.7,*J,,1.0 Hz, H-2),
4.57(s,2H, CH,Ph),4.62(d, 1 H, J,., 8.0 Hz, H-1), 5.01 (dd, 1 H, J, , 10.4, J, , 3.4 Hz,
H-3'),5.20(dd, 1 H, J, 4, 10.4,J, , 8.0 Hz, H-2),5.39(dd, 1 H, J, 5 3.4, J, 0.8 Hz, H-4),
5.56(dd,1H,J,,2.7,J,,1.2Hz, H-3),5.63(d, 1 H, J, , 5.2 Hz, H-1),and 7.25-7.43 (m, 5
H, Ph).
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Anal. Calc. for C,;H,,0,,: C, 54.54; H, 5.83. Found: C, 54.61; H, 5.66.

1,3,6,2",3",4',6'-Hepta-O-acetyl-a-lactose (17) and 2,3,6,2 .3 4 ,6'-hepta-O-acetyl-
- (18) and B-lactose (19). — A solution of 15 (2.11 g, 3.17 mmol) in 88% (v/v) formic
acid (15 mL) was kept at room temperature for 15 min and evaporated to dryness to give
a glassy solid, which was shown by t.1.c. (solvent C) to consist of two components having
Rg 0.34 and 0.41, corresponding to the Ry values of 17 and a mixture of 18 and 19,
respectively. '"H-N.m.r. spectroscopy indicated that 17 and the mixture of 18 and 19
were present in appproximately equimolar amounts. The separation of 17 from 18 and
19 by column chromatography afforded each fraction as a glassy solid. '"H-N.m.r.
spectroscopy indicated that 18 and 19 were present in the mixture in an approximate
mass ratio of 2:1, respectively. The spectrum of the mixture of 18 and 19 could be
correlated closely with those of 18 and 19, which were prepared by O-debenzylation of
20 (see below).

Compound 17: '"H-n.m.r. (200 MHz, CDCl,): 6 1.97 (s, 3 H, OAc), 2.060 (s, 3 H,
0AC), 2.065 (s, 3H, OAc),2.11(s,3H, OAc), 2.15(s,3H, OAc), 2.16 (s, 3 H, OAc), 2.20
(s,3H,0Ac), 3.73(m, 1 H,H-2),3.75(m, 1 H, H-4), 3.87 (m, 1 H, H-5), 3.92(ddd, 1 H,
J5410.4,J5.4.5,J,,2.0Hz,H-5),4.07(dd, 1 H, /., 11.0,J 5 7.2 Hz, H-6),4.12(dd, l H,
Jgem 12.3, J5 4.5 Hz, H-6),4.19 (dd, L H, J ., 11.0, J, 5 6.1 Hz, H-6'), 4.38 (dd, 1 H, /.,
12.3,J,52.0Hz, H-6),4.51(d, 1 H, J, , 7.8 Hz, H-1"),4.96 (dd, 1 H, J; , 10.4,J, , 3.4 Hz,
H-3)), 5.14 (dd, 1 H, J,, 10.4, J, ;. 7.8 Hz, H-2), 5.26 (dd, 1 H, *J 10.0,°/ 9.2 Hz, H-3),
5.37(dd, 1 H, J,.; 3.4, J, - 0.9 Hz, H-4'), and 6.17 (d, 1 H, J,, 3.7 Hz, H-1).

When stored at room tempereature, the composition of the above-cited mixture
of 17, 18, and 19 changes so that, after 2.5 months, it consists of ~90% 18 and 19, as
shown by t.l.c. and by 'H-n.m.r. spectroscopy. Hydrolysis of 16, using 95% acetic acid,
also provides 17, and 18 and 19, in an ~ 1:1 ratio, based on t.l.c. data.

Preparation of benzyl 2,3,6,2',3' 4 ,6'-hepta-O-acetyl-a-lactoside (20) and benzy!
2,3,6,2 .3 4 ,6'-hepta-O-acetyl-B-lactoside (21) from a mixture of 17 and 18 and 19. — An
~ 1:1 mixture (10.15 g, 16.0 mmol, theoretical) of 17 and 18 and 19, was dissolved in
N,N-dimethylformamide (DMF) (100 mL) and reduced in volume to 80 mL by high-
vacuum distillation of the solvent at room temperature. Benzyl bromide (11.1 g, 65
mmol) was added, and the solution was cooled in an ice-water bath. Silver(I) oxide (10.0
g, 43.2 mmol) was added in small portions, and the mixture was stirred at the bath
temperature for 1.5 h and at room temperature for 6 h. The mixture was filtered, and the
residue was washed sequentially with DMF (50 mL) and dichloromethane (50 mL). To
the combined filtrate and wash solution was added 0.2M potassium cyanide (500 mL),
and the mixture was stirred for 10 min. The aqueous phase was separated and extracted
with dichloromethane (3 x 50 mL).The combined organic phases were washed with
water (50 mL) and evaporated to dryness. The residual mixture was found by t.l.c. to
contain two major components having R 0.42 and 0.48 (solvent A), as well as trace
amounts of substances having larger Ry values, and a third major component which
migrated near the solvent front (R ~ 1). The mixture was resotved by column chroma-
tography to give 20 (4.55 g, 39%) as a solid foam: Rg 0.42; [«]® +78° (¢ 2.30,
chloroform); 'H-n.m.r. (400 MHz, CDCL,): é 1.97 (s, 3 H, OAc), 2.02 (s, 3 H, OAc),
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2.040(s,3H, OAc),2.048 (s, 3 H, OAc), 2.056 (s, 3 H, OAc), 2.14 (5, 3 H, OAc¢), 2.16 (s, 3
H, OAc),3.75(m, 1 H, J,510.0, J, ;9.2 Hz, H-4), 3.85 (m, 1 H, H-5"), 3.94(ddd, 1H, J,,
10.0, J;4 4.3, J; 2.0 Hz, H-5), 4.07 (dd, 1 H, J,,, 11.0, J5 7.3 Hz, H-6'), 4.11 (dd, 1 H,
Joem 11.9, J¢ 4.3 Hz, H-6),4.13 (dd, 1 H, J,,,, 11.0, J;. 5 6.3 Hz, H-6"), 4.38 (dd, 1 H, J,,
11.9, J;s2.0 Hz, H-6),4.47(d,  H, J,., 7.9 Hz, H-1'),4.53 (d, 1 H, J_,, 12.4 Hz, CH,Ph),
4.72(d, 1 H, J,., 12.4Hz,CH,Ph),4.80(dd, 1 H, J,,10.2,J,,3.7Hz, H-2),4.94(dd, | H,
Jy» 103,73 ,3.4Hz, H-3),5.03(d, 1 H,J,,3.7Hz, H-1) 5.12(dd, 1 H, J, , 10.3, J, . 7.9
Hz, H-2'),5.35(dd, 1 H, J, » 3.4, J,, 0.7 Hz, H-4), 5.53 (dd, 1 H, J;, 10.2, J;, 9.2 Hz,
H-3), and 7.29-7.43 (m, 5 H, Ph).

Compound 21 (2.70 g, 23%) was obtained as a crystalline solid from ethanol: m.p.
144-146°; R 0.48; [a]Z —36° (¢ 2.10, chloroform); '"H-n.m.r. (400 MHz; CDCl,): 6 1.96
(s, 3 H, OAc), 2.01 (s, 3 H, OAc), 2.039 (s, 3 H, OAc), 2.046 (s, 3 H, OAc), 2.053 (s, 3 H,
0OAC),2.143 (s, 3H, OAc), 2.147 (s, 3H, OAc), 3.58 (ddd, 1 H, J, 9.7, J; 4.9, J; . 2.0 Hz,
H-5),3.82(m, 1 H, J,59.7,J,,9.2 Hz, H-4), 3.87 (m, 1 H, H-5),4.08 (dd, 1 H, /., 11.1,
Jys 7.3 Hz, H-6'),4.11 (dd, | H, /., 11.9, J; s 4.9 Hz, H-6),4.13 (dd, 1 H, J ., 11.1, J, 5
6.5Hz,H-6"),4.48(d,1H,J,,7.9Hz,H-1"),4.51 (d,1H, J,,7.8 Hz, H-1),4.52(dd, 1 H,
Jgem 11.9, J4 5 2.0 Hz, H-6),4.60 (d, 1 H, J,,,, 12.3 Hz, CH,Ph),4.86 (d, 1 H, J,,, 12.3 Hz,
CH,Ph),495(dd, 1 H, J,, 104, J,, 3.7 Hz, H-3"), 497 (dd, 1 H, J,, 9.4, J,, 7.8 Hz,
H-2),5.11(dd, 1 H, J, 5 10.4, J, .. 7.9 Hz, H-2'), 5.16 (t, 1 H, *J 9.2 Hz, H-3), 5.35 (dd, 1
H, J,; 3.7, J, 5 0.9 Hz, H-4'), and 7.24-7.41 (m, 5 H, Ph).

Preparation of 21 from 4. — A mixture of 4 (1.93 g, 2.76 mmol), benzyl alcohol
(0.407 g, 3.76 mmol), and mercury(II) cyanide (1.074 g, 4.25 mmol) in 1:1 (v/v)
benzene-nitromethane (10 mL)* was stirred for 4 h at 40°, diluted with toluene (20 mL),
and washed sequentially with a sat. aq. solution of sodium hydrogencarbonate (2 x 20
mL) and water (20 mL). The organic phase was evaporated to dryness, and the residual
mixture was resolved by column chromatography (solvent 4) to give 21 (0.857 g, 43%)
which, after recrystallization from ethanol, had physical properties indistinguishable
from those of the sample of 21 prepared from the mixture of 17 and 18 and 19.

Anal. Calc. for C;H,,0,4: C, 54.54; H, 5.83. Found: C, 54.62; H, 5.90.

O-Debenzylation of 20. — A suspension of 10% (w/w) palladium-on-carbon (2.0
g) in methanol (15 mL) (Caution! Fire hazard.) was added to a solution of 20 (2.037 g,
2.80 mmol) in methanol (80 mL) containing 10% (v/v) formic acid, and the mixture was
shaken (60 c.p.m.) under hydrogen (60 p.s.i.g.) for 26 h at room temperature. An
additional 1-g portion of catalyst slurried in methanol (10 mL) (Caution! Extremely
dangerous fire hazard at this point.) was added at 3, 7, and 20 h of reaction time. The
mixture was filtered, and the residue was washed with methanol (80 mL). The combined
filtrate and wash solution was evaporated to dryness. Examination of the residue by
t.l.c. indicated the presence of two fractions having Ry 0.44 and 0.59 (solvent D). The
more mobile fraction was shown by 'H-n.m.r. spectroscopy to be 20 (0.140 g, 6.6%).
The fraction having R 0.44 was found by 'H-n.m.r. spectroscopy to consist of 18 and 19
(1.109 g, 62%) in a ratio of ~2:1, respectively.

Compound 18: 'H-n.m.r. (400-MHz, CDCl,): 6 1.97 (s, 3 H, OAc), 2.05 (s, 3 H,
0OAc), 2.060 (s, 3 H, OAc), 2.064 (s, 3 H, OAc), 2.08 (s, 3H, OAc), 2.136 (s, 3 H, OAc),
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2.16 (s, 3H, OAc), 3.29 (brd, 1 H, 7 3.4 Hz, OH), 3.77 (t, 1 H, >*J9.5 Hz, H-4), 3.88 (m, 1
H, H-5), 4.05-4.21 (m, 4 H, H-5,6,6',6"), 4.47-4.53 (m, 2 H, H-1,6), 4.83 (dd, 1 H, J, ,
10.2,J,, 3.4 Hz, H-2),4.966 (dd, 1 H, J, , 10.4, J;., 3.3Hz,H-3), 5.12(dd, 1 H, J, , 10.4,
J,8.0Hz,H-2),5.36 (brd, 1H, J, 3.3, Hz, H-4'), 5.38(t, | H,*J3.4Hz, H-1),and 5.53
(dd, 1 H, J5, 10.2, J,, 9.5 Hz, H-3).

Compound 19: 'H-n.m.r. (400 MHz, CDC,): § 1.97 (s, 3 H, OAc), 2.05 (s, 3 H,
OAc), 2.060 (s, 3 H, OAc), 2.064 (s, 3 H, OAc), 2.08 (s, 3 H, OAc), 2.133 (5, 3 H, OA0),
2.16 (s, 3 H, OAc), 3.65 (ddd, 1 H, J;,10.1, J,,4.9, J, 1.8 Hz, H-5),3.67(d, 1 H,*J 7.9
Hz, OH), 3.79 (m, 1 H, H-4), 3.88 (m, 1 H, H-5'), 4.05-4.21 (m, 3 H, H-6,6',6'), 4.47-4.53
(m,2H,H-1',6),4.73(t,1 H,°J 7.9 Hz, H-1), 4.80 (m, 1 H, H-2),4.961 (dd, 1 H, J, ,. 10.3,
Jy43.3Hz, H-3),5.11(dd, 1 H, J, , 10.3, J,.,, 7.8 Hz, H-2'), 5.24 (t,  H, °J 9.3 Hz, H-3),
and 5.36 (br d, 1 H, J, ; 3.3 Hz, H-4').

1,2,3,6,2,3' 4,6'-Octa-O-acetyl-a-lactose (22). — The anomeric mixture of octa-
O-acetyllactoses, which was prepared by the isomerization of crystalline octa-O-acetyl-
B-lactose'>* in the presence of zinc(II) chloride®, was resolved by column chromatog-
raphy (solvent A) to give 22: [¢]2* +51° (¢ 1.08, chloroform), lit.*? [}?* + 53° (chloro-
form); '"H-n.m.r. (400 MHz, CDCL,): 6 1.97 (s, 3 H, OAc), 2.02 (s, 3 H, OAc), 2.066 (s, 3
H, OAc), 2.071 (s, 3H, OAc), 2.075 (s, 3H, OAc), 2.14(s,3H, OAc), 2.17 (s, 3 H, OAc),
2.19(s,3H,0Ac),3.82(t, 1 H,3J9.7 Hz, H-4), 3.89 (brt, 1 H,J 6.8 Hz, H-5),4.02 (ddd,
1H,J;,10.1,J,43.6,J54, 1.9 Hz, H-5),4.10(dd, 1 H, /., 11.0, J, 7.2 Hz, H-6"), 4.13 (dd,
- 1H,J,, 12.0,J,,3.6 Hz, H-6),4.17(dd, 1 H, J,., 11.0, J, 4 6.1 Hz, H-6"), 4.46 (dd, 1 H,
Jgem 12.0, J s 1.9 Hz, H-6),4.49(d, 1 H, J,, 7.9Hz, H-1),4.96 (dd, | H, J, , 10.4, J; . 3.3
Hz, H-3),5.01(dd, 1 H, J,,10.2, J,, 3.7 Hz, H-2), 5.13 (dd, 1 H, J, ; 10.4, J, , 7.9 Hz,
- H-2),5.36(dd, 1H, J, ;, 3.3, J, , 0.8 Hz, H-4), 547 (dd, 1 H, J,,10.2, J,, 9.0 Hz, H-3),
and 6.26 (d, 1 H, J,, 3.7 Hz, H-1).
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