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ABSTRACT 

The reaction of 2,3,6,2’,3’,4’,6’-hepta-0-acetyl-a-lactosyl bromide (4) and benzyl3,4-di-O-benzyl-a- 
o-mannopyranoside (3) in the presence of mercury(H) cyanide in benzene-nitromethane produced benzyl 
3,4-di-0-benzyl-2,6-bis-0-(2,3,6,2’,3’,4’,6’-hepta-O-acetyl-~-lactosyl)-a-~-mannopyranoside (5) and benzyl 
3,4-di-0-benzyl-6-0-(2,3,6,2’,3’,4’,6’-hep~-O-acetyl-~-lac~osyl)-a-~-mannopyranoside (6), as part of a 
complex mixture. Column chromatography, followed by acetylation of the fraction containing 5 and 6, gave 
a sample of 5 and benzyl 2-0-acetyl-3,4-di-0-benzyl-6-0-(2,3,6,~,3’,~,~-hepta-O-a~~yl-~-l~tosyl)-u-~- 
mannopyranoside (7) in - 35% and 17% yields (based on 4), respectively. Deprokction of 5 and 7 afforded 
the target compounds, namely 2,6-di-0-B-lactosyl-a&D-mannopyranoses and 6-O+lactosyl-a$-o-man- 
nopyranoses, respectively. If the coupling of 4 with 3 were performed in the presence of silver trifluorometh- 
anesulfonate and 2,4,6&methylpyridine, only a mixture of 3,6,2’,3’,4’,6’-hexa-0-acetyl-m-lactose-1,2-{ [3,6, 
2’,3’,4’,6’-hexa-0-acetyl-a-lactose 1,2-(benzyl 3,4-di-0-benzyl-a-D-mannopyranosid-6-yl orthoacetyl)-2-yl] 
orthoacetate) and 3,6,2’,3’,4’,6’-hexa-0-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 I-3 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 constituent4 and a branch point’*“3 in numerous 
glycosylically N-linked oligo-mannosylicglycoproteins’-3~6*8*”. 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, 
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might assume conformations’4 similar to those of natural determinants and may be 
useful candidate molecules in our investigations of the binding of D-galactopyranose- 
terminated 1igandP” to the asialoglycoprotein receptor of normal, human, and rabbit 
hepatocytes. This article reports the synthesis and characterization of 6-O+lactosyl- 
ol,/!-D-mannopyranoses (11) and 2,6-di-0-/&lactosyl-a,/?-D-mannopyranoses (9). 

An N-acetyllactosamine analog of 9, namely 2,6-di-O-@?-D-galactopyranosyl- 
(1 ~4)-0-(2-acetamido-2-deoxy-~-D-glucopyranosyl)]-D-mannoses, and its p-(trifluor- 
oacetamido)phenyl glycoside”, have been prepared by Arnarp and co-workers. A 
tris(sialy1) derivative of the former pentasaccharide forms one segment of the glycosyl 
portion of the bovine blood coagulation factor 1X9. As well, an N-acetyllactosamine 
analog of 11, namely O-B-D-galaCtOpyranOSyl-( 1+4)-O-(2-acetamido-2-de- 

oxy-p-D-glucopyranosyl)-( 146)~D-mannose, has been synthesized19*20. 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 methodologies5**‘, only complex 1 ,Zorthoesters of peracetylated lactose were 
initially obtained. Of course, the formation of 1,Zorthoesters during Koenigs-Knorr- 
type glycosidation is very well known’7*22-26, and conditions have been defined which 
give high yields of 1,2-orthoesters24~2’9 with no detectable glycoside formation27*28. 
Equally well known is the use of 1,2-orthoesters for glycoside formation2’*3”33 with high 
stereoselectivity25*3’ (see ref. 34). For the characterization of the complex orthoesters 
encountered in the present study, and those earlier reported”, model 1 ,Zorthoesters of 

22 lactose were prepared - 24*29 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.) spectroscopy3~37, and by the ease with which they underwent hydroly- 
sis3’*32 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 discussion3*-. 

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-D-mannopyranoside (1) and then into the 
2,3:4,6-di-O-benzylidene derivative (2), in the manner described by Shaban et aL4’ 

Hydrogenolysis of 2, using lithium aluminum hydride-aluminum chloride42*43, gave 3 
(ref. 5). Compound 3 was coupled with 4 (ref. 15) (see Scheme 1) in the presence of 
mercury(I1) cyanide23 in benzene-nitromethane to produce benzyl3,4-di-O-benzyl-2,6- 
bis-0-2,3,6,2’,3’,4’,6-hepta-O-acetyl-B-lactosyl)-a-D-mannopyranoside (5) and benzyl 
3,4-di-0-benzyl-6-0-(2,3,6,2’,3’,4’,6’-hepta-0-acetyl-~-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&l, 
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 Helferichz3 coupling procedure. 
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The fraction having R, 0.55 afforded a ‘H-n.m.r. spectrum similar to those of the 
1,Zorthoesters 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 B-lactose (19) and thus was indicated to be the hydrolysis 
product of 4. In association with unidentified impurities, 5 and 6 migrated conjointly 
(R, 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) tolueneethyl acetate, afforded 
benzyl 2-0-acetyl-3,4-di-O-benzyl-6-O-(2,3,6,2’,3’,4’,6’-hepta-O-acetyl-~-lactosyl)-a- 
D-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)36,37 experiments. 
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The chemical shift of the H- 1 b resonance and the value of the coupling constant are S 
4.50 and 8.0 Hz, respectively, and infer that the glycosidic linkage has the j?-D-config- 
uration’s*‘6. 

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 benzyl3,4-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 
N 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 N 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 protons in 3. 

The impure sample of 5, obtained by us from the couplin$3 of 4 and 3 (see Scheme 
1) was O-debenzylated by catalytic transfer hydrogenation4 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-8-lactosyl)-a, 
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TABLE I 

‘l-l-N.m.r. data” of the o-mannosy residues jn 3”. 3ab, and 7d 

Pro ton Chemical shifts (6) and coupling constunts (Hz)’ 

3 3a 7 

H-1 (J,,J 4.97 (1.9) 4.90 (1.5) 4.88 (1.7) 
H-2 (Jz.d 4.07 (3.0) 5.41 (3.2) 5.39 (3.3) 
H-3 (J,,3 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 (Jt,,s) 3.83 (2.8) 4.35 (5.1) 4.0-e 16 

@ For a solution in CDCl,. * More complete ‘H-n.m.r. data for 3, 3a, and 7 are given in the Experimental 
&&?n. c Irt parelrkses. 

/3-D-mannoses (8) in 17% yield. 0-Deacetylation45 of 8 afforded 9 in 97% yield. The 
cbe~rtie&on CTI>Y a $tihar series CG rea~ons_aave’~~~~~~y’b-~~~_~.~.~,.~,~~,.~ -BED- 

ta-O-acetyl-8-lactosyl)-2-O-acetyl-ol,8-D-mannopyranoses (10) in 41% yield and then 
I L in 96% _AeU. 

The chemical shifts of the protons of 8 and 10 were assigned with the aid of 
(coBY+ e?+Ztiments_ me m -1% JY-D~DXI!! Dj B ad >D 2nd fb~? x ->I) J.!!DfDDS 0) 3 

resonate in the 6 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 jI-D-configuration’5~‘6. 

Lee et al.” reported the synthesis of 9 but provided no experimental details. 
s’crbsequeen& it ~2s I’earned% &W an &rp~= s.q_7?e off A-& been pq~fe~? by 
(coUfin@ 4 G>lh ‘3 in $ne presence 03 &er k?mor~metiaaes~~~mle a& 2,4,6-h% 
methylpyridine . 47*48 In our hands the attempted preparation of 5 by the latter method 
FA&i-&+ 0lT>Y a m&zXe 4 &V 1,2&tiZel-s 22 &I?& 23 {se §&XX?&? 2>, &Y& &e&&r& 
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 smallamounts ofimpurities, 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) 
&zscfibe#herejn an#previo&#, reqtis& tiesyntie&s ti s~Y~z+~v~~ cDmpDLu3r)s ~3 

known structure (see Scheme 3). The 1 ,Zorthoesters, 3,6,2’,3’,4’,6’-hexa-0-acetyl-1,2- 
0-(ethyl orthoacetyl)-a-lactose (15) and 3,6,2’,3’,4’,6’-hexa-0-acetyl-1,2-0-(benzyl or- 
thoacetyI)-a-<acWse (M), were prepared from 4 by reaction with ethanol and benzyl 
&&z&, ripest+&: T& reti& WR&&E wme &r&r TV &KMZ &XI-+&~ &n- t?re 
Ipreparation of 3,4,6-Ui-O-acetfi-l,2-@(a1~y~ orrhoacety~~-a-D-glucoses from 2,3,4,6- 
terra-O-acety~-a-D-g~ucopyranosy) bromide and invoIved the a&&ion of the alcohol fo 
a suspension of 4 and tetrabutylammonium bromide29 in 2,4,6-trimethylpyridine27. 
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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-U-acetyl- 1,2-0-orthoesters of a-D-glucopyra- 
nose, Lemieux and Morgan24 reported that two diastereomeric orthoesters were pro- 
duced in each case, and they reasoned, on the basis of ‘H-n.m.r. spectral dataz4 and 
energy considerations49, that the major isomer was that in which the alkoxyl group on 
the dioxolane ring was tram to the pyranose ring (i.e., of the exo configuration). The 
close correlation between the coupling constants of the protons of the D-glucopyranosyl 
residues of 15 and 16 and those of the (presumed) exo isomer of 3,4,6-tri-O-acetyl-1,2- 
@(ethyl orthoacetyl)-a-D-glucopyranose” (see Table III) infers that 15 and 16 also 
possess the exe configuration at the orthoester function. Table II summarizes the 

TABLE II 

‘H-N.m.r. data” of the D-glucosyl residues in lZb, 14’, and a model compound’. 

Proton Chemical shifr (8) and coupling constants (Hz)~ 

12 (ring b) 12 (ring d) 14 e 

H-1 (4.3 
H-2 (4.J 
H-3 (J3.4) 
H-4 Vq) 
H-5 
H-6 V&5) 
H-6 V6.5) 
Me 

5.66 (5.2) 
4.40 (2.7) 
5.55 (1.1) 
3.65 (9.5) 
3.87 
4.12 (5.6) 
4.25 (2.3) 
1.71 

5.58 (5.1) 
4.36 (2.7) 
5.46 (1.1) 
3.51 (9.6) 
3.77 
4.06 (5.7) 
4.21 (2.4) 
1.64 

5.65 (5.3) 
4.36 (2.7) 
5.52 (1.4) 
3.64 (9.6) 
3.87 
4.12 (5.5) 
4.26 (2.4) 
1.73 

5.60 (5.1) 
4.37 (1.8) 
5.49 
3.5g3.97 
3.5c3.97 
4.05-4.17 
4.24 (1.6) 
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-O-[1,3-bis-0-(2,3,6,2’,3’,4’,6’-hepta-O-a~tyl-~-lactosyl)~y~r-2-yl 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 D-glucosyl residues in 15’, 16b, and a model compound’ 

Proton Chemical shifts (-3) and coupkng constants (Hz)~ 

15 16 e 

H-1 V,,,) 5.66 (5.0) 5.63 (5.2) 5.72 (5.0) 
H-2 (J2.3) 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 V4.5) 3.66 (9.5) 3.64 (9.8) 5.09 (9.0) 
H-5 3.86 3.87 
H-6 V,.,) 4.10-4.17 (5.7) 4.07-4.18 (5.6) 
H-6 (J,.,) 4.25 (2.1) 4.26 (2.4) 
Me 1.72 1 .a0 

’ For a solution in CDCl,. ’ More complete ‘H-n.m.r. data for 15 and 16 are given in the Experimental 
Section. ’ 3,4,6-Tri-O-acetyl- 1,2-0-(ethyl orthoacetyl)-a-D-glucopyranose”. d In parentheses. 
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chemical shifts and coupling constants for the protons of ring b in 12 and 14 and of ring 
d in 12. Note that these values correspond very closely with those of the corresponding 
protoas of t&e mode~comgouads, 15 and 16 (see Table ZZZ). These si~~~ilatities, and the 
l~&~natureaft~e alcaho(gtoup ia the pceseatse~esoTZ,Z-orthaescersaEpe~~tylaC_ 
ed lactose, particularly in structures 12 and 14, make it probable29P32*49 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 grovqs ofthe t ,2_orGme=st~rs. T&us, t& ’ K-n.m.r . spectra provide axsiwm- 
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 
ffor the occurrence of o&oace@ units was obtdrned ~~s”C-a.m.r. qrectroscqq~. The 
spectrum in CDCI, showed the presence of two signals at 6 122.65 and 121 AZ, attribut- 
aieGt-Z~L~~ra~~& Pr&- > atim& &itM$~litll&+arri-- T~&rn&~~~~ 
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) 
aq&~WY,i~&iti, ~~?~~~,,~i~~~-‘~~~~~~~ >,~,&+,Y,#,Z+iq.&+ 
0-acetyl-a-lactose (17) and a - 1:2 mole-ratio mixture of 19 and 18, respectively. A 
simi<aX rniXi=le of I?, $%, ati W had &n 0&a&P +q & +q&0ysis of l-q&a-G- 
aG&$+L&Yq+ cl?i&Yi& iLT aX&aR? OT ii? X,13~~~&~~~~&~crirr* {D?W-> T&Z lT&X- 
ture of ST, lg, and @? was treated with benzyr bromide and silve-r$I) oxide in DMF to 
produce benzyl 2,3,6,2’,3’,4’,6’-hepta-0-acetyl-a-lactoside (20) and the corresponding 
p-anomer (21) in yields of 39 and 23%, respectively. Analysis of the reaction products, 
us:mg’hin-iayer dflroma'cogradny '(t.'r.c.:, anb ‘ffi-n.m.r, spedcroscopy, hiieir to detect ‘rhe 
Ipresence of a 2-O-benzyl tlerivarive. This result infers that the I-O-acyl group of I? 

‘H-N.m.r. data” of the D-g&OSyl residues in 17-22b 

JProtan chetntcat &fts $6. an8 BqX&&l Bw.&u& .c&!qF 

17 18 19 20 21 22 

H-l 6.17 5.38 4.73 5.03 4.51 6.26 

U&J 13.71 13.4) 17.9) 13.7) 17.8) l3.7) 
H-2 3.73 4.83 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 3.82 3.82 
H-5 3.92 4.0542 1 3.65 3.94 3.58 4.02 
H-6 4.12 4.0542 1 4.05-4.21 4.11 4.11 4.13 
H-6 4.38 4.47-4.53 4.47-4.53 4.38 4.52 4.46 

’ FOT a solution in CDCI,. ‘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-O-benzyl-rr-glucopyranose from methyl 2,3,4-tri-Gacetyl- 
B-D-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 reactior? 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,,Z, and the chemical shifts of the resonances of the protons of the rr-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 D-galactopyranosyl residues of these compounds have not 

%-l,OAc A+-qno&~Ac 
OAc OAc 

22 

been shown because they differ by less than +O.Ol p.p.m. from those given for 
peracetylated lactosyl glycerides which were fully described in an earlier publication’6 in 
this series. For the compounds cited in Table IV, the J, 2 values of the a-lactosides are in 
the range 3.4-3.7 Hz, whereas those of the #I-lactosides are in the range 7.8-7.9 Hz. 
Moreover, the chemical shifts of the resonances of the H-l protons of 18 and 20 are 
OS-O.6 p.p.m. downfield from those of 19 and 21, respectively (see Table IV). This 
feature is consistent with the resultsI from other a&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 O.l-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 13C-n.m.r. spectrum was recorded on the Bruker AM-400 spec- 
trometer at 100.6 MHz, with CDCl, as the solvent and internal standard (77.00 p.p.m.). 
Chemical shifts (6) 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.1.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: (A) l:l, and 
(E) 2:3 toluene-ethyl acetate; (C) 9:9:1, (D) 8:8: 1, (E) 4:4: 1, and (fi 3:3: 1 toluene&hyl 
acetate-Zpropanol. The developed plates were air-dried and sprayed with a solution of 
cerium(IV) sulfate (1%) and molybdic acid (1.5Y ) o 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-u-D-mannopyranoside (1) - Compound 1 was prepared in the manner 
described by Shaban et ~1.4’ and had m.p. 130-133”, lit?’ m.p. 132-133”; [a]: + 75.5” (c 
1.35, water), lit.41 [a]: +73.5” (c 1.5, water); ‘H-n.m.r. (400 MHz, Me,SO-d,): 6 
3.38-3.71 (m, 6H, H-2,3,4,5,6,6),4.43 (d, 1 H,JBem 12.1 Hz,CH,Ph),4.49(t, 1 H,3J5.9 
Hz,CH,OH),4.56(d, 1 H,‘J6.0Hz,OH),4.67(d, lH, J,,12.1Hz,CHzPh),4.69(m, 1 
H,H-l),4.73(d,1H,3J5.9Hz,OH),4.74(d,1H,3J4.6Hz,OH),and7.2&7.43(m,5H, 
Ph). 

Benzyi 2,3:4,6-di-0-benzylidene-a-D-mannopyranoside (2). - Compound 2 was 
prepared by the method of Shaban et aZ.4’ 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, J5.4 Hz), 4.30 (dd, 1 H, J 
9.8,J3.9Hz),4.42(d,lH,J,,11.7Hz,CW,Ph),4.68(dd,lH,J5.5,J7.6Hz),4.73(d,l 
H, Jgem 11.7 Hz, 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). 

Benzyl3,4-di-0-benzyl-a-D-mannopyranoside (3) and benzyl2,6-di-O-acetyl-3,4- 
di-0-benzyl-a-D-mannopyranoside (3a). - Compound 3 was prepared by the method of 
Arnarp et ~1.~; [a]: + 55.3” (c 1.14, chloroform), liL5 [a]: + 55” (c 1, chloroform); 
‘H-n.m.r. (400 MHz, CDCl,): 6 2.19 (br s, 1 H, OH), 2.70 (br s, 1 H, OH), 3.72 (dt, 1 H, 
J5,4 9.3, ‘J3.3 Hz, H-5), 3.79 (m, 1 H, JBem 11.9, J,,, 3.9 Hz, H-6), 3.83 (m, 1 H, JBem 11.9, 
J,,,2.8Hz,H-6),3.89(t,1H,3J9.3Hz,H-4),3.95(dd,1H,J3,9.3,J3z3.0Hz,H-3),4.07 
(m, 1 H, J2,3 3.0, J2,, 1.9 Hz, H-2), 4.47 (d, 1 H, Jw 11.7 Hz, CH,Ph), 4.67 (d, 1 H, Jgcm 
10.9 Hz, CH,Ph), 4.68 (d, 1 H, Jw 11.7 Hz, CH,Ph), 4.70 (s, 2 H, CH,Ph), 4.88 (d, 1 H, 
JBem 10.9 Hz, CH,Ph), 4.97 (d, 1 H, J,,Z 1.9 Hz, H-l), and 7.1-7.4 (m, 15 H, 3 Ph). The 
protons having signals at 6 2.19 and 2.70 were exchangeable with D,O. 

Compound 3 was treated with acetic anhydride in pyridine to give 3a; ‘H-n.m.r. 
(400 MHz, CDCl,): S 2.08 (s, 3 H, OAc), 2.14 (s, 3 H, OAc), 3.75 (t, 1 H, 3J9.7 Hz, H-4), 
3.89(ddd, 1 H, J5,410.0, J,,,5.1,J,,2.0Hz,H-5),4.04(dd, 1 H, J3,49.1, J3,z3.2Hz,H-3), 
4.27(dd,1H,J,,11.7,J,,,2.0Hz,H-6),4.35(dd,1H,J,,11.7,J,,,5.1Hz,H-6),4.49(d, 
1 H, Jen. 11.8 Hz, CH,Ph), 4.52 (d, 1 H, J._, 10.4 Hz, CH,Ph), 4.54 (d, 1 H, jBcm 10.6 Hz, 
C&I+), 4.68 (d, 1 H, Jgrm 11.8 Hz, CH,Ph), 4.70 (d, 1 H, Jgan 11.3 Hz, CH,Ph), 4.89 (d, 1 
I-I, JBrm 10.6 Hz, CH,Ph), 4.90(d, 1 H, J,v2 1.5 Hz, H-l), 5.41 (dd, 1 H, JZ,3 3.2, J2,, 1.5 Hz, 
H-2), and 7.1-7.4 (m, 15 H, 3 Ph). 

Benzyl 2,6-bis-0-(2,3,6.2’,3’,4’,6’-hepta-O-acety~-~--B-lactosyl)-3,4-di-O-benzyi-a- 
D-mannopyranoside (5) and benzyl6-O- (2,3,6,2’,3’,4’,6’-hepta-0-acetyl+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(I1) cyanide (1.56 g, 6.18 mmol) in 1: 1 (v/v) 
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benzene-nitromethane (40 mL)23 was stirred for 19 h at 40”. Compound 4 (1.29 g, 1.84 
mmol) and mercury(U) 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 R, 0.55, 
0.44, and 0.23 (solvent B). The component having R, 0.44 (1.54 g) consisted of a mixture 
of 5,6, 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 R, 0.59 was chromatographically homogene- 
ous 7 (0.308 g, 15%), which was obtained as a colorless, glassy solid: [a]:* + 8” (c 0.65, 
chloroform); ‘H-n.m.r. (400 MHz, CDCl,): 6 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, J5b,4b 9.5, J5,+ 4.4, J5b,6b 2.2 Hz, H-5b), 
3.67-3.73(m,2H,H-4a,5a),3.81(t,1H,3J9.5Hz,H-4b),3.81-3.86(m,1H,H-6a),3.87 
(br t, 1 H, 3J6.7 Hz, H-5c), 4.02 (dd, 1 H, J3a,4a 9.1, J3a,2a 3.3 Hz, H-3a), 4.07 (dd, 1 H, JBem 

11.8, Jm, 4.4 Hz, H&b), 4.064.16 (m, 3 H, H-6a$c,6c), 4.47 (d, 1 H, Jgm 12.1 Hz, 
CH,Ph),4.48(d, 1 H, J,,,,7.9Hz,H-lc),4.50(d, 1 H, J,,z,8.0Hz,H-lb),4.506(d, 1 H, 
Jge,,, 12.4Hz,CH1Ph),4.512(d, lH, Jgem 11.4Hz,CHZPh),4.52(dd, 1 H,J,, 11.8, J6b,5b 
2.2 Hz, H-6b), 4.67 (d, 1 H, Jsem 12.2 Hz, CH,Ph), 4.69 (d, 1 H, Jgem 10.8 Hz, CW,Ph), 4.88 
(d, 1 H, J,a,as 1.7 Hz, H-la), 4.91 (d, 1 H, Jgem 11.0 Hz, CH,Ph), 4.96 (dd, 1 H, J3C,2c 10.5, 
J3,,3.5Hz,H-3c),5.03(dd, 1 H, J,,,,,9.6, J,,,,,8.0Hz,H-2b),5.11 (dd, 1 H, J&0.5, 
JzC,lC 7.9 Hz, H-2c), 5.20 (t, 1 H, J9.3 Hz, H-3b), 5.35 (br d, 1 H, 3J3.4 Hz, H-4c), 5.39 
(dd, 1 H, JZa,3a 3.3, Jza,,a 1.7 Hz, H-2a), and 7.25-7.40 (m, 15 H, 3 Ph). The component 
having R, 0.34 consisted of impure 5 (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-acety~-~-Zactosyl)-u,~-~-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 
(10 mL) 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, R, 0.38 (solvent E); ‘H-n.m.r. (400 MHz, 
CDCl,): 6 1.97 (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, 6H,2OAc),3.3-5.15 (m, 7 H,mannosylHs) 3.61 (ddd, 1 H, 3J9.8, ‘J 
3.3, 3J2.0 Hz, H-5b or H-5d), 3.67 (ddd, 1 H, ‘J9.9, 3J 5.6, 3J 1.9 Hz, H-5b or H-5d), 
3.783 (t, 1 H, 3J9.7 Hz, H-4b or H-4d), 3.807 (t, 1 H, ‘J9.7 Hz, H-4b or H-4d), 3.89 (br t, 
2H,3J6.6Hz,H-5c,5e),3.9&4.19(m,6H,H-6b,6c,6c,6d,6e,6e),4.50(d, 1 H,3J8.1 Hz, 
H-lc or H-le), 4.51 (d, 1 H, 3J7.9 Hz, H-lb or H-ld), 4.54 (d, 1 H, ‘J8.0 Hz, H-k or 
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H-le),4.534.58(m, 1 H,H-6borH-6d),4.59(d, 1 H,3J7.8Hz,H-lborH-ld),4.71 (dd, 
1H,J,,12.3,3J1.7H~,H-6borH-6d),4.861(dd,1H,3J9.2,3J8.0H~,H-2borH-2d), 
4.896(dd,1H,3J9.5,3J8.1H~,H-2borH-2d),4.971(dd,1H,3J10.5,3J3.1H~,H-3~or 
H-3e), 4.978 (dd, 1 H, 3J 10.4, 3J2.9 Hz, H-3c or H-3+, 5.09-5.14 (m, 2 H, H-2c,2e), 
5.188 (t, 1 H, 3J9.3 Hz, H-3b or H-3d), 5.191 (t, 1 H, 3J9.5 Hz, H-3b or H-3d), and 5.35 
(m, 2 H, H-4c,4e). 

Anal. Calc. for C,,H,O,: C, 49.15; H, 5.69. Found: C, 49.12; H, 5.72. 
2,6-Di-O-P-luctosyl-a,B-D-mannopyranoses (9). - To a solution of 8 (0.088 g, 

0.062 mmol) in absolute methanol (15 mL) was added 0.1~ sodium methoxide in 
methanol (5 mL), and the solution was stirred at room temperature for 0.5 h. A second 
aliquot of 0.1~ 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-O-Acetyl-6-0-(2,3,6,2,3’,4’,6’-hepta-O-acetyl-~-lactosyl)-a,~-D-mannopyrano- 
ses (10). - A suspension of 10% (w/w) palladium-on-carbon (1.7 g) in methanol (40 
mL) (Caution! Fire hazard.) containing 1 O%(v/v) formic acid@ was added to a solution 
of 7 (0.272 g, 0.245 mmol) in 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: R,0.38 (solvent F); ‘H-n.m.r. (400 MHz, CDCl,): 6 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, 
OAc),2.15(s,3H,OAc),2.16(s,3H,OAc),2.42(brd,lH,3J5.2Hz,OH-3a),2.72(br 
d, 1 H, ‘J3.3Hz,OH-4a),3.60-3.66(m,2H,H-4a,5b), 3.71 (d, 1 H,3J3.6Hz,0H-la), 
3.81 (t, 1 H, ‘J9.5 Hz, H-4b), 3.83 (dd, 1 H, JBem 11.2, Jba,5a 6.0 Hz, H-6a), 3.89 (br t, 1 H, 
3J6.8Hz,H-5c),3.97~.10(m,5H,H-3a,5a,6a,6b,6c),4.15(dd, 1 H, JBem 11.1, J,,,,6.3 
Hz, H&c), 4.52 (d, 1 H, J,C,k 8.1 Hz, H-lc), 4.62 (d, 1 H, J,b,Zb 7.8 Hz, H-lb), 4.65 (dd, 1 

H, Jgem 12.4, Jwb 2.1 Hz, H-6b), 4.91 (dd, 1 H, JZb,3b 9.3, JZb,,,, 7.8 Hz, H-2b), 4.97 (dd, 1 

H, J3c.k 10.3, J,,,3.3 Hz,H-3c), 5.11 (m, 1 H, H-2a), 5.11 (dd, 1 H, J2c,3C 10.3, J&,8.1 
Hz, H-2c), 5.21 (t, 1 H, 3J9.3 Hz, H-3a), 5.22 (dd, 1 H, J,a,2a 1.2, 3J3.6 Hz, H-la), and 
5.35 (br d, 1 H, ‘J 3.3 Hz, H-4~). 

Anal. Calc. for C,H,,O,: C, 48.57; H, 5.75. Found: C, 48.50; H, 5.80. 
6-0-fi-Lactosyl-a&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), 4.445.12 (multiplets, 10 H, 10 OH), 4.85 (br d, 1 H, 3J4.4 Hz, H-la), 
6.26 (d, ‘J6.6 Hz, OH-la), and 6.35 (d, ‘J4.4 Hz, OH-la). The signals at 6 6.26 and 6.35, 
and those in the range S 4.44-5.12, except for the H-la signal, were extinguished in the 
presence of D,O. The ratio of the area-integrals of the signals at 6 6.26 and 6.35 was 1:4. 

3,6.2’,3’,4’,6’-Hexa-0-acetyl-a-lactose 1,2-f (3.6,2’.3’,4’,6-hexa-O-acetyl-a-lacto- 
se 1,2- (benzyl 3,4-di-0-benzyl-a-D-mannopyranosid-6-yl orthoacetyl) -2-yl) orthoace- 
tate] (12) and 3,6,2’,3’,4’,6’-hexa-0-acetyI-a-lactose I,2-(benzyl 2-O-acetyl-3,4-di-O- 



64 L.J.J. HRONOWSKI et a/. 

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 (1.9 1 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 R, 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 ,Z(benzyl3,4-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 13using solvent A. The mixture of 12 and 13 was, therefore, treated 
with acetic anhydride (10 mL) in pyridine (30 mL) in themanner described above for the 
preparation of 5 and 7. This reaction afforded a mixture of 12 and 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 (1.5 18 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, 3 H, OAc), 2.110 (s, 3 H, OAc), 2.119 (s, 3 H, OAc), 2.16 (s, 3 H, OAc), 2.18 (s, 3 
H, OAc), 3.57 (m, 1 H, J4d,5d 9.6 Hz, H-4d), 3.65 (m, 1 H, J.,b,5b 9.5 Hz, H-4b), 3.65-3.74 
(m, 3 H, H-5a,6a,6a), 3.767 (ddd, 1 H, JSd,4d 9.6, J5d,6d 5.7, J5d,6d 2.4 Hz, H-5d), 3.778 (t, 1 
H, J9.6 Hz, H-4a), 3.87 (ddd, 1 H, J5b,4,, 9.5, J5b,6b 5.6, J5b,6b 2.3 Hz, H-5b), 3.93 (dd, 1 H, 
J,,,%9.6, J3a,2a 3.1 Hz, H-3a), 3.93-3.98 (m, 2 H, H-5c,5e), 4.061 (dd, 1 H, Jgem 12.2, J6d,5d 
5.7 Hz, H-6d), 4.064 (dd, 1 H, J2a,3a 3.1,J,~,,,2.0Hz,H-2a),4.117(dd,1H,J,,,12.1,J,,,,, 
5.6 Hz, H-6b), 4.10-4.18 (m, 4 H, H&c,6c,6e,6e), 4.21 (dd, 1 H, J_,,, 12.2, J6d,5d 2.4 Hz, 
H-6d), 4.25 (dd, 1 H, Jgem 12.1, J6b,Sb 2.3 Hz, H-6b), 4.364 (ddd, 1 H, J2d,,d 5.1, JZd,M 2.7, 

4Jzd.4d 1 .O Hz, H-2d), 4.397 (ddd, 1 H, J2b,,b 5.2, J2b,3b 2.7,4J,,,,,, 1.1 Hz, H-2b), 4.46 (d, 1 H, 
Jgem 11.7 Hz, coupled to H having signal at 6 4.69, CH,Ph), 4.594 (d, 1 H, J,e,le 8.0 Hz, 
H-le),4.600(d,1H,J,,10.8Hz,coupledtoHat64.879,CH,Ph),4.65(d,1H,J,~,,,8.0 
Hz,H-lc),4.69(d,2H, JBem 12.0Hz, CH,Ph),4_73(d, 1 H,J,,, 11.6Hqcoupled toHat 
4.69,CH,Ph),4.84(d,lH,J,,,,2.0Hz,H-la),4.879(d,l H,J,,10.8Hz,CH,Ph),5.002 
(dd, 1 H, J3e.k 10.4,J,,,3.4Hz,H-3e),5.017(dd, 1 H,J,,,~O.~,J,,,~,,~.~HZ,H-~C),~.I~~ 
(dd, 1 H, Jze.3e 10.4,JZ,,,8.0Hz,H-2e),5.190(dd, ~H,J,,,,~O.~,J,,,,,~.OHZ,H-2c),5.379 
(dd, 1H,3J3.5,3J0.9Hz,H-4corH-4e),5.389(dd, 1 H,3J3.5,3J1.2Hz,H-4corH-4e), 
5.46 (dd, 1 H, J,d,Zd 2.7, J,d+, 1.1 Hz, H-3d), 5.55 (dd, 1 H, J3b.Zb 2.7, Jjbsab 1.1 Hz, H-3b), 
5.58 (d, 1 H, J,,,, 5.1 Hz, H-ld), 5.66 (d, 1 H, J,b,2b 5.2 Hz, H-lb), 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, CDC13: S 1.73 (s, 3 H, Me), 
1.98 (s, 3 H, Me), 2.03 (s, 3H, OAc), 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, J4b,5b 9.6 Hz, H-4b), 
3.67-3.84(m,4H,H-4a,5a,6a,6a),3.87(ddd, 1 H, J,,,4b9.6, J,,,,5.5, J,,,,2.4Hz,H-5b), 
3.94(tofd, 1 H, J,,,6.7, J,,,O.gHz,H-5c),4.01 (dd, 1 H, J,,,&8.8, J,,,3.4Hz,H-3a), 
4.12 (dd, 1 H, Jgcm 12.0, J6b,5b 5.5 Hz, H-6b), 4.1-4.2 (m, 2 H, H&c,6c), 4.26 (dd, 1 H, Jm 
12.0,J,,,,,2.4Hz,H-6b),4.36(ddd, lH,J2b,,b5.3,J2b,3b2.7,4J2b.~bl.0H~,H-2b),4.46(d,l 
H, JBem 11.9 Hz, coupled to H at 6 4.67, CH,Ph), 4.52 (d, 1 H, Jm 11.1 Hz, coupled to H 
at 6 4.69, CH,Ph), 4.58 (d, 1 H, JBcm 11 .O Hz, coupled to H at 64.91, CH,Ph), 4.61 (d, 1 H, 
JIC,& 8.0 Hz, H-lc), 4.67 (d, 1 H, Jm 11.9 Hz, CH,Ph), 4.69 (d, 1 H, JBcm 11.1 Hz, CH,Ph), 
4.86 (d, 1 H, J,a,Za 1.8 Hz, H-la), 4.91 (d, 1 H, J,_, 11.0 Hz, CH,Ph), 5.01 (dd, 1 H, Jkk 
10.6, Jk,& 3.5 Hz, H-3c), 5.19(dd, 1 H, JZcek 10.6, J,,,,8.0Hz, H-2c), 5.383 (dd, 1 H, J&-k 
3.5, J4c,5C 0.9 Hz, H-k), 5.397 (dd, 1 H, J2a,3a 3.4, J2a,,a 1.8 Hz, H-2a), 5.52 (dd, 1 H, JJb,Zb 

2.7, Japt, 1.4 Hz, H-3b), 5.65 (d, 1 H, JLbfb 5.3Hz,H-lb),and7.16-7.40(m, 15H,3Ph). 
3,6,2’,3’,4’,6’-Hexa-0-acetyl-l,2-O-(ethyl orthoacetyl)-a-lactose (15). - Abso- 

lute 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 (17.9 g, 
81%) as a colorless, glassy solid: R, 0.41 (solvent A); ‘H-n.m.r. (400 MHz, CDCl,): 6 
1.18 (t, 3 H, 3J7.1 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, J5,6 5.7, J,_,2.1 Hz, H-5), 
3.95 (m, 1 H, Js,@ 6.7, Js,# 1.0 Hz, H-5’), 4.1WI.17 (m, 3 H, H-6,6’&‘), 4.25 (dd, 1 H, JBnn 
12.0, J6,5 2.1 Hz, H-6), 4.31 (ddd, 1 H, J2,, 5.0, J2,3 2.6, 4J2,4 1.0 Hz, H-2), 4.62 (d, 1 H, J,,,2 
8.0 Hz, H-l’), 5.01 (dd, 1 H, JT,z’ 10.3, JY,+ 3.4 Hz, H-3’), 5.19 (dd, 1 H, J2’,3’ 10.3, J2,), 8.0 
Hz,H-2’),5.38(m,lH,J,:~~3.4,J,:~~l.0Hz,H-4’),5.54(dd,lH,J3,~2.6,J3,~l.0Hz,H-3), 
and 5.66 (d, 1 H, J,., 5.0 Hz, H-l). 

3,6,2’,3’,4’,6’-Hexa-0-acetyl-I,2-O-(benzy[ orthoacetyl)-a-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 A); [a]? -0.4” (c 2.15, chloroform); ‘H-n.m.r. (200 MHz, 
CDCI,): 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,3H,OAc),2.l2(s,3H,OAc),2.l8(s,3H,OAc),3.64(m, 1 H,H-4),3.87(ddd, 
lH,J,,49.8,J,,~5.6,J,,~2.4Hz,H-5),3.94(m,1H,H-5’),4.07-4.l8(m,3H,H-6,6’,6’), 
4.26(dd,1H,J,,l2.2,J,,~2.4Hz,H-6),4.32(ddd,lH,J,,,5.2,J,,32.7,4J,,~l.0H~,H-2), 
4.57 (s, 2 H, CH,Ph), 4.62 (d, 1 H, J,,,,. 8.0 Hz, H-l’), 5.01 (dd, 1 H, J3’,? 10.4, J3’,4 3.4 Hz, 
H-3’), 5.20 (dd, 1 H, .JT,,. 10.4, Jy,,, 8.0 Hz, H-2’), 5.39 (dd, 1 H, J4<,3< 3.4, J4<,5< 0.8 Hz, H-4’), 
5.56(dd,lH,J3,~2.7,J,,4l.2Hz,H-3),5.63(d,lH,J,~,5.2Hz,H-l),and7.2~7.43(m,5 
H, Ph). 
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Anal. Calc. for C,,H,,O,,: C, 54.54; H, 5.83. Found: C, 54.61; H, 5.66. 

1,3,6,2’,3’,4’,6’-Hepta-0-acetyl-c+Zactose (17) and 2,3,6.2’,3’,4’,6’-hepta-O-acetyl- 
a- (18) and/?-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,l to consist of two components having 
R, 0.34 and 0.41, corresponding to the R, 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, CDCI,): 6 1.97 (s, 3 H, OAc), 2.060 (s, 3 H, 
OAc), 2.065 (s, 3 H, OAc), 2.11 (s, 3 H, OAc), 2.15 (s, 3 H, OAc), 2.16 (s, 3 H, OAc), 2.20 
(s, 3 H, OAc), 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, 
J,,~10.4,J,,~4.5,J,,~2.0Hz,H-5),4.07(dd, lH,J,,ll.O,J,,,,7.2Hz,H-6’),4.12(dd, IH, 
Jgem 12.3, J,,,4.5Hz,H-6),4,19(dd, 1 H,Jpem 11.0, J,r,,6.1 Hz,H-6’),4.38(dd, 1 H, JBem 
12.3, J,,2.0Hz,H-6),4.51 (d, 1 H, Jr,7.8Hz,H-1’),4,96(dd, 1 H, J3<,2, 10.4, J,,,,3.4Hz, 
H-3’), 5.14 (dd, 1 H, J2’,3, 10.4, J2,,,, 7.8 Hz, H-2’), 5.26 (dd, 1 H, 3J 10.0, 3J9.2 Hz, H-3), 
5.37 (dd, 1 H, J4g,3’ 3.4, J4’,5’ 0.9 Hz, H-4’), and 6.17 (d, 1 H, J,,2 3.7 Hz, H-l). 

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.1.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:l ratio, based on t.1.c. data. 

Preparation of benzyl2,3,6,2’,3’,4’,6’-hepta-O-acetyI-or-lactoside (20) and benzyl 
2,3,6,2’,3’,4’,6’-hepta-0-acetyl-P-lactoside (21) f rom a mixture of 17 and 18 and 19. - An 
- 1: 1 mixture (10.15 g, 16.0 11111101, 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 (I 1.1 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 0.2~ 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.1.c. to 
contain two major components having R, 0.42 and 0.48 (solvent A), as well as trace 
amounts of substances having larger RF values, and a third major component which 
migrated near the solvent front (RF - 1). The mixture was resohed by column chroma- 
tography to give 20 (4.55 g, 39%) as a solid foam: R, 0.42; [cc]: +78” (c 2.30, 
chloroform); ‘H-n.m.r. (400 MHz, CDCI,): 6 1.97 (s, 3 H, OAc), 2.02 (s, 3 H, OAc), 
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2.040 (s, 3 H, OAc), 2.048 (s, 3 H, OAc), 2.056 (s, 3 H, OAc), 2.14 (s, 3 H, OAc), 2.16 (s, 3 
I-I, OAc), 3.75 (m, 1 H, J4,5 10.0, Jdz9.2 Hz, H-4), 3.85 (m, 1 H, H-5’), 3.94 (ddd, 1 H, J5,4 
10.0, Js,6 4.3, J5,6 2.0 Hz, H-5), 4.07 (dd, 1 H, Jgm 11.0, J6t5’ 7.3 Hz, H-6’), 4.11 (dd, 1 H, 
J,,11.9,J,,,4.3Hz,H-6),4.13(dd,1H,J,,11.0,J~~,~~6.3Hz,H-6’),4.38(dd,1H,J,, 
11.9, J,,S2.0Hz,H-6),4.47(d, 1 H,J,,,,7.9Hz,H-1’),4,53(d, 1 H, JBrm 12,4Hz,CN,Ph), 
4.72(d, lH,J,,,12.4Hz,CH,Ph),4.80(dd, 1H,J,,,10.2,JZ,,3.7Hz,H-2),4.94(dd, 1 H, 
J3,,2’ 10.3, J3,.4, 3.4Hz, H-3’), 5.03 (d, 1 H, J1,* 3.7 Hz, H-l) 5.12 (dd, 1 H, J2,,3< 10.3, J20,,s 7.9 
Hz, H-2’), 5.35 (dd, 1 H, J4,,3, 3.4, J,,,,.O.7 Hz, H-4’), 5.53 (dd, 1 H, J3,2 10.2, J3,4 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; [o$ -36” (c 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, 
OAc),2.143(s, 3 H,OAc), 2.147 (s, 3 H, OAc),3.58 (ddd, 1 H, J,,d9.7, J,,,4.9, J,,,2.0Hz, 
H-5), 3.82 (m, 1 H, J4,5 9.7, J4,3 9.2 Hz, H-4), 3.87 (m, 1 H, H-5’), 4.08 (dd, 1 H, JBem 11 .l, 
J,,,,7.3Hz,H-6’),4.11 (dd, 1 H, Jgem 11.9, J,,,4.9Hz,H-6),4_13(dd, 1 H,J_, 11.1, J6’,5 
6.5Hz,H-6’),4.48(d,1H,J,~,,7.9Hz,H-l’),4.51(d,1H,J,,~7.8Hz,H-l),4.52(dd,lH, 
J,,11.9, J,,,2.0Hz,H-6),4.60(d, 1 H, JBcm 12.3Hz,CHZPh),4.86(d, 1 H, Jgem 12.3Hz, 
CH,Ph), 4.95 (dd, 1 H, Js,2’ 10.4, J3’,4’ 3.7 Hz, H-3’), 4.97 (dd, 1 H, J,,, 9.4, J2,, 7.8 Hz, 
H-2), 5.11 (dd, 1 H, J2’,3’ 10.4, J2’,,, 7.9 Hz, H-2’), 5.16 (t, 1 H, ‘J9.2 Hz, H-3), 5.35 (dd, 1 
H, J4’,3’ 3.7, JQ’,5’ 0.9 Hz, H-4’) and 7.24-7.41 (m, 5 H, Ph). 

Preparation of2lfiom 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:l (v/v) 
benzene-nitromethane (10 mL)23 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 A) 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,,O,,: C, 54.54; H, 5.83. Found: C, 54.62; H, 5.90. 
0-Debenzyfarion of20. -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 l-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.1.c. indicated the presence of two fractions having R, 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, 
OAc), 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,1H,3J3.4Hz,OH),3.77(t,1H,3J9.5Hz,H-4),3.88(m, 1 

H, H-5’) 4054.21 (m, 4 H, H-5,6,6,6’), 4.47-4.53 (m, 2 H, H-1’,6), 4.83 (dd, 1 H, J2,3 
10.2,J2,, 3.4Hz,H-2),4.966(dd, 1 H, J,:, 10.4,JY,,.3.3Hz,H-3’),5.12(dd, 1 H,J,:,. 10.4, 

J,:,.8.0Hz,H-2’), 5.36(brd, 1 H, J,P,3,3.3,Hz,H-4’), 5.38(t, 1 H,3J3.4Hz,H-l),and5.53 

(dd, 1 H, J3,* 10.2, J3,‘, 9.5 Hz, H-3). 

Compound 19: ‘H-n.m.r. (400 MHz, CDCl,): S 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 (s, 3 H, OAc), 

2.16(~,3H,OAc),3.65(ddd, 1 H, J5/, lO.l,J,,,4.9, Js,6 1.8Hz,H-5),3.67(d, 1 H,3J7.9 

Hz,OH),3.79(m, 1 H,H-4),3.88(m, 1 H,H-5’),4.05-4.21 (m,3H,H-6,6’,6’),4.474.53 

(m,2H,H-1’,6),4.73(t, 1 H,3J7.9Hz,H-l),4.80(m, 1 H, H-2),4.961 (dd, 1 H, J3’,2’ 10.3, 

J,:,.3.3Hz,H-3’),5.11(dd,lH,J,:,.10.3,J,:,.7.8Hz,H-2’),5.24(t,1H,3J9.3Hz,H-3), 

and 5.36 (br d, 1 H, J4’,3’ 3.3 Hz, H-4’). 

1,2.3,6,2’,3’,4’,6’-Octa-0-acetyl-a-lactose (22). - The anomeric mixture of octa- 

O-acetyllactoses, which was prepared by the isomerization of crystalline octa-O-acetyl- 

#&lactose “,‘* in the presence of zinc@) chloride52, was resolved by column chromatog- 

raphy (solvent A) to give 22: [a]:’ + 51” (c 1.08, chloroform), lit.S2 [a];’ + 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, 3 H, OAc), 2.075 (s, 3 H, OAc), 2.14 (s, 3 H, OAc), 2.17 (s, 3 H, OAc), 

2.19(s,3H,OAc),3.82(t,lH,3J9.7Hz,H-4),3.89(brt,1H,3J6.8Hz,H-S),4.02(ddd, 

1H,J,,~l0.1,J,,~3.6,J,,~l.9Hz,H-5),4.10(dd,1H,J,,11.0,J,,,.7.2Hz,H-6’),4.13(dd, 

1 H;Jgem 12.0, J,+,3.6Hz,H-6),4.17(dd, 1 H, Jgem 11.0, J,:,6.1 Hz,H-6’),4.46(dd, 1 H, 

J~12.0,J,,~1.9Hz,H-6),4.49(d,l H,Jr,7.9Hz,H-1’),4.96(dd, 1H,J3,,,10.4,Js,,.3.3 

Hz, H-3’), 5.01 (dd, 1 H, JzT3 10.2, J2,1 3.7 Hz, H-2), 5.13 (dd, 1 H, J2’,3’ 10.4, Jr,,, 7.9 Hz, 

H-2’),5.36(dd, 1 H,J,:,.3.3, J,.,,.0.8Hz,H-4’),5.47(dd, 1 H, J3,2 10.2, J3,d9.0Hz,H-3), 

and 6.26 (d, 1 H, J,,2 3.7 Hz, H-l). 
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