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ABSTRACT

Building-block derivatives of the component monosaccharides were used to
construct the tetrasaccharide glycoside 15, in which an a-p-Galp-(1-4)-p-Gal linkage
replaces the «-(1—-3) linkage of the human blood-group B, type 2, determinant
structure. The initial coupling of 2-0-benzoyl-3,6-di-O-benzyl-4-0-(tetrahydropyran-
2-yl)-u-D-galactopyranosyl chloride to allyl 2-acetamido-3,6-di-O-benzyl-2-deoxy-
p-p-glucopyranoside was followed by selective deprotection of the disaccharide
product, either at O-4" (to give 8) or O-2' (to give 3). The conversion of 8 into 15
involved successive coupling with tetra-O-benzyl-a-pD-galactopyranosyl bromide
(8 — 11), O-debenzoylation at O-2" (11 — 12), coupling with tri-O-benzyl-«-L-
fucopyranosyl bromide (12 — 14), and O-debenzylation by hydrogenolysis (14 — 15).
Alternatively, 3 was a-L-fucosylated to give 6, and 6 was selectively deprotected at
0-4’ to give 7. However, attempts to «-D-galactosylate 7 were unsuccessful. The
unsubstituted forms of the intermediate disaccharide (8) and trisaccharide (12)
glycosides were obtained by appropriate deblocking procedures.

INTRODUCTION

The preparation of differentially substituted sugars designed as “standardized
building-blocks™ for oligosaccharide synthesis has been the subject of a series of
papers from this laboratory! ~#. In the work cited, emphasis was given to derivatives
of 2-acetamido-2-deoxy-D-glucose (“N-acetyl-D-glucosamine™) and D-galactose. A
novel synthesis of oxazolines related to N-acetyl-p-glucosamine was devised?, and
the coupling of the O-acetyl-di-O-benzyloxazolines to partially protected sugar
acceptors was demonstrated®. Among the D-galactose derivatives prepared were the
chloride 1 and its 4-0-allyl analog, to serve as precursors of f8-linked, interior residues
having chain extension at O-4, with branching at Q-2 if desired®. Recently, we
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described the use of these chlorides in the lacile assembly of the branched tetra-
saccharide glycoside® y-1.-Fucp(1 - 2)[ »-D-Galp(1 - ]-p-Galp(1 -- 3)f-p-GlepNAc-
({=OPr. This tetrasaccharide derivative, having a 1-3 linkage between its f-D-
galactosyl and N-acetvl-n-glucosuminy! residues, 1s an somer of the type | terminal
structure of the human blood-group B substances .

We now report the synthesis of propyl O-z-1-fucopyranosyl-t1—2)-[Q-z-n-
galactopyranosyl-(1 —4)]-(-f-p-galactopyranosyl-( 1 —+4)-2-acetamudo-2-dcony - fi-1>-
glucopyranoside (15). which is distinguished by having an N-acetyvllactosamine unit
as its reducing-terminal structure. The compound is thus related to the type 2 chains
found in the ABO antigens”.

RESULTS AND DISCUSSION

The overall scheme for the preparation of the tetrusaccharide glvcoside 15
15 shown in Scheme 1. The strategy of synthesis followed is that discussed previously®.
The compound was sequentially assembled from the four buldding-blocks 2, I, 10.
and 4. by alternate coupling and parttal-debloching reactions. with complete de-
blocking as the final step. Because the end product has three inter-sugar linkages.
three coupling-deblocking cyeles sty steps in all) were required

Allyl 2-acetamido-3,6-di-O-benzyl-2-deoxy-fi-p-glucopyranoside {2), chosen as
the precursor of the reducing-end residue in 15, is an mtermedate in the synthesis of
the 4-O-acetyl-3.6-di-0-benzyl oxazoline dervative of N-acetvl-p-glucosamine®. After
the final coupling-reaction. the allyl group could have been removed prior to O-
debenzy lation of the tetrasaccharide product 14, We elected to bypass this operation,
and hence obtained a propyl fi-glvcoside when 14 was subjected to hyvdrogenolysis,
As the corresponding AN-acetyl-v-glucosaminyl residue in the blood-group substances
15 coupled to the succeeding sugar by a f-linkage, this glycoside mimics the natural
structure. If the free tetrasaccharide were desired, the benzyl »- or fl-glycoside
corresponding to 2 would be preferable as a reducing-end building-bloch.

The fi-o-galactosylation of 2 was accomphshed by treating it with 1 in the
presence of silver trifluoromethanesulfonate (“triflate™) and 1.1.3.3-tetramethylurea,
according to Hanessian and Banoub®, Because compound 1 contains an acid-labile
substituent (tetrahydropyran-2-yl), 2.6-dimethylpyridine was mcluded in the reaction
mixture®, The coupling procecded readily in the two-armed reaction-vessel preyviously
described®. to give a homogencous, fully substituted disaccharide (5). Although only
a modest excess (1.2 molar proportions) of T was emploved, the vield of 8 was 70° .
Griven the difficulties frequently encountered in glycosylating the 4-hyvdroxyl group
of protected hexoses, this is an excellent result.

Cleavage of the tetrahydropyran-2-yl group from 5. by bricf treatment with
aqueous methanolic acetic acud. furnished the 4'-hydroxy compound 8. On 0)-
debenzoylation and hydrogenolysis, a sample of 8 gave the completely deprotected
glycoside 9, which was characterized by n.m.r. spectroscopy: as the data (sec Table 1)
clearly indicate the presence of two fl-anomeric centers, the intersugar linkage in §
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and its derivatives (8 and 9) must have the § configuration. Hence, 9 is the propyl
glycoside of O-f-p-galactopyranosyl-(1-+4)-2-acetamido-2-deoxy-D-glucose (*N-
acetyllactosamine™). We saw no evidence of «-linked anomer, or orthoester, among
the products of the coupling reaction. However, when the 4-O-(fert-butyldimethyl-
silyl) analog® of 1 was used as the glycosyl donor, under the same conditions as for 1,
the product was an «,ff mixture, with the « anomer preponderant. This result provides
a second, and surprising, example of the subtle effects of the nature of the 4-substituent
on the steric course of coupling reactions involving the chlorides of the “4(2)-Gal-§"
series*®,

For the next stage of the synthesis, namely, the a-D-galactosylation of § at
0-4', tetra-O-benzyl-z-D-galactopyranosyl bromide (10) was used as the D-galactosyl
donor under modified Koenigs-Knorr conditions (silver triflate and silver carbonate
as catalysts®). This method had given superior results in our previous work with the
(1-3)-linked analog of 8. In the present case, it furnished the fully substituted tri-
saccharide glycoside 11 in 60-659% yield. O-Debenzoylation of 11 at O-2' gave 12,
the intermediate needed for the final coupling-reaction, and. on hydrogenolysis, 12
afforded the deprotected propyl glycoside 13. Evidence for the a-anomeric configura-
tion of the newly added p-galactosyl group was provided by the n.m.r. data for 13
(see Table I).

The L-fucosylation of 12 by tri-O-benzyl-a-L-fucopyranosyl bromide (4) in
the presence of tetraecthylammonium bromide ( “common-ion method!°) proceeded
readily, as expected from our previous results®, and many others recorded in the
literature; the coupling product, 14, was obtained in 58 % yield. Except at the anomeric
position, 14 carried only O-benzyl protecting groups; hence, as already discussed,
only hydrogenolysis was needed in order to produce the tetrasaccharide glycoside 15.
The n.m.r. data established the « configuration of the L-fucosyl group.

Because each of the temporary protecting-groups in the initial, disaccharide
coupling-product 5 (2'-0-benzoyl, 4'-O-tetrahydropyran-2-yl) can be removed in-
dependently of the other, we expected that the synthesis of 15 could be completed by
first adding the L-fucosyl group, and then the «-pD-galactosyl group. Indeed, O-
debenzoylation of 5 furnished the partially deprotected glycoside 3, and compound 3
was readily L-fucosylated by the procedure used for 12. Cleavage of the tetrahydro-
pyran-2-yl group from the product {6) gave a selectively deprotected trisaccharide
glycoside formulated as 7 on the basis of its 'H-n.m.r. spectrum (d for H-1" at § 5.61,
J 3.3 Hz). Using the same procedure as for 8, we attempted the a-D-galactosylation
of 7, and, to our surprise, found it completely resistant. In some fashion, the glycosyl
group attached to O-2' blocked the coupling reaction at O-4', even though the
converse does not occur (¢f., 12 — 14). We can offer no rationalization of this effect,
but similar results have occasionally been reported by others.

The relationship of the final product 15 to the blood-group antigens of the
ABO series was noted in the introduction. Neglecting the glycosidic propyl group,
compound 15 may be described as an isomer of the terminal tetrasaccharide portion
of the blood-group B substance, type 2 chains’. In the natural materials, the o-D-
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galactosyl group is attached to O-3 of the fi-pD-galactosyl residue. rather than to O-4.
giving the terminal segment the structure o-L-Fucp(1—2)[2-D-Galp(1—3)]S-p-Galp-
(1—-4)B-p-GlecpNAc. Syntheses of this tetrasaccharide have been reported by Paulsen
and Kolaf®, and by Milat and Sinay''. and the linear trisaccharide x-p-Galp(1—3)-
B-D-Galp(1-4)D-GleNAc has been prepared in Sinay’s laboratory'<. Compound 13
is an isomer (as the propyl glycoside) of the latter structure. All of the syntheses
mentioned were preceded by the work of Lemicux and Driguez'? on the construction
of the terminal, branched trisaccharide z-L-Fuep(l—2){%-p-Galp(!-3)]p-Gal.
common to both the type I and type 2, group B antigens. An alternative synthesis of
this branched trisaccharide and related compounds has been described by David
et al.'*. Tt should also be mentioned that 6 is a fully substituted form of the blood-
group O(H), type 2 determinant. This trisaccharide was synthesized chemically by
Jacquinet and Sinay'® in 1976, and an enzymic synthests has recently been reported
by Rosevear e/ al.'®.

In the preparation of 15 and the linear trisaccharide glycoside 13, described
here, the key intermediate is the differentially substituted p-galactosyl chloride 1.
Qur results provide a second demonstration of the cxcellent characteristics of this
compound as a synthon for fi-linked. interior D-galactosyl residucs, in particular for
facile construction of the NV-acetyllactosamine derivatives 3 and 8. In view of the wide
occurrence of the N-acetyllactosamine structure in glycoproteins and glycolipids,
these compounds should be generally valuable intermediates.

EXPERIMENTAL

General methods. — The instrumental and chromatographic procedures
employed were those previously listed?. ' H-N.m.r. spectra were recorded at 270 MHz.
with decoupling as required for the identification of signals that could not be assigned
unambiguously by inspection. '*C-N.m.r. spectra were recorded with a Bruker
HXO90E instrument operated at 22.63 MHz, with |,4-dioxane as the internal standard.
Chromatography on silica gel was accomplished with ethyl acctate hexane, acetone-
chloroform, or methanoi-chloroform. Elemental analyses were performed at Gal-
braith Laboratories, Inc.. Knoxville, TN.

Coupling reactions were conducted by our standard procedure. The two-armed
vessels used, and the manipulations involved. were described in detail in a previous
paper®.

Allyl O- 2-O-benzoyi-3.6 -di-O-benzyl-4-O-(tetrahydropyran- 2-y1)-f-p-galacto-
pyranosyl]-(1—4)-2-acetamido-3.6-di-O-benzyi-2-deoxy-f-D-glucopyranoside  (5).

A reactor was charged with allyl 2-acetamido-3.6-di-O-benzyl-2-deoxy-f-p-gluco-
pyranoside? (2: 260 mg, 0.59 mmol) and silver trifluoromethanesulfonate (302 mg.
1.18 mmol) (in the flat-bottomed arm), and 2-O-benzoyl-3.6-di-O-benzyl-4-0-(tetra-
hydropyran-2-yl)-f-p-galactopyranosyl chloride® (1: 400 mg, 0.71 mmol) (in the
conical arm). After the reactants had been dried. the following further additions were
made: dichloromethane (1 mL). 1,1.3.3-tetramethylurea (0.21 mL. 1.76 mmol). and
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2,6-dimethylpyridine (0.1 mL, 0.86 mmol) (in the flat-bottomed arm), and dichloro-
methane (3 mL) (in the conical arm). The solutions were mixed, the mixture was
stirred overnight at room temperature, and processed to give a crude syrup.
Chromatography of the syrup on a column of silica gel furnished 398 mg (70%;)
of pure compound 5 as a glass: [«]2° +17.9°, [«]33, +36.9° (¢ 0.62, chloroform);
'"H-n.m.r. (CDCl;): § 8.12-7.15 (m, Ph-H), 6.08-5.95 (2d, | H, Jyy., 7.8 Hz, D,0-
exchangeable, NH), 5.80-5.38 (m, -CH= and H-2"), 5.254.95 (m, CH=CH,),
4.92-3.33 (m, PhCH,, sugar CH and CH,, OCH,CH =, and tetrahydropyranyl H),
2.03 and 2.00 (2 s, 3 H, CH,CO), and 1.92-1.23 (m, tetrahydropyranyl H). The
duplication or broadening of the signals in the ranges 6.08-4.95 and 2.03-2.00 is
evidently due to the stereoisomerism of the tetrahydropyranyl group (see n.m.r. data
for 8).

Anal. Calc. for C5,HgsNO3 (972.14): C, 70.42; H, 6.74; N, 1.44. Found:
C, 70.10; H, 6.71; N, 1.31.

O-Debenzoylation and L-fucosylation of compound 5. — The coupling product 5
was treated with methanolic sodium methoxide as described for the conversion of
8 into 9, to give allyl O-(3,6-di-O-benzyl-4-O-(tetrahydropyran-2-yl)-p-p-galacto-
pyranosyl}-(1—4)-2-acetamido-3,6-di-O-benzyl-f-D-glucopyranoside (3). Compound 3
(260 mg, 0.30 mmol) plus tetraethylammonium bromide (105 mg, 0.50 mmol) and
powdered 4A molecular sieves (1 g), and 2,3,4-tri-O-benzyl-a-L-fucopyranosyl
bromide!’ (4) freshly prepared from the crystalline 1-acetate® (244 mg, 0.51 mmol),
were separately dried on the liquid nitrogen-cooled Dewar®. Then, disaccharide
3 was dissolved in dry dichioromethane (6 mL), and the bromide was dissolved in
dichloromethane (4 mL) and N,N-dimethylformamide (4 mL). The mixtures were
combined, and the whole was stirred under dry nitrogen for 4 days at room tempera-
ture. Conventional extractive processing, after dilution with chloroform, gave a crude
syrup containing the coupling product allyl O-(2,3,4-tri-O-benzyl-a-L-fucopyranosyi)-
(1—-2)-0-(3,6-di-O-benzyl-4-O- (tetrahydropyran-2-yl)-f-D-galactopyranosyl)-(I -
4)-2-acetamido- 3,6-di-O-benzyl-2-deoxy-B-p-glucopyranoside  (6). After treatment
with aqueous methanolic acetic acid, as described for the conversion of 5 into 8,
the material was fractionated on a column of silica gel, to give 325 mg (90 %, overall
yield from 3) of the depyranylated compound; amorphous; [a]3® —28.2°, [«]23,
—58.8° (¢ 0.33, chloroform); 'H-n.m.r. (CDCl,): § 7.42-7.30 (m, Ph-H), 5.98-5.79
(m, -CH=), 5.74 (d, Jyu.» 7.5 Hz, D,0O-exchangeable, NH), 5.61 (d, J;- ,- 3.3 Hz,
H-1"), 5.31-5.09 (m, -CH=CH,), 5.00-3.30 (m, PhCH,, sugar CH and CH,, and
OCH,CH=), 2.33 (bs, D,0-exchangeable, OH), 1.88 (s, CH;CO), and 1.20 (d,
J 6.0 Hz, CHCH,). These data characterize the product as allyl/ O-(2,3,4-tri-O-benzyl-
x-L-fucopyranosyl)-(1— 2)-O-(3,6-di-O-benzyi-p-pD-galactopyranosyl)-(1 - 4)-2-aceta-
mido-3,6-di-O-benzyl-2-deoxy-f-D-glicopyranoside (7). According to its elemental
analysis the preparation was not quite pure (Cale. for C,,Hg,NO,s: C, 72.04; H,
6.80; N, 1.17. Found: C, 73.10; H, 7.08: N, 1.02).

Allyl  O-(2-O-benzoyl-3,6-di-O-benzyl-p-D-galactopyranosyl)-(1 - 4)-2-acetami-
do-3,6-di-O-benzyl-2-deoxy-fi-D-glucopyranoside (8). — To a stirred solution of
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compound 5 (200 mg) in methano! (2 mL ) was added 80°, aqueous acetic acid (5 mL).
and the mixture was boiled for | h under reflux, cooled. and evaporated under
diminished pressure, and residual acctic acid was removed by coevaporation with
toluene. The residue was purified on a column of silica gel. to afford 160 mg (88°,) of
glassy 8; [«]3° +6.37. [«]33. + 148" (¢ L.1. chioroform); 'H-n.m.r. (CDCly): §
8.03--7.05 (m, Ph-H). 6.03 {d. Jyy.» 8.8 Hz. D,0-exchangeable, NH). 5.76--5.60 (m,
S-CH=), 545 (t, /9.0 Hz, H-2"), 5.11-4.91 (m, -CH=CH,), 4.73-3.34 (m, PhCH,.
sugar CH and CH,, and OCH,CH=), and 2.01 (s, CH,CO). It may be noted that
NH. H-2’, the olefinic protons of the allyl group (6 6.03-4.91), and the acetyl methy!
protons (J 2.01) now gave the single. sharp signals characteristic of a pure isomer.

Anal. Cale. for Cs,H-NO,, (888.02): C. 70.33: H. 6.47; N, 1 38, Found:
C., 70.23; H, 6.69; N 1.47.

Propyl  O-fi-D-galactopyranosyl-( 1 — 4)-2-acetamido-2-deo vyv-fi-bD-glucopyrano-
side (9). — Compound 8 (200 mg) in anhydrous mecthanol (5 mL) was treated with
0.5m sodium methoxide (0.5 mL). and the mixture was boiled for 30 min under refiux.
The solution was cooled, de-ionized with Rexyn 101 (H ") resin. the suspension
filtered, and the filtrate stirred overnight with 109, palladium-on-charcoal under
hydrogen at room temperature and atmospheric pressure. The catalvst was removed
by filtration through Celite, and the filtratc and washings were combined, and
evaporated to dryness. Crystallization, and recrystallization, of the residue from
methanol-ether furnished 92 mg (94° ) of 9 as needles, m.p. 240-242 (dee). |« f;°
—5.7% (¢ 0.97, methanol). The n.m.r. data arc given in Table I.

Anal. Cale. for C;H; NO, - 0.5 H,0 (434.44): C. 47.00: H. 7.42: N, 3.22,
Found: C, 47.07; H, 7.19: N, 3.22.

Allvl O-(2,3.4.6-tetra-O-benzyl-a-p-galactopyranosyl )-(1— 4)-O-( 2-O-benzoyi-
3.6-di-O-benzyl-fi-v-galactopyranosyi)-( 1 — 4 )-2-acetamido- 3,6-di-O-benzyl-2-deox-fi-
D-glucopyranoside (11). - A coupling reactor was charged with compound 8 (100 mg.
0.11 mmol), silver carbonate (85 mg, 0.31 mmol). and silver triflate (80 mg, 0.3!
mmol) (in the flat-bottomed arm), and tetra-O-benzyl-z-p-galactopyranosyl bromide
(10) freshly prepared® from the l-acetate (175 mg. 0.30 mmol) (in the conical arm).
These components were dried (liquid-nitrogen-cooted trap) for 4 h. and then dry
dichloromethane (3 mL) was added to cach arm, the flat-bottomed arm was cooled
to —-25°, and the galactosy! bromide solutton was tipped in, portionwise. The mixture
was stirred for 3 h at 25 . and kept overnight at 53 : then. methanol (0.2 mL) was
added, and stirring was contined for | h at 25 . The suspension was filtered through
a bed of Celite, the solids were washed with dichloromcthane, and the filtrate and
washings were combined. and washed with 5° sodium hydrogencarbonate solution.
Further processing gave a crude syrup, which was purified on a column of silica gel,
to yield 102 mg (64° ) of compound 1, a syrup: [2]5% +38.6" (¢ 0.83. chloroform);
"H-n.m.r. (CDCly): similar to that of 8, with additional signal intensity 2t § 8.0 7.15
(Ph-H) and 5.2-3.5 (PhCH,. OCH,CH==CH,. sugar CH and CH,). and lo~ of the
OH signal.
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Anal. Calc. for CgoHy,NO,, (1410.66): C, 73.22; H, 6.50; N, 0.99. Found:
C, 73.08; H, 6.67; N, 1.00.

Allyl 0-(2,3,4,6-tetra-O-benzyl-u-D-galactopyranosyl)-(1-+ 4)-0-(3,6-di-O-ben-
zyl-B-p-galactopyranosyl)-(1 - 4)- 2-acetamido-4,6-di-O-benzyl-2-deoxy-f-D-glucopyra-
noside (12). — Zemplén O-debenzoylation of compound 11 (80 mg), as in the first
step of the conversion of 8 into 9, yielded 66 mg (89%) of compound 12 as an
amorphous solid; [«]3> +42.7° (¢ 0.3, chloroform); 'H-n.m.r. (CDCl;): similar to
that of 11, except for an upfield shift of the NH signal to & 5.47, disappearance
{upfield shift) of the triplet for H-2' (was & 5.53), and appearance of a signal at 6 2.77
(s, 1 H, D,0O-exchangeable, OH). The signal for H-1" was well resolved, at 6 5.01
(d, J 2.3 Hz).

Anal. Cale. for C,gHy,NO¢ (1306.56): C, 72.62; H, 6.71; N, 1.07. Found:
C, 72.27; H, 6.75; N, 0.97.

Propyl O-x-D-galactopyranosyl-(1— 4)-O-B-D-galactopyranosyl-(1 - 4)- 2-aceta-
mido- 2-deoxy-p-D-glucopyranoside (13). — The hydrogenolysis of compound 12
(70 mg) in methanol (10 mL) was conducted in the presence of 109/ palladium-on-
charcoal (50 mg), as described for the conversion of 8 into 9. The yield of compound
13 was 30 mg (95 %), amorphous solid: [«]2* +18.8° (¢ 0.25, methanol). The n.m.r.
data are given in Table 1.

Anal. Calc. for C,;H, NO,4 (587.57): N, 2.38. Found: N, 2.00.

Allyl 0-(2,3,4-tri-O-benzyl-a-L-fucopyranosyl)-(1 - 2)-[ O-(2, 3,4,6-tetra-O-ben-
zyl- a-D-galactopyranosyl)-(1— 4)}-0-(3,6-di-O-benzyl-f-b-galactopyranosyl)-(1 - 4)-
2-acetamido-3,6-di-O-benzyl-2-deoxy-f-D-glucopyranoside (14). — The L-fucosylation
of 12 was conducted as already described for conversion of 3 into 6. The materials
used were 12 (125 mg, 96 umol), tetraecthylammonium bromide (56 mg, 0.26 mmol),
and powdered 4A molecular sieves (0.5 g) in dichloromethane (3 mL), and the tri-O-
benzyl-a-L-fucopyranosyl bromide (4) from 125 mg (0.26 mmol) of the 1-acetate, in
dichloromethane (3 mL) plus N,N-dimethylformamide (3 mL). Chromatography of
the products on a column of silica gel furnished 95 mg (58 %) of pure compound 14;
amorphous; [a]2% —2.8° (¢ 0.5, chloroform); 'H-n.m.r. similar to that of 12, with
additional signals at 6 5.77 (d, J 3.1 Hz, H-1 of fucose) and 1.28 (d, J 6.0 Hz, CH,
of fucose), additional signal intensity at 6 7.5-7.0 (Ph-H) and 5.0-3.3 (PhCH,,
OCH,CH =, and sugar CH and CH,), and loss of the OH signal.

Anal. Calc. for C,¢sH,;sNO,, (1723.07): C, 73.89; H, 6.73; N, 0.81. Found:
C, 73.53; H, 6.91, N, 0.66.

Propyl O-a-L-fucopyranosyl-(1— 2)-[ O-a-D~galactopyranosyl-(1 - 4)]-O-p-p-ga-
lactopyranosyl-(1 —4)-2-acetamido-2-deoxy-p-p-glucopyranoside (15). — Compound
14 (50 mg) was hydrogenolyzed as described for the conversion of 8 into 9. The
yield of 15 was 20 mg (94 %) of amorphous solid; [«]3° —19.1° (¢ 0.23, methanol).
The n.m.r. data are recorded in Table I.

Anal. Calc. for C;4Hg NO,, (733.71): N, 1.91. Found: N, 1.61.
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