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Abstract

Convergent syntheses of di-, tri, tetra-, penta-, and hexa-saccharide allyl glycosides correspond-
ing to the B-hemolytic Streptococcus Group A cell-wall polysaccharide are described. The
strategy relies on the preparation of related di- and tri-saccharide building blocks: B-D-Glc pNAc-
(1-3)-a-L-Rhap and a-L-Rha p-(1-2)-[( 8-p-Glc pNAc-(1-3)]-a-L-Rhap, which could be used
either as glycosyl donors or acceptors in subsequent glycosylation reactions. The protecting groups
were chosen to allow the selective removal of the allyl aglycon to access the intermediate glycosyl
donors but also to allow their own removal without affecting the allyl group. The allyl group was
intended for use in conjugation of the oligosaccharides to soluble protein carriers or solid supports
for the preparation of antigens and immunoadsorbents, respectively. © 1996 Elsevier Science Ltd.
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1. Introduction

The B-hemolytic Streptococcus Group A is a common infective agent in humans,
causing streptococcal pharyngitis (strep throat), some forms of pneumonia and toxic
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shock-like syndrome [1,2]. The infection by itself is a serious enough public health
concern but it can also lead to the harmful sequelae of acute rheumatic fever, heart valve
disease, or glomerulonephritis if untreated or treated improperly [1,3]. Complications
such as rheumatic fever are thought to be the result of an autoimmune reaction [4-8] in
which antibodies directed against streptococcal antigens lead the attack against host
heart tissues. In this context, we have been actively pursuing a research program [9] to
develop and characterize immunodiagnostic reagents and vaccines based on the Strepto-
coccus Group A specific polysaccharide [10,11]:

A B’ A B
-o-L-Rhap-(1—-2)-0-L-Rhap-(1—3)-a-L-Rhap-(1—-2)-a-L-Rhap-(1—-3)-
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Thus far, we have reported the extensive syntheses of oligosaccharides corresponding
to the cell-wall polysaccharide as well as their corresponding soluble glycoconjugates
[12-16]. Although convergent, these syntheses were designed to furnish the final
compounds as their propyl glycosides [12,13,15,16] for use as haptens in immuno-
chemical studies, or as their (8-methoxycarbonyl) octyl glycosides, for the preparation of
soluble glycoconjugates [14] via conjugation to protein carriers. We now report the
syntheses of allyl glycosides that can be used not only for the preparation of higher
oligosaccharides and haptens, but that can also be readily manipulated to give antigens
and immunoadsorbents. The use of common precursors, namely the allyl glycosides of
oligosaccharides, for the generation of haptens, antigens, and immunoadsorbents obvi-
ates the need for specialized syntheses of (8-methoxycarbonyl) octyl oligosaccharides
for the last two applications and thus ensures economy of effort.

Retrosynthetic analysis had previously indicated [15] that a disconnection between the
B’ and A’ rings gave the same branched trisaccharide A(C')B’ and A'(C)B. Therefore,
the preparation of this key trisaccharide had allowed the convergent synthesis of the
branched hexasaccharide A(C')B'A'(C)B. This strategy was also applied in our syn-
thetic scheme but the intermediate protected mono- and di-saccharide analogues of B’
and C'B', respectively, were also used as glycosyl donors for the preparation of the
tetra- and penta-saccharides B'A'(C)B and C'B'A'(C)B. The synthesis of the tetrasac-
charide has not hitherto been reported. In addition, the choice of protecting groups was
made not only to allow the selective removal of the glycosidic allyl group to access the
intermediate trichloroacetimidate glycosyl donors [15] but also to allow their selective
removal without affecting the allyl aglycon which would be used for the conjugation of
the oligosaccharides to soluble carriers or solid supports.
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2. Results and discussion

The glycosyl bromide 2, prepared from 1,3,4,6-tetra-O-benzoyl-2-deoxy-2-phtha-
limido-B-p-glucopyranose as previously described [15], was hydrolyzed in a 8:2 mixture
of acetonitrile and H,O to give the hemiacetal 3 which was, in turn, converted to the
trichloroacetimidate glycosyl donor 4 by repeated treatments with trichloroacetonitrile in
the presence of potassium carbonate. The glycosyl acceptor 5 was prepared from allyl
a-L-thamnopyranoside [17] in three steps: (1) preparation of the 2,3-ortho-acetate, (2)
benzoylation of OH-4, and (3) selective opening of the ortho-acetate to give the
2-0O-acetate. The glycosyl donor 8 was prepared from allyl 2,4-di-O-benzoyl-a-L-rham-
nopyranoside [18] in four steps: (1) acetylation of OH-3 to give the 3-O-acetate 6, (2)
isomerization of the allyl group with Wilkinson’s catalyst and hydrolysis of the resulting
propenyl glycoside [19] to give the hemiacetal 7 which, in turn, was converted to the
trichloroacetimidate 8 by treatment with trichloroacetonitrile in the presence of DBU
[20].

Glycosylation of the acceptor 5 with the trichloroacetimidate 4 was catalyzed by
triethylsilyl trifluoromethanesulfonate (TESOTf) and gave the disaccharide 9 in 58%
yield after partial purification. An analytically pure sample was obtained by flash
chromatography followed by chromatography on Sephadex LH20 to allow full charac-
terization of the intermediate disaccharide. However, the disaccharide 9 could be used
directly in the subsequent reactions without these chromatographic purifications.
Methanolysis of the 3-O-acetyl group [21] gave, after flash-chromatography, the disac-
charide glycosyl acceptor 10 (81%) which was glycosylated with the trichloroacetimi-
date 8 in the presence of TESOTf. The glycosylation reaction was quantitative, as
observed by TLC, but removal of trichloroacetamide ( ~ 3%) from the trisaccharide was
difficult on a large scale (8 g). An analytically pure sample of the trisaccharide was
obtained free of trichloroacetamide after a Sephadex LH20 chromatography and the
remaining trisaccharide was used directly in the next steps. As described for the case of
the disaccharide, methanolysis of the acetyl group of the trisaccharide 11 gave the
glycosyl acceptor 12 which was obtained pure by flash chromatography (84%). Both the
disaccharide 9 and trisaccharide 11 were submitted to conditions for the isomerization of
the allyl group with Wilkinson’s catalyst and for the hydrolysis of the resulting propenyl
glycosides to give the hemiacetals 13 and 15, respectively. Interestingly, while the
disaccharide 13 was isolated in 74% yield, the trisaccharide 15 was only obtained in
54% yield. In the latter reaction, some unreacted starting allyl glycoside (13%) contami-
nated with some of the propy! glycoside (~ 2%) was also recovered. The hemiacetal 13
was converted to the glycosyl donor 14 using either potassium carbonate or DBU as
bases and both reactions gave the trichloroacetimidate 14 in 76% yield. As reaction with
DBU was observed to be slightly faster and the processing easier, this method was
chosen to convert the hemiacetal 15 to the trisaccharide trichloroacetimidate 16 which
was obtained in 75% yield.
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The trisaccharide 12 was then glycosylated with the trichloroacetimidates 8, 14, and
16 under catalysis with TESOTT to give the tetra-, penta-, and hexa-saccharides 17, 18,
and 19, respectively. While the glycosylation with 8 and 14 proceeded easily with 0.09
equiv of TESOTf and 1.2 to 1.3 equiv of the glycosyl donors to give the tetrasaccharide
17 and the pentasaccharide 18 in 80% and 76% yield, respectively, the preparation of
the hexasaccharide proved more difficult. Best results were obtained with a slight excess
of the glycosyl acceptor (1.2 equiv) and by performing the reaction at room temperature
for 24 h, with 0.23 equiv of the catalyst. The hexasaccharide 19 was then obtained in
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43% yield, while 37% of unreacted trisaccharide acceptor was recovered. Although the
hexasaccharide appeared to be homogeneous on TLC and pure by NMR analysis,
elemental analysis showed that it contained an impurity. An analytically pure sample

was obtained by chromatography on a Sephadex LH20 column although the crude
hexasaccharide was used directly in subsequent steps.
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The protected di-, tri-, tetra-, penta-, and hexa-saccharides 9, 11, 17, 18, 19 were
deprotected and N-acetylated in three steps to give the allyl glycosides 20, 21, 22, 24,
and 25, respectively. Thus, transesterification of the acetyl and benzoyl groups with
sodium methoxide was followed by removal the phthalimido group by treatment with
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ethylenediamine [22] and N-acetylation of the free amino group with acetic anhydride in
methanol. The deprotected oligosaccharides 20 (68%), 21 (70%), 22 (88%), 24 (86%),
and 25 (84%) were purified by successive flash chromatography and gel-permeation
chromatography (Biogel P2) and were obtained as white amorphous powders after

freeze-drying from water.

HO.
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The tetrasaccharide 22 was converted quantitatively to the propyl glycoside 23 by
hydrogenation in the presence of Pd/C. Purification of the tetrasaccharide only required
filtration through a 22 um Amicon filter to give the pure tetrasaccharide in 92% yield.
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The deprotected oligosaccharides 20, 21, 22, 24, and 25 were characterized by 'H
and "C NMR spectroscopy and the chemical shifts and coupling constants for the ring
protons as well as the chemical shifts for the ring carbons are reported in Tables 1 and 2,
respectively.

The results described in the foregoing sections indicate that the use of acetyl,
benzoyl, and phthalimido protecting groups ensure a limited number of protection and
deprotection steps and allow the ready preparation of the mono-, di-, and tri-saccharide
building blocks in large quantities. The syntheses reported here demonstrate once again
[15,16] the versatility of the allyl group as a latent protecting group. In addition, the
conjugation of the allyl glycosides to either solid supports or soluble protein carriers will
allow the preparation of affinity columns and antigens which will be used as immunodi-
agnostic reagents or vaccines, respectively.

3. Experimental

General methods.—'H NMR (400.13 MHz) and "C NMR (100.6 MHz) spectra
were recorded on a Bruker AMX-400 NMR spectrometer for solutions in CDCl,
(internal standard, for 'H: residual CHCI, & 7.24; for ’C: CDCl, & 77.0) or D,O
[internal standard: sodium trimethylsilyl-(2,2,3,3-tetradeutero)propionate]. Chemical
shifts and coupling constants were obtained from a first-order analysis of one-dimen-
sional spectra and assignments of proton and carbon resonances were based on COSY
and "C-"H heteronuclear correlated experiments. The stereochemistry of the glycosidic
linkages was determined from the l‘IC-l.H-I coupling constants [23]. Optical rotations
were measured on a Rudolph Research Autopol II automatic polarimeter. TLC was
performed on precoated aluminum plates with Kieselgel Silica Gel 60 F,s, (E. Merck)
and detected with UV light and /or charred with a solution containing 1% Ce(SO,), and
1.5% molybdic acid in 10% aq H,SO,. Compounds were purified by flash chromatogra-
phy [24] with Kieselgel Silica Gel 60 (230-400 mesh), solvents were distilled and dried
according to standard procedures [25], and organic solutions were dried over Na, SO,
and concentrated below 40 °C, under reduced pressure. Gel permeation chromatography
of protected compounds was performed using a Sephadex LH20 column (2.0 X 55 cm)
with CHCI;-MeOH (1:1) as eluent. Deprotected compounds were purified by gel
permeation chromatography on a Biogel P2 column (1.5 X 90 cm) with H,O as eluent.
The high resolution fast atom bombardment (FAB) mass spectrum was recorded in
thioglycerol at 8 kV on a Kratos Concept H Magnetic Instrument mass spectrometer.

3,4,6-Tri-O-benzoyl-2-deoxy-2-phthalimido-a, B-D-glucopyranose (3).—1,3,4,6-Te-
tra-O-benzoyl-2-deoxy-2-phthalimido-B-D-glucopyranose [15] (8.0 g, Il mmol) was
dissolved in CH,Cl, (50 mL) and a solution of 45% HBr in AcOH (15 mL) was added.
The reaction mixture was stirred overnight at room temperature and concentrated.
Residual traces of acid were co-evaporated with toluene (3 X 70 mL) to give the crude
bromide 2 [15] that was dissolved in 80% aq CH;CN (200 mL) and stirred for 18 h at
room temperature. The hemiacetal 3 which had precipitated was removed by filtration
and washed successively with H,O until the washings were neutral, then with hexanes
(3 X20 mL), and dried under high vacuum (4.4 g, 64%). The filtrate and aqueous
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Table 1
"H NMR data* for compounds 20-25
Ring protons 20 21 22 23 24 25
1B 4.76 4.83 481 4.75 4.81 4.80
(1.5) (1.5) (1.5)
2B 4.10 4.11 4.13 4.13 4.12 4.13
(3.0, 2.0 (3.0,2.0) (3.0,2.0) (3.0, 2.0
3B 3.78-3.63 3.82 3.84-3.63 3.84-3.65 3.83-3.63 3.84-3.56
(3.0,2.0
4B 3.44 3.54-3.35 3.54-3.35 3.54-3.35 3.54-3.35 3.55-3.33
(95,9.5)
5B 3.78-3.63 3.76-3.60 3.84-3.63 3.84-3.65 3.83-3.63 3.84-3.56
6B 1.23 1.24 1.24° 125° 1.25° 126"
(6.5) 6.5) (6.5) (6.0 (6.0) (6.0)
1C 4.62 4.64 4.63 4,62 4.62¢ 4.62°¢
(8.5) (8.5) (8.5) (8.5) (8.5) (8.5)
2C 3.78-3.63 3.76-3.60 3.84-3.63 3.84-3.65 3.83-3.63 3.84-3.56
3C 3.51 354 3.54 3.54 3.54 3.55
4C 3.40 T 1 ) T )
multiplet multiplet multiplet multiplet multiplet
l 1 1) l )
5C 3.40 3.35 3.35 3.35 3.40 3.33
6C 3.85 3.88 3.87 3.88 3.87 3.88
(11.5,-) (11.5,-) (12.0, -) (12,0, -)
6'C 3.78-3.63 3.76-3.60 3.84-3.63 3.84-3.65 3.83-3.63 3.84-3.56
1A 5.10 5.00 5.00 5.11 5.12
(1.5) (1.5) (1.5) (1.5)
24 4.00 4.01 4.02 4.03 4.03
(3.5,2.0) (2.5, 1.5)
3A 3.76-3.60 3.84-3.63 3.84-3.65 3.83-3.63 3.84-3.56
4N 3.54-3.35 3.54-3.35 3.54-3.35 3.54-3.35 3.55-3.33
5A 3.76-3.60 3.84-3.63 3.84-3.65 3.83-3.63 3.84-3.56
6A 1.22 1.22° 123° 1.22° 122°
(6.5) (6.5) (6.0) (6.0) (6.5)
1B 5.12 5.13 4.99 5.06
(1.5) (1.5)
2B’ 4.05 4.04 4.23 424
(3.0, 2.0) (3.5, 1.5)
3B 3.84-3.63 3.84-3.65 3.87 3.94
(9.5,3.0)
4B' 3.54-3.35 3.54-3.35 3.54-3.35 3.55-3.33
5B’ 3.84-3.63 3.84-3.65 3.83-3.63 3.84-3.56
6B/ 127°% 127" 1.23° 1.24°
6.5) (6.5) 6.5 (6.0
1C’ 4.66 ¢ 468 "¢
(8.5) (8.5)
2C 3.83-3.63 3.84-3.56
3¢ 3.54 3.55
ac’ T 1
multiplet multiplet
l {
5C’ 3.35 333
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Table 1 (continued)

Ring protons 20 21 22 23 24 25

6C’ 3.87 3.88

6C 3.83-3.63 3.84-3.56

1A 5.12

2A 3.99

3A 3.84-3.56

4A 3.55-3.33

5A 3.84-3.56

6A 120°
(6.5)

* The numbers in parentheses denote coupling constants in Hz.
b . .
Assignments may be interchanged.

washings were combined, concentrated until two phases formed, and diluted with EtOAc
(150 mL). The aqueous phase was decanted and the organic solution was washed
successively with H,O (100 mL), satd ag NaHCO; (100 mL), and satd aq NaCl (100
mL). The aqueous phases were re-extracted with EtOAc (2 X 70 mL) and the combined
organic solutions were dried and concentrated. The residual solid was triturated with
toluene—EtOAc 9:1 (~ 50 mL) and filtered. It was washed successively with toluene—
EtOAc 9:1 (~ 30 mL), hexanes (2 X 30 mL), and dried (1.2 g, 18%). The hemiacetal 3
was obtained as a white amorphous powder which dissolved in CDCl; to give an
anomeric mixture (a:8, 3:7). 'H NMR (CDCl1,): & 8.10-7.20 (m, 19 H, aromatics),
6.58 (dd, | Har, J 11.5 and 9.0 Hz, H-3 @), 6.33 (dd, 1 HB, J 11.0 and 9.5 Hz, H-38),
5.85(d. 1 HB, J 8.5 Hz, H-18), 577 (dd, 1 Ha, J 10.0 and 9.0 Hz, H-4a), 5.73 (1, 1
HpB, J 9.5 Hz, H-4B8), 554 (bd, | He, H-1), 492 (dd, | Hee, J 11.5 and 3.5 Hz,
H-2a), 4.84 (m, | Ha, H-5a), 4.66 (dd, 1 HB, J 12.0 and 3.0 Hz, H-63), 4.53 (dd, |
HpB, J 11.0 and 8.5 Hz, H-2B), 4.52-448 (m, 2 Ha and 1 HB, H-6«, H-6a¢ and
H-6'8), 4.31 (ddd, 1 HB, J 10.0, 5.0 and 3.0 Hz, H-58). Anal. Calcd for C;sH,,NO,,:
C, 67.63; H, 4.38; N, 2.25. Found: C, 67.40; H, 4.44; N, 2.56.
3,4,6-Tri-O-benzoyl-2-deoxy-2-phthalimido- B-D-glucopyranosyl  trichloroacetimidate
(4).—Trichloroacetonitrile (7 mL, 4 equiv) and potassium carbonate (3.7 g, 1.5 equiv)
were added to a solution of the hemiacetal 3 (10.9 g, 17.5 mmol) in anhyd CH,CI, (200
mL). The mixture was stirred under N, for 18 h at room temperature, filtered through
Celite, and the solids were rinsed with CH,Cl, (5 X 20 mL). The combined filtrate and
washings were concentrated to an oily residue that was dissolved in anhyd CH,CI, (170
mL). Trichloroacetonitrile (7 mL, 4 equiv) and potassium carbonate (2 g, 0.8 equiv)
were added and the reaction mixture was left under N, at room temperature for 18 h.
The solids were filtered off, washed with CH,CI, (5 x20 mL), and the combined
filtrate and washings were concentrated. The dry residue was dissolved in toluene and
chromatographed using toluene—EtOAc (9:1) as eluent. The trichloroacetimidate 4 was
obtained as a colorless oil (10.3 g, 77%) that was used directly in the next step to
prepare the disaccharide 10. 'H NMR data (CDC1,): 6 8.70 (bs, | H, NH), 8.00-7.20
(m, 19 H, aromatics), 6.85 (d, 1 H, J 9.0 Hz, H-1), 6.41 (dd, | H, J 11.0 and 9.0 Hz,
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Table 2
¥C NMR data® for compounds 20-22, 24 and 25
Ring carbons 20 21 22 24 25
1B 101.2 101.4 100.5 100.5 100.4
(170) a7n (171 (170) (170)
2B 72.6 79.7 79.4 79.5 79.4
3B 82.7 82.6 82.8 82.8° 82.6
4B 73.6 74.0 74.1° 74.1°¢ 74.2
5B 71.6 71.9 719 ¢ 71.9¢ 71.9°
6B 19.2 19.5 1954 19.4° 195¢
1C 105.5 105.3 105.3 105.4 105.3 ¢
(161) (162) (162) (160) (164)
2C 58.4 58.8 58.8 588" 58.7
3C 76.3 76.7 76.8 76.8 ¢ 76.7
4c 72.4 73.0° 72.7 72.7 72.7
5C 783 78.7 78.7 78.6 ¢ 78.6
6C 63.2 63.8 63.8 63.7"h 63.7
1A 104.5 104.9 104.2 104.4 ¢
(173) (71 (173) (174)
24 72.8° 73.0 72.7 72.7
3A 728° 80.0 79.9 79.4
4A 74.9 749" 74.4 ¢ 74.5
5A 71.9 720°¢ 72.7¢ 72.1°
6A 19.5 19.59 19.4 ¢ 19.4 ¢
1B’ 104.2 104.5 103.7
(173) (173) (172)
2B 72.8 72.7 79.1
3B 73.1 82.7° 82.5
4B’ 74.4° 73.8°¢ 74.0
5B’ 722°¢ 722¢ 72.1°
6B’ 19.7¢ 19.7 ¢ 19.6
1C’ 105.4 1052 ¢
(160) (164)
2C 58.6F 58.7
3C 76.6 ¢ 76.6
4C' 72.7 72.7
o4 78.5¢ 78.6
6C’ 635" 63.7
1A 1042 ¢
(172)
2A 72.7
3A 72.9
4A 74.9
5A 719"
6A 19.4¢

* The numbers in parentheses denote the ]JC,H in Hz.
b-h Assignments may be interchanged.

H-3), 5.84 (dd, 1 H, J 10.0 and 9.5 Hz, H-4), 492 (dd, 1 H, J 11.0 and 9.0 Hz, H-2),
4.68 (dd, 1 H, J 12.0 and 3.0 Hz, H-6), 4.55 (dd, 1 H, J 12.0 and 5.0 Hz, H-6'), 4.47
(ddd, 1 H, J 10.0, 5.0 and 3.0 Hz, H-5).
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Allyl  2-O-acetyl-4-O-benzoyl-a-L-rhamnopyranoside (5).—Allyl a-L-rham-
nopyranoside was prepared as described previously {17] from L-rhamnose (5.0 g, 27
mmol) and dissolved in anhyd CH,CN (40 mL). Trimethyl-ortho-acetate (7 mL, 2
equiv) and p-toluenesulfonic acid (40 mg) were added, and the solution was stirred
under N, for 2 h at room temperature. Triethylamine (210 pL) was added to quench the
reaction, solvents were evaporated, and residual traces of MeOH were co-evaporated
with anhyd toluene (2 X 40 mL). The dry residue was dissolved in anhyd pyridine (30
mL), the stirred solution was cooled to 0 °C and benzoyl chloride (6.4 mL, 2 equiv) was
added dropwise. The reaction mixture was allowed to reach room temperature and
stirred for 1 h. MeOH (5 mL) was added to destroy the excess of reagents and the
solvents were evaporated. The resulting oil was dissolved in EtOAc (70 mL) and washed
successively with H,0 (60 mL), M HCI (60 mL), satd aq NaHCO, (60 mL) and satd aq
NaCl (60 mL). The aqueous phases were re-extracted with EtOAc (2 X 60 mL), and the
combined organic solutions were dried and concentrated. The residue was dissolved in
80% aq AcOH (50 mL), stirred for 1 h at room temperature and concentrated. Residual
AcOH was co-evaporated with toluene (2 X 40 mL) and the alcohol 5 was purified by
flash chromatography (hexanes—EtOAc, 8:2) and isolated as a colorless syrup (5.7 g,
59% calcd from L-rhamnose). [a]? —46° (¢ 1.0, CH,Cl,); 'H NMR data (CDCI.): &
8.10-7.40 (m, 5 H, aromatics), 5.92 (m, 1 H, CH,CH =), 5.33, 5.24 2m, 2 H, CH, =),
5.15(dd, 1 H, J 3.5 and 1.5 Hz, H-2), 5.12 (t, t H, J 10.0 Hz, H-4), 4.88 (d, 1 H, J 1.5
Hz, H-1), 4.20 (m, 2 H, H-3 and C H,CH=), 4.01 (m, 2 H, H-5 and C H,CH=), 2.17 (s,
3 H, CH,CO), 1.28 (d, 3 H, J 6.0 Hz, H-6). Anal. Calcd for C,,H,,0,: C, 61.70; H,
6.33. Found: C, 61.47; H, 6.45.

Allyl 3-O-acetyl-2,4-di-O-benzoyl-a-L-rhamnopyranoside (6).— Acetic anhydride (50
mL) was added dropwise to a solution of allyl 2,4-di-O-benzoyl-a-L-rhamnopyranoside
[18] (38.7 g, 93 mmol) in pyridine (100 mL), stirred at 0 °C. The mixture was stirred 2 h
at room temperature, concentrated, and the residual solvents were co-evaporated with
toluene (2 X 100 mL). The resulting oil was dissolved in EtOAc (200 mL) and washed
successively with M HCI (200 mL), satd ag NaHCO, (200 mL), and satd aq NaCl (200
mL). The aqueous phases were re-extracted with EtOAc (2 X 150 mL), and the
combined organic solutions were dried and concentrated to give 6 as a colorless oil (41.6
g, 98%). [a]d +76° (¢ 1.7, CHCL,). '"H NMR (CDC1,): 6 8.20-7.40 (m, 10 H,
aromatics), 5.95 (m, 1 H, CH,CH =), 5.65 (dd, 1 H, J 10.0 and 3.5 Hz, H-3), 5.55 (dd,
1 H, J 3.5 and 1.5 Hz, H-2), 548 (t, 1 H, J 10.0 Hz, H-4), 5.36, 5.26 (2m, 2 H,
CH,=), 498 (d, 1 H, J 1.5 Hz, H-1), 426 (m, 1 H, CH,CH=), 4.11 (m, 1 H, H-5),
4.09 (m, | H, CH,CH=), 187 (s, 3 H, CH,CO), 1.32 (d, 3 H, J 6.0 Hz, H-6). Anal.
Calcd for C,5H,,04: C, 66.07; H, 5.77. Found: C, 66.02; H, 5.82.

3-O-Acetyl-2,4-di-O-benzoyl-a, B-L-rhamnopyranose (7).—Tris(triphenylphosphine)
rhodium chloride (1.26 g, 0.06 equiv) and 1,4-diazabicyclooctane (DABCO, 1.5 g, 0.6
equiv) were added to a solution of the allyl glycoside 6 (10.0 g, 22 mmol) in 90% aq
EtOH (500 mL) and the stirred mixture was refluxed overnight. The reaction was cooled
to room temperature and the solvents were evaporated. Residual H,O was co-evaporated
with toluene (3 X 100 mL) and the residue was dissolved in EtOAc (50 mL), filtered
through silica, and eluted with EtOAc (500 mL). The eluate was concentrated to give a
brownish oily residue which was dissolved in 90% aq acetone (500 mL). Yellow
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mercuric oxide (5.25 g, 1.1 equiv) was added and a solution of mercuric chloride (6.57
g, 1.1 equiv) in 90% aq acetone (70 mL) was added dropwise to the stirred suspension.
The reaction mixture was stirred overnight at room temperature, concentrated, and the
residue was co-concentrated with MeOH (200 mL). The semi-solid residue was diluted
with EtOAc (250 mL), filtered through Celite, and the solids were washed with EtOAc
(3 X 100 mL). The combined filtrate and washings were washed successively with satd
aq KI (2 X200 mL), 5% aq sodium thiosulfate (2 X 100 mL), and satd aq NaCl (100
mL). The aqueous phases were re-extracted with EtOAc (2 X 100 mL) and the combined
organic solutions were dried and concentrated. Chromatography (hexanes—EtOAc, 7:3)
of the residue gave the hemiacetal 7 (7.4 g, 81%) which crystallized on standing. The
crystals were triturated with hexanes—EtOAc (9:1) and filtered. The NMR spectrum in
CDCl, showed an anomeric mixture a8, 8:2. 'H NMR (CDCI,): & 8.20-7.40 (m, 10
H, aromatics), 5.71 {(m, | He and 1 HB, H-3a and H-28), 557 (dd, 1 He, J 3.5 and
1.8 Hz, H-2 ), 549 (t, | Ha, J 10 Hz, H-4«), 5.42 (t, | HB, J 10 Hz, H-48), 5.37
(bs, | Ha, H-1a), 5.35 (dd, J 10.0 and 3.0 Hz, H-3a), 5.14 (bs, 1 HB, H-183), 4.36
(m, | Ha, H-5), 3.81 (m, 1 HB, H-58), 1.87 (s, 3 H, CH,CO), 1.39(d, 3HB, J 6.0
Hz, H-683), 1.32 (d, 3 Ha, J 6.0 Hz, H-6 ). Anal. Calcd for C,,H,,04: C, 63.76; H,
5.35. Found: C, 63.80; H, 5.37.

3-O-Aceryl-2,4-di-O-benzoyl-a, B-L-rhamnopyranosyl trichloracetimidate (8).—Tri-
chloroacetonitrile (3.75 mL, 3 equiv) and 1,8-diazabicyclo[5,4,0lundec-7-ene (DBU, 450
1L, 0.25 equiv) were added to a solution of the hemiacetal 7 (5.0 g, 12 mmol) in anhyd
CH,Cl, (100 mL) and the reaction mixture was stirred overnight under N, at room
temperature. Solvents were evaporated and flash chromatography (hexanes—EtOAc, 9:1)
of the residue gave the pure trichloroacetimidate 8 (5.4 g, 80%) as a colorless glass that
was used directly in the glycosylation reactions. 'H NMR (CDCl,), a-isomer: & 8.80
(bs, 1 H, NH), 8.15-7.40 (m, 10 H, aromatics), 6.41 (d, 1 H, J 1.5 Hz, H-1), 5.75 (dd, 1
H, J 3.5 and 2.0 Hz, H-2), 5.68 (dd, 1 H, J 10.0 and 3.5 Hz, H-3), 5.57 (t, 1 H, J 10.0,
H-4), 4.30 (m, 1 H, H-5), 1.87 (s, 3 H, CH,CO), 1.38 (d, 3 H, H-6); *C NMR (CDCl,),
a-isomer: & 95.06 (C-1, J. 179 Hz).

Allyl  2-O-acetyl-4-O-benzoyl-3-0O-(3,4,6-tri-O-benzoyl-2-deoxy-2-phthalimido- 3-D-
glucopyranosyl)-a-L-rhamnopyranoside (9).—A mixture of the donor 4 (10.3 g, 12.9
mmol) and the acceptor 5 (6.0 g, 1.3 equiv) in anhyd CH,Cl, (160 mL) containing 4 A
activated molecular sieves (5 g) was stirred under N, for 0.5 h at room temperature and
cooled to —75 °C. Triethylsilyl triflate (TESOTT, 180 wL, 0.06 equiv) was added, the
mixture was stirred under N, at —75 °C for 3.5 h, then allowed to reach room
temperature slowly and stirred overnight at room temperature. Triethylamine (160 wL)
was added and the solids were filtered off and washed with CH,CI, (200 mL). The
combined filtrate and washings were washed successively with H,0 (200 mL), | N HCI
(200 mL), satd aq NaHCO, (200 mL), and satd aq NaCl (200 mL). The aqueous
washings were re-extracted with CH,Cl, (2 X 150 mL) and the combined organic
solutions were dried and concentrated. Flash chromatography (hexanes:EtOAc, 7:3) of
the residue gave the disaccharide 9 (7.5 g, 58%) as a colorless glass. TLC (toluene—
EtOAc (9:1)) showed that the product was not pure. Nevertheless, its degree of purity
(> 90%) was acceptable for direct use in the subsequent reactions. An analytically pure
sample of the disaccharide 9 was obtained by successive flash chromatography
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(toluene:EtOAc, 9:1) and chromatography on Sephadex LH20 to give a colorless glass.
[@]® +51°(c 1.0, CHCI,). '"H NMR (CDCl,): 6 8.12-7.10 (m, 24 H, aromatics), 6.11
(dd, 1 H, J 11.0 and 9.5 Hz, H-3C), 5.83 (m, 1 H, CH,CH =), 5.69 (d, | H, J 8.5 Hz,
H-10), 5.64 (t, 1 H, J 9.5 Hz, H-4C), 5.40 (dd, 1 H, J 3.5 and 2.0 Hz, H-2B), 5.26 (m,
1 H, CH,=),521(t, 1 H, J 10.0 Hz, H-4B), 5.18 (m, | H, CH, =), 476 (d, 1 H, J 1.5
Hz, H-1B), 4.57 (dd, 1 H, J 12.0 and 3.0 Hz, H-6C), 4.52 (dd, 1 H, J 11.0 and 8.5 Hz,
H-2C), 4.45 (dd, | H, J 12.0 and 4.5 Hz, H-6'C), 4.26 (dd, 1 H, J 10.0 and 3.5 Hz,
H-3B), 4.21 (m, 1 H, H-5C), 4.09 and 3.94 (2m, 2 H, CH,CH=), 3.83 (m, 1 H, H-5B),
2.05 (s, 3 H, CH;CO), 1.08 (d, 3 H, J 6.5 Hz, H-6B). Anal. Calcd for C;H,;NO,4: C,
66.73; H, 4.97; N, 1.47. Found: C, 66.62; H, 5.03; N, 1.41.

Allyl  4-O-benzoyl-3-0-(3,4,6-tri-O-benzoyl-2-deoxy-2-phthalimido- B-D-gluco-
pyranosyl)-a-L-rhamnopyranoside (10).—A methanolic solution of HCI (1.04 N, 90
mL), prepared by adding acetyl chloride (8 mL) to freshly distilled MeOH (100 mL),
was added to a solution of the disaccharide 9 (7.4 g, 7.8 mmol) in freshly distilled
MeOH (60 mL) and the solution was stirred at 48—54 °C for 1.5 h. The solution was
cooled to 0 °C and NEt, (14 mL) was added dropwise to neutralize the HCL. The
solution was concentrated to a semi-solid residue that was dissolved in CH,Cl, (500
mL) and washed successively with 1 N HCI (200 mL), satd aq NaHCO, (200 mL), and
H,O (200 mL). The aqueous washings were re-extracted with CH,Cl, (2 X 150 mL)
and the combined organic solutions were dried and concentrated. Flash chromatography
(hexanes—toluene—EtOAc; 5:3:2, 500 mL; 4:3:3, 1500 mL) of the residue, followed by a
second flash chromatography (hexanes—toluene—EtOAc, 4:3:3) of the impure fractions
gave the alcohol 10 (5.7 g, 81%) as a colorless glass. [ ]2 +32° (¢ 1.1, CH,Cl,). 'H
NMR (CDCl,): & 8.12-7.10 (m, 24 H, aromatics), 6.16 (dd, 1 H, J 11.0 and 9.0 Hz,
H-3C), 5.81 (m, 1 H, CH,CH=), 5.74 (d, 1 H, J 8.5 Hz, H-1C), 5.59 (dd, 1 H, J 10.0
and 9.5 Hz, H-4C), 5.26 (m, 2 H, CH, = and H-4B), 5.20 (m, | H, CH, =), 4.73 (m, 1
H, H-6C), 4.70 (m, 1 H, H-1B), 4.59 (dd, 1 H, J 11.0 and 8.5 Hz, H-2C), 4.46 (dd, t H,
J 12.0 and 6.5 Hz, H-6'C), 431 (m, 1 H, H-5C), 4.17 (dd, 1 H, J 3.5 and 2.0 Hz,
H-2B), 4.09 (m, 1 H, CH,CH=), 4.07 (m, 1 H, H-3B), 3.87 (m, 1 H, CH,CH=), 3.81
(m, 1 H, H-5B), 1.07 (d, 3 H, J 6.5 Hz, H-6B). Anal. Calcd for C5;H,sNO,s: C, 67.17;
H, 4.97; N, 1.54. Found: C, 66.76; H, 5.03; N, 1.45.

Allyl  2-0-(3-O-acetvl-2,4-di-O-benzoyl-a-L-rhamnopyranosyl)-4-O-benzoyl-3-O-
(3,4,6-tri-O-benzoyl-2-deoxy-2-phthalimido- B-p-glucopyranosyl)-a-L-rhamnopyranoside
(11).—A mixture of the acceptor 10 (5.6 g, 6.1 mmol) and the trichloroacetimidate 8
(4.1 g, 1.2 equiv) in anhyd CH,Cl, (150 mL) containing 4 A activated molecular sieves
(5 g) was stirred under N, for 2 h at room temperature and cooled to —75° C. TESOTf
(125 pL, 0.09 equiv) was added and the mixture was stirred under N, at —75° C for 0.5
h then at room temperature for 2 h. Triethylamine (115 L) was added and the solids
were filtered off and washed with CH,Cl, (200 mL). The combined filtrates were
washed successively with H,0 (200 mL), 1 N HCI (200 mL), satd aqg NaHCO, (200
mL), and satd aq NaCl (200 mL). The aqueous washings were re-extracted with CH,Cl,
(2 X 200 mL) and the combined organic solutions were dried and concentrated. Flash
chromatography (hexanes—toluene—EtOQAc, 5:3:2) of the residue gave the trisaccharide
11 (8.0 g) as a colorless glass. Although elemental analysis and the NMR spectrum of
the compound showed that it contained some residual trichloroacetamide (= 3%), the
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trisaccharide was used directly in the next reactions. An analytically pure sample of the
trisaccharide 11 was obtained by further purification on Sephadex LH20 to give a
colorless glass. [ +40° (¢ 0.9, CHCL,). "H NMR (CDCl,): 6 8.32-7.10 (m, 34 H,
aromatics), 6.22 (dd, 1 H, J 11.0 and 9.0 Hz, H-3C), 5.88 (t, 1 H, J 10.0 Hz, H-4C),
5.79 (m, 2 H, CH,CH = and H-3A), 5.73(d, 1 H, J 8.5 Hz, H-1C), 5.64 (d, | H, J 1.5
Hz, H-1A), 5.61 (dd, 1 H, J 3.0 and 2.0 Hz, H-2A), 5.53 (1, 1 H, J 10.0 Hz, H-4A)),
5.27(m, 1 H, CH, =), 5.22 (dd, 1 H, J 11.0 and 8.5 Hz, H-2C), 5.20 (m, 2 H, CH, =
and H-4B), 479 (d, 1 H, J 1.5 Hz, H-1B), 4.66 (dd, 1 H, J 12.0 and 3.0 Hz, H-6C),
4.43(dd, 1 H, J 12.0 and 6.0 Hz, H-6'C), 4.36 (dd, 1 H, J 3.5 and 2.0 Hz, H-2B), 4.27
(m, 1 H, H-5C), 4.24 (dd, 1 H, J 9.5 and 3.5 Hz, H-3B), 4.18 (m, 1 H, H-5A), 4.11 and
3.94 (2m, 2 H, CH,CH=), 3.85 (m, 1 H, H-5B), 1.95 (s, 3 H, CH,CO), 1.20(d, 3 H, J
6.5 Hz, H-6A), 1.14 (d, 3 H, J 6.5 Hz, H-6B). Anal. Calcd for C,;HNO,,: C, 67.02;
H, 5.01; N, 1.07. Found: C, 66.87; H, 5.02; N, 1.30.

Allyl  4-O-benzoyl-2-0-(2,4-di-O-benzoyl-a-L-rhamnopyranosyl)-3-0-(3,4,6-tri-O-
benzoyl-2-deoxy-2-phthalimido-B-D-glucopyranosyl)-a-L-rhamnopyranoside (12).—
Deacetylation of the trisaccharide 11 (2.4 g, 1.8 mmol) as well as work up of the
reaction were accomplished as described for the preparation of disaccharide 10. Flash
chromatography (hexanes—toluene~EtOAc; 5:3:2, 200 mL; 4.5:3:2.5, 200 mL; 4:3:3,
300 mL) gave the alcohol 12 (1.95 g, 84%) as a colorless glass. [a]¥ +20° (¢ 1.2,
CH,Cl,). '"H NMR (CDCl,): 8 8.32-6.90 (m, 34 H, aromatics), 6.28 (dd, 1 H, J 11.0
and 9.0 Hz, H-3C), 6.00 (dd, 1 H, J 10.0 and 9 Hz, H-4C), 5.79 (m, 1 H, CH,CH =),
570 (d, 1 H, J 8.5 Hz, H-1C), 5.69 (m, 1 H, H-2A), 549 (d, 1 H, J 1.5 Hz, H-14),
5.39 (t, 1 H, J 10.0 Hz, H-4A), 528 (m, 1 H, CH, =), 5.25(dd, 1 H, J 10.5 and 8.5
Hz, H-2C), 5.19 (m, 1 H, CH, =), 5.15(t, 1 H, J 10 Hz, H-4B), 482 (d, | H, J 1.5 Hz,
H-1B), 4.71 (dd, 1 H, J 12.0 and 3.0 Hz, H-6C), 4.47 (m, 2 H, H-3A and H-6'C), 4.34
(dd, 1 H, J 3.5 and 2.0 Hz, H-2B), 4.29 (m, 1 H, H-5C), 4.24 (dd, 1 H, J 10.0 and 3.5
Hz, H-3B), 4.19 (m, 1 H, H-5A), 4.11 and 3.95 2m, 2 H, CH,CH=), 3.84 (m, 1 H,
H-5B), 1.24 (d, 3 H, J 6.5 Hz, H-6A), 1.12 (d, 3 H, J 6.5 Hz, H-6B). Anal. Calcd for
C,,HNO,, 1 C, 67.34; H, 5.01; N, 1.11. Found: C, 67.08; H, 5.07; N, 1.32.

2-O-Acetyl-4-O-benzoyl-3-0-(3,4,6-tri-O-benzoyl-2-deoxy-2-phthalimido-B-D-gluco-
pyranosyl)-a, B-1-rhamnopyranose (13).—Tris(triphenylphosphine) rhodium chloride
(204 mg, 0.06 equiv) and DABCO (250 mg, 0.6 equiv) were added to a solution of the
allyl glycoside 9 (3.5 g, 3.7 mmol) in 90% aq EtOH (100 mL) and the mixture was
refluxed under N, for 7 h. The mixture was cooled to room temperature and the solvents
were evaporated. The residual H,O was co-evaporated with toluene (50 mL) and the
residue was dissolved in EtOAc (15 mL), filtered through silica, and eluted with EtOAc
(300 mL). The eluate was concentrated to give a brownish oily residue which was
dissolved in 90% aq acetone (80 mL). Yellow mercuric oxide (874 mg, 1.1 equiv) was
added followed by a solution of mercuric chloride (1.0 g, 1.0 equiv) in 90% aq acetone
(20 mL). The reaction mixture was stirred overnight at room temperature, filtered over
Celite, and the solids were washed successively with acetone (2 X 100 mL) and EtOAc
(100 mL). The combined filirate and washings were concentrated to a residue that was
dissolved in EtOAc (200 mL) and washed successively with satd aq KI (200 mL), 10%
aq sodium thiosulfate (2 X 200 mL), and satd aq NaCl (200 mL). The aqueous phases
were re-extracted with EtOAc (2 X 150 mL) and the combined organic solutions were
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dried and concentrated. Flash chromatography (hexanes—EtOAc, 1:1) of the residue
gave the hemiacetal 13 (2.6 g, 74%) as a colorless glass. An NMR spectrum in CDCl,
showed that compound 13 was present mostly as one anomer, assumed to be the more
stable a-anomer. 'H NMR (CDCl,): (8.20-7.20 (m, 24 H, aromatics), 6.15 (dd, 1 H, J
11.0 and 9.0 Hz, H-3C), 5.71 (d, 1 H, J 8.5 Hz, H-10), 5.64 (t, | H, J 9.5 Hz, H-40),
5.44 (dd, 1 H, J 3.5 and 2.0 Hz, H-2B), 5.22 (t, 1 H, J 10.0 Hz, H-4B), 5.16 (bs, 1 H,
H-1B), 4.64 (dd, 1 H, J 12.0 and 3.0 Hz, H-6C), 453 (dd, 1 H, J 11.0 and 8.5 Hz,
H-2C), 4.46 (dd, 1 H, J 12.0 and 5.0 Hz, H-6'C), 4.36 (dd, 1 H, J 10.0 and 3.5 Hz,
H-3B), 4.23 (m, 1 H, H-5C), 4.08 (m, 1 H, H-5B), 2.10 (s, 3 H, CH,CO), 1.08 (d, 3 H,
J 6.5 Hz, H-6B).

2-O-Acetyl-4-O-benzoyl-3-0-(3,4,6-tri-O-benzoyl-2-deoxy-2-phthalimido-B-D-gluco-
pyranosyl)-a,B-L-rhamnopyranosyl trichloroacetimidate (14).—Method A.—
Trichloroacetonitrile (45 uL, 3 equiv) and K,CO; (31 mg, 1.5 equiv) were added to a
solution of the hemiacetal 13 (137 mg, 0.15 mmol) in anhyd CH,Cl, (5 mL) and the
mixture was stirred for 24 h under N, at room temperature. The solids were filtered off
and washed with CH,Cl, (=10 mL) and the combined filtrate and washings were
concentrated. Flash chromatography (hexanes—toluene—EtOAc, 4:4:2) gave the
trichloroacetimidate 14 (120 mg, 76%) as a colorless glass.

Method B.— Trichloroacetonitrile (45 pL, 3 equiv) and a solution (100 uL, 0.25
equiv) of DBU in CH,Cl, (5.6 L /mL) were added to a solution of the hemiacetal 13
(139 mg, 0.15 mmol) in anhyd CH,Cl, (5 mL) and the mixture was stirred overnight
under N, at room temperature. More DBU in CH,Cl, (50 uL, 0.12 equiv) and more
trichloroacetonitrile (20 pL, 1.5 equiv) were added and the reaction was left to proceed
for an additional 7 h at room temperature. The solvents were evaporated and flash
chromatography (as described above) gave the trichloroacetimidate 14 (116 mg, 76%) as
a colorless glass. '"H NMR (CDCl,): & 8.70 (s, 1 H, NH), 8.10-7.10 (m, 24 H,
aromatics), 6.24 (d, 1 H, J 2 Hz, H-1B), 6.15(dd, 1 H, J 11.0 and 9.5 Hz, H-3C), 5.74
(d, 1 H, J 8.5 Hz, H-1C), 5.68 (t, 1 H, J 9.5 Hz, H-4C), 5.60 (dd, 1 H, J 3.5 and 2.0
Hz, H-2B), 532 (t, 1 H, J 10.0 Hz, H-4B), 458 (dd, 1 H, J 12.0 and 3.5 Hz, H-6C),
4.54 (dd, 1 H, J 11.0 and 8.0 Hz, H-2C), 4.45 (dd, 1 H, J 12.0 and 4.0 Hz, H-6'C),
4.34 (dd, 1 H, J 10.0 and 3.5 Hz, H-3B), 4.24 (m, 1 H, H-5C), 4.03 (m, 1 H, H-5B),
2.15 (s, 3 H, CH,CO), 1.12 (d, 3 H, J 6.0 Hz, H-6B).

2-0-(3-O-Acetyl-2,4-di-O-benzoyl-a-L-rhamnopyranosyl)-4-O-benzoyl-3-0-(3,4,6-tri-
O-benzoyl-2-deoxy-2-phthalimido-B-D-glucopyranosyl)-a, B-L-rhamnopyranose  (15).—
Isomerization of the allyl glycoside 11 (3.5 g, 2.7 mmol), followed by hydrolysis of the
resulting propenyl glycoside to give the hemiacetal 15 were accomplished as described
for the preparation of the hemiacetal 13. Flash chromatography (hexanes-EtOAc, 1:1)
gave unreacted starting material (638 mg, 15%) and the hemiacetal 15 (1.85 g, 54%)
which was obtained as a colorless glass. An NMR spectrum in CDCl; showed that
compound 15 was present mostly as one anomer, presumed to be the more stable
a-anomer for which the NMR data are reported below. 'H NMR (CDCI,): 6 8.38-6.90
(m, 34 H, aromatics), 6.24 (dd, 1 H, J 10.5 and 9.0 Hz, H-3C), 5.90 (t, 1 H, J 10.0 Hz,
H-4C), 5.77 (dd, 1 H, J 10.0 and 3.0 Hz, H-3A)), 5.72 (d, 1 H, J 8.0 Hz, H-1C), 5.60
(m, 2 H, H-1A" and H-2A), 5.52 (t, | H, J 10.0 Hz, H-4A), 5.24 (dd, 1 H, J 10.5 and
8.5 Hz, H-2C), 5.20 (m, 1 H, H-4B), 5.17 (m, 1 H, H-1B), 4.72 (dd, 1 H, J 12.0 and 3.0
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Hz, H-6C), 4.40 (m, 2 H, H-6'C and H-2B), 4.31 (dd, 1 H, J 9.5 and 3.5 Hz, H-3B),
4.28 (m, 1 H, H-5C), 4.17 (m, 1 H, H-5A), 4.08 (m, | H, H-5B), 1.95 (s, 3 H, CH,CO),
1.21(d, 3 H, J 6.0 Hz, H-6A), 1.13 (d, 3 H, J 6.5 Hz, H-6B).

2-0-(3-0O-Acetyl-2,4-di-O-benzoyl-a-L-rhamnopyranosyl)-4-O-benzoyl-3-0-(3,4,6-tri-
O-benzoyl-2-deoxy-2-phthalimido-B-p-glucopyranosyl)-a, B-L-rhamnopyranosyl
trichloroacetimidate (16).—Trichloroacetonitrile (120 uL, 3 equiv) and DBU (20 ulL,
0.34 equiv) were added to a solution of the hemiacetal 15 (501 mg, 0.39 mmol) in anhyd
CH,Cl, (20 mL) and the mixture was stirred overnight under N, at room temperature.
The solvents were evaporated and the residue was dissolved in toluene (5 mL), filtered
through silica, and eluted with hexanes—toluene~EtOAc (4:3:3) to give the trichloroace-
timidate 16 (419 mg, 75%) as a colorless glass. '"H NMR (CDCl,): & 8.68 (s, 1 H, NH),
8.30-7.10 (m, 34 H, aromatics), 6.25 (d, | H, J 2.0 Hz, H-1B), 6.22 (dd, 1 H, J 10.5
and 9.0 Hz, H-3C), 591 (t, 1 H, J 9.0 Hz, H-4C), 5.80 (dd, ! H, J 10.0 and 3.5 Hz,
H-3A), 5.76 (d, 1 H, J 8.0 Hz, H-1C), 5.67 (d, 1 H, J 1.5 Hz, H-1A), 5.62 (dd, 1 H, J
3.0 and 2.0 Hz, H-2A), 5.53 (t, | H, J 10.0 Hz, H-4A), 5.32 (t, 1 H, J 9.5 Hz, H-4B),
5.17 (dd, | H, J 10.5 and 8.0 Hz, H-20), 4.6% (dd, 1 H, J 12.0 and 3.0 Hz, H-6C),
4.57(dd, 1 H, J 3.5 and 2.0 Hz, H-2B), 4.37 (dd, 1 H, J 12.0 and 5.0 Hz, H-6'C), 4.29
(m, 1 H, H-3B), 4.25 (m, 2 H, H-5A" and H-5C), 4.06 (m, 1 H, H-5B), 1.58 (s, 3 H,
CH,;CO), 1.24 (d, 3 H, J 6.5 Hz, H-6A), 1.19 (d, 3 H, J 6.5 Hz, H-6B).

Allyl  2-0-(3-O-(3-O-acetyl-2,4-di-O-benzoyl-a-L-rhamnopyranosyl)-2,4-di-O-ben-
zoyl-a-L-rhamnopyranosyl)-4-O-benzoyl-3-0-( 3,4,6-tri-O-benzoyl-2-deoxy-2-phthalimi-
do-B-D-glucopyranosyl)-a-L-rhamnopyranoside (17).—Glycosylation of the acceptor 12
(515 mg, 0.4 mmol) with the trichloroacetimidate 8 (267 mg, 1.2 equiv) as well as work
up of the reaction were performed as described for the preparation of 11. Flash
chromatography (toluene:EtOAc, 9:1) gave 17 (538 mg, 79.5%) as a colorless glass.
[@]? +61° (¢ 1.1, CH,CI,). '"H NMR (CDCl,): & 8.42-6.89 (m, 44 H, aromatics),
6.24 (dd, 1 H, J 10.5 and 9.5 Hz, H-3C), 6.05 (bt, 1 H, J 9.5 Hz, H-4C), 5.78 (m, 1 H,
CH,CH=),5.74(d, | H, J 8.5 Hz, H-1C), 5.69 (t, 1 H, J 10.0 Hz, H-4A), 5.65 (m, 2
H, H-1A and H-2A'), 5.52(dd, 1 H, J 10.0 and 3.5 Hz, H-3B'), 5.38 (t, 1 H, J 10.0 Hz,
H-4B'), 5.35 (m, | H, H-2B’), 5.32 (m, 1 H, H-2C), 5.29 (m, 1 H, H-1B'), 5.26 and 5.19
(2m, 2 H, CH, =), 5.16 (m, 1 H, H-4B), 478 (d, 1 H, J 1.5 Hz, H-1B), 4.57 (m, 1 H,
H-6C), 4.67 (m, 1 H, H-3A)), 4.50(dd, 1 H, J 12.5 and 5.5 Hz, H-6'C), 438 (dd, 1 H, J
3.5 and 1.5 Hz, H-2B), 4.34 (m, 1 H, H-5B'), 428 (m, | H, H-5C), 420 (dd, 1 H, J 9.5
and 3.5 Hz, H-3B), 4.15 (m, 1 H, H-5A'), 4.10 and 3.93 2m, 2 H, C H,CH=), 3.84 (m,
1 H, H-5B), 1.76 (s, 3 H, CH,CO), 1.32(d, 3 H, J 6.0 Hz, H-6B'), 1.25(d, 3 H, J 6.0
Hz, H-6A), 1.13 (d, 3 H, J 6.0 Hz, H-6B). Anal. Calcd for C,;Hg;NO,,: C, 67.18; H,
5.03; N, 0.84. Found: C, 66.92; H, 5.01; N, 0.95.

Allyl  2-0-(3-0-(2-O-acetyl-4-O-benzoyl-3-0-(3,4,6-tri-O-benzoyl-2-deoxy-2-
phthalimido-B-p-glucopyranosyl)-a-L-rhamnopyranosyl)-2,4-di-O-benzoyl-a-L-rhamno-
pyranosyl)-4-O-benzoyl-3-0-(3,4,6-tri-O-benzoyl-2-deoxy-2-phthalimido-B3-D-glucopy-
ranosyl)-a-L-rhamnopyranoside (18).—Glycosylation of the acceptor 12 (159 mg, 0.13
mmol) with the trichloroacetimidate 14 (170 mg, 1.3 equiv) was performed as described
for the preparation of 11. The reaction was allowed to proceed under N, for 15 min at
—75 °C, then for 24 h at room temperature, and the mixture was processed as described
for the preparation of 11. Flash chromatography (hexanes—toluene—EtOAc, 4:3:3) gave
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the pentasaccharide 18 (207 mg, 76%) as a colorless glass. [@ ] +54° (¢ 1.1, CHCI,).
'"H NMR (CDCl,): & 8.40-6.90 (m, 58 H, aromatics), 6.19 (dd, 1 H, J 10.5 and 9.0
Hz, H-3C), 6.04 (dd, 1 H, J 10.5 and 9.0 Hz, H-3C’), 5.87 (dd, 1 H, J 10.0 and 9.0 Hz,
H-4C), 5.76 (m, 1 H, CH,CH=), 572 (d, 1 H, J 8.0 Hz, H-10), 5.67(dd, | H, J 3.0
and 2.0 Hz, H-24), 5.63 (t, | H, J 10.0 Hz, H-4A'), 5.58 (bs, 1 H, H-1A), 5.54 (t, | H,
J 9.5 Hz, H-4C’), 5.37 (d, 1 H, J 8.5 Hz, H-1C’), 5.26 (m, | H, CH, =), 5.20-5.10 (m,
6 H, CH, =, H-4B, H-2C, H-1B', H-2B' and H-4B’), 4.78 (d, 1 H, J 1.0 Hz, H-1B).
4.66 (dd, 1 H, J 12.0 and 2.5 Hz, H-6C), 4.51-4.40 (m, 3 H, H-6'C, H-3A, H-2C").
436 (dd, 1 H, J 3.5 and 1.5 Hz, H-2B), 4.27 (m, 1 H, H-5C), 4.23-4.05 (m, 5 H,
CH,CH=, H-3B, H-5A, H-3B', H-6C'), 4.02-3.88 (m, 3 H, CH,CH=, H-5B',
H-6'C’), 3.83 (m, 1 H, H-5B), 1.84 (s, 3 H, CH,CO), 1.22 (d, 3 H, J 6.0 Hz, H-6A),
1.13 (d, 3 H, J 6.5 Hz, H-6B), 094 (d, 3 H, J 6.5 Hz, H-6B’). Anal. Calcd for
C 1 H s N,044: C, 67.21; H, 4.85; N, 1.30. Found: C, 67.27; H, 4.83; N, 1.52.

Allyl  2-0-(3-0-(2-0-(2-O-acetyl-2,4-di-O-benzoyl-a-L-rhamnopyranosyl)-4-O-ben-
zoyl-3-0-(3,4,6-tri-O-benzoyl-2-deoxy-2-phthalimido- B-p-glucopyranosyl)-a-L.-rhamno-
pyranosyl)-2,4-di-O-benzoyl-a-L-rhamnopyranosyl)-4-O-benzoyl-3-0-(3,4,6-tri-O-ben-
zoyl-2-deoxy-2-phthalimido-B-D-glucopyranosyl)-a-L-rhamnopyranoside (19).—A mix-
ture of the acceptor 12 (456 mg, 1.22 equiv) and the trichloroacetimidate 16 (417 mg,
0.295 mmol) in anhyd CH,Cl, (8 mL) containing 4 A activated molecular sieves (800
mg) was stirred under N, for 1 h at room temperature. A solution of TESOTf in anhyd
CH,Cl1, (50 uL/mlL, 200 pL, 0.15 equiv) was added and the mixture was stirred
overnight under N, at room temperature. More TESOTf in CH,CI, (50 wL/mL, 100
L, 0.075 equiv) was added to the reaction mixture in two portions within a 2 h period,
and the reaction was allowed to proceed at room temperature under N, for 24 h.
Triethylamine (25 pL) was added, and the sieves were filtered and washed with CH,Cl,
(2 X5 mL). The combined supernatant and washings were concentrated. Flash chro-
matography (hexanes—EtOAc; 6:4, 250 mL; 1:1, 250 mL) of the residue gave the
unreacted glycosyl acceptor 12 (275 mg) and the hexasaccharide 19 (429 mg). Although
TLC in hexanes—EtOAc (6:4), showed homogeneous spots in both cases, TLC in
toluene—EtOAc (5:1) showed that both the unreacted acceptor 12 and the hexasaccharide
19 were slightly impure. The acceptor 12 was obtained pure (169 mg, 37%) following
flash chromatography (toluene:EtOAc, 7:1). The hexasaccharide 19 was purified by
further flash chromatography (toluene:EtOAc, 5:1) and was obtained as a colorless glass
(322 mg, 43%). An analytically pure sample was obtained by chromatography on
Sephadex LH20. [a]? +57° (¢ 1.1, CHCI,); '"H NMR (CDCl,): & 8.50-6.94 (m, 68
H, aromatics), 6.20 (dd, 1 H, J 10.5 and 9.0 Hz, H-3C), 6.13 (dd, 1 H, J 10.5 and 9.0
Hz, H-3C'), 5.87 (dd, 1 H, J 10.0 and 9.0 Hz, H-4C), 5.81-5.68 (m, 5 H, CH,CH =,
H-3A, H-2A, H-1C and H-4C’), 5.63 (bs, 1 H, H-1A), 5.58 (t, 1 H, J 10.0 Hz, H-4A)),
5.57 (bs, 1 H, H-1A), 5.51-5.46 (m, 2 H, H-1C’ and H-2A), 5.45 (t, 1 H, J 10.0 Hz,
H-4A), 5.26 (m, 1 H, CH, =), 5.21-5.12 (m, 6 H, CH, =, H-4B, H-2C, H-1B', H-4B’
and H-2C"), 4.77 (bs, 1 H, H-1B), 4.65 (dd, 1 H, J 12.0 and 2.5 Hz, H-6C), 4.62 (dd, |
H, J 12.5 and 2.5 Hz, H-6C'), 4.49 (dd, 1 H, J 10.0 and 3.5 Hz, H-3A), 4.44 (dd, | H,
J 12.0 and 5.5 Hz, H-6'C), 4.36 (dd, 1 H, J 3.5 and 1.5 Hz, H-2B), 4.28 (m, 1 H,
H-2B'), 4.25 (m, 1 H, H-5C), 4.22 (dd, 1 H, J 10.0 and 3.5 Hz, H-3B), 4.16-4.03 (m, 6
H, CH,CH=, H-5A, H-5A, H-3B', H-5B', H-6'C’), 3.93 (m, | H, CH,CH=), 3.84 (m,
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1 H, H-5B), 3.75 (m, 1 H, H-5C"), 1.92 (s, 3 H, CH,CO), 1.155 (d, 3 H, J 6.0 Hz,
H-6B'), 1.15(d, 3 H, J 6.0 Hz, H-6A), 1.10 (d, 3 H, J 6.5 Hz, H-6B), 0.88 (d, 1 H, J
6.0 Hz, H-6A). Anal. Caled for C,,,H,,;N,0,,: C, 67.29;: H, 4.89; N, 1.11. Found: C,
67.15; H, 4.82; N, 0.93.

Allyl 3-O-(2-acetamido-2-deoxy-B-D-glucopyranosyl)-a-L-rhamnopyranoside (20).—
The protected disaccharide 9 (310 mg, 0.324 mmol) was suspended in freshly distilled
MeOH (18 mL), a solution of sodium methoxide (M, 2 mL) was added, and the mixture
was stirred overnight at room temperature. More sodium methoxide in MeOH (500 uL.)
was added and the reaction was allowed to proceed for an additional 24 h. The solution
was de-ionized with Rexyn 101 (H™), the resin was filtered, and then rinsed with MeOH
(16 mL). The combined filtrate and washings were concentrated, the residue was
co-concentrated with toluene (3 X 15 mL), and then dissolved in EtOH (15 mL).
Ethylenediamine (2.5 mL) was added, and the stirred mixture was refluxed overnight
and then allowed to cool to room temperature. The solvent was evaporated and the
residue was co-concentrated with toluene (3 X 15 mL) and dissolved in MeOH (15 mL).
Acetic anhydride (1.5 mL) was added, the solution was left at room temperature for 1.5
h, and concentrated. Solvents were evaporated and the residue was co-concentrated with
toluene (2 X 15 mL). Flash chromatography of the residue (CHCl;~MeOH; 9:1, 200
mL; 85:15, 200 mL; 8:2, 200 mL), followed by gel permeation chromatography of the
semi-pure disaccharide (Biogel P2, H,0), and finally flash chromatography (EtOAc—
MeOH-H,0, 7:1.3:1) of the product gave the disaccharide 20 (90 mg, 68%) which was
isolated as an amorphous powder upon freeze-drying (TLC, EtOAc-MeOH-H,O0,
6:3:1, R, 0.8). [a]? —54° (c 1.1, MeOH). NMR data for the ring protons and carbons
are reported in Tables 1 and 2, respectively. 'H NMR (D,0): & 591 (m, 1 H,
CH,CH=),5.30 and 5.23 (2m, 2 H, CH, =), 4.10 and 4.01 2m, 2 H, CH,CH=), 1.98
Gs, 3 H, CH,CON); "C NMR (D,0): & 77,5 (CO), 135.9 (CH,CH=), 121.2 (CH, =),
70.9 (CH,CH=), 24.8 (CH,CON). Anal. Calcd for C,,H,,NO,,,0.5H,0: C, 49.03; H,
7.26; N, 3.36. Found: C, 49.39; H, 6.95; N, 3.65.

Allyl 3-O-(2-acetamido-2-deoxy-B-D-glucopyranosyl)-2-O-( a-L-rhamnopyranosyl)-a-
L-rhamnopyranoside (21).—The trisaccharide 11 (151 mg, 0.114 mmol) was depro-
tected and N-acetylated as described for the preparation of 20. The trisaccharide 21
(TLC, EtOAc-MeOH-H,0, 6:3:1, R, 0.7) was purified by two successive flash
chromatographies using EtOAc— MeOH H,O0 (7:1.3:1) as eluent for the first, and
CHCI,-MeOH (8:2, R, 0.0) followed by EtOAc-MeOH-H,0 (6:3:1) for the second
column The trrsacchande 21 (44 mg, 70%) was finally obtained pure and free of salts
after chromatography on a Biogel P2 column (H,0) and was isolated as a white
amorphous powder after freecze-drying. [a ]y —57° (c 0.9, MeOH); NMR data for the
ring protons and carbons are reported in Tables 1 and 2, respectively. '"H NMR (D,0): 8
591 (m, 1 H, CH,CH=), 5.31 and 5.27 2m, 2 H, CH, =), 4.18 and 4.03 m, 2 H,
CH,CH=), 1.98 (s, 3 H, CH,CON); >C NMR (D,0): & 177.5 (CO), 136.1 (CH,CH=),
121.5 (CH, =), 71.0 (CH_CH ), 25.1 (CH_CON) Anal. Caled for C,,H,(NO,,: C,
49.90; H, 7.10; N, 2.53. Found: C, 49.54; H, 7.18; N, 2.65

Allyl  3-O-(2-acetamido-2-deoxy-B-p-glucopyranosyl)-2-O-(3-O-(a-L-rham-
nopyranosyl)-a-L-rhamnopyranosyl)-a-L-rhamnopyranoside (22).—The tetrasaccharide
17 (476.6 mg, 0.287 mmol) was deprotected and N-acetylated as described for the
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preparation of the disaccharide 20. The tetrasaccharide 22 (TLC, EtOAc-MeOH-H,O,
6:3:1, R, 0.55) was purified by flash chromatography using CHC1,-MeOH (8:2, R,
0.0) followed by EtOAc-MeOH-H,O (6:3:1). The tetrasaccharide 22 (176 mg, 88%)
was finally obtained pure and free of salts after chromatography on a Biogel P2 column
(H,O), and was isolated as a white amorphous powder after freeze-drying. [a]}) —75°
(¢ 1.0, MeOH); NMR data for the ring protons and carbons are reported in Tables 1 and
2, respectively. 'H NMR (D,0): 6 5.91 (m, 1 H, CH,CH=), 5.31 and 5.26 2m, 2 H,
CH,=), 4.18 and 4.03 2m, 2 H, CH,CH=), 1.96 (s, 3 H, CH,CON), "C NMR
(D,0): 6 1773 (CO), 136.1 (CH,CH=), 121.5 (CH,=), 71.0 (CH,CH=), 25.1
(CH;CON). Anal. Calcd for C,,H,,NO,,: C, 49.78; H, 7.06; N, 2.00. Found: C, 49.36;
H, 7.11; N, 1.90.

Propyl 3-O-(2-acetamido-2-deoxy-B-D-glucopyranosyl)-2-O-(3-O-( a-L-rhamno-
pyranosyl)-a-L-rhamnopyranosyl)-a-L-rhamnopyranoside (23).—The allyl glycoside 22
(33 mg, 0.047 mmol) was dissolved in MeOH (4 mL), 10% palladium-on-carbon
catalyst (50% in H,0, 17 mg) was added and the stirred mixture was hydrogenated
overnight at 52 Ib - in. "% at room temperature. The catalyst was filtered off, rinsed with
MeOH (4 mL) and the combined filtrates were concentrated to dryness. The residue was
dissolved in H,O and filtered through a 22 um Amicon filter to give the pure
tetrasaccharide 23 (30 mg, 92%) that was obtained as a white powder upon freeze-dry-
ing. NMR data for the ring protons are reported in Table 1. 'H NMR (D,0): 6
3.84-3.65 (m, | H, OCH,CH,CH,), 3.54-3.35 (m, | H, OC H,CH,CH,), 1.97 (s, 3 H,
CH,CON), 1.57 (m, 2 H, OCH,CH,CH,), 0.87 (t, 3 H, J 7.5 Hz, OCH,CH,CH,).
HRMS. Calcd for C,,Hs,NO,; (M + H): 702.3184. Found: 702.3200.

Allyl 3-O-(2-acetamido-2-deoxy-B-D-glucopyranosyl)-2-O-(3-O-(3-O-(2-acetamido-2-
deoxy-B-D-glucopyranosyl)-a-L-rhamnopyranosyl)-a-L-rhamnopyranosyl)-a-L-rhamno-
pyranoside (24).—The pentasaccharide 18 (135 mg, 0.06 mmol) was deprotected and
N-acetylated as described for the preparation of 20. The pentasaccharide 24 (TLC,
EtOAc-MeOH-H,0, 6:3:1, R, 0.3) was purified by flash chromatography using
CHCI,—MeOH (8: 2, R, 0.0) followed by EtOAc-MeOH-H,O (6:3:1). The pentasac-
charide 26 was finally obtamed pure and free of salts (48 mg, 86%) after chromatogra-
phy on a Biogel P2 column (H,0), and was isolated as a white amorphous powder after
freeze-drying. [a ]y —59° (¢ 0.7, MeOH). NMR data for the ring protons and carbons
are reported in Tables 1 and 2, respectively. 'H NMR (D,0): 6 591 (m, 1 H,
CH,CH =), 5.30 and 5.25 (2m, 2 H, CH, =), 4.18 and 4.03 (2m 2 H, CH,CH=), 1.98
and 1.96 (2s, 2 X 3 H, 2 X CH,CON). ”C NMR (D,0): & 177.7 and 177.3 (CO), 136.1
(CH,CH=), 121.5 (CH,=), 71.1 (CH,CH=), 25.1 (CH,CON). Anal. Calcd for
C,,H,N,0,,: C, 49.22; H, 6.92; N, 3.10. Found: C, 48.68; H, 6.85; N, 3.05.

Allyl 3-O-(2-acetamido-2-deoxy-B-D-glucopyranosyl)-2-0-(3-0-(3-O-(2-acetamido-2-
deoxy-B-D-glucopyranosyl)-2-O-( a-L-rhamnopyranosyl)-a-L-rhamnopyranosyl)-a-L-
rhamnopyranosyl)-a-1.-rhamnopyranoside (25).—The protected hexasaccharide (320
mg, 0.13 mmol) 19 was suspended in freshly distilled MeOH (11 mL), a solution of
sodium methoxide (M, 1.5 mL) was added, and the mixture was stirred overnight at
room temperature. More aliquots of the methanolic solution of sodium methoxide (500
nL, 150 uL, 100 uL, and 2 X 50 nL) were added over the following three days while
the reaction was allowed to proceed at room temperature. The solution was de-ionized
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with Rexyn 101 (H"), the resin was filtered and then rinsed with MeOH (16 mL). The
combined filtrate and washings were concentrated and the residue was co-concentrated
with toluene (3 X 15 mL) and dissolved in EtOH (8 mL). Subsequent removal of the
phthalimido group and acetylation of the free amino group were performed as described
for the preparation of 20. The hexasaccharide 25 was purified by flash chromatography
using CHC1,-MeOH (8:2, R, 0.0) followed by EtOAc-MeOH-H,0 (6:3:1, R, 0.4).
The hexasaccharide 25 (112 mg, 84%) was finally obtained pure and free of salts after
chromatography on a Biogel P2 column (H,0), and was isolated as a white amorphous
powder after freeze-drying. [« —59° (¢ 1.1, MeOH). NMR data for the ring protons
and carbons are reported in Tables 1 and 2, respectively. 'H NMR (D,0): 6 5.90 (m, |
H, CH,CH=), 5.30 and 5.25 2m, 2 H, CH, =), 4.17 (m, | H, CH,CH=), 4.06-3.97
(m, 1 H, CH,CH=), 1.98 and 1.97 (2s, 2X3H, 2 X CH,CON); "C NMR (D,0): 6
177.5 and 177.3 (CO), 136.0 (CH,CH=), 121.5 (CH,=), 71.0 (CH,CH=), 25.1
(CH,CON). Anal. Caled for C,3;H;,N,0,,: C, 49.23; H, 6.92; N, 2.67. Found: C,
48.87; H, 7.03; N, 2.89.
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