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ABSTRACT: We report the synthesis of a tetrasaccharide and
two pentasaccharide fragments of the LeaLex tumor-associated
carbohydrate antigen α-L-Fuc-(1→4)-[β-D-Gal-(1→3)]-β-D-
GlcNAc-(1→3)-β-D-Gal-(1→4)-[α-L-Fuc-(1→3)]-β-D-
GlcNAc-(1→OR). The choice of protecting groups permitted
a one-step global deprotection (Na/NH3(l)). The protected
chlorohexyl glycoside pentasaccharide was the precursor to the
hexyl glycoside, to be used as a soluble inhibitor, and the
aminohexyl glycoside analogue, to be conjugated to proteins
for surface immobilization and immunization experiments. We
observed that a linear tetrasaccharide that contained two N-
acetylglucosamine residues and a free OH group gave two
distinct sets of 1H NMR signals when the data were acquired
in deuterated chloroform. Data acquisition at variable concentrations and variable temperatures suggests that the second set of
NMR signals results from aggregation of the tetrasaccharide driven by the formation of intermolecular H-bonds involving the
NHAc. While the formation of intra- and intermolecular H-bonds involving N-acetylgucosamine residues has been reported in
non-H-bonding solvents, this is, to our knowledge, the first time that these have lead to the appearance of two distinct sets of
signals in the NMR spectra. This aggregation may explain the lack of reactivity observed when an attempt is made to glycosylate
such an acceptor using non-H-bonding solvents such as dichloromethane.

■ INTRODUCTION
The development of anticancer vaccines that specifically target
tumor-associated carbohydrate antigens (TACAs) has been
the focus of intensive research for the past three decades.
While not yet successful, advances have been made that have
been summarized in multiple reviews.1 The TACA LeaLex

hexasaccharide (1) is such a TACA which is associated with
lung cancer and particularly squamous lung carcinoma
(SLC).2

However, while LeaLex is overexpressed on SLC cells, the
Lea trisaccharide displayed at the nonreducing end of this
hexasaccharide is expressed at the surface of numerous
noncancerous cells.2a,3 Interestingly, immunization of mice
with SLC cells allowed cloning of an antibody (mAb 43-9F)
which was shown to specifically recognize LeaLex while it only
weakly bound to the Lea trisaccharide.2a−c Such findings
support that the LeaLex TACA may display immunorelevant
internal epitopes that do not involve the Lea trisaccharide and
which, if identified, may be used for the development of an
anti-SLC vaccine. We have been actively attempting to
identify a fragment of the LeaLex hexasaccharide that would
no longer carry the nonreducing end Lea trisaccharide but
possibly retain the internal epitopes identified by mAb 43-9F.
We recently reported4 the efficient preparation of tetra- and
pentasaccharide fragments that lacked the nonreducing end

galactosyl residue (C′); here we describe the preparation of
the last two tetra- and pentasaccharide fragments (2 and 3)
missing from our panel and that do not carry the nonreducing
end fucosyl residue (B′). The pentasaccharide was prepared as
the hexyl glycoside 3 for immunochemistry and the
aminohexyl glycoside 4 for conjugation to carrier proteins.
The synthetic strategy that we followed was designed to avoid
the challenging deprotection steps faced in our previous
study.4 Thus, the final compounds were obtained in good
yields from the protected intermediates following a single
deprotection step using dissolving metal conditions [Na/
NH3(l)].

5 Of particular interest, we report the observation
that a tetrasaccharide intermediate gave two distinct sets of 1H
NMR chemical shifts when the spectrum was recorded for a
solution in deuterated chloroform. Temperature and concen-
tration dependence NMR studies indicated that the second
set of NMR signals likely resulted from aggregation of the
oligosaccharide driven by the formation of intermolecular H-
bond involving the N-acetyl groups.
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■ RESULTS AND DISCUSSION
The tetra- and pentasaccharides were assembled efficiently
using novel chlorohexyl acceptor 5 and galactosyl donor 6, as
well as the known donors 7,6 8,7 and 9.8

Acceptor 5 was prepared smoothly (77% overall) in two
steps from the known5b monosaccharide 10 (Scheme 1).
Treatment with (trichloroethoxy)carbonyl chloride led to the
Troc-protected intermediate 11, which was submitted to
reductive opening of the benzylidene acetal (NaCNBH3−
HCl), yielding the desired acceptor 5. To facilitate the one-
step full deprotection of the final compounds under dissolving
metal conditions, we elected to prepare galactosyl donor 6,
which carries a pivaloyl group at O-6. Indeed, we have
demonstrated4 that the use of a silyl group at this position
was not compatible with this one-step deprotection scheme.
Donor 6 was prepared from the known9 anomeric mixture of
trichloroethyl glycoside 12 or from the known10 thiotolyl
glycoside 14 (Scheme 1). Glycoside 12 was selectively
pivaloylated at O-6 to give triol 13, which was converted in
three steps to alcohol 15: introduction of a 3,4-O-orthoacetate
and in situ O-2 acetylation followed by the acid-catalyzed
opening of the orthoester to the O-4 acetate. Alcohol 15 was
then converted to donor 6 in moderate yield (26% from 15
or 24% from 13) over four steps: removal of the
trichloroethyl group (65%), dichloroacetylation at O-1 and
O-3 (69%), selective removal of the anomeric chloroacetate
[quantitative (quant)], and then conversion of the resulting
hemiacetal to the trichloroacetimidate donor (57%). The
alternative preparation of donor 6 from triol 14 provided

donor 6 in a much higher overall yield (64% from 14).
Conversion of triol 14 to alcohol 16 was achieved in 98%
yield following the same sequence of steps described above to
prepare alcohol 15 from triol 13. In turn, chloroacetylation at
O-3 of 16 gave tolyl glycoside 17 quantitatively, which was
submitted to hydrolytic conditions aimed at removing the
thiotolyl group. As expected,4,5d,11 these conditions led to
migration of the acetate at O-2 and isolation of alcohol 18 in
85% yield. In turn, treatment of alcohol 18 with
trichloroacetonitrile and DBU gave, as previously reported
for similar analogues,4,5d,11 the desired donor 6 in 77% yield.
With the monosaccharide building blocks in hand, the

straightforward assembly of tetrasaccharide 23 began with the
glycosylation of acceptor 5 with 1.8 equiv of donor 6 under
activation with BF3·Et2O (2 equiv) at 40 °C (Scheme
2).4,5d,12 Under these conditions, the desired disaccharide
(19) was obtained in excellent yields and subsequently
converted to acceptor 20 by treatment with excess thiourea at
55 °C. Glycosylation of acceptor 20 with trichloroacetimidate
7 (3 equiv) under activation with (TMS)OTf (1.8 equiv) at
0−10 °C then gave trisaccharide 21 (52%), which was
converted to acceptor 22 by treatment with thiourea (12
equiv, 70 °C). Galactosylation of acceptor 22 with donor 8 (6
equiv) was best achieved under BF3·Et2O (2.4 equiv)
activation by maintaining the temperature at 0 °C for 3 h
and then allowing the reaction to run at room temperature for
an additional hour.
Despite the large excess of donor 8, tetrasaccharide 23 was

only isolated in a disappointing 53% yield while some
unreacted acceptor was also recovered (12%). We attribute
this yield to the known13 poor match between the
nonreducing end O-3 position in acceptor 22 and a β-D-
galactosyl donor. Tetrasaccharide 23 was then converted in
three steps to acceptor 24. When we first attempted the

Scheme 1. Synthesis of Donor 5 and Acceptor 6
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combined removal of the O-3 (trichloroethoxy)carbonyl
group and reduction of the N-trichloroacetate using Zn in
acetic acid, we observed the concurrent partial loss of the
benzylidene group. Thus, the benzylidene group was first
removed with aqueous acetic acid, the resulting diol
acetylated, and the acetylated intermediate treated with a
large excess of Zn in acetic acid at 50 °C to remove the Troc
group and reduce the trichloroacetamido to an N-acetyl
group.
Interestingly while a product homogeneous by TLC was

isolated in 76% yield, H1 NMR in CDCl3 (∼22 mg/mL, 16
mM) at 295 K showed two similar but distinct sets of signals
(I and II, Figure 1a) that integrated for a ratio of 7:3.
Selective 1D TOCSY experiments (Figure 1b−f) allowed
assignment of a large number of proton signals for each of I
and II that are listed in Table 1.
The vicinal coupling constants measured for the ring signals

(Table 1) supported 4C1 chair conformations for the galactose
and N-acetylglucosamine rings in both I and II. Thus, we
concluded that, unlike our previous observation14 for
protected branched trisaccharides, there was no evidence of
ring distortion that would explain the appearance of two
conformations in the NMR spectrum.
Interestingly, as can be seen in Figure 1e, irradiation of the

signal corresponding to H-2(A′) of II at 2.74 ppm did not
cause transfer to the signal found for NH(A′) at 5.76 ppm,
while irradiation of the latter (Figure 1b) showed correlation
with the signal assigned to H-2(A′) of I at 2.83 ppm. Thus,
suspecting that H-bonding involving NH(A′) may still result
in these two sets of chemical shifts, we acquired NMR data
for tetrasaccharide 24 in the H-bonding solvent CD3OD.
Indeed, as can be seen in the HSQC experiments shown in
Figure 2, the anomeric region showed two sets of four cross-
peaks when the spectrum was acquired in the non-H-bonding
CDCl3, but simplified to a single set of four signals (two are
overlapping) when the spectrum was acquired for a solution
in CD3OD.
To further understand the occurrence of this second set of

signals in CDCl3, we recorded 1H NMR spectra at various
concentrations: 6−22 mM (at 295 K) and temperatures 220−
320 K (at 16 mM). We show in Figure 3 the variation in

chemical shifts measured for NH(A) and NH(A′) in I with
increasing concentration and increasing temperature.
The linear positive dependence of the NH chemical shifts

with concentration, +6.9 ppb for NH(A′) and +2.5 ppb for
NH(A), and their linear negative dependence with temper-
ature, −3.8 ppb for NH(A′) and −2.4 ppb for NH(A),
indicate that NH(A) and NH(A′) in I are involved in the
formation of intermolecular H-bonds.15 Figure 4 shows the
signals observed for H-2(A′) in I and II with increasing
concentration (Figure 4a, top to bottom) and decreasing
temperature (Figure 4b, top to bottom).

Scheme 2. Synthesis of Final Compounds 2−4

Figure 1. 1H NMR and 1D selective TOCSY experiments (600
MHz) for tetrasaccharide 24 in CDCl3 (16 mM) at 295 K: (a) 1H
NMR; (b−f) TOCSY; the signal irradiated is indicated with a bold
arrow (↑).
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As can be seen, the relative amount of II increased with
increasing concentration and decreasing temperature, suggest-
ing that self-association of the tetrasaccharide led to this
second set of chemical shifts.15c Thus, as H-bonds involving
the NHAc in I become increasingly stronger with increasing
concentration or decreasing temperature, the relative
proportion of II increases concurrently. Therefore, we
propose that, much like what is observed in peptides,15a,b

intermolecular H-bonds involving the NH groups, and most
particularly NH(A′) in I, lead to self-association of
tetrasaccharide 24 and the appearance of a second set of
NMR signals (II) that likely result from an aggregated form.
Given this tendency to aggregate in non-H-bonding solvent,

it was not surprising that fucosylation of tetrasaccharide 24

using donor 9 activated with NIS/triflic acid in dichloro-
methane was unsuccessful. In contrast, glycosylation in a
mixture of DMF and dichloromethane using 6 equiv of donor
9 (6 equiv) activated with copper(II) bromide and
tetrabutylammonium bromide at room temperature gave the
desired pentasaccharide 25 in 76% yield. Treatment of
chlorohexyl glycoside 25 with sodium azide in DMF at 80
°C promptly afforded the 6-azidohexyl analogue 26 in
quantitative yield. Interestingly, NMR in CDCl3 did not
show evidence of aggregation for the pentasaccharides. This
observation may indicate that either the bulky fucosyl residue
prevents the formation of intermolecular H-bonds that would
promote aggregation of the pentasaccharides or the C-3(A)
hydroxyl group now fucosylated in the pentasaccharides had a
role in stabilizing the formation of the aggregate II in
tetrasaccharide 24.
Single-step deprotection of tetrasaccharide 24 and penta-

saccharides 25 and 26 was easily achieved under dissolving
metal conditions [Na/NH3(l) in THF, −78 °C] and gave the
corresponding final compounds 2−4. Hexyl glycosides 2 and
3 were obtained pure and salt-free in 57% and 73% yield,
respectively, after purification on a Biogel P2 column eluted
with Milli-Q water. Aminohexyl glycoside 4 was obtained
(75%) as the ammonium acetate salt after purification on the
Biogel P2 column eluted with 0.05 M ammonium acetate and
repeated freeze-drying from Milli-Q water. The structure and
purity of the final compounds were confirmed by NMR
spectroscopy and MS. The analytical data recorded for
pentasaccharide 4 were in accordance with those previously
reported by Ling and co-workers.16

■ CONCLUSION
Building on our experience,4 we report here the convergent
synthesis of a tetrasaccharide and two pentasaccharide
fragments of the LeaLex tumor-associated hexasaccharide.
Carefully choosing the protecting groups allowed for an
easy one-step total deprotection of the intermediate protected
oligosaccharide under dissolving metal conditions. This
strategy differed from that of Ling and co-workers, who
have reported block syntheses of pentasaccharide 4 and an
analogue of tetrasaccharide 2 using phthalimido groups at C-2
of the glucosamine residues and multistep deprotection
schemes.16,17 Of particular interest is our discovery that the
linear tetrasaccharide 24 that carries two N-acetyl groups
showed a tendency to self-associate in non-H-bonding solvent
such as chloroform. While self-association has been suggested
in N-acetylallosamine and -glucosamine monosaccharides,15c,d

Table 1. 1H NMR (600 MHz) Data Recorded for I and II
in CDCl3 at 16 mM and 295 K

δ (ppm) (m, J Hz)a

I II Δ(δ)b (ppm)

NH(A) 5.595 c
H-1(A) 4.765 4.306 0.459
H-2(A) 3.286 3.196 0.090
H-1(C) 4.326 (d, 7.6) 4.238 (d, 7.5) 0.088
H-4(C) 5.303 (br d, ∼2) 5.24 (br s, ∼2) 0.063
H-1(A′) 5.104 (d, 8.0) 5.011 (d, 7.7) 0.093
H-2(A′) 2.831 2.740 0.091
H-3(A′) 4.555 (t, 10) 4.712 (t, 10) −0.157
H-4(A′) 4.894 (t, 9.2) 4.910 (t, 9.3) −0.016
H-5(A′) 3.618 3.624 −0.006
NH(A′) 5.761 c
H-1(C′) 4.443 4.386 0.057

aMultiplicity observed in TOCSY, coupling constant measured in
hertz. bChemical shift difference for given hydrogens in I and II: δ(I)
− δ(II). cWas not observed.

Figure 2. HSQC (600 MHz) anomeric regions recorded for
tetrasaccharide 24 in (a) CDCl3 and (b) CD3OD.

Figure 3. Concentration (at 295 K) (a) and temperature (at 16
mM) (b) dependence of δ[NH(A)] and δ[NH(A′)] measured at
600 MHz for tetrasaccharide 24 in CDCl3.

Figure 4. 1H NMR (600 MHz) for H-2(A′) in I and II recorded for
tetrasaccharide 24 in CDCl3: (a) increasing concentrations at 295 K;
(b) decreasing temperatures at 16 mM.
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this is, to our knowledge, the first time that two distinct sets
of NMR signals have been observed as a result of self-
association likely leading to aggregation. Since the conditions
that we used (∼15 mg in ∼0.7 mL of CDCl3 at 295 K) to
record the first set of NMR data are standard conditions to
record 1H NMR data in synthetic carbohydrate chemistry, our
observation that they can lead to aggregation of N-
acetylglucosamine-containing linear oligosaccharides is partic-
ularly noteworthy. Indeed, the appearance of a second set of
NMR signals could be attributed mistakenly to the presence
of multiple compounds in the sample. To avoid such an error,
acquisition of NMR data using a hydrogen-bonding solvent
such as deuterated methanol that will prevent self-association
and aggregation is best.

■ EXPERIMENTAL SECTION
6-Chlorohexyl 2-Acetamido-4,6-O-benzylidene-2-deoxy-3-

O-[[(trichloroethyl)oxy]carbonyl]-β-D-glucopyranoside (11).
2,2,2-Trichloroethyl chloroformate (3.8 mL, 2 equiv) was added
dropwise to a suspension of benzylidene acetal 105b (7.6 g, 164
mmol) in CH2Cl2 (180 mL) containing anhyd pyridine (7.2 mL)
and stirred under N2. The reaction was stirred at rt for 1.5 h, diluted
in CH2Cl2 (300 mL), and sequentially washed with 2 N HCl (2 ×
400 mL) and satd aq NaHCO3 (2 × 400 mL). The aq layers were
extracted with CH2Cl2 (2 × 50 mL), and the combined organic
layers were dried and concentrated. The residue was purified by
column chromatography (EtOAc/hexanes, 4:6) to give compound 11
(9.01 g, 84%) pure as a white amorphous solid. [α]D −29.0 (c 1.0,
MeOH). 1H NMR (400 MHz, CDCl3, 295 K): δH 7.43−7.33 (m, 5
H, Ar), 5.61 (d, J = 8.2 Hz, 1 H, NH), 5.46 (s, 1 H, >CHPh), 5.36
(t, J = 10.0 Hz, 1 H, H-3), 4.85 (d, J = 8.3 Hz, 1 H, H-1), 4.84 (d, J
= 11.9, 1 H, COCHHCCl3), 4.67 (d, J = 10.9, 1 H, COCHHCCl3),
4.30 (dd, J = 5.0, 10.5 Hz, 1 H, H-6a), 3.88−3.62 (m, 4 H, H-2, H-
4, H-6b, OCHHCH2), 3.61−3.40 (m, 4 H, H-5, CH2Cl,
OCHHCH2), 1.90 (s, 3 H, NHCOCH3), 1.68, 1.51, 1.37, 1.28 (4
m, 4 × 2 H, OCH2(CH2)4CH2Cl).

13C NMR (100 MHz, CDCl3,
295 K): δC 170.2, 153.9 (CO), 136.7 (quat Ar), 129.1, 128.2,
126.1 (Ar), 101.4 (>CHPh), 100.7 (C-1), 94.4 (CCl3), 78.8 (C-4),
76.8 (CH2CCl3), 75.9 (C-3), 70.0 (OCH2CH2), 68.6 (C-6), 65.9 (C-
5), 56.0 (C-2), 45.0 (CH2Cl), 32.4, 29.2, 26.4, 25.1
(OCH2(CH2)4CH2Cl), 23.3 (NHCOCH3). HRESIMS (m/z): [M
+ H]+ calcd for C24H32NO8Cl4 602.0882, found 602.0877.
6-Chlorohexyl 2-Acetamido-6-O-benzyl-2-deoxy-3-O-

[[(trichloroethyl)oxy]carbonyl]-β-D-glucopyranoside (5). A sol-
ution of benzylidene acetal 11 (6.84 g, 11.3 mmol) in anhyd THF
(300 mL) containing freshly activated 3 Å molecular sieves (30 g),
NaCNBH3 (13.5 g, 18 equiv), and methyl orange indicator (∼20
mg) was stirred under N2 at 0 °C for 30 min. HCl gas was bubbled
through the reaction mixture until the solution turned pink (less
than 5 min), and the reaction was then allowed to proceed under
stirring at rt for 17 h. Solids were filtered off over Celite and washed
thoroughly with THF, and the combined filtrate and washings were
concentrated. The oily residue was dissolved in CH2Cl2 (400 mL)
and washed with satd aq NaHCO3 (2 × 400 mL), and the aq layers
were re-extracted with CH2Cl2 (2 × 200 mL). The combined organic
phases were dried and concentrated, and column chromatography of
the residue (CH2Cl2/MeOH, 20:1) gave acceptor 5 (6.34 g, 92%)
pure as a yellow amorphous solid. [α]D −16.2 (c 1.0, MeOH). 1H
NMR (400 MHz, CDCl3, 295 K): δH 7.40−7.25 (m, 5 H, Ar), 5.52
(s, 1 H, NH), 5.13 (dd, J = 3.8, 10.6 Hz, 1 H, H-3), 4.82 (d, J =
11.9 Hz, 1 H, COCHHCCl3), 4.73 (d, J = 8.2 Hz, 1 H, H-1), 4.64
(d, J = 11.9 Hz, 1 H, COCHHCCl3), 4.63−4.50 (m, 2 H, CH2Ph),
3.68−3.53 (m, 4 H, H-4, H-6ab, OCHHCH2), 3.68−3.53 (m, 2 H,
H-2, H-5), 3.53−3.40 (m, 3 H, CH2Cl, OCHHCH2), 1.88 (s, 3 H,
NHCOCH3), 1.68, 1.50, 1.37, 1.31 (4 m, 4 × 2 H,
OCH2(CH2)4CH2Cl).

13C NMR (100 MHz, CDCl3, 295 K): δC
170.6, 168.4 (CO), 137.5 (quat Ar), 128.4, 127.9, 127.7 (Ar),
100.6 (C-1), 94.4 (CCl3), 77.4 (C-3), 73.8 (C-5, CH2Ph), 70.6 (C-

4), 70.2 (C-6), 69.4 (OCH2CH2), 54.0 (C-2), 45.0 (CH2Cl), 32.4,
29.2, 26.4. 25.1 (OCH2(CH2)4CH2Cl), 23.2 (NHCOCH3). HRE-
SIMS (m/z): [M + H]+ calcd for C24H34NO8Cl4 604.1039, found
604.1016.

Trichloroethyl 6-O-Pivaloyl-(α,β)-D-galactopyranoside (13).
Pivaloyl chloride (4.75 mL, 1.5 equiv) was added to a solution of
known9 12 (8.28 g, 26.6 mmol) in anhyd CH2Cl2 (140 mL)
containing collidine (17 mL) and stirred under N2 at 0 °C. The
reaction was stirred at 0 °C for 24 h, more PivCl (0.95 mL, 0.3
equiv) was added, and the reaction was left under stirring at 0 °C for
another 20 h. MeOH (2 mL) was added to the mixture, which was
then diluted with CH2Cl2 (160 mL) and washed with 2 N HCl (400
mL). The aqueous layer was extracted with CH2Cl2 (2 × 50 mL),
and the combined organic phases were dried and concentrated. The
residue was purified by chromatography (CH2Cl2/MeOH, 20:1 and
then 12:1) to give the anomeric mixture (α:β = 9:1, assessed by
NMR) of pivaloate 13 (8.39 g, 80%) as a white amorphous foam. 1H
NMR (400 MHz, CDCl3, 295 K): δH for the α anomer 5.18 (d, J =
3.4 Hz, 1 H, H-1), 4.38 (dd, J = 5.4, 11.6 Hz, 1 H, H-6a), 4.27 (d, J
= 11.4 Hz, 1 H, CHHCCl3), 4.22 (dd, J = 7.2, 11.6 Hz, 1 H, H-6b),
4.12−4.04 (m, 2 H, CHHCCl3, H-5), 3.97 (br d, J = 1.6 Hz, H-4),
3.92−3.83 (m, 2 H, H-2, H-3), 1.20 (s, 9 H, C(CH3)3).

13C NMR
(100 MHz, CDCl3, 295 K): δC for the α anomer 178.5 (CO),
98.9 (C-1), 95.9 (CCl3), 79.0 (CH2CCl3), 70.4 (C-3), 69.7 (C-2),
69.4 (C-5), 68.3 (H-4), 63.7 (C-6), 38.8 (C(CH3)3), 27.2
(C(CH3)3). HRESIMS (m/z): [M + Na]+ calcd for C13H21O7Cl3Na
417.0250, found 417.0243.

Trichloroethyl 2,4-Di-O-acetyl-6-O-pivaloyl-(α,β)-D-galacto-
pyranoside (15). Triethyl orthoacetate (12.5 mL, 4 equiv) and
CSA (320 mg, 0.08 equiv) were added to a solution of compound
13 (7.0 g, 17.7 mmol) in anhyd MeCN (200 mL) stirred under N2.
The solution was stirred at rt for 15 min, anhyd pyridine (41 mL, 30
equiv) and Ac2O (41 mL, 25 equiv) were then added, and the
mixture was heated to 50 °C for 2 h. The mixture was
coconcentrated with PhMe (3 × ∼200 mL), and the resulting oily
residue was left under high vacuum for 30 min. It was dissolved in a
mixture of AcOH and H2O (8:2, 100 mL), stirred for 30 min, then
diluted with CH2Cl2 (200 mL), and washed sequentially with satd aq
NaHCO3 (200 mL) and HCl (2 N, 2 × 200 mL). The aq layers
were re-extracted with CH2Cl2 (2 × 100 mL), and the combined
organic phases were dried and concentrated to give the
corresponding anomeric mixture (α:β = 9:1, assessed by NMR) of
diacetate 15 (7.7 g, 91%) as a slightly yellow foam. 1H NMR (400
MHz, CDCl3, 295 K): δH for the α anomer 5.41 (m, 2 H, H-1, H-4),
4.95 (dd, J = 3.6, 10.4, 1 H, H-3), 4.33 (m, 1 H, H-2), 4.27 (m, 1 H,
H-5), 4.21 (d, J = 11.6 Hz, 1 H, CHHCCl3), 4.15−4.03 (m, 3 H, H-
6ab, CHHCCl3), 2.17, 2.11 (2 s, 6 H, 2 OCOCH3), 1.19 (s, 9 H,
C(CH3)3).

13C NMR (100 MHz, CDCl3, 295 K): δC for the α
anomer 177.9, 171.0, 170.9 (CO), 96.7 (C-1), 96.0 (CCl3), 79.2
(CH2CCl3), 70.9 (C-3), 70.2 (C-2), 67.8 (C-5), 66.3 (C-4), 62.1 (C-
6), 38.7 (C(CH3)3), 27.0 (C(CH3)3), 20.8, 20.7 (OCOCH3).
HRESIMS (m/z): [M + H]+ calcd for C17H26Cl3O9 479.0642,
found 479.0633.

p-Tolyl 2,4-Di-O-acetyl-6-O-pivaloyl-β-1-thio-D-galactopyra-
noside (16). Triethyl orthoacetate (53.4 mL, 4 equiv) and CSA
(1.35 g, 0.08 equiv) were added to a solution of known10 triol 14
(27.0 g, 72.87 mmol) in anhyd MeCN (700 mL) under N2. The
solution was stirred at rt for 15 min, anhyd pyridine (236 mL, 40
equiv) and Ac2O (138 mL, 20 equiv) were then added, and the
mixture was heated to 50 °C for 2 h. The mixture was
coconcentrated with PhMe (3 × 150 mL), and the resulting oily
residue was left under high vacuum overnight. It was dissolved in a
mixture of AcOH and H2O (8:2, 250 mL), stirred for 10 min, then
diluted with CH2Cl2 (300 mL), and washed sequentially with satd aq
NaHCO3 (2 × 500 mL) and HCl 2 N (2 × 500 mL). The aq layers
were re-extracted with CH2Cl2 (2 × 150 mL), and the combined
organic layers were dried and concentrated to give alcohol 16 (32.5
g, 98%) pure as a white amorphous glass. [α]D +15.5 (c 1.0,
MeOH). 1H NMR (600 MHz, CDCl3, 296 K): δH 7.37 (d, J = 8.0
Hz, 2 H, Ar), 7.09 (d, J = 7.9 Hz, 2 H, Ar), 5.31 (d, J = 2.8 Hz, 1 H,
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H-4), 4.97 (t, J = 9.8 Hz, 1 H, H-2), 4.61 (d, J = 10.0 Hz, 1 H, H-
1), 4.12 (m, 2 H, H-6ab), 3.88−3.81 (m, 2 H, H-3, H-5), 2.35 (d, J
= 6.0 Hz, 1 H, OH-3), 2.32 (s, 3 H, CH3 tolyl), 2.15, 2.13 (2 s, 6 H,
2 OCOCH3), 1.16 (s, 9 H, C(CH3)3).

13C NMR (125 MHz, CDCl3,
296 K): δC 178.0, 170.9 (CO), 138.3 (quat Ar), 132.8 (Ar), 129.7
(Ar), 129.0 (quat Ar), 86.9 (C-1), 74.7 (C-5), 72.4 (C-3), 70.8 (C-
2), 69.9 (C-4), 62.0 (C-6), 38.7 (C(CH3)3), 27.0 (C(CH3)3), 21.1
(CH3 tolyl), 21.0, 20.7 (OCOCH3). HRESIMS (m/z): [M + K]+

calcd for C22H30O8SK 493.1298, found 493.1294.
p-Tolyl 2,4-Di-O-acetyl-3-O-(chloroacetyl)-6-O-pivaloyl-β-1-

thio-D-galactopyranoside (17). Chloroacetyl chloride (11.4 mL,
2 equiv) was added slowly to a solution of alcohol 16 (32.5 g, 71.50
mmol) in anhyd CH2Cl2 (500 mL) containing anhyd pyridine (23
mL, 4 equiv) and stirred at rt under N2. The mixture was stirred for
15 min, diluted with CH2Cl2 (100 mL), and washed sequentially
with HCl 2 N (2 × 400 mL) and satd aq NaHCO3 (2 × 400 mL).
The organic layer was dried and concentrated to give the
chloroacetate 17 (38 g, quant) pure as a yellow amorphous glass.
[α]D +20.0 (c 1.0, CH2Cl2).

1H NMR (600 MHz, CDCl3, 296 K):
δH 7.37 (d, J = 8.1 Hz, 2 H, Ar), 7.10 (d, J = 7.9 Hz, 2 H, Ar), 5.37
(dd, J = 0.7, 3.2 Hz, 1 H, H-4), 5.22 (t, J = 10.0 Hz, 1 H, H-2), 5.09
(dd, J = 3.3, 10.0 Hz, 1 H, H-3), 4.66 (d, J = 10.0 Hz, 1 H, H-1),
4.15 (dd, J = 6.9, 11.3 Hz, 1 H, H-6a), 4.10 (dd, J = 6.7, 11.2 Hz, 1
H, H-6b), 3.94−3.90 (m, 3 H, H-5, COCH2Cl), 2.32 (s, 3 H, CH3
tolyl), 2.09, 2.08 (2 s, 6 H, 2 OCOCH3), 1.14 (s, 9 H, C(CH3)3).
13C NMR (151 MHz, CDCl3, 296 K): δC 177.9, 170.3, 169.4, 166.6
(CO), 138.5 (quat Ar), 133.0 (Ar), 129.7 (Ar), 128.6 (quat Ar),
87.2 (C-1), 74.2 (C-5), 73.7 (C-3), 67.0 (C-2, C-4), 61.3 (C-6), 40.4
(COCH2Cl), 38.7 (C(CH3)3), 27.0 (C(CH3)3), 21.1 (CH3 tolyl),
20.8, 20.6 (OCOCH3). HRESIMS (m/z): [M + Na]+ calcd for
C24H31ClO9SNa 553.1275, found 553.1284.
1,4-Di-O-acetyl-3-O-(chloroacetyl)-6-O-pivaloyl-α-D-galacto-

pyranose (18). NIS (18.63 g, 1.1 equiv) and TfOH (633 μL, 0.1
equiv) were added to a solution of chloroacetate 17 (37.96 g, 71.50
mmol) in a mixture of MeCN (600 mL) and H2O (8.75 mL) at rt.
The reaction was allowed to proceed under stirring for 10 min at rt
and quenched with NEt3 (2.49 mL, 0.25 equiv), and the mixture was
concentrated. The residue was dissolved in CH2Cl2 (500 mL) and
washed with a 20% (w/w) solution of aq Na2S2O3 (1 × 600 mL).
The aq layer was re-extracted with CH2Cl2 (2 × 150 mL), and the
combined organic layers were dried and concentrated. The product
was purified by column chromatography (EtOAc/hexanes, 4:6) to
give alcohol 18 (25.82 g, 85%) pure as an amorphous glass. [α]D
+117.2 (c 1.0, CH2Cl2).

1H NMR (400 MHz, CDCl3, 296 K): δH
6.29 (d, J = 3.9 Hz, 1 H, H-1), 5.42 (dd, J = 1.1, 3.2 Hz, 1 H, H-4),
5.24 (dd, J = 3.3, 10.5 Hz, 1 H, H-3), 4.27 (t, J = 7.4 Hz, 1 H, H-5),
4.20 (m, 1 H, H-2), 4.10−4.03 (m, 4 H, H-6ab, COCH2Cl), 2.17,
2.12 (2 s, 6 H, 2 OCOCH3), 1.95 (d, J = 7.9 Hz, 1 H, OH-2), 1.14
(s, 9 H, C(CH3)3).

13C NMR (100 MHz, CDCl3, 296 K): δC 177.9,
170.1, 169.3, 167.0 (CO), 91.7 (C-1), 72.2 (C-3), 68.5 (C-5), 67.1
(C-4), 65.8 (C-2), 60.8 (C-6), 40.6 (COCH2Cl), 38.7 (C(CH3)3),
27.0 (C(CH3)3), 20.9, 20.6 (OCOCH3). HRESIMS (m/z): [M +
Na]+ calcd for C17H25ClO10Na 447.1034, found 447.1019.
2,4-Di-O-acetyl-3-O-(chloroacetyl)-6-O-pivaloyl-α-D-galacto-

pyranosyl Trichloroacetimidate (6). Method A from 15. Sodium
acetate (28 g, 10 equiv) and activated Zn powder (34 g, 15 equiv)
were added to a solution of glycoside 15 (17.12 g, 35.7 mmol) in
AcOH (225 mL), and the reaction mixture was stirred at rt for 32 h.
Solids were filtered off over a bed of Celite which was washed
thoroughly with CH2Cl2 (800 mL). The combined filtrate and
washing were poured slowly into ice cold satd aq NaHCO3 (800
mL), and the resulting two layers were separated. The aq layer was
re-extracted with CH2Cl2 (3 × 300 mL), and the combined organic
layers were dried and concentrated. Column chromatography
(CH2Cl2/MeOH, 20:1) of the residue gave the corresponding
hemiacetal diol (8.02 g, 65%), which was engaged directly in the next
step. Pyridine (18 mL, 10 equiv) and chloroacetyl chloride (7.1 mL,
4 equiv) were added to a solution of the diol (7.63 g, 21.9 mmol) in
anhyd CH2Cl2 (126 mL). The reaction mixture was stirred at rt for
30 min and coconcentrated with toluene (3 × 50 mL). The residue

was dissolved in CH2Cl2 (300 mL) and washed with 2 N HCl (2 ×
300 mL). The aq layers were re-extracted with CH2Cl2 (2 × 50 mL),
and the combined organic layers were dried and concentrated.
Column chromatography (EtOAc/hexanes, 2:8 and then 3:7) gave
the corresponding dichloroacetate (7.63 g) in 69% yield from the
diol (45% from 15). Benzylamine (1.7 mL, 1 equiv) was added to a
stirred solution of the dichloroacetate (7.53 g, 15.0 mmol) in anhyd
THF (180 mL), and the solution was stirred 9 h at rt. More
benzylamine (0.8 mL, 0.5 equiv) was added, and the solution was
stirred for another 4 h at rt and then diluted with H2O (250 mL).
The mixture was transferred to a separatory funnel, and the product
was extracted with CH2Cl2 (3 × 300 mL). The organic layers were
washed with brine (600 mL), combined, dried, and concentrated.
Column chromatography (EtOAc/hexanes, 3:7) of the residue gave
the corresponding hemiacetal, which was used immediately in the
next step. Trichloroacetonitrile (6.5 mL, 3 equiv) was added to a
solution of the hemiacetal in anhyd CH2Cl2 (150 mL) stirred under
N2 at rt. DBU (400 μL, 0.25 equiv) was then slowly added, and the
mixture was stirred at rt for 7.5 h. More DBU (0.08 equiv) and
trichloroacetonitrile (1 equiv) were added, and the reaction was
allowed to proceed for another 3 h. The reaction mixture was then
concentrated, and column chromatography of the residue (EtOAc/
hexanes, 3:7 containing 0.1% NEt3) gave trichloroacetimidate 6 (4.91
g, 57% from the dichloroacetetate, 26% from 15) pure as a slightly
yellow amorphous foam.

Method B from 18. Trichloroacetonitrile (18.3 mL, 3 equiv) was
added to a solution of alcohol 19 (25.82 g, 60.8 mmol) in anhyd
CH2Cl2 (600 mL) stirred at rt under N2. DBU (2.27 mL, 0.25
equiv) was then added slowly, and the mixture was stirred at rt for 4
h. The reaction mixture was concentrated, and column chromatog-
raphy, as described above, gave trichloroacetimidate 6 (26.61 g, 77%)
pure as a slightly yellow amorphous foam.

Analytical Data for 6. [α]D +89.0 (c 1.0, CH2Cl2).
1H NMR (400

MHz, CDCl3, 296 K): δH 8.65 (s, 1 H, NH), 6.58 (d, J = 3.6 Hz, 1
H, H-1), 5.51 (dd, J = 1.0, 3.2 Hz, 1 H, H-4), 5.47 (dd, J = 3.2, 10.7
Hz, 1 H, H-3), 5.36 (dd, J = 3.6, 10.7 Hz, 1 H, H-2), 4.42 (t, J = 6.8
Hz, 1 H, H-5), 4.10 (d, J = 6.7 Hz, 2 H, H-6ab), 3.97 (s, 2 H,
COCH2Cl), 2.13, 2.00 (2 s, 6 H, 2 OCOCH3), 1.12 (s, 9 H,
C(CH3)3).

13C NMR (100 MHz, CDCl3, 296 K): δC 177.7, 170.2,
169.9, 166.4 (CO), 160.8 (CN), 93.3 (C-1), 90.7 (CCl3), 69.3
(C-3), 69.0 (C-5), 67.2 (C-4), 66.6 (C-2), 61.2 (C-6), 40.4
(COCH2Cl), 38.7 (C(CH3)3), 27.0 (C(CH3)3), 20.6, 20.5
(OCOCH3). HRESIMS (m/z): [M + Na]+ calcd for
C19H25Cl4NO10Na 590.0130, found 590.0106.

6-Chlorohexyl 2-Acetamido-4-O-[2,4-di-O-acetyl-3-O-(chlor-
oacetyl)-6-O-pivaloyl-β-D-galactopyranosyl]-6-O-benzyl-2-
deoxy-3-O-[(trichloroethoxy)carbonyl]-β-D-glucopyranoside
(19). A solution of alcohol 5 (1.12 g, 1.85 mmol) and galactosyl
trichloroacetimidate 6 (2.05 g, 2 equiv) in anhydrous CH2Cl2 (45
mL) was heated to 40 °C. BF3·OEt2 (490 μL, 2 equiv) was added,
and the reaction mixture was stirred for 1.5 h at 40 °C. The reaction
was quenched with NEt3 (651 μL, 2.4 equiv) and the mixture diluted
with CH2Cl2 (60 mL) and washed with satd aq NaHCO3 (100 mL).
The aq layer was re-extracted with CH2Cl2 (3 × 15 mL), and the
organic layers were combined, dried, and concentrated. Column
chromatography (EtOAc/hexanes, 3:7) of the residue gave
disaccharide 19 (1.56 g, 83%) pure as a white amorphous solid.
[α]D −7.6 (c 1.0, MeOH). 1H NMR (400 MHz, CDCl3, 295 K): δH
7.41−7.29 (m, 5 H, Ar), 5.58 (d, J = 8.4 Hz, 1 H, NH), 5.16−5.24
(m, 2 H, H-3, H-4′), 5.04 (dd, J = 8.4, 10.4 Hz, 1 H, H-2′), 4.89 (d,
J = 11.5 Hz, 1H, CHHCCl3), 4.86 (dd, J = 3.5, 10.4 Hz, H-3′), 4.77
(d, J = 12.1 Hz, 1 H, CHHPh), 4.71 (d, J = 7.4 Hz, 1 H, H-1), 4.67
(d, J = 11.8 Hz, 1 H, CHHCCl3), 4.43 (d, J = 12.1 Hz, 1 H,
CHHPh), 4.41 (d, J = 8.0 Hz, 1 H, H-1′), 4.05 (m, 2 H, H-6′ab),
3.94 (t, J = 8.9 Hz, 1 H, H-4), 3.92 (s, 2 H, COCH2Cl), 3.83 (m, 1
H, OCHHCH2), 3.72 (m, 1 H, H-6ab), 3.69−3.60 (m, 2 H, H-2, H-
5′), 3.54−3.47 (m, H-5, CH2Cl), 3.43, (m, 1 H, OCHHCH2), 2.11,
1.95, 1.90 (3 s, 9 H, 3 COCH3), 1.74, 1.56, 1.41, 1.33 (4 m, 4 × 2
H, OCH2(CH2)4CH2Cl), 1.15 (s, 9 H, C(CH3)3).

13C NMR (100
MHz, CDCl3, 295 K): δC 177.7, 170.3, 170.1, 169.2, 166.5, 153.8
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(CO), 137.7 (quat Ar), 128.6, 128.1, 128.0 (Ar), 100.3 (C-1),
100.0 (C-1′), 94.4 (CCl3) 77.2 (C-3), 76.8 (CH2CCl3) 75.2 (C-4),
74.1 (C-5), 73.7 (CH2Ph), 72.6 (C-3′), 70.3 (C-5′), 69.5
(OCH2CH2), 68.7 (C-2′), 67.4 (C-6), 66.4 (C-4′), 60.2 (C-6′),
55.0 (C-2), 45.0 (CH2Cl), 40.3 (COCH2Cl), 38.6 (C(CH3)3), 32.4,
29.2, 26.4, 25.1 (OCH2(CH2)4CH2Cl), 27.1 (C(CH3)3), 23.3, 20.6
(2 × COCH3). HRESIMS (m/z): [M + H]+ calcd for
C41H57Cl5NO17 1010.2069, found 1010.2063.
6-Chlorohexyl 2-Acetamido-4-O-(2,4-di-O-acetyl-6-O-piva-

loyl-β-D-galactopyranosyl)-6-O -benzyl-2-deoxy-3-O -
[(trichloroethoxy)carbonyl]-β-D-glucopyranoside (20). Thiourea
(450 mg, 5 equiv) was added to a solution of disaccharide 19 (1.12
g, 1.11 mmol) in a mixture of EtOH/pyridine (1:1, 12 mL) stirred at
55 °C. The reaction was allowed to proceed at 55 °C for 4 h, and
then the mixture was coconcentrated with toluene (2 × 15 mL). The
residue was dissolved in CH2Cl2 (100 mL) and washed with 2 N
HCl (100 mL). The aq layer was re-extracted with CH2Cl2 (3 × 40
mL), and the combined organic layers were dried and concentrated.
Chromatography (EtOAc/hexanes, 1:1) of the residue gave
disaccharide acceptor 20 (780 mg, 75%) pure as a white amorphous
foam. [α]D −1.7 (c 0.3, MeOH). 1H NMR (400 MHz, CDCl3, 295
K): δH 7.38−7.25 (m, 5 H, Ar), 5.64 (m, 1 H, NH), 5.22−5.15 (m,
2 H, H-3, H-4′), 4.89 (d, J = 11.9, CHHCCl3), 4.79 (dd, J = 8.0,
10.0 Hz, 1 H, H-2′), 4.70 (m, 2 H, H-1, CHHPh), 4.63 (d, J = 12.0
Hz, CHHCCl3), 4.47 (d, J = 12.1, 1 H, CHHPh), 4.42 (d, J = 8.0
Hz, H-1′), 4.03 (m, 2 H, H-6′ab), 3.94 (t, J = 8.9 Hz, 1 H, H-4),
3.83 (m, 1H, OCHHCH2), 3.75 (m, 2 H, H-6ab), 3.70−3.58 (m, 3
H, H-2, H-3′, H-5′), 3.57−3.48 (m, 3 H, H-5, CH2Cl), 3.45 (m, 1
H, OCHHCH2), 2.39 (m, 1 H, OH), 2.15, 2.03, 1.89 (3 s, 9 H, 3
COCH3) , 1 .74 , 1 .57 , 1 .42 , 1 .32 (4 m, 4 × 2 H,
OCH2(CH2)4CH2Cl), 1.17 (s, 9 H, C(CH3)3).

13C NMR (100
MHz, CDCl3, 295 K): δC 177.8, 170.9, 170.7, 170.0, 153.7 (CO),
137.9 (quat Ar), 128.4, 127.9, 127.8 (Ar), 100.3 (C-1), 100.1, (C-1′),
94.4 (CCl3), 77.2 (C-3), 76.8 (CH2CCl3), 75.3 (C-4), 74.3 (C-5),
73.6 (CH2Ph), 72.8 (C-2′), 71.4 (C-3′) 70.7 (C-5′), 69.5
(OCH2CH2), 69.2 (C-4′), 67.6 (C-6), 60.9 (C-6′), 54.9 (C-2),
45.0 (CH2Cl), 38.7 (C(CH3)3), 32.4, 29.2, 26.5, 25.2
(OCH2(CH2)4CH2Cl), 27.0 (C(CH3)3), 23.3, 20.9, 20.8 (COCH3).
HRESIMS (m/z): [M + H]+ calcd for C39H56NO16Cl4 934.2353,
found 934.2335.
6-Chlorohexyl 2-Acetamido-4-O-[2,4-di-O-acetyl-3-O-[4,6-O-

benzylidene-3-O-(chloroacetyl)-2-deoxy-2-(trichloroacetami-
do)-β-D-glucopyranosyl]-6-O-pivaloyl-β-D-galactopyranosyl]-6-
O-benzyl-2-deoxy-3-O-[(trichloroethoxy)carbonyl]-β-D-gluco-
pyranoside (21). A solution of alcohol 20 (750 mg, 0.801 mmol)
and known6 trichloroacetimidate donor 7 (1.65 g, 3 equiv) in anhyd
CH2Cl2 (35 mL) containing freshly activated 4 Å molecular sieves
(1.75 g) was stirred at 0 °C for 1 h. (TMS)OTf (315 μL, 1.8 equiv)
was then added, the reaction mixture was stirred at 0 °C for 2.5 h
and allowed to slowly reach 10 °C, and the reaction was quenched
with triethylamine (300 μL). Solids were filtered off on Celite and
washed with CH2Cl2 (∼100 mL). The filtrates were combined and
washed with satd aq NaHCO3 (300 mL). The aq layer was extracted
with CH2Cl2 (2 × ∼150 mL), and the combined organic layers were
dried and concentrated. Chromatography (EtOAc/hexanes, 3:7 →
4:6) gave pure trisaccharide 21 (590 mg, 52%) as an amorphous
foam. [α]D −14.5 (c 0.2, MeOH). 1H NMR (400 MHz, CDCl3, 295
K): δH 7.42−7.28 (m, 10 H, Ar), 6.72 (d, J = 8.7 Hz, 1 H, NH”),
5.69 (d, J = 8.7 Hz, 1 H, NH), 5.50 (s, 1 H, CHPh), 5.47 (t, J = 9.7
Hz, 1 H, H-3″), 5.28 (br d, J = 3.9 Hz, H-4′,), 5.09 (dd, J = 8.0, 8.7
Hz, 1 H, H-3), 4.98 (dd, J = 8.1 Hz, 10.1 Hz, 1 H, H-2′), 4.86 (d, J
= 11.9 Hz, 1 H, CHHCCl3), 4.79 (d, J = 8.0 Hz, H-1″), 4.70 (d, J
12.0 Hz, 1 H, CHHPh), 4.66 (d, J = 11.9 Hz, 1 H, CHHCCl3), 4.61
(d, J = 7.1 Hz, 1 H, H-1), 4.46 (d, J = 12.1, CHHPh), 4.37 (d, J =
8.0 Hz, 1 H, H-1′), 4.34 (dd, J = 5.0, 10.5 Hz, 1 H, H-6a′), 4.06−
3.97 (m, 4 H, H-6′ab, COCH2Cl), 3.94 (t, J = 8.0 Hz, 1 H, H-4),
3.86−3.63 (m, 9 H, H-2, H-6ab, H-3′, H-5′, H-6a′, H-2″, H-4″,
OCHHCH2), 3.57−3.46 (m, 4 H, H-5, H-5″, CH2Cl), 4.41 (m, 1H,
OCHHCH2), 2.12, 2.00, 1.91 (3 s, 9 H, 3 COCH3), 1.73, 1.55, 1.40,
1.32 (4 m, 4 × 2 H, OCH2(CH2)4CH2Cl), 1.19 (s, 9 H, C(CH3)3).

13C NMR (100 MHz, CDCl3, 295 K): δC 177.8, 170.0, 169.9, 169.1,
167.5, 162.1, 153.6 (CO), 138.0, 136.5 (quat Ar), 129.3, 128.6,
128.5, 128.3, 128.0, 127.9, 127.8, 126.0 (Ar), 101.3 (>CHPh), 100.4
(C-1′), 100.2 (C-1, C-1″), 94.4 (CCl3″), 92.1 (CCl3), 78.1 (C-4″),
76.9 (C-3′, OCH2CCl3), 75.5 (C-3′), 74.5 (C-4), 74.3 (C-5′), 73.7
(CH2Ph), 72.2 (C-3″), 70.8 (C-5), 70.7 (C-2′), 69.4 (OCH2CH2),
68.6 (C-4′), 68.2 (C-6″), 67.8 (C-6), 66.1 (C-5″), 61.0 (C-6′), 56.6
(C-2″), 53.6 (C-2), 45.0 (CH2Cl), 40.4 (COCH2Cl), 38.7
(C(CH3)3), 32.4, 29.2, 26.5, 25.2 (OCH2(CH2)4CH2Cl), 27.0
(C(CH3)3), 23.2, 21.1, 20.8 (COCH3). HRESIMS (m/z): [M +
H]+ calcd for C56H71N2O22Cl8 1403.2007, found 1403.1968.

6-Chlorohexyl 2-Acetamido-4-O-[2,4-di-O-acetyl-3-O-[4,6-O-
benzylidene-2-deoxy-2-(trichloroacetamido)-β-D-glucopyrano-
syl]-6-O-pivaloyl-β-D-galactopyranosyl]-6-O-benzyl-2-deoxy-3-
O-[(trichloroethoxy)carbonyl]-β-D-glucopyranoside (22). A sol-
ution of trisaccharide 21 (1.0 g, 0.71 mmol) in EtOH/pyridine (1:1,
34 mL) was heated to 70 °C. Thiourea (640 mg, 12 equiv) was then
added, and the reaction mixture was stirred for 6 h at 70 °C. The
cold reaction mixture was coconcentrated with toluene (2 × 20 mL),
and the residue dissolved in CH2Cl2 (∼100 mL) was filtered through
Celite. The solids were washed with CH2Cl2 (∼100 mL), and the
combined filtrates were concentrated. Column chromatography on
the residue (EtOAc/hexanes, 1:1) gave trisaccharide acceptor 22
(700 mg, 74%) as a colorless foam. [α]D −5.0 (c 0.6, CH2Cl2).

1H
NMR (400 MHz, CDCl3, 295 K): δH 7.48−7.28 (m, 10 H, Ar), 6.89
(d, J = 6.9 Hz, 1 H, NH”), 5.67 (d, J = 8.2 Hz, 1 H, NH), 5.53(s,
CHPh), 5.30 (d, J = 3.4 Hz, H-4′), 5.11 (m, 2 H, H-3, H-1″), 4.99
(dd, J = 8.2, 9.9 Hz, 1 H, H-2′), 4.85 (d, J = 11.8 Hz, 1 H,
CHHCCl3), 4.73−4.60 (m, 3 H, H-1, CHHPh, CHHCCl3), 4.46 (d,
J = 12.1 Hz, CHHPh), 4.40−4.30 (m, 3 H, H-1′, H-3″, H-6″a),
4.06−3.87 (m, 3 H, H-4, H-6′ab), 3.84−3.67 (m, 6 H, H-2, H-6ab,
H-3′, H-6″b, OCHHCH2), 3.64 (m, 1 H, H-5′), 3.56−3.45 (m, 5 H,
H-5, H-4″, H-5″, CH2Cl), 3.41 (m, 1 H, OCHHCH2), 3.22 (m, 1 H,
H- 2″) 2.10, 2.00, 1.91 (3 s, 9 H, 3 COCH3), 1.73, 1.55, 1.41, 1.33
(4 m, 4 × 2 H, OCH2(CH2)4CH2Cl), 1.18 (s, 9 H, C(CH3)3).

13C
NMR (100 MHz, CDCl3, 295 K): δC 177.8, 170.0, 169.7, 169.4,
162.2, 153.6 (CO), 138.0, 136.8 (quat Ar), 129.3, 128.5, 128.3,
127.9, 127.8, 126.2 (Ar), 101.8 (>CHPh), 100.5 (C-1″), 100.1 (C-1),
99.3 (C-1′), 94.3, 92.3 (CCl3), 81.2 (C-4″), 76.8 (CH2CCl3, C-3),
75.9 (C-3′), 74.5 (C-4), 74.2 (C-5), 73.6 (CH2Ph), 70.9 (C-5′), 70.7
(C-2′), 69.4 (OCH2CH2), 68.9 (C-4′), 68.6 (C-3″), 68.3 (C-6″),
67.8 (C-6), 66.0 (C-5″), 61.0 (C-6′), 59.9 (C-2″), 53.8 (C-2), 45.0
(CH2Cl), 40.4 (COCH2Cl), 38.6 (C(CH3)3), 32.4, 29.2, 26.5, 25.1
(OCH2(CH2)4CH2Cl), 27.0 (C(CH3)3), 23.2, 21.1, 20.8 (COCH3).
HRESIMS (m/z): [M + H]+ calcd for C54H70O21N2Cl7 1327.2291,
found 1327.2339.

6-Chlorohexyl 2-Acetamido-4-O-{2,4-di-O-acetyl-3-O-[3-O-
(2,3,4,6-tetra-O-acetyl-β-D-galactopyranosyl)-4,6-O-benzyli-
dene-2-deoxy-2-(trichloroacetamido)-β-D-glucopyranosyl]-6-
O-pivaloyl-β-D-galactopyranosyl}-6-O-benzyl-2-deoxy-3-O-
[(trichloroethoxy)carbonyl]-β-D-glucopyranoside (23). BF3·
OEt2 (45 μL, 2.4 equiv) was added at 0 °C to a solution of
alcohol 22 (200 mg, 0.150 mmol) and trichloroacetimidate donor 8
(440 mg, 6 equiv) in anhyd CH2Cl2 (10 mL) stirred under N2. The
mixture was stirred for 3 h at 0 °C and then 1 h at rt and the
reaction quenched with triethylamine (60 μL). The reaction mixture
was diluted with CH2Cl2 (80 mL) and washed with satd aq
NaHCO3 (1 × 80 mL). The aq layer was re-extracted with CH2Cl2
(2 × 30 mL), and the combined organic phases dried and
concentrated. Chromatography (EtOAc/hexanes, 1:1), followed by
RP-HPLC purification (CH3CN/H2O, 1:1 → 8.5:1.5 over 60 min)
gave tetrasaccharide 23 (132 mg, 53%) pure as a white amorphous
solid as well as some unreacted trisaccharide acceptor 22 (23 mg,
11%). [α]D −13.3 (c 0.3, MeOH). 1H NMR (600 MHz, CDCl3, 295
K): δH 7.47−7.43, 7.38−7.28 (2 m, 10 H, Ar), 7.03 (d, J = 7.02 Hz,
1 H, NH(A′)), 5.70 (d, J = 8.6 Hz, 1 H, NH(A)), 5.53 (s, 1 H,
>CHPh), 5.29 (br s, 2 H, H-4C, H-4(C′)), 5.20 (d, J = 7.8 Hz, H-
1(A′)), 5.14−5.09 (m, 2 H, H-3(A), H-2(C′)), 4.95 (dd, J = 8.0,
10.1 Hz, 1 H, H-2(C)), 4.90 (dd, J = 3.4, 10.4 Hz, 1 H, H-3(C′)),
4.85 (d, J = 11.9 Hz, 1 H, CHHCCl3), 4.74 (d, J = 7.9 Hz, 1 H, H-
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1(C′)), 4.69 (d, J = 12.1 Hz, 1 H, CHCHPh), 4.65 (d, J = 11.8 Hz,
1 H, CHHCCl3), 4.64 (d, J = 7.0 Hz, 1 H, H-1(A)), 4.51 (t, J = 9.5
Hz, 1 H, H-3(A′)), 4.46 (d, J = 12.1 Hz, CHHPh), 4.34 (d, J = 8
Hz, 1 H, H-1C), 4.34 (dd, J = 4.9, 10.5 Hz, 1 H, H-6(A′)), 4.08 (dd,
J = 6.5, 11.3 Hz, 1 H, H-6(C)a or H-6(C′)a), 4.02 (dd, J = 7.3, 11.2
Hz, 1 H, H-6(C)b or H-6(C′)b), 4.00−3.94 (m, 2 H, H-6(C)b, H-
6(C′)b), 3.91 (t, J = 7.9 Hz, 1 H, H-4(A)), 3.82−3.68 (m, 8 H, H-
2A, H-6(A)ab, H-3(C), H-5(C) or H-5(C′), H-6(A′)a, OCHHCH2),
3.63 (br t, J = 7.1 Hz, 1 H, H-5(C) or H-5(C′)), 3.55−3.47 (m, 4
H, H-5(A′), H-5(A′), CH2Cl), 3.40 (m, 1 H, OCHHCH2), 3.25 (m,
1 H, H- 2(A′)), 2.10, 2.09, 2.08, 2.00, 1.99, 1.92, 1.91, 1.77 (7 s, 21
H, 7 × COCH3), 1.73, 1.53, 1.40, 1.33 (4 m, 4 × 2 H,
OCH2(CH2)4CH2Cl), 1.18 (s, 9 H, C(CH3)3).

13C NMR (151
MHz, CDCl3, 295 K): δC 177.7, 170.3, 170.1, 170.0, 169.6, 169.5,
169.4, 169.3 161.9, 153.5 (CO), 138.0, 136.8 (quat Ar), 129.4,
128.5, 128.3, 127.8, 126.1 (Ar), 101.5 (>CHPh) 100.6 (C-1(C)),
100.0 (C-1(A)), 98.9 (C-1(A′)), 98.5 (C-1(C′)), 94.4, 92.179
(CCl3), 78.1 (C-4(A′)), 76.8 (C-3(A), CH2CCl3), 75.7 (C-3(C)),
75.0 (C-3(A′)), 74.5 (C-4(A)), 74.2 (C-5(A) or C-5(A′)), 73.6
(CH2Ph), 70.9 (C-3(A′)), 70.7, 70.5 (C-5(C), C-5(C′)), 69.4
(OCH2CH2), 68.9 (C-4(C′)), 68.8 (C-2(C′)), 68.4, 67.8 (C-6(A),
C-6(A′)), 66.8 (C-4(C)), 66.2 (C-5(A) or C-5(A′)), 61.3, 60.9 (C-
6(C), C-6(C′)), 59.2 (C-2(A′)), 53.8 (C-2(A)), 45.0 (CH2Cl), 38.7
(C(CH3)3), 32.4, 29.2, 26.5, 25.2 (OCH2(CH2)4CH2Cl), 27.1
(C(CH3)3), 23.3, 21.2, 20.9, 20.7, 20.5, 20.4 (COCH3). HRESIMS
(m/z): [M + NH4]

+ calcd for C68H91O30N3Cl7 1674.3507, found
1674.3457.
6-Chlorohexyl 2-Acetamido-4-O-{3-O-[2-acetamido-4,6-di-

O-acetyl-3-O-(2,3,4,6-tetra-O-acetyl-β-D-galactopyranosyl)-2-
deoxy-β-D-glucopyranosyl]-2,4-di-O-acetyl-6-O-pivaloyl-β-D-
galactopyranosyl}-6-O-benzyl-2-deoxy-β-D-glucopyranoside
(24). A solution of tetrasaccharide 23 (123 mg, 0.0740 mmol) in
90% AcOH (10 mL) was stirred at 80 °C for 2.5 h and
coconcentrated with toluene (3 × 10 mL). The residue was dried
under high vacuum for 30 min, dissolved in a 1:1 mixture of Ac2O
and pyridine (12 mL), and stirred for 1 h at rt. It was then
coconcentrated with toluene (3 × 10 mL), diluted in CH2Cl2 (80
mL), and washed with 2 N HCl (1 × 80 mL). The aq layer was re-
extracted with CH2Cl2 (2 × 20 mL), and the combined organic
phases were dried and concentrated. The residue was dried overnight
under high vacuum and dissolved in AcOH (5 mL). Freshly activated
Zn powder (556 mg) was then added, and the reaction was
sonicated at 50 °C for 4 h. Additional Zn powder (100 equiv) was
added, and the reaction was left at 50 °C under sonication for 7 h
and then left to stir overnight at 50 °C. Solids were filtered off over
Celite and rinsed with MeOH (100 mL). The combined filtrate and
washing were concentrated, and the dry residue was dissolved in
AcOH (4 mL). Zn powder (100 equiv) was added, and the mixture
was left at 50 °C under sonication for another 4 h. Solids were
filtered off over Celite and washed with MeOH (100 mL), and the
combined filtrate and washing were concentrated. The oily residue
was dissolved in CH2Cl2 (60 mL) and washed with 2 N HCl (1 ×
60 mL), and the aq layer was re-extracted with CH2Cl2 (3 × 20
mL). The combined organic layers were dried and concentrated, and
column chromatography of the residue (CH2Cl2/MeOH, 45:1) gave
tetrasaccharide acceptor 24 (78 mg, 76%) pure as a white
amorphous solid. [α]D −4.0 (c 0.5, MeOH). 1H NMR (400 MHz,
CD3OD, 296 K): δH 7.93, 7.78 (2 d, J = 7.93 and 7.78 Hz, partly
exchanged 0.2 and 0.4 H, 2 NH), 7.29−7.17 (m, 5 H, Ar), 5.26 (br
d, J = 3.5 Hz, 1 H, H-4(C)), 5.22 (dd, J = 0.6 3.5 Hz, 1 H, H-
4(C′)), 4.91 (dd, J = 3.5, 10.3 Hz, 1 H, H-3(C′)), 4.88 (dd, J = 8.2,
10.1 Hz, 1 H, H-2(C)), 4.82 (dd, J = 7.8, 10.3 Hz, 1 H, H-2(C′)),
4.72 (t, J = 9.6 Hz, H-4(A′)), 4.58 (d, J = 12.0 Hz, 1 H, CHHPh),
4.54 (d, J = 7.8 Hz, 1 H, H-1(C′)),4.44−4.38 (m, 3 H, CHHPh, H-
1(A) or H-1(A′), H-1(C), CHHPh), 4.23 (d, J = 8.4 Hz, 1 H, H-
1(A) or H-1(A′)), 4.14 (dd, J = 2.4, 12.4 Hz, 1 H, H-6(A′)a), 4.
08−3.97 (m, 4 H, H-6(A′)b, H-6(C)a, H-6(C′)a, H-6(C)b or H-
6(C′)b), 3.92−3.77 (m, 4 H, H-3(A′), H-5(C), H-5(C′), H-6(C)b
or H-6(C′)b), 3.75−3.66 (m, 2 H, H-3(C), OCHHCH2), 3.64−3.49
(m, 5 H, H-2(A), H-6(A)ab, H-2(A′), H-5(A′)), 3.48−3.40 (m, 4 H,

H-4(A), H-5(A), CH2Cl), 3.38−3.30 (m, 2 H, H-3(A),
OCHHCH2), 2.00, 1.99, 1.95, 1.94, 1.92, 1.90 1.84, 1.82, 1.79 (10
s, 30 H, 10 COCH3), 1.62, 1.44, 1.28 (3 m, 2 × 2 and 4 H,
OCH2(CH2)4CH2Cl), 1.05 (s, 9 H, C(CH3)3).

13C NMR (100 MHz,
CD3OD, 296 K): δC 179.8, 173.5, 1.72.8, 172.2, 172.1, 171.9, 171.7,
1.71.6, 171.1 (CO), 139.9 (quat Ar), 129.8, 129.4, 129.1 (Ar),
102.9 (C-1(C′)), 102.3 (C-1(c) and C-1(A) or C-1(A′)), 102.1 (C-
1(A) or C-1(A′)), 81.5 (C-4(A)), 78.4 (C-3(A′)) 78.2 (C-3(C)),
75.7 (C-3(A)), 74.8 (CH2Ph), 73.9 (C-5(A)), 73.1, 73.0 (C-5(A′),
C-5(C′)), 72.7 (C-3(C′)), 71.8, 71.8 (C-2(C), C-5(C)), 71.3 (C-
4(C)), 70.7 (OCH2CH2), 70.6 (C-2(C′)), 70.2 (C-4(A′)). 69.5 (C-
6(A)), 68.8 (C-4(C′)), 63.6 (C-6(C) or C-6(C′)), 63.1 (C-6(A′)),
62.6 (C-6(C) or C-6(C′)), 56.8 (C-2(A), C-2(A′)), 45.9 (CH2Cl),
40.0 (C(CH3)3), 33.9, 30.6, 27.8, 26.6 (OCH2(CH2)4CH2Cl), 27.7
(C(CH3)3), 23.5, 23.2, 21.4, 21.3, 21.1, 21.0, 20.9, 20.8, 20.7
(COCH3). HRESIMS (m/z): [M + H]+ calcd for C62H90N2O30Cl
1377.5267, found 1377.5254.

6-Chlorohexyl 2-Acetamido-4-O-{3-O-[2-acetamido-4,6-di-
O-acetyl-3-O-(2,3,4,6-tetra-O-acetyl-β-D-galactopyranosyl)-2-
deoxy-β-D-glucopyranosyl]-2,4-di-O-acetyl-6-O-pivaloyl-β-D-
galactopyranosyl}-6-O-benzyl-3-O-(2,3,4-tri-O-benzyl-α-L-fuco-
pyranosyl)-2-deoxy-β-D-glucopyranoside (25). A solution of
tetrasaccharide acceptor 24 (27 mg, 0.020 mmol) and donor 9
(55 mg, 6 equiv) in CH2Cl2/DMF (3 mL, 1:1) containing 4 Å
molecular sieves (300 mg) was stirred at rt under N2 for 3 h. CuBr2
(31 mg, 7 equiv) and Bu4NBr (46 mg, 7 equiv) were added, and the
reaction mixture was stirred at rt for 20 h. Solids were filtered off on
Celite and washed with CH2Cl2 (50 mL). The combined filtrate and
washings were washed with brine (1 × 30 mL) and satd aq NaHCO3
(6 × 30 mL). The aq layers were re-extracted with CH2Cl2 (2 × 10
mL), and the combined organic phases were dried and concentrated.
Chromatography (CH2Cl2/MeOH, 100:1 and then 50:1) of the
residue gave pentasaccharide 25 (26.8 mg, 76%) pure as a white
amorphous solid. [α]D −7.7 (c 0.4, MeOH). 1H NMR (600 MHz,
CDCl3, 297 K): δH 7.40−7.20 (m, 20 H, Ar), 5.76 (br d, J = 7.0 Hz,
1 H, NH(A)), 5.67 (br d, J = 6.8 Hz, 1 H, NH(A′)), 5.32 (br d, J =
3.5 Hz, 1 H, H-4(C′)), 5.26 (br d, J = 3.7 Hz, 1 H, H-4(C)), 5.07
(d, J = 8.1 Hz, 1 H, H-1(A′)), 5.05−4.99 (m, 2 H, H-1B, H-2(C′)),
4.96−4.86 (m, 6 H, H-1(A), H-2(C), H-4(A′), H-3(C′), 2 ×
CHHPh), 4.82−4.62 (m, 5 H, 5 × CHHPh), 4.57 (t, J = 10.1 Hz, 1
H, H-3(A′)), 4.45 (d, J = 7.9 Hz, H-1(C′)), 4.43−4.37 (m, 3 H, H-
5(B), H-1(C), CHHPh), 4.23 (dd, J = 2.4, 12.3 Hz, 1 H, H-6(A′)a),
4.14 (t, J = 8.4 Hz, 1 H, H-3(A)), 4.12−4.00 (m, 5 H, H-2(B), H-
6(C)a, H-6(A′)a, H-6(C′)ab), 3.94−3.87 (m, 2 H, H-3(B), H-
6(C)b), 3.86−3.70 (m, 5 H, H-4(A), H-6(A)ab, H-5(C′),
OCHHCH2), 3.67−3.59 (m, 2 H, H-4(B), H-5(A′)), 3.54 (br t, J
= 6.5 Hz, 1 H, H-5(C)), 3.50−3.43 (m, 4 H, H-5(A), H-3(C),
CH2Cl), 3.37 (m, 1 H, OCHHCH2), 3.22 (m, 1 H, H-2(A)), 2.78
(m, 1 H, H-2(A′)), 2.12, 2.045, 2.04, 2.03, 2.02, 2.01, 1.95, 1.94, 1.87,
1.68 (10 s, 10 × 3 H, 10 × COCH3), 1.69, 1.47, 1.35, 1.27 (4 m, 4
× 2 H, OCH2(CH2)4CH2Cl), 1.17 (s, 9 H, C(CH3)3), 1.14 (d, J =
6.5 Hz, 3 H, H-6(B)). 13C NMR (151 MHz, CDCl3, 297 K): δC
177.7, 171.2, 170.7, 170.4, 170.2, 169.5, 169.4, 168.9 (CO), 139.1,
138.9, 138.6, 138.0 (quat Ar), 128.5, 128.3, 128.2, 128.1, 127.9,
127.6, 127.4, 127.1 (Ar), 100.6 (C-1(C′)), 99.4 (C-1(C)), 99.3 (C-
1(A)), 99.0 (C-1(A′)), 97.4 (C-1(B)), 80.1 (C-3(B)), 77.2 (C-
4(B)), 76.6 (C-5(A) or C-3(C) and C-2(B)), 75.8 (C-3(A′)), 74.4
(CH2Ph), 74.4 (C-5(A) or C-3(C)), 74.1 (C-4(A)), 73.7, 73.6
(CH2Ph), 73.4 (C-3(A)), 72.5 (CH2Ph), 71.8 (C-5(A′)), 71.0 (C-
5(C)), 71.0, 70.4, 68.9 (C-2(C), C-4(A′), C-3(C′)), 70.6 (C-5(C′)),
69.5 (OCH2), 69.3 (C-4(C), C-2(C′)), 68.3 (C-6(A)), 66.8 (C-
4(C′)), 66.3 (C-5(B)), 62.1 (C-6(A′)), 61.2 (C-6(C)), 60.9 (C-
6(C′)), 58.8 (C-2(A′)), 57.1 (C-2(A)), 45.0 (CH2Cl), 38.7
(C(CH3)3), 32.5, 29.2, 26.6, 25.2 (OCH2(CH2)4CH2Cl), 27.1
(C(CH3)3), 23.7, 23.2, 21.0, 20.9, 20.8, 20.7, 20.5 (COCH3), 16.8
(C-6(B)). HRESIMS (m/z): [M + H]+ calcd for C89H118O34N2Cl
1793.7255, found 1793.7242.

6-Azidohexyl 2-Acetamido-4-O-{3-O-[2-acetamido-4,6-di-O-
acetyl-3-O-(2,3,4,6-tetra-O-acetyl-β-D-galactopyranosyl)-2-
deoxy-β-D-glucopyranosyl]-2,4-di-O-acetyl-6-O-pivaloyl-β-D-
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galactopyranosyl}-6-O-benzyl-3-O-(2,3,4-tri-O-benzyl-α-L-fuco-
pyranosyl)-2-deoxy-β-D-glucopyranoside (26). NaN3 (10.6 mg,
10 equiv) was added to a solution of chlorohexyl glycoside 25 (29
mg, 0.016 mmol) in anhyd DMF (2 mL). The reaction was stirred at
80 °C for 22 h, and the solution was concentrated. The residue was
dissolved in CH2Cl2 (25 mL) and washed with H2O (2 × 25 mL).
The aq layer was re- extracted with CH2Cl2 (4 × 10 mL), and the
combined organic phases were dried and concentrated to give
azidohexyl 26 (29 mg, quant) pure as a white amorphous foam. [α]D
−20.5 (c 0.2, MeOH). 1H NMR (400 MHz, CDCl3, 296 K): δH
7.41−7.19 (m, 20 H, Ar), 5.75 (d, J = 7.2 Hz, 1 H, NH(A)), 5.72
(d, J = 6.9 Hz, 1 H, NH(A′)), 5.31 (dd, J = 0.7, 3.4 Hz, 1 H, H-
4(C′)), 5.25 (br d, J = 3.5 Hz, 1 H, H-4(C)), 5.06 (d, J = 8.0 Hz, 1
H, H-1(A′)), 5.01 (m, 2 H, H-1(B), H-2(C′)), 4.97−4.82 (m, 6 H,
H-1(A), H-2(C), H-4(A′), H-3(C′), 2 × CHHPh), 4.82−4.63 (m, 5
H, 5 × CHHPh), 4.57 (t, J = 10.1 Hz, 1 H, H-3(A′)), 4.45−4.35 (m,
4 H, H-5(B), H-1(C), H-1(C′), CHHPh), 4.22 (dd, J = 2.5, 12.2 Hz,
1 H, H-6(A′)a), 4.15 (t, J = 8.0 Hz, 1 H, H-3(A)), 4.12−3.95 (m, 5
H, H-2(B), H-6(C)a, H-6(A′)a, H-6(C′)ab), 3.95−3.69 (m, 7 H, H-
4(A), H-6(A)ab, H-3(B), H-6(C)b, H-5(C′), OCHHCH2), 3.67−
3.59 (m, 2 H, H-4(B), H-5(A′)), 3.52 (br t, J = 6.7 Hz, 1 H, H-
5(C)), 3.47−3.40 (m, 2 H, H-5(A), H-3(C)), 3.37 (m, 1 H,
OCHHCH2), 3.21−3.15 (m, 3 H, H-2(A), CH2N3), 2.77 (m, 1 H,
H-2(A′)), 2.13, 2.045, 2.04, 2.03, 2.02, 2.01, 1.95, 1.94, 1.85, 1.65 (10
s, 10 × 3 H, 10 × COCH3), 1.50, 1.26 (2 m, 4 and 4 H,
OCH2(CH2)4CH2Cl), 1.17 (s, 9 H, C(CH3)3), 1.13 (d, J = 6.4 Hz, 3
H, H-6(B)). 13C NMR (100 MHz, CDCl3, 296 K): δC 177.7, 171.2,
170.8, 170.4, 170.3, 170.2, 169.6, 169.4, 169.0, 168.9 (CO), 139.0,
138.8, 138.6, 138.0 (quat Ar), 128.8, 128.6, 128.5, 128.4, 127.4, 128.2
(Ar), 100.6 (C-1(C′)), 99.4 (C-1(C)), 99.3 (C-1(A)), 98.9 (C-
1(A′)), 97.5 (C-1(B)), 80.1 (C-3(B)), 77.1 (C-4(B)), 76.7 (C-
3(C)), 76.6 (C-2(B)), 75.8 (C-3(A′)), 74.4 (C-5(A)), 74.3
(CH2Ph), 74.1 (C-4(A)), 73.7, 73.6 (CH2Ph), 73.3 (C-3(A)), 72.4
(CH2Ph), 71.7 (C-5(A′)), 71.0 (C-5(C)), 71.0 (C-3(C′)), 70.6 (C-
4(A′)),70.5 (C-5(C′)), 69.5 (OCH2), 69.4, 69.3 (C-4(C), C-2(C′)),
68.9 (C-2(C)), 68.1 (C-6(A)), 66.8 (C-4(C′)), 66.2 (C-5(B)), 62.1
(C-6(A′)), 61.2, 60.9 (C-6(C), C-6(C′)), 58.8 (C-2(A′)), 57.3 (C-
2(A)), 55.3 (CH2N3), 38.7 (C(CH3)3), 29.7, 28.7, 26.3, 25.4
(OCH2(CH2)4CH2N3), 27.0 (C(CH3)3), 23.7, 23.2, 21.0, 20.9, 20.8,
20.7, 20.5 (COCH3), 16.8 (C-6(B)). HRESIMS (m/z): [M + H]+

calcd for C89H118N5O34 1800.7658, found 1800.7677.
n-Hexyl 2-Acetamido-2-deoxy-4-O-{3-O-[2-acetamido-2-

deoxy-3-O-(β-D-galactopyranosyl)-β-D-glucopyranosyl]-β-D-
galactopyranosyl}-β-D-glucopyranoside (2). Liquid ammonia
(∼25 mL) was condensed in a 50 mL two-necked flask at −78
°C. Sodium (50.0 mg, 2.174 mmol) was then added. A solution of
the tetrasaccharide 24 (41 mg, 0.032 mmol) in anhydrous THF (5
mL) was added to the reaction flask and the reaction mixture stirred
at −78 °C for 1 h. The reaction was quenched with MeOH (5 mL),
and the ammonia was allowed to evaporate at rt for 3 h. The
methanolic solution was neutralized with AcOH (500 μL), the
solvent was evaporated, and the residue dissolved in Milli-Q water
was passed through a Biogel P2 column (100 × 1 cm) eluted with
Milli-Q water. Upon freeze-drying, hexyl glycoside 2 (15 mg, 57%)
was obtained pure as an amorphous powder. [α]D −36.5 (c 0.2,
H2O).

1H NMR (D2O, 600 MHz, 295 K): δH 4.73 (d, J = 8.5 Hz, 1
H, H-1(A′)), 4.53 (d, J = 7.7 Hz, 1 H, H-1(A)), 4.47 (d, J = 7.9 Hz,
1 H, H-1(C)), 4.45 (d, J = 7.8 Hz, 1H, H-1(C′)), 4.16 (br d, J = 3.2
Hz, H-4(C)), 3.99 (dd, J = 2.04, 12.3 Hz, 1 H, H-6(A)a), 3.94−3.87
(m, 4 H, H-2(A′), H-6(A′)a, H-4(C′), OCHHCH2), 3.85−3.68 (m,
13 H, H-2(A), H-3(A), H-4(A), H-6(A)b, H-3(C), H-5(C), H-
6(C)ab, H-3(A′), H-6(A′)b, H-5(C′), H-6(C′)ab), 3.65 (dd, J = 3.4,
10.0 Hz, H-3(C′)), 3.62−3.65 (m, 4 H, H-5(A), H-2(C), H-4(A′),
OCHHCH2), 3.53 (dd, J = 7.8, 9.9 Hz, 1 H, H-2(C′)), 3.49 (m, 1
H, H-5(A′)), 2.03 (s, 6 H, 2 × COCH3), 1.52, 1.3 (2 m, 2 and 6 H,
OCH2(CH2)4CH3), 0.88 (t, J = 6.9 Hz, 3 H, O(CH2)5CH3).

13C
NMR (D2O, 151 MHz, 295 K): δC 177.8, 177.2 (CO), 106.3 (C-
1(C′)), 105.7 (C-1(C)), 105.4 (C-1(A′)), 103.9 (C-1(A)), 84.6 (C-
3(C), C-3(A′)), 81.3 (C-4(A)), 78.1, 78.00 (C-5(C), C-5(C′)), 77.7
(C-5(A′)), 77.5 (C-5(A)), 75.3 (C-3(A), C-3(C′)), 73.5 (C-2(C′)),

73.4 (OCH2CH2),72.8, 71.4 (C-2(C), C-4(A′)), 71.2 (C-4(C′)),
71.1 (C-4(C)), 63.9, 63.8 (C-6(C), C-6(C′)), 63.3 (C-6(A′)), 62.9
(C-6(A)), 57.9 (C-2(A)), 57.3 (C-2(A′)), 33.5, 31.3, 27.6, 24.9
(OCH2(CH2)4CH3), 25.1, 25.0 (COCH3), 16.2 ((CH2)5CH3).
HRESIMS (m/z): [M + Na]+ calcd for C34H60N2O21Na 855.3586,
found 855.3609.

n-Hexyl 2-Acetamido-2-deoxy-3-O-α-L-fucopyranosyl-4-O-
{3-O-[2-acetamido-2-deoxy-3-O-(β-D-galactopyranosyl)-β-D-
glucopyranosyl]-β-D-galactopyranosyl}-β-D-glucopyranoside
(3). Pentasaccharide 25 (25 mg, 0.014 mmol) was deprotected as
described above for the preparation of tetrasaccharide 2. Biogel P2
column (100 × 1 cm) chromatography eluted with Milli-Q water
gave pentasaccharide 3 (9.9 mg, 73%) pure as a white amorphous
powder. [α]D −2.5 (c 0.2, H2O).

1H NMR (D2O, 600 MHz, 295 K):
δH 5.10 (d, J = 4.0 Hz, 1 H, H-1(B)), 4.81 (m, 1 H, H-5(B)), 4.73
(d, J = 8.1 Hz, 1 H, H-1(A′)), 4.53 (br d, J = 8.1 Hz, 1 H, H-1(A)),
4.45 (2 d, J = 7.7, 7.8 Hz, 2 H, H-1(C) and H-1(C′)), 4.10 (d, J =
3.2 Hz, 1 H, H-4(C)), 3.99 (dd, J = 1.9, 12.3 Hz, 1 H, H-6(A)a),
3.95−3.67 (m, 19 H, H-2(A), H-3(A), H-4(A), H-6(A)b, H-2(B),
H-3(B), H-4(B), H-3(C), H-5(C) or H-5(C′), H-6(C)ab, H-2(A′),
H-3(A′), H-6(A′)ab, H-4(C′), H-6(C′)ab, OCHHCH2), 3.65 (dd, J
= 3.3, 9.9 Hz, 1 H, H-3(C′)), 3.61−3.56 (m, 4 H, H-5(A), H-4(A′),
H-5(C) or H-5(C′), OCHHCH2), 3.55−3.50 (m, 2 H, H-2(C), H-
2(C′)), 3.48 (m, 1 H, H-5(A′)), 2.03 (s, 6 H, 2 × COCH3), 1.54,
1.29 (2 m, 2 and 6 H, OCH2(CH2)4CH3), 1.15 (d, J = 6.5 Hz, 1 H,
H-6(B)), 0.87 (t, J = 6.9 Hz, 3 H, O(CH2)5CH3).

13C NMR (151
MHz, D2O, 295 K): δC 177.8, 177.0 (CO), 106.3 (C-1(C)), 105.4
(C-1(C′)), 104.6 (C-1(A′)), 103.8 (C-1(A)), 101.6 (C-1(B)), 84.8
(C-3(A′)), 84.4 (C-3(C)), 78.2, 78.1, 78.0, 77.8, 77.3 (C-3(A), C-
5(A), C-5(C), C-5(A′), C-5(C′)), 75.9, 75.3, 74.7 (C-4(C′), C-4(B),
C-3(C′)), 73.5 (OCH2CH2), 73.5, 73.4 (C-2(C), C-2(C′)), 72.0,
71.4, 71.2, 71.1, 70.5 (C-4(A), C-2(B), C-3(B), C-4(C), C-4(A′)),
69.5 (C-5(B)), 64.3, 63.9, 63.3, 62.6 (C-6(A), C-6(C), C-6(A′), C-
6(C′)), 58.7 (C-2(A)), 57.5 (C-2(A′)), 33.5, 31.4, 27.6, 24.9
(OCH2(CH2)4CH3), 25.1, 25.0 (COCH3), 18.1 (C-6(B)), 16.2
(O(CH2)5CH3). HRESIMS (m/z): [M + Na]+ calcd for
C40H70N2O25Na 1001.4165, found 1001.4164.

6-Aminohexyl 2-Acetamido-2-deoxy-3-O-α-L-fucopyrano-
syl-4-O-{3-O-[2-acetamido-2-deoxy-3-O-(β-D-galactopyrano-
syl)-β-D-glucopyranosyl]-β-D-galactopyranosyl}-β-D-glucopyra-
noside (4). Azidohexyl pentasaccharide 26 (25 mg, 0.014 mmol)
was deprotected as described above for the preparation of
tetrasaccharide 2. Biogel P2 column (100 × 1 cm) chromatography
eluted with aq ammonium acetate (0.05 M) gave aminohexyl
pentasaccharide 4 (11 mg, 75%) pure as a gray powder. [α]D −39 (c
0.2, H2O).

1H NMR (D2O, 600 MHz, 295 K): δH 5.10 (d, J = 3.9
Hz, 1 H, H-1(B)), 4.82 (m, 1 H, H-5(B)), 4.73 (d, J = 8.5 Hz, 1 H,
H-1(A′)), 4.53 (br d, J = 8.2 Hz, 1 H, H-1(A)), 4.45 (d, J = 7.7 Hz,
1 H, H-1(C)), 4.44 (d, J = 7.8 Hz, 1 H, H-1(C′)), 4.10 (br d, J =
3.2 Hz, 1 H, H-4(C)), 3.99 (br d, J = 12.2 Hz, 1 H, H-6(A)a),
3.94−3.67 (m, 19 H, H-2(A), H-3(A), H-4(A), H-6(A)b, H-2(B),
H-3(B), H-4(B), H-3(C), H-5(C) or H-5(C′), H-6(C)ab, H-2(A′),
H-3(A′), H-6(A′)ab, H-4(C′), H-6(C′)ab, OCHHCH2), 3.65 (dd, J
= 3.6, 10.1 Hz, 1 H, H-3(C′)), 3.61−3.56 (m, 4 H, H-5(A), H-
4(A′), H-5(C) or H-5(C′), OCHHCH2), 3.56−3.50 (m, 2 H, H-
2(C), H-2(C′)), 3.48 (m, 1 H, H-5(A′)), 2.99 (t, J = 7.4 Hz, 2 H,
O(CH2)5CH2NH2), 2.03 (s, 6 H, 2 × COCH3), 1.66, 1.56, 1.37 (3
m, 2 × 2 and 4 H, OCH2(CH2)4CH2NH2), 1.15 (d, J = 6.6 Hz, 1 H,
H-6(B)). 13C NMR (151 MHz, D2O, 295 K): δC 177.8, 177.0 (C
O), 106.3 (C-1(C)), 105.4 (C-1(C′)), 104.6 (C-1(A′)), 103.8 (C-
1(A)), 101.6 (C-1(B)), 84.8 (C-3(A′)), 84.4 (C-3(C)), 78.2, 78.1,
78.0, 77.8, 77.3 (C-3(A), C-5(A), C-5(C), C-5(A′), C-5(C′)), 75.9
(C-4(C′)), 75.3 (C-3(C′)), 74.7 (C-4(B)), 73.5, 73.4 (C-2(C), C-
2(C′)), 73.3 (OCH2CH2), 72.0 (C-3(B)), 71.4, 71.2, 71.1, 70.5 (C-
2(B), C-4(C), C-4(A′), C-4(A)), 69.5 (C-5(B)), 64.3, 63.9, 63.3 (C-
6(C), C-6(A′), C-6(C′)), 62.6 (C-6(A′)), 58.6 (C-2(A)), 57.5 (C-
2(A′)), 42.2 (CH2(CH2)CH2NH2), 31.2, 29.5, 28.1, 27.5
(OCH2(CH2)4CH2NH2), 25.1, 25.0 (COCH3), 18.1 (C-6(B)).
HRESIMS (m/z): [M − H]− calcd for C40H70N3O25 992.4293,
found 992.4295.
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