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1. Introduction

In the recent years, carbohydrates have emerged as attractive
systems for serving as the skeleton of molecular scaffolds, due to
their multifunctionality and high structural diversity, able to dis-
play a number of substituents in a sterically defined manner,' for
example, in the field of sugar amino acids.? The carboxylic acid
function arising from carboxymethyl ethers is often employed as
a connecting linkage; for example, in the synthesis of glycodendri-
mers,” such as those used for the study of biologically relevant pro-
tein-carbohydrate interactions.>® Carboxymethy! glycosides have
also been recently grafted onto cyclopeptide scaffolds.* It has also
been reported that carboxymethyl disaccharides can be used for
the synthesis of single-tailed glycolipids, which are practical tools
for probing carbohydrate-carbohydrate interactions.®

In our group, particular interest has been devoted toward the
synthesis and use of a bicyclolactonic derivative from glucose,
3,4,6-tri-0O-acetyl-o-p-glucopyranoside 2-O-lactone® (o-CMGIcL,
1a, Scheme 1). Lactone 1a readily reacts with nucleophilic species
leading efficiently to pseudoglucoconjugates (carbohydrate amino-
acid hybrids, pseudodisaccharides, pseudoglycolipids).®~!! Our first
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reported synthesis of this lactone involved a readily available
disaccharide, isomaltulose, as the starting material, in a two-step
oxidation-acetylation sequence.® However, only conjugates
possessing an o-glucopyranosyl residue can be targeted by this
approach. Recently, we reported an alternative preparation of
carboxymethyl glycoside lactones (CMGLs) via the oxidation of
allyl glycosides. Glucose or galactose-based CMGLs with either an
o, or B configuration at the anomeric center were thus obtained.!!
We have developed an even shorter approach based on anomeric
alkylation with tert-butyl bromoacetate, which is reported herein.
Also, the full synthetic potential of the CMGL synthons by stepwise
lactone opening and functionalization at the 2-position is revealed,
leading to 1,2-bisfunctionalized carbohydrates (Scheme 1). This
offers an alternative to other methods, most of them being glyco-
sylation reactions'? using intermediates such as 1,2-isopropylidene
acetals,'® 1,2-orthoester,'* 1,2-O-stannylene acetals,'® glycals, and
1,2-anhydrosugars,'® or strategies involving selective de-O-
benzylation at the 2-position with TIBAL, DIBAL-H,!” or Lewis acid
catalysts,'® or the recent one-pot access to 3-O-benzyl-4,6-O-
benzylidene glucosides by tandem catalysis.!® Since the CMGL
approach is not a glycosylation process, the advantage relies
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Scheme 1. CMGL approach toward 1,2-bisfunctionalized carbohydrate derivatives.
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Scheme 2. Reagents and conditions: (i) DMF, K,COj3 (2.5-5 equiv), tert-butyl bromoacetate (2 equiv), rt, 48 h, 88% (o/p = 6.1:1); (ii) CH,Cl,, TFA, quant.
Table 1
Alkylation of the free 1-OH of peracetylated sugars by tert-butyl bromoacetate®
Structure R = C(CHs3)3 R=H
Compound Yield (%) o:p Compound
AcO
AcO (0} o=3a o=4a
AcO O. p=3b 88 6.1:1 p=4b
OAc O/\ﬂ/ i
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AcO O« o=>5a 91 32.3:1 o=12a
o R B=5b B=12b
O
AcO O- o=6a 94 8.1:1 a=13a
OAG O/\n/ R B=-6b p=13b
O
O«
o/\n/ R
9/ oac O a=7a 74 48:1 a=14a
OAc p=7b B =14b
OAc
AcO
AcO Q
AcO O- o=8a 85 6.7:1° o =15a
O R B=8b
NHAc
(0]
Ac OAc
AcO
O O
AcO AcO o o =9a 68 3.35:1 o=16a
OAc oAc O R B=9b B =16b
(0}
OAc
AcO
AcO 0
AcO 0 o=10a 85 335:1° o=17a
oac A Oy §=10b
oAc ©
(0]
OAc
AcO Q
AcO OAc
AcOO o) o=11a 88 4.9:1 o=18a
AcO o- p=11b p=18b
oAc © R
(0]

2 The oi:p ratio was determined using 'H NMR (300 MHz, CDCl5) by integrating the anomeric protons on the mixtures of anomers, and the chemical shifts of the H-1 were
confirmed on the pure compounds, for example, 6 5.21 ppm, J = 3.6 Hz for 6a and é 4.59 ppm, J = 7.9 Hz for 6b.
b In the case of N-AcGlc 8ab and cellobiose 10ab, only the o-anomer could be isolated as pure material after chromatography and transformed further to the acid.
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notably in the fixation of the anomeric configuration at the level of
the synthon, instead of being related to selectivity control.

2. Results and discussion

2.1. Preparation of carboxymethyl glycosides (tert-butyl esters
and acids)

Direct anomeric functionalization by tert-butyl bromoacetate
appeared as an attractive alternative to the aforementioned meth-
ods, using the well-known base-catalyzed O-alkylation of anomer-
ic hydroxyl groups with aliphatic reagents. This route has been
extensively studied by Schmidt et al.>° with the main alkylating
agents used being dialkyl sulfates, benzyl bromide, allyl bromide,?
or various O-triflates, all allowing the synthesis of disaccharides.??
The stereochemical outcome of anomeric alkylation is known to
depend on many parameters, such as the base, the solvent, and
its effect on solubility and concentration, the temperature, chela-
tion effects, the presence of additives, and on the nature of the
electrophilic species.?%-2°

We first studied the reaction with tert-butyl bromoacetate on
acetylated sugars having only the anomeric hemiacetal as the
available hydroxyl group, which is easily obtained from the per-
acetylated derivatives by selective anomeric deprotection of the
readily available corresponding peracetylated sugars,?® such as
compound 2 obtained from peracetylated glucose (Scheme 2).

The alkylation of hemiacetal 2 with tert-butyl bromoacetate oc-
curred under very mild conditions (room temperature, DMF,
K,COs), leading to the two separable anomers 3a and 3b in 88%
yield and a 6.1:1 ratio in favor of the a-anomer. Applied to various
mono- and disaccharides (Table 1), tert-butyl esters 5-11 were also
obtained, with significant selectivity for the o-anomers in all cases.
While these products were prepared as intermediates for CMGLs
synthesis, their corresponding free carboxylic acids (CMGs) are
also interesting synthons. For this purpose, selective deprotection
of the tert-butyl ester in the presence of acetyl groups in acidic
conditions leading to the corresponding acids 4ab, 12ab-18ab
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was obtained using TFA in quantitative yields in pure anomeric
forms.

We then studied the reaction of unprotected sugars. Whereas in
the presence of K,CO3 the reaction proved to be sluggish and not
selective for the anomeric position, the use of sodium hydride per-
mitted us to obtain fair yields of the desired monoalkylation at the
anomeric position. Thus, glucose, mannose, N-acetyl glucosamine,
maltose, and lactose 19-23 were treated in DMF with 1 equiv of
sodium hydride and 1 equiv of tert-butyl bromoacetate for 15 h
at room temperature (Table 2). Galactose led to a more complex
mixture in which the o-furanoside was the major product.?! The
corresponding glycosides 24ab-28ab were isolated as o:f mix-
tures after chromatography on silica gel, and the o:p ratios were
determined by proton NMR spectroscopy. Under these conditions,
a higher B-anomer proportion in the mixture (o:f ratio ranging
from 1:1 to 1:2) was observed except for N-acetyl glucosamine,
which exhibited an o orientation, which is consistent with the re-
ported observations for the case of allyl bromide.2%2!27

With the final goal being to access CMGLs from as many sugar
types as possible, it was thus interesting to obtain both anomers
in most cases, with moderate to significant orientation toward
one or the other depending on the choice of the conditions (par-
tially acetylated sugars, K,COs3, or unprotected sugars, NaH). Sepa-
ration of the anomers proved to be easier at the level of the
acetylated tert-butyl esters than of the free glycosides.

2.2. Synthesis of acetylated carboxymethylglycoside lactones

Deacetylation of esters 3ab and 5ab-11ab or acids 4ab and
12ab-18ab, each of them in pure anomeric form, with 1M aq
NaOH in MeOH with eventual intermediate TFA tert-butyl esters
cleavage led to the fully deprotected carboxymethyl glycosides.
Closing the lactonic ring was achieved by treatment of the latter
acids with acetic anhydride in pyridine (Scheme 3, Table 3). The
B-lactones derived from mannose 30 and maltose 33b were ob-
tained from the mixtures 25ab and 27ab, respectively, from which
the pure B-anomer was isolated after acetylation.

Table 2
Alkylation of unprotected carbohydrates by tert-butyl bromoacetate®”
OH
OH2 RZ
. R ) tert-butyl bromoacetate Ry -0
R - _ = HO
(0]
HO NaH, DMF R! o/\n/
R" “OH
(o}
Substrate Yield (%) Product (o.f mixtures) o
R'=0H, R>=H, R*> = OH 19 50 24ab 1:2.8
R!'=H, R? = 0H, R = OH 20 55 25ab 1:1
R! = NHAc, R?=H, R* = OH 21 77 26ab 2.8:1
R'=0H, R>=H, R? = 0-Glc 22 49 27ab 1:1.8
R! = OH, R? = H, R3 = p-Gal 23 57 28ab 1:2

2 TH NMR (300 MHz, DMSO-dg) of the mixture 26 exhibited typical patterns for H-1 signals: H-1(ct):6 4.75 ppm, J = 3.6 Hz; H-1(B): 4.34 ppm, J = 8.5 Hz, which were
confirmed by 2D HSQC correlation experiments, and allowed to determine the o:p ratio by intergration.

b Galactose led mainly to the o-furanosidic glycoside.
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Scheme 3. Reagents and conditions: (i) (1) TFA, CH,Cl,; 3 h; NaOH, MeOH, rt, 1 h; Ac,0, pyridine, rt, 12 h, 60-87% (see Table 3).



1922

2.3. Carboxymethylglycoside lactone opening and access to 1,2-
bisfunctionalized systems

With the availability of CMGLs being ensured, their potential
usefulness toward 1,2-bisfunctionalized platforms was investi-
gated, taking one monosaccharidic (o-gluco, 1a) and one disaccha-
ridic (o-malto, 33a) lactone as examples for different
functionalizations at the C-2 OH. The opening of the lactone ring
was performed using allylamine or propargylamine, these two
functional groups offering a wide range of subsequent conjugation
opportunities by means of metathesis or Cu(I)-mediated Huisgen
cycloaddition (‘click’ chemistry).2® The formation of the amides oc-
curred by the simple addition of the amine on the lactone, at room
temperature, leading to compounds 35, 36, and 44 in 85-96%
yields (Scheme 4).

As a first example of second functionalization, amides 35, 36,
and 44 were transformed to 2-O-alkylcarbamate derivatives. The
reactions were performed with propyl or hexadecyl isocyanate un-
der anhydrous conditions using catalytic amounts of triethylamine.
For example, the reaction of amide 36 with propylisocyanate was
completed within 12 h, as indicated by TLC. In this case, the corre-
sponding acetylated intermediate was contaminated by dipropyl
urea even after chromatography, and was thus directly deacety-
lated in a EtsN/MeOH/H,0 mixture to afford carbamate 37 in 72%
overall yield. Hexadecylcarbamates 38 and 45 obtained in 74%
and 94% yields from amides 36 and 44, respectively, could be puri-
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fied more easily by filtration of dihexadecyl urea, which precipi-
tated in the reaction mixture prior to chromatography.
Deacetylation (NEts/MeOH/H,0) furnished 39 and 46 in 77% and
73% yields, respectively. Such compounds bearing a long hydro-
phobic chain might be intermediates toward new carbohydrate-
based amphiphilic systems.?%-3°

A functional group transformation of C-2 OH to OCONH, was
then achieved according to a procedure used in the synthesis of
moenomycin-type inhibitors®! by first reacting alcohols 35, 36,
and 44 with trichloroacetylisocyanate, followed by a short silica
gel chromatography and direct treatment of the intermediate tri-
chloroacetyl carbamate with zinc in methanol to afford the corre-
sponding carbamates 42, 40, and 47 in 88%, 91%, and 95% yields,
respectively. Deprotection using NEt3/H,0/MeOH led to 43, 41,
and 48 in excellent yields. The full potential of synthons 41 and
48 is illustrated by their transformation by Cu(I)-mediated Huisgen
cycloadditions with 5'-azido-5'-deoxyuridine,®? in 84% and 81%
yields, to compounds 49 and 50, which might be considered as gly-
cosyltransferase substrate analogues (Scheme 5).

In a second set of experiments, etherification at O-2 was stud-
ied. The introduction of a protected carboxylic acid moiety, suit-
able, for example, for subsequent peptidic coupling reactions or
to be able to bring an ionized function, was achieved by reaction
in DMF with tert-butyl bromoacetate in the presence of K,CO3
leading, in 72% yield, to compound 51, which was deprotected to
the free acid 52 in quantitative yield. A propargyl ether linkage

Table 3
Structure of the obtained CMGLs
Product Yield (%) Product Yield (%)
OAc
AcO 0 0/ 50
AcO 5 1a 83 OAc 31b 60
)& OAc o
(0]
OAc Acoé’“c&/ OAc
(0] O,
AcO O
CA(;% © 1b 71 — e Acggﬂ 32a 70
O j&
O
(6]
AcO
OAc AcO _OAc OAc
0 Q
O O (e}
AcO 5 29a 87 AcO AcO 32b 60
)& OAc o
fo} (0]

Ac OAc
(0]
AcO © ? 29b 64

AcO )k‘ 30 74
ACO&O
AcO
0
(o}
9/ o 31a 84
OAc

OAc
o) 0, 33a 80
AcO
(0]
AcO OAc
AcO o 5 33b 64
cO
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Scheme 4. Reagents and conditions: (i) allylamine (1.5 equiv), CH,Cl,, rt, 12 h, 92%; (ii) propargylamine (1.5 equiv), CH,Cl,, rt, 12 h, 96%; (iii) propylisocyanate (1.5 equiv),
CH,Cl,, Et3N, rt, 24 h, then CH3OH/H,O/EtsN, rt, 12 h, 72%; (iv) hexadecylisocyanate (2 equiv), CH,Cl,, Et3N, rt, 14 h, 74%; (v) CHsOH/H,O/Et3N, rt, 3 h, 77%; (vi)
trichloroacetylisocyanate (1.6 equiv), CH,Cl,, —15 °C, 1 h, then Zn, CH30H, rt, 30 min, 91%; (vii) CH30H/H,O/Et3N, rt, 12 h, 97%; (viii) trichloroacetylisocyanate (1.6 equiv),
CH,Cl,, —15°C, 1 h, then Zn, CH30H, rt, 30 min, 88%; (ix) CH;0H/H,O/Et3N, rt, 12 h, 94%; (x) propargylamine (1.5 equiv), CH,Cl,, rt, 12 h, 85%; (xi) hexadecylisocyanate
(2 equiv), CH,Cly, Et3N, rt, 48 h, 90%; (xii) CH30H/H,O/Et3N, rt, 16 h, 73%; (xiii) trichloroacetylisocyanate (1.6 equiv), CH,Cl,, —15 °C, 2 h then Zn, CH50H, rt, 30 min, 93%; (Xiv)

CH30H/H,0/EtsN, rt, 12 h, 91%.

OH o}
RO Q
_ NH
HO H N/N\ | /g
0.0 N N X0
Y o/\n/ o)
H,N o
OH OH
@ — 49:R=H
48 —' »  50:R=aGlc

Scheme 5. Reagents and conditions: (i) 5'-azido-5'-deoxyuridine (1.2 equiv), CuSO,4
(0.01 equiv), sodium ascorbate (0.1 equiv), tert-butanol/H,O0, rt, 12 h, 84% from 41,
81% from 48.

could also be obtained by reaction with propargyl bromide, using
1.2 equiv of NaH to give access to compounds 53 and 54 in 55%
and 56% yields, respectively (Scheme 6).

Finally, azido-alkenes or alkynes were targeted as versatile
bifunctional systems: the 2-deoxy-2-azido manno derivatives 55

and 56 were prepared by substitution of the triflates obtained from
the propargyl amide 35 and the allyl amide 36 using NaNs, in 77%
and 96% yields, respectively (Scheme 7).

3. Conclusion

In conclusion, a new access toward carboxymethyl glycoside
lactones by using tert-butyl bromoacetate as an electrophilic re-
agent in anomeric alkylation reactions is described, alternative to
the isomaltulose and the allyl glycoside approaches previously re-
ported. A toolbox of new acetylated mono- and disaccharidic lac-
tones was prepared, most of them in their o and B configuration.
The synthetic potential of these lactones toward 1,2-bisfunctional-
ized carbohydrates synthons was illustrated by the preparation of
compounds having either a N-allyl or N-propargyl carbamoylmeth-
yl group at the anomeric position, and carbamate, ether or azido
functions at position 2. Studies on the properties of some of these
compounds as biologically active molecules or for the preparation
of new materials are currently in progress, as well as the access to
more complex multi-dimensional platforms via the CMGL strategy.
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Scheme 6. Reagents and conditions: (i) tert-butylbromoacetate (1.2 equiv), K,CO3 (2.5 equiv), DMF, rt, 16 h, 72%; (ii) TFA, CH,Cl, rt, 2 h, 90%; (iii) NaH, propargyl bromide

(2.5 equiv), rt, 30 min, 55%.

AcO N3
36 i AcO 0
AcO
77% H =
55

37

Scheme 7. Reagents and conditions: (i) Tf,0 (1.5 equiv), pyridine (2 equiv), CH,Cl,, —17 °C, 1 h, then NaN3 (20 equiv), BuyNI, DMF, 60 °C, 15 h, 77%.

4. Experimental
4.1. General

All chemicals were purchased from Aldrich. Organic solutions
were dried over anhydrous sodium sulfate. The reactions were
monitored by thin-layer chromatography on Silica Gel 60 F254
(Merck); detection was carried out by charring with a 5% H,SO,4
solution in ethanol. Silica gel (Kieselgel 60, 70-230 mesh ASTM,
Merck) was used for flash chromatography. NMR spectra were re-
corded with a Bruker ALS300, DRX300, or DRX500 spectrometer.
Chemical shift (6) and coupling constants (J) are reported in ppm
and Hertz, respectively. Optical rotations were measured with a
Perkin-Elmer 241 polarimeter at room temperature. Elemental
analyses were performed by ‘Service Central de Microanalyses du
CNRS’ 69360 Solaize (France).

4.2. General procedure for preparation of peracetylated (tert-
butyloxycarbonyl)methyl glycosides 3, 5-11 from partially
acetylated carbohydrates

To a 75 mM solution of partially acetylated carbohydrates, hav-
ing a free hydroxyl group at the reducing end in anhydrous DMF,
was added K,COs3 (2.5-5 equiv) followed by 2 equiv of tert-butyl
bromoacetate. The reaction mixture was stirred under nitrogen
for 2 days, after which salts were filtered and rinsed with CH,Cl,.
Solvents were removed under reduced pressure, and the obtained
oily residue was taken in CH,Cl,, and washed twice with water.
Combined organic fractions were dried over Na,SO,, filtered, and
the solvent was evaporated. The oily residue was subjected to a
short silica gel column chromatography to give the corresponding
(tert-butyloxycarbonyl)methyl glycosides 3, 5-11 carboxymethyl
p-glycopyranoside-tert-butyl esters as a mixture of anomers (see
Scheme 1 and Table 1). When possible, separation of each pure
anomer was then realized over silica gel.

4.3. (tert-Butyloxycarbonyl)methyl 2,3,4,6-tetra-0-acetyl-o-p-
glucopyranoside 3a

72%, white solid. [«]p = +129 (¢ 1.0, CH,Cl,); mp: 88 °C; (LRMS-
ESI) m/z for CyoH300:2Na (M+Na)*=485.0; 'H NMR (300 MHz,

CDCl3): 6 (ppm) 1.46 (s, 9H), 2.02 (s, 3H), 2.03 (s, 3H), 2.10 (s,
3H), 2.13 (s, 3H), 4.07-4.22 (m, 2H, H-5, H-6b), 4.10 (AB system,
5, 4.05, 8, 4.15, 2H, J=16.4Hz, H-7), 427 (dd, 1H, J=4.0 Hz,
J=12.1 Hz, H-6a), 4.92 (dd, 1H, J= 3.9 Hz, ] = 9.8 Hz, H-2), 5.09 (d,
1H, J=9.8 Hz, H-4), 5.17 (d, 1H, J=3.8Hz, H-1), 5.54 (t, 1H,
J=9.8 Hz, H-3); 3C NMR (75 MHz, CDCl3): # (ppm) 20.6, 20.6,
20.7, 20.7 (4CH3), 28.0 (CH3, t-Bu), 61.7 (C-6), 64.7 (C-7), 67.8 (C-
5), 68.4 (C-4), 69.7 (C-3), 70.4 (C-2), 82.0 (Cq), 95.7 (C-1), 168.2,
169.6, 169.9, 170.3, 170.6 (5CO). Anal. Calcd for CygH30012: C,
51.94; H, 6.54. Found: C, 51.82; H, 6.45.

4.4. (tert-Butyloxycarbonyl)methyl 2,3,4,6-tetra-0-acetyl-f-p-
glucopyranoside 3b

8%, white crystals. [a]p=-29 (¢ 1.0, CHyCl,); mp: 102 °C
(neat); LRMS (ESI) m/z for CyoH30012Na (M+Na)" = 485.0; 'TH NMR
(300 MHz, CDCl3): 6 (ppm) 1.47 (s, 9H), 2.01 (s, 3H), 2.02
(s, 3H), 2.09 (s, 3H), 2.10 (s, 3H), 3.72 (ddd, 1H, J=2.2 Hz,
J=4.5Hz, ]=9.6 Hz, H-5), 4.11-4.16 (m, 3H, H-7, H-6a), 4.27 (dd,
1H, J=4.5Hz, J=12.4Hz, H-6b), 4.68 (d, 1H, J=7.8 Hz, H-1),
5.04 (dd, 1H, J=7.8 Hz, J=9.6 Hz, H-2), 5.10 (t, 1H, J=9.6 Hz,
H-4), 525 (t, 1H, J=9.6Hz, H-3); '3C NMR (75MHz,
CDCl;): & (ppm) 20.6, 20.6, 20.7, 20.7 (4CHs), 28.0 (CHs, t-Bu),
61.8 (C-6), 65.4 (C-7), 68.3 (C-4), 71.0 (C-2), 71.8 (C-5), 72.6
(C-3), 81.9 (Cq), 100.1 (C-1), 168.1, 169.4, 169.6, 170.1, 170.6
(5C0O). Anal. Calcd for CyoH30042: C, 51.94; H, 6.54. Found: C,
51.88, H, 6.55.

4.5. (tert-Butyloxycarbonyl)methyl 2,3,4,6-tetra-0-acetyl-o-p-
mannopyranoside 5a

83%, white crystals. [o]p = +57 (¢ 1.0, CH,Cl,); mp: +85 °C (neat).
LRMS (ESI) m/z for C,oH30012Na (M+Na) =485.0; 'H NMR
(300 MHz, CDCl5): 6 (ppm) 1.48 (s, 9H), 1.99 (s, 3H), 2.05 (s, 3H),
2.11 (s, 3H), 2.16 (s, 3H), 4.09 (dd, 1H, J=2.25Hz, | = 12.1 Hz, H-
6a), 4.11 (AB system AB, 5, 4.05, &, 4.17, 2H, J = 16.3 Hz, H-7),
4.18 (m, 1H, H-5), 4.30 (dd, 1H, J = 4.7 Hz, ] = 12.1 Hz, H-6b), 4.96
(d, 1H, J=0.6 Hz, H-1), 4.31-4.37 (m, 3H, H-2, H-3, H-4); '3C
NMR (75 MHz, CDCl;): é (ppm) 20.7, 20.8, 20.8, 20.9 (4CHs), 28.0
(CHs, t-Bu), 62.5 (C-6), 65.0 (C-7), 66.1 (C-4), 69.1, 69.3 (C-2, C-
3), 69.5 (C-5), 82.3 (Cq), 97.9 (C-1), 168.4, 169.8, 169.8, 169.8,
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170.6 (5CO). Anal. Calcd for CygH30013: C, 51.94; H, 6.54. Found: C,
52.08; H, 6.56.

4.6. (tert-Butyloxycarbonyl)methyl 2,3,4,6-tetra-0-acetyl-g-p-
mannopyranoside 5b

Isolated from reaction of mannose 20 with tert-butyl bromoace-
tate followed by acetylation in 11% yield (see Section 4.26), pale
yellow oil. [a]p = +46 (c 1, CHCl3); HRMS (ESI) m/z calculated for
C0H30012Na  (M+Na)" =485.1635, found 485.1636; 'H NMR
(300 MHz, CDCls): 6 (ppm) 1.44 (s, 9H), 1.95 (s, 3H), 2.00 (s, 3H),
2.06 (s, 3H), 2.15 (s, 3H), 3.64 (m, 1H, H-5), 4.11 (dd, 1H,
J=2.6Hz, J=12.2 Hz, H-6b), 4.21-4.07 (m, 2H, H-7), 4.27 (dd, 1H,
J=5.3Hz, J=12.2 Hz, H-6a), 4.84 (d, 1H, J = 1.0 Hz, H-1), 5.05 (dd,
1H, J=3.2Hz, J=10.0Hz, H-3), 523 (dd, 1H, J=9.9Hz,
J=10.0Hz, H-4), 5.55 (dd, 1H, J=1.0Hz, J=3.2 Hz, H-2); 3C
NMR (CDCl3, 75 MHz): § (ppm) 20.4, 20.6, 20.6, 20.7 (4CH3), 28.0
(CH3, t-Bu), 62.3 (C-7), 65.4 (C-6), 65.9 (C-4), 68.6 (C-2), 80.8 (C-
3), 72.4 (C-5), 82.1 (Cq), 97.5 (C-1), 169.3, 169.5, 169.8, 170.1,
170.6 (5C0). Anal. Calcd for CyoH30012: C, 51.94; H, 6.54. Found:
C, 51.53; H, 6.37.

4.7. (tert-Butyloxycarbonyl)methyl 2,3,4,6-tetra-0-acetyl-o-p-
galactopyranoside 6a

65%, white crystals. [a]p=+110 (c 1.5, CH,Cl,); mp: 102 °C
(neat); LRMS-(ESI) m/z for C5oH30015Na (M+Na)* = 485.0; '"H NMR
(300 MHz, CDCl3): & (ppm) 1.46 (s, 9H), 1.99 (s, 3H), 2.05 (s, 3H),
2.14 (s, 6H), 4.10 (AB system, d, 4.06, &, 4.14, ] = 16.6 Hz, H-7),
4.04-4.16 (m, 2H, H-5, H-6b), 4.36 (pseudo-t, 1H, J=6.6 Hz, H-
6a), 5.17 (dd, 1H, J=3.6Hz, J=10.4Hz, H-2), 521 (d, 1H,
J=3.6Hz, H-1), 5.42 (dd, 1H, J=3.6 Hz, J= 10.4 Hz, H-3), 5.48
(pseudo-d, 1H, J=3.6Hz, H-4); 3C NMR (75MHz, CDCl5): &
(ppm) 20.6, 20.6, 20.7, 20.9 (4CHs), 28.1 (CHs, t-Bu), 61.6 (C-7),
64.5 (C-6), 66.8 (C-5), 67.2 (C-3), 67.6 (C-2), 68.0 (C-4), 82.1 (Cq),
96.1 (C-1), 168.3, 169.8, 170.2, 170.4, 170.6 (5CO). Anal. Calcd for
Cy0H30012: C, 51.94; H, 6.54. Found: C, 51.86; H, 6.64.

4.8. (tert-Butyloxycarbonyl)methyl 2,3,4,6-tetra-0-acetyl-f-p-
galactopyranoside 6b

9%, white crystals. [o]p = —16 (¢ 1.0, CH,Cl,); mp: 98 °C (neat);
LRMS (ESI) m/Z for C20H30012Na (M+Na)+=48499, 1H NMR
(300 MHz, CDCl3): 6 (ppm) 1.42 (s, 9H), 1.93 (s, 3H), 2.00 (s, 3H),
2.06 (s, 3H), 2.10 (s, 3H), 3.86 (ddd, 1H, J=1.0Hz, J=6.8 Hz,
J=13.4Hz, H-5), 4.08-4.13 (m, 2H, H-6), 4.11 (s, 2H, H-7), 4.59
(d, 1H, J= 7.9 Hz, H-1), 5.00 (dd, 1H, J=3.4 Hz, J=10.5 Hz, H-3),
5.19 (dd, 1H, J = 7.9 Hz, J = 10.5 Hz, H-2), 5.33 (dd, 1H, J= 1.0 Hz,
J=3.4Hz, H-4); 3C NMR (75 MHz, CDCl5): 4 (ppm) 20.6, 20.6,
20.7, 20.9 (4CHs), 28.1 (CHs, t-Bu), 61.2 (C-6), 61.2 ( C-6), 65.2
(C-4), 66.9 (C-2), 68.5 (C-5), 70.7 (C-3), 81.9 (Cq), 100.5 (C-1),
168.2, 169.9, 170.1, 170.2, 170.4 (5CO). Anal. Calcd for CyoH30012:
C, 51.94; H, 6.54. Found: C, 51.49; H, 6.57.

4.9. (tert-Butyloxycarbonyl)methyl 2,3,4,6-tetra-0-acetyl-o-1-
fucopyranoside 7a

45%, white solid. [a]p = —103 (¢ 3.0, CH,Cl,); mp: 120 °C; LRMS
(ESI) m/z for CygHy5010 (M+Na)"'=426.9; 'H NMR (300 MHz,
CDCl3): § (ppm) 1.03 (d, 3H, J = 6.5 Hz, H-6), 1.36 (s, 9H), 1.88 (s,
3H), 2.04 (s, 3H), 2.07 (s, 3H), 3.98 (AB system: 6, 3.94, J, 4.04,
J=16.5Hz, H-7), 419 (dq, 1H, J= 1.0 Hz, J = 6.5 Hz, H-5), 5.11 (d,
1H, J=3.7 Hz, H-1), 5.24 (dd, 1H, J=1.0 Hz, J=3.0 Hz, H-4), 5.34
(dd, 1H, J=3.0Hz, J=10.2Hz, H-3), 5.35 (dd, 1H, J=3.7 Hz,
J=10.2 Hz; H-2); '3C NMR (125 MHz, CDCl3):  (ppm) 15.6 (C-6),
20.5, 20.6, 20.6, 20.8 (CH3), 28.0 (CHs, t-Bu), 64.6 (C-7), 64.9 (C-

5), 67.6 (C-4), 67.6 (C-3), 71.0 (C-2), 81.7 (Cq), 96.1 (C-1), 168.4,
169.8, 170.4, 170.5 (4CO). Anal. Calcd for C;gH,301¢: C, 53.46; H,
6.98. Found: C, 53.47; H, 6.96.

4.10. (tert-Butyloxycarbonyl)methyl 2,3,4,6-tetra-0-acetyl-g-L-
fucopyranoside 7b

12%, white crystals. [¢]p=+10 (¢ 2.0, CHyCly); mp: 114 °C
(neat); HRMS (ESI) m/z calculated for C;gH3010
(M+Na)" = 427.1580, found 427.1577; 'H NMR (500 MHz, CDCl5):
5 (ppm) 1.20 (d, 3H, J=6.4 Hz, H-6), 1.44 (s, 9H), 1.97 (s, 3H),
2.09 (s, 3H), 2.15 (s, 3H), 3.78 (dq, 1H, J=0.8 Hz, J=6.4 Hz,
H-5), 4.15 (s, 2H, H-7), 4.58 (d, 1H, J=7.9 Hz, H-1), 5.03 (dd, 1H,
J=3.4Hz, J=10.5Hz, H-3), 525 (dd, 1H, J=7.9Hz, J=10.5Hz,
H-2), 526 (dd, 1H, J=0.8Hz, J=3.4Hz, H-4); 3C NMR
(125 MHz, CDCls): 6 (ppm) 16.0 (C-6), 20.5, 20.6, 20.8 (CHs, t-Bu),
28.0 (3CH3), 65.0 (C-7), 68.5 (C-2), 69.2 (C-5), 70.1 (C-4), 71.1
(C-3), 81.6 (Cq), 100.2 (C-1), 168.3, 169.9, 170.0, 170.1 (4CO).
Anal. Calcd for CigH,3019: C, 53.46; H, 6.98 found: C, 53.19; H,
6.73.

4.11. (tert-Butyloxycarbonyl)methyl 2-acetamido-3,4,6-tri-O-
acetyl-2-deoxy-a-p-Glucopyranoside 8a

65%, white solid. [a]p = +73 (¢ 1.0, CH,Cl;); mp: 140 °C; LRMS
(ESI) m/z for CyoH3;NO;; (M+Na)"=484.0; 'H NMR (300 MHz,
CDCls): 6 (ppm) 1.48 (s, 9H), 2.00 (s, 3H), 2.02 (s, 3H), 2.03 (s,
3H), 2.10 (s, 3H), 4.07-4.11 (m, 4H, H-5, H-6b, H-7), 4.18 (dd, 1H,
J=4.7Hz, J=13.0 Hz; H-6a), 4.37 (dd, 1H, J=6.6 Hz, J=13.0 Hz,
H-6a), 4.37 (td, 1H, J=3.6 Hz, J=10.3 Hz, H-2), 4.85 (d, 1H,
J=3.6Hz, H-1), 5.15 (t, 1H, J=10.3 Hz, H-4), 548 (t, 1H,
J=10.3 Hz, H-3), 6.47 (d, 1H, J=9.2 Hz, NH); '3C NMR (75 MHz,
CDCls): 6 (ppm) 20.4, 20.4, 20.5, 23.0 (4CHs), 27.9 (CHs, t-Bu),
51.4 (C-2), 61.6 (C-6), 65.1 (C-7), 67.8 (C-4), 68.3 (C-5), 71.0 (C-
3), 82.4 (Cq), 98.2 (C-1), 168.6, 169.1, 170.3, 170.5, 170.9 (5CO).
Anal. Calcd for CyoH31NOq¢: C, 52.06; H, 6.74; N, 3.04. Found: C,
51.90; H, 6.69; N, 3.01.

4.12. (tert-Butyloxycarbonyl)methyl 2,3,4,6-tetra-0-acetyl-g-p-
galactopyranosyl-(1-4)-2,3,6-tri-0-acetyl-a-p-glucopyranoside
9a

40%, white solid. [a]p = +30 (¢ 1.0, CH,Cl,); mp: 92-97 °C; HRMS
(ESI) m/z calculated for C33Hs6020 (M+Na)'=773.2480, found
773.2481; 'H NMR (500 MHz, CDCl;): 6 (ppm) 1.43 (s, 9H), 1.96
(s, 3H), 2.05 (s, 6H), 2.06 (s, 3H), 2.11 (s, 3H), 2.13 (s, 3H), 2.16
(s, 3H), 3.76 (t, 1H, J=10.1 Hz, H-4), 3.86 (t, 1H, J = 6.4 Hz, H-5'),
4.03-4.13 (m, 6H, H-7, H-5, H-6', H-6b), 4.47 (dd, 1H, J=1.9 Hz,
J=12.3Hz, H-6a), 447 (d, 1H, J=8.0Hz, H-1'); 4.82 (dd, 1H,
J=3.8Hz, J=10.1 Hz, H-2), 4.94 (dd, 1H, J=3.5 Hz, J = 10.4 Hz, H-
3’), 5.09 (d, 1H, J=3.8Hz, H-1), 510 (dd, 1H, J=8.0Hz,
J=10.4 Hz, H-2'), 5.33 (d, J = 3.5 Hz, H-4'), 5.52 (t, 1H, J = 10.1 Hz,
H-3); 3C NMR (125 MHz, CDCl3): 6 (ppm) 20.9, 21.0, 21.1, 21.2,
21.3, 21.3, 21.3 (7CH3), 28.4 (CH3, t-Bu), 61.2 (C-6'), 62.2 (C-6),
64.8 (C-7), 67.0 (C-4"), 67.0 (C-5), 69.2 (C-2'), 69.6 (C-3), 69.8 (C-
2), 71.0 (C-5'), 71.4 (C-3'), 76.7 (C-4), 82.4 (Cq), 95.8 (C-1), 101.4
(C-1"), 168.5, 169.4, 169.8, 170.5, 170.6, 170.7, 170.8, 171.0
(8CO). Anal. Calcd for C3yHys0,0: C, 51.20; H, 6.18. Found: C,
50.82; H, 6.07.

4.13. (tert-Butyloxycarbonyl)methyl 2,3,4,6-tetra-0-acetyl-g-p-
galactopyranosyl-(1-4)-2,3,6-tri-0-acetyl-p-p-glucopyranoside
9b

2%, white solid. [a]p =+5 (c 1.0, CH,Cly); mp: 93 °C; 'H NMR
(300 MHz, CDCl5): 6 (ppm) 1.48 (s, 9H), 1.98 (s, 3H), 2.05 (s, 3H),
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2.07 (s, 3H), 2.08 (s, 3H), 2.10 (s, 3H), 2.14 (s, 3H), 2.17 (s, 3H), 3.59
(m, 1H, H-5), 3.83 (t, 1H, J = 9.2 Hz, H-4), 3.88 (t, 1H, J = 6.8 Hz, H-
5'), 4.03-4.12 (m, 3H, H-6/, H-6a), 4.12 (s, 2H, H-7), 4.48 (d, 1H,
J=8.0Hz, H-1'), 449 (dd, 1H, J=11.0Hz, H-6b), 4.62 (d, 1H,
J=7.7Hz, H-1), 492-4.98 (m, 2H, H-1, H-3'), 5.11 (dd, 1H,
J=7.7Hz, J=10.2 Hz, H-2'), 5.23 (t, 1H, J=9.2 Hz, H-3), 5.35 (d,
1H, J=3.1 Hz, H-4'); 3C NMR (125 MHz, CDCl3): & (ppm) 20.9,
21.0, 21.0, 21.0, 21.2, 21.2, 21.3 (7CH3), 28.4 (CH3, t-Bu), 61.2 (C-
6'), 62.3 (C-6), 65.9 (C-7), 67.0 (C-4'), 69.5 (C-2'), 71.1 (C-5'),
71.4-71.8 (C-2, C-3'), 71.8 (C-3), 72.9 (C-5), 76.5 (C-4), 82.3 (Cq),
100.2 (C-1), 1014 (C-1’), 168.5, 169.4, 170.1, 1703, 170.5,
170.55, 170.7, 170.7 (8CO). Anal. Calcd for Cs;H46040: C, 51.20; H,
6.18. Found: C, 51.05; H, 6.25.

4.14. (tert-Butyloxycarbonyl)methyl 2,3,4,6-tetra-0-acetyl-g-b-
glucopyranosyl-(1-4)-2,3,6-tri-0-acetyl-a-p-glucopyranoside
10a

72%, white solid. [o]p = +43 (c 1.0, CH,Cl,); mp: 160-162 °C;
HRMS (ESI) m/z calculated for Cs;Hs0,9 (M+Na)'=773.2480,
found 773.2478; 'H NMR (300 MHz, CDCl5): 6 (ppm) 1.43 (s, 9H),
1.97 (s, 3H), 2.00 (s, 3H), 2.01 (s, 3H), 2.03 (s, 3H), 2.08 (s, 3H),
2.10 (s, 3H), 2.13 (s, 3H), 3.64-3.69 (m, 1H, H-5"), 3.75 (t, 1H,
J=9.9Hz, H-4), 3.99-4.17 (m, 5H, H-5, H-6'b, H-6b, H-7), 4.37
(dd, 1H, J=4.3Hz, J=12.4Hz, H-6'a), 449 (dd, 1H, J=1.7 Hz,
J=11.9Hz, H-6a), 453 (d, 1H, J=7.9Hz, H-1'), 4.84 (dd, 1H,
J=3.7Hz, ]=9.9 Hz, H-2), 4.93 (t, 1H, J= 8.6 Hz, H-4'), 5.04-5.18
(m, 2H, H-2', H-3'), 5.10 (d, J = 3.7 Hz, H-1), 5.50 (t, 1H, J = 9.9 Hz,
H-3); *C NMR (75 MHz, CDCl3): & (ppm) 20.5, 20.5, 20.6, 20.6,
20.7, 20.8, 20.9 (7CHs), 28.4 (CHs, t-Bu), 61.7-61.8 (C-6/, C-6),
64.4 (C-7), 67.7 (C-2'), 68.8 (C-5), 69.1 (C-3), 70.5-71.7 (C-2 or C-
5'), 71.9 (C-4'), 73.0 (C-3"), 76.5 (C-4), 82.4 (Cq), 95.4 (C-1), 100.7
(C-1"),169.3, 169.5, 170.0, 170.5, 170.7, 170.8, 170.8, 178.3 (8CO).
Anal. Calcd for C33Hg6020: C, 51.20; H, 6.18. Found: C, 50.81; H,
6.24.

4.15. (tert-Butyloxycarbonyl)methyl 2,3,4,6-tetra-0-acetyl-o-p-
glucopyranosyl-(1-4)-2,3,6-tri-0-acetyl-a-p-glucopyranoside
11a

70%, white foam. [a]p = +69 (c 0.5, CH,Cl,); HRMS (ESI) m/z cal-
culated for C3,Hug050 (M+Na)' =773.2480, found 773.2481; 'H
NMR (300 MHz, CDCl3): 6 (ppm) 1.48 (s, 9H), 2.02 (s, 3H), 2.03 (s,
3H), 2.04 (s, 3H), 2.08 (s, 3H), 2.11 (s, 3H), 2.12 (s, 3H), 2.16 (s,
3H), 3.94 (m, 1H, H-5'), 4.05 (t, 1H, J = 9.2 Hz, H-4), 4.08 (dd, 1H,
J=1.5Hz, J=8.3 Hz, H-6'a), 4.15 (AB system 6, 4.08, &, 4.17, 2H,
J=16.5Hz, H-7), 4.16-4.30 (m, 3H, H-5, H-6a, H-6'b), 4.48 (dd,
1H, J=25Hz, J=12.4Hz, H-6a), 480 (dd, 1H, J=3.6Hz,
J=9.8 Hz, H-2), 4.88 (dd, 1H, J=3.9 Hz, = 10.3 Hz, H-2'), 5.09 (t,
1H, J=9.6 Hz, H-4’), 5.12 (d, 1H, J=3.6 Hz, H-1), 5.38 (t, 1H,
J=9.8Hz, H-3'), 545 (d, 1H, J=3.9Hz, H-1’), 560 (t, 1H,
J=9.8 Hz, H-3); '3C NMR (75 MHz, CDCl5): & (ppm) 20.6, 20.6,
20.7, 20.7, 20.7, 20.8, 20.9 (7CHs), 28.1 (CHs, t-Bu), 61.4 (C-6'),
62.6 (C-6), 64.5 (C-7), 68.0 (C-4'), 68.3 (C-5'), 68.4 (C-5), 69.3 (C-
3’), 70.0 (C-2'), 71.0 (C-2), 72.2 (C-3), 72.3 (C-4), 82.1 (Cq), 95.4
(C-1"), 95.5 (C-1), 168.2, 169.5, 169.7, 169.9, 170.5, 170.5, 170.5,
170.7 (8CO). Anal. Calcd for C33H46050: C, 51.20; H, 6.18. Found:
C,51.17; H, 6.21.

4.16. (tert-Butyloxycarbonyl)methyl 2,3,4,6-tetra-0-acetyl-o-p-
glucopyranosyl-(1-4)-2,3,6-tri-0-acetyl-p-p-glucopyranoside
11b

Isolated from reaction of maltose 22 with tert-butyl bromoace-
tate followed by acetylation in 11% yield (see Section 4.26), color-
less oil. [a]p =+59 (¢ 0.3, CH,Cl,); '"H NMR (500 MHz, CDCls): &

(ppm) 1.40 (s, 9H), 1.93 (s, 3H), 1.94 (s, 3H), 1.95 (s, 3H), 1.97
(s, 3H), 2.00 (s, 3H), 2.03 (s, 3H), 2.08 (s, 3H), 3.61 (m, 1H, H-5),
3.88 (ddd, 1H, J=2.4Hz, J=5.1 Hz, J=10.2 Hz, H-5"), 3.96 (t, 1H,
J=9.1Hz, H-4), 3.97 (dd, 1H, J=2.4Hz, J=12.9 Hz, H-6'a), 4.06
(s, 2H, H-7), 4.15 (dd, 1H, J=5.1 Hz, ] = 12.9 Hz, H-6'b), 4.18 (dd,
1H, J=4.1Hz, J=12.6Hz, H-6a), 4.42 (dd, 1H, J=2.5Hz
J=12.6 Hz, H-6b), 461 (d, 1H, J=7.6Hz, H-1), 479 (dd, 1H,
J=4.0Hz, J=10.2 Hz, H-2'), 4.81 (dd, 1H, J=7.9 Hz, ] =9.1 Hz, H-
2), 498 (t, 1H, J=10.2Hz, H-4'), 5.21 (t, 1H, J=9.1 Hz, H-3),
5.29 (t, 1H, J=10.2 Hz, H-3'), 5.33 (d, 1H, J=4.0 Hz, H-1'); 3C
NMR (125 MHz, CDCl5): § (ppm) 20.7, 20.7, 20.8, 20.9, 20.9,
21.0, 21.0 (7CH;), 28.2 (CHs, t-Bu), 61.1 (C-6'), 62.8 (C-6), 65.6
(C-7), 68.1 (C-4'), 68.6 (C-5'), 69.4 (C-3), 70.1 (C-2'), 72.0 (C-2),
72.3 (C-5), 72.7 (C-4), 75.2 (C-3), 82.0 (Cq), 95.6 (C-1), 99.7 (C-
1), 168.2, 169.5, 170.0, 170.0, 170.2, 170.6; 170.6; 170.7 (8CO).
Anal. Calcd for C3,Hy460,0: C, 51.20; H, 6.18. Found C, 51.15; H,
6.26.

4.17. General procedure for the preparation of peracetylated
carboxymethyl glycosides 4, 12-18

Carboxymethyl glycoside tert-butyl esters 3, 5-11 were dis-
solved in a 50 vol % TFA (20 equiv) solution in CH,Cl,. The reaction
mixture was stirred at rt for 3 h, coevaporated twice with toluene
and concentrated. The residue was chromatographed through a
silica gel plug using a pentane/ethyl acetate gradient to give the
corresponding acids 4, 12-18 in quantitative yields. Full
characterization of the following compounds have already been
published in the literature: 4a>® 4b>* 12a°° 13a3®> 13b,*°
14b.%’

4.18. Carboxymethyl 2,3,4,6-tetra-0-acetyl-p-p-manno-
pyranoside 12b

Pale yellow oil. [a]p = —47 (c 2.0, CH,Cl,); '"H NMR (300 MHz,
CDCl3): ¢ (ppm) 1.94 (s, 3H), 1.99 (s, 3H), 2.05 (s, 3H), 2.13 (s,
3H), 3.67 (m, 1H, H-5), 4.11 (dd, 1H, J = 12.6 Hz, = 2.6 Hz, H-6b),
4.25 (dd, 1H, J=4.7 Hz, ] = 12.6 Hz, H-6a), 4.30 (s, 2H, H-7), 4.85
(Is, 1H, H-1), 5.05 (dd, 1H, J = 1.9 Hz, J = 9.8 Hz, H-3), 5.19 (t, 1H,
J=9.8 Hz, H-4), 5.50 (d, 1H, J=1.9 Hz; H-2); '3C NMR (75 MHz,
CDCl3): § (ppm) 20.6, 20.6, 20.7, 20.8 (4CH3), 62.5 (C-6), 65.0 (C-
7), 65.9 (C-4), 68.7 (C-2), 71.0 (C-3), 72.4 (C-5), 97.8 (C-1), 170.1,
170.5, 171.1, 171.6, 171.6 (5CO). Anal. Calcd for CygH22012: C,
45.29; H, 5.70. Found: C, 45.61; H, 5.58.

4.19. Carboxymethyl 2,3,4,6-tetra-0-acetyl-a-L-fucopyranoside
14a

Pale yellow oil. [o]p = =135 (c 1.0, CH,Cl,); LRMS (ESI) m/z for
C]4H20010 (M+Na)+=3710, 1H NMR (300 MHz, CDClg) 14 (ppm)
1.05 (d, 3H, J = 6.0 Hz, H-6), 1.91 (s, 3H), 2.02 (s, 3H), 2.08 (s 3H),
4.07-4.26 (m, 3H, H-5, H-7), 5.13 (dd, 1H, J=3.3 Hz, J= 10.7 Hz,
H-2), 5.19 (d, 1H, J =3.3 Hz, H-1), 5.33 (Is, 1H, H-4), 5.41 (dd, 1H,
J=3.3Hz, J=10.7 Hz, H-3); '3C NMR (75 MHz, CDCl;): § (ppm)
15.6 (C-6), 20.4, 20.5, 20.5 (3CH3), 63.7 (C-7), 65.0 (C-5), 67.6-
67.8 (C-2, C-3), 71.0 (C-4), 96.0 (C-1), 125.2, 128.1, 128.1, 128.9
(4C0). Anal. Calcd for Cy4H,0040.H,0: C, 45.90; H, 6.05. Found: C,
45.50; H, 5.70.

4.20. Carboxymethyl 2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-
a-p-glucopyranoside 15a

White solid. [o]p = +81 (¢ 0.5, CH,Cl,); mp: 96 °C; HRMS(ESI) m/
z calculated for C;gH30:11N (M+Na)" =428.1169, found 428.1167;
TH NMR (300 MHz, CDCls): 6 (ppm) 2.02 (s, 3H), 2.03 (s, 6H),
2.10 (s, 3H), 4.03-4.13 (m, 2H, H-6b, H-5), 4.19-4.40 (m, 4H, H-2,
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H-7, H-6a), 4.90 (d, 1H, J = 3.6 Hz, H-1), 5.14 (t, 1H, J = 10.3 Hz, H-
4), 5.27 (t, 1H, J=9.8 Hz, H-3), 6.59 (d, 1H, J=9.2 Hz, NH); 13C
NMR (75 MHz, CDCls): 6 (ppm) 20.5, 20.7, 20.7, 22.7 (4CH3), 51.7
(C-2), 61.8 (C-6), 64.6 (C-7), 67.8 (C-4), 68.4 (C-5), 70.9 (C-3),
97.9 (C-1), 169.4, 170.8, 171.2, 171.8, 172.2 (5CO). Anal. Calcd for
C16H23011N-0.5H,0: C, 46.38; H, 5.84; N, 3.38. Found: C, 46.39;
H, 5.61; N, 3.30.

4.21. Carboxymethyl 2,3,4,6-tetra-0-acetyl-p-n-galacto-
pyranosyl-(1-4)-2,3,6-tri-0-acetyl-a-p-glucopyranoside 16a

Pale yellow oil. [a]p =+57 (c 1.0, CH,Cl,); HRMS (ESI) m/z cal-
culated for C,gH35059 (M+Na)*=717.1854, found 717.1858; 'H
NMR (300 MHz, CDCl3): ¢ (ppm) 1.97 (s, 3H), 2.05 (s, 3H), 2.07
(s, 6H), 2.09 (s, 3H), 2.14 (s, 3H), 2.17 (s, 3H), 3.78 (t, 1H,
J=9.9Hz, H-4), 3.89 (t, 1H, J=7.0 Hz, H-5'), 4.02-4.20 (m, 4H,
H-5, H-6, H-6b), 4.26 (s, 2H, H-7), 4.46 (dd, 1H, J=1.7 Hz,
J=11.5Hz, H-6a), 4.50 (d, 1H, J=7.9 Hz, H-1"), 4.82 (dd, 1H,
J=3.7Hz, J=9.9 Hz, H-2), 497 (dd, 1H, J=3.4Hz, J= 10.4 Hz, H-
3), 511 (dd, 1H, J=7.9Hz, J=10.4Hz, H-2’), 5.12 (d, 1H,
J=3.7Hz, H-1), 5.36 (dd, 1H, J=0.9 Hz, J = 3.4 Hz, H-4'), 5.51 (t,
1H, J=9.9 Hz, H-3); 3C NMR (125 MHz, CDCl;): § (ppm) 20.9,
21.0, 21.0, 21.0, 21.2, 21.3, 21.8 (7CH3), 61.3 (C-6'), 62.2 (C-6),
64.3 (C-7), 67.1 (C-4"), 69.3 (C-5), 69.6 (C-2’), 69.8 (C-3), 71.0
(C-5'), 71.1 (C-2), 71.4 (C-3'), 76.4 (C-4), 96.1 (C-1), 101.2 (C-1"),
169.8, 170.5, 170.8, 170.9, 171.1, 171.1, 171.3, 173.6 (8CO). Anal.
Calcd for CygH3g0,9-H,0: C, 47.19; H, 5.66. Found: C, 47.47; H,
5.55.

4.22. Carboxymethyl 2,3,4,6-tetra-0-acetyl-p-p-galacto-
pyranosyl-(1-4)-2,3,6-tri-0-acetyl-p-p-glucopyranoside 16b

Colorless oil. [a]p=—6 (¢ 1.0, CHyCl,). HRMS (ESI) m/z calcu-
lated for CogH3g0.0 (M+Na)'=717.1854, found 717.1853; 'H
NMR (300 MHz, CDCls): 6 (ppm) 1.90 (s, 3H), 1.97 (s, 3H), 1.99 (s,
9H), 2.06 (s, 3H), 2.08 (s, 3H), 3.59 (m, 1H, H-5), 3.76 (t, 1H,
J=9.3 Hz, H-4), 3.84 (t, 1H, J = 6.7 Hz, H-5'), 3.98-4.07 (m, 3H, H-
6’, H-6a), 4.22 (s, 2H, H-7), 4.41-4.45 (m, 2H, H-1/, H-6b), 4.56 (d,
1H, J=7.7 Hz, H-1), 4.86-4.93 (m, 2H, H-2, H-3’), 5.02 (dd, 1H,
J=7.8Hz, J=10.1Hz, H-2'), 5.16 (t,1H, J=9.2 Hz, H-3), 5.28 (d,
1H, J=2.8 Hz, H-4'); '3C NMR (75 MHz, CDCl5): 6 (ppm) 20.5,
20.6, 20.6, 20.6, 20.7, 20.8, 20.8 (7CHs3), 60.9 (C-6'), 61.8 (C-6),
65.3 (C-7), 66.7 (C-4'), 69.2 (C-5), 70.7 (C-5"), 71.0-71.3 (C-2, C-
3'), 72.4 (C-3), 72.9 (C-5), 76.0 (C-4), 100.1 (C-1), 101.0 (C-1'),
169.3, 169.8, 170.0, 170.1, 170.2, 170.3, 170.6, 170.7 (8CO). Anal.
Calcd for CygH3g0,9-H,0: C, 47.19; H, 5.66. Found: C, 47.52;
H, 5.55.

4.23. Carboxymethyl 2,3,4,6-tetra-0-acetyl-p-p-glucopyranosyl-
(1-4)-2,3,6-tri-0-acetyl-a-p-glucopyranoside 17a

White solid. [«]p=+50 (c 0.5, CH)Cly); mp: 165-167 °C;
HRMS(ESI) mj/z calculated for CgH350,9 (M+Na)" =717.1854,
found 717.1850; 'H NMR (300 MHz, CDCl5): é (ppm) 1.92 (s, 3H),
1.94 (s, 3H), 1.96 (s, 6H), 2.02 (s, 3H), 2.02 (s, 3H), 2.07 (s, 3H),
3.61 (m, 1H, H-5), 3.68 (t, 1H, J = 9.6 Hz, H-4), 3.97-4.01 (m, 2H,
H-5, H-6'a), 4.06 (dd, 1H, J=4.5 Hz, J = 12.3 Hz, H-6b), 4.18 (s, 2H,
H-7), 4.42-4.49 (m, 2H, H-1/, H-6a), 4.74 (dd, 1H, J=3.7 Hz,
J=10.3 Hz, H-2), 4.86 (t, 1H, J=8.5 Hz, H-4’), 4.97-5.11 (m, 3H,
H-1, H-2/, H-3'), 5.42 (t, 1H, J=9.8 Hz, H-3); '>C NMR (75 MHz,
CDCls3): 6 (ppm) 20.5, 20.5, 20.5, 20.6, 20.6, 20.8, 21.4 (7CH3),
61.6-61.6 (C-6, C-6), 64.3 (C-7), 67.8 (C-2'), 68.9 (C-5), 69.1 (C-
3), 70.6 (C-2), 71.7 (C-5'), 71.9 (C-4’), 73.0 (C-3'), 76.4 (C-4), 95.6
(C-1), 100.6 (C-1’), 169.3, 169.5, 170.0, 170.5, 170.7, 170.8, 170.8,
178.3 (8CO). Anal. Calcd for CygH330420-1.5H,0: C, 46.60; H, 5.73.
Found: C, 46.68; H, 5.51.

4.24. Carboxymethyl 2,3,4,6-tetra-0-acetyl-o-p-glucopyranosyl-
(1-4)-2,3,6-tri-0-acetyl-a-p-glucopyranoside 18a

Pale yellow oil. [«]p = +91 (¢ 0.5, CH,Cl,); HRMS (ESI) m/z calcu-
lated for CygH35040 (M+Na)* = 717.1854, found 717.1858; '"H NMR
(300 MHz, CDCl3): ¢ (ppm) 1.94 (s, 3H), 1.96 (s, 3H), 1.96 (s, 3H),
1.97 (s, 3H), 1.99 (s, 3H), 2.03 (s, 3H), 2.08 (s, 3H), 3.88 (m, 1H,
H-5), 3.93 (t, 1H, J=9.7Hz, H-4), 3.98 (dd, 1H, J=1.9Hz,
J=12.3 Hz, H-6'a), 4.00-4.10 (m, 1H, H-5), 4.15-4.22 (m, 5H, H-5,
H-6b, H-6'b, H-7), 4.39 (dd, 1H, J=2.2 Hz, ] = 12.3 Hz, H-6a), 4.70
(dd, 1H, J=3.8Hz, J=9.7Hz, H-2), 479 (dd, 1H, J=3.8 Hz,
J=10.1Hz, H-2’), 5.00 (t, 1H, J=10.1 Hz, H-4'), 5.03 (d, 1H,
J=3.8Hz, H-1), 530 (t, 1H, J=104Hz, H-3), 536 (d, 1H,
J=3.8Hz, H-1"), 5.51 (t, 1H, J=9.7 Hz, H-3); 3C NMR (75 MHz,
CDCl3): 6 (ppm) 20.6, 20.6, 20.6, 20.7, 20.7, 20.8, 20.9 (7CHz),
67.2 (C-6'), 68.0 (C-6), 68.0 (C-7), 68.4 (C-4), 69.4 (C-5), 70.0 (C-
5"), 70.0 (C-3"), 70.9 (C-2’), 72.0 (C-2), 72.4 (C-3), 74.0 (C-4), 93.8
(C-1"), 95.7 (C-1), 169.6, 170.0, 170.1, 170.6, 170.8, 170.8, 170.8,
173.1 (8CO). Anal. Calcd for CpgH3g050: C, 48.42; H, 5.51. Found:
C, 48.37; H, 5.85.

4.25. Carboxymethyl 2,3,4,6-tetra-0-acetyl-a-p-glucopyranosyl-
(1-4)-2,3,6-tri-0-acetyl-p-p-glucopyranoside 18b

Pale yellow oil. [a]p =+61 (c 0.3, CH,Cl,); 'H NMR (500 MHz,
CDCl3): 6 (ppm) 1.93 (s, 3H), 1.95 (s, 3H), 1.96 (s, 3H), 1.98 (s,
3H), 2.03 (s, 3H), 2.03 (s, 3H), 2.08 (s, 3H), 3.65 (m, 1H, H-5),
3.88 (br d, 1H, J=9.8 Hz, H-5'), 3.93-3.99 (m, 2H, H-6'a, H-4),
4.16 (dd, 1H, J=4.1 Hz, ] = 12.0 Hz, H-6a), 4.18 (dd, 1H, J=3.4 Hz,
J=12.9 Hz, H-6'b), 4.24 (s, 2H, H-7), 4.44 (br d, 1H, J = 12.0 Hz, H-
6b), 4.62 (d, 1H, J=7.6Hz, H-1), 478 (dd, 1H, J=3.6Hz,
J=9.8 Hz, H-2'), 4.81 (dd, 1H, J=7.4 Hz, J=9.6 Hz, H-2), 4.98 (t,
1H, J=9.8 Hz, H-4'), 522 (t, 1H, J=9.6 Hz, H-3), 5.28 (t, 1H,
J=9.8Hz, H-3"), 5.33 (d, 1H, J = 3.6 Hz, H-1"); '3C NMR (125 MHz,
CDCls): 6 (ppm) 20.7, 20.7, 20.7, 20.8, 20.9, 21.0, 21.0 (7CH3),
53.8 (C-6'), 61.6 (C-6), 62.6 (C-7), 68.1 (C-4), 68.7 (C-5"), 69.4 (C-
3’), 70.1 (C-2'), 71.9 (C-2), 72.5 (C-5), 72.6 (C-4), 75.0 (C-3), 95.7
(C-1"), 99.9 (C-1), 169.6, 170.0, 170.1, 170.3, 170.7, 170.7, 170.7,
170.7 (8CO). Anal. Calcd for CogH3g050: C, 48.42; H, 5.51. Found:
C, 48.73; H, 5.87.

4.26. General procedure for the preparation of (tert-butyl-
oxycarbonyl)methyl glycosides 24-28 from glycosides 19-23

To a 220 mM solution of the carbohydrate in anhydrous DMF
was added NaH (1 equiv), followed by 1 equiv of tert-butyl bromo-
acetate. The reaction mixture was stirred under a nitrogen atmo-
sphere for 3 days. Then DMF was removed under reduced
pressure, and the oily residue was purified by column chromatog-
raphy (CH,Cl,/CH30H 9/1), to give the corresponding carboxy-
methyl glycoside tert-butyl ester as a mixture of anomers.
Compounds 5b and 11b were purified by silica gel chromatography
after being subjected to conventional peracetylation conditions
(pyridine, Ac,0).

4.27. General procedure for preparation of carboxymethyl
glycoside lactones 1, 29-34

To a 0.1 M solution of carboxymethyl glycoside in methanol,
NaOH (1M, 10 equiv) was added. The mixture was stirred at rt
for 30 min and the solvents were removed under reduced pressure.
The residue was then reacted overnight in a 50 vol % acetic anhy-
dride in pyridine. After evaporation, the yellow oil was dissolved
in CH,Cl, and washed with an aqueous NH4CI solution (10%). The
organic phase was dried over Na,SO,, filtered, and the solvent
was removed by evaporation to give, after purification over silica
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gel, the pure corresponding carboxymethyl glycoside lactone. Full
characterization of the following compounds have already been
published in the literature: 1a,° 1b,'" 29a,'! 29b!! (yields are given
in the text).

4.28. Carboxymethyl-3,4,6-tri-0-acetyl-p-p-mannopyranoside-
2-0-lactone 30

74%, white foam. [o]p = —55 (c 1.0, CH,Cl,); LRMS (ESI) m/z for
C14H13010 (M+H)" =346.88; '"H NMR (300 MHz, CDCl3): 6 (ppm)
1.99 (s, 3H), 2.01 (s, 3H), 2.05 (s, 3H), 3.73 (m, 1H, H-5), 4.14 (m,
2H, H-6), 4.38 (AB system, 6, 4.29, §, 4.46, 2H, J=17.5 Hz, H-7),
4.85 (dd, 1H, J=1.1 Hz, J=3.0 Hz, H-2), 5.03 (dd, 1H, J=3.0 Hz,
J=10.1Hz, H-3), 5.03 (d, 1H, J=1.1Hz, H-1), 527 (t, 1H,
J=10.1Hz, H-4); '3C NMR (75 MHz, CDCl3): 6 (ppm) 20.6, 20.6,
20.7 (3CH3), 60.3 (C-7), 61.9 (C-6), 64.7 (C-4), 70.7 (C-3), 73.0 (C-
5), 75.0 (C-2), 90.4 (C-1), 165.0, 169.3, 170.4, 170.7 (4CO). Anal.
Calcd for C14H15010-0.2H50: C, 48.06; H, 5.30. Found: C, 48.03; H,
5.03.

4.29. Carboxymethyl-3,4-di-0-acetyl-a-L-fucopyranoside-2-0-
lactone 31a

84%, white solid. [o]p = —124 (c 1.0, CH,Cl,); mp: 156-158 °C;
'H NMR (500 MHz, CDCl5): § (ppm) 1.12 (d, 3H, J = 6.6 Hz, H-6),
2.00 (s, 3H), 2.11 (s, 3H), 4.32 (br q, 1H, J = 6.6 Hz, H-5), 4.50 (AB
system §, 4.43, §, 4.58, 2H, J=17.8Hz, H-7), 455 (dd, 1H,
J=3.1Hz, J=8.5Hz, H-2), 5.25 (d, 1H, J=3.1 Hz, H-1), 5.27 (dd,
1H, J=3.1Hz, J=102Hz, H-4), 538 (dd, 1H, J=3.1Hz
J=10.2 Hz, H-3); 3C NMR (125 MHz, CDCl5): 6 (ppm) 15.9 (C-6),
20.7, 20.8 (2CH3), 64.8 (C-7), 67.6 (C-5), 70.0 (C-3), 70.7 (C-4),
73.6 (C-2), 92.0 (C-1), 164.2, 170.2, 170.3 (3CO). Anal. Calcd for
C12H1603: C, 50.0; H, 5.59. Found: C, 49.81; H, 5.40.

4.30. Carboxymethyl-3,4,6-tri-0-acetyl-g-L.-fucopyranoside-2-
O-lactone 31b

60%, white solid. [o]p=—-88 (¢ 1.0, CH,Cl,); mp: 95-96 °C;
HRMS (ESI) m/z calculated for C;,H;60g (M+Na)* = 311.0743, found
311.0745; 'H NMR (300 MHz, CDCl;): & (ppm) 1.22 (d, 3H,
J=6.5Hz, H-6), 1.99 (s, 3H), 3.98 (s, 3H), 3.98 (dq, 1H, J= 1.2 Hz,
J=6.5Hz, H-5), 4.44 (dd, 1H, J=7.7 Hz, ] = 10.7 Hz, H-2), 4.55 (AB
system: 6, 4.47, o, 4.63, 2H, J=17.5Hz, H-7), 473 (d, 1H,
J=7.7Hz, H-1), 5.10 (dd, 1H, J = 3.6 Hz, ] = 10.6 Hz, H-3), 5.23 (dd,
1H, J= 1.2 Hz, ] = 3.6 Hz, H-4); '>C NMR (75 MHz, CDCl3): 4 (ppm)
15.7 (C-6), 20.4, 20.5 (2CHs), 64.5 (C-7), 69.8-69.9 (C-4, C-3),
71.3 (C-5), 74.8 (C-2), 95.2 (C-1), 165.6, 169.8, 170.1 (3CO). Anal.
Calcd for C;,H605:1.7H,0: C, 45.16; H, 6.14. Found: C, 45.21; H,
6.00.

4.31. Carboxymethyl 2,3,4,6-tetra-0-acetyl-p-p-galacto-
pyranosyl-(1-4)-3,6-di-0-acetyl-a-p-glucopyranoside-2-0-
lactone 32a

64% white solid. [o]p =+68 (c 1.0, CH,Cly); mp: 106-114 °C;
HRMS (ESI) m/z calculated for Cy¢H340:5 (M+Na)'=657.1643,
found 657.1645; '"H NMR (300 MHz, CDCl5): é (ppm) 1.97 (s, 3H),
2.04 (s, 3H), 2.07 (s, 3H), 2.13 (s, 3H), 2.14 (s, 3H), 2.17 (s, 3H),
3.77 (t, 1H, J = 9.6 Hz, H-4), 3.89 (t, 1H, J = 6.2 Hz, H-5'), 4.04-4.22
(m, 4H, H-5, H-6', H-6b), 4.35 (d, 1H, J = 3.4 Hz, J = 9.6 Hz, H-2),
4.47-4.52 (m, 2H, H-1’, H-6a), 4.52 (AB system, &, 4.69, J,, 4.49,
J=17.8 Hz, H-7), 4.96 (dd, 1H, J=3.4Hz, J=10.3 Hz, H-3'), 5.12
(dd, 1H, J=7.8 Hz, J=10.3 Hz, H-2'), 5.29 (d, 1H, J=3.4 Hz, H-1),
5.36 (dd, 1H, J=1.1 Hz, J= 3.4 Hz, H-4'), 5.56 (t, 1H, J=9.6 Hz, H-
3);13C NMR (125 MHz, CDCl;): & (ppm) 20.5, 20.6, 20.7, 20.7,
20.8, 20.9 (6CH3), 60.8 (C-6'), 61.5 (C-6), 64.4 (C-7), 66.6 (C-4'),

69.2 (C-2'), 70.7 (C-5"), 70.8 (C-5), 70.9 (C-3"), 71.2 (C-3), 74.8 (C-
4), 74.8 (C-2), 90.9 (C-1), 100.9 (C-1"), 162.9, 163.7, 169.0, 169.7,
170.1, 170.2, 170.4 (7CO). Anal. Calcd for C;6H340,38H,0: C, 48.75;
H, 5.46. Found: C, 48.77; H, 5.47.

4.32. Carboxymethyl 2,3,4,6-tetra-0-acetyl-p-n-galacto-
pyranosyl-(1-4)-3,6-di-0-acetyl-g-p-glucopyranoside-2-0-
lactone 32b

60% white foam. [o]p =+5 (¢ 1.0, CH,Cl,); LRMS (ESI) m/z for
Ca6H34015 (M+Na)* =675.1; 'H NMR (500 MHz, CDCl5): § (ppm)
1.90 (s, 3H), 1.98 (s, 3H), 2.00 (s, 3H), 2.06 (s, 6H), 2.09 (s, 3H),
3.75-3.76 (m, 2H, H-4, H-5), 3.82 (t, 1H, J = 7.2 Hz, H-5'), 4.01 (dd,
1H, J=7.2 Hz, J=11.0 Hz, H-6'a), 4.08-4.11 (m, 2H, H-6a, H-6'b),
412 (dd, 1H, J=7.7 Hz, ] = 10.4 Hz, H-2), 4.41-4.45 (m, 2H, H-1/,
H-6b), 4.51 (AB system, 5, 4.49, &, 4.58, 2H, ] = 17.5 Hz, H-7), 4.72
(d, 1H, J=7.7 Hz, H-1), 4.90 (dd, 1H, J=3.5Hz, J=10.4 Hz, H-3'),
5.03 (dd, 1H, J=7.9 Hz, J=10.4 Hz, H-2'), 5.27-5.29 (m, 2H, H-3,
H-4'); 3C NMR (125 MHz, CDCl5): § (ppm) 20.6, 20.7, 20.7, 20.7,
20.9, 20.9 (6CH3), 60.9 (C-6'), 61.7 (C-6), 64.4 (C-7), 66.6 (C-3 or
C-4'), 69.1 (C-2"), 70.7 (C-3 or C-4'), 70.9 (C-3"), 71.0 (C-5'), 74.8
(C-4), 76.0 (C-5), 76.9 (C-2), 94.8 (C-1), 101.1 (C-1"), 164.9, 169.1,
169.3, 170.1, 170.2, 170.3, 170.4 (7CO). Anal. Calcd for Co6H34015:
C, 49.21; H, 5.40. Found: C, 48.92; H, 5.48.

4.33. Carboxymethyl 2,3,4,6-tetra-0-acetyl-a-p-glucopyranosyl-
(1-4)-3,6-di-0-acetyl-a-p-glucopyranoside-2-0-lactone 33a

80% white foam. [a]p = +109 (c 1.0, CH,Cl,); HRMS (ESI) m/z cal-
culated for CygH340:5 (M+Na)'=657.1643, found 657.1640; 'H
NMR (300 MHz, CDCl3): 6 (ppm) 2.01 (s, 3H), 2.03 (s, 3H), 2.06 (s,
3H), 2.10 (s, 3H), 2.12 (s, 3H), 2.15 (s, 3H), 3.94 (m, 1H, H-5),
3.99 (t, 1H, J=9.2 Hz, H-4), 4.07 (dd, 1H, J=2.3 Hz, J=12.4 Hz, H-
6'a), 4.20-4.28 (m, 4H, H-6'b, H-6a,H-5, H-2), 4.48-4.74 (m, 3H,
H-6b and AB system J, 4.51, &, 4.71, 2H, J=17.9 Hz, H-7), 4.85
(dd, 1H, J=3.9 Hz, J=10.3 Hz, H-2'), 5.08 (t, 1H, J = 9.9 Hz, H-4"),
5.30 (d, 1H, J=2.8 Hz, H-1), 5.36 (t, 1H, J = 10.1 Hz, H-3’), 5.48 (d,
1H, J=3.9Hz, H-1)), 5.64 (t, 1H, J=9.4Hz, H-3); *C NMR
(75 MHz, CDCl3): 6 (ppm) 20.6, 20.6, 20.7, 20.7, 20.9, 21.0 (6CH3),
61.4 (C-6'), 62.2 (C-6), 64.3 (C-7), 67.9 (C-4), 68.7 (C-5'), 69.3 (C-
3’), 70.1 (C-2'), 70.6 (C-2), 71.2 (C-4), 73.4 (C-3), 76.4 (C-5), 90.8
(C-1), 95.7 (C-1'), 163.4, 169.5, 170.0, 170.0, 170.4, 170.6, 170.7
(7CO). Anal. Calcd for CygHs340q5: C, 49.21; H, 5.40. Found: C,
49.40; H, 5.43.

4.34. Carboxymethyl 2,3,4,6-tetra-0-acetyl-a-p-glucopyranosyl-
(1-4)-3,6-di-0-acetyl-p-p-glucopyranoside-2-0-lactone 33b

64% colorless oil. [x]p=+54 (c 0.3, CH)Cl); 'H NMR
(500 MHz, CDCls): § (ppm) 1.94 (s, 3H), 1.96 (s, 3H), 2.00 (s,
3H), 2.03 (s, 3H), 2.04 (s, 3H), 2.08 (s, 3H), 3.84 (m, 1H, H-5),
3.88 (ddd, 1H, J=2.5Hz, J=6.0Hz, J=10.4Hz, H-5), 3.98 (t,
1H, J=9.0Hz, H-4), 4.00 (dd, 1H, J=2.5Hz, J=12.3 Hz, H-6'a),
405 (dd, 1H, J=7.9Hz, J=10.4Hz, H-2), 4.16 (dd, 1H,
J=3.6Hz, J=12.3 Hz, H-6a), 4.17 (dd, 1H, J=6.0Hz, J=12.3 Hz,
H-6'b), 4.44 (dd, 1H, J=2.2 Hz, J=12.3 Hz, H-6b), 4.49 (AB sys-
tem, o, 4.42, 6, 457, 2H, J=17.5Hz, H-7), 4.75 (d, 1H,
J=79Hz, H-1), 481 (dd, 1H, J=4.2 Hz, J=10.3 Hz, H-2'), 5.00
(t, 1H, J=10.3 Hz, H-4'), 5.29 (t, 1H, J=10.3 Hz, H-3"), 5.35 (d,
1H, J=4.2 Hz, H-1’), 5.36 (dd, 1H, J=9.0Hz, J=10.4 Hz, H-3);
13C NMR (125 MHz, CDCl5): § (ppm) 20.7, 20.7, 20.7, 20.8, 20.9,
21.0 (6CH3), 61.5 (C-6'), 62.6 (C-6), 64.4 (C-7), 68.0 (C-4'), 68.9
(C-5'), 69.3 (C-3’), 69.4 (C-2"), 69.9 (C-4), 72.5 (C-3), 73.3 (C-5),
744 (C-2), 94.6 (C-1), 95.9 (C-1"), 169.5, 169.5, 169.6, 170.0,
170.5, 170.6, 170.7 (7CO) Anal. Calcd for C26H34013-0.5H20: C,
48.52; H, 5.48. Found C, 48.38; H, 5.19.
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4.35. Carboxymethyl 2,3,4,6-tetra-0-acetyl-p-p-glucopyranosyl-
(1-4)-3,6-di-0-acetyl-a-p-glucopyranoside-2-0O-lactone 34

73%, white solid. [a]p = +44 (c 1.0, CH,Cl,); mp: 188 °C; LRMS
(ESI) m/z for ChgH34018 (M+Na)"=657.1; 'H NMR (300 MHz,
CDCl3): ¢ (ppm) 1.92 (s, 3H), 1.94 (s, 3H), 1.96 (s, 3H), 2.02 (s,
3H), 2.04 (s, 3H), 2.07 (s, 3H), 3.62 (m, 1H, H-5'), 3.67 (t, 1H,
J=9.6 Hz, H-4), 4.00 (dd, 1H, J=1.9 Hz, J=12.4 Hz, H-6'a), 4.01-
412 (m, 2H, H-5, H-6a), 4.28 (dd, 1H, J=3.0Hz, J = 9.6 Hz, H-2),
4.32 (dd, 1H, J=4.1Hz, J=12.6 Hz, H-6'b), 4.39-4.47 (m, 2H, H-
1/, H-6b), 4.53 (AB system 6, 4.42, §,, 4.62, 2H, J=17.8 Hz, H-7),
4.87 (t, 1H, J=8.8 Hz, H-2’), 5.01 (t, 1H, J=8.8 Hz, H-4'), 5.07 (t,
1H, J=8.8 Hz, H-3'), 5.23 (d, 1H, J=3.0Hz, H-1), 547 (t, 1H,
J=9.6Hz, H-3); '>C NMR (75 MHz, CDCl3): & (ppm) 20.6, 20.6,
20.6, 20.7, 20.7, 20.9 (6CHs), 61.4-61.6 (C-6, C-6'), 64.5 (C-7),
67.8 (C-4'), 70.9 (C-5), 71.1 (C-3), 71.5 (C-5'), 72.0 (C-2), 72.8 (C-
3’), 75.2 (C-4), 76.2 (C-2), 91.0 (C-1), 100.7 (C-1"), 163.6, 169.0,
169.3, 169.7, 1703, 1703, 170.5 (7CO). Anal. Calcd for
C25H340]8-0.5H20: C, 4852, H, 5.48. Found: C, 4853, H, 5.38.

4.36. (N-Allylcarbamoyl)methyl 3,4,6-tri-O-acetyl-o-p-
glucopyranoside 35

To a solution of lactone 1a (4 g, 11.5 mmol) in anhydrous CH,Cl,
(8 mL), allylamine (1.30 mL, 17 mmol, 1.5 equiv) was added, and
the reaction mixture was stirred for 12 h at room temperature un-
der nitrogen. After evaporation of the solvent under reduced pres-
sure, the residue was purified over silica gel (CH,Cl,/CH50H: 35/1)
to give the amide 35 (4.29 g, 92%) as a colorless oil. [a]p =+118 (¢
1.0, CH,Cl,); 'H NMR (300 MHz, CDCls): 6 (ppm) 1.99 (s, 3H), 2.02
(s, 3H), 2.03 (s, 3H) (30Ac), 3.78 (dd, 1H, J= 3.7 Hz, J = 10.1 Hz, H-
2), 3.91 (s, 2H, NHCH,), 4.00-4.25 (m, 5H, H-5, H-6, H-7), 4.90 (d,
1H, J = 3.7 Hz, H-1), 4.97 (t, 1H, J = 9.8 Hz, H-4), 5.07-5.11 (m, 2H,
CH=CH,), 5.23 (t, 1H, J = 9.6 Hz, H-3), 5.72-5.85 (m, 1H, CH=CH,),
7.55 (t, 1H,J = 5.6 Hz, NH); >*C NMR (75 MHz, CDCl5): & (ppm) 20.7,
20.8, 21.0 (3CH3), 41.5 (NHCH,), 61.9 (C-6), 67.4 (C-7), 68.0 (C-5),
68.1 (C-4), 70.3 (C-2), 73.3 (C-3), 99.3 (C-1), 116.4 (CH=CH,),
133.7 (CH=CH,), 169.2, 169.4, 169.4, 170.7 (4CO). Anal. Calcd for
C17H25NOq0: C, 50.62; H, 6.52; N, 3.47. Found: C, 50.28; H, 6.31;
N, 3.37.

4.37. (N-Propargylcarbamoyl)methyl 2-0-propylcarbamoyl-o-
p-glucopyranoside 37

To a solution of compound 36 (200 mg, 0.498 mmol) in anhy-
drous CH,Cl, (3 mL), propyl isocyanate (0.070 mL, 0.747 mmol,
1.5 equiv) and a catalytic amount of triethylamine were added.
The reaction mixture was stirred at room temperature for 24 h, be-
fore being quenched with CH30H (0.1 mL), the solution was diluted
with CH,Cl, (10 mL) and washed twice with 5 mL of an aqueous
solution of NH4Cl (10%). The organic layer was dried over Na,;SOy4,
and the solvents were evaporated. The residue was dissolved in
CH50H/H,0/NEt3 (8/1/1, 2 mL) and stirred at room temperature
for 12 h. After evaporation, the residue was purified over silica
gel (CH,Cly/acetone/CH30H/H,0: 78/10/10/2) to give the desired
carbamate 37 (130 mg, 72%) as a white solid. [o]p =+11 (c 0.3,
CH50H); mp: 120°C; 'H NMR (300 MHz, CD;0D): é (ppm) 0.94
(t, 3H, J = 7.0 Hz, CH,CH,CH3), 1.54 (q, 2H, J = 7.0 Hz, CH,CH,CH3),
2.65 (Is, 1H, CCH), 3.10 (dt, 2H, J = 2.8 Hz, ] = 7.0 Hz, CH,CH,CH3),
3.42 (t, 1H, J= 9.6 Hz, H-4), 3.89 (t, 1H, J = 9.6 Hz, H-3), 4.60-4.73
(m, 2H, H-5, H-6a), 3.84 (dd, 1H, J=1.9Hz, J=11.7 Hz, H-6b),
4.02-4.07 (m, 3H, H-7a, NHCH>), 4.23 (d, 1H, J = 15.4 Hz, H-7b),
4.56 (dd, 1H, J=3.6 Hz, ] = 9.6 Hz, H-2), 5.01 (d, 1H, J = 3.6 Hz, H-
1); 3C NMR (75MHz, CDCl;): & (ppm) 11.6 (CHs), 24.0
(CH,CH,CH3), 29.1 (NHCH,;), 43.6 (CH,CH,CH3), 62.3 (C-6), 67.6
(C-7), 71.5 (C-4), 72.3 (CCH), 72.3 (C-3), 74.3 (C-5), 74.7 (C-2),

80.4 (-CCH), 98.5 (C-1), 158.1, 171.4 (2CO). Anal. Calcd for
Cy5H24N505-0.25H,0: C, 49.38; H, 6.77; N, 7.68. Found: C, 49.54;
H, 6.87; N, 7.69.

4.38. (N-Propargylcarbamoyl)methyl 3,4,6-tri-O-acetyl-2-0-
hexadecylcarbamoyl-a-p-glucopyranoside 38

To a solution of compound 36 (0.210 g, 0.523 mmol) in anhy-
drous CH,Cl, (1 mL), hexadecyl isocyanate (0.32 mL, 1.04 mmol,
2 equiv) and triethylamine were added. The reaction mixture was
stirred for 14 h at room temperature before being quenched with
CH50H (0.5 mL). The undesired urea was filtered, rinsed with
CH,Cl, (10 mL), and the resulting solution was washed twice with
5 mL of an aqueous NH,CI solution (10%). The organic phase was
then dried over Na,SO,, and the solvents were evaporated. The res-
idue obtained was purified over silica gel (CH,Cl,/CH30H: 30/1) to
give carbamate 38 (258 mg, 74%) as a colorless oil. [¢]p = +78 (¢ 1.0,
CH,Cl,); 'H NMR (500 MHz, CDCls): 6 (ppm) 0.88 (t, 3H, ] = 6.7 Hz,
CH3), 1.25 (m, 26H, 13CH,), 1.49 (t, 2H, ] = 6.6 Hz, CH,), 2.04 (s, 6H),
2.10 (s, 3H) (30Ac), 2.27 (t, 1H, J=1.5Hz, CCH), 3.09 (m, 2H,
NHCH,CH,), 4.00-4.27 (m, 4H, H-5, H-6a, NHCH,), 4.14 (AB system,
2H, 5, 4.04, 5, 4.23,] = 15.7 Hz, H-7), 4.25 (dd, 1H, ] = 4.7 Hz, H-6b),
492 (dd, 1H,J=3.6 Hz,J = 10.1 Hz, H-2),4.99 (t, 1H, J = 5.7 Hz, NH),
5.04(d, 1H,J = 3.6 Hz, H-1), 5.09 (t, 1H, J = 10.1 Hz, H-4), 5.45 (t, 1H,
J=10.1 Hz, H-3), 6.87 (Is, 1H, NH); 3C NMR (125 MHz, CDCl3): 6
(ppm) 14.2 (CH3), 20.7, 20.8, 20.9 (3CH3), 29.4-32.0 (15CH,), 41.4
(NHCH,), 61.8 (C-6), 67.5 (C-7), 68.2 (C-4), 68.2 (C-5), 70.3 (C-3),
70.8 (C-2), 70.3 (CCH), 79.5 (CCH), 97.5 (C-1), 154.9, 168.2, 169.5,
170.7, 170.7 (5CO). Anal. Calcd for C34HseN,0q1: C, 61.06; H,
8.44; N, 4.19. Found: C, 60.91; H, 8.41; N, 4.22.

4.39. (N-Propargylcarbamoyl)methyl 2-0-hexadecylcarbamoyl-
o-p-glucopyranoside 39

The acetyated compound 38 (0.185 g, 0.277 mmol) was dis-
solved in 5 mL of CH30H/H,0/NEt; (8/1/1). After 3 h, the solvents
were evaporated, co-evaporated with water, and the product was
purified over a silica gel (CH,Cl,/acetone/CH30H/H,0: 78/10/10/
2) to give the carbamate 39 (125 mg, 77%) as white crystals.
[o]p = +43 (c 1.0, CH;0H); mp: 128 °C (neat); 'H NMR (500 MHz,
CD50D): 6 (ppm) 0.89 (t, 3H, J=6.9 Hz, CH,CH,CH3), 1.28-1.32
(m, 26H, 13CH;), 1.50 (m, 2H, NHCH,CH,), 2.60 (t, 1H, J = 2.5 Hz,
CCH), 3.10 (m, 2H, NHCH,CHs), 3.39 (t, 1H, J = 9.4 Hz, H-4), 3.58-
3.61 (m, 1H, H-5), 3.70 (dd, 1H, J = 5.6 Hz, ] = 12.0 Hz, H-6b), 3.85
(dd, 1H, J=1.9 Hz, J = 12.0 Hz, H-6a), 3.86 (t, 1H, /= 9.4 Hz, H-3),
4.03-4.10 (m, 3H, H-7b, NHCH,), 4.23 (d, 1H, J=15.4 Hz, H-7b),
4,56 (dd, 1H, J=3.8 Hz, J =9.4 Hz, H-2), 5.01 (d, 1H, J = 3.8 Hz, H-
1); '*C NMR (125 MHz, CD;0D): 6 (ppm) 14.4 (CH3), 23.7-33.0
(15CH,), 41.9 (NHCH,), 62.4 (C-6), 67.7 (C-7), 71.6 (C-4), 72.3
(CCH), 72.4 (C-3), 74.4 (C-5), 74.7 (C-2), 80.4 (-CCH), 98.6 (C-1),
158.1, 171.4 (2CO). Anal. Calcd for C,gH50N,0gH,0: C, 57.51; H,
9.42; N, 4.79. Found: C, 57.59; H, 9.15; N, 4.72.

4.40. (N-Propargylcarbamoyl)methyl 3,4,6-tri-0-acetyl-2-0-
carbamoyl-a-p-glucopyranoside 40

To a solution of compound 36 (130 mg, 0.32 mmol) in anhy-
drous CH)Cl, (2mlL), trichloroacetyl isocyanate (0.06 mL,
0.52 mmol, 1.6 equiv) was added at —15 °C. The reaction was al-
lowed warm to room temperature over 1 h and then quenched
with CH30H (2 mL). Solvents were evaporated, and the product
was shortly chromatographed over silica gel using CH,Cl,/CH3;0H
(35/1). The product was then dissolved in CH30H (3 mL) and zinc
powder (4.85 mmol, 318 mg, 15 equiv) was added. The reaction
mixture was stirred for 30 min and then filtered. After evaporation,
the residue was purified over silica gel to give the carbamate 40
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(131 mg, 91%) as a colorless oil. [a]p = +98 (¢ 1.0, CH,Cl,); 'H NMR
(300 MHz, CDCls): ¢ (ppm) 1.97 (s, 3H), 1.98 (s, 3H), 2.03 (s, 3H),
2.24 (t, 1H, J = 2.4 Hz, CCH), 3.93-4.06 (m, 4H, NHCH,, H-5, H-6a),
4.09 (AB system, 2H, ¢, 4.00, J,, 4.18, J=15.6 Hz, H-7), 4.19 (dd,
1H, J=4.5Hz, J=12.4Hz, H-6b), 4.84 (dd, 1H, J=3.8Hz,
J=9.8 Hz, H-2), 5.00 (d, 1H, J = 3.8 Hz, H-1), 5.02 (t, 1H, J = 9.8 Hz,
H-4), 5.16 (br s, 2H, CONH,), 5.41 (t, 1H, J = 9.8 Hz, H-3), 6.83 (¢,
1H, J = 5.3 Hz, NH); '3C NMR (75 MHz, CDCl5): § (ppm) 20.6, 20.8,
20.8 (30Ac), 28.8 (NHCH,), 61.7 (C-6), 67.4 (C-7), 68.2 (C-5), 68.2
(C-4), 70.0 (C-3), 71.1 (C-2), 72.1 (CCH), 79.5 (CCH), 97.1 (C-1),
155.2, 168.3, 169.5, 170.6, 170.7 (5CO). Anal. Calcd for
Cy8H24N5041-H,0: C, 46.75; H, 5.67; N, 6.06. Found: C, 46.71; H,
5.38; N, 6.10.

4.41. (N-Propargylcarbamoyl)methyl 2-0-carbamoyl-a-p-
glucopyranoside 41

Compound 40 (131 mg, 0.29 mmol) was stirred in CH30H/H,0/
NEt; (8/1/1, 5 mL) at room temperature for 12 h. After evaporation
of the solvents under reduced pressure, the residue was chromato-
graphed over silica gel (CH,Cl,/CH30H: 4/1) to give the carbamate
41 (90 mg, 97%) as white crystals. [o]p = +32 (c 0.5, CH30H); mp
154 °C (neat); HRMS-ESI calculated for C;,H;gN,0g-Na* (MNa")
341.0961, found 341.0963; 'H NMR (500 MHz, CD;0D): § (ppm)
2.62 (t, 1H, J=2.2Hz, CCH), 3.42 (t, 1H, J=9.8 Hz, H-4), 3.64
(ddd, 1H, J=2.2Hz, J=5.6Hz, J=9.8Hz, H-5), 3.72 (dd, 1H,
J=5.6Hz, J=12.0 Hz, H-6a), 3.85 (dd, 1H, J=2.2 Hz, J=12.0Hz,
H-6b), 3.91 (t, 1H, J = 9.8 Hz, H-3), 4.07 (d, 2H, J = 2.2 Hz, NHCH,),
4.15 (AB system, 2H, §, 4.07, 6, 4.23, J = 15.3 Hz, H-7), 4.54 (dd,
1H, J=3.8 Hz, J=9.6 Hz, H-2), 5.02 (d, 1H, J=3.8 Hz, H-1); '3C
NMR (125 MHz, CDs0D): s (ppm) 29.1 (NHCH,), 62.4 (C-6), 67.7
(C-7), 71.6 (C-4), 72.3 (CCH), 72.3 (C-3), 74.3 (C-5), 74.7 (CCH),
74.8 (C-2), 98.5 (C-1), 159.0, 171.4 (2CO).

4.42. (N-Allylcarbamoyl)methyl 3,4,6-tri-0-acetyl-2-0-
carbamoyl-a-p-glucopyranoside 42

To a solution of compound 35 (200 mg, 0.49 mmol) in anhy-
drous CH,Cl, (3 mlL), trichloroacetyl isocyanate (0.09 mL,
0.79 mmol, 1.6 equiv) was added at —15 °C. The reaction was al-
lowed to warm to room temperature over 1 h, after which the reac-
tion was then quenched with CH30H (2 mlL). Solvents were
evaporated, and the residue was shortly chromatographed over sil-
ica gel (CH,Cly/CH3OH: 35/1). The residue was then dissolved in
CH50H (2 mL), and zinc powder was added (7.35 mmol, 480 mg,
15 equiv). The mixture was stirred for 1 h and filtered. Solvents
were evaporated, and the residue was purified over silica gel to
give the carbamate 42 (195mg, 88%) as white crystals.
[o]p = +107 (c 1.0, CH,Cl,); mp: 116 °C (neat); 'H NMR (300 MHz,
CDCl3): 6 (ppm) 1.98 (s, 6H), 2.03 (s, 3H), (30Ac), 3.88 (Is, 2H,
NHCH,), 3.94-422 (m, 5H, H-5, H-6, H-7), 4.81 (dd, 1H,
J=3.8Hz, J=10.2 Hz, H-2), 5.02 (t, 1H, J = 10.2 Hz, H-4), 5.03 (d,
1H, J=3.8 Hz, H-1), 5.09-5.13 (m, 2H, CH=CH,), 5.19 (Is, 2H,
CONH,), 5.40 (t, 1H, J=10.2 Hz, H-3), 5.72-5.85 (m, 1H, CH=CH,),
6.72 (t, 1H, J = 5.6 Hz, NH); '>C NMR (75 MHz, CD;0D): 6 (ppm)
20.5, 20.7, 20.7 (3CHs), 41.4 (NHCH,), 61.7 (C-6), 67.2 (C-7), 68.0
(C-5),68.2 (C-4),70.0 (C-3),71.0 (C-2),96.9 (C-1), 116.6 (CH=CH,),
133.9 (CH=CH,), 155.2, 168.3, 169.4, 1704, 170.6 (5CO). Anal
Calcd for CygHp6N;014: C, 48.43; H, 5.87; N, 6.28. Found: C,
48.27; H, 5.38; N, 6.10.

4.43. (N-Allylcarbamoyl)methyl 2-0-carbamoyl-a-p-
glucopyranoside 43

A solution of compound 42 (95 mg, 0.21 mmol) in CH;0H/H,0/
NEt; (8/1/1, 1 mL) was stirred at room temperature for 12 h. Sol-

vents were evaporated under reduced pressure, and the obtained
residue was chromatographed over silica gel (CH,Cl,/CH5O0H: 4/
1) to give the product 43 (63 mg, 94%) as white crystals.
[o]p =+51 (c 0.5, CH;0H); mp: 164 °C (neat); 'H NMR (300 MHz,
CD50D): § (ppm) 3.42 (t, 1H, J=9.6 Hz, H-4), 3.48-3.90 (m, 6H,
H-3, H-6, H-5, NHCH,), 4.10 (AB system, 2H, §, 4.06, 6, 4.23,
J=15.8 Hz, H-7), 4.53 (dd, 1H, J = 3.6 Hz, J = 10.0 Hz, H-2), 5.03 (d,
1H, J=3.6 Hz, H-1), 5.11-5.27 (m, 2H, CH=CH,), 5.81-5.94 (m,
1H, CH=CH,); 3C NMR (75 MHz, CD50D): 6 (ppm) 42.3 (NHCH,),
62.4 (C-6), 67.7 (C-7), 71.4 (C-4), 71.5 (C-3), 72.3 (C-5), 73.2 (C-
2), 100.9 (C-1), 116.5 (CH=CH,), 135.1 (CH=CH;), 159.0, 172.0
(2C0). Anal. Calcd for C;,HpoN,05-H,0: C, 44.17; H, 6.38; N, 8.59.
Found: C, 44.29; H, 6.72; N, 8.33.

4.44. (N-Propargylcarbamoyl)methyl 2,3,4,6-tetra-0-acetyl-o-p-
glucopyranosyl-(1-4)-3,6-di-0-acetyl-a-p-glucopyranoside 44

To a solution of compound 33a (500 mg, 0.78 mmol) in anhy-
drous CH)Cl, (3 mlL), propargylamine (1.18 mmol, 0.08 mL,
1.5 equiv) was added. The solution was stirred at rt for 8 h, and
the solvents were evaporated. The residue was chromatographed
over silica gel (CH,Cl,/CH30H: 30/1) to give compound 44
(462 mg, 85%) as a white foam. [a]p=+107 (c 0.3, CH,Cl,); 'H
NMR (300 MHz, CDCl3): 6 (ppm) 1.94 (s, 3H), 1.96 (s, 3H), 1.98 (s,
3H), 2.04 (s, 3H), 2.05 (s, 3H), 2.07 (s, 3H) (60Ac), 2.22 (t, 1H,
J=2.4Hz, CCH), 3.53 (m, 2H, H-5, H-4), 3.80-4.20 (m, 9H, H-7, H-
2, H-5', H-6b, H-6/, NHCH,), 4.35 (dd, 1H, J=2.2Hz, J=12.0 Hz,
H-6a), 4.80 (dd, 1H, J=4.0Hz, J=10.2 Hz, H-2"), 4.81 (d, 1H,
J=3.4Hz, H-1), 500 (t, 1H, J=10.2Hz, H-4'), 5.24 (t, 1H,
J=10.2Hz, H-3’), 529 (t, 1H, J=9.6Hz, H-3), 541 (d, 1H,
J=4.0Hz, H-1), 7.59 (t, 1H, J=5.2 Hz, NH); '3C NMR (75 MHz
CDCl3): 6 (ppm) 20.6, 20.6, 20.6, 20.7, 20.9, 21.3 (60Ac), 28.7
(NHCH,), 61.5 (C-6'), 62.8 (C-6), 67.2 (C-7), 68.0 (C-4), 68.6 (C-
5or C-2), 69.4 (C-3), 70.2 (C-2'), 71.3 (C-5' or C-2), 71.7 (CCH),
72.4 (C-4), 76.1 (C-3'), 76.1 (CCH), 95.6 (C-1), 98.8 (C-1'), 168.9,
169.5, 170.0, 170.6, 170.7, 170.7, 170.7, 172.0 (8CO). Anal. Calcd
for Co9H39NO;5: C, 50.51; H, 5.70; N, 2.03. Found: C, 50.61; H,
5.72; N, 2.03.

4.45. (N-Propargylcarbamoyl)methyl 2,3,4,6-tetra-0-acetyl-o-p-
glucopyranosyl-(1-4)-3,6-di-0-acetyl-2-0-hexadecyl-
carbamoyl-a-p-glucopyranoside 45

To a solution of compound 44 (100 mg, 0.145 mmol) in anhy-
drous CH,Cl, (2 mL), hexadecyl isocyanate (0.09 mL, 0.29 mmol,
2 equiv) and a catalytic amount of triethylamine were added. The
mixture was stirred for 48 h at room rt before being quenched with
methanol (0.5 mL). The mixture was filtered, evaporated, and the
obtained residue was purified over silica gel (CH,Cl,/CH30H: 30/
1) to give carbamate 45 (125 mg, 90% yield) as a colorless oil.
[a]p=+77 (c 0.5, CH,Cl,); '"H NMR (300 MHz, CDCl3): § (ppm)
0.81 (t, 3H, J=6.0 Hz, CHs3), 1.20 (m, 26H, 13CH>), 1.40 (m, 2H,
CH,), 1.94 (s, 3H), 1.96 (s, 3H), 1.96 (s, 3H), 1.99 (s, 3H), 2.03 (s,
3H), 2.07 (s, 3H) (60Ac), 2.22 (t, 1H, J = 2.4 Hz, CCH), 3.06 (m, 2H,
CH,), 3.88-4.20 (m, 8H, H-4, H-5, H-5', H-6b, H-6', NHCH,), 4.05
(AB system, 2H, 5, 3.90, dy, 4.18, J=15.8 Hz, H-7), 4.38 (dd, 1H,
J=2.2Hz, J=12.2 Hz, H-6a), 4.74 (dd, 1H, = 3.6 Hz, ] = 9.5 Hz, H-
2), 479 (dd, 1H, J=3.8Hz, J=10.0Hz, H-2'), 4.86 (d, 1H,
J=3.6Hz, H-1), 499 (t, 1H, J=10.0Hz, H-4'), 5.06 (t, 1H,
J=6.6Hz, NH), 529 (t, 1H, J=10.0Hz, H-3'), 536 (d, 1H,
J=3.8Hz, H-1’), 5.41 (t, 1H, J = 9.5 Hz, H-3), 6.90 (t, 1H, J= 5.0 Hz,
NH); '*C NMR (75 MHz, CDCl3): 6 (ppm) 14.2 (CHs), 20.7, 20.7,
20.7, 20.8, 20.8, 20.9 (60Ac), 21.1-32.0 (15CH,), 41.4 (NHCH,),
61.5 (C-6'), 62.7 (C-6), 67.4 (C-7), 68.0 (C-5 or C-5'or C-4), 68.6
(C-5 or C-5'or C-4), 68.7 (C-4'), 69.4 (C-3'), 70.2 (C-2'), 71.1 (C-2),
71.9 (C-3), 72.7 (CCH), 72.8 (C-5 or C-5'or C-4), 79.0 (CCH), 95.8



R. Cheaib et al./ Tetrahedron: Asymmetry 19 (2008) 1919-1933 1931

(C-1), 97.3 (C-1"), 169.8, 170.3, 170.7, 170.8, 170.8, 170.9, 170.9,
170.3 (8CO). Anal. Calcd for C46H7,N>049: C, 57.73; H, 7.58; N,
2.93. Found: C, 57.37, H, 7.78, N, 2.86.

4.46. (N-Propargylcarbamoyl)methyl a-p-glucopyranosyl-
(1-4)-2-0-hexadecylcarbamoyl-a-p-glucopyranoside 46

A solution of compound 45 (76 mg, 0.079 mmol) in CH30H/
H,O/NEt; (8/1/1, 2 mL) was stirred at room temperature for 16 h.
Solvents were evaporated, and the residue was chromatographed
over silica gel (CH,Cl,/CH30H: 1/1) to give the carbamate 46
(41 mg, 73%) as a white solid. [«]p=+57 (c 0.5, CH30H); mp:
118-120°C; 'H NMR (300 MHz, CDs0D): 6 (ppm) 0.97 (t, 3H,
J=6.6Hz, CH3), 1.35 (m, 28H, 14CH,), 1.59 (t, 1H, J=6.0Hz,
CCH), 3.19 (dt, 2H, J=1.5Hz, J=7.0Hz, NHCH,CH,), 3.67-3.93
(m, 12H, H-2’, H-3’, H-4, H-5/, H-6/, H-6, H-4, H-5, NHCH,), 4.10
(m, 2H, H-7a, H-3), 4.24-4.26 (m, 3H, H-7b, NHCH,), 4.68 (dd,
1H, J=3.7 Hz, J=10.3 Hz, H-2), 5.08 (d, 1H, J=3.7 Hz, H-1), 5.27
(d, 1H, J = 3.9 Hz, H-1’); 13C NMR (75 MHz, CDs0D): 6 (ppm) 14.4
(CHs), 23.4-41.8 (15CH;), 48.4 (NHCH,), 61.4 (C-6), 62.5 (C-6'),
67.6 (C-7), 71.2, 71.9, 72.1, 72.5, 73.7, 73.9, 74.4, 74.7 (C-2, C-3,
C-4, C-5, C-2/, C-3/, C-4/, C-5'), 80.0 (CCH), 80.7 (CCH), 98.3 (C-1),
102.6 (C-1"), 157.6, 170.9 (2CO). Anal. Calcd for C34HgoN,013-H,0:
C, 56.49; H, 8.65; N, 3.88. Found: C, 56.18; H, 8.56; N, 3.58.

4.47. (N-Propargylcarbamoyl)methyl 2,3,4,6-tetra-0-acetyl-o-p-
glucopyranosyl-(1-4)-3,6-di-0-acetyl-2-0-carbamoyl-o-p-
glucopyranoside 47

To a solution of compound 44 (87 mg, 0.13 mmol) in anhydrous
CH,Cl, (1 mL), trichloroacetyl isocyanate (0.024 mL, 0.20 mmol,
1.6 equiv) was added at —15 °C. The reaction was stirred for 2 h be-
fore being quenched with CH5OH (1 mL). Solvents were evapo-
rated, and the residue was shortly chromatographed over silica
gel (CH,Cl,/CH30H: 35/1). After evaporation, the residue obtained
was dissolved in CH30H (2mL), and zinc powder (124 mg,
1.89 mmol, 15equiv) was added. The mixture was stirred for
30 min, filtered and evaporated. Silica gel column chromatography
(CH,Cly/CH30H: 35/1) afforded the carbamate 47 (86 mg, 93%) as a
white foam. [a]p=+61 (¢ 1.0, CH,Cl,); HRMS-ESI calculated for
C30H40N2079-Na* (MNa*) 755.2123, found 755.2123; 'H NMR
(300 MHz, CDCl3): 6 (ppm) 1.94 (s, 3H), 1.96 (s, 3H), 1.99 (s, 6H),
2.04 (s, 3H), 2.08 (s, 3H), (6CH3), 2.22 (t, J=2.5 Hz, CCH), 3.89-
4.22 (m, 10H, H-4, H-5, H-6a, H-4/, H-5', H-6/, H-7, NHCH,), 4.03
(dd, 1H, J=2.0Hz, J=12.1 Hz, H-6a), 472 (dd, 1H, J=3.8 Hz,
J=10.1 Hz, H-2), 4.79 (dd, 1H, J=3.9 Hz, J=10.2 Hz, H-2"), 4.90
(d, 1H, J=3.8 Hz, H-1), 5.00 (t, 1H, J=3.9 Hz, = 10.2 Hz, H-4'),
5.29 (dd, 1H, J=9.6 Hz, J=10.2 Hz, H-3'), 5.36 (d, 1H, J=4.0 Hz,
H-1'), 545 (dd, 1H, J=8.3Hz, J=10.1 Hz, H-3), 6.87 (t, 1H,
J=4.90 Hz, NH); '*C NMR (75 MHz, CDCl3): § (ppm) 20.7, 20.7,
20.7, 20.8, 20.9, 21.1 (6CH3), 28.9 (NHCH,), 61.6 (C-6"), 62.7 (C-6),
67.4 (C-7), 68.0 (C-4"), 68.7 (C-5 or C-4 or C-5), 68.7 (C-5 or C-4
or C-5"), 69.4 (C-3"), 70.2 (C-2"), 71.5 (C-2), 72.1 (CCH), 72.5 (C-3),
72.8 (C-5' or C-5 or C-4), 79.5 (CCH), 95.1 (C-1), 97.0 (C-1"),
155.2, 163.8, 168.4, 169.6, 170.1, 170.6, 170.7, 170.7 (8CO) Anal.
Calcd for C3gH4oN,019: C, 49.18; H, 5.50; N, 3.82. Found: C,
49.48; H, 5.74, N, 3.81.

4.48. (N-Propargylcarbamoyl)methyl a-p-glucopyranosyl-
(1-4)-2-0-carbamoyl-a-p-glucopyranoside 48

Compound 47 (390 mg, 0.53 mmol) was stirred in CH;OH/NEts/
H,0 (8/1/1,2 mL) for 12 h at rt. Solvents were evaporated, and the
residue was chromatographed over silica gel, affording the carba-
mate 48 (233 mg, 91%) as a colorless oil. [a¢]p =+11 (c 0.3, CH;0H);
HRMS-ESI calculated for C;gH,gN,013-Na* (MNa*) 503.1489, found

503.1493; 'H NMR (500 MHz, CDs0D): & (ppm) 2.5 (t, J=2.2 Hz,
CCH) 3.58-3.84 (m, 10H, H-4, H-5, H-6, H-2, H-3’, H-4/, H-5', H-
6'), 4.04 (s, 2H, NHCH,), 4.11 (AB system, 2H, &, 4.03, 5, 4.19,
J=153Hz, H-7), 418 (t, 1H, J=10.1Hz, H-3), 456 (dd, 1H,
J=3.7Hz, J=10.1 Hz, H-2), 5.00 (d, 1H, J=3.7 Hz, H-1), 5.21 (d,
1H, J= 3.7 Hz, H-1’); 13C NMR (125 MHz, CDs0D): 6 (ppm) 29.1
(NHCH,), 61.8 (C-6), 62.7 (C-6), 67.4 (C-7), 71.5, 72.2, 72.2, 72.8,
74.1,74.3, 74.7, 75.0, 79.5 (C-2, C-3, C-4, C-5, C-2/, C-3/, C-4, C-5/,
CCH), 80.8 (CCH), 98.4 (C-1), 102.7 (C-1"), 158.8, 171.3 (2CO).

4.49. N-Methyl[-4-[1-(5'-deoxyuridine)-1,2,3-triazole]]-
carboxymethyl-2-0-carbamoyl-a-p-glucopyranoside 49

A solution of compound 41 (25 mg, 0.078 mmol), 5'-azido-5'-
deoxyuridine (16 mg, 0.094 mmol, 1.2 equiv), sodium ascorbate
(1M, 7.8 pL, 7.8 pumol, 0.1 equiv), and CuSO4 (0.3 M, 2.6 pL, 0.78
pmol, 0.01 equiv) in tert-butanol/H,0 (2/1, 1.5 mL) was stirred at
room temperature for 12 h. To the reaction mixture DOWEX-Na*
50X8 resin (50 mg) was then added. The solution was filtered
and rinsed with water. After evaporation, the obtained residue
was chromatographed over silica gel (AcOEt/EtOH/H,0: 6/3/1) to
give adduct 49 (39 mg, 84%) as a colorless oil. [a]p=+50 (c 0.3,
H,0); HRMS (ESI) m/z calculated for Cy;Hy9N;0;3Na
(M+Na)* = 610.1721, found 610.1715; 'H NMR (500 MHz, CD50D)
o (ppm) 3.40 (t, 1H, J=9.6 Hz, H-4), 3.61 (m, 1H, H-5), 3.70 (dd,
1H, J=53Hz, J=11.8Hz, H-6a), 3.83 (dd, 1H, J=1.6Hz,
J=11.8Hz, H-6b), 3.87 (t, 1H, J=9.6Hz, H-3), 4.01 (t, 1H,
J=5.7 Hz, H-3"), 4.15 (AB system, 2H, &, 4.09, 5, 4.22, | = 15.4 Hz,
H-7), 4.19-4.28 (m, 2H, H-2’, H-4'), 4.53-4.55 (m, 3H, H-2, CONH,),
4.59 (br s, 2H, NHCH,), 4.70 (dd, 1H, J = 6.9 Hz, ] = 14.8 Hz, H-5'a),
4.81 (dd, 1H, J = 3.1 Hz, J = 14.8 Hz, H-5'b), 5.00 (d, 1H, J = 3.7 Hz,
H-1), 5.72-5.74 (m, 2H, CHCHCO, H-1'), 7.40 (d, 1H, J=8.2 Hz,
CHCHCO), 7.90 (s, 1H, CCHN); 3C NMR (125 MHz CD;0D): &
(ppm) 35.2 (NHCH,), 52.5 (C-5), 62.4 (C-6), 67.7 (C-7), 71.6 (C-
4), 71.9 (C-3'), 72.4 (C-3), 74.1 (C-2"), 74.4 (C-5), 74.7 (C-2), 82.9
(C-4’), 93.1 (C-1"), 98.6 (C-1), 103.1 (CHCHCO), 125.5 (CCHN),
143.3 (CHCHCO), 146.0 (CCHN), 152.1, 158.9, 166.1, 171.9 (4CO).
Anal. Calcd for C31Hy9N7043-1.1H,0: C, 41.53, H, 5.18, N, 16.14.
found: C, 41.16; H, 4.77, N, 16.58.

4.50. N-Methyl[-4-[1-(5'-deoxyuridine)-1,2,3-triazole]]-
carboxymethyl a-p-glucopyranosyl-(1-4)-2-0-carbamoyl-o-p-
glucopyranoside 50

To a solution of compound 48 (39 mg, 0.081 mmol) in a tert-
butanol/H,O solution (1/1, 1mlL), 5’-azido-5'-deoxyuridine
(16.5 mg, 0.097 mmol, 1.2 equiv), sodium ascorbate (1M, 8.1 pL,
8.12 pmol, 0.1 equiv), and CuSO4 (0.3 M, 2.7 pL, 0.81 pmol,
0.01equiv) were added. The mixture was stirred at room tempera-
ture for 12 h. Solvents were evaporated, and the residue was chro-
matographed over silica gel (AcOEt/EtOH/H,O 6/4/1) to give
compound 50 (49 mg, 81%) as a colorless oil. [a]p =+105 (c 0.3,
H,0); HRMS-(ESI) calculated for C,;H3gN;0;3Na (M+Na)*=
772.2249, found 772.2256; 'H NMR (500 MHz, D,0): 4 (ppm)
341 (t, J=9.6Hz, H-4), 3.57 (dd, J=3.0Hz, J=9.6 Hz, H-2'),
3.66-3.86 (m, 9H, H-3', H-5', H-5, H-2, H-6, H-6/, H-4), 4.10-4.29
(m, 5H, H-2”, H-3", 3.70 (AB system, 2H, 5, 4.13, 6, 4.27,
J=15.5Hz, H-7), 4.21 (t, 1H, J=9.45 Hz, H-3)), 437 (m, 1H, H-
4"), 448-4.95 (m, 5H, H-2, H-5"a, H-5"b, CONH;), 5.07 (d, 1H,
J=2.5Hz, H-1), 542 (d, 1H, J=3.0 Hz, H-1"), 5.76 (Is, 1H, H-1"),
5.81 (d, 1H, J = 7.1 Hz, CHCHCO), 7.28 (d, 1H, J= 7.1 Hz, CHCHCO),
7.95 (s, 1H, CCHN); '*C NMR (125 MHz, D,0): § (ppm) 34.4
(NHCH,), 51.1 (C-5"), 60.6 (C-6' or C-6), 60.8 (C-6' or C-6), 66.6
(C-7), 69.6 (C-4"), 70.2 (C-3"), 71.1 (C-4), 71.4 (C-3), 72.0 (C-2'),
72.9 (C-2"), 73.1 (C-2), 73.2 (C-5' or C-3"), 73.2 (C-5 or C-3'), 76.5
(C-5), 81.0 (C-4"), 91.6 (C-1"), 96.8 (C-1), 100.0 (C-1’), 102.6
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(CHCHCO), 125.4 (CCHN), 142.6 (CHCHCO), 144.9 (CCHN), 151.9,
158.3, 166.7, 172.0 (4CO).

4.51. (N-Propargylcarbamoyl)methyl 3,4,6-tri-O-acetyl-2-0-
[(tert-butyloxycarbonyl)methyl]-a-p-glucopyranoside 51

To a solution of compound 36 (260 mg, 0.648 mmol) in anhy-
drous DMF (3 mL), K,CO3 (223 mg, 1.62 mmol, 2.5 equiv) was
added as well as tert-butyl bromoacetate (0.11 mL, 0.78 mmol,
1.2 equiv). The mixture was stirred at room temperature for 16 h
before being filtered. Solvents were evaporated under reduced
pressure, and the residue was taken in CH,Cl, (10 mL), washed
twice with 30 mL of an aqueous 10% NH,4CI solution. The organic
layer was then dried over Na,SO,4. After evaporation and purifica-
tion over silica gel (AcOEt/pentane: 2/1), compound 51 was ob-
tained as a white foam (238 mg, 72%). [«]p = +75 (c 0.5, CH,Cl,);
'H NMR (300 MHz, CDCl3): 6 (ppm) 1.41 (s, 9H), 1.95 (s, 3H), 2.0
(s, 3H), 2.02 (s, 3H) (30Ac), 2.12 (t, 1H, J = 2.5 Hz, CCH), 3.54 (dd,
1H, J=3.7 Hz, J = 9.9 Hz, H-2), 3.96-4.26 (m, 7H, H-5, H-6, H-7,
NHCH,), 4.10 (AB system, 2H, J, 3.99, J, 4.22, J=16.8 Hz, H-7),
491 (t, 1H, J=9.9 Hz, H-4), 5.20 (d, 1H, J= 3.7 Hz, H-1), 5.38 (t,
1H, J=9.8Hz, H-3), 7.63 (t, 1H, J=5.1Hz, NH); 'C NMR
(75 MHz, CDCl3): ¢ (ppm) 20.6, 20.7, 20.8 (3 Ac), 28.1 (CHs, t-Bu),
28.8 (NHCH,), 61.7 (C-6), 67.2 (C-7'), 67.8 (C-5), 68.2 (C-4), 69.8
(C-7), 71.3 (CCH), 72.6 (C-3), 78.4 (C-2), 79.4 (-CCH), 82.5 (Cq),
98.5 (C-1), 168.9, 169.1, 169.8, 170.1, 170.5 (5CO). Anal. Calcd for
Co3H33N0,-0.67H,0: C, 52.37; H, 6.57; N, 2.66. Found: C, 52.02;
H, 6.40; N, 2.53.

4.52. (N-Propargylcarbamoyl)methyl 3,4,6-tri-0-acetyl-2-0-
[(carboxy)methyl]-a-p-glucopyranoside 52

To a solution of compound 51 (153 mg, 0.297 mmol) in anhy-
drous CH,Cl, (1 mL), TFA (0.7 mL, 30 equiv) was added. The mix-
ture was stirred for 3h at room temperature before being
coevaporated twice with toluene (10 mL). The residue was shortly
chromatographed over silica gel (AcOEt/pentane: 3/1) to give prod-
uct 52 (123 mg, 90%) as a pale yellow oil. [«]p = +58 (¢ 0.3, CH,Cl,);
HRMS-ESI calculated for C;9H,5NO;5-Na* (MNa*) 482.1274, found
482.1273; 'H NMR (500 MHz, CDCl5): 6 (ppm) 2.02 (s, 3H), 2.09
(s, 3H), 2.10 (s, 3H) (30Ac), 2.25 (t, 1H, J = 2.2 Hz, CCH), 3.65 (dd,
1H, J=3.4 Hz, J=9.8 Hz, H-2), 3.96-4.26 (m, 8H, H-5, H-6, H-7a,
H-7', NHCH,), 440 (d, 1H, J=16.8 Hz, H-7b), 499 (t, 1H,
J=9.8 Hz, H-4), 530 (d, 1H, J= 3.4 Hz, H-1), 5.46 (t, 1H, J=9.8 Hz,
H-3), 7.85 (t, 1H, J=4.1 Hz, NH); '3C NMR (125 MHz, CDCl5): §
(ppm) 20.7, 20.8, 21.0 (3 Ac), 29.2 (NHCH,), 61.8 (C-6), 67.6 (C-
7"), 68.1 (C-5), 68.4 (C-4), 69.3 (C-7), 72.0 (CCH), 72.0 (C-3), 78.8
(C-2), 78.9 (CCH), 98.8 (C-1), 170.2, 170.6, 170.6, 171.1, 172.9
(5C0). Anal. Calcd for Ci9H»5NO;,-0.6H,0: C, 48.53; H, 5.62; N,
2.98. Found: C, 48.55; H, 5.47; N, 3.52.

4.53. (N-Propargylcarbamoyl)methyl 3,4,6-tri-0O-acetyl-2-0-
(propargyl)-a-p-glucopyranoside 53

To a solution of compound 36 (100 mg, 0.25 mmol) in anhy-
drous DMF (2 mL), 4 A molecular sieves were added as well as
NaH (12mg, 0.3 mmol, 1.2equiv) and propargyl bromide
(0.03 mL, 0.62 mmol, 2.5equiv). The reaction was stirred for
30 min before being quenched with acetic anhydride (1 mL).
The mixture was filtered and evaporated. The residue was taken
in CH,Cl, (10 mL) and washed twice with water (20 mL). The or-
ganic layer was dried over Na,SO,4, and the solvents were evapo-
rated. The residue was chromatographed over silica gel (AcOEt/
pentane: 2/1) to give the product 53 (62 mg, 56%) as a colorless
oil. [a]p=+36 (c 0.3, CH,Cly); 'H NMR (300 MHz, CDCl;): &
(ppm) 2.02 (s, 3H), 2.07 (s, 3H), 2.09 (s, 3H) (30Ac), 2.24 (t, 1H,

J=2.5Hz, CCH), 2,51 (t, 1H, J=2.2Hz, CCH), 3.81 (dd, 1H,
J=3.7Hz, J=9.7Hz, H-2), 4.00-4.42 (m, 9H, H-5, H-6, H-7,
NHCH,, OCH,), 4.98-5.04 (m, 2H, H-1, H-4), 542 (t, 1H,
J=9.7 Hz, H-3), 7.45 (t, 1H, J=5.5Hz, NH); '*C NMR (75 MHz,
CDCl5): 6 (ppm) 20.7, 20.8, 21.0 (3CH3), 28.8 (NHCH,), 59.6
(OCH,), 61.8 (C-6), 67.6 (C-7), 68.2 (C-4), 68.8 (C-5), 71.8 (C-3),
76.3 (CCH), 76.6 (C-2), 77.4 (CCH), 78.9 (CCH), 79.3 (CCH), 98.3
(C-1), 168.9, 169.9, 1703, 170.7 (4CO). Anal. Caled for
Cy0H25N01-0.43H,0: C, 53.79; H, 6.22; N, 3.14. Found: C, 53.47,
H, 5.90; N, 3.00. 71.8,

4.54. (N-Allylcarbamoyl)methyl 3,4,6-tri-O-acetyl-2-0-
(propargyl)-a-p-glucopyranoside 54

To a solution of compound 35 (52 mg, 0.129 mmol) in anhy-
drous DMF (1 mL), 4 A molecular sieves were added as well as
NaH (7.4 mg, 0.155mmol, 1.2 equiv) and propargyl bromide
(0.019 mL, 0.258 mmol, 2 equiv). The solution was stirred at room
temperature for 30 min before being quenched with acetic anhy-
dride (0.5 mL). After filtration, the residue was dissolved in
CH,Cl, (5 mL) and was washed twice with water (10 mL), and
the organic layer was dried over Na,SO4. The solvents were then
evaporated under reduced pressure, and the residue was purified
over silica (AcOEt/pentane: 2/1) to give the product 54 (32 mg,
55%) as a colorless oil. [a]p=+36 (c 0.3, CH,Cl,); 'H NMR
(300 MHz, CDCls): § (ppm) 2.02 (s, 3H), 2.07 (s, 3H), 2.07 (s,
3H) (30Ac), 2.60 (t, 1H, J=2.35Hz, -CCH), 3.80 (dd, 1H,
J=3.6Hz, J=9.9Hz, H-2), 3.93-4.11 (m, 5H, H-5, NHCH,,
CH,CCH), 4.17-4.35 (m, 4H, H-6, H-7), 5.04 (d, 1H, J=3,6 Hz, H-
1), 5.08 (t, 1H, J=9.5 Hz, H-4), 5.14-5.31 (m, 2H, CH=CH,), 5.46
(t, 1H, J=9.5 Hz, H-3), 5.81-5.94 (m, 1H, CH=CH,), 7.55 (t, 1H,
J=5.8Hz, NH); '*C NMR (75 MHz, CDCl5): & (ppm) 20.7, 20.8,
21.0 (3CH3), 41.6 (NHCH,), 59.5 (OCH,), 61.8 (C-6), 67.7 (C-7),
68.1, 68.4 (C-4, C-5), 71.9 (C-3), 75.9 (CCH), 76.6 (C-2), 78.9
(CCH), 983 (C-1), 116.9 (CH=CH,), 133.8 (CH=CH,), 168.8,
168.8, 170.2, 170.7 (4CO). Anal. Calcd for CyoH,7NO;0-H,0: C,
52.28; H, 6.36; N, 3.05. Found: C, 51.93; H, 6.07; N, 2.95.

4.55. (N-Propargylcarbamoyl)methyl 3,4,6-tri-0-acetyl-2-azido-
2-deoxy-o-p-mannopyranoside 55

To a solution of compound 36 (94 mg, 0.23 mmol) in anhydrous
CH,Cl, (2 mL), pyridine (38 uL, 0.47 mmol, 2 equiv) and 4 A molec-
ular sieves were added. To this mixture, a solution of triflic anhy-
dride (88 pL, 0.35 mmol, 1.5 equiv) in CH,Cl, (200 pL) was added
dropwise at —17 °C. The reaction mixture was warmed to room
temperature over 1 h. The mixture was then filtered, rinsed with
CH,Cl,, and washed twice with a NaHCO3 solution (10%, 10 mL)
and dried over Na,SO4. Solvents were evaporated, and the residue
was dissolved in anhydrous DMF (2 mL). To this solution, 4 A
molecular sieves, NaN5 (304 mg, 4.68 mmol, 20 equiv), and a cata-
lytic amount of tetrabutylammonium iodide were added. The reac-
tion was stirred at 60 °C overnight before being filtered. After
evaporation, the residue was purified over silica gel (toluene/
AcOEt: 2/1) to give the desired azide 55 (70 mg, 77%) as a pale yel-
low oil. [a]p=+27 (¢ 1.0, CH)Cl;); HRMS-ESI calculated for
C17H22N409-Na* (MNa*) 449.1284, found 449.1291; 'H NMR
(300 MHz, CDCl3): § (ppm) 1.99 (s, 3H), 2.03 (s, 3H), 2.05 (s, 3H)
(30Ac), 2.22 (t, 1H, J = 2.5 Hz, CCH), 3.85 (m, 1H, H-5), 4.03-4.09
(m, 4H, H-2, H-6a, NHCH,), 4.09 (AB system, 2H, J, 4.00, J;, 4.17,
J=15.0Hz, H-7), 4.18 (dd, 1H, J=5.2 Hz, J=12.2 Hz, H-6b), 4.84
(Is, 1H, H-1), 5.21-5.33 (m, 2H, H-3, H-4), 6.60 (t, 1H, J = 5.5 Hz,
NH); 3C NMR (75 MHz, CDCl5): 6 (ppm) 20.6, 20.7, 20.8 (3CH3),
28.8 (NHCH,;), 61.0 (C-2), 62.0 (C-6), 65.7 (C-4), 67.0 (C-7), 69.4
(C-5), 70.9 (C-3), 72.0 (CCH), 79.1 (CCH), 98.4 (C-1), 167.6, 169.5,
170.3, 170.7 (4CO).
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4.56. (N-Allylcarbamoyl)methyl 3,4,6-tri-0-acetyl-2-azido-2-
deoxy-o-p-mannopyranoside 56

The procedure described for obtaining compound 55 (see Sec-
tion 4.55) was performed on compound 35 (520 mg, 1.29 mmol)
to give azide 56 (527 mg, 96%) as a pale yellow oil. [a]p =+69 (c
0.5, CH,Cl,); HRMS-ESI calculated for C;7H,4N409-Na® (MNa®)
451.1441, found 451.1442; 'H NMR (300 MHz, CDCls): 6 (ppm)
1.99 (s, 3H), 2.03 (s, 3H), 2.05 (s, 3H) (30Ac), 3.82-3.91 (m, 3H,
H-5, NHCH,), 4.03 (dd, 1H, J=2.2 Hz, ] = 12.3 Hz, H-6a), 4.05 (AB
system, 2H, 6, 3.97, 6, 4.14, J=15.3 Hz, H-7), 4.09 (dd, 1H,
J=1.7Hz, J=3.2 Hz, H-2), 4.18 (dd, 1H, J=5.3 Hz, J=12.3 Hz, H-
6b), 4.85 (d, 1H, J=1.7Hz, H-1), 5.09-5.21 (m, 2H, CH=CH,),
5.22-5.28 (m, 2H, H-3, H-4), 5.70-5.90 (m, 1H, CH=CH,), 6.47 (t,
1H, J = 5.3 Hz, NH); '>C NMR (75 MHz, CDCl3): 6 (ppm) 20.4, 20.5,
20.6 (30Ac), 41.3 (NHCH,), 60.9 (C-2), 61.9 (C-6), 65.5 (C-4), 66.7
(C-7), 69.1 (C-5), 70.7 (C-3), 98.0 (C-1), 116.5 (CH=CH,), 133.6
(CH=CH,), 167.6, 169.3, 170.0, 170.5 (4CO).
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