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Selective Synthesis Under Microwave Irradiation of Carbohydrate Derivatives
Containing Unsaturated Systems
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The selective synthesis of sugars containing vinyl ester- and
vinyl ether-type side chains was developed by means of es-
terification and Wittig olefination procedures. The studies
were focused on the anomeric position of D-xylose and on
the primary carbon positions of D-glucose and sucrose. Mi-
crowave heating was used in both cases, and the results ob-

tained show the usefulness of microwave irradiation for the
development of cleaner technologies in carbohydrate chem-
istry.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2007)

Introduction

Carbohydrates are biorenewable resources fundamental
to life, which occur in all plants and animals and serve
many vital functions, such as energy storage, biological sig-
nalling, recognition mechanisms and structural support in
the plant kingdom.!"! Common sugars are available in large
amounts from natural products, and hence, constitute a
suitable renewable source of starting materials in organic
synthesis.”) Among them we can sucrose, glucose and xy-
lose. Sucrose is a major source of cheap chirality and is
produced worldwide in large quantities; glucose is the most
abundant organic molecule on the planet (predominantly in
its polymeric form, cellulose); and xylose is a natural pen-
tose obtained from the xylan-rich portion of hemicelluloses
from plant cell walls and fibre. These compounds are highly
functionalised molecules with complex stereochemistry due
to the presence of several hydroxylated stereogenic centres,
which are challenging to chemically differentiate.

Branched-chain sugars are constituents of antibiotics
and nucleotides and are of value in the synthesis of optically
pure non-carbohydrate natural products.>! Also, the selec-
tive derivatisation of sugars with unsaturated moieties is
presently one of the easiest methods for the production of
potentially biodegradable and biocompatible polymers®-!2I
and for the assembly of asymmetric molecules using carbo-
hydrates as chiral auxiliaries.['3-!*]

The selective protection of the primary carbon positions
of sucrose and D-glucose with TBDPS and TBDMS ethers,
followed by the one-step formylation of the silyl ethers with
the POCl;'DMF complex (Vilsmeier—-Haack complex) has
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previously been studied.['® Herein, we present the reaction
of such O-formyl derivatives with stabilized Wittig reagents
to give branched-chain olefinic compounds. Wittig ole-
fination is widely used for the conversion of an aldehyde or
ketone into an olefin, but only a few examples can be found
in the literature concerning Wittig olefination of less reac-
tive carbonyl groups (esters, amides, anhydrides or lac-
tones).[!7-19]

Esters are classically prepared either by the esterification
of carboxylic acids with alcohols using acidic catalysis, by
transesterification or by alkylation of carboxylate
anions.?*2?1 This latter method is now applied to sugar
bromides by reaction with unsaturated carboxylates pre-
pared in situ from the corresponding carboxylic acid and a
suitable base.

Since the 1970s, extensive studies have reported the appli-
cation of microwave (MW) irradiation in different areas of
chemistry, by use of either domestic ovens or monomode
reactors.’>27l Some applications of MW technology in
carbohydrate chemistry have also been described.?’-3¢
Such technology is widely employed in our studies, per-
formed either in the presence or in the absence of solvent,
as a means of accelerating the olefination-esterification pro-
cesses as well as contributing to the overall aim of de-
veloping cleaner and more efficient technologies.

Results and Discussion

Wittig Olefination of Sugar Formates

With a view to introducing unsaturated side chains onto
carbohydrates, glucose and sucrose derivatives 1-4,16-37]
having an O-formyl group at different primary carbon posi-
tions, underwent Wittig olefination with stabilized phos-
phorus ylides 5-7 (Scheme 1). The reaction was performed
in a multimode microwave oven at 300 W and in the ab-
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Scheme 1. Wittig olefination of O-formylated sugars.
Table 1. Results obtained by the Wittig olefination of sugar derivatives under microwave irradiation.
Entry Starting sugar Phosphorane Reaction time [min] Product ElZ % Yield
1 1 5 8 8 5.1:1 80
2 1 6 10 9 4.3:1 80
3 1 7 6 10 4.0:1 78
4 2 5 10 11 6.7:1 79
5 2 6 15 12 5.1:1 79
6 2 7 8 13 3.2:1 68
7 3 5 5 14 5.8:1 85
8 3 6 5 15 4.9:1 87
9 3 7 3 16 3.2:1 90
10 4 5 10 17 7.3:1 79
11 4 6 10 18 5.1:1 80
12 4 7 5 19 4.7:1 77

[a] Isolated yield of pure products.

sence of solvent. The results obtained are summarized in
Table 1.

Stabilized ylides are known to react readily with alde-
hydes but slowly or not at all with ketones. In these studies,
3656
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we have observed that the same chemoselectivity is valid
for esters, since only the formyl group underwent
Wittig olefination while all the acetyl groups remained un-
reacted.
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The microwave power supplied (300 W) was enough to
melt both the sugar and phosphorus ylides 5 and 6, and
hence, the reactions occurred without the need for solvent.
Phosphorane 7 is unstable at high temperatures,'?”! as it de-
composes at 190 °C, but here again, the reaction readily oc-
curred once the sugar melted.

The results obtained are good with slightly higher yields
and shorter reaction times for the less-hindered position 6’
of sucrose (Table 1, Entries 7-9).

In all the above reactions both (E) and (Z) isomers were
obtained, with the (E) isomer predominating, as expected
for stabilized phosphorus ylides.[**4% The isomers could be
easily separated by column chromatography, and their ratio
was calculated for the isolated compounds. We also note
from our results that the selectivity for the (E) isomer is
higher for the phosphoranes with an ester group (Table 1,
Entries 1, 2,4, 5,7, 8, 10 and 11) than it is for the one with
a nitrile group (Table 1, Entries 3, 6, 9 and 12).

The Wittig olefination was also tested under conven-
tional heating conditions by refluxing sugar derivatives 1—
4 with phosphoranes in toluene. The selectivities obtained
(Table 2) were similar to those for MW heating. The main
advantages of MW irradiation were the large reduction in
reaction times, the possibility of decreasing the amount of
phosphorane by half and the omission of solvents, thereby
representing a greener approach to this olefination.

Table 2. Comparative selectivities for the Wittig olefination under
MW and conventional heating.

Entry Starting Phos- ElZ ElZ
phorane
(microwave)  (conventional)
sugar fal bl
1 1 5 5.1:1 6.8:1
2 1 6 4.3:1 4.8:1
3 1 7 4.0:1 3.6:1
4 2 5 6.7:1 6.8:1
5 2 6 5.1:1 4.1:1
6 2 7 3.2:1 3.7:1
7 3 5 5.8:1 6.2:1
8 4 5 7.3:1 8.0:1

[a] Reaction times were 5-15 min. [b] Reaction conditions: 4 equiv.
of phosphorane, toluene, reflux, 24 h.

Esterification of Sugar Bromides

The method described above allows for the introduction
of a vinyl ether-type m system at the primary carbon posi-
tion of sugars. The esterification of sugar bromides repre-
sents another possible approach, in which the side chain
will be a vinyl ester-type unsaturated system.

The procedure reported in the literature!?->?! involves the
reaction of an alkylating agent with a carboxylate prepared
in situ from the corresponding carboxylic acid and a base
(Scheme 2). As far as we know, such a process is only de-

£ TBAI 2
R-C + K,C03 * Ry™Br —— R-C + K'Br-
OH xylene O-R,

Scheme 2. Esterification of alkyl bromides.
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scribed for the esterification of alkyl halides with aromatic
or saturated carboxylic acids.?%?21 The work presented here
extends the methodology to sugar bromides under MW ir-
radiation.

Our studies were directed to the anomeric position of D-
xylose and the primary carbon positions of D-glucose and
sucrose. These sugars underwent esterification by the reac-
tion of the corresponding bromides with three different un-
saturated carboxylic acids: methacrylic acid (20), trans-cro-
tonic acid (21) and trans-cinnamic acid (22), see Figure 1.

HO,C HO,C HO,C
CH, \=cH \=cn
H;C CH; Ph
methacrylic acid trans-crotonic acid trans-cinnamic acid
20 21 (22)

Figure 1. Unsaturated carboxylic acids used for esterification.

The sugar bromides 23-28 were prepared by known pro-
cedures (Figure 2).[41"43 Sucrose has three different primary
OH groups, and its monobromination occurred predomi-
nantly at position 6’.

o Br
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Figure 2. Chemical structure of the sugar bromides used.

In a first approach, we intended to study the anomeric
selectivity upon esterification of xylose derivative 23 with
different unsaturated esters 20-22 under conventional heat-
ing. These reactions were carried out in xylene at 90 °C for
30 min. The products obtained (29-31, Scheme 3) were an-
omeric mixtures containing an equal proportion of the a

and B anomers.
(6]
TAN A
“ B20 “ B20 Jg/\
O pra
2
23 o R

Br

29:RI=Me, R2=11
30:R'=H,R?=Me
31:R1=H,R%=Ph

Scheme 3. Esterification of a xylosyl bromide.
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In order to find the most efficient method to obtain
selectivity in the esterification and greener alternatives for
our synthesis, we decided to explore two distinct experimen-
tal conditions under MW irradiation; method A: solid-li-
quid phase-transfer catalysis (PTC) with tetrabutylammo-
nium iodide (TBAI), using K,CO; as the base in the non-
polar solvent xylene or the polar mixture of water/acetone
(1:1) or method B: homogeneous mixtures of reagents in
pyridine or 1,1,3,3-tetramethylguanidine (TMG), which
acts as both the solvent and base catalyst. The results ob-
tained in MW-assisted esterification are summarized in
Table 3.

Table 3. Results obtained by MW esterification of xylose derivative
23.

Entry Product Base/solvent Power [W] a/Bl % Yield®
1 29 K,COs/xylene 600 I:1.1 65
2 29 K,COs/ 100 1:6.5 70
water/acetone (1:1)
3 29 pyridine 600 - -
4 29 T™MG 100 - -
5 30 K,COs/xylene 600 1:1.3 68
6 30 K,COs/ 100 1:6.2 62
water/acetone (1:1)
7 30 pyridine 600 - -
8 30 TMG 100 - -
9 31 K,COs/xylene 600 1:1.3 68
10 31 K,COs/ 100 1:5.2 67
water/acetone (1:1)
11 31 pyridine 600 - -
12 31 T™MG 100 - -

[a] Anomeric ratio was determined by 'H NMR spectroscopy. [b]
Isolated yields of pure anomeric mixtures.

By pre-treating the unsaturated acids 20-22 with solid
K,COj; at room temperature in xylene and then performing
the reaction with sugar bromide 23 at 600 W in an open
flask (method A), we obtained anomeric mixtures of sugar-
derived vinyl esters, with a slight excess of the f anomer
(a/f = 1:1.1 for 29, 1:1.3 for 30 and 1:1.3 for 31, Table 3,
Entries 1, 5 and 9). These results were similar to those ob-
tained under conventional heating, so a better approach
could be the use of a different solvent. In this context, when
replacing xylene by the polar mixture of water/acetone (1:1)
and mixing all the reagents at once in a sealed tube (Table 3,
Entries 2, 6 and 10), we observed that irradiation at 100 W
for only 5 min led to complete reactions and a pronounced
B-selectivity (a/B = 1:6.5 for 29, 1:6.2 for 30 and 1:5.2 for
31). These results show an increase in the anomeric selectiv-
ity (o/p = 1:6 vs. 1:1) when the esterification was performed
in a polar system (water/acetone) compared to a nonpolar
one (xylene). As expected, the reaction also occurred under
milder conditions with water/acetone since it has better
MW absorption than the nonpolar xylene (100 W vs.
600 W).

When we replaced the inorganic base K,CO; with pyr-
idine (Table 3, Entries 3, 7 and 11), after a 5 min reflux at
600 W, we observed that the reaction mixture did not show
the presence of the desired products or the starting sugar.
For each case, the NMR spectra of the crude products were
3658
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similar, apart from the presence of different carboxylic ac-
ids, and showed traces of the same sugar-derived byprod-
ucts.

Additionally, with TMG (Table 3, Entries 4, 8 and 12),
after only 5 min at 100 W, all the starting sugar was con-
sumed, but no esterification products were detected by
TLC, and only a very complex crude mixture was obtained.

The esterification reaction was also studied at the pri-
mary carbon positions of sugar bromides 24-28 (Scheme 4),
and the results obtained are listed in Table 4.

O
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Scheme 4. Esterification products of glucose and sucrose.

After pre-treating trans-cinnamic acid with solid K,CO;
at room temperature in xylene and then performing the re-
action with glucose bromide 24 in the presence of Ag,CO3
at 600 W in an open flask (method A) for 10 min, we ob-
tained a 57% yield of product and recovered 32% of the
starting material (Table 4, Entry 1). This method was also
tested using lower MW power (100 W and 300 W), but the
esterification did not occur, and we only recovered the start-
ing material.

The reaction of glucose derivative 24 according to
method A but with the polar solvent water/acetone (with
Ag,CO3) in a sealed tube at 100 W for 7 min afforded a
17% yield of esterification product 32 and a complex mix-
ture of more polar sugars (showing different degrees of de-

Eur. J. Org. Chem. 2007, 3655-3668
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Table 4. Results obtained in the esterification of sugar bromides.

Entry Starting sugar Base/solvent Ag,CO; 22 Power Reaction time Products % Yield®!
(equiv.) (equiv.) [W] [min]

1 24 K,COs/xylene 2 2 600 10 32+24 57 + 32

2 24 K,CO4/ 2 2 100 7 32+24 17 + 19
water/acetone (1:1)

3 24 K,CO4/ 2 2 100 30 32+24 6+7
water/acetone (1:1)

4 24 pyridine 2 2 600 10 32 67

5 24 T™MG - 2 100 5 32 74

6 25 K,CO4/ 2 2 100 12 33+ 25 27 + 17
water/acetone (1:1)

7 25 K,CO»/ 2 2 100 80 33+ 25 6+3
water/acetone (1:1)

8 25 T™MG - 2 100 30 33+25 53+5

9 26 pyridine 4 4 600 60 34+35 23+ 16

10 26 T™MG - 5 100 60 34 28

11 27 pyridine 3 4 600 30 35 58

12 27 T™MG - 4 100 30 35 32

13 28 pyridine 4 5 600 130 bl el

14 28 TMG - 10 100 90 L] L

[a] Isolated yield of pure compounds. [b] No products were obtained. [c] 50% of the starting sugar 28 was recovered.

protection), together with 19% of the starting material
(Table 4, Entry 2). When the reaction time was extended to
30 min (15+15) we still recovered 7% of starting material
but obtained only a 6% yield of esterification product 32,
and again, a comparable complex mixture of more polar
sugars (Table 4, Entry 3). In order to understand which rea-
gent was promoting the acetyl group deprotection, a similar
reaction was conducted in the absence of silver salt with an
extended reaction time (40 min). This attempt did not yield
any esterification product or mixture of more polar sugars
like the reactions described above, and only the starting ma-
terial was recovered. It is reported in the literature!*+#3 that
acetyl groups can be removed with K,COs/methanol/water
at room temperature and our results show that K,COs/ace-
tone/water only removes the protecting group in the pres-
ence of the silver salt. Another conclusion we can point out
is that, on the contrary to what occurred at the anomeric
position of xylose, for the primary carbon position of glu-
cose the presence of a silver salt is essential for the reaction
to occur.

When employing method B, the reaction between glucose
bromide 24 and 2 equiv. of frans-cinnamic acid in the pres-
ence of Ag,COs; in refluxing pyridine was complete after
10 min at 600 W, yielding 32 in 67% yield (Table 4, Entry
4). By replacing pyridine with TMG (Table 4, Entry 5), the
esterification was faster even under milder conditions
(100 W instead of 600 W) and in the absence of silver salt.
Purification of the crude mixture afforded the expected
product (32) in 74% yield.

The same reactions were tested with the benzoyl glucose
derivative 25 with analogous results. In aqueous media
(method A) after 12 min, we obtained a 27 % yield of esteri-
fication product 33 and recovered 7% of the starting mate-
rial (Table 4, Entry 6). When we prolonged the reaction
time to 80 min, we still recovered starting material (3 %),
but the yield of the esterification product diminished (6%,
Table 4, Entry 7) due to degradation of the sugar. Per-
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forming the reaction with TMG (method B) over 30 min at
100 W yielded 53% of 33 and 5% of the starting material
(Table 4, Entry 8).

For the 6-bromosucrose derivative 26, esterification with
4 equiv. of trans-cinnamic acid in refluxing pyridine at
600 W (method B) proceeded in 1 h, showing two major
products (Table 4, Entry 9) which were identified as the de-
sired esterification product 34 (23% yield) and a second es-
terification product (16% yield), in which the TBDPS group
and bromide had been removed. This second product was
again acetylated, affording 35 in quantitative yield.

Silver salts are reported to remove TBDMS ethers in the
presence of TBDPS ethers in 8 h at room temperature.[*¢]
However, by the use of MW irradiation at 600 W, we ob-
served the removal of the more bulky TBDPS group. We
can not discard the possibility that the presence of some
free bromide in the reaction medium could have contrib-
uted to the deprotection as well.[4”]

When the reaction of the same sucrose derivative was
performed in TMG (Table 4, Entry 10), the starting mate-
rial was totally consumed after 1 h at 100 W. Purification
afforded esterification product 34 in 28% yield and a com-
plex mixture of byproducts resulting from desilylation and
random deacetylation.[ 3]

The 6’-bromosucrose derivative 27 reacted completely in
refluxing pyridine at 600 W for 30 min (method B), afford-
ing product 35 in 58% yield (Table 4, Entry 11), without
the detection of any other major secondary product. With
TMG (Table 4, Entry 12), the reaction was complete after
30 min at 100 W, but product 35 was isolated in only a 32%
yield. This low yield was once more due to the formation
of a complex mixture of byproducts.8! As could be ex-
pected by the less-hindered environment at position 6’, the
reaction was faster than at position 6; comparison of En-
tries 9 and 10 with Entries 11 and 12 (Table 4) demonstrates
that the time required for completion was two times smaller
for 27.
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Applying similar conditions (method B with pyridine or
TMGQG) for the 1’-bromosucrose derivative 28, no esterifica-
tion product was detected even after prolonged reaction
times, and the starting material was always recovered to-
gether with some degradation products (Table 4, Entries 13
and 14). These results reflect the effect of the bulkiness
around the bromide group in the esterification reaction,
since position 1’ is the most hindered one.

Our studies led us to conclude that the most suitable re-
action conditions for each sugar derivative were method A
in water/acetone at 100 W for xylose (which showed anom-
eric selectivity), method B in TMG at 100 W for glucose,
and method B in pyridine at 600 W for sucrose.

Synthesis of Steroid Derivatives

The esterification method discussed above can be ex-
tended to the synthesis of steroid derivatives, including sa-
ponins. Deoxycholic acid is one of the major bile acids pro-
duced by the liver. Bile acids have been considered in the
preparation of new drugs since bile-acid-conjugated materi-
als can retain the properties of bile acids, such as amphi-
philicity, the capacity for self-assembling, high chemical sta-
bility and binding ability to bile acids transporters in the
intestine!*®! (Scheme 5).

23—

BRONQ 2
BzO (6] OH
B20 W

O38

Scheme 5. Esterification of deoxycholic acid.

Some preliminary results are shown in Table 5. The ester-
ification reaction between glucose bromide 25 and deoxy-
cholic acid (2 equiv.) with TMG in an open vessel at 100 W
(method B) over 20 min gave the desired product 37 in 82%
yield (Table 5, Entry 1). When applying method A [water/
acetone (1:1)] to xylosyl bromide 23, all the starting mate-

Table 5. Results obtained for the synthesis of deoxycholates.

Entry  Starting sugar  Base/solvent Reaction time [min] % Yield®
1 25 T™MG 20 82
23 K,COs/ 5 38
water/acetone

(1:1)
[a] Isolated yield of pure product.
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rial was consumed in 5 min, and only the § anomer of sapo-
nin 38 was formed, in 38% yield, together with some un-
identified non-deoxycholate byproducts.

Conclusions

We have explored useful MW methodologies for the in-
troduction of unsaturated systems onto carbohydrates. By
means of a Wittig olefination, vinyl ether-type chains were
selectively appended to the primary carbon positions of su-
crose and glucose in short reaction times and without the
need for solvents. Similarly, the MW-assisted esterification
of sugar bromides allowed for the attachment of vinyl ester-
type side chains. In the case of xylose, these studies were
directed at the anomeric position, and the anomeric selec-
tivity was analysed for different solvents.

Experimental Section

General Methods: All solvents were purified before use.5% All reac-
tions were monitored by thin layer chromatography, which was per-
formed with aluminium-backed silica gel Merck 60 F,s4 plates, and
compounds were detected by ultraviolet light or by staining with
10% solution of H,SO, in ethanol, followed by heating. Flash
chromatography was carried out using silica gel from Macherey—
Nagel (Kieselgel 60 M). Preparative layer chromatography was per-
formed with glass plates coated with 1 mm of silica gel (Macherey-
Nagel, Kieselgel DGF,s4). Melting points were determined with a
capillary apparatus and are uncorrected. Elemental analyses were
performed with Thermo Finnigan-CE Flash EA 1112 CHNS series
analyser. NMR spectra were recorded with a Bruker AMX-
400 MHz apparatus in CDCls, using TMS as internal standard,
with chemical shift values () in ppm. Structural assignment of all
new compounds was made by 2D NMR techniques (COSY 45 and
HMQC) using standard pulse sequences and parameters recom-
mended by the manufacturer. The 13C distortionless enhancement
by polarization transfer (DEPT 135) spectra were also measured in
order to determine the exact 'H signal multiplicity and to differen-
tiate among CH;, CH,, CH and C. Optical rotations were mea-
sured at 20 °C with an Optical Activity AA-1000 polarimeter at
589 nm. Microwave experiments were conducted in a Milestone
MicroSYNTH apparatus.

General Method for the Wittig Olefination: Wittig reactions were
performed at 300 W power, in an open flask and in the absence of
solvent, for the times indicated in Table 1. The phosphoranes 5 and
7 were prepared according to known procedures. Phosphorane 6
was purchased from Aldrich.

Methyl 2,3,4-Tri-O-acetyl-6-O-|(1 E)-3-ethoxy-3-0xo-1-propenyl]-a-
D-glucopyranoside (8a) and Methyl 2,3,4-Tri-O-acetyl-6-O-[(12)-3-
ethoxy-3-oxo-1-propenyl|-a-D-glucopyranoside (8b): According to
the general method, 1 (100 mg, 0.287 mmol) and 5 (200 mg,
2 equiv., 0.574 mmol) were reacted for 8 min. Flash chromatog-
raphy with hexane/diethyl ether (gradient from 1:1 to 1:2 to 1:4)
afforded 8a (80.4 mg, 67% yield, colourless oil) and 8b (15.8 mg,
13% yield, colourless oil). 8a: [a]f = +125.4 (¢ = 1.0, CHCl;). 'H
NMR (400 MHz, CDCly): 6 = 7.56 (d, J = 12.6 Hz, 1 H, 7-H), 5.49
(t, J =9.7Hz, 1 H, 3-H), 5.23 (d, J = 12.6 Hz, 1 H, 8-H), 5.03 (t,
J=9.8Hz, 1 H,4-H),4.96 (d, J=3.4Hz, 1 H, 1-H), 4.88 (dd, J, »
=3.5Hz, J,5;=10.2Hz, | H, 2-H), 4.16 (q, /= 7.1 Hz, 2 H, CH>-
CHs), 4.04 (td, J45 = 10.0 Hz, J56 = 4.0 Hz, 1 H, 5-H), 3.91 (d,

Eur. J. Org. Chem. 2007, 3655-3668
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Jss = 3.9Hz, 2 H, 6-H), 3.41 (s, 3 H, OCHs), 2.08, 2.04, 2.01 (3 s,
9 H, 3 CH;) 1.27 (t, J = 7.1 Hz, 3 H, CH,-CH3) ppm. '*C NMR
(100 MHz, CDCl3): 0 = 170.0, 169.9, 169.6 (acetyl C=0), 167.3
(EtO-C=0), 161.9 (C-7), 97.5 (C-8), 96.6 (C-1), 70.7 (C-2), 69.9 (C-
3), 69.5 (C-6), 68.9 (C-4), 67.4 (C-5), 59.9 (CH,-CH3), 55.5
(OCH3), 20.7 (acetyl CHj3), 14.3 (CH,-CHj3) ppm. C3H»601;
(418.15): caled. C 51.67, H 6.26; found C 51.72, H 6.31. 8b: 'H
NMR (100 MHz, CDCls): 6 = 6.53 (d, J = 7.0 Hz, 1 H, 7-H), 5.49
(t, J=9.7Hz, 1 H, 3-H), 495 (t, J = 9.6 Hz, 1 H, 4-H), 494 (d, J
=3.8Hz, 1 H, 1I-H), 4.85 (dd, J;, = 3.5Hz, J,; = 10.3Hz, 1 H,
2-H),4.84(d,J=7.1Hz, 1 H, 8-H),4.15(q, J = 7.1 Hz, 2 H, CH>-
CHs), 4.09 (m, Ju5 = 10.2 Hz, Jsg, = 2.0 Hz, Js 5 = 2.6 Hz, 2 H,
5-H, 6a-H), 3.98 (dd, Js ¢ = 6.7 Hz, Jeu6p = 11.4 Hz, 1 H, 6p-H),
3.39 (s, 3 H, OCHs;), 2.08, 2.04, 2.01 (35,9 H, 3 CH3), 1.27 (t, J
= 7.4 Hz, 3 H, CH,-CH;) ppm. '*C NMR (100 MHz, CDCl,): § =
170.1, 169.9, 169.8 (acetyl C=0), 165.1 (EtO-C=0), 159.0 (C-7),
96.4 (C-8), 96.3 (C-1), 73.6 (C-6), 70.7 (C-2), 69.8 (C-3), 69.0 (C-
4), 68.3 (C-5), 59.5 (CH,-CHs;), 55.3 (OCH5;), 20.6, 20.6, 20.5 (ace-
tyl CH3), 14.2 (CH,-CH3) ppm.

Methyl 2,3,4-Tri-O-acetyl-6-O-|(1 E)-3-methoxy-3-oxo-1-propenyl|-
a-D-glucopyranoside (9a) and Methyl 2,3,4-Tri-O-acetyl-6-O-|(12)-
3-methoxy-3-o0xo0-1-propenyl]-a-D-glucopyranoside (9b): According
to the general method, 1 (100 mg, 0.287 mmol) and 6 (192 mg,
2 equiv., 0.574 mmol) were reacted for 10 min. Flash chromatog-
raphy with hexane/diethyl ether (gradient from 1:1 to 1:2 to 1:4)
afforded 9a (74.6 mg, 64% yield, colourless needles) and 9b
(17.4 mg, 15% yield, colourless oil). 9a: m.p. 104-105 °C. [a]¥ =
+138.8 (¢ = 1.0, CHCl;). 'H NMR (400 MHz, CDCl5): § = 7.56
(d,J=12.6Hz, 1 H, 7-H), 549 (t, J = 9.7 Hz, 1 H, 3-H), 5.24 (d,
J=12.6Hz, 1 H, 8-H), 5.03 (t, J = 9.8 Hz, 1 H, 4-H), 495 (d, J
=3.5Hz, 1 H, I-H), 4.88 (dd, J;, = 3.6 Hz, J,; = 10.2 Hz, 1 H,
2-H), 4.04 (td, J45 = 10.1 Hz, Jsc = 4.0 Hz, 1 H, 5-H), 3.91 (d, Js
= 3.8 Hz, 2 H, 6-H), 3.70 (s, 3 H, vinyl OCH;), 3.41 (s, 3 H, Glc
OCHS3), 2.08, 2.04,2.01 (3,9 H, 3 CH3) ppm. '3C NMR
(100 MHz, CDCl3): ¢ = 170.0, 169.9, 169.6 (acetyl C=0), 167.8
(MeO-C=0), 162.1 (C-7), 97.2 (C-8), 96.7 (C-1), 70.7 (C-2), 69.9
(C-3), 69.6 (C-6), 68.9 (C-4), 67.4 (C-5), 55.5 (Glc OCH5;), 51.1
(vinyl OCH3), 20.6 (CH3) ppm. C;;H,40,; (404.13): caled. C 50.49,
H 5.98; found C 50.77, H 6.22. 9b: 'H NMR (400 MHz, CDCls):
0=16.54(d,J="7.0Hz | H, 7-H), 549 (t, J = 9.7 Hz, 1 H, 3-H),
494 (d, J=3.8Hz, 1 H, 1-H), 494 (t, J = 9.6 Hz, 1 H, 4-H), 4.85
(dd, Jy, = 3.6 Hz, J,5 = 10.0 Hz, 1 H, 2-H), 4.84 (d, J = 7.1 Hz,
1 H, 8-H), 4.10 (m, 2 H, 5-H, 6a-H), 3.99 (dd, Js g = 6.7 Hz, Jeq 6p
=11.3 Hz, 1 H, 6B-H), 3.69 (s, 3 H, vinyl OCH;), 3.39 (s, 3 H, Glc
OCH3), 2.08, 2.04,2.01 (35,9 H, 3 CH3) ppm. '3C NMR
(100 MHz, CDCl3): 0 = 170.1, 169.9, 169.7 (acetyl C=0), 165.4
(MeO-C=0), 159.1 (C-7), 96.4 (C-8), 96.1 (C-1), 73.7 (C-6), 70.8
(C-2), 69.8 (C-3), 69.0 (C-4), 68.4 (C-5), 55.3 (Glc OCH3;), 50.9
(vinyl OCH3), 20.65, 20.61 (CH;) ppm.

Methyl 2,3,4-Tri-O-acetyl-6-O-|(1 E)-cyanovinyl]-o-D-glucopyrano-
side (10a) and Methyl 2,3,4-Tri-O-acetyl-6-O-[(1 Z)-cyanovinyl]-0-D-
glucopyranoside (10b): According to the general method, 1 (100 mg,
0.287 mmol) and 7 (173 mg, 2 equiv., 0.574 mmol) were reacted for
6 min. Flash chromatography with hexane/diethyl ether (gradient
from 1:1 to 1:2 to 1:4) afforded 10a (66.7 mg, 63 % yield, colourless
oil) and 10b (16.6 mg, 16% yield, colourless oil). 10a: '"H NMR
(400 MHz, CDCl;): 6 = 7.18 (d, J = 129 Hz, 1 H, 7-H), 5.49 (t, J
=9.8Hz, 1 H, 3-H), 5.00 (t, J = 9.8 Hz, 1 H, 4-H), 495 (d, J =
3.5Hz, 1 H, 1-H), 4.86 (dd, J,, = 3.6 Hz, J,5 = 10.2Hz, 1 H, 2-
H),4.72 (d, J =129 Hz, 1 H, 8-H), 4.02 (ddd, J4 5 = 10.1 Hz, Js ¢,
=3.0Hz, Jse = 48 Hz, 1 H, 5-H), 3.94 (m, 2 H, 6-H), 3.42 (s, 1
H, OCHs;), 2.08, 2.05, 2.02 (3 5, 9 H, 3 CH3) ppm. 3*C NMR
(100 MHz, CDCl3): 6 = 170.0, 169.9, 169.6 (C=0), 164.5 (C-7),
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116.9 (CN), 96.7 (C-1), 76.6 (C-8), 70.5 (C-6), 70.3 (C-2), 69.7 (C-
3), 68.6 (C-4), 67.5 (C-5), 55.6 (OCHs3), 20.6 (CHs) ppm. 10b: 'H
NMR (400 MHz, CDCLy): § = 6.78 (d, J = 6.3 Hz, 1 H, 7-H), 5.50
(t, J=9.6Hz, 1 H, 3-H), 494 (d, J = 3.3 Hz, 1 H, 1-H), 4.90 (t, J
= 9.5Hz, 1 H, 4-H), 4.84 (dd, J;, = 3.6 Hz, J,5 = 102 Hz, 1 H,
2-H), 440 (d, J = 6.3 Hz, 1 H, 8-H), 4.16 (dd, Js 4, = 1.5 Hz, Jeq.p
= 10.7Hz, | H, 60-H), 4.02 (m, 2 H, 5-H, 6p-H), 3.41 (s, 1 H,
OCH,), 2.08, 2.06, 2.02 (3 s, 9 H, 3 CH;) ppm. '3C NMR
(100 MHz, CDCly): § = 170.1, 169.8, 169.8 (C=0), 163.5 (C-7),
114.8 (CN), 96.5 (C-1), 74.8 (C-8), 73.3 (C-6), 70.7 (C-2), 69.6 (C-
3), 69.0 (C-4), 68.1 (C-5), 55.5 (OCH}), 20.60, 20.58 (CHs) ppm.

1',2,3,3' ,4,4'-Hexa- O-acetyl-6- O-|(1 E)-3-ethoxy-3-oxo-1-propenyl]-
6'-0O-TBDPS-sucrose (11a) and 1',2,3,3',4,4'-Hexa-0-acetyl-6-O-
[(1Z)-3-ethoxy-3-0x0-1-propenyl]-6’-O-TBDPS-sucrose (11b): Ac-
cording to the general method, 2 (100 mg, 0.116 mmol) and 5
(80.9 mg, 2 equiv., 0.232 mmol) were reacted for 10 min. Flash
chromatography with hexane/diethyl ether (gradient from 1:1 to 1:2
to 1:4) afforded 11a (74.3 mg, 69% yield, colourless oil) and 11b
(11.1 mg, 10% yield, colourless oil). 11a: [a]f) = +62.8 (¢ = 1.0,
CHCI3). '"H NMR (400 MHz, CDCls): § = 7.65 (m, 4 H, Ph-H,),
7.40 (m, 7 H, Ph-H,, ,, 7-H), 5.60 (d, J = 3.6 Hz, 1 H, 1-H), 5.52
(t, J = 58Hz 1 H, 4-H), 540 (t, J = 9.8 Hz, 1 H, 3-H), 5.39 (d,
J=56Hz 1 H, 3-H), 5.08 (d, /= 12.7Hz, 1 H, 8-H), 5.03 (t, J
=9.9Hz, 1 H, 4-H), 4.80 (dd, J,, = 3.7Hz, J,; = 10.3Hz, 1 H,
2-H), 4.24 (m, 1 H, 5-H), 4.14 (m, 5 H, 1'-H, 5’-H, CH,-CHj),
3.84 (m, 2 H, 6'-H), 3.71 (dd, Js6, = 2.3 Hz, Js,6p = 11 Hz, 1 H,
60-H), 3.63 (dd, Jsep = 4.4 Hz, Joq6p = 11.1 Hz, 1 H, 6B-H), 2.14,
2.10, 2.08, 2.05, 2.01, 1.97 (6 s, 18 H, 6 CH3), 1.27 (t, J = 7.0 Hz,
3 H, CH,-CHj3), 1.05 (s, 9 H, /Bu-H) ppm. '3C NMR (100 MHz,
CDCl;): 0 = 170.1, 169.9, 169.7, 169.4 (acetyl C=0), 167.3 (EtO-
C=0), 161.6 (C-7), 135.5 (Ph-C,), 132.9 (Ph-C,), 129.8 (Ph-C,),
127.8 (Ph-C,,), 103.6 (C-2"), 97.3 (C-8), 89.5 (C-1), 81.5 (C-5"), 76.2
(C-3"), 75.0 (C-4"), 70.1 (C-2), 69.6 (C-3), 68.5 (C-4,6), 68.2 (C-5),
63.7 (C-6"), 62.9 (C-1"), 59.8 (CH,-CH3;), 26.7 (tBu-CHs), 20.8, 20.5
(acetyl CH3), 19.1 (1Bu-C), 14.3 (CH,-CH3;) ppm. Cy45Hs300Si
(930.33): caled. C 58.05, H 6.28; found C 58.25, H 6.71. 11b: 'H
NMR (400 MHz, CDCl3): 6 = 7.66 (m, J = 7.2 Hz, J = 10.4 Hz, 4
H, Ph-H,), 7.41 (m, 6 H, Ph-H,, ), 6.20 (d, J = 7.0 Hz, 1 H, 7-H),
5.65(d, J=3.6Hz 1 H, 1-H), 5.54 (t, J = 5.8 Hz, 1 H, 4’-H), 5.40
(d, J=6.0Hz, 1 H, 3'-H), 5.40 (t, J = 9.7 Hz, 1 H, 3-H), 5.08 (t,
J=98Hz 1 H, 4-H), 478 (dd, J,, = 3.6 Hz, J,5 = 10.3 Hz, 1 H,
2-H), 4.66 (d, J = 7.0 Hz, 1 H, 8-H), 4.15 (m, 6 H, 1'-H, 5-H, 5'-
H, CH,-CHj), 3.90 (dd, Jseg = 3.5 Hz, Jeup = 12.0 Hz, 1 H, 6pB-
H), 3.82 (m, J5 ¢, = 2.4 Hz, 3 H, 6'-H, 60-H), 2.13, 2.09, 2.08, 2.05,
1.99, 1.96 (6 s, 18 H, 6 CH3), 1.25 (t, J = 7.0 Hz, 3 H, CH,-CH,),
1.04 (s, 9 H, tBu-H) ppm. '*C NMR (100 MHz, CDCl;): 6 = 169.9,
169.8, 169.3 (acetyl C=0), 164.9 (EtO-C=0), 158.6 (C-7), 135.5
(Ph-C,), 132.8 (Ph-C,), 129.9 (Ph-C,), 127.8 (Ph-C,,), 103.6 (C-2"),
96.6 (C-8), 89.5 (C-1), 81.3 (C-5"), 76.1 (C-3"), 75.0 (C-4"), 72.7 (C-
6), 70.0 (C-2), 69.6 (C-3), 69.0 (C-5), 68.6 (C-4), 63.6 (C-6"), 62.9
(C-1"), 59.5 (CH,-CHs3), 26.6 (1Bu-CHs), 20.7, 20.5 (acetyl CHj),
19.1 (1Bu-C), 14.3 (CH,-CH;) ppm.

1',2,3,3',4,4'-Hexa-0-acetyl-6- O-|(1 E)-3-methoxy-3-oxo-1-pro-
penyl]-6'-O-TBDPS-sucrose (12a) and 1',2,3,3',4,4'-Hexa-O-acetyl-
6-0-|(12)-3-methoxy-3-oxo0-1-propenyl]-6'-O-TBDPS-sucrose (12b):
According to the general method, 2 (100 mg, 0.116 mmol) and 6
(77.7 mg, 2 equiv., 0.232 mmol) were reacted for 15 min. Flash
chromatography with hexane/diethyl ether (gradient from 1:1 to 1:2
to 1:4) afforded 12a (70.4 mg, 66% yield, colourless oil) and 12b
(13.8 mg, 13% yield, colourless oil). 12a: [a]f) = +61.2 (¢ = 0.5,
CHCI3). '"H NMR (400 MHz, CDCls): § = 7.64 (m, 4 H, Ph-H,),
7.39 (m, 7 H, Ph-H,, ,, 7-H), 5.59 (d, J = 3.6 Hz, 1 H, 1-H), 5.51
(t, J =5.7Hz, 1 H, 4'-H), 5.39 (m, 2 H, 3'-H, 3-H), 5.08 (d, J =
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12.6 Hz, 1 H, 8-H), 5.02 (t, / = 9.9 Hz, 1 H, 4-H), 4.79 (dd, J,, =
3.7Hz, J,5 = 10.3 Hz, 1 H, 2-H), 4.22 (dt, J45s = 102 Hz, Js5¢ =
3.7Hz, 1 H, 5-H), 4.13 (m, 3 H, 1’-H, 5'-H), 3.85 (m, 2 H, 6'-H),
3.68 (m, Jse, = 2.1 Hz, J55 = 4.3 Hz, Jgo 63 = 11.1 Hz, 5 H, 6-H,
OCH,;), 2.13, 2.09, 2.07, 2.04, 2.00, 1.96 (6 s, 18 H, 6 CH3), 1.04
(s, 9 H, rBu-H) ppm. *C NMR (100 MHz, CDCl;): § = 170.1,
169.9, 169.7, 169.4 (acetyl C=0), 167.7 (MeO-C=0), 161.8 (C-7),
135.5 (Ph-C,), 132.9 (Ph-C,), 129.8 (Ph-C,), 127.7 (Ph-C,,), 103.6
(C-2"), 97.0 (C-8), 89.5 (C-1), 81.5 (C-5"), 76.2 (C-3"), 75.0 (C-4"),
70.0 (C-2), 69.6 (C-3), 68.7 (C-6), 68.5 (C-4), 68.2 (C-5), 63.7 (C-
6'), 62.9 (C-1"), 51.1 (OCH,;), 26.7 (tBu-CHs3), 20.7, 20.6, 20.5
(CHs3), 19.1 (tBu-C) ppm. C44Hs56019Si (916.32): caled. C 57.63, H
6.16; found C 57.55, H 6.41. 12b: 'H NMR (400 MHz, CDCl,): 6
=7.66 (m, 4 H, Ph-H,), 7.40 (m, 6 H, Ph-H,, ,), 6.21 (d, J = 7.0 Hz,
1 H, 7-H), 5.64 (d, /= 3.6 Hz, 1 H, 1-H), 5.53 (t, J = 5.8 Hz, 1 H,
4'-H), 540 (d, J = 59Hz, 1 H, 3’-H), 5.39 (t, / = 9.9 Hz, | H, 3-
H), 5.07 (t, J = 9.9 Hz, 1 H, 4-H), 4.77 (dd, J,, = 3.7Hz, J,5 =
10.3 Hz, 1 H, 2-H), 4.66 (d, J = 7.0 Hz, 1 H, 8-H), 4.50 (dt, J45 =
10.4 Hz, Jsg = 32 Hz, 1 H, 5-H), 4.15 (s, 2 H, 1'-H), 4.10 (dd, J
=55Hz, J=11.1Hz | H, 5-H), 3.91 (dd, Jses = 3.8 Hz, Jooep
= 12.2Hz, 1 H, 6B-H), 3.83 (m, Js¢, = 2.7 Hz, 3 H, 60-H, 6'-H),
3.66 (s, 3 H, OCHs), 2.14, 2.10, 2.09, 2.06, 2.01, 1.97 (6 s, 18 H, 6
CHs), 1.05 (s, 9 H, Bu-H) ppm. '3C NMR (100 MHz, CDCl;): §
=170.0, 169.8, 169.3 (acetyl C=0), 165.4 (MeO-C=0), 158.8 (C-
7), 135.6 (Ph-C,), 129.9 (Ph-C,), 127.8 (Ph-C,,), 103.7 (C-2'), 96.3
(C-8), 89.6 (C-1), 81.3 (C-5"), 76.2 (C-3"), 75.0 (C-4"), 72.9 (C-6),
70.1 (C-2), 69.7 (C-3), 69.1 (C-5), 68.6 (C-4), 63.7 (C-6"), 63.0 (C-
1), 50.9 (OCHs;), 26.7 (tBu-CHs), 20.8, 20.6 (CH3), 19.2 (1Bu-C)
ppm.

1',2,3,3' ,4,4'-Hexa-0-acetyl-6-O0-|(1 E)-cyanovinyl]-6'-O-TBDPS-
sucrose (13a) and 1',2,3,3',4,4'-Hexa-0-acetyl-6-0-|(1Z)-cyano-
vinyl]-6'-O-TBDPS-sucrose (13b): According to the general
method, 2 (100 mg, 0.116 mmol) and 7 (70 mg, 2 equiv.,
0.232 mmol) were reacted for 8 min. Flash chromatography with
hexane/diethyl ether (gradient from 1:1 to 1:2 to 1:4) afforded 13a
(53.3 mg, 52% yield, colourless oil) and 13b (16.5 mg, 16% yield,
colourless oil). 13a: [a]f = +59.2 (¢ = 0.5, CHCl;). '"H NMR
(400 MHz, CDCls): 6 = 7.65 (m, 4 H, Ph-H,), 7.41 (m, 6 H, Ph-
H,,,), 6.90 (d, J = 13.0 Hz, 1 H, 7-H), 5.60 (d, J = 3.6 Hz, 1 H, 1-
H), 551 (t, J = 6.0Hz, 1 H, 4’-H), 540 (d, / = 5.8 Hz, 1 H, 3'-
H), 5.37 (t, J = 9.8 Hz, 1 H, 3-H), 4.96 (t, / = 9.9 Hz, 1 H, 4-H),
478 (dd, J1, = 3.7Hz, J,5 = 10.3Hz, 1 H, 2-H), 448 (d, J =
13.0 Hz, 1 H, 8-H), 4.20 (m, 1 H, 5-H), 4.15(d, J = 12.3Hz, 1 H,
1'0-H), 4.11 (m, 1 H, 5'-H), 4.09 (d, J = 12.2 Hz, 1 H, 1'B-H), 3.82
(m, 2 H, 6'-H), 3.68 (dd, Js 6, = 2.0 Hz, Jg, 6p = 11.2 Hz, 1 H, 6a-
H), 3.61 (dd, Jsep = 4.5Hz, Jo6p = 11.2Hz, 1 H, 6B-H), 2.14,
2.09, 2.07, 2.05, 2.00, 1.97 (6 s, 18 H, 6 CH3), 1.03 (s, 9 H, rBu-H)
ppm. 3C NMR (100 MHz, CDCl;): 6 = 170.1, 169.9, 169.6, 169.4
(C=0), 164.1 (C-7), 135.5 (Ph-C,), 132.9 (Ph-Cy), 129.9 (Ph-C,),
127.8 (Ph-C,,), 117.0 (CN), 103.5 (C-2'), 89.4 (C-1), 81.5 (C-5"),
76.3 (C-8), 76.2 (C-3"), 74.8 (C-4"), 69.9 (C-2), 69.5 (C-3), 69.3 (C-
6), 68.3 (C-4), 68.1 (C-5), 63.7 (C-6"), 63.1 (C-1"), 26.6 (1Bu-CH3;),
20.8, 20.6, 20.5 (CH3), 19.1 (tBu-C) ppm. C43H53NO,;Si (883.31):
caled. C 58.43, H 6.04, N 1.58; found C 58.49, H 6.41, N 1.44. 13b:
'"H NMR (400 MHz, CDCl5): 6 = 7.67 (dd, J = 6.4 Hz, J = 13.2 Hz,
4 H, Ph-H,), 7.41 (m, 6 H, Ph-H,, ), 6.51 (d, J = 6.4 Hz, 1 H, 7-
H), 5.68 (d, / = 3.6 Hz, 1 H, 1-H), 5.56 (t, J/ = 6.1 Hz, 1 H, 4'-H),
542 (d,J=58Hz 1 H, 3'-H), 542 (t, J= 9.8 Hz, | H, 3-H), 4.94
(t, J=99Hz | H, 4-H), 476 (dd, J,, = 3.7Hz, J,5 =103 Hz, 1
H, 2-H), 4.28 (ddd, J45s = 10.3 Hz, Jseg = 4.7 Hz, Js4, = 3.4 Hz,
1 H, 5-H), 420 (d, J = 6.3Hz, 1 H, 8-H), 4.19 (d, J = 124 Hz, 1
H, 1'a-H), 4.13 (dd, J = 4.8 Hz, J = 10.9 Hz, |1 H, 5'-H), 4.12 (d,
J=122Hz, 1 H, I'B-H), 3.95 (dd, Js 6, = 3.1 Hz, Jo6p = 11.9 Hz,
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1 H, 6a-H), 3.90 (dd, J5 3 = 6.0 Hz, Jggep = 10.9 Hz, 2 H, 6'a-
H, 6B-H), 3.81 (dd, J5 g5 = 5.1 Hz, Jgqep = 11.1 Hz, 1 H, 6'p-
H), 2.16, 2.11, 2.09, 2.06, 2.01, 1.98 (6 s, 18 H, 6 CH3), 1.06 (s, 9
H, /Bu-H) ppm. 1*C NMR (100 MHz, CDCl,): 6 = 167.0, 169.9,
169.8, 169.6 (C=0), 163.2 (C-7), 135.6 (Ph-C,), 132.9 (Ph-C,),
129.9 (Ph-C,), 127.8, 127.8 (Ph-C,,), 114.8 (CN), 103.5 (C-2'), 89.3
(C-1), 81.3 (C-5"), 76.0 (C-3"), 74.7 (C-8), 74.3 (C-4"), 73.0 (C-6),
70.1 (C-2), 69.4 (C-3), 69.0 (C-4), 68.7 (C-5), 63.4 (C-6'), 62.9 (C-
1), 26.7 (tBu-CHs), 20.8, 20.6, 20.6 (CHs), 19.2 (Bu-C) ppm.

1',2,3,3',4,4' ,6-Hepta-O-acetyl-6'-O-|(1 E)-3-ethoxy-3-0x0-1-pro-
penyl]sucrose (14a) and 1',2,3,3',4,4' ,6-Hepta-0-acetyl-6'-O-|(12)-
3-ethoxy-3-oxo-1-propenyljsucrose (14b): According to the general
method, 3 (100 mg, 0.150 mmol) and 5 (105 mg, 2 equiv.,
0.301 mmol) were reacted for 5 min. Flash chromatography with
hexane/ethyl acetate (gradient from 2:1 to 1:1) afforded 14a
(79.6 mg, 72% yield, colourless oil) and 14b (12.5 mg, 13% yield,
colourless oil). 14a: [a]F = +59.4 (¢ = 1.0, CHCl;). '"H NMR
(400 MHz, CDCls): 0 = 7.56 (d, J = 12.6 Hz, 1 H, 7-H), 5.62 (d, J
=3.6Hz, 1 H, 1-H), 545(d, J = 59Hz, 1 H, 3'-H), 544 (t, J =
10.0Hz, 1 H, 3-H), 5.33 (t, / = 59Hz, 1 H, 4'-H), 527 (d, J =
12.6 Hz, 1 H, 8-H), 5.05 (t, / = 9.8 Hz, 1 H, 4-H), 4.86 (dd, J,, =
3.6 Hz, J,5=10.4 Hz, 1 H, 2-H), 4.24 (m, 1 H, 5-H), 4.26 (dd, J5 4
=6.5Hz, J,5=10.2Hz, 1 H, 5'-H), 4.13(q, /= 7.1 Hz, 2 H, CH>-
CH,), 4.13 (m, 5 H, 1I'-H, 6-H, 6'B-H), 4.07 (dd, Js ¢, = 4.1 Hz,
Joaep = 11.0Hz, 1 H, 6'0-H), 2.16, 2.11, 2.10, 2.09, 2.08, 2.03,
2.01 (75,21 H,7CHs), 1.25 (t, J = 7.1 Hz, 3 H, CH,-CH3) ppm.
13C NMR (100 MHz, CDCl3): 6 = 171.3, 170.8, 170.3 (acetyl
C=0), 167.9 (EtO-C=0), 162.1 (C-7), 104.8 (C-2"), 98.5 (C-8), 90.9
(C-1), 79.8 (C-5"), 76.3 (C-3'), 75.7 (C-4"), 71.1 (C-6"), 71.0 (C-2),
70.1 (C-3), 69.2 (C-5), 68.9 (C-4), 63.3 (C-1"), 62.5 (C-6), 60.6
(CH,-CH3), 21.2 (acetyl CH3), 15.0 (CH,-CH3) ppm. C;,H4,05
(734.23): calcd. C 50.68, H 5.76; found C 50.48, H 5.83. 14b: 'H
NMR (400 MHz, CDCly): 6 = 6.57 (d, J = 7.0 Hz, 1 H, 7-H), 5.59
(d, J=3.5Hz, 1 H, 1-H), 549 (d, J = 6.7 Hz, 1 H, 3'-H), 543 (t,
J =10.0Hz, 1 H, 3-H), 5.33 (t, J = 6.5Hz, 1 H, 4’-H), 5.04 (t, J
=9.9Hz, 1 H, 4-H), 4.88 (m, J,5 = 7.0 Hz, 2 H, 2-H, 8-H), 4.29
(m, 4 H, 5'-H, 6'-H, 5-H), 4.16 (m, 3 H, 1'0-H, 6-H), 4.13 (q, J =
7.3 Hz, 2 H, CH,-CHs), 4.06 (d, J = 12.1 Hz, 1 H, 1'B-H), 2.16,
2.10, 2.09, 2.05, 2.01 (5 s, 15 H, 5 CH3), 1.25 (t, J = 7.1 Hz, 3 H,
CH,-CH;) ppm. 3C NMR (100 MHz, CDCls): 6 = 170.5, 170.1,
169.7, 169.5 (acetyl C=0), 164.8 (EtO-C=0), 158.5 (C-7), 103.8
(C-2"), 96.7 (C-8), 90.1 (C-1), 79.5 (C-5"), 75.3 (6', C-3"), 74.6 (C-
4"), 70.1 (C-2), 69.3 (C-3), 68.7 (C-5), 68.2 (C-4), 62.7 (C-1"), 62.0
(C-6), 59 ppm. 5 (CH,-CHs;), 20.6 (acetyl CH3), 14.2 (CH,-CH3)
ppm.

1',2,3,3' 4,4’ ,6-Hepta-O-acetyl-6'-O-|(1 E)-3-methoxy-3-0xo-1-pro-
penyl]sucrose (15a) and 1',2,3,3',4,4',6-Hepta-O-acetyl-6'-O-|(12)-
3-methoxy-3-oxo-1-propenyljsucrose (15b): According to the general
method, 3 (200 mg, 0.301 mmol) and 6 (201 mg, 2 equiv.,
0.602 mmol) were reacted for 5 min. Flash chromatography with
hexane/ethyl acetate (gradient from 2:1 to 1:1) afforded 15a
(156 mg, 72% yield, colourless oil) and 15b (31.9 mg, 15% yield,
colourless oil). 15a: [a]F = +68.0 (¢ = 1.0, CHCl;). '"H NMR
(400 MHz, CDCl;): 0 = 7.61 (d, J = 12.6 Hz, 1 H, 7-H), 5.64 (d, J
=34Hz 1 H, 1-H), 547 (d, J = 5.8 Hz, 1 H, 3'-H), 545 (t, J =
10.1 Hz, 1 H, 3-H), 5.34 (t, / = 59Hz, 1 H, 4'-H), 5.30 (d, J =
12.6 Hz, 1 H, 8-H), 5.06 (t, / = 9.8 Hz, 1 H, 4-H), 4.86 (dd, J,, =
3.5Hz, J,5 = 10.3Hz, 1 H, 2-H), 426 (m, 2 H, 5'-H, 5-H), 4.17
(m, 5 H, 1'-H, 6-H, 6'B-H), 4.09 (dd, Js ¢4 = 3.9 Hz, Jouep =
109 Hz, 1 H, 6'0-H), 3.70 (s, 3 H, OCH3), 2.17, 2.12, 2.11, 2.10,
2.05,2.02 (6 s, 18 H, 6 CH3) ppm. '*C NMR (100 MHz, CDCls):
0 =170.0, 169.9, 169.5 (acetyl C=0), 167.6 (MeO-C=0), 161.6 (C-
7), 104.1 (C-2'), 97.4 (C-8), 90.2 (C-1), 79.1 (C-5"), 75.6 (C-3"), 75.0
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(C-4'), 70.6 (C-6"), 70.3 (C-2), 69.4 (C-3), 68.5 (C-5), 68.2 (C-4),
62.6 (C-1"), 61.8 (C-6), 51.2 (OCH3), 20.6, 20.5 (CH;) ppm.
C30H0020 (720.21): caled. C 50.00, H 5.59; found C 50.06, H 5.78.
15b: '"H NMR (400 MHz, CDCly): § = 6.59 (d, J = 7.0 Hz, 1 H, 7-
H), 5.60 (d, J = 3.3 Hz, 1 H, 1-H), 5.50 (d, J = 6.7 Hz, 1 H, 3'-H),
545 (t, J = 10.0 Hz, 1 H, 3-H), 5.35 (t, J = 6.3 Hz, 1 H, 4'-H),
5.05(t, J = 9.8 Hz, 1 H, 4-H), 4.90 (d, J = 7.0 Hz, 1 H, 8-H), 4.89
(dd, J,» = 3.4 Hz, J,5 = 103 Hz, 1 H, 2-H), 432 (m, 1 H, 5'-H),
427 (m, 3 H, 5-H, 6'-H), 4.13 (m, 4 H, 6-H, 1'-H), 3.68 (s, 3 H,
OCHs), 2.17, 2.11, 2.10, 2.06, 2.02 (5 s, 15 H, 5 CH3) ppm. '*C
NMR (100 MHz, CDCly): § = 170.6, 170.1, 170.0, 169.7, 169.5
(acetyl C=0), 165.3 (MeO-C=0), 158.6 (C-7), 103.8 (C-2'), 96.6
(C-8), 90.1 (C-1), 79.5 (C-5'), 75.3 (C-3',6"), 74.7 (C-4"), 70.1 (C-
2), 69.3 (C-3), 68.7 (C-5), 68.2 (C-4), 62.7 (C-1"), 62.0 (C-6), 50.8
(OCHs), 20.6, 20.5, 20.6 (CH;) ppm.

1',2,3,3',4,4' ,6-Hepta-O-acetyl-6'-O-|(1 E)-cyanovinyl|sucrose (16a)
and 1',2,3,3',4,4',6-Hepta-0-acetyl-6'-O-|(1Z)-cyanovinyl]sucrose
(16b): According to the general method, 3 (300 mg, 0.451 mmol)
and 7 (272 mg, 2 equiv., 0.903 mmol) were reacted for 3 min. Flash
chromatography with hexane/ethyl acetate (gradient from 2:1 to
1:1) afforded 16a (212.6 mg, 69% yield, colourless oil) and 16b
(65.8 mg, 21% yield, colourless oil). 16a: [a]y = +66.4 (¢ = 0.5,
CHCI3). '"H NMR (400 MHz, CDCl3): 6 = 7.29 (d, J = 13.0 Hz, 1
H, 7-H), 5.63 (d, J = 3.5Hz, 1 H, 1-H), 5.51 (d, J = 6.4 Hz, | H,
3'-H), 5.46 (t, J = 10.0 Hz, 1 H, 3-H), 5.32 (t, /= 6.2 Hz, 1 H, 4'-
H), 5.05 (t, / = 9.8 Hz, | H, 4-H), 4.86 (dd, J,, = 3.8 Hz, J,; =
10.1 Hz, 1 H, 2-H), 4.84 (d, J/ = 13.0 Hz, 1 H, 8-H), 4.26 (m, 3 H,
6'-H, 5'-H), 4.17 (m, 5 H, 5-H, 1’-H, 6-H), 2.15, 2.12, 2.11, 2.10,
2.08,2.04 (6 s, 18 H, 6 CH3) ppm. '*C NMR (100 MHz, CDCls):
0 =170.5, 170.1, 170.0 169.9, 169.8, 169.4 (C=0), 163.9 (C-7),
116.9 (CN), 104.1 (C-2'), 90.4 (C-1), 78.9 (C-5"), 76.8 (C-2), 75.5
(C-3"), 74.7 (C-4"), 71.3 (C-6"), 70.2 (C-8), 69.1 (C-3), 68.5 (C-5),
68.2 (C-4), 62.3 (C-1"), 61.7 (C-6), 20.5, 20.4 (CH3) ppm.
C59H37NO 5 (687.20): caled. C 50.66, H 5.42, N 2.04; found C
50.69, H 5.63, N 2.04. 16b: '"H NMR (400 MHz, CDCls): § = 6.88
(d, J=6.3Hz, 1 H, 7-H), 5.59 (d, J = 3.4 Hz, 1 H, 1-H), 5.52 (d,
J=68Hz, 1 H, 3'-H), 544 (t, J=99Hz, 1 H, 3-H), 532 (t, J =
6.6 Hz, 1 H, 4'-H), 5.04 (t, J = 9.7Hz, 1 H, 4-H), 4.88 (dd, J,, =
3.5Hz, J,5 = 104 Hz, 1 H, 2-H), 445 (d, J = 6.3 Hz, 1 H, 8-H),
4.35(2d, Jouep = 11.7Hz, 2 H, 6'-H), 428 (q, J = 59 Hz, 1 H,
5'-H), 4.25(d, J = 11.8 Hz, 1 H, 1’0-H), 4.24 (bt, J = 5.0 Hz, | H,
5-H), 4.19 (d, J = 12.1 Hz, 1 H, 6a-H), 4.13 (dd, Jse = 5.5 Hz,
Jeaop = 12.6 Hz, 1 H, 6p-H), 4.05 (d, J = 12.1 Hz, 1 H, 1'B-H),
2.18,2.14, 2.12, 2.10, 2.06, 2.02 (6 5, 18 H, 6 CH3) ppm. *C NMR
(100 MHz, CDCl;): ¢ = 170.5, 170.2, 170.0, 169.7, 169.5 (C=0),
163.1 (C-7), 114.9 (CN), 103.8 (C-2'), 90.1 (C-1), 79.2 (C-5"), 75.4
(C-8), 75.2 (C-3"), 74.9 (C-6"), 74.7 (C-4"), 70.1 (C-2), 69.2 (C-3),
68.8 (C-5), 68.3 (C-4), 62.7 (C-1"), 62.0 (C-6), 20.6 (CH3) ppm.

2,3,3',4,4'-Penta-O-acetyl-1'-O-|(1 E)-3-ethoxy-3-oxo-1-propenyl]-
6,6'-di-O-TBDPS-sucrose (17a) and 2,3,3',4,4'-Penta-O-acetyl-1'-
O-[(1Z)-3-ethoxy-3-0xo0-1-propenyl]-6,6'-di-O-TBDPS-sucrose
(17b): According to the general method, 4 (100 mg, 0.095 mmol)
and 5 (65.9 mg, 2 equiv., 0.189 mmol) were reacted for 10 min.
Flash chromatography with hexane/diethyl ether (gradient from 1:1
to 1:2 to 1:4) afforded 17a (73.3 mg, 69% yield, colourless oil) and
17b (10.1 mg, 10% yield, colourless oil). 17a: [a]) = +64.4 (¢ = 1.0,
CHCI3). 'TH NMR (400 MHz, CDCl5): 6 = 7.60 (m, 8 H, Ph-H,),
7.50 (d, J = 12.5Hz, 1 H, 7-H), 7.36 (m, 12 H, Ph-H,, ), 5.58 (d,
J=3.6Hz, | H, I-H), 546 (t, /= 6.0Hz, 1 H, 4'-H), 540 (d, J =
59Hz, 1 H, 3'-H), 538 (t, / = 9.6 Hz, 1 H, 3-H), 5.31 (t, J =
9.5Hz, 1 H, 4-H), 5.24 (d, J = 12.5Hz, 1 H, 8-H), 4.87 (dd, J,, =
3.7Hz, J,5 = 99Hz, 1 H, 2-H), 4.16 (q, J = 7.1 Hz, 2 H, CH,-
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CHs;), 4.05 (d, J = 11.2 Hz, 1 H, 1'a-H), 4.05 (m, 1 H, 5’-H), 3.99
(bd, J=9.6 Hz, 1 H, 5-H), 3.82 (m, 2 H, 6'a-H, 1'B-H), 3.77 (dd,
Jsiop = 6.2Hz, Jouep = 11.6 Hz, 1 H, 6'B-H), 3.64 (d, Jeuep =
11.0 Hz, 1 H, 6a-H), 3.54 (dd, Js¢5 = 2.8 Hz, Jgu 65 = 11.6 Hz, 1
H, 6B-H), 2.10, 2.02, 2.02, 1.99, 1.87 (5 s, 15 H, 5 CH3), 1.26 (t, J
=7.1 Hz, 3 H, CH,-CHs), 1.02 (s, 18 H, 2 tBu-H) ppm. '3*C NMR
(100 MHz, CDCls): 0 = 170.2, 169.6, 169.2 (acetyl C=0), 167.1
(EtO-C=0), 161.6 (C-7), 135.7, 135.6 (Ph-C,), 132.9 (Ph-C,), 129.8
(Ph-C,), 127.8 (Ph-C,,), 103.7 (C-2'), 98.2 (C-8), 90.5 (C-1), 81.1
(C-5"), 76.6 (C-3"), 75.3 (C-4"), 70.9 (C-1"), 70.7 (C-5), 70.3 (C-2,3),
68.1 (C-4), 64.1 (C-6"), 61.5 (C-6), 59.9 (CH,-CHs), 26.8 (tBu-
CHs), 20.8, 20.6 (acetyl CH3), 19.2 (1Bu-C), 14.5 (CH,-CHj3) ppm.
Cs59H74015Si, (1126.44): caled. C 62.86, H 6.62; found C 62.86, H
6.85. 17b: '"H NMR (400 MHz, CDCls): 6 = 7.62 (m, 8 H, Ph-H,),
7.36 (m, 12 H, Ph-H,, ), 6.38 (d, J = 6.9 Hz, 1 H, 7-H), 5.66 (d, J
=3.6Hz, 1 H, 1-H), 5.60 (d, J = 7.5Hz, 1 H, 3’-H), 548 (t, J =
7.4Hz, 1 H, 4'-H), 537 (t, J = 9.8 Hz, 1 H, 3-H), 5.26 (t, J =
9.7Hz, 1 H, 4-H), 492 (dd, J,, = 3.7Hz, J,5 = 10.2Hz, 1 H, 2-
H),4.79 (d, J = 69Hz, 1 H, 8-H),4.24 (d, J=11.6 Hz, 1 H, 1'a-
H), 4.17 (t, J = 7.1 Hz, 2 H, CH,-CH3;), 4.07 (m, J4 5 = 7.7 Hz, 2
H, 5'-H, 5-H), 3.84 (d, Jeu,¢p = 10.8 Hz, 1 H, 6’a-H), 3.83 (d, J
=11.5Hz, 1 H, 1'B-H), 3.78 (dd, Js ¢ = 5.6 Hz, Jo.6'p = 11.4 Hz,
1 H, 6'B-H), 3.69 (dd, Js 6, = 1.4 Hz, Jg, 6 = 11.1 Hz, 1 H, 60-H),
3.59 (dd, Jsep = 3.3 Hz, Jooep = 11.5Hz, 1 H, 6p-H), 2.11, 2.01,
1.99, 1.95,1.89 (5 s, 15 H, 5 CH3), 1.28 (t, J = 7.1 Hz, 3 H, CH,-
CH3), 1.03, 1.02 (2 s, 18 H, 2 /Bu-H) ppm. '3C NMR (100 MHz,
CDCly): 6 = 170.2, 170.0, 169.8, 169.7, 169.2 (acetyl C=0), 165.0
(EtO-C=0), 158.2 (C-7), 135.6 (Ph-C,), 132.9, 132.8 (Ph-C,),
129.8, 129.7 (Ph-C,), 127.7 (Ph-C,,), 103.4 (C-2"), 97.3 (C-8), 90.2
(C-1), 79.9 (C-5"), 76.2 (C-3"), 74.7 (C-1"), 74.5 (C-4"), 70.6 (C-5),
70.4 (C-3), 70.1 (C-2), 68.3 (C-4), 64.3 (C-6"), 61.7 (C-6), 59.7
(CH,-CHs;), 27.2, 26.8 (t1Bu-CH3), 20.7, 20.5 (acetyl CH3), 19.2
(tBu-C), 14.3 (CH,-CH3) ppm.

2,3,3',4,4'-Penta-O-acetyl-1'-O-|(1E)-3-methoxy-3-o0xo-1-propenyl]-
6,6'-di-O-TBDPS-sucrose (18a) and 2,3,3',4,4'-Penta-O-acetyl-1'-
0-|(1Z)-3-methoxy-3-o0xo0-1-propenyl]-6,6'-di-O-TBDPS-sucrose
(18b): According to the general method, 4 (100 mg, 0.095 mmol)
and 6 (63.2 mg, 2 equiv., 0.189 mmol) were reacted for 10 min.
Flash chromatography with hexane/diethyl ether (gradient from 1:1
to 1:2 to 1:4) afforded 18a (69.3 mg, 66% yield, colourless oil) and
18b (13.6 mg, 14% yield, colourless oil). 18a: [a]® = +42.8 (¢ = 1.0,
CHCI3)."H NMR (400 MHz, CDCl;): 6 = 7.60 (t, J = 7.3 Hz, 8 H,
Ph-H,), 7.50 (d, J = 12.5Hz, 1 H, 7-H), 7.35 (m, 12 H, Ph-H,, ),
5.58(d, J=3.6Hz 1 H, 1-H), 5.46 (t, J = 6.0 Hz, 1 H, 4’-H), 5.40
(d, J=59Hz 1 H, 3'-H), 5.37 (t, / = 9.2 Hz, 1 H, 3-H), 5.31 (t,
J=9.5Hz, 1 H, 4-H), 5.26 (d, J = 12.4 Hz, 1 H, 8-H), 4.87 (dd,
Ji,=3.6Hz, J,5=9.9Hz | H, 2-H), 4.06 (m, 2 H, 5'-H, 1'0-H),
3.99 (bd, J = 9.3 Hz, 1 H, 5-H), 3.82 (m, 2 H, 6’0-H, 1'B-H), 3.77
(dd, Js 6p = 6.1 Hz, Jouep = 11.0 Hz, 1 H, 6'B-H), 3.69 (s, 3 H,
OCH,), 3.64 (bd, Jsuep = 12.1 Hz, 1 H, 60-H), 3.54 (dd, Jsep =
2.9 Hz, Jeuep = 11.6 Hz, 1 H, 6p-H), 2.11, 2.03, 2.02, 1.99, 1.87 (5
s, 15H, 5 CH3), 1.02 (s, 18 H, 2 rBu-H) ppm. '3*C NMR (100 MHz,
CDCls): 0 = 170.2, 170.1, 169.8, 169.6, 169.2 (acetyl C=0), 167.6
(MeO-C=0), 161.9 (C-7), 135.6, 135.5 (Ph-C,), 133.1, 133.0, 132.9
(Ph-Cy), 129.7, 129.6 (Ph-C,), 127.7, 127.7 (Ph-C,,), 103.6 (C-2'),
97.9 (C-8), 90.4 (C-1), 81.1 (C-5"), 76.5 (C-3"), 75.2 (C-4"), 71.1 (C-
1"), 70.6 (C-5), 70.3 (C-2,4), 68.1 (C-3), 64.1 (C-6"), 61.4 (C-6), 51.2
(OCH3), 26.7 (tBu-CH3), 20.8, 20.6, 20.5 (CH3), 19.2 (tBu-C) ppm.
CssH7,015S1, (1112.43): caled. C 62.57, H 6.52; found C 62.25, H
6.48. 18b: '"H NMR (400 MHz, CDCls): 6 = 7.61 (m, 8 H, Ph-H,),
7.35 (m, 12 H, Ph-H,, ), 6.39 (d, J = 6.9 Hz, 1 H, 7-H), 5.66 (d, J
=37Hz, 1 H, 1-H), 5.61 (d, J = 7.3 Hz, | H, 3’-H), 548 (t, J =
7.3Hz, 1 H, 4'-H), 537 (t, J = 9.8 Hz, 1 H, 3-H), 525 (t, J =
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9.8 Hz, 1 H, 4-H), 491 (dd, J;, = 3.8 Hz, Jo5 = 103 Hz, 1 H, 2-
H), 481 (d, J = 6.9 Hz, 1 H, 8-H), 425 (d, J = 11.6 Hz, | H, 1'0-
H), 4.07 (q, J = 5.6 Hz, 1 H, 5'-H), 4.04 (m, J5 ¢, = 1.7 Hz, Js 65
=3.5Hz | H, 5-H), 3.84 (d, J = 11.7 Hz, 1 H, 1’B-H), 3.83 (m, |
H, 6'a-H), 3.78 (dd, Js ¢4 = 5.5 Hz, Jeuep = 113 Hz, 1 H, 6/B-
H), 3.70 (s, 3 H, OCHj), 3.68 (d, Js 6, = 2.0 Hz, Jeuep = 11.6 Hz,
1 H, 60-H), 3.59 (dd, Jsep = 3.6 Hz, Jeyep = 11.5 Hz, 1 H, 6B-H),
2.11,2.01, 1.99, 1.95, 1.89 (5 s, 15 H, 5 CH), 1.03, 1.02 (2 s, 18 H,
2 tBu-H) ppm. 3C NMR (100 MHz, CDCly): 6 = 170.2, 170.1,
169.9, 169.8, 169.3 (acetyl C=0), 165.5 (MeO-C=0), 158.4 (C-7),
135.6 (Ph-C,), 133.0 (Ph-C,), 129.8, 129.7, 129.7 (Ph-C,), 127.7
(Ph-C,,), 103.5 (C-2), 97.0 (C-8), 90.3 (C-1), 79.9 (C-5'), 76.3 (C-
3'), 74.7, 74.6 (C-1'4"), 70.6 (C-5), 70.4 (C-3), 70.1 (C-2), 68.3 (C-
4), 64.3 (C-6'), 61.7 (C-6), 51.0 (OCHS), 26.8, 26.7 (1Bu-CHs), 20.8,
20.7, 20.7, 20.6, 20.5 (CHs), 19.2 (Bu-C) ppm.

2,3,3',4,4'-Penta-0-acetyl-1'-0-|(1E)-cyanovinyl]-6,6'-di- O-
TBDPS-sucrose (19a) and 2,3,3',4,4'-Penta-O-acetyl-1'-O-[(12)-cy-
anovinyl]-6,6'-di-O-TBDPS-sucrose (19b): According to the
general method, 4 (100 mg, 0.095 mmol) and 7 (57 mg, 2 equiv.,
0.189 mmol) were reacted for 5 min. Flash chromatography with
hexane/diethyl ether (gradient from 1:1 to 1:2 to 1:4) afforded 19a
(64.8 mg, 63% yield, colourless oil) and 19b (14.2 mg, 14% yield,
colourless oil). 19a: [a]y = +48.3 (¢ = 0.5, CHCl;). '"H NMR
(400 MHz, CDCly): 6 = 7.61 (dd, J = 74 Hz, J = 14.6 Hz, 8 H,
Ph-H,), 7.37 (m, 12 H, Ph-H,, ), 7.04 (d, J = 12.8 Hz, 1 H, 7-H),
5.56 (d, J=3.6Hz 1 H, 1-H), 547 (t, J = 6.4 Hz, 1 H, 4’-H), 5.36
(t, J=10.0 Hz, 1 H, 3-H), 5.35(d, / = 6.7 Hz, 1 H, 3’-H), 5.26 (t,
J=9.7Hz, 1 H, 4-H), 4.86 (dd, J,, = 3.7Hz, J,5 = 10.2Hz, 1 H,
2-H), 4.70 (d, J = 12.8 Hz, 1 H, 8-H), 4.05 (d, / = 11.3Hz, 1 H,
1'a-H), 4.04 (q, J = 6.0 Hz, 1 H, 5’-H), 3.98 (ddd, Js56, = 2.0 Hz,
Jsep = 3.3 Hz, Jys = 10.1 Hz, 1 H, 5-H), 3.85 (dd, J5 64 = 5.7 Hz,
Jeouep =109 Hz, 1 H, 6'0-H), 3.81 (d, / = 11.3 Hz, 1 H, 1'B-H),
3.78 (dd, Js g5 = 6.1 Hz, Jo 10 = 11.0 Hz, 1 H, 6'B-H), 3.64 (dd,
Js6a = 2.0 Hz, Jou 6 = 11.6 Hz, 1 H, 60-H), 3.57 (dd, Js5 65 =
3.5Hz, Jeuep = 11.7Hz, 1 H, 6p-H), 2.11, 2.02, 1.99, 1.88 (4 s, 12
H, 4 CH3), 1.04, 1.02 (2 s, 18 H, 2 tBu-H) ppm. '3C NMR
(100 MHz, CDCl3): 0 = 170.1, 169.9, 169.5, 169.2 (C=0), 164.1 (C-
7), 135.6, 135.5 (Ph-C,), 133.0, 132.8, 132.8 (Ph-C,), 129.9, 129.8
(Ph-C,), 127.8, 127.7 (Ph-C,,), 116.7 (CN), 103.4 (C-2'), 90.5 (C-
1), 80.8 (C-5"), 77.3 (C-8), 76.3 (C-3"), 75.0 (C-4"), 71.7 (C-1"), 70.8
(C-5), 70.2, 70.1 (C-2,4), 68.1 (C-3), 64.2 (C-6"), 61.6 (C-6), 26.7
(tBu-CHjy), 20.7, 20.6, 20.5 (CH3), 19.2 (¢Bu-C) ppm.
Cs57;HgoNO6Si, (1079.42): caled. C 63.37, H 6.44, N 1.30; found C
63.37, H 6.46, N 1.22. 19b: "H NMR (400 MHz, CDCl;): § = 7.61
(m, 8 H, Ph-H,), 7.35 (m, 12 H, Ph-H,, ), 6.66 (d, J = 6.4 Hz, 1
H, 7-H), 5.58 (d, / = 3.6 Hz, 1 H, 1-H), 545 (t, J = 6.6 Hz, 1 H,
4'-H), 5.36 (d, J = 6.7 Hz, 1 H, 3’-H), 5.35 (t, / = 9.8 Hz, 1 H, 3-
H), 5.26 (t, J/ = 9.7Hz, 1 H, 4-H), 4.88 (dd, J,, = 3.6 Hz, J,; =
10.2 Hz, 1 H, 2-H), 4.36 (d, / = 6.3Hz, 1 H, 8-H), 4.25 (d, J =
11.6 Hz, 1 H, 1'0-H), 4.05 (dd, J = 5.6 Hz, J = 11.9Hz, 1 H, 5'-
H), 4.00 (ddd, Jse, = 2.0 Hz, Js¢g = 3.7Hz, J45 = 10.1 Hz, 1 H,
5-H), 3.93 (d, J = 11.6 Hz, 1 H, 1'B-H), 3.83 (dd, Js ¢4 = 5.7 Hz,
Jowep =109 Hz, 1 H, 6'a-H), 3.77 (dd, Js 65 = 5.6 Hz, Jou 63 =
11.2Hz, 1 H, 6'B-H), 3.67 (dd, Jse, = 1.6 Hz, Je, 65 = 11.6 Hz, 1
H, 60-H), 3.58 (dd, Js¢ = 3.4 Hz, Jg,6p = 11.6 Hz, 1 H, 6B-H),
2.10, 2.02, 1.99, 1.88 (4 s, 12 H, 4 CH3), 1.03, 1.02 (2's, 18 H, 2
tBu-H) ppm. 3C NMR (100 MHz, CDCl5): 6 = 170.2, 170.1, 169.9,
169.8, 169.7, 169.2 (C=0), 163.3 (C-7), 135.7, 135.6 (Ph-C,), 133.0,
132.9, 132.8 (Ph-C,), 129.8, 129.8, 129.7 (Ph-C,), 127.8, 127.7 (Ph-
C,), 114.6 (CN), 103.3 (C-2'), 90.4 (C-1), 80.7 (C-5"), 76.8 (C-3"),
75.4 (C-8), 74.7 (C-1"), 74.6 (C-4"), 70.8 (C-5), 70.2, 70.2 (C-2,3),
68.2 (C-4), 64.1 (C-6"), 61.6 (C-6), 26.8, 26.7 (1Bu-CH3), 20.8, 20.5
(CHs3), 19.2 (1Bu-C) ppm.
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Synthesis of Bromide Derivatives

1',2,3,3',4,4'-Hexa-0-acetyl-6-bromo-6-deoxy-6'-O-TBDPS-
sucrose (26): A solution of 6’-O-TBDPS-sucrosel®'! (4.56 g,
7.86 mmol) in pyridine (52 mL) was cooled with an ice bath and
treated with triphenylphosphane (6.18 g, 3 equiv., 0.024 mol), fol-
lowed by the dropwise addition (over 30 min) of a solution of car-
bon tetrabromide (3.91 g, 1.5 equiv., 0.012 mol) in pyridine
(12 mL). The reaction mixture was heated to 60 °C and stirred for
1 h. After the addition of methanol (17 mL), the system was al-
lowed to reach room temp. The solvents were removed, and the
residue was purified by flash chromatography with ethyl acetate/
acetone/water (10:10:0.5) to give 6-bromo-6-desoxy-6"-O-TBDPS-
sucrose as a colourless oil (3.11 g, 62% yield). A solution of 6-
bromo-6-desoxy-6'-O-TBDPS-sucrose (3.62 g, 5.62 mmol) in pyr-
idine (100 mL) was cooled with ice and treated with acetic anhy-
dride (3.8 mL, 1.2 equiv./OH, 0.040 mol). The reaction mixture was
stirred overnight at room temp. The solvent was removed, and the
residue was purified by flash chromatography with hexane/diethyl
ether (1:4), yielding a colourless oil, which crystallized from dichlo-
romethane/diethyl ether as colourless needles of 26 (4.8 g, 95%
yield). M.p. 130-132°C. 'H NMR (400 MHz, CDCly): 6 = 7.67
(m, 4 H, Ph-H,), 7.40 (m, 6 H, Ph-H,, ), 5.63 (d, J = 3.7 Hz, 1 H,
1-H), 5.54 (t, J = 5.6 Hz, 1 H, 4'-H), 5.40 (t, J = 9.8 Hz, | H, 3-
H), 5.39 (d, J = 5.6 Hz, 1 H, 3'-H), 5.05 (t, / = 9.7 Hz, 1 H, 4-H),
482 (dd, J,, =3.7Hz, J,5=10.3 Hz, | H, 2-H), 4.18 (m and 2 d,
Jywp=12.3Hz, 3 H, 1'-H, 5-H), 4.11 (dd, / = 5.9 Hz, J =
11.6 Hz, 1 H, 5'-H), 3.89 (dd, Js 44 = 5.4 Hz, Jgu¢p = 10.9 Hz, 1
H, 6'0-H), 3.86 (dd, Js ¢ = 6.0 Hz, Jg,¢p = 10.8 Hz, 1 H, 6'B-
H), 3.37 (dd, Js 6o = 2.8 Hz, Jeo6p = 11.5 Hz, 1 H, 6a-H), 3.23 (dd,
Jsep = 4.3 Hz, Jo,6p = 11.5Hz, 1 H, 6B-H), 2.14, 2.10, 2.09, 2.05,
2.01,1.98 (6 s, 18 H, 6 CH3), 1.07 (s, 9 H, rBu-H) ppm. '3C NMR
(100 MHz, CDCl3): 6 = 170.1, 170.0, 169.9, 169.8, 169.7, 169.3
(C=0), 135.6 (Ph-C,), 133.0, 133.0 (Ph-C,), 129.9 (Ph-C,), 127.8,
127.8 (Ph-C,,), 103.8 (C-2'), 89.8 (C-1), 81.5 (C-5'), 76.3 (C-3'),
75.3 (C-4"), 70.6 (C-4), 70.1 (C-2), 69.6 (C-3), 68.6 (C-5), 63.9 (C-
6'), 62.9 (C-1"), 31.2 (C-6), 26.8 (rBu-CH3), 20.8, 20.7, 20.6, 20.6
(CHs3), 19.2 (tBu-C) ppm.

1',2,3,3',4,4' ,6-Hepta-O-acetyl-6"-bromo-6'-deoxysucrose (27): A
solution of sucrose (2 g, 5.84 mmol) in pyridine (70 mL) was cooled
with an ice bath and treated with triphenylphosphane (3.68 g,
2.4 equiv., 0.014 mol), followed by the dropwise addition of a solu-
tion of carbon tetrabromide (2.33 g, 1.2 equiv., 7.01 mmol) in pyr-
idine (7 mL). The reaction mixture was heated to 60 °C and stirred
for 1.5 h. After re-cooling the mixture with an ice bath, acetic anhy-
dride was added (4.6 mL, 1.2 equiv./OH, 0.049 mol), and the mix-
ture was stirred overnight at room temp. The solvent was removed,
and the residue was purified by flash chromatography with hexane/
diethyl ether (gradient from 1:1 to 1:2 to 1:3 to diethyl ether) to
yield 27 as a colourless oil (1.55 g, 38% yield). '"H NMR (400 MHz,
CDCl3): 6 = 5.75(d, J =3.6Hz, 1 H, 1-H), 545 (t, J = 9.9Hz 1
H, 3-H), 5.44 (d, J=59Hz, 1 H, 3’-H), 542 (t, / = 5.7Hz, 1 H,
4'-H), 5.11 (t, J = 9.7Hz, 1 H, 4-H), 4.87 (dd, J,, = 3.7Hz, J,3
=10.4 Hz, 1 H, 2-H), 4.36 (dd, Js6, = 44 Hz, Je, 63 = 12.1 Hz, 1
H, 60-H), 4.30 (dd, Js¢s = 5.6 Hz, Je,6p = 11.9 Hz, 1 H, 6B-H),
4.30 (m, 1 H, 5-H), 4.21 (dd, J = 5.4 Hz, J = 10.6 Hz, 1 H, 5'-H),
4.19 (m, 2 H, 1'-H), 3.60 (dd, Js 54 = 2.7 Hz, Joo¢p = 11.6 Hz, 1
H, 6’a-H), 3.42 (dd, Js ¢p = 44 Hz, Jouep = 11.5Hz, 1 H, 6'B-
H), 2.17, 2.13, 2.12, 2.11, 2.10, 2.07, 2.02 (7 s, 21 H, 7 CH3) ppm.
13C NMR (100 MHz, CDCls): § = 170.5, 170.1, 170.0, 169.9, 169.6,
169.3 (C=0), 104.0 (C-2"), 89.8 (C-1), 79.1 (C-5"), 75.7 (C-3"), 74.8
(C-4"), 70.6 (C-4), 70.2 (C-2), 69.5 (C-3), 68.8 (C-5), 63.4 (C-0),
63.0 (C-1"), 31.2 (C-6"), 20.5, 20.7, 20.7, 20.6, 20.6, (CH;) ppm.
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2,3,3',4,4’-Penta-0-acetyl-1'-bromo-1’'-deoxy-6,6'-di-O-TBDPS-su-
crose (28): A solution of 6,6'-di-O-TBDPS-sucrosel*!'! (2 g,
2.44 mmol) in pyridine (16 mL) was cooled with an ice bath and
treated with triphenylphosphane (1.92 g, 3 equiv., 7.33 mmol), fol-
lowed by the portionwise addition of carbon tetrabromide (1.22 g,
1.5 equiv., 3.66 mmol). The reaction mixture was heated to 60 °C
and stirred for 2 d. After re-cooling the mixture with an ice bath,
acetic anhydride was added (1.4 mL, 1.2 equiv./OH, 0.015 mol),
and the mixture was stirred overnight at room temp. The solvent
was removed, and the residue was purified by flash chromatog-
raphy with hexane/diethyl ether (1:1) to yield 28 as a colourless oil
(0.639 g, 24% yield). "H NMR (400 MHz, CDCls): § = 7.62 (m, 8
H, Ph-H,), 7.36 (m, 12 H, Ph-H,, ), 5.65 (d, J = 5.6 Hz, 1 H, 3'-
H), 5.63 (d, J=3.7Hz, 1 H, 1-H), 543 (t, / = 5.8 Hz, 1 H, 4'-H),
541 (t, J=10.1 Hz, 1 H, 3-H), 5.29 (t, J = 9.7 Hz, 1 H, 4-H), 4.89
(dd, J,, = 3.7Hz, J,5 = 10.3 Hz, 1 H, 2-H), 4.08 (m, 2 H, 5'-H,
5-H), 3.85 (dd, Js 64 = 5.6 Hz, Jo 1o ¢ = 10.8 Hz, 1 H, 6'a-H), 3.78
(dd, Js g5 = 6.0 Hz, Joo 63 = 10.9 Hz, 1 H, 6'B-H), 3.66 (dd, Js 6,
= 1.8 Hz, Jouep = 11.6 Hz, 1 H, 60-H), 3.60 (d, J = 11.3 Hz, 1 H,
1'0-H), 3.58 (dd, Js ¢ = 3.5 Hz, Jeu6p = 11.2 Hz, 1 H, 6B-H), 3.52
(d,J=11.6 Hz, 1 H, 1'B-H), 2.11, 2.04, 2.02, 2.00, 1.87 (5s, 15H, 5
CH5>), 1.03 (s, 18 H, 2 rBu-H) ppm. '*C NMR (100 MHz, CDCI;): 6
= 170.3, 170.2, 169.7, 169.2 (C=0), 135.7, 135.6 (Ph-C,), 133.0,
132.9 (Ph-C,), 129.6 (Ph-C,), 127.7 (Ph-C,,), 104.1 (C-2"), 90.6 (C-
1), 81.3 (C-5"), 77.0 (C-3"), 75.6 (C-4"), 70.6 (C-5), 70.3, 70.2 (C-
2,3), 68.2 (C-4), 64.2 (C-6"), 61.5 (C-6), 32.6 (C-1"), 26.7 (Bu-CH3;),
20.8, 20.6 (CH3), 19.2 (tBu-C) ppm.

1',2,3,3' ,4,4’-Hexa-0-acetyl-6-O-formyl-6'-O-TBDPS-sucrose (2):
A solution of 26 (3 g, 3.35 mmol) in DMF (67 mL) was treated
with sodium formate (1.14 g, 5 equiv., 0.017 mol). The reaction
mixture was heated to 110 °C and stirred for 3 h. The solvent was
removed, the residue was dissolved in dichloromethane and water,
and the product was extracted with dichloromethane. The com-
bined organic layers were dried and concentrated to leave a brown
residue, which was subjected to flash chromatography with hexane/
diethyl ether (gradient from 1:1 to 1:2 to 1:3 to diethyl ether) to
provide a colourless oil. The product (2) was crystallized from the
oil with dichloromethane/diethyl ether as colourless needles (2.47 g,
86% yield). M.p. 127-128 °C. [a]) = +50.6 (¢ = 1.0, CHCl;). 'H
NMR (400 MHz, CDCl3): 6 = 7.91 (s, | H, HC=0), 7.65 (m, 4 H,
Ph-H,), 7.41 (m, 6 H, Ph-H,,,), 5.61 (d, J = 3.7Hz, 1 H, 1-H),
552 (t, J = 6.0Hz, 1 H, 4-H), 541 (d, J = 59 Hz, 1 H, 3'-H),
5.40 (t, J = 10.0 Hz, 1 H, 3-H), 4.99 (t, J = 9.9 Hz, 1 H, 4-H), 4.81
(dd, J1,=3.7Hz, J, 3 = 10.4 Hz, 1 H, 2-H), 4.23 (td, J4 5 =
10.2 Hz, Jss = 3.3 Hz, 1 H, 5-H), 4.11 (m, 5 H, 1'-H, 5'-H, 6-H),
3.87 (dd, Js ¢ = 5.5Hz, Jouep = 10.9 Hz, 1 H, 6’a-H), 3.84 (dd,
Jsop = 5.8Hz, Joqep = 11.0Hz, 1 H, 6'f-H), 2.14, 2.10, 2.09,
2.05, 2.01, 1.98 (6 s, 18 H, 6 CH3), 1.06 (s, 9 H, rBu-H) ppm. 13C
NMR (100 MHz, CDCly): 6 = 170.1, 167.0, 169.8, 169.7, 169.5,
169.3 (acetyl C=0), 160.4 (formyl C=0), 135.6 (Ph-C,), 133.0,
132.9 (Ph-C,), 129.9 (Ph-C,), 127.8, 127.7 (Ph-C,,), 103.5 (C-2"),
89.5(C-1), 81.4 (C-5"), 76.1 (C-3"), 75.0 (C-4"), 70.1 (C-2), 69.7 (C-
3), 68.4 (C-4), 68.1 (C-5), 63.9 (C-6"), 63.1 (C-6), 61.2 (C-1"), 26.7
(rBu-CH3), 20.8, 20.7, 20.6 (CH3), 19.2 (tBu-C) ppm. C4;Hs,045Si
(860.29): caled. C 57.20, H 6.09; found C 57.25, H 6.31.

Esterification of Sugar Bromides

Method A (Xylene as Solvent): A mixture of K,CO; (2 equiv.),
TBAI (0.2 equiv.), unsaturated carboxylic acid (2 equiv.) and
Ag,COj; (2 equiv., added only for D-glucose and sucrose derivatives)
in xylene (0.5 mL) was stirred at room temperature in an open ves-
sel. After 5 min, a solution of sugar bromide (1 equiv.) in xylene
(0.5 mL) was added and the mixture was placed in a MW reactor
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at 600 W for 5 min for xylose derivative 23 and for the times indi-
cated in Table 4 for the glucose and sucrose derivatives. After cool-
ing, the reaction mixture was diluted with ethyl acetate, filtered,
and the solvent was removed. Preparative chromatography with the
eluent system indicated for each case afforded the pure products.

Method A (Water/Acetone as Solvent): A mixture of carboxylic acid
(2 equiv.), saturated aqueous K,CO; (0.5 mL), TBAI (0.2 equiv.),
Ag,COj; (2 equiv., added only for the p-glucose and sucrose deriva-
tives) and a solution of sugar bromide (1 equiv.) in acetone
(0.5 mL) was sealed in a glass tube and placed in a MW reactor at
100 W for 5 min for xylose derivative 23 and for the times indicated
in Tables 4 and 5 for the other sugar derivatives. After cooling, the
crude mixture was extracted with ethyl acetate, the organic layer
was dried with Na,SO, and filtered, and the solvents were evapo-
rated to dryness. The pure products were obtained by preparative
layer chromatography with the eluent system indicated for each
case.

Method B (Pyridine as Solvent): A mixture of sugar bromide
(1 equiv.), unsaturated carboxylic acid (2 equiv.), Ag,COs (2 equiv.,
added only for the D-glucose and sucrose derivatives) and pyridine
(10 mL) was refluxed in a MW reactor at 600 W for 5 min for xy-
lose derivative 23 and for the times indicated in Table 4 for the
glucose and sucrose derivatives. After cooling, the crude mixture
was filtered, and the solvents were evaporated to dryness. Prepara-
tive chromatography with the eluent system indicated for each case
afforded the pure products.

Method B (TMG as Solvent): A mixture of sugar bromide
(1 equiv.), carboxylic acid (2 equiv.) and TMG (1 mL) was placed
in a MW reactor at 100 W for 5 min for xylose derivative 23 and
for the times indicated in Tables 4 and 5 for the other sugar deriva-
tives. After cooling, the crude mixture was purified by preparative
chromatography with the eluent system indicated for each case, af-
fording the pure products.

2,3,4-Tri-O-benzoyl-1-O-methacryloyl-a-D-xylopyranose (29a) and
2,3,4-Tri-O-benzoyl-1- O-methacryloyl-p-p-xylopyranose (29b): Pu-
rification by preparative chromatography (dichloromethane) led to
the two anomers 29a (31% yield after 5 min with method A in
xylene and 9% yield after 5 min in water/acetone; colourless oil)
and 29b (34% yield after 5 min with method A in xylene and 61%
yield after 5 min in water/acetone; colourless oil). 29a: 'H NMR
(400 MHz, CDCly): 6 = 7.95 (m, 6 H, Ph-H,), 7.44 (m, 9 H, Ph-
H,,). 6.58 (d, J = 3.6Hz, 1 H, 1-H), 6.34 (s, 1 H, C=CH*HP),
6.16 (t, J = 9.8 Hz, 1 H, 3-H), 5.76 (s, 1 H, C=CH*HP), 5.55 (dd,
J>3=10.0Hz, J,, =3.6 Hz, 1 H, 2-H), 5.49 (ddd, J4 5.,x = 10.0 Hz,
Jaseq = 5.6 Hz, J54 = 10.0 Hz, 1 H, 4-H), 4.27 (dd, Jseq 5ax =
11.2Hz, Jy5eq = 5.7Hz, 1 H, 5.-H), 3.96 (t, J = 10.9 Hz, 1 H, 5,-
H), 2.01 (s, 3 H, CH;) ppm. '*C NMR (100 MHz, CDCls): § =
165.8, 165.5,165.3, 165.2 (C=0), 135.4 (C =CH,), 133.5-128.4 (Ph-
(), 127.4 (C =CH,), 89.9 (C-1), 70.2 (C-2), 69.8 (C-3), 69.4 (C-4),
61.2 (C-5), 18.2 (CH3) ppm. 29b: 'H NMR (400 MHz, CDCl,): ¢
= 8.00 (m, 6 H, Ph-H,), 7.45 (m, 9 H, Ph-H,,,), 6.19 (s, 1 H,
C=CH*HY), 6.16 (d, J = 5.3 Hz, 1 H, 1-H), 5.84 (t, J = 6.8 Hz, |
H, 3-H), 5.62 (s, 1 H, C=CH?H"), 5.57 (dd, J,3 = 6.8 Hz, J,, =
5.2Hz, 1 H, 2-H), 5.40 (ddd, J4 s.x = 6.6 Hz, Jys¢q = 4.0 Hz, J54
= 6.8 Hz, 1 H, 4-H), 4.50 (dd, Jseq sax = 12.4 Hz, J4 5. = 4.0 Hz, 1
H, 5.-H), 3.93 (dd, Jsaxseq = 12.4 Hz, Jy 5, = 6.6 Hz, 1 H, 5,-
H), 1.91 (s, 3 H, CH3) ppm. 3C NMR (100 MHz, CDCly): § =
165.4,165.2,165.1, 164.9 (C=0), 135.1 (C =CH,), 133.4-128.3 (Ph-
(), 127.6 (C =CH,), 92.2 (C-1), 69.6 (C-3), 68.9 (C-2), 68.4 (C-4),
62.12 (C-5), 18.0 (CH3) ppm.
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2,3,4-Tri-O-benzoyl-1-O-|(E)-3-methyl-2-propenyl|-a-D-xylopyr-
anose (30a) and 2,3,4-Tri-O-benzoyl-1-O-|( E)-3-methyl-2-propenyl]-
B-D-xylopyranose (30b): Purification by preparative chromatog-
raphy (dichloromethane) led to the two anomers 30a (30% yield
after 5 min with method A in xylene and 9% yield after 5 min in
water/acetone; colourless oil) and 30b (38 % yield after 5 min with
method A in xylene and 53% yield after 5 min in water/acetone;
colourless oil). 30a: '"H NMR (400 MHz, CDCl5): 6 = 7.96 (m, 6
H, Ph-H,), 743 (m, 9 H, Ph-H,,,), 7.14 [dq, J = 15.6 Hz, J =
6.9 Hz, 1 H, HC=C(H)CH3], 6.59 (d, J = 3.7 Hz, 1 H, 1-H), 6.17
(t, J=9.8Hz, 1 H, 3-H), 599 [dq, J = 15.5Hz, J = 1.7Hz, 1 H,
HC=C(H)CH3;], 5.54 (dd, J,3 = 10.0 Hz, J; , = 3.6 Hz, | H, 2-H),
5.49 (m, 1 H, 4-H), 4.25 (dd, Jseq sax = 11.2 Hz, J45.¢ = 5.8 Hz, 1
H, 5.4-H), 3.96 (t, J = 10.9 Hz, 1 H, 5,-H), 1.94 (dd, J = 6.9 Hz,
J = 1.7Hz, 3 H, CHs3) ppm. '3C NMR (100 MHz, CDCls): 6§ =
165.8, 165.5, 165.3, 164.1 (C=0), 147.4 [HC =C(H)CH;], 133.4-
128.4 (Ph-C), 121.6 [HC=C(H)CH3], 89.4 (C-1), 70.2 (C-2), 69.9
(C-3), 69.5 (C-4), 60.9 (C-5), 18.2 (CH3) ppm. 30b: 'H NMR
(400 MHz, CDCly): 6 = 8.00 (m, 6 H, Ph-H,), 7.43 (m, 9 H, Ph-
H,,,), 7.04 [dq, J = 15.5Hz, J = 6.9 Hz, | H, HC=C(H)CHj;], 6.20
(d, J=5.1Hz, 1 H, 1-H), 5.83 [m, 2 H, HC=C(H)CHs;, 3-H], 5.53
(dd, J,53 = 6.5Hz, J,, = 52Hz, 1 H, 2-H), 5.38 (ddd, Jys.x =
6.4 Hz, Jyseq = 40Hz, J54, = 6.4Hz, 1 H, 4-H), 4.50 (dd, Jscq sax
=12.4 Hz, J4 5¢q = 4.0 Hz, 1 H, 5.4-H), 3.93 (dd, Jsax 5¢q = 12.4 Hz,
Jasax = 6.3 Hz, 1 H, 5,4-H), 1.81 (dd, /= 6.9 Hz, J= 1.6 Hz, 3 H,
CH;) ppm. 3C NMR (100 MHz, CDCls): § = 165.5, 165.0, 164.0
(C=0), 147.5 [HC=C(H)CH;], 133.4-128.4 (Ph-C), 121.5
[HC=C(H)CH;], 91.7 (C-1), 69.5 (C-2), 68.8 (C-3), 68.4 (C-4), 62.0
(C-5), 18.1 (CH;3) ppm.

2,3,4-Tri-O-benzoyl-1-O-|(E)-3-phenyl-2-propenyl]|-a-D-xylopyr-
anose (31a) and 2,3,4-Tri-O-benzoyl-1-O-|(E)-3-phenyl-2-propenyl]-
B-D-xylopyranose (31b): Purification by preparative chromatog-
raphy (dichloromethane) led to the two anomers 31a (30% yield
after 5 min with method A in xylene and 11% yield after 5 min in
water/acetone; colourless oil) and 31b (38% yield after 5 min with
method A in xylene and 56% yield after 5 min in water/acetone;
colourless oil). 31a: '"H NMR (400 MHz, CDCl5): § = 7.97 (m, 6
H, Ph-H,), 7.81 [d, J = 16.0 Hz, | H, HC=C(H)Ph], 7.47 (m, 14
H, Ph-H,,,), 6.67 (d, J = 3.6 Hz, 1 H, 1-H), 6.62 [d, J = 16.0 Hz,
1 H, HC=C(H)Ph], 6.24 (t, J = 9.8 Hz, 1 H, 3-H), 5.58 (dd, J,; =
10.0 Hz, J,, = 3.6 Hz, 1 H, 2-H), 5.52 (ddd, J4 s.x = 10.2 Hz, J4 5¢q
= 58Hz, J34 = 9.8Hz, 1 H, 4-H), 428 (dd, Jseqsax = 11.2 Hz,
Jaseq = 5.8 Hz, 1 H, 5.4-H), 4.03 (t, J/ = 10.9 Hz, 1 H, 5,,-H) ppm.
13C NMR (100 MHz, CDCl3): 6 = 165.8, 165.4, 165.3, 164.8
(C=0), 147.1 [HC=C(H)Ph], 133.9-128.4 (Ph-C), 116.5 [HC=C(H)
Ph], 89.7 (C-1), 70.2 (C-2), 69.9 (C-3), 69.5 (C-4), 61.0 (C-5) ppm.
31b: 'H NMR (400 MHz, CDCl): 6 = 8.02 (m, 5 H, Ph-H,), 7.74
[d.J =16.0 Hz, 1 H, HC=C(H)Ph], 7.44 (m, 15 H, Ph-H,, ), 6.41
[d, J = 16.0 Hz, 1 H, HC=C(H)Ph], 6.26 (d, J = 5.0 Hz, 1 H, 1-
H), 5.83 (t, J = 6.5Hz, 1 H, 3-H), 5.58 (dd, J,5 = 6.5Hz, J;, =
5.1 Hz,1 H, 2-H), 5.40 (ddd, J4 5.x = 6.3 Hz, J45cq = 3.9 Hz, J5,4 =
6.3 Hz, 1 H, 4-H), 4.54 (dd, Jseqsax = 12.4 Hz, Jys¢q = 3.8 Hz, 1
H, 5.-H), 3.96 (dd, Jsax seq = 12.4 Hz, J4 s0x = 6.2 Hz, 1 H, 5,-H)
ppm. '*C NMR (100 MHz, CDCl;): 6 = 165.5, 165.0, 164.7, 147.0
[HC=C(H)Ph], 133.9-128.3 (Ph-C), 116.5 [HC=C(H)Ph], 91.9 (C-
1), 69.5 (C-3), 68.8 (C-2), 68.3 (C-4), 62.0 (C-5) ppm.

Methyl 2,3,4-Tri-O-acetyl-6-O-|(E)-3-phenyl-2-propenyl]-a-D-gluco-
pyranoside (32): Purification by preparative chromatography (hex-
ane/diethyl ether, 1:4) yielded 32 as a colourless oil (57% yield after
10 min with method A in xylene, 17% yield after 7 min in water/
acetone, 6% yield after 30 min in water/acetone, 67% yield after
10 min with method B in pyridine and 74% yield after 5 min in
TMG). 'H NMR (400 MHz, CDCls): = 7.73 [d, J = 16.0 Hz, 1
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H, HC=C(H)Ph], 7.55 (m, 2 H, Ph-H,), 7.39 (m, 3 H, Ph-H,,,),
6.48 [d, J = 16.0 Hz, 1 H, HC=C(H)Ph], 5.51 (t, /= 9.7Hz, | H,
3-H), 5.13 (t, J = 9.8 Hz, 1 H, 4-H), 4.98 (d, J;», = 3.6 Hz, | H, I-
H), 4.94 (dd, J,, = 3.6 Hz, J,5 = 10.2 Hz, 1 H, 2-H), 4.34 (m, 2
H, 6-H), 4.08 (m, 1 H, 5-H), 3.43 (s, 3 H, OCH,), 2.08, 2.05, 2.02
(3's,9 H, 3 CH;3) ppm. 3*C NMR (100 MHz, CDCl5): 6 = 170.11,
170.06, 169.6, 166.5 (C=0), 145.7 (HC =C(H)Ph), 134.2 (Ph-C,),
130.5 (Ph-C,), 128.9, 128.2 (Ph-C, ,,) 117.2 [HC=C(H)Ph], 96.8 (C-
1), 70.8 (C-2), 70.2 (C-3), 68.8 (C-4), 67.2 (C-5), 62.1 (C-6), 55.5
(OCH3), 20.71, 20.68, 20.65 (CH3) ppm.

Methyl 2,3,4-Tri-O-benzoyl-6-O-|(E)-3-phenyl-2-propenyl]-a-D-
glucopyranoside (33): Purification by preparative chromatography
(hexane/diethyl ether, 1:1) yielded 33 as a colourless oil (27% yield
after 12 min with method A in water/acetone, 6% yield after 80 min
in water/acetone and 53% yield after 30 min with method B in
TMG). 'H NMR (400 MHz, CDCls): § = 7.98 (m, 4 H, Ph-H),
7.89 (m, 2 H, Ph-H), 7.71 [d, J = 16.0 Hz, 1 H, HC=C(H)Ph], 7.49
(m, 4 H, Ph-H), 7.37 (m, 8 H, Ph-H), 7.27 (m, 2 H, Ph-H), 6.42
[d, J=16.0 Hz, 1 H, HC=C(H)Ph], 6.21 (t, J = 9.9 Hz, 1 H, 3-H),
5.68 (t,J =9.8Hz, 1 H, 4-H), 5.34 (dd, J,, = 3.6 Hz, J, 5 =
10.2Hz, 1 H, 2-H), 5.28 (d, J = 3.6 Hz, 1 H, 1-H), 4.45 (m, 2 H,
6-H), 4.36 (m, 1 H, 5-H), 3.49 (s, 3 H, OCH;) ppm. '3C NMR
(100 MHz, CDCl3): 0 = 166.4, 165.72, 165.69, 165.2 (C=0), 145.5
[HC=C(H)Ph], 134.1 (Ph-C,), 133.3, 133.0, 139.3, 129.8, 129.8 (Ph-
CH), 129.1, 128.9, 128.8 (Ph-C,), 128.7, 128.3, 128.2, 128.1 (Ph-
CH), 117.2 [HC=C(H)Ph], 97.0 (C-1), 71.9 (C-2), 70.3 (C-3), 69.6
(C-4), 67.4 (C-5), 62.7 (C-6), 55.6 (OCH3) ppm.
1',2,3,3',4,4'-Hexa-0-acetyl-6-O-|(E)-3-phenyl-2-propenyl]-6'-O-
TBDPS-sucrose (34): Purification by preparative chromatography
(hexane/ethyl acetate, 1:1) yielded 34 as a colourless oil (23 % yield
after 60 min with method B in pyridine and 28 % yield after 60 min
in TMG). '"H NMR (400 MHz, CDCl3): 6 = 7.65 [m, 5 H,
HC=C(H)Ph, Ph-H,], 7.51 (m, 2 H, Ph-H,), 7.39 (m, 9 H, Ph-
H,,,), 6.45[d, J=16.0 Hz, 1 H, HC=C(H)Ph], 5.65 (d, J = 3.5 Hz,
1 H, 1-H), 5.52 (t, J = 5.7Hz, 1 H, 4'-H), 542 (t, /= 9.8 Hz, | H,
3-H), 541 (d, J = 5.6 Hz, 1 H, 3'-H), 5.08 (t, J = 9.8 Hz, | H, 4-
H), 4.86 (dd, J,, = 3.6 Hz, J,5 = 10.3 Hz, 1 H, 2-H), 4.18 (m, 6
H, 1'-H, 5-H, 5'-H, 6-H), 3.90 (dd, Js 64 = 5.6 Hz, Jo', 55 =
11.2Hz, 1 H, 6'a-H), 3.86 (dd, Js o3 = 5.8 Hz, Jo 53 = 11.0 Hz,
1 H, 6'B-H), 2.14, 2.10, 2.09, 2.03, 2.01, 1.98 (6 s, 18 H, 6 CH;),
1.06 (s, 9 H, tBu-H) ppm. '*C NMR (100 MHz, CDCl;): 6 = 170.2,
170.1, 169.8, 169.5, 166.5 (C=0), 145.5 [HC=C(H)Ph], 135.6 (Ph-
CH), 134.4, 133.0 (Ph-C,), 130.4, 129.9, 128.8, 128.3, 127.8 (Ph-
CH), 117.4 [HC=C(H)Ph], 103.8 (C-2"), 89.8 (C-1), 81.5 (C-5"),
76.2 (C-3'), 75.2 (C-4"), 70.2 (C-2), 69.9 (C-3), 68.4 (5, C-4), 63.9
(C-6"), 62.9 (C-1"), 61.8 (C-6), 26.8 (tBu-CHj3), 20.8, 20.6 (acetyl
CHs), 19.2 (1Bu-C) ppm.

1,2,3,3',4,4' ,6-Hepta-0O-acetyl-6'- O-|(E)-3-phenyl-2-propenyl]-
sucrose (35): Purification by preparative chromatography (hexane/
ethyl acetate, 1:2) yielded 35 as a colourless oil (58% yield after
30 min with method B in pyridine and 32% yield after 30 min in
TMG). '"H NMR (400 MHz, CDCls): 6 = 7.72 [d, J = 16.0 Hz, 1
H, HC=C(H)Ph], 7.56 (m, 2 H, Ph-H,), 7.39 (m, 3 H, Ph-H,,,),
6.53[d, J = 16.0 Hz, 1 H, HC=C(H)Ph], 5.72 (d, J = 3.6 Hz, 1 H,
1-H), 5.48 (m, 2 H, 3-H, 3’-H), 5.38 (t, /= 5.7 Hz, 1 H, 4'-H), 5.14
(t, J =9.6Hz, | H, 4-H), 4.90 (dd, J;, = 3.7Hz, J,5 = 10.3Hz, 1
H, 2-H), 4.34 (m, 5 H, 1'-H, 5-H, 6-H), 4.22 (m, 3 H, 5’-H, 6'-H),
2.19, 2.11, 2.10, 2.09, 2.07, 2.02 (6 s, 18 H, 6 CH3) ppm. '3C NMR
(100 MHz, CDCl;): 0 = 170.5, 170.1, 169.9, 169.7, 169.5, 166.5
(C=0), 145.7 [HC=C(H)Ph], 134.4 (Ph-C,), 130.4, 128.9, 128.3
(Ph-CH), 117.4 [HC=C(H)Ph], 104.1 (C-2"), 90.0 (C-1), 79.2 (C-
5"), 75.8 (C-3"), 75.1 (C-4"), 70.3 (C-2), 69.7 (C-3), 68.6 (C-5), 68.5
(C-4), 63.6 (C-1"), 62.9 (C-6), 62.0 (C-6"), 20.7, 20.6 (CH3) ppm.
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Methyl 2,3,4-Tri-O-benzoyl-6- O-deoxycholyl-a-D-glucopyranoside
(37): Purification by preparative chromatography (ethyl acetate)
yielded 37 as a colourless oil (82% yield after 20 min with method
B in TMG). '"H NMR (400 MHz, CDCl;): § = 7.98 (d, J = 7.3 Hz,
2 H, Ph-H,), 7.94 (d, J = 7.3 Hz, 2 H, Ph-H,), 7.87 (d, J = 7.3 Hz,
2 H, Ph-H,), 7.51 (m, 2 H, Ph-H,), 7.40 (m, 5 H, Ph-H,, ), 7.29
(m, 2 H, Ph-H,,), 6.15 (t, = 9.8 Hz, 1 H, 3-H), 5.60 (t, J = 9.7 Hz,
1 H, 4-H), 5.28 (dd, J,, = 3.6 Hz, J,3 = 10.0 Hz, 1 H, 2-H), 5.24
(d, J = 3.6Hz, | H, 1-H), 428 (m, 3 H, 5-H, 6-H), 3.98 (t, J =
2.8 Hz, 1 H, deoxycholyl 12-H), 3.61 (m, 1 H, deoxycholyl 3-H),
3.48 (s, 3 H, OCH3), 2.34 (m, 2 H, deoxycholyl 23-H), 1.44 (m, 26
H, deoxycholyl-H), 0.94 (m, 6 H, deoxycholyl 19-H, deoxycholyl
21-H), 0.68 (s, 3 H, deoxycholyl 18-H) ppm. '*C NMR (100 MHz,
CDCl3): 6 = 173.9 (deoxycholyl C=0), 165.8, 165.2 (C=0), 133.4,
133.1 (Ph-C,), 129.9, 129.8, 129.7 (Ph-C,), 129.2, 129.0, 128.9 (Ph-
C,), 128.4,128.3 (Ph-C,,), 97.1 (C-1), 73.1 (deoxycholyl C-12), 72.0
(C-2), 71.8 (deoxycholyl C-3), 70.4 (C-3), 69.3 (C-4), 67.5 (C-5),
62.4 (C-6), 55.7 (OCHs), 48.2 (CH), 47.3 (CH), 46.5 (C), 42.1 (CH),
36.4 (CH»), 36.0 (CH), 35.2 (CH,), 35.0 (CH), 34.1 (C), 33.7 (CH),
30.9 (CH,), 30.6 (CH,), 30.5 (CH,), 28.7 (CH,), 27.4 (CH»), 27.1
(CH,), 26.1 (CH,), 23.7 (CH,), 23.2 (deoxycholyl C-19), 17.3 (de-
oxycholyl C-21), 12.8 (deoxycholyl C-18) ppm.

2,3,4-Tri-O-benzoyl-1-O-deoxycholyl-B-D-xylopyranose (38): Purifi-
cation by preparative chromatography (hexane/ethyl acetate, 1:1)
yielded 38 as a colourless oil (38% yield after 5 min with method
A in water/acetone). 'H NMR (400 MHz, CDCl;): 6 = 8.00 (m, 6
H, Ph-H,), 7.53 (m, 3 H, Ph-H,), 7.38 (m, 6 H, Ph-H,,), 6.12 (d, J
=53Hz | H, 1-H), 5.80 (t, J = 6.8 Hz, 1 H, 3-H), 547 (m, 1 H,
2-H), 5.35 (dd, J = 6.5Hz, J = 10.6 Hz, |1 H, 4-H), 447 (dd, J =
40Hz, J = 123 Hz, | H, 5-H), 3.94 (s, 1 H, deoxycholyl 12-H),
3.89 (dd, J = 6.5Hz, J = 124 Hz, 1 H, 5-H), 3.61 (m, 1 H, deoxy-
cholyl 3-H), 2.34 (m, 2 H, deoxycholyl 23-H), 1.41 (m, 26 H, deoxy-
cholyl-H), 0.91 (m, 6 H, deoxycholyl 19-H, deoxycholyl 21-H), 0.63
(s, 3 H, deoxycholyl 18-H) ppm. *C NMR (100 MHz, CDCls): 6
= 172.3 (deoxycholyl C=0), 165.5, 165.1, 165.0 (C=0), 133.5 (Ph-
C,), 129.9, 129.8 (Ph-C,), 129.0, 128.97, 128.8 (Ph-C,), 128.5 (Ph-
C,), 91.6 (C-1), 73.1 (deoxycholyl C-12), 71.7 (deoxycholyl C-3),
69.6 (C-3), 68.9 (C-2), 68.5 (C-4), 62.1 (C-5), 48.1 (CH), 47.1 (CH),
46.5 (C), 42.1 (CH), 36.4 (CH»), 36.0 (CH), 35.2 (CH,), 35.0 (CH),
34.1 (0), 33.6 (CH), 31.2 (CH,), 30.6 (CH,), 30.4 (CH,), 28.7
(CH,), 27.3 (CH,), 27.1 (CH,), 26.1 (CH,), 23.6 (CH,), 23.1 (de-
oxycholyl C-19), 17.2 (deoxycholyl C-21), 12.7 (deoxycholyl C-18)
ppm.
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