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Abstract: Er(OTf)3 is a useful catalyst for the Ferrier rearrange-
ment furnishing high yields of products, cleaner reaction profiles,
short reaction times, mild reaction conditions, high stereoselectivity
and recoverability of the catalyst which is also commercially avail-
able.
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The discovery of naturally occurring C-glycosides having
important pharmacological properties1 and the require-
ment of chiral building blocks for the synthesis of several
biological active products (i.e. palytoxin, spongistatin,
halichondrin B)2 and stable analogs of O- and N-glyco-
sides potential inhibitors of carbohydrate processing en-
zymes,3 have stimulated the development of many
synthetic methodologies for the preparation of C-glyco-
sides.1b,4 C-Pseudoglycals are 2,3-unsaturated C-glyco-
sides (D2,3-glycals), generally accessed via acid-mediated
allylic rearrangement of glycals, otherwise known as the
Ferrier rearrangement.5 They possess a double bond
which may be easily functionalized to produce an array of
complex carbohydrates.6 Moreover, specifically C-allyl
and alkynyl glycosides are attractive due to the presence
of a multiple bond that is easy to transform into other
chiral carbon analogues of synthetic carbohydrates4c,7 or
used to build up building blocks of natural products (i.e.
tautomycin,8 ciguatoxin,9 okadaic acid10). Also, C-glyco-
side cyanides result in versatile intermediates for the syn-
thesis of naturally occurring C-nucleoside antibiotics and
many others analogues1b,4c,11 because the cyano-group can
be readily transformed into a variety of other functional
groups. Ferrier rearrangement furnishing C-pseudogly-
cals has been achieved by using many acid catalysts with
carbon nucleophiles: H2SO4, HCl, EtAlCl2, SnBr4,

12

SbCl5,
13 Cl3COOH,14 CH3COOH,15 ZnCl2,

16

BF3·OEt2,
1c,5d,11,12,17 TiCl4,

17,18 SnF4, TMSOTf,1c,4a,18,19

montmorillonite-K,19b DDQ,20 AlCl3,
19a trichloroacetim-

midate,5f SnCl4,
19 InCl3,

21 InBr3,
22 LiBF4,

23 I2,
12,24 and

triflate derivatives of Bi(III),25 In(III),26 Sc(III),27 and
Yb(III).28

Nevertheless, many of these reagents are corrosive, mois-
ture-sensitive, and are required in stoichiometric amounts,
having limitations in terms of yields, reaction time, tem-
perature, selectivity, recovery of the catalyst, and avail-
ability. Moreover, in many cases the reported methods
were used with only the most reactive glycals.

In the last years we developed new catalytic reagents for
several strategic steps of organic synthesis with the aim to
lower the environmental impact.29 Now, in continuation
of our work on the application of erbium(III) trifluo-
romethanesulfonate as Lewis acid catalyst in various
transformations, we describe the utility of Er(OTf)3 as an
efficient catalyst for the synthesis of 2,3-unsaturated C-
glycosides via Ferrier rearrangement by using silylated
nucleophiles.

We tested first the catalytic activity of Er(OTf)3 in the al-
lylation of 3,4,6-tri-O-acetyl-D-glucal 1 at room tempera-
ture in different solvents with 1.5 equivalents of
allyltrimethylsilane (a) and different mol% of catalyst
(Scheme 1). Based on our preliminary results, which are
shown in Table 1, Er(OTf)3 acts quite efficiently in polar
aprotic solvents such as CH3CN and CH3NO2 (entries 1
and 2 in Table 1), but the best result was obtained in
CH2Cl2 (entries 3 in Table 1) where more than 95% of al-
lyl 2,3-unsaturated acetyl C-glycoside 1a was achieved by
using only 3.0 mol% of catalyst, whilst no product was de-
tected in Et2O, THF, CHCl3 even after very prolonged re-
action times (entries 4–6 in Table 1). Attempts to use
lower amounts of Er(OTf)3 failed because only low yields
of allyl 2,3-unsaturated acetyl C-glycoside 1a were
achieved by using 1.0 mol% and also 2.0 mol% of catalyst
(entry 7 and 8 in Table 1).

The catalyst can be reused several times without signifi-
cant loss of activity. After workup, the aqueous phase can
be evaporated under reduced pressure to furnish the
Er(III) salt 30 as a pale pink solid (85–90% recovered),
which can be recycled after drying overnight over P2O5.
The recovered catalyst was used five times in the allyla-
tion reaction of the 3,4,6-tri-O-acetyl-D-glucal 1 main-
taining 3.0 mol% of catalyst and the yields were always
higher than 90%.

Less satisfactory results were reached when the same re-
action was carried out in anhydrous CH3CN and CH3NO2,
(entries 9 and 10 in Table 1), and even in anhydrous
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CH2Cl2 the yield of 1a was only 80% (entry 11 in
Table 1).

It is reasonable to assume that a dynamic equilibrium be-
tween the water molecules involved in the coordination
sphere of the Er(OTf)3 and substrate exists. When one of
the eight water molecules, which surround the metal ion31

is substituted by a molecule of glycal through the coordi-
nation with one of its lone pairs on the oxygen atom, the
Ferrier rearrangement can proceed via a delocalized cat-
ion formed by departure of the acyloxy moiety from start-
ing material. As depicted in Scheme 2, the formation of
cation is followed by attack of nucleophile from a side of
the molecule providing maximum continuous overlap of
the orbitals.

In order to explore the generality and the scope of erbi-
um(III) triflate as Lewis acid catalyst in Ferrier rearrange-
ment, the reaction was carried out on different substrates
such as 3,4,6-tri-O-acetyl-D-galactal 2 and 3,4-di-O-
acetyl-6-deoxy-L-glucal 3 by using different silylnucleo-
philes [allyltrimethylsilane (a), trimethylsilyl cyanide (b),
propargyltrimethylsilane (c), 1-phenyl-2-(allytrimethylsi-
lyl)acetylene (d)].

Scheme 2

Based on results reported in Table 1, we adopted a simple
experimental procedure: a solution of substrate in CH2Cl2

was stirred at room temperature in the presence of catalyt-
ic amount of erbium(III) trifluoromethanesulfonate for
about five minutes, then the silylnucleophile (1.5 equiv)
was added and the course of reaction was followed by
TLC (Table 2).

All products were obtained in high yields at room temper-
ature by using low amounts of erbium(III) triflate and
only a few substrates required up to 10 mol% of catalyst
(entries 2, 5, 8, and 11 in Table 2) to accomplish lower re-
action times. In every case, the major anomeric product
was characterized by EI–MS and 1H- and 13C NMR spec-
troscopy after purification by chromatographic column.

The anomeric ratio was determined by means of 1H and
13C NMR spectroscopy in accordance with the earlier
studies.21a,22,24,25 Particularly, in the 13C NMR spectra the
C-5 chemical shift is always lower than 75 ppm as report-
ed for the g-gauche effect on 1,5-trans isomers (a for D-
gluco and galacto-series and b for L-deoxygluco series).
Moreover in NOE experiments on H5 or on the methyl in
C-6, the H1 signal must enhance only in a for D-gluco-
and galacto series and in b for L-deoxygluco series
(Figure 1).32 Experiments carried out on the major isomer
confirmed the configuration proposed in Table 2.

The tri-O-acetyl-D-glucal 1 always gave higher yields
than the galactal analog 2 during C-glycosydation as pre-
viously registered.21b,24a,27 The stereoselectivity of this re-
action is excellent, giving almost exclusively the a-
anomers for the alkyl glucal- and galactal-derivatives,
while a/b mixture for glycal cyanides is obtained accord-
ing to other reports.21b,24a,27

The observed predominant formation of either a-isomer
or b-isomer in gluco- and galacto series and in the deoxy-
gluco series respectively, may be easily explained in

Scheme 1
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Table 1 Allylation of 3,4,6-Tri-O-acetyl-D-glucal 1 in Various Sol-
vents

Entry Solvent Er(OTf)3 
(mol%)

Time (h) Yield 
(%)

1 CH3CN 3.0 8 75

2 CH3NO2 3.0 9 80

3 CH2Cl2 3.0 7 > 95

4 Et2O 3.0 overnight –

5 THF 3.0 overnight –

6 CHCl3 3.0 overnight –

7 CH2Cl2 2.0 48 34

8 CH2Cl2 1.0 24 13

9 CH3CN (anhyd) 3.0 overnight 40

10 CH3NO2 (anhyd) 3.0 overnight 35

11 CH2Cl2 (anhyd) 3.0 overnight 80

1 CH3CN 3.0 8 75
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terms of the mechanism depicted in Scheme 2. The forma-
tion of the cation A is the key step of the reaction. In the
hexopyranosides derivatives all cationic intermediates
should take a conformation with C6 in pseudo-equatorial
orientation, independent of the 4-AcO-group position.
Then the less hindered face of the C-1–O p–orbital of D-
gluco and galacto series orients the incoming nucleophile
to form a bond always in the a-axial position. On the other
hand, in the L-deoxyglucal, the less hindered face of the p-
orbital allows the nucleophile to find a major orbital over-
lapping approaching from b-side of ion.

A lot of methodologies already exist to realize the synthe-
sis of C-glycosides by means of Ferrier rearrangement,
but many of them have limitations in terms of stringent re-
action conditions, demanding workup, reaction time and
amount of catalyst; some others were tested in only limit-
ed examples by using expensive or commercially unavail-
able reagents.

The use of Er(OTf)3 as catalyst for the Ferrier rearrange-
ment presents several advantages which include high
yields of products, cleaner reaction profiles, short reaction
times, mild reaction conditions [a solution 0.1 M of
Er(OTf)3 in water is only weakly acidic with pH ~ 5.9],
high stereoselectivity, wide applicability and recoverabil-
ity of the catalyst which is also commercially available.
Moreover, the present method avoids the use of corrosive
or toxic reagents and does not require any additives or
stringent reaction conditions whilst no precautions need to
be taken to exclude moisture from the reaction medium.Figure 1
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Table 2 C-Glycosidation of Glycals Using Er(OTf)3 as Catalyst

Entry Glycal Nuc Product Cat. (mol%) Time (h) Yield (%)a,b a:bc

1 1 a

1a

3 7 95
92:8

2 2 a

2a

10 36 80
100:0

3 3 a

3a

5 16 95
10:90

4 1 b

1b

3 6 95
60:40

5 2 b

2b

10 48 76
70:30
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1H and 13C NMR spectra were recorded with a Bruker WM 300 in-
strument, at 300 MHz and 75 MHz respectively. Samples were dis-
solved in CDCl3. Chemical shifts are given in ppm from TMS as
internal standard for 1H NMR and for 13C NMR the central line of
CDCl3 (d = 77 ppm) has been used as reference. Coupling constants
(J) are given in Hz. MS data were recorded on a GC-MS Shimadzu
QP 2010 with a direct inlet option. Microanalyses were collected on
a Perkin-Elmer 2400 analyzer.

C-Glycosidation; Typical Procedure
In a model reaction, the 3,4,6-tri-O-acetyl-D-glucal 1 (200 mg, 0.73
mmol) was added to a CH2Cl2 solution (3.0 mL) of Er(OTf)3 (13.0
mg, 0.0022 mmol, 3.0 mol%) and stirred at r.t. for 5¢. Then, allyl-
trimethylsilane a (0.13 g, 1.10 mmol, 1.5 equiv) was added and the
solution reaction was stirred at r.t. until a nearly complete conver-
sion of substrate 1 was achieved in 7 h [TLC, Et2O–hexane (70:30)].
The organic solution was washed with sat. aq NaHCO3 and then

with water. The crude product, obtained after solvent evaporation of
the dried organic layers, was purified by flash chromatography
[hexane–EtOAc (85:15)] affording 2a (178 mg, > 95% yield). The
structural identification of 2a was confirmed by comparison of its
EI–MS and 1H NMR spectral data with those of literature data.

3-(4¢,6¢-Di-O-acetyl-2¢,3¢-dideoxy-a-D-erythro-hex-2¢-enopyran-
osyl)-1-propene (1a)
Oil.25

1H NMR (CDCl3): d = 2.06 (s, 6 H, 2 × CH3COO), 2.22–2.34, 2.39–
2.47 (m, 2 H, CH2), 3.93 (td, Jt = 6.6 Hz, Jd = 3.7 Hz, 1 H, H-5), 4.18
(dd, J = 3.9, 11.8 Hz, 1 H, H-6a), 4.27 (dd, J = 6.6, 11.8 Hz, 1 H, H-
6b), 4.19–4.28 (m, 1 H, H-1), 5.05–5.13 (m, 3 H, H-4, =CH2), 5.72–
5.88 (m, 2 H, H-3, CH=), 5.91 (ddd, J = 1.6, 2.3, 10.3 Hz, 1 H, H-2).
13C NMR (CDCl3): d = 20.2 (CH3), 20.6 (CH3), 37.3 (all CH2), 62.4
(C-6), 64.6 (C-1), 69.5 (C-4), 71.1 (C-5), 117.1 (CH2=), 123.5
(CH=), 132.2 (CH=), 133.8 (CH=), 167.0 (C=O), 170.5 (C=O).

6 3 b

3b

5 6 93
40:60

7 1 c

1c

3 20 82
100:0

8 2 c

2c

10 10 85
100:0

9 3 c

3c

5 2 85
20:80

10 1 d

1d

3 21 75
100:0

11 2 d

2d

10 14 65
100:0

12 3 d

3d

5 5 75
15:85

a All products were identified by comparison of their EI–MS and 1H NMR spectral data with those of authentic compounds and literature re-
ported data.
b Isolated yield by flash column chromatography on silica gel was reported.
c The anomeric ratio was determined by 1H NMR.

Table 2 C-Glycosidation of Glycals Using Er(OTf)3 as Catalyst (continued)

Entry Glycal Nuc Product Cat. (mol%) Time (h) Yield (%)a,b a:bc
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MS: m/z = 195 (9) [MH – CH3COOH]+, 135 (67) [MH – 2 ×
CH3COOH]+, 109 (100).

3-(4¢,6¢-Di-O-acetyl-2¢,3¢-dideoxy-a-D-threo-hex-2¢-enopyrano-
syl)-1-propene (2a)
Oil.25

1H NMR (CDCl3): d = 2.05 (s, 3 H, CH3COO), 2.06 (s, 3 H,
CH3COO), 2.21–2.32, 2.34–2.48 (m, 2 H, CH2), 4.10–4.21 (m, 3 H,
H-5, H-6), 4.29–4.38 (m, 1 H, H-1), 5.04 (dd, J = 2.4, 4.8 Hz, 1 H,
H-4), 5.09–5.18 (m, 2 H, =CH2), 5.83 (ddt, Jt = 6.8 Hz, Jd = 10.1,
17.2 Hz, 1 H, CH=), 5.99 (ddd, J = 1.7, 4.8, 10.1 Hz, 1 H, H-3), 6.04
(dd, J = 2.7, 10.1 Hz, 1 H, H-2).
13C NMR (CDCl3): d = 20.5 (CH3), 20.6 (CH3), 36.5 (all CH2), 62.7
(C-6), 63.7 (C-1), 68.2 (C-4), 72.0 (C-5), 117.8 (CH2=), 122.0
(CH=), 133.6 (CH=), 134.9 (CH=), 170.9 (C=O), 170.9 (C=O).

MS: m/z = 195 (10) [MH – CH3COOH]+, 153 (21), 135 (100)
[MH – 2 × CH3COOH]+.

3-(4¢-O-Acetyl-2¢,3¢,6¢-trideoxy-b-L-erythro-hex-2¢-enopyrano-
syl)-1-propene (3a)
Oil.25

1H NMR (CDCl3): d = 1.23 (d, J = 6.5 Hz, 3 H, CH3), 2.07 (s, 3 H,
CH3COO), 2.25–2.35, 2.42–2.51 (m, 2 H, CH2), 3.91–3.98 (m, 1 H,
H-5), 4.14–4.28 (m, 1 H, H-1), 4.84–4.98 (m, 1 H, H-4), 5.08–5.14
(m, 2 H, =CH2), 5.73–5.89 (m, 2 H, H-3, CH=), 5.92 (ddd, J = 1.4,
2.2, 10.2 Hz, 1 H, H-2).
13C NMR (CDCl3): d = 16.6 (C-6), 21.6 (CH3CO), 38.6 (all CH2),
68.7 (C-1), 69.7 (C-4), 69.5 (C-5), 117.5 (CH2=), 122.5 (CH=),
133.2 (CH=), 134.1 (CH=), 170.6 (C=O).

MS: m/z = 137 (100) [MH – CH3COOH]+, 95 (94).

4,6-Di-O-acetyl-2,3-dideoxy-a-D-erythro-hex-2-enopyranosyl 
Cyanide (1b)
Oil.25

1H NMR (CDCl3): d = 2.10 (s, 3 H, CH3COO), 2.10 (s, 3 H,
CH3COO), 4.01 (dt, Jt = 3.6 Hz, Jd = 9.1 Hz, 1 H, H-5), 4.26 (d, J =
3.6 Hz, 2 H, H-6), 5.10–5.13 (m, 1 H, H-1), 5.33 (dq, Jq = 9.1 Hz,
Jd = 2.1 Hz, 1 H, H-4), 5.91 (ddd, J = 2.0, 3.5, 10.1 Hz, 1 H, H-2),
6.04 (dt, Jd = 10.1 Hz, Jt = 2.0 Hz, 1 H, H-3).
13C NMR (CDCl3): d = 20.3 (CH3), 20.9 (CH3), 62.0 (C-6), 62.3 (C-
1), 63.4 (C-4), 72.2 (C-5), 115.2 (CN), 123.5, 129.5 (CH=CH),
170.0 (C=O), 170.3 (C=O).

MS: m/z = 240 (1) [MH]+, 180 (100) [MH – CH3COOH]+, 153 (57)
[MH – CH3COOH – HCN]+.

4,6-Di-O-acetyl-2,3-dideoxy-a-D-threo-hex-2-enopyranosyl 
Cyanide (2b)
Oil.25

1H NMR (CDCl3): d = 2.11 (s, 3 H, CH3COO), 2.13 (s, 3 H,
CH3COO), 4.23–4.27 (m, 3 H, H-5, H-6), 5.15–5.20 (m, 2 H, H-1,
H-4), 6.11 (ddd, J = 0.8, 3.6, 10.3 Hz, 1 H, H-2,), 6.25 (ddd, J = 1.9,
5.7, 10.3 Hz, 1 H, H-3).
13C NMR (CDCl3): d = 20.4 (CH3), 20.9 (CH3), 62.3 (C-6, C-1),
62.9 (C-4), 72.0 (C-5), 115.4 (CN), 126.6, 126.7 (CH=CH), 169.0
(C=O), 170.3 (C=O).

MS: m/z = 240 (1) [MH]+, 180 (100) [MH – CH3COOH]+, 153 (57)
[MH – CH3COOH – HCN]+.

4-O-Acetyl-2,3,6-trideoxy-b-L-erythro-hex-2-enopyranosyl 
Cyanide (3b)
Oil.26

1H NMR (CDCl3): d = 1.31 (d, J = 6.3 Hz, 3 H, CH3), 2.12 (s, 3 H,
CH3COO), 3.89–3.95 (m, 1 H, H-5), 5.02–5.10 (m, 2 H, H-1, H-4),
5.88 (ddd, J = 1.9, 3.5, 10.3 Hz, 1 H, H-2), 5.98 (dd, J = 1.9, 10.3
Hz, 1 H, H-3).
13C NMR (CDCl3): d = 17.5 (C-6), 21.2 (CH3CO), 62.3 (C-1), 69.3
(C-4), 70.3 (C-5), 116.2 (CN), 123.8, 130.1 (CH=CH), 170.2.

MS: m/z = 182 (3) [MH]+, 122 (4) [MH – CH3COOH]+, 95 (100)
[MH – CH3COOH – HCN]+.

1-(4¢,6¢-Di-O-acetyl-2¢,3¢-dideoxy-a-D-erythro-hex-2¢-enopyran-
osyl)-1-propyne (1c)
Liquid.24b

1H NMR (CDCl3): d = 1.89 (d, J = 2.1 Hz, 3 H, CH3C≡), 2.11 (s, 3
H, CH3COO), 2.12 (s, 3 H, CH3COO), 4.10–4.16 (m, 1 H, H-5),
4.20 (dd, J = 3.0, 12.0 Hz, 1 H, H-6a), 4.24 (dd, J = 4.9, 12.0 Hz, 1
H, H-6b), 4.90–4.97 (m, 1 H, H-1), 5.28 (dq, Jd = 9.0 Hz, Jq = 1.8
Hz, 1 H, H-4), 5.77 (dt, Jd = 9.97 Hz, Jt = 2.1 Hz, 1 H, H-2), 5.91
(ddd, J = 1.8, 3.0, 9.97 Hz, 1 H, H-3).
13C NMR (CDCl3): d = 3.8 (CH3C≡), 21.0 (CH3CO), 21.2 (CH3CO),
62.8 (C-6), 64.0 (C-1), 64.6 (C-4), 69.5 (C-5), 74.9, 83.5 (C≡C),
124.4, 130.1 (CH=CH), 170.0 (C=O), 171.1 (C=O).

MS: m/z = 253 (1) [MH]+, 193 (55) [MH – CH3COOH]+, 133 (100)
[MH – 2 × CH3COOH]+.

Anal. Calcd for C13H16O5: C, 61.90; H, 6.35. Found: C, 61.93; H,
6.31.

1-(4¢,6¢-Di-O-acetyl-2¢,3¢-dideoxy-a-D-threo-hex-2¢-enopyrano-
syl)-1-propyne (2c)
Liquid.
1H NMR (CDCl3): d = 1.87 (d, J = 2.2 Hz, 3 H, CH3C≡), 2.08–2.11
(m, 6 H, CH3COO), 4.14–4.38 (m, 3 H, H-5, H-6), 4.99–5.03 (m, 1
H, H-1), 5.05–5.08 (m, 1 H, H-4), 5.94–6.08 (m, 2 H, H-2, H-3).
13C NMR (CDCl3): d = 3.6 (CH3C≡), 20.75 (CH3CO), 20.81
(CH3CO), 62.7 (C-6), 63.3 (C-1), 64 (C-4), 69.1 (C-5), 75.3, 77
(C≡C), 121.6, 132.6 (CH=CH), 170.5 (C=O), 170.8 (C=O).

MS: m/z = 193 (16) [MH – CH3COOH]+, 133 (100) [MH – 2 ×
CH3COOH]+.

Anal. Calcd for C13H16O5: C, 61.90; H, 6.35. Found: C, 61.96; H,
6.37.

1-(4¢-O-Acetyl-2¢,3¢,6¢-trideoxy-b-L-erythro-hex-2¢-enopyrano-
syl)-1-propyne (3c)
Liquid.
1H NMR (CDCl3): d = 1.25 (d, J = 6.3 Hz, 3 H, CH3), 1.84 (d, J =
2.2 Hz, 3 H, CH3C≡,), 2.09 (s, 3 H, CH3COO), 3.70–4.01 (m, 1 H,
H-5), 4.90–5.15 (m, 2 H, H-1, H-4), 5.73 (dt, Jd = 10.0 Hz, Jt = 5.2
Hz, 1 H, H-3), 5.85 (ddd, J = 1.9, 3.4, 10.0 Hz, 1 H, H-2).
13C NMR (CDCl3): d = 3.5 (CH3C≡), 17.5 (C-6), 20.9 (CH3), 62.2
(C-1), 68.4 (C-4), 72.7 (C-5), 75.0, 83.6 (C≡C), 124.5, 128.7
(CH=CH), 170.2 (C=O).

MS: m/z = 195 (4) [MH]+, 135 (100) [MH – CH3COOH]+.

Anal. Calcd for C11H14O3: C, 68.04; H, 7.22. Found: C, 68.09; H,
7.27.

1-(4¢,6¢-Di-O-acetyl-2¢,3¢-dideoxy-a-D-erythro-hex-2¢-enopyran-
osyl)-2-phenylethyne (1d)
Liquid.22b

1H NMR (CDCl3): d = 2.08 (s, 3 H, CH3COO), 2.12 (s, 3 H,
CH3COO), 4.15–4.31 (m, 3 H, H-5, H-6), 5.21–5.24 (m, 1 H, H-1),
5.32 (dq, Jd = 8.7 Hz, Jq = 2.0 Hz, 1 H, H-4), 5.85 (dt, Jd = 9.8 Hz,
Jt = 1.8 Hz, 1 H, H-2), 6.01 (ddd, J = 1.8, 9.8, 3.5 Hz, 1 H, H-3),
7.31–7.34, 7.45–7.49 (m, 5 H, ArH).
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13C NMR (CDCl3): d = 21.0 (CH3), 21.2 (CH3), 63.2 (C-6), 64.2 (C-
1), 64.4 (C-4), 69.8 (C-5), 84.3, 86.7 (C≡C), 121.9 (C), 125.3 (CH),
128.3 (CH), 128.4 (CH), 129.0 (CH), 132.0 (CH), 170.1 (C=O),
171.0 (C=O).

MS: m/z = 315 (1) [MH]+, 255 (7) [MH –  CH3COOH]+, 195 (100)
[MH – 2 × CH3COOH]+.

1-(4¢,6¢-Di-O-acetyl-2¢,3¢-dideoxy-a-D-threo-hex-2¢-enopyrano-
syl)-2-phenylethyne (2d)
Liquid.
1H NMR (CDCl3): d = 2.07 (s, 3 H, CH3COO), 2.09 (s, 3 H,
CH3COO), 4.21 (dd, J = 7.4, 11.5 Hz, 1 H, H-6a), 4.31 (dd, J = 5.2,
11.5 Hz, 1 H, H-6b), 4.44 (ddd, J = 2.4, 5.2, 7.4 Hz, 1 H, H-5), 5.11
(dd, J = 2.4, 5.2 Hz, 1 H, H-4), 5.26 (dd, J = 1.8, 3.7 Hz, 1 H, H-1),
6.05 (ddd, J = 1.8, 5.2, 10.0 Hz, 1 H, H-3), 6.15 (dd, J = 3.7, 10.0
Hz, 1 H, H-2), 7.27–7.35, 7.41–7.46 (m, 5 H, ArH).
13C NMR (CDCl3): d = 20.8 (CH3), 20.9 (CH3), 62.9 (C-6), 63.3 (C-
1), 64.4 (C-4), 69.8 (C-5), 84.1, 86.8 (C≡C), 122.1 (C), 122.4 (CH),
128.3 (CH), 128.8 (CH), 131.8 (CH), 132.0 (CH), 170.4 (C=O),
170.7 (C=O).

MS: m/z = 315 (1) [MH]+, 255 (7) [MH – CH3COOH]+, 195 (100)
[MH – 2 × CH3COOH]+.

Anal. Calcd for C18H18O5: C, 68.79; H, 5.73. Found: C, 68.89; H,
5.78.

1-(4¢-O-Acetyl-2¢,3¢,6¢-trideoxy-a-L-erythro-hex-2¢-enopyrano-
syl)-2-phenylethyne (3d)
Liquid.
1H NMR (CDCl3): d = 1.32 (d, J = 6.2 Hz, 3 H, CH3), 2.14 (s, 3 H,
CH3COO), 4.11 (dquint, Jq = 6.2 Hz, Jd = 1.9 Hz, 1 H, H-5), 5.08–
5.18 (m, 2 H, H-1, H-4), 5.83 (dt, Jd = 10.1 Hz, Jt = 1.9 Hz, 1 H, H-
3), 5.99 (ddd, J = 1.8, 3.4, 10.1 Hz, 1 H, H-2).
13C NMR (CDCl3): d = 18.0 (C-6), 21.1 (CH3CO), 63.8 (C-1), 68.1
(C-4), 70.3 (C-5), 85.4, 86.0 (C≡C), 122.3 (C), 125.6 (CH), 128.2
(CH), 128.6 (CH), 129.3 (CH), 131.8 (CH), 170.6 (C=O).

MS: m/z = 257 (3) [MH]+, 197 (100) [MH – CH3COOH]+.

Anal. Calcd for C16H16O3: C, 75.00; H, 6.25. Found: C, 64.93; H,
6.31.

References

(1) (a) Lewis, M. D.; Cha, J. K.; Kishi, Y. J. Am. Chem. Soc. 
1982, 104, 4976. (b) Levy, D. E. The Chemistry of C-
Glycosides; Pergamon Press: Oxford, 1995. (c) Toshima, 
K.; Matsuo, G.; Ishizuka, T.; Ushiki, Y.; Nakata, M.; 
Matsumura, S. J. Org. Chem. 1998, 63, 2307.

(2) (a) Paterson, L.; Keown, L. E. Tetrahedron Lett. 1997, 38, 
5727. (b) Horita, K.; Sakurai, J.; Nagasawa, M.; Hachiya, S.; 
Yonemitsu, O. Synlett 1994, 43. (c) Smith, A. B. III; 
Zhuang, L.; Brook, C. S.; Boldi, A. M.; McBriar, M. D.; 
Moser, W. H.; Murase, N.; Nakayama, K.; Verhoest, P. R.; 
Lin, Q. Tetrahedron Lett. 1997, 38, 8667.

(3) (a) Nicotra, F. Top. Curr. Chem. 1997, 187, 55. 
(b) Weatherman, R. V.; Mortell, K. H.; Chervenak, M.; 
Kiessling, L. L.; Toone, E. J. Biochemistry 1996, 35, 3619.

(4) (a) Postema, M. H. D. C-Glycosides Synthesis; CRC Press: 
Boca Raton, 1995. (b) Williams, N. R. The Carbohydrates. 
Chemistry and Biochemistry; Academic Press: New York, 
1980. (c) Hanessian, S. Total Synthesis of Natural Products: 
The ‘Chiron’ Approach; Pergamon: Oxford, 1984.

(5) (a) Ferrier, R. J. J. Chem. Soc. C 1964, 5443. (b) Ferrier, R. 
J.; Ciment, D. M. J. Chem. Soc. C 1966, 441. (c) Ferrier, R. 
J.; Prasad, N. J. Chem. Soc. C 1969, 570. (d) Ferrier, R. J.; 
Prasad, N. J. Chem. Soc. C 1969, 581. (e) Ferrier, R. J.; 
Ponpipom, M. M. J. Chem. Soc. C 1971, 533. (f) Hacksell, 
U.; Daves, G. D. Prog. Med. Chem. 1985, 22, 1. 
(g) Sutherlin, D. P.; Stark, T. M.; Hughes, R.; Armstrong, R. 
W. J. Org. Chem. 1996, 61, 8350. (h) Grynkiewicz, G.; 
BeMiller, J. N. J. Carbohydr. Chem. 1982, 1, 121. 
(i) Grynkiewicz, G.; BeMiller, J. N. Carbohydr. Res. 1982, 
108, C1. (j) Schmidt, R. R.; Hoffman, M. Tetrahedron Lett. 
1982, 23, 409. (k) Faul, M. M.; Huff, B. E. Chem. Rev. 2000, 
100, 2407. (l) Faulknew, D. J. Nat. Prod. Rep. 2000, 17, 7.

(6) (a) Fraser-Reid, B. Acc. Chem. Res. 1985, 18, 347. 
(b) Ferrier, R. J. Adv. Carbohydr. Chem. Biochem. 1969, 
199. (c) Postema, M. H. D. Tetrahedron 1992, 40, 8545.

(7) (a) Nicolau, K. C.; Duggan, M. E.; Hwang, C. K.; Somers, P. 
K. J. Chem. Soc., Chem. Commun. 1985, 1359. (b) Wincott, 
F. E.; Danishefsky, S. J.; Shutte, G. Tetrahedron Lett. 1987, 
109, 2082.

(8) (a) Ichikawa, Y.; Tsuboi, K.; Jiang, Y.; Naganawa, A.; 
Isobe, M. Tetrahedron Lett. 1995, 36, 7101. (b) Jiang, Y.; 
Isobe, M. Tetrahedron 1996, 52, 2877. (c) Tsuboi, K.; 
Ichikawa, Y.; Jiang, Y.; Naganawa, A.; Isobe, M. 
Tetrahedron 1997, 53, 5123.

(9) (a) Isobe, M.; Yeniai, C.; Tanaka, S. Synlett 1994, 916. 
(b) Hosokawa, S.; Krishbaum, B.; Isobe, M. Tetrahedron 
1998, 54, 2509. (c) Hosokawa, S.; Isobe, M. J. Org. Chem. 
1999, 64, 37. (d) Isobe, M. Tetrahedron Lett. 1998, 39, 
1917.

(10) (a) Isobe, M.; Ichikawa, Y.; Goto, T. Tetrahedron Lett. 1986, 
27, 963. (b) Isobe, M.; Ichikawa Bai, D.-L.; Masaki, H. Y.; 
Goto, T. Tetrahedron 1987, 43, 4767.

(11) de Raadt, A.; Griengl, H.; Klempier, N. J. Org. Chem. 1993, 
58, 3179.

(12) Banik, B. K.; Manas, M. S.; Bose, A. K. J. Org. Chem. 1994, 
59, 4714.

(13) Kondo, T.; Nakai, H.; Goto, T. Tetrahedron 1973, 29, 1801.
(14) Lentzinger, E. E.; Robins, R. K.; Townsend, L. B. 

Tetrahedron Lett. 1968, 4475.
(15) Fuertes, M.; Garcia-Muñoz, G.; de Las Hevas, F. G.; 

Mondroñero, R.; Stud, M.; Rico, M. Tetrahedron 1972, 28, 
4099.

(16) Herscovici, J.; Montserrant, R.; Antonakis, K. Carbohydr. 
Res. 1988, 176, 219.

(17) (a) Ichikawa, Y.; Isobe, M.; Konobe, M.; Goto, T. 
Carbohydr. Res. 1987, 171, 193. (b) Cook, M. J.; Fletcher, 
M. J. E.; Gray, D.; Lovell, P. J.; Gallagher, T. Tetrahedron 
2004, 60, 5085.

(18) (a) Danishefsky, S. J.; Kerwin, J. F. Jr. J. Org. Chem. 1982, 
47, 3803. (b) Isobe, M.; Nishizawa, R.; Hosokawa, S.; 
Nishikawa, T. Chem. Commun. 1998, 2665.

(19) (a) Dawe, R. D.; Fraser-Reid, B. J. Chem. Soc., Chem. 
Commun. 1981, 28, 1179. (b) Toshima, K.; Miyamito, N.; 
Matsuo, G.; Nakata, M.; Matsumura, S. J. Chem. Soc., 
Chem. Commun. 1996, 1379.

(20) Toshima, K.; Ishizuka, T.; Matsuo, G.; Nakata, M. Chem. 
Lett. 1993, 2013.

(21) (a) Ghosh, R.; De, D.; Shown, B.; Maiti, S. B. Carbohydr. 
Res. 1999, 321, 1. (b) Das, S. K.; Reddy, K. A.; Abbineni, 
C.; Roy, J.; Rao, K. V. L. N.; Sachwani, R.; Iqbal, J. 
Tetrahedron Lett. 2003, 44, 4507.

(22) (a) Yadav, J. S.; Reddy, B. V. S. Synthesis 2002, 511. 
(b) Yadav, J. S.; Reddy, B. V. S.; Raju, A. K.; Rao, C. V. 
Tetrahedron Lett. 2002, 43, 5437.

(23) Yadav, J. S.; Reddy, B. V. S.; Chandraiah, L.; Raddy, K. S. 
Carbohydr. Res. 2001, 332, 221.

D
ow

nl
oa

de
d 

by
: U

ni
ve

rs
ite

 L
av

al
. C

op
yr

ig
ht

ed
 m

at
er

ia
l.



338 A. Procopio et al. PAPER

Synthesis 2006, No. 2, 332–338 © Thieme Stuttgart · New York

(24) (a) Yadav, J. S.; Reddy, B. V. S.; Rao, C. V.; Chand, P. K.; 
Prasad, A. R. Synlett 2001, 1638. (b) Saeeng, R.; Sirion, U.; 
Sahakitpichan, P.; Isobe, M. Tetrahedron Lett. 2003, 44, 
6211.

(25) Yadav, J. S.; Reddy, B. V. S.; Reddy, K. S.; Chandraiah, L. 
Synthesis 2004, 2523.

(26) Ghosh, R.; Chakraborty, A.; Dilip, K. Synth. Commun. 2003, 
1623.

(27) Yadav, J. S.; Reddy, B. V. S.; Chand, P. K. Tetrahedron Lett. 
2001, 42, 4057.

(28) Takhi, M.; Abdel Rahman, A. H.; Schmidt, R. R. 
Tetrahedron Lett. 2001, 42, 4053.

(29) (a) Bartoli, G.; Cupone, G.; Dalpozzo, R.; De Nino, A.; 
Maiuolo, L.; Marcantoni, E.; Procopio, A. Synlett 2001, 
1897. (b) Bartoli, G.; Cupone, G.; Dalpozzo, R.; De Nino, 
A.; Maiuolo, L.; Procopio, A.; Sambri, L.; Tagarelli, A. 
Tetrahedron Lett. 2002, 43, 5945. (c) Dalpozzo, R.; De 
Nino, A.; Maiuolo, L.; Procopio, A.; Tagarelli, A.; Sindona, 

G.; Bartoli, G. J. Org. Chem. 2002, 67, 9093. (d) Dalpozzo, 
R.; De Nino, A.; Maiuolo, L.; Procopio, A.; Nardi, M.; 
Bartoli, G.; Romeo, R. Tetrahedron Lett. 2003, 44, 5621. 
(e) Bartoli, G.; Bosco, M.; Dalpozzo, R.; Macantoni, E.; 
Massaccesi, M.; Rivalsi, S.; Sambri, L. Synlett 2003, 39. 
(f) Dalpozzo, R.; De Nino, A.; Maiuolo, L.; Nardi, M.; 
Procopio, A.; Tagarelli, A. Synthesis 2004, 496. 
(g) Procopio, A.; Dalpozzo, R.; De Nino, A.; Nardi, M.; 
Sindona, G.; Tagarelli, A. Synlett 2004, 2633. 
(h) Dalpozzo, R.; De Nino, A.; Maiuolo, L.; Nardi, M.; 
Procopio, A.; Tagarelli, A. Adv. Synth. Catal. 2004, 346, 
1465.

(30) The purity of recovered Er(OTf)3 was confirmed by 
comparison with the IR spectrum of commercial product.

(31) Jia, Y.-Q. Inorg. Chim. Acta 1987, 133, 331.
(32) Günter, H. NMR Spectroscopy: Basic Principles, Concepts, 

and Applications in Chemistry; J. Wiley & Sons: New York, 
1998, 501–504.

D
ow

nl
oa

de
d 

by
: U

ni
ve

rs
ite

 L
av

al
. C

op
yr

ig
ht

ed
 m

at
er

ia
l.


