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Total synthesis of two naturally occurring polyacetylenic
glucosides (�)-bidensyneoside A1 and B, and an analogue

of (�)-bidensyneoside C
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Abstract—The total syntheses of two novel polyacetylenic natural products bidensyneoside A1 and B, as well as an analogue of
bidensyneoside C are described. These syntheses are based on our recently developed strategy. A new preparation of the required
starting material (E)-3-penten-1-yne was developed. The preparation of the analogue of (�)-bidensyneoside C further confirms the
side chain configuration of the natural product as (R).
� 2005 Elsevier Ltd. All rights reserved.
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Figure 1. Structures of bidensyneosides from Bidens parviflora
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1. Introduction

Bidens parviflora is a plant genre that has been used
in traditional Chinese medicine as an antipyretic, anti-
inflammatory, and antirheumatic remedy.1 Bidens par-
viflora contains a wide variety of bioactive compounds
including sterols, monoterpenes, flavonones, flavonoids,
polyacetylene glucosides, chalcones, aurones, and flavo-
nol glycosides.1 Over the years, several species of Bidens
family have been investigated by chemical methods.2–6

Polyacetylenic glucosides isolated from Bidens parvi-
flora, bidensyneosides 1–5 (Fig. 1), have been shown to
inhibit histamine release in rat mast cells and the pro-
duction of nitric oxide.

Recently, we developed a strategy for the synthesis of
these biologically active polyacetylenic glucosides based
on sequential glycosylation and Cu(I)-catalyzed cross
coupling reactions.7 Specifically, we reported the total
synthesis of (�)-bidensyneosides A2 2 and C 4a based
on a stereoselective glycosylation and subsequent cou-
pling of the right hand enyne fragment to the main
framework (Fig. 2). The required enyne fragments for
2 and 4 were (Z)-3-penten-1-yne and 2-penten-4-yn-1-ol,
which are commercially available. The corresponding
enyne fragments for 1 and 3 are (E)-3-penten-1-yne and
1,3-pentadiyne, which are not available commercially.
0957-4166/$ - see front matter � 2005 Elsevier Ltd. All rights reserved.
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Bidensyneoside A1 1 differs from its closest relative
bidensyneoside A2 2 simply by the configuration of the
double bond in the aglycone side chain. Since we have
already prepared the left hand main fragment in the
synthesis of 2 and 4,7 to prepare (�)-bidensyneoside
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Figure 2. Retrosynthetic analysis of bidensyneosides.
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A1 1 and C 3, the task at hand was to prepare (E)-3-pen-
ten-1-yne and 1,3-pentadiyne, respectively. There are
several reported procedures for 1,3-pentadiyne. How-
ever, the preparation of the (E)-isomer of 3-penten-1-
yne turned out to be more difficult than expected.
2. Results and discussion

The commercially available mixture of 3-penten-1-yne
contains about 95% of the (Z)-isomer. Although this
compound has been prepared before, the reported pro-
cedure involved a non-stereoselective elimination of tolu-
enesulfonic acid from 4-pentyn-2-yl toluenesulfonate
performed on a 5 mol scale.8 Repeated fractional distil-
lation was required to separate the (E)-(bp 52 �C)/(Z)-
isomers (bp 45 �C) affording only 9% yield of the desired
(E)-isomer in 95% purity.8 This procedure was appar-
ently not suitable for our purpose since we needed only
a small amount of the (E)-isomer.

For our synthesis, the preparation of (E)-3-penten-1-yne
started from the readily available 1,1-dibromo-1,3-penta-
diene 5,9 which was prepared from (E)-crotonaldehyde
using Corey–Fuchs protocol (Scheme 1).10 A solution
of 5 in hexanes was treated with 2.2 equiv of n-BuLi at
�78 �C and quenched with saturated NH4Cl solution
after 1 h (Scheme 1). The volatility of the desired prod-
uct made its isolation difficult for small scale operation,
which was overcome by bubbling nitrogen through the
solution of the product and the desired product was col-
lected in MeOH solution. In the experiment, a stream of
Br
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N2 was allowed to pass through the hexanes layer and
travel through two traps containing MeOH at �78 �C.
The concentration of the (E)-3-penten-1-yne in MeOH
solution was determined by integration of the relative
peak heights in 1H NMR spectrum. The MeOH solution
was used directly in the cross coupling reaction.

Bromoalkyne 7, which was available through our recent
synthesis,7 along with (E)-3-penten-1-yne 6 were then
subjected to the copper catalyzed cross coupling reac-
tion to give the desired enediyne functionality of the pre-
cursor to bidensyneoside A1 8 in a remarkable 91%
yield. The removal of the protecting groups of 8 was car-
ried out by first removing the TBS groups with HFÆpyr-
idine complex in acetic acid, followed by removal of the
acetate groups using a catalytic amount of K2CO3 in
methanol. These two steps led to the isolation of (�)-
bidensyneoside A1 1 in 87% yield (Scheme 1). All spec-
troscopic data of the synthetic sample are consistent
with that reported for the natural product.1

Bidensyneoside B containing a conjugated triyne was the
most intriguing target of this series of compounds due to
the highest degree of unsaturation on its polyacetylenic
side chain. Several different methods for preparing the
needed 1,3-pentadiyne have been reported.11,12 We chose
the method reported by Brandsma, which involved a
double dehydrohalogenation of 1,4-dichloro-2-butyne
with sodamide in liquid ammonia followed by in situ
methylation with methyl iodide.13 Although the opera-
tion was somewhat challenging, we prepared a sufficient
amount for our synthesis. With 1,3-pentadiyne and
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the advanced intermediate 7 in hand, a cross coupling
reaction under Cadiot-Chodkiewicz conditions (Scheme
2) led to the desired triyne 9.14

Although a propargylic oxygen substitution on bro-
moalkynes typically increases the coupling yield,15 for
example, the case with bidensyneoside A1, the triyne
moiety in 9 appears to suffer from decomposition. The
relatively low yield was due to loss of product during
purification. The removal of the protecting groups on
9 was carried out analogously by first removing the
TBS groups and then the acetate groups, which led to
bidensyneoside B 3 in 53% yield. All spectroscopic data
of the synthetic sample are consistent with that reported
for the natural product.1 During the purification of
the final product, a surprisingly polar property was
observed for bidensyneoside B 3. Although bidensyneo-
side B 3 lacks the primary OH group that is part of the
side chain of bidensyneoside C 4a, 3 is considerably
more polar than 4a. In fact, 3 is so polar that the mobile
phase for thin layer and column chromatograph has to
contain 5% H2O in a mixed solvent system (H2O/
MeOH/CHCl3 = 5:35:60) in order to elute 3 success-
fully. This unusual polarity cannot be attributed to the
usual polar functional groups, such as OH, because
the structures of 3 and 4a are identical except for the
polyacetylenic side chains. It is not entirely clear why
HO

OAc

OAcO
TBSO

OAc
STol

OTBS

OAcO
TBSO

OAc

OTBS

OHO
HO

OH

OH

10

11
DMTST, CH2Cl2

51%

13

CuCl, EtNH2, MeOH

32%

1. HFPyr, AcOH

2. K2CO3, MeOH

50%
15

OH

Br

Scheme 3.
3 is more polar than 4a at this time. However, one pos-
sibility is that the three conjugated triple bonds are so
electronegative that the terminal methyl group becomes
acidic and forms CH–O hydrogen bonds with silica gel.
Even though a CH–O bond is much weaker than an
OH–O bond, the three CH–O bonds in the side chain
of 3 might have a greater affinity for silica gel than a sin-
gle OH–O interaction. We are currently designing exper-
iments to test this hypothesis.

In our recently reported synthesis of bidensyneoside C
4a, all of the spectroscopic data for the synthetic sample
were nearly identical with that reported for the natural
product, except for the specific rotation, which was
reported to be [a]D = �71.6, compared to our observed
[a]D = �50.8. The only stereocenter that might be ques-
tionable was the stereogenic center on the side chain. We
considered the possibility that the natural product might
have an (S)-stereocenter on the side chain and we pre-
pared the bidensyneoside C with an (R)-stereocenter
on the side chain, which led to the lower specific rota-
tion. This uncertainty can only be resolved by synthesiz-
ing the other isomer, that is, the analogue of (�)-
bidensyneoside C 4a with a side chain that has an (S)-
stereocenter 15 (Scheme 3). To synthesize 15, the (S)-
enantiomer of 11 was used in the glycosylation with
10,7 which led to a 51% yield of 12.
OAcO
TBSO

OAc

OTBS

O

OH

HO

O

OH

HO

12

14

O

OAc



B. W. Gung et al. / Tetrahedron: Asymmetry 17 (2006) 40–46 43
The subsequent copper catalyzed coupling with bro-
moalkyne 13 afforded the precursor 14 in a low yield
of 32%. The removal of the protecting groups follows
the usual protocol. The NMR data for 15 are almost
identical to that of its natural occurring counterpart,
but the optical rotation has an opposite sign {15:
[a]D = +13.0 (c 0.2, MeOH), 4a: [a]D = �71.6 (c 0.5,
MeOH)}. This firmly proves that the stereocenter on
the side chain of the natural bidensyneoside C 4a has
an (R)-configuration. The difference in the specific rota-
tion values between the reported natural bidensyneoside
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C and our synthetic sample could be due to errors in the
measurements or insufficient enantiomeric excess of (R)-
11 in our synthesis of 4a.
3. Conclusions

The total syntheses of bidensyneoside A1 1 and B 3, as
well as an analogue of bidensyneoside C have been
achieved. The observed specific rotation of the analogue
15 firmly establishes that the stereocenter on the side
chain of the natural bidensyneoside C has an (R) config-
uration. An improved small scale preparation of config-
urationally pure (E)-3-penten-1-yne has been developed.
Finally, an unexpected strongly polar property was
observed for bidensyneoside B. It was suggested that
this unusual polarity might be due to CH–O hydrogen
bonding of the terminal methyl group activated by the
three conjugated triple bonds. Theoretical and experi-
mental investigations of this proposal are currently
underway in our laboratories.
4. Experimental

4.1. General

All reactions were carried out under an atmosphere of
nitrogen in oven-dried glassware with magnetic stirring.
Reagents were purchased from commercial sources and
used directly without further purification. Methylene
chloride was dried over P2O5 and freshly distilled before
use. Purification of reaction products was carried out by
flash chromatography using silica gel 40–63 lm (230–
400 mesh) unless otherwise stated. Reactions were mon-
itored by 1H NMR and/or thin-layer chromatography.
Visualization was accomplished with UV light, staining
with 5% KMnO4 solution followed by heating or with
p-anisaldehyde in EtOH solution. Chemical shifts were
recorded in ppm (d) using tetramethylsilane (H, C) as
the internal reference. Data are reported as: s = singlet,
d = doublet, t = triplet, q = quartet, m = multiplet;
integration; coupling constant(s) in hertz. Optical rota-
tions were measured using Autopol III. Melting points
were measured with a Gallenkamp melting point appa-
ratus. Infrared spectra were recorded on a Perkin Elmer
1600 series FTIR for liquids and on a Perkin Elmer
Spectrum 2000 FTIR for solids. High-resolution mass
spectra were recorded at the Ohio State University.

4.1.1. (8 0E)-(3 0R)-3 0-Hydroxy-8 0-decen-4 0,6 0-diyn-1-yl
3,6-O-di(tert-butyldimethylsilyl)-2,4-O-di(acetyl)-b-DD-
glucopyranoside 8
To a solution of 1,1-dibromo-1,3-pentadiene (5.3 g,
23.6 mmol) in 135 mL of hexanes at �78 �C under N2

was added n-BuLi (29 mL of 1.6 M in hexanes) over
15 min. After 1 h at �78 �C, the reaction was quenched
with 20 mL of NH4Cl. The aqueous and the organic
layers were separated and the organic layer was dried
over MgSO4. After filtration, the organic layer was
loaded into a distillation apparatus, which was con-
nected to two traps half-filled with MeOH and cooled
by dry ice-acetone bath. A stream of N2 was allowed
to bubble through the solution and the traps. Some
hexanes were also collected in the first trap, which was
separated in a separatory funnel. The concentration of
the desired (E)-3-penten-1-yne was determined by 1H
NMR and the methanol solution was used for the
following reaction.

To a mixture of MeOH (5 mL), EtNH2 (2 mL), solution
of (E)-3-penten-1-yne in MeOH (0.5 mL, �0.18 mM),
and NH2OHÆHCl (0.9 mg, 0.015 mmol) at 0 �C under
nitrogen was added CuCl (0.6 mg, 6 lmol) followed by
slow addition of 1.0 mL solution of 7 (42 mg,
0.061 mmol) in MeOH. After 2.5 h at rt, TLC analysis
indicated the complete disappearance of 7. The mixture
was then cooled to 0 �C and diluted with 8 mL EtOAc
and 5 mL of a saturated KCN/NH4Cl solution. The
aqueous layer was extracted with EtOAc (3 · 8 mL),
and the combined extracts were washed with NaHCO3

solution and brine. The resulting solution was dried over
MgSO4 and purified by flash column chromatography
(20% EtOAc/Hex) to give 36 mg (91%) of 8 as a clear
oil. [a]D = �28.6 (c 0.4, MeOH), 1H NMR (300 MHz,
CDCl3): d 0.0 (3H, s), 0.01 (3H, s), 0.02 (6H, s), 0.78
(9H, s), 0.85 (9H, s), 1.79 (3H, dd, J = 6.86, 1.59 Hz),
1.85 (1H, m), 2.04 (3H, s), 2.09 (1H, m), 2.10 (3H, s),
3.38 (1H, ddd, J = 9.61, 5.72, 3.68 Hz), 3.61 (2H, m),
3.79 (1H, dt, J = 9.62, 3.62 Hz), 3.80 (1H, t,
J = 8.93 Hz), 4.02 (1H, m), 4.32 (1H, d, J = 8.04 Hz),
4.59 (1H, m), 4.80 (1H, dd, J = 9.87, 9.14 Hz), 4.83
(1H, dd, J = 9.14, 8.30 Hz), 5.49 (1H, dd, J = 15.84,
1.64 Hz), 6.30 (1H, dq, J = 15.83, 6.87 Hz). 13C NMR
(75 MHz, CDCl3): d �4.97, �4.88, �4.15, �4.07,
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18.17, 18.73, 19.31, 21.68 (2 · CH3), 25.86 (3 · CH3),
26.22 (3 · CH3), 36.82, 61.57, 63.60, 66.70, 70.20,
72.09, 72.40, 73.41, 74.34, 75.67, 77.98, 81.94, 101.24,
109.98, 144.41, 169.83, 170.43. IR: m cm�1 2930, 2345,
1751, 1654, 1220. HRMS: calcd for C32H54O9Si2+Na,
661.3204, found M+Na, 661.3252.

4.1.2. Bidensyneoside A1
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To a solution of 8 (35.5 mg, 0.056 mmol) in 5 mL of THF
under nitrogen was slowly added HFÆpyridine (0.66 mL)
at 0 �C followed by acetic acid (0.52 mL). The mixture
was allowed to warm to room temperature, and stirring
was continued for 16 h in the absence of light. The mix-
ture was diluted with EtOAc (10 mL) and satd NaHCO3

solution (8 mL). The aqueous layer was saturated with
NaCl and extracted with EtOAc (5 · 10 mL). The
combined EtOAc extracts were then subjected to rotary
evaporation and then high vacuum to remove all traces
of solvents. The residue was dissolved in MeOH (2 mL)
and transferred back into a 10 mL round bottom
flask in the absence of light and stirring resumed.
Next, K2CO3 (0.7 mg, 7 lmol) was added, and the solu-
tion was allowed to stir at room temperature for 4 h.
Careful TLC analysis with solvent systems consisting
of 2.5–5% H2O indicated a single spot. Approximately
half of the MeOH was removed under reduced pressure,
and the resulting solution was purified over silica gel
with a mixed solvent system, MeOH/CHCl3 (40/60) to
give 15.8 mg (87%) of a light brown oil. [a]D = �47.0
(c 0.21, MeOH), 1H NMR (500 MHz, methanol-d4):
d 1.80 (3H, dd, J = 6.86, 1.75 Hz), 1.96 (2H, m),
3.16 (1H, dd, J = 8.14, 8.68 Hz), 3.27 (2H, m), 3.34
(1H, t, J = 8.76 Hz), 3.67 (1H, dd, J = 11.89, 5.14 Hz),
3.73 (1H, dt, J = 10.10, 6.44 Hz), 3.85 (1H, dd,
J = 11.95, 1.99 Hz), 3.99 (1H, dt, J = 10.13, 5.77 Hz),
4.26 (1H, d, J = 7.76 Hz), 4.63 (1H, t, J = 6.68 Hz),
5.57 (1H, dd J = 19.90, 1.65 Hz), 6.32 (1H, dq, J =
15.77, 6.91 Hz). 13C NMR (125 MHz, methanol-d4):
d 18.82, 38.97, 60.21, 62.71, 66.83, 69.71, 71.61,
72.41, 75.10, 77.93, 78.05, 78.13, 83.67, 104.57, 110.53,
145.09. IR: m cm�1 3332, 2916, 2231, 2140, 1626, 1161,
1074, 949. UV/vis: k(max) nm: 283, 267, 253, 240. HRMS:
calculated C16H22O7+Na = 349.1263, found M+Na
349.1269.

4.1.3. (3 0R)-3 0-Hydroxy-4 0,6 0,8 0-decatriyn-1-yl 3,6-O-di-
(tert-butyldimethylsilyl)-2,4-O-di(acetyl)-b-DD-glucopyran-
oside 9
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To a mixture of 4 mL MeOH, 4 mL EtNH2, 1,3-penta-
diyne (28 mg, 0.44 mmol), CuCl (1.5 mg, 0.015 mmol),
and NH2OHÆHCl (3 mg, 0.37 mmol) at 0 �C under
nitrogen was added a solution of 7 (15 mg, 0.022 mmol)
in 0.5 mLMeOH. After 1 h at rt, TLC analysis indicated
the completion of the reaction. The mixture was then
cooled to 0 �C and diluted with 8 mL EtOAc and
10 mL of a KCN/NH4Cl solution. The aqueous layer
was extracted with EtOAc (3 · 5 mL), and the combined
extracts were washed with satd NaHCO3 solution and
brine. The resulting solution was dried over MgSO4

and purified over silica gel column chromatography
(20% EtOAc/Hex) to give 43 mg (46%) of 9 as a light
yellow oil. [a]D = �13.8 (c 0.6, MeOH), 1H NMR
(300 MHz, CDCl3): d 0.01 (3H, s), 0.02 (3H, s), 0.03
(6H, s), 0.79 (9H, s), 0.86 (9H, s), 1.82 (1H, m), 1.95
(3H, s), 2.05 (3H, s), 2.10 (3H, s), 2.12 (1H, m), 2.86
(1H, d, J = 8.10 Hz), 3.38 (1H, ddd, J = 9.57, 6.13,
3.39 Hz), 3.58 (1H, dd, J = 11.40, 3.65 Hz), 3.63 (1H,
dd, J = 11.45, 5.81 Hz), 3.78 (1H, dt, J = 9.84,
3.60 Hz), 3.81 (1H, t, J = 9.10 Hz), 4.04 (1H, dt,
J = 9.56, 4.47 Hz), 4.33 (1H, d, J = 8.10 Hz), 4.56 (1H,
m), 4.80 (1H, dd, J = 8.84, 8.02 Hz), 4.83 (1H, dd,
J = 9.21, 8.04 Hz). 13C NMR (75 MHz, CDCl3): d
�4.96, �4.87 (CH3), �4.15, �4.05, 4.92, 16.87, 18.18,
18.73, 21.69, 25.86, 26.22, 36.61, 58.91, 61.60, 63.57,
64.56, 65.05, 66.65, 70.53, 72.36, 73.89, 74.35, 75.69,
77.18, 77.23, 101.21, 169.82, 170.52. IR: m cm�1, 3438,
3055, 2306, 1735, 1422, 1217. MS (ESI): calcd for
C32H52O9Si2+Na, 659.3, found M+Na, 659.5.

4.1.4. Bidensyneoside B
To a solution of 9 (38 mg, 0.06 mmol) in 4 mL of THF
at 0 �C was added HFÆpyridine (0.6 mL) followed by
acetic acid (0.45 mL). The mixture was allowed to warm
to room temperature, and stirring was continued for
18 h in the absence of light. The mixture was diluted
with EtOAc (15 mL) and saturated NaHCO3 (8 mL).
The aqueous layer was saturated with NaCl and
extracted with EtOAc (5 · 5 mL). The combined EtOAc
extracts were then subjected to rotary evaporation and
then high vacuum to remove all traces of solvents. The
residue was dissolved in MeOH (2 mL) and transferred
into a 5 mL round bottom flask in the absence of light,
and stirring was resumed. Next, K2CO3 (1 mg, 6 lmol)
was added, and the solution was allowed to stir at room
temperature for 4 h. Careful TLC analysis with solvent
systems consisting of 2.5–5% H2O indicated a single
spot. Approximately half of the MeOH was removed
under reduced pressure, and the resulting solution was
purified over silica gel (35/5/60) MeOH/H2O/CHCl3 to
give 10.3 mg (53%) of a light brown oil. [a]D = �60.2
(c 0.07, MeOH), 1H NMR (500 MHz, methanol-d4): d
1.95 (2H, m), 1.96 (3H, s), 3.15 (1H, dd, J = 7.88,
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8.97 Hz), 3.25 (1H, m), 3.33 (2H, m), 3.66 (1H, dd,
J = 11.88, 5.19 Hz), 3.71 (1H, ddd, J = 10.20, 6.99,
6.02 Hz), 3.85 (1H, dd, J = 11.78, 2.10 Hz), 3.98 (1H,
dt, J = 10.19, 5.79 Hz), 7.25 (1H, d, J = 7.80 Hz), 4.61
(1H, t, J = 6.96 Hz). 13C NMR (75 MHz, methanol-
d4): d 3.75, 38.86, 59.08, 60.01, 62.71, 64.52, 64.87,
66.66, 69.64, 71.60, 75.10, 77.94, 77.99, 78.05, 79.37,
104.59. IR: m cm�1 3305, 2918, 2218, 2112, 2028, 1641,
1158, 1074. UV/vis: k(max) nm: 308, 288, 270, 255, 241,
HRMS: calculated C16H22O7+Na = 347.1107, found
347.1130.

4.1.5. (3 0S)-3 0-Acetoxy-4 0-pentyn-1-yl 2,4-O-di(acetyl)-3,
6-O-di(tert-butyldimethylsilyl)-b-DD-glucopyranoside 12
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A mixture of 10 (600 mg, 1.0 mmol), (�)-11 (213 mg,
1.5 mmol), and 2 g of molecular sieves in 15 mL CH2Cl2
(distilled over P2O5) was allowed to stir for 20 min at
room temperature. While the mixture was stirring, di-
methyldisulfide (283 mg, 3.0 mmol) and MeOTf (492 mg,
3.0 mmol) were allowed to mix in a separate vial to form
a solid. After the solid had fully crystallized, it was
dissolved in 3 mL CH2Cl2. The mixture of 10 and 11
was cooled to 0 �C, and the DMTST solution was slowly
added. The mixture was stirred at 0 �C for 30 min
and then allowed to warm to room temperature. TLC
analysis indicated the disappearance of 10. Next,
1.0 mL Et3N was added to the mixture, which led to a
precipitate. The mixture was filtered and diluted with
CH2Cl2. The organic solution was then washed with
satd NaHCO3 solution, brine, and dried over Na2SO4.
The mixture was filtered, and the solvents removed
under reduced pressure. The residue was purified over
silica gel (15% EtOAc/Hex) to give 370 mg (61%) a yel-
low oil. [a]D = �26.2 (c 1.4, MeOH), 1H NMR
(300 MHz, CD3OD): d 0.03 (3H, s), 0.04 (3H, s), 0.05
(3H, s), 0.06 (3H, s), 0.82 (9H, s), 0.88 (9H, s), 2.08
(3H, s), 2.09 (2H, m), 2.13 (3H, s), 2.47 (1H, d,
J = 2.03 Hz), 3.40 (1H, ddd, J = 9.78, 5.75, 3.73), 3.60
(3H, m), 3.82 (1H, d, J = 9.08 Hz), 4.00 (1H, dt,
J = 10.15, 5.50), 4.33 (1H, d, J = 8.04 Hz), 4.83 (1H,
dd, J = 9.84, 8.90 Hz), 4.87 (1H, dd, J = 9.22,
8.09 Hz), 5.35 (1H, dt, J = 6.27, 2.12 Hz). 13C NMR
(75 MHz, CDCl3): d �4.97, �4.86, �4.18, �4.07,
18.16, 18.71, 21.24, 21.53, 21.68, 25.86, 26.09, 34.75,
61.47, 63.64, 65.17, 72.44, 73.49, 74.00, 74.31, 75.72,
81.10, 101.25, 169.76, 169.82.

4.1.6. (3 0S)-3,6-O-Di(tert-butyldimethylsilyl)-2,4-O-di-
(acetyl) bidensyneoside C 14
OAcO
TBSO

OAc
O

OTBS
OH

HO

12
CuCl, EtNH2, MeOH

14

Br

OH

13
To a mixture of 12 (150 mg, 0.24 mmol), 1 mL of an
aqueous EtNH2 solution, 2 mL MeOH, and NH2OHÆ
HCl (4 mg, 0.06 mmol) at 0 �C was added CuCl
(2.4 mg, 0.024 mmol) followed by slow addition of 13
(78 mg, 0.48 mmol). The mixture was allowed to stir
until 12 disappeared. Next, the mixture was diluted with
a KCN/NH4Cl solution. The resulting mixture was
extracted three times with Et2O, and the combined
extracts were washed with a solution of NaHCO3, brine,
and dried over MgSO4. The solvents were removed
under reduced pressure, and the residue was purified
over silica gel (50% EtOAc/Hex) to give a yellow oil
(14 mg, 56%). [a]D = +18.0 (c 1.7, MeOH), 1H NMR
(500 MHz, CD3OD): d 0.05 (3H, s), 0.06 (3H, s), 0.08
(3H, s), 0.09 (3H, s), 0.83 (3H, s), 0.91 (3H, s), 1.97
(2H, m), 2.09 (3H, s), 2.12 (3H, s), 3.42 (1H, ddd,
J = 9.79, 6.79, 2.85 Hz), 3.63 (1H, dd, J = 11.38,
2.78 Hz), 3.68 (1H, dd, J = 11.37, 6.81 Hz), 3.73 (1H,
m), 3.84 (1H, t, J = 9.08 Hz), 4.04 (1H, ddd,
J = 10.23, 7.81, 4.26 Hz), 4.26 (2H, dd, J = 4.68,
1.74 Hz), 4.35 (1H, d, J = 8.07 Hz), 4.69 (1H, t,
J = 6.35 Hz), 4.83 (1H, dd, J = 9.58, 9.36 Hz), 4.88
(1H, dd, J = 8.90, 8.38 Hz), 5.83 (1H, d,
J = 15.97 Hz), 6.43 (1H, dt, J = 15.91, 4.81 Hz). 13C
NMR (125 MHz, CDCl3): d �5.37, �5.30, 4.53,
�4.46, 17.18, 18.41, 21.25, 25.46, 25.89, 37.27, 60.02,
62.68, 63.31, 66.27, 69.25, 71.99, 73.05, 73.84, 74.06,
75.33, 76.77, 82.91, 101.09, 108.73, 145.59, 169.46,
169.51. IR: m cm�1 3504, 3054, 2126, 1752, 1265, 1066.
MS (ESI): calculated for C32H54O9Si2+Na = 677.3,
found C32H54O9Si2+Na = 677.4.

4.1.7. Bidensyneoside C with an inverted chiral center on
the side chain 15

OHO
HO

OH
O

OH
OH

HO

14
1) HFPyr, AcOH

2) MeOH, K2CO3

15

A mixture of 14 (270 mg, 0.41 mmol), 5.0 mL HFÆpyri-
dine, 4 mL of AcOH, and 35 mL of THF was allowed
to stir overnight and was diluted with EtOAc and NaH-
CO3. The mixture was then saturated with NaCl and
extracted five times with EtOAc. The solvents were
removed under reduced pressure and the residue purified
over silica gel (10% MeOH/CHCl3) yielding 102 mg
(58%) of a yellow/brown syrup, which was used in the
next step without further identification. To a solution
of the residue in 12 mL MeOH was added 1.6 mg of
K2CO3. The mixture was allowed to stir for 4 h.
The appearance of a single polar spot indicated the com-
pletion of the reaction. Then, about half of the solvent
was removed under vacuum, and the residue was puri-
fied over silica gel (35% MeOH/CHCl3) giving a light
brown oil (76 mg, 94%). [a]D = +13 (c 0.2, MeOH),
1H NMR (500 MHz, methanol-d4): d 1.99 (2H, m),
3.19 (1H, dt, J = 7.80, 9.10 Hz), 2.39 (2H, m), 3.37
(1H, t, J = 9.15 Hz), 3.68 (1H, ddd, J = 1.38, 4.17,
11.88 Hz), 3.73 (1H, dt, J = 5.8, 10.25 Hz), 3.89 (2H,
dd, J = 1.40, 11.90 Hz), 4.06 (1H, dt, J = 6.30,
10.23 Hz), 4.16 (2H, dd, J = 2.06, 4.67 Hz), 4.28 (1H,
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d, J = 7.82 Hz), 4.68 (1H, t, J = 4.68 Hz), 5.83 (1H,
dd, J = 1.92, 15.97 Hz), 6.42 (1H, dt, J = 4.68,
15.97 Hz). 13C NMR (125 MHz, methanol-d4): d 38.02,
60.26, 62.63, 62.75, 66.85, 69.57, 71.70, 74.15, 75.10,
77.55, 77.92, 78.06, 84.29, 104.46, 108.58, 148.12. IR: m
cm�1 3490, 3955, 2122, 1373, 1225, 1063; UV/vis:
k(max) nm: 282, 265, 254, 241, HRMS: calculated
for C16H22O8+Na = 365.1212, found C16H22O8+Na =
365.1211.
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