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Abstract—2,3,4-Tri-O-acetyl-D-glucurono-6,1-lactone was obtained ‘one-pot’ from D-glucuronic acid. The lactone opening with different
alcohols in the presence of a variety of catalysts was studied. All reactions were performed under microwave irradiation in solvent-free
conditions.
� 2007 Elsevier Ltd. All rights reserved.
1. Introduction

Recent advances in carbohydrate chemistry are essentially
connected to the synthesis of complex targets of high added
value and specific biological activity and are based on the
development of subtle strategies to access selectively to
these molecules.

Selectivity is a crucial objective in organic synthesis and is
classically achieved by applying kinetic vs thermodynamic
control, by using selective catalysts, or by selecting appro-
priate reaction conditions: solvent, temperature, and time.

In recent decades, microwaves (MW) have found appli-
cation in various organic reactions, including alkylations,
nucleophilic substitutions, condensations, cyclo-additions,
and reactions introducing or cleaving protecting groups.1–5

Compared to conventional methods, reactions under micro-
waves usually show shorter reaction times, higher stereo-
selectivity, and increased yields.6 Solvent-free methods are
specially adapted to green chemistry principles.7 When cou-
pled to microwave irradiation, they result in very efficient
and clean procedures with noticeable improvements over
classical methods.

Glycosides of D-glucuronic acid (GlcA) are ubiquitous com-
ponents of oligo- and polysaccharides of biological signifi-
cance. Glucuronidation is a well-known drug-metabolizing
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reaction and is generally regarded as a detoxification process
involving drug–glucuronic acid adducts. Recently, the syn-
thesis of glucuronyl prodrugs for application in Antibody
Directed Enzyme-Prodrug Therapy (ADEPT) or in Prodrug
Monotherapy (PMT) has been proposed for enhancing
selective administration of anticancer drugs and has been
the subject of intense investigations.8

We are interested in developing a rapid access to modified
uronate derivatives. Herein we describe the one-pot lacto-
nization of GlcA and the lactone opening with alcohols in
the presence of a variety of catalysts under MW irradiation
in solvent-free conditions.

2. Results and discussion

The CEM Discover MW allows to irradiate under two
modes: either an assigned power with continuous measure
of the resulting temperature by an IR captor or an assigned
temperature with continuous adjustment of the irradiation
power. We chose the second mode, in solvent-free conditions
with assigned temperature to avoid degradation of sugars by
browning reactions.

We first studied the reaction of GlcA with methanol in the
presence of various catalyts (Fig. 1, Table 1).

As it was previously reported using classical methods,9 the
use of MW activation led to D-glucofuranosidurono-6,3-lac-
tone 1a10 from which alkyl GlcA derivatives can be easily
obtained. The use of promoters such as thionyl chloride
and sulfuric acid gave compound 1a in moderate yields;
these drastic conditions also led to partial decomposition
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of sugar. Surprisingly, a lower yield for the formation of 1a
was obtained with the use of promoter such as ZnCl2,
already described as an efficient catalyst.11

As shown in Table 1, the reaction time was the same
(10 min) for all catalysts assayed. Best yield of 1a was ob-
tained with p-TsOH, a strong-acid, non-volatile solid, easy
to manipulate and the most appropriate for solvent-free mi-
crowave synthesis.12 The required microwave power was
different for each promoter. When an irradiation power of
20 W was supplied to 6 equiv of methanol and 0.3 equiv of
p-TsOH, compound 1a was isolated in 72% yield.

An alternative route to GlcA derivatives is the 2,3,4-tri-
O-acetyl-D-glucopyranosylurono-6,1-lactone 213 that has
been already prepared in two steps from GlcA in 65% overall
yield.14 We performed this reaction under microwave irradi-
ation in the presence of a catalyst. In these conditions, GlcA
was converted ‘one-pot’ into 2 (Scheme 1). Three catalysts
were tested to define the most effective (Table 2).
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Scheme 1.

The use of ZnCl2 gave the 6,1-lactone 2 in a poor yield. InCl3
has been described as catalyst for acylation of carbohydrate
by MW irradiation, using a small quantity of acetonitrile.15

In our conditions, catalysis with InCl3 gave compound 2 in
85% yield. Finally, using iodine16 as promoter, GlcA was
converted in 10 min into 2 in 92% yield. This reaction has
been scaled up to 10 g in same high yields.
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Table 1. Effect of catalysts on convertion of GlcA into 1a

Catalyst (equiv) MW conditionsa 1a % Yield (a/b)

SOCl2 (2 equiv) 60/70/10 48 (55/45)
H2SO4 (0.1 equiv) 10/60/10 56 (45/55)
ZnCl2 (1 equiv) 80/85/10 39 (45/55)
p-TsOH (0.3 equiv) 20/70/10 72 (40/60)

a Power (Watts)/temperature (�C)/time (min).

Table 2. One-pot acetylation–lactonization of D-glucuronic acid

Catalyst (equiv) MW conditionsa 2 % Yield

ZnCl2 (1 equiv) 115/85/13 34
InCl3 (0.1 equiv) 300/115/10 85
I2 (0.3 equiv) 300/115/10 92

a Power (Watts)/temperature (�C)/time (min).
Reaction of 6,1-lactone 2 with methanol was then studied in
the presence of different Lewis acids (Table 3). Metal triflate
such as Yb(OTf)3 was not effective and gave a complex mix-
ture. Metal salt such as ZnCl2 gave the D-glucofuranosidur-
ono-6,3-lactone 1a with a very moderate yield. The use of
BF3$OEt2 led to a mixture of pyranose and furanose deriva-
tives with simultaneous deacetylation.

p-TsOH catalyzed the transformation of 2 into the 6,3-
lactone 1a in a high yield (93%). We noted a selectivity in
favor of b anomer. With this catalyst, simultaneous deacety-
lation occurred rapidly. Moreover, we observed that the
chemoselectivity of the reaction is temperature dependent
(Scheme 2).
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Treated with methanol in the presence of a catalytic amount
of p-TsOH at 65 �C, the lactone 2 gave in 2 min the methyl
glucopyranuronate 317 in 56% yield. When a higher temper-
ature was reached (85 �C), methyl glucofuranosidurono-6,3-
lactone 1a was then isolated. We have confirmed that action
of p-TsOH (2 min at 85 �C) on compound 3 led to 1a.

Montmorillonite clay–microwave combination has been al-
ready used as catalyst to achieve many organic transforma-
tions.18 So we have tested two of them: K10 and KSF, the
former gave no reaction, whereas the latter furnished only
the esterified compound 5a19 with a poor yield (Table 3).

Murphy et al. have reported the glycosidation of the 6,1-lac-
tone 2 with different acceptors in the presence of SnCl4 at
room temperature in CH2Cl2. The reaction time was 15 h
and good yields were obtained with silyl ethers. Only the
glycosidation reaction was observed, with no esterification
of the carboxylic acid.14,20 Under MW conditions, with the

Table 3. Effect of catalysts on 6,1-lactone 2 with methanol

Catalyst (1 equiv) MW conditionsa Products % Yield (a/b)

Yb(OTf)3 50/85/10 Mixture —
ZnCl2 110/95/10 1a 38 (60/40)
BF3$OEt2 20/70/5 1a+4a 41 (20/80), 59 (60/40)
p-TsOHb 110/85/5 1a 93 (30/70)
K10 50/85/10 — —
KSF 50/85/10 5a 37 (55/45)
SnCl4 15/70/2 4a 93 (80/20)
FeCl3 40/60/2 5a 98 (75/25)

a Power (Watts)/temperature (�C)/time (min).
b Catalyst (0.3 equiv).
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same catalyst glycosidation and esterification reactions oc-
curred in 5 min; compound 4a21 was obtained in 93% yield
with a selectivity in favor of a anomer (Table 3).

On the other hand, the use of FeCl3 as promoter led to methyl
ester 5a in 98% yield and in short time (2 min). It is interest-
ing to note that when the lactone 2 was reacted with
methanol–FeCl3 in classical conditions (CH2Cl2, room tem-
perature, 24 h), compound 5a was obtained in a moderate
yield (43%) together with methyl glucopyranosiduronate
4a (26%). In MW conditions, 4a would not be formed or
alternatively the methyl acetal initially formed would be
rapidly hydrolyzed. When we tested the action of FeCl3 on
compound 4a under microwave conditions no cleavage at
the anomeric center occurred. These results suggest that
the chemoselectivity observed could be a consequence of
microwave effects.

We have extended the selective ring opening of D-glucopyr-
anosylurono-6,1-lactone 2 by introducing butyl, octyl, and
dodecyl chains (Scheme 3). The results of reactions cata-
lyzed by p-TsOH, SnCl4, and FeCl3 are summarized in
Table 4.
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In the case of p-TsOH, yields of alkyl glucofuranosidurono-
6,3-lactone derivatives 1b–d decreased with the chain length
but stereoselectivity increased, for example, high b-selectiv-
ity was obtained for dodecyl compound 1d.

With SnCl4, in shorter reaction time (2 min), the 6,1-lactone
2 was totally converted into compounds 4b–d. In previously

Table 4. Reaction of compound 2 with alcohols/catalyst

ROH (6 equiv) Catalyst MW conditionsa Product (% yield, a/b)

Butanol p-TsOH 105/95/10 1b (81, 20/80)
Octanol p-TsOH 200/110/10 1c9 (61, 15/85)
Dodecanol p-TsOH 200/110/10 1d9 (45, 5/95)
Butanol SnCl4 60/70/2 4b (91, 85/15)
Octanol SnCl4 30/60/2 4c (88, 90/10)
Dodecanol SnCl4 30/60/2 4d (85, 95/5)
Butanol FeCl3 60/65/3 5b (81)
Octanol FeCl3 60/70/3 5c (79)
Dodecanol FeCl3 60/60/3 5d (68)

a Power (Watts)/temperature (�C)/time (min).
reported work,14 the SnCl4-catalyzed coupling of silyl ethers
with the 6,1-lactone 2 allowed to a-O-glucuronide deriva-
tives in high stereoselectivity. No esterification of the car-
boxylic acid was observed in these classical conditions.
Mechanistic pathways for the glycosydation reactions of
the donor and the anomerization reactions of GlcA and re-
lated compounds in the presence of SnCl4 are discussed,
a-glucopyranosiduronates are formed by anomerization of
b-anomers.14,20c Compared to classical heating, MW seems
to accelerate this anomerization catalyzed by SnCl4.Yields
decreased slightly, the stereoselectivity increased with the
chain length, with a high a-selectivity in dodecyl (dode-
cyl-D-glucopyranosid)uronate derivative 4d.

3. Conclusion

When using FeCl3 as catalyst, the chemoselectivity was in
favor of esterified compounds 5b–d; no glycosidation was
observed in these conditions.

We have reported a rapid access to different D-glucuronic
acid derivatives under microwave irradiation. The reactions
present regioselectivities differing from those obtained using
classical methods, especially when SnCl4 and FeCl3 are used
as catalysts. With FeCl3, the chemoselectivity in favor of es-
terified products 5a–d allowed to obtain directly interesting
synthetic intermediates. There are a number of multistep ap-
proaches described for the synthesis of 5a, including the use
of corresponding a-bromide22 or anomeric acetate23 more
expensives than GlcA, but no general routes to other alkyl
glucopyranuronates are reported. The MW solvent-free con-
ditions described here give a rapid access to these important
glucuronate synthons. Studies with other acceptors are cur-
rently under investigation.

4. Experimental

4.1. General

All chemicals were purchased from Aldrich or Acros
(France). Thin-layer chromatography (TLC) was performed
on silica gel 60 F254 (Merck) plates with visualization by UV
light (254 nm) and/or charring with a vanillin–H2SO4 re-
agent. Preparative column chromatography was performed
using 230–400 mesh Merck silica gel (purchased from Al-
drich). Optical rotations were determined with a Jasco Dip
370 electronic micropolarimeter (10 cm cell). 1H and 13C
NMR spectra were recorded on a Bruker 300 WB spectrom-
eter at 300 and 75 MHz, respectively. Chemical shifts are
given as d values with reference to tetramethylsilane
(TMS). Low resolution electrospray mass spectra (ESI-
MS) in the positive ion mode were obtained on a Waters-
Micromass ZQ quadrupole instrument, equipped with an
electrospray (Z-spray) ion source (Waters-Micromass, Man-
chester, UK). High resolution electrospray experiments
(ESI-HRMS) were performed on a Waters-Micromass
Q-TOF Ultima Global hybrid quadrupole time-of-flight in-
strument, equipped with an electrospray (Z-spray) ion
source (Waters-Micromass, Manchester, UK). All solvents
were distilled before use. Microwave irradiation was per-
formed in a CEM Discover� System.
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4.2. 2,3,4-Tri-O-acetyl-D-glucopyranosylurono-6,1-
lactone (2)

To a mixture of GlcA (3 g, 15.45 mmol) and I2 (1.17 g,
4.46 mmol) in an open Pyrex flask was added acetic anhy-
dride (11.7 mL, 123.77 mmol). The mixture was irradiated
(300 W) at 115 �C for 10 min. The crude product was dis-
solved in CH2Cl2, then washed successively with saturated
solution of Na2S2O3, NaHCO3, and NaCl. The organic
layers were dried on Na2SO4, concentrated and a flash chro-
matography (cyclohexane/ethyl acetate 7:3) gave the lactone
214 (4.29 g, 92%) as white solid. Mp 127 �C; NMR data were
in accordance with the literature.14

4.3. General procedure for the synthesis of compounds
1b–5d

To a mixture of GlcA (200 mg, 1.03 mmol) or 6,1-lactone 2
(200 mg, 0.66 mmol) and alcohol (6 equiv) in an open Pyrex
flask was added the catalyst (0.3 equiv for PTSA, 1 equiv for
FeCl3 or 1 equiv for SnCl4). The flask was placed in the
microwave reactor and irradiated (reaction time, irradiation
power and assigned temperature are indicated in Tables 1, 3
and 4). Continuous stirring and heating of the semi-solid
reaction mixture provided homogeneity of materials. The
temperature was controlled all along the reaction and mea-
sured by an infrared detector. The crude was then chromato-
graphed on silica gel by gradient elution with mixtures of
cyclohexane and increasing amounts of ethyl acetate.

4.3.1. n-Butyl b-D-glucofuranosidurono-6,3-lactone (1b).
Colorless syrup. Yield: 194 mg (81%, a/b:20/80); a and
b isomers were isolated. b isomer: syrup, [a]D

20 �12.0 (c
0.14, CH3OH); IR: 3273, 2351, 2342, 1797 cm�1; 1H NMR
(CD3OD) 5.02 (s, 1H, H-1), 4.84 (dd, 1H, J¼6.5, 4.6 Hz,
H-4), 4.82 (m, 3H, H-3, 2�OH), 4.51 (d, 1H, J¼6.5 Hz, H-
5), 4.22 (s, 1H, H-2), 3.83 (m, 1H, OCH2), 3.33 (m, 1H,
OCH2), 1.50 (m, 2H, CH2), 1.33 (m, 2H, CH2), 0.92 (t, 3H,
J¼7.2 Hz, CH3). 13C NMR (CD3OD) d 175.8 (C6), 109.1
(C1), 83.4 (C3), 77.9 (C4), 77.2 (C2), 69.1 (C5), 69.6
(OCH2), 31.0, 19.0 (2�CH2), 12.9 (CH3CH2). a isomer:
white solid, mp 73–74 �C; [a]D

20 +91.4 (c 1, CH3OH); 1H
NMR (CD3OD) 5.18 (d, 1H, J¼4.5 Hz, H-1), 4.75 (m, 4H,
H-3, H-4, 2OH), 4.57 (d, 1H, J¼4.8 Hz, H-5), 4.23 (d, 1H,
J¼4.5 Hz, H-2), 3.81 (m, 1H, OCH2), 3.56 (m, 1H, OCH2),
1.61 (m, 2H, CH2), 1.41 (m, 2H, CH2), 0.92 (t, 3H,
J¼7.2 Hz, CH3). 13C NMR (CD3OD) d 176.9 (C6), 104.4
(C1), 86.6 (C3), 78.1 (C2), 76.9 (C4), 70.6 (C5), 69.8
(OCH2), 32.6, 20.2 (2�CH2), 14.2 (CH3CH2). HRMS
[M+Na] calcd for C20H32O10Na: 255.0855. Found
[M+Na]: 255.0845.

4.3.2. Butyl (butyl 2,3,4-tri-O-acetyl-a,b-D-glucopyrano-
sid)uronate (4b). Mixture of a, b isomers: colorless syrup.
Yield: 260 mg (91%) a/b:85/15; [a]D

20 +81.1 (c 1,
CH2Cl2). IR: 1756, 1224, 1044 cm�1. a isomer: 1H NMR
(CDCl3) d 5.49 (t, 1H, J¼9.5 Hz, H-3), 5.14 (d, 1H,
J¼9.5 Hz, H-4), 5.10 (d, J¼3.7 Hz, H-1), 4.83 (dd, 1H,
J¼3.7, 9.5 Hz, H-2), 4.29 (d, 1H, J¼10.0 Hz, H-5), 4.17–
4.09 (m, 2H, CO2CH2), 3.72 (m, 1H, OCH2), 3.43 (m, 1H,
OCH2), 2.03 (s, 3H, CH3CO), 1.97 (s, 6H, 2�CH3CO),
1.59 (m, 4H, 2�CH2), 1.36 (m, 4H, 2�CH2), 0.91 (t, 6H,
J¼7.3 Hz, 2�CH3CH2). 13C NMR (CDCl3) d 169.9
(2�CO), 169.2 (CO), 167.7 (C6), 95.7 (C1), 70.5 (C2),
69.8 (C4), 69.6 (C3), 68.7 (OCH2), 68.2 (C5), 65.7
(CO2CH2), 31.1 (CH2), 30.2 (CH2), 20.4 (3�CH3CO),
18.9 (2�CH2), 13.6 (2�CH3CH2). HRMS [M+Na] calcd
for C20H32O10Na: 455.1893. Found [M+Na]: 455.1889.

4.3.3. Octyl (octyl 2,3,4-tri-O-acetyl-a,b-D-glucopyrano-
sid)uronate (4c). Mixture of a, b isomers: colorless syrup.
Yield: 317 mg (88%); a/b:90/10; [a]D

20 +65.4 (c 1,
CH2Cl2); IR: 2925, 2357, 1758, 1368, 1220, 1049 cm�1.
a isomer: 1H NMR (CDCl3) d 5.50 (t, 1H, J¼9.6 Hz, H-3),
5.15 (d, 1H, J¼9.6 Hz, H-4), 5.10 (d, J¼3.6 Hz, H-1), 4.85
(dd, 1H, J¼3.6, 9.6 Hz, H-2), 4.30 (d, 1H, J¼10.0 Hz,
H-5), 4.15–4.02 (m, 2H, CO2CH2), 3.70 (m, 1H, OCH2),
3.43 (m, 1H, OCH2), 2.03 (s, 3H, CH3CO), 1.99 (s, 6H,
2�CH3CO), 1.58 (m, 4H, 2�CH2), 1.25 (m, 20H,
10�CH2), 0.86 (m, 6H, 2�CH3CH2). 13C NMR (CDCl3)
d 169.9 (2�CO), 169.3 (CO), 167.7 (C6), 95.7 (C1), 70.5
(C2), 69.7 (C4), 69.5 (C3), 69.0 (OCH2), 68.2 (C5), 66.0
(CO2CH2), 31.7 (CH2), 29.1 (CH2), 28.2 (CH2), 25.8
(CH2), 25.6 (CH2), 22.5 (CH2), 20.5 (3�CH3CO), 14.0
(2�CH3CH2). HRMS [M+Na] calcd for C28H48O10Na:
567.3145. Found [M+Na]: 567.3148.

4.3.4. Dodecyl (dodecyl 2,3,4-tri-O-acetyl-a,b-D-gluco-
pyranosid)uronate (4d). Mixture of a, b isomers: white
solid. Yield: 369 mg (85%); a/b:95/5; [a]D

20 +68.2 (c 1,
CH2Cl2); IR: 2925, 2856, 1755, 1222, 1044 cm�1. a isomer:
1H NMR (CDCl3) d 5.48 (t, 1H, J¼9.8 Hz, H-3), 5.15 (t, 1H,
J¼9.5 Hz, H-4), 5.10 (d, 1H, J¼3.4 Hz, H-1), 4.83 (dd, 1H,
J¼3.4, 10.0 Hz, H-2), 4.28 (d, 1H, J¼10.0 Hz, H-5),
4.06–3.93 (m, 2H, CO2CH2), 3.61 (m, 1H, OCH2), 3.33
(m, 1H, OCH2), 1.97 (s, 3H, CH3CO), 1.94 (s, 6H,
2�CH3CO), 1.53 (m, 4H, 2�CH2), 1.20 (m, 36H,
18�CH2), 0.81 (m, 6H, 2�CH3CH2). 13C NMR (CDCl3)
d 169.8 (2�CO), 169.3 (CO), 167.7 (C6), 95.7 (C1), 71.1
(C2), 70.5 (C4), 69.6 (C3), 69.5 (OCH2), 68.2 (C5), 66.0
(CO2CH2), 31.8 (CH2), 29.3 (CH2), 28.2 (CH2), 25.8
(CH2), 22.5 (CH2), 20.4 (3�CH3CO), 13.9 (2�CH3CH2).
HRMS [M+Na] calcd for C36H64O10Na: 679.4397. Found
[M+Na]: 679.4396.

4.3.5. Butyl 2,3,4-tri-O-acetyl-D-glucopyranuronate (5b).
Mixture of a, b isomers: colorless syrup. Yield: 202 mg
(81%); a/b:85/15; [a]D

20 +71.3 (c 1, CH2Cl2); IR: 3469,
2963, 1751, 1370, 1219, 1038 cm�1. a isomer: 1H NMR
(CDCl3) d 5.56 (t, 1H, J¼9.8 Hz, H-3), 5.55 (d, 1H,
J¼3.5 Hz, H-1), 5.18 (t, 1H, J¼9.8 Hz, H-4), 4.90 (dd, 1H,
J¼9.8, 3.5 Hz, H-2), 4.57 (d, 1H, J¼10.0 Hz, H-5), 4.24
(d, 1H, J¼3.5 Hz, OH), 4.17–4.09 (m, 2H, CO2CH2), 2.07
(s, 3H, CH3CO), 2.02 (s, 6H, 2�CH3CO), 1.59 (m, 2H,
CH2), 1.36 (m, 2H, CH2), 0.91 (t, 3H, J¼7.3 Hz,
CH3CH2). 13C NMR (CDCl3) d 170.1 (2�CO), 169.5
(CO), 168.2 (C6), 90.1 (C1), 71.1 (C2), 69.9 (C4), 69.7
(C3), 68.5 (C5), 66.5 (CO2CH2), 30.7 (CH2), 21.1
(3�CH3CO), 19.3 (CH2), 14.0 (CH3CH2). HRMS [M+Na]
calcd for C20H32O10Na: 399.1257. Found [M+Na]:
399.1267.

4.3.6. Octyl 2,3,4-tri-O-acetyl-D-glucopyranuronate (5c).
Mixture of a, b isomers: colorless syrup. Yield: 221 mg
(79%); a/b:75/25; [a]D

20 +60.5 (c 1, CH2Cl2); IR: 3473,
2946, 1752, 1368, 1229, 1037 cm�1. a isomer: 1H NMR
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(CDCl3) d 5.55 (t, 1H, J¼9.8 Hz, H-3), 5.54 (d, 1H,
J¼3.6 Hz, H-1), 5.16 (t, 1H, J¼9.8 Hz, H-4), 4.89 (dd, 1H,
J¼9.8, 3.6 Hz, H-2), 4.56 (d, 1H, J¼10.0 Hz, H-5),
4.15–4.02 (m, 2H, CO2CH2), 2.07 (s, 3H, CH3CO), 2.01 (s,
6H, 2�CH3CO), 1.60 (m, 2H, CH2), 1.25 (m, 12H,
5�CH2), 0.86 (m, 3H, CH3CH2). 13C NMR (CDCl3)
d 170.6 (2�CO), 169.9 (CO), 168.7 (C6), 90.6 (C1), 72.1
(C2), 69.9 (C4), 69.7 (C3), 68.5 (C5), 66.7 (CO2CH2), 32.1
(CH2), 29.5 (CH2), 28.7 (CH2), 26.1 (CH2), 23.0 (CH2),
21.1 (3�CH3CO), 14.4 (CH3CH2). HRMS [M+Na] calcd
for C28H48O10Na: 455.1893. Found [M+Na]: 455.1883.

4.3.7. Dodecyl 2,3,4-tri-O-acetyl-D-glucopyranuronate
(5d). Mixture of a, b isomers: white solid. Yield: 220 mg
(68%); a/b:85/15; [a]D

20 +54.1 (c 1, CH2Cl2); IR: 3448,
2917, 2848, 1732, 1346, 1228, 1055 cm�1. a isomer: 1H
NMR (CDCl3) d 5.55 (t, 1H, J¼9.8 Hz, H-3), 5.54 (d, 1H,
J¼3.5 Hz, H-1),, 5.19 (t, 1H, J¼9.8 Hz, H-4), 4.91 (dd,
1H, J¼9.8, 3.5 Hz, H-2), 4.57 (d, 1H, J¼10.0 Hz, H-5),
4.16–3.97 (m,2H, CO2CH2), 3.85 (s, 1H, OH), 2.08 (s, 3H,
CH3CO), 2.02 (s, 6H, 2�CH3CO), 1.53 (m, 2H, CH2),
1.26 (m, 18H, 9�CH2), 0.88 (m, 3H, CH3CH2). 13C NMR
(CDCl3) d 170.0 (2�CO), 169.4 (CO), 168.1 (C6), 90.2
(C1), 71.1 (C2), 69.9 (C4), 69.7 (C3), 68.5 (C5), 66.7
(CO2CH2), 32.3 (CH2), 30.0 (CH2), 29.9 (CH2), 29.7
(CH2), 29.6 (CH2), 28.8 (CH2), 26.1 (CH2), 23.1 (CH2),
20.5 (3�CH3CO), 14.0 (CH3CH2). HRMS [M+Na] calcd
for C36H64O10Na: 511.2519. Found [M+Na]: 511.2526.
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