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Abstract—An expeditious and efficient synthesis of new enantiopure polyhydroxylated seven- and eight-membered carbocycles is
described starting from 2,3,5-tri-O-benzyl-D-arabinose. The key cyclization step involves ring closing metathesis of 1,8- and
1,9-dienes using Grubbs’ catalyst. All of the new carbasugar analogs synthesized were evaluated as glycosidase inhibitors.
Contrary to our expectations, (1S,2S,3R,4R,5R)-1-(hydroxymethyl)-cyclohepta-1,2,3,4,5-pentol which has the �-D-mannopyranose
configuration for C(1)–C(5) inhibits �- and �-glucosidases, whereas its diepimer (1S,2S,3R,4S,5S)-1-(hydroxymethyl)-cyclohepta-
1,2,3,4,5-pentol, which has the �-D-glucopyranose configuration, is not recognised by these enzymes. © 2002 Elsevier Science Ltd.
All rights reserved.

1. Introduction

The conversion of carbohydrates into carbocycles is a
major task and has been the subject of many studies.1

Interest in this class of compounds is high due to the
fact that many biologically important molecules and
natural products contain a polyhydroxylated carbocy-
cle.2 Various methods are already available for the
construction of functionalized five- and six-membered
rings from sugars3 but only a few approaches have been
reported for the synthesis of seven-4 and eight-mem-
bered ring cyclitols.5

As part of our ongoing project on the synthesis of new
carbohydrate carbocyclic mimetics,6 we would like to
disclose herein our approach for the synthesis of new

cycloheptanic and cyclooctanic carbasugar analogs.
The new spatial distribution of the hydroxyl groups and
the increased flexibility of such structures should allow
an enhanced adaptability of these carbocycles in the
active site of the carbohydrate processing enzymes. Our
route enables us to obtain various carbasugars to study
their inhibitory activities towards glycosidases.

2. Results

The envisaged retrosynthetic approach starts from
readily available 2,3,5-tri-O-benzyl-D-arabinose7 and
involves the carbocyclization of 1,8-diene or 1,9-diene
using the ring-closing metathesis methodology (Scheme
1). A similar strategy has been reported by Eustache et

Scheme 1. Retrosynthetic analysis.
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al. for the synthesis of five-membered branched cyclitols
and valiolamine.8

For some time we have been interested in the powerful
ring-closing metathesis (RCM) methodology which has
become the method of choice for carbon�carbon bond
construction in particular in carbohydrate chemistry.9

The main advantages of RCM are its wide applicability
and its remarkable tolerance to functional groups.10

Preparation of cycloheptanols using RCM is well docu-
mented.4 To our knowledge, only a few examples
describe the synthesis of cyclooctanols,5 probably due
to the unfavorable thermodynamic factors associated
with cyclooctane chemistry.11

Our approach starts with the use of compound 212

which could be prepared through Wittig olefination of
2,3,5-tri-O-benzyl-D-arabinose 1.7 The alcohol 2 was
then oxidized with PCC to give the known ketone 313 in
90% yield. Compound 3 was reacted with an excess of
butenyl- or pentenylmagnesium bromide in THF at 0°C
to furnish the 1,8-diene-ols 4a and 4b and 1,9-diene-ols
5a and 5b, respectively, in 64–70% yield as inseparable
mixtures of diastereomers and in a 1/1 ratio (Scheme 2).

The key carbocyclization step was then examined, the
results being summarized in Table 1. Cyclization of the
1,8-diene-ols 4a and 4b using Grubbs catalyst 6 in
dichloromethane afforded cycloheptenes 8 and 9 in 60%

Scheme 2. Synthesis of dienes 4a, 4b, 5a and 5b. Reagents and conditions : (i) Reference 7; (ii) PCC, molecular sieves, DCM, ether;
(iii) CH2�CH(CH2)3Br or CH2�CH(CH2)2Br, Mg, Et2O, THF.

Table 1. RCM of cycloheptenes 4a, 4b and cyclooctenes 5a, 5b, 12a, 12b using catalysts 6 and 7
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yield (entry 1). When dienes 4a and 4b were subjected
to RCM conditions using catalyst 7,14–16 the
diastereomeric cycloheptenes 8 and 9 were obtained in
almost quantitative yield (entry 2).

When the homologous 1,9-diene-ols 5a and 5b were
subjected to the RCM procedure, disappointing results
were obtained: cyclization using Grubbs’ catalyst 6
under various conditions (temperature, solvent, drop-
wise addition of the catalyst) afforded diastereomeric
cyclooctenes 10 and 11 in a modest 29% yield (entry 3)
along with recovered starting material (40%). Similar
results have been observed previously by Bourgeois et
al. in their synthesis of the B–C ring system of taxol.17

Surprisingly, use of catalyst 7 failed to effect any reac-
tion (entry 4). We postulated that the low reactivity of
the 1,9-diene-ols with the ruthenium-based catalysts 6
and 7 could be due to chelation of the oxygen of the
free tertiary alcohol group with ruthenium as previ-
ously observed in others cases.18 To overcome this
problem, the tertiary alcohol in 5a and 5b was pro-
tected as its tert-butyldimethylsilyl ether to afford 12a
and 12b. To our great satisfaction, when 12a and 12b
were submitted to RCM reaction in the presence of
Grubbs’ catalyst 6 in toluene at 90°C for 3 days,
cyclooctenes 13 and 14 were obtained in a 86% overall
yield (entry 5). Subsequent desilylation with TBAF in
THF afforded the corresponding cyclooctenes 10 and
11 in high yield. Thin layer chromatography monitor-
ing of the RCM reaction indicated that the
diastereomeric 1,8-dienes and 1,9-dienes cyclized at a
comparable rate and 1:1 diastereomeric mixtures were
obtained in each case. Use of the modified Grubbs’
catalyst 7 with the fully protected dienes 12a and 12b
was again unsuccessful (entry 6). The lack of reaction
observed with cyclooctenes 5a, 5b, 12a and 12b in the
presence of catalyst 7 is in marked contrast with previ-
ously reported results.5b

The next step was the functionalization of the ethylenic
bond present in the cycloheptenes and cyclooctenes.
syn-Dihydroxylation of cycloheptene 8 using OsO4

19

afforded triols 15 and 16 in 82% yield and in a 3/7
ratio. Subsequent hydrogenolysis of the benzyl groups
afforded cyclitols 19 and 20 in quantitative yield. The
same sequence was uneventfully applied to cyclohep-
tene 9 to give cyclitols 21 and 22 (Scheme 3).

The same sequence was then applied to cyclooctenes 10
and 11 affording cyclitols 27–30 (Scheme 4).

2.1. Structural assignments

The stereochemistry of the carbon C-5 of cycloheptenes
8 and 9 and cyclooctenes 10 and 11 was deduced from
NOE measurements performed on each cycloalkene
which indicated that compounds 8 and 10 had the 5S
configuration and compounds 9 and 11 the 5R configu-
ration (Fig. 1).

The stereochemistry of the syn-dihydroxylation per-
formed on cycloheptenes and cyclooctenes was deduced
from the coupling constants observed between H-1, H-2
and H-3 in compounds 15, 16, 17, 18, 23, 24, 25 and 26.

To unambiguously confirm the structural assignment of
our conformationally flexible carbocycles, their confor-
mation was locked in order to obtain crystals suitable
for X-ray crystallographic analysis. Thus, compound 25
was converted in three steps into the crystalline triace-
tonide 3120 (Scheme 5 and Fig. 2).

The new synthetic polyhydroxylated carbocycles were
then evaluated as glycosidase inhibitors.

2.2. Glycosidase inhibition

Cyclic polyols such as epoxides of conduritols can be
selective inhibitors of glycosidases.21 Recently, it has

Scheme 3. Synthesis of the polyhydroxylated cycloheptanes 19–22. Reagents and conditions : (i) OsO4, NMO, tBuOH, acetone,
H2O; (ii) H2, Pd/C, MeOH, AcOEt.
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Scheme 4. Synthesis of the polyhydroxylated cyclooctanes 27–30. Reagents and conditions : (i) TBAF, THF; (ii) OsO4, NMO,
tBuOH, acetone, H2O; (iii) H2, Pd/C, MeOH, AcOEt.

Figure 1. NOE observed for cycloheptenes 8 and 9 and cyclooctenes 10 and 11 (for reasons of commodity atom numbering does
not follow IUPAC numbering rules).

Scheme 5. Synthesis of triacetonide 31. Reagents and condi-
tions : (i) acetone, 2,2-dimethoxypropane, CSA, 78%; (ii) H2,
10% Pd/C, CH3OH, EtOAc; (iii) acetone, 2,2-dimethoxy-
propane, CSA, 78%.

inhibitor of �-glucosidase.26 This discovery has stimu-
lated the synthesis of several stereomers and analogs of
cyclophellitol and their glycosidase inhibitory activities
have been evaluated.27

By analogy with the above, we envisioned that polyols
19 and 27 with the �-D-glucopyranose configuration for
C(1), C(2), C(3), C(4), C(5) could be potential �-glu-
cosidase inhibitors. This was not the case. To our
surprise, compound 20 with the �-D-mannopyranose
configuration is a moderate inhibitor of �-glucosidase
(maltase) from yeast (81% at 1 mM), isomaltase from
baker’s yeast (78% at 1 mM) and of �-glucosidase from
almonds (79% at 1 mM). It is also a weak inhibitor of
�-galactosidase from both Aspergillus oryzae and jack
beans, and also inhibits �-glucosidase from Caldocellum
saccharolyticum and �-xylosidase from Aspergillus niger
(Table 2).

The polyhydroxylated cycloheptanes 19–22 and
cyclooctanes 27–30 were assayed for their inhibitory
activities towards 25 commercially available glycosi-
dases. At 1 mM concentration (optimal pH, 35°C), they
were found to be inactive toward �-fucosidase from
human placenta, �-galactosidase from coffee beans and

been shown that a bicyclo-[4.3.0]-nonane-2,3,4,5,6,
7,8,9-heptol inhibits �-glucosidases.22 Conduritol A, a
cyclohex-5-ene-1,2,3,4-tetrol isolated from the leaves of
Gymnema sylvestre is an hypoglycemia agent.23 It has
been proposed as an additive to food to control the
metabolism of sugars in patients suffering from dia-
betes and obesity.24 Conduritols A and B and analogs
are able to modulate the release of insulin from isolated
pancreatic islets in the presence of varying concentra-
tion of glucose, in both a stimulatory and inhibitory
sense.25 Cyclophellitol ((1S,2R,3S,4R,5R,6R)-5-hydrox-
ymethyl-7-oxa-bicyclo-[4.1.0]-heptane-2,3,4-triol) is a
weak inhibitor of fungal �-xylosidase and a strong
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Figure 2. X-Ray structure of 31 (for reasons of commodity atom numbering does not follow IUPAC numbering rules).

from A. niger, �-galactosidase from E. coli, amyloglu-
cosidases from A. niger and from Rhizopus mold, �-
mannosidases from jack beans and from almonds,
�-mannosidase from Helix pomatia, �-N-acetylgalac-
tosaminidase from chicken liver and �-N-acetylgalac-
tosaminidases from jack beans and from bovine
epididymis A and B. Weak inhibitory activities were
found for some of the compounds toward some glycosi-
dases (Tables 2 and 3). In general, the cyclohepta-
1,2,3,4,5-pentols were more active than the
cycloocta-1,2,3,4,5-pentols. The presence of five con-
tiguous hydroxy groups and a hydroxymethyl sub-
stituent is necessary for the inhibitory activity, as we
found that (1R,2S,3S,4R)-cycloocta-1,2,3,4-tetrol 326b

is completely inactive toward the 25 glycosidases
assayed in this study.

The presence of a tertiary alcohol moiety at the posi-
tion corresponding to C-5 of pyranosides might be
responsible for the lack of activity. The geometry of the
cyclooctapentols 27–30 departs from that of
pyranosides more than the corresponding cyclohep-
tapentols 19–22. Although the high flexibility of seven-
membered rings might introduce an entropic penalty,
this factor could explain that the latter are better
recognized by glycosidases than the former carbasugar
analogs. The fact that 20 with the �-D-mannopyranose
configuration is recognized by glucosidases and not its
diepimer 19 that has the configuration of �-D-glucopy-

ranose might also be attributed to a conformational
factor (conjugation of seven-membered ring flexibility
and gauche interactions between the substituents). It is
interesting to note that 22, the 1-epimer of 20, is
recognized by some galactosidases and only weakly by
isomaltase from Baker’s yeast (Table 2). The most
striking outcome of this study is that carbasugar
analogs that do not possess an amine or an electrophilic
moiety (allylic alcohol, epoxide) can be moderate gly-
cosidase inhibitors.

3. Conclusion

Eight new polyhydroxylated carbocycles have been pre-
pared in six steps starting from commercially readily
available 2,3,5-tri-O-benzyl-D-arabinose. The ring-clos-
ing metathesis key step proceeded smoothly in the case
of cycloheptane derivatives but required the protection
of the tertiary alcohol in the case of cyclooctane com-
pounds. Further elaboration of the C�C bond and
subsequent deprotection afforded the target compounds
which showed some activity as glycosidase inhibitors
despite the lack of nitrogen in the compounds. Further
modifications of these compounds to improve their
potency against glycosidases, such as introduction of
nitrogen and/or deoxygenation of the tertiary alcohol
are underway and will be reported in due course.

4. Experimental

4.1. General methods

Melting points were determined using a Büchi model
535 mp apparatus and are uncorrected. Optical rota-
tions were measured at 20±2°C with a Perkin–Elmer
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Table 2. Inhibitory activities of cycloheptapentols 19–22. Percentage of inhibition at 1 mM concentration of the inhibitor.
Optimal pH, 35°Ca (NI=no inhibition)

model 241 digital polarimeter, using a 10 cm, 1 mL cell.
Chemical ionisation mass spectra (CI-MS ammonia)
and fast atom bombardment mass spectra (FAB-MS)
were obtained with a JMS-700 spectrometer. Elemental
analyses were performed by Service de Microanalyse de
l’Université Pierre et Marie Curie, 4 Place Jussieu,
75005 Paris, France. 1H NMR spectra were recorded
with a Bruker AC 250 or a Bruker DRX 400 or a
Bruker Avance 600 spectrometer for solutions in CDCl3
or CD3OD or D2O at ambient temperature. Assign-
ments were aided by COSY experiments. 13C NMR
spectra were recorded at 62.9 MHz with a Bruker AC
250 or at 100.6 MHz with a Bruker DRX 400 or at
150.9 MHz with a Bruker DRX 600 spectrometer for
solutions in CDCl3 adopting 77.00 ppm for the central
line of CDCl3. Assignments were aided by J-mod tech-
nique and proton–carbon correlation. Reactions were
monitored by thin-layer chromatography (TLC) on a
pre-coated plate of silica gel 60 F254 (layer thickness 0.2
mm; E. Merck, Darmstadt, Germany) and detection by
charring with sulfuric acid. Flash column chromatogra-
phy was performed on silica gel 60 (230–400 mesh, E.
Merck).

Note: for the assignment of the NMR spectra, the
numbering of the compounds is based on the analogy
with the corresponding sugar as shown for compounds
19 and 27 in Tables 2 and 3 and not on the IUPAC
rules for commodity reasons.

4.2. (3R,4S,5R)-3,4-Dibenzyloxy-5-(benzyloxymethyl)-
nona-1,8-dien-5-ol 4a and (3R,4S,5S)-3,4-dibenzyloxy-5-
(benzyloxymethyl)nona-1,8-dien-5-ol, 4b

To a freshly prepared solution of butenylmagnesium
bromide (0.3 M in dry Et2O, 50 mL) was added drop-
wise under argon a solution of ketone 3 (3.75 g, 10.8
mmol) in anhydrous Et2O (60 mL). The reaction mix-
ture was stirred for 18 h at rt and quenched at 0°C by
dropwise addition of a sat. aq. NH4Cl solution (50
mL). The aqueous layer was extracted with AcOEt
(3×50 mL). Organic extracts were combined, dried
(MgSO4), filtered and the solvent was evaporated.
Purification by flash chromatography (AcOEt/cyclohex-
ane, 1:8) afforded dienes 4a and 4b (3.26 g, 6.9 mmol,
64% yield) as an inseparable mixture of diastereomers.
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Table 3. Inhibitory activities of cyclooctapentols 27–30. Percentage of inhibition at 1 mM concentration of the inhibitor. Optimal
pH, 35°Ca (NI=no inhibition)b

1H NMR (CDCl3, 400 MHz): 7.39–7.30 (m, 30H, aro-
matic H), 6.05 (m, 2H, H-2a, H-2b), 5.78 (m, 1H, H-9a,
H-9b), 5.30–5.37 (m, 4H, H-1a, H-1b, H-1�a, H-1�b),
4.99 (m, 2H, H-10a, H-10b), 4.93 (m, 2H, H-10�a,
H-10�b), 4.23–4.82 (m, 12H, 6×CH2Ph), 4.21 (dd, 1H,
J=3.1 Hz, 8.1 Hz, H-3a), 4.13 (dd, 1H, J=3.4 Hz, 8.0
Hz, H-3b), 3.69 (s, 1H, OH), 3.62 (d, 2H, J=3.3 Hz,
H-4a, H-4b), 3.58 (d, 1H, J=9.0 Hz, H-6a), 3.56 (d,
1H, J=9.3 Hz, H-6b), 3.53 (s, 1H, OH), 3.35 (d, 1H,
J=9.0 Hz, H-6�a), 3.26 (d, 1H, J=9.3 Hz, H-6�b),
1.95–2.30 (m, 4H, H-8a, H-8b, H-8�a, H-8�b), 1.75 (m,
2H, H-7a, H-7�a), 1.62 (m, 1H, H-7b), 1.43 (m, 1H,
H-7�b); 13C NMR (CDCl3, 100 MHz): 139.20, 139.18
(C-9a, C-9b), 138.45, 138.26, 138.02, 137.98, 137.44,
137.22 (6×Cipso), 136.30, 136.07 (C-2a, C-2b), 127.59–
128.63 (aromatic C), 118.99, 118.47 (C-1a, C-1b),
114.07, 114.01 (C-10a, C-10b), 83.41, 82.54 (C-4a, C-
4b), 80.98, 80.90 (C-3a, C-3b), 76.53, 76.30 (C-5a,
C-5b), 76.14, 76.00 (2×CH2Ph), 73.25, 73.13 (2×
CH2Ph), 72.45, 70.72 (C-6a, C-6b), 70.11, 69.96 (2×
CH2Ph), 34.26, 33.77 (C-7a, C-7b), 27.22 (C-8a, C-8b);
m/z (CI, NH3): 504 (M+NH4

+, 100%). Anal. calcd for
C31H36O4: C, 78.78; H, 7.68. Found: C, 78.63; H,
7.79%.

4.3. (3R,4S,5R)-3,4-Dibenzyloxy-5-(benzyloxymethyl)-
deca-1,9-dien-5-ol 5a and (3R,4S,5S)-3,4-dibenzyloxy-5-
(benzyloxymethyl)deca-1,9-dien-5-ol 5b

To a freshly prepared solution of pentenylmagnesium
bromide (0.3 M in Et2O, 50 mL) was added dropwise
under argon at 0°C a solution of ketone 3 (4.5 g, 10.8
mmol) in Et2O (80 mL). The reaction mixture was
stirred for 18 h at rt and quenched at 0°C by dropwise
addition of a sat. aq. NH4Cl solution (50 mL). The
aqueous layer was extracted with AcOEt (3×50 mL).
Organic extracts were combined, dried (MgSO4),

filtered and the solvent was evaporated. Purification by
flash chromatography (AcOEt/cyclohexane, 1:10)
afforded diene 5a and 5b (3.69 g, 7.6 mmol, 70% yield),
as an inseparable mixture of diastereomers.

1H NMR (CDCl3, 400 MHz): 7.30–7.39 (m, 30H, aro-
matic H), 6.05 (m, 2H, H-2a, H-2b), 5.80 (m, 1H,
H-10a, H-10b), 5.29–5.38 (m, 4H, H-1a, H-1b, H-1�a,
H-1�b), 4.93–5.04 (m, 4H, H-10a, H-10b, H-10�a, H-
10�b), 4.23–4.82 (m, 12H, 6×CH2Ph), 4.21 (dd, 1H,
J=3.1 Hz, 8.1 Hz, H-3a), 4.12 (dd, 1H, J=3.5 Hz, 8.1
Hz, H-3b), 3.64 (s, 1H, OH), 3.61 (d, 2H, J=3.4 Hz,
H-4a, H-4b), 3.57 (d, 2H, J=8.8 Hz, H-6a, H-6b), 3.49
(s, 1H, OH), 3.37 (d, 1H, J=9.0 Hz, H-6�a), 3.27 (d,
1H, J=9.3 Hz, H-6�b), 1.93–2.03 (m, 4H, H-9a, H-9b,
H-9�a, H-9�b), 1.30–1.70 (m, 8H, H-7a, H-7�a, H-7b,
H-7�b, H-8a, H-8�a, H-8b, H-8�b); 13C NMR (CDCl3,
100 MHz): 138.90, 138.87 (C-10a, C-10b), 138.50,
138.30, 138.06, 138.03, 137.49, 137.31 (6×Cipso), 136.37,
136.13 (C-2a, C-2b), 127.47–128.65 (aromatic C),
118.89, 118.38 (C-1a, C-1b), 114.20, 114.03 (C-11a,
C-11b), 83.45, 82.60 (C-4a, C-4b), 81.06, 80.91 (C-3a,
C-3b), 76.67, 76.44 (C-5a, C-5b), 76.13, 75.96 (2×
CH2Ph), 73.25, 73.14 (2×CH2Ph), 72.61, 70.93 (C-6a,
C-6b), 70.10, 69.95 (2×CH2Ph), 34.50, 34.29, 34.21,
34.08 (C-7a, C-7b, C-9a, C-9b), 22.12, 22.03 (C-8a,
C-8b); m/z (CI, NH3): 504 (M+NH4

+, 100%). Anal.
calcd for C32H38O4: C, 78.97; H, 7.87. Found: C, 78.57;
H, 8.01%.

4.4. (1R,2S,3R)-2,3-Dibenzyloxy-1-(benzyloxymethyl)-
cyclohept-4-en-1-ol, 8 and (1S,2S,3R)-2,3-dibenzyloxy-1-
(benzyloxymethyl)cyclohept-4-en-1-ol, 9

Dienes 4a and 4b (100 mg, 0.212 mmol) were dissolved
in dry CH2Cl2 (50 mL) under argon. The solution was
degased for 10 min by bubbling argon through the
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solution. Catalyst 7 (9 mg, 0.011 mmol, 5% mol) was
added and the solution was stirred at rt under argon.
After 24 h, some more catalyst 7 was added (9 mg,
0.011 mmol, 5% mol). After 45 h, the reaction was
quenched by stirring the reaction mixture with
Pb(OAc)4 (20 mg, 0.033 mmol) for 5 h. The solvent was
then evaporated and the residue purified by flash chro-
matography (EtOAc/cyclohexane, 1:20) to afford cyclo-
heptene 8 (47 mg, 0.106 mmol, 48% yield) as a colorless
oil.

[� ]D=+17 (c 1 in CHCl3); 1H NMR (CDCl3, 400
MHz): 7.27–7.39 (m, 15H, aromatic H), 5.93 (m, 1H,
H-1), 5.80 (m, 1H, H-2), 5.05 (d, 1H, J=10.7 Hz,
CHPh), 4.75 (s, 2H, CH2Ph), 4.63 (m, 1H, H-3), 4.55
(d, 1H, J=12.0 Hz, CHPh), 4.53 (d, 1H, J=10.7 Hz,
CHPh), 4.48 (1H, J=12.0 Hz, CHPh), 3.72 (d, 1H,
J=9.6 Hz, H-4), 3.62 (d, 1H, J=8.7 Hz, H-6), 3.28 (d,
1H, J=8.7 Hz, H-6�), 2.80 (s, 1H, OH), 2.37 (m, 1H,
H-8), 2.10 (m, 1H, H-8�), 2.01 (m, 1H, H-7), 1.78 (m,
1H, H-7�); 13C NMR (CDCl3, 100 MHz): 138.77,
138.38, 138.12 (3×Cipso), 132.95 (C-2), 132.00 (C-1),
127.34–128.32 (aromatic C), 80.87 (C-4), 77.31 (C-3),
76.33 (CH2Ph), 75.54 (C-6), 75.40 (C-5), 73.28
(CH2Ph), 73.03 (CH2Ph), 34.06 (C-7), 22.11 (C-8); m/z
(CI, NH3): 462 (M+NH4

+, 100%); HRMS (CI, NH3)
calcd for C29H33O4 (MH+): 445.2379. Found: 445.2373.

Further elution afforded cycloheptene 9 (47 mg, 0.106
mmol, 49% yield) as a colorless oil; [� ]D=−50 (c 0.1 in
CHCl3); 1H NMR (CDCl3, 400 MHz) 7.27–7.40 (m,
15H, aromatic H), 6.11 (ddd, 1H, J=4.5 Hz, 7.4 Hz,
11.7 Hz, H-1), 5.73 (ddd, 1H, J=2.3 Hz, 5.2 Hz, 11.5
Hz, H-2), 4.73 (d, 1H, J=11.6 Hz, CHPh), 4.65 (m,
4H, 2×CH2Ph), 4.52 (d, 1H, J=11.6 Hz, CHPh), 4.27
(dd, 1H, J=5.6 Hz, 6.8 Hz, H-3), 4.11 (s, 1H, OH),
3.98 (d, 1H, J=6.8 Hz, H-4), 3.65 (d, 1H, J=9.6 Hz,
H-6), 3.43 (d, 1H, J=9.6 Hz, H-6�), 2.53 (m, 1H, H-8),
2.11 (m, 1H, H-8�), 1.87 (ddd, 1H, H-7), 1.58 (ddd, 1H,
H-7�); 13C NMR (CDCl3, 100 MHz): 138.62, 138.42,
137.73 (3×Cipso), 135.94 (C-1), 128.13 (C-2), 127.45–
128.39 (aromatic C), 79.74 (C-4), 77.42 (C-5), 76.36
(C-3), 75.03 (C-6), 73.95, 73.58, 71.68 (3×CH2Ph), 31.70
(C-7), 22.18 (C-8); m/z (CI, NH3): 462 (M+NH4

+,
100%). Anal. calcd for C29H32O4: C, 78.35; H, 7.25.
Found: C, 78.16; H, 7.37%.

4.5. (1R,2S,3R)-2,3-Dibenzyloxy-1-(benzyloxymethyl)-
cyclooct-4-en-1-ol, 10 and (1S,2S,3R)-2,3-dibenzyloxy-
1-(benzyloxymethyl)cyclooct-4-en-1-ol, 11

The diene 5a or 5b (100 mg, 0.212 mmol) was dissolved
in dry CH2Cl2 (50 mL) under argon. The solution was
degased for 10 min by bubbling argon through the
solution. Grubbs’ catalyst 6 (9 mg, 0.011 mmol, 5%
mol) was added and the solution was stirred at rt under
argon. After 24 h, some more catalyst 6 was added (9
mg, 0.011 mmol, 5% mol). After 72 h, the reaction was
quenched by stirring the reaction mixture with
Pb(OAc)4 (20 mg, 0.033 mmol) for 5 h. The solvent was
then evaporated and the residue purified by flash chro-
matography (EtOAc/cyclohexane, 1:20) to afford
cyclooctene 10 (13 mg, 0.029 mmol, 14% yield) as a

colorless oil; [� ]D=+2 (c 0.2 in CHCl3); 1H NMR
(CDCl3, 400 MHz): 7.39–7.27 (m, 15H, aromatic H),
5.77 (m, 1H, H-2), 5.71 (m, 1H, H-1), 5.11 (d, 1H,
J=10.5 Hz, CHPh), 4.73 (d, 1H, J=11.5 Hz, CHPh),
4.53–4.61 (m, 5H, H-3, 2×CH2Ph), 3.74 (d, 1H, J=9.8
Hz, H-4), 3.64 (d, 1H, J=8.3 Hz, H-6), 3.33 (d, 1H,
J=8.3 Hz, H-6�), 2.73 (s, 1H, OH), 2.35 (m, 1H, H-9),
2.17 (m, 1H, H-9�), 1.90 (m, 3H, H-7, H-7�, H-8), 1.43
(m, 1H, H-8�); 13C NMR (CDCl3, 100 MHz): 138.77,
138.55, 138.12 (3×Cipso), 132.49 (C-2), 131.01 (C-1),
127.31–128.44 (aromatic C), 82.90 (C-4), 77.51 (C-6),
77.47 (C-3), 75.78 (CH2Ph), 74.88 (C-5), 73.32
(CH2Ph), 71.66 (CH2Ph), 31.00 (C-9), 26.57 (C-8),
21.94 (C-7); m/z (CI, NH3): 462 (M+NH4

+, 100%).
Anal. calcd for C30H34O4: C, 78.57; H, 7.47. Found: C,
78.50; H, 7.79%.

Further elution afforded cyclooctene 11 (14 mg, 0.031
mmol, 15% yield) as a colorless oil; [� ]D=−50 (c 0.1 in
CHCl3); 1H NMR (CDCl3, 400 MHz) 7.40–7.27 (m,
15H, aromatic H), 6.11 (ddd, 1H, J=4.5 Hz, 7.4 Hz,
11.7 Hz, H-1), 5.73 (ddd, 1H, J=2.3 Hz, 5.2 Hz, 11.5
Hz, H-2), 4.73 (d, 1H, J=11.6 Hz, CHPh), 4.65 (m,
4H, 2×CH2Ph), 4.52 (d, 1H, J=11.6 Hz, CHPh), 4.27
(dd, 1H, J=5.6 Hz, 6.8 Hz, H-3), 4.11 (s, 1H, OH),
3.98 (d, 1H, J=6.8 Hz, H-4), 3.65 (d, 1H, J=9.6 Hz,
H-6), 3.43 (d, 1H, J=9.6 Hz, H-6�), 2.53 (m, 1H, H-8),
2.11 (m, 1H, H-8�), 1.87 (ddd, 1H, H-7), 1.58 (ddd, 1H,
H-7�); 13C NMR (CDCl3, 100 MHz): 138.62, 138.42,
137.73 (3×Cipso), 135.94 (C-1), 128.13 (C-2), 127.45–
128.39 (aromatic C), 79.74 (C-4), 77.42 (C-5), 76.36
(C-3), 75.03 (C-6), 73.95, 73.58, 71.68 (3×CH2Ph), 31.70
(C-7), 22.18 (C-8); m/z (CI, NH3): 462 (M+NH4

+,
100%). Anal. calcd for C30H34O4: C, 78.57; H, 7.47.
Found: C, 78.16; H, 7.37%.

4.6. (3R,4S,5R)-3,4-Dibenzyloxy-5-(benzyloxymethyl)-5-
[(tert-butyl)dimethylsilyloxy]deca-1,9-diene, 12a and
(3R,4S,5S)-3,4-dibenzyloxy-5-(benzyloxymethyl)-5-
[(tert-butyl)dimethylsilyloxy]-deca-1,9-diene, 12b

To a solution of dienes 5a and 5b (500 mg, 1.03 mmol),
triethylamine (360 �L, 2.57 mmol) in CH2Cl2 (10 mL)
was added dropwise TBDMSOTf (435 mg, 1.65 mmol)
under argon at 0°C. The reaction mixture was stirred
for 18 h at rt. The solvent was evaporated and the
residue partitioned between dichloromethane and
water. Organic extracts was dried (MgSO4), filtered and
the solvent was evaporated. Purification by flash chro-
matography (AcOEt/cyclohexane, 1:30) afforded dienes
12a and 12b (552 mg, 0.926 mmol, 89% yield), as an
inseparable mixture of diastereomers. 1H NMR
(CDCl3, 400 MHz): 7.29–7.36 (m, 30H, aromatic H),
6.02 (m, 2H, H-2a, H-2b), 5.79 (m, 1H, H-10a, H-10b),
5.29 (m, 4H, H-1a, H-1b, H-1�a, H-1�b), 4.97 (m, 4H,
H-11a, H-11b, H-11�a, H-11�b), 4.33–4.80 (m, 12H,
6×CH2Ph), 4.25 (dd, 1H, J=3.1 Hz, 8.1 Hz, H-3a), 4.22
(dd, 1H, J=3.5 Hz, 8.1 Hz, H-3b), 3.74 (d, 1H, H-6b),
3.73 (d, 1H, H-4b), 3.62 (d, 1H, H-6a), 3.61 (d, 1H,
H-6�b), 3.56 (d, 1H, H-4a), 3.51 (d, 1H, H-6�a), 1.76–
2.05 (m, 4H, H-9a, H-9b, H-9�a, H-9�b), 1.36–1.61 (m,
8H, H-7a, H-7�a, H-7b, H-7�b, H-8a, H-8�a, H-8b,
H-8�b); 0.88, 0.87 (2×s, tBu a, tBu b); 0.09 (s, CH3Si b),
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0.08 (s, CH3Si a), 0.06 (s, CH3Si b), −0.02 (s, CH3Si a);
13C NMR (CDCl3, 100 MHz): 139.09 (C-10a), 139.02
(C-10b), 138.47 (C-2a), 138.28, 138.26, 137.94 (Cipso),
138.15 (C-2b), 127.09–128.40 (aromatic C), 117.11 (C-
1a), 116.92 (C-1b), 114.27 (C-11b), 114.26 (C-11a), 85.27
(C-4a), 84.54 (C-4b), 80.47 (C-5a), 80.22 (C-5b), 79.11
(C-3b), 79.02 (C-3a), 75.41, 75.28 (2×CH2Ph), 73.88
(C-6a), 73.39 (C-6b), 73.02, 72.92, 70.18, 70.13 (4×
CH2Ph), 34.51, 34.49, 34.31, 33.59 (C-7a, C-7b, C-9a,
C-9b), 26.31, 26.28 (tBu a, tBu b), 22.81, 22.57 (C-8a,
C-8b), −2.70, −2.84, −3.02 (4×CH3Si); m/z (CI, NH3):
618 (M+NH4

+, 100%); HRMS (CI, NH3) calcd for
C38H56O4NSi (M+NH4

+): 618.3979. Found: 618.3984.

4.7. (1R,2S,3R)-2,3-Dibenzyloxy-1-(benzyloxymethyl)-1-
[(tert-butyl)dimethylsilyloxy]-cyclooct-4-ene, 13 and
(1S,2S,3R)-2,3-dibenzyloxy-1-(benzyloxymethyl)-1-
[(tert-butyl)dimethylsilyloxy]-cyclooct-4-ene, 14

Dienes 12a and 12b (250 mg, 0.417 mmol) were dissolved
in dry toluene (85 mL) under argon. The solution was
degased for 10 min by bubbling argon through the
solution. Grubbs’ catalyst 6 (17 mg, 0.021 mmol, 5% mol)
was added dropwise with a syringe pump over 10 h as
a solution in dry toluene and the solution was stirred at
rt under argon. After 24 h, some more catalyst 6 was
added (17 mg, 0.021 mmol, 5% mol). After 72 h, the
reaction was quenched by stirring the reaction mixture
with Pb(OAc)4 (23 mg, 0.11 mmol) for 4 h. The solvent
was then evaporated and the residue purified by flash
chromatography (EtOAc/cyclohexane, 1:200) to afford
cyclooctenes 13 and 14 (207 mg, 0.36 mmol, 86% yield)
as an inseparable mixture of diastereomers.

Spectroscopic data for 13: 1H NMR (CDCl3, 400 MHz):
7.34–7.26 (m, 15H, aromatic H), 5.90 (m, 1H, H-1), 5.66
(m, 1H, H-2), 5.11 (d, 1H, J=11.3 Hz, CHPh), 4.77 (d,
1H, J=11.3 Hz, CHPh), 4.63 (d, 1H, J=11.6 Hz,
CHPh), 4.49 (m, 1H, H-3), 4.47 (d, 1H, J=11.6 Hz,
CHPh), 4.40 (s, 2H, CH2Ph), 3.82 (d, 1H, J=8.8 Hz,
H-4), 3.71 (d, 1H, J=9.2 Hz, H-6), 3.35 (d, 1H, J=9.2
Hz, H-6�), 2.22 (m, 1H, H-9), 2.12 (m, 1H, H-9�), 1.81
(m, 1H, H-8), 1.65 (m, 2H, H-7, H-7�), 1.55 (m, 1H, H-8�),
1.30 (s, 9H, tBu), 0.12 (s, 6H, Si(CH3)2); 13C NMR
(CDCl3, 100 MHz): 139.98, 138.80, 137.74 (3×Cipso),
132.33 (C-1), 131.41 (C-2), 126.87–128.24 (aromatic C),
86.77 (C-4), 81.48 (C-3), 79.15 (C-5), 77.00 (C-6), 75.81
(CH2Ph), 73.22 (CH2Ph), 71.89 (CH2Ph), 31.78 (C-7),
26.26 (C-9), 26.11 (tBuSi), 22.22 (C-8), −2.12, −2.21
(2×SiCH3); m/z (CI, NH3): 590 (M+NH4

+, 100%). Anal.
calcd for C36H48O4Si: C, 75.48; H, 8.45. Found: C, 74.92;
H, 8.68%.

Spectroscopic data for 14: 1H NMR (CDCl3, 400 MHz):
7.39–7.30 (m, 15H, aromatic H), 5.81 (m, 1H, H-2), 5.64
(m, 1H, H-1), 5.12 (d, 1H, J=10.6 Hz, CHPh), 4.71 (d,
1H, J=11.5 Hz, CHPh), 4.61 (d, 1H, J=11.5 Hz,
CHPh), 4.57 (m, 1H, H-3), 4.49 (s, 2H, CH2Ph), 4.46 (d,
1H, J=10.6 Hz, CHPh), 3.83 (d, 1H, J=7.1 Hz, H-6),
3.53 (d, 1H, J=10.0 Hz, H-4), 3.15 (d, 1H, J=7.1 Hz,
H-6�), 2.38 (m, 1H, H-9), 2.10 (m, 1H, H-9�), 1.95 (m, 1H,
H-8), 1.82 (m, 2H, H-7, H-7�), 1.32 (m, 1H, H-8�), 0.91
(s, 9H, tBu), 0.10 (s, 3H, Si(CH3)), 0.04 (s, 3H, Si(CH3));

13C NMR (CDCl3, 100 MHz): 139.20, 139.07, 138.27
(3×Cipso), 133.89 (C-1), 129.60 (C-2), 127.07–128.29 (aro-
matic C), 84.24 (C-4), 79.27 (C-5), 78.10 (C-6), 76.79
(C-3), 75.25 (CH2Ph), 72.87 (CH2Ph), 71.12 (CH2Ph),
33.27 (C-7), 27.95 (C-9), 26.52 (tBuSi), 24.59 (C-8),
−2.03, −2.27 (2×SiCH3); m/z (CI, NH3): 590 (M+NH4

+,
100%).

4.8. (1S,2S,3R,4S,5S)-2,3-Dibenzyloxy-1-(benzyloxy-
methyl)cyclohepta-1,5,6-triol, 15 and (1S,2S,3R,4R,5R)-
2,3-dibenzyloxy-1-(benzyloxymethyl)cyclohepta-
1,5,6-triol, 16

Cycloheptene 8 (227 mg, 0.51 mmol) was dissolved in
acetone/water (8/1, 9 mL). N-Methyl morpholine oxide
(151 mg, 1.12 mmol) was added, followed by OsO4 (10
�L, 2.5% wt in tBuOH). The reaction mixture was stirred
for 5 days at rt and OsO4 (10 �L, 2.5% wt in tBuOH)
was added every day. The reaction mixture was then
diluted with CH2Cl2 (10 mL) and H2O (10 mL). The
aqueous layer was extracted with CH2Cl2 (10 mL) and
the organic extracts were combined, dried (MgSO4) and
the solvent removed under reduced pressure. Purification
by careful flash chromatography (EtOAc/cyclohexane,
1:4) afforded triol 15 as a colorless oil (60 mg, 0.125
mmol, 25% yield); [� ]D=+21 (c 0.1 in CHCl3); 1H NMR
(CDCl3, 400 MHz): 7.38–7.24 (m, 15H, aromatic H), 4.76
(d, 1H, J=11.3 Hz, CHPh), 4.72 (d, 1H, J=11.8 Hz,
CHPh), 4.57 (d, 1H, J=11.8 Hz, CHPh), 4.52 (d, 1H,
J=12.0 Hz, CHPh), 4.46 (d, 1H, J=12.0 Hz, CHPh),
4.45 (d, 1H, J=11.3 Hz, CHPh), 4.09 (m, 1H, H-2), 3.96
(m, 2H, H-3, H-4), 3.91 (m, 1H, H-1), 3.38 (d, 1H, J=8.7
Hz, H-6), 3.24 (d, 1H, J=8.7 Hz, H-6�), 3.22 (d, 1H,
J=9.7 Hz, OH-1), 3.07 (s, 1H, OH-5), 2.94 (d, 1H, J=6.6
Hz, OH-2), 2.19 (m, 1H, H-7), 2.04 (m, 2H, H-8), 1.80
(m, 1H, H-8�), 1.52 (m, 1H, H-7�); 13C NMR (CDCl3, 100
MHz): 138.11, 137.49, 137.44 (3×Cipso), 127.67–128.82
(aromatic C), 83.56 (C-2), 77.22 (C-5), 75.92 (C-1), 74.16
(CH2Ph), 74.16 (CH2Ph), 73.79 (C-6), 73.44 (C-3), 73.33
(CH2Ph), 71.36 (C-4), 29.68 (C-7), 28.12 (C-8); m/z (CI,
NH3): 496 (M+NH4

+, 100%); HRMS (CI, NH3) calcd for
C29H38O6N (M+NH4

+): 496.2699. Found: 496.2701.

Further elution afforded triol 16 (140 mg, 0.293 mmol,
57% yield) as a colorless oil; [� ]D=+41 (c 0.22 in CHCl3);
1H NMR (CDCl3, 400 MHz): 7.39–7.22 (m, 15H, aro-
matic H), 4.90 (d, 1H, J=11.0 Hz, CHPh), 4.88 (d, 1H,
J=11.3 Hz, CHPh), 4.62 (d, 1H, J=11.3 Hz, CHPh),
4.52 (d, 1H, J=12.0 Hz, CHPh), 4.48 (d, 1H, J=11.0 Hz,
CHPh), 4.43 (d, 1H, J=12.0 Hz, CHPh), 4.08 (m, 1H,
H-1), 3.97 (app t, 1H, J=7.7 Hz, H-3), 3.74 (m, 1H, H-2),
3.66 (d, 1H, J=7.3 Hz, H-4), 3.64 (d, 1H, OH-2), 3.48
(d, 1H, J=8.4 Hz, H-6), 3.28 (d, 1H, J=8.4 Hz, H-6�),
3.06 (s, 1H, OH-5), 2.84 (br s, 1H, OH-1), 1.97 (m, 2H,
H-7, H-8), 1.85 (m, 2H, H-7�, H-8�); 13C NMR (CDCl3,
100 MHz): 137.86, 137.76, 137.66 (3×Cipso), 127.65–
128.58 (aromatic C), 82.05 (C-4), 78.23 (C-3), 76.15
(C-6), 75.10 (CH2Ph), 74.69 (CH2Ph), 74.36 (C-2), 73.73
(C-5), 73.30 (CH2Ph), 68.27 (C-1), 27.87, 27.35 (C-7,
C-8); m/z (CI, NH3): 496 (M+NH4

+, 100%). Anal. calcd
for C29H34O6: C, 72.78; H, 7.16. Found: C, 73.10; H,
7.54%.
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4.9. (1R,2S,3R,4S,5S)-2,3-Dibenzyloxy-1-(benzyloxy-
methyl)cyclohepta-1,5,6-triol, 17 and (1R,2S,3R,4R,5R)-
2,3-dibenzyloxy-1-(benzyloxymethyl)cyclohepta-1,5,6-
triol, 18

Cycloheptene 9 (289 mg, 0.65 mmol) was dissolved in
acetone/water (8/1, 9 mL). N-Methyl morpholine oxide
(193 mg, 1.43 mmol) was added followed by OsO4 (10
�L, 2.5% wt in tBuOH). The reaction mixture was stirred
for 6 days at rt and OsO4 (10 �L, 2.5% wt in tBuOH)
was added every day. The reaction mixture was then
diluted with CH2Cl2 (10 mL) and H2O (10 mL). The
aqueous layer was extracted with CH2Cl2 (10 mL) and
the organic extracts were combined, dried (MgSO4) and
the solvent removed under reduced pressure. Purification
by careful flash chromatography (EtOAc/cyclohexane,
1:3) afforded triol 17 as a colorless oil (208 mg, 0.435
mmol, 67% yield); [� ]D=+38.5 (c 0.93 in CHCl3); 1H
NMR (CDCl3, 400 MHz): 7.39–7.22 (m, 15H, aromatic
H), 4.81 (d, 1H, J=11.6 Hz, CHPh), 4.69 (d, 1H, J=11.6
Hz, CHPh), 4.62 (d, 1H, J=11.2 Hz, CHPh), 4.56 (d, 1H,
J=11.9 Hz, CHPh), 4.42 (d, 1H, J=11.9 Hz, CHPh),
4.30 (d, 1H, J=11.2 Hz, CHPh), 4.13 (ddd, 1H, J=1.7
Hz, 5.4 Hz, H-2), 4.06 (m, 1H, H-1), 3.95 (d, 1H, J=3.1
Hz, H-4), 3.87 (dd, 1H, J=3.1 Hz, 7.1 Hz, H-3), 3.46 (d,
1H, J=9.1 Hz, H-6), 3.43 (d, 1H, J=7.9 Hz, OH-1), 3.26
(d, 1H, J=9.1 Hz, H-6�), 2.89 (d, 1H, J=0.6 Hz, OH-5),
2.79 (d, 1H, J=5.3 Hz, OH-2), 1.97–2.03 (m, 2H, H-7,
H-7�), 1.87 (m, 1H, H-8), 1.41 (1H, m, H-8�); 13C NMR
(CDCl3, 100 MHz): 137.84, 137.79, 136.72 (3×Cipso),
127.68–128.52 (aromatic C), 82.96 (C-3), 79.33 (C-4),
78.52 (C-2), 75.50 (C-5), 75.20 (C-6), 73.36 (CH2Ph),
73.35 (CH2Ph), 73.18 (C-1), 73.12 (CH2Ph), 26.79 (C-8),
24.87 (C-7); m/z (CI, NH3): 496 (M+NH4

+, 100%). Anal.
calcd for C29H34O6: C, 72.78; H, 7.16. Found: C, 72.61;
H, 7.33%.

Further elution afforded triol 18 as a white solid (45 mg,
0.094 mmol, 15% yield); [� ]D=+4 (c 1 in CHCl3); mp
99–100°C; 1H NMR (CDCl3, 400 MHz): 7.40–7.22 (m,
15H, aromatic H), 4.74 (d, 1H, J=11.5 Hz, CHPh), 4.64
(d, 1H, J=11.5 Hz, CHPh), 4.63 (d, 1H, J=11.3 Hz,
CHPh), 4.57 (d, 1H, J=11.9 Hz, CHPh), 4.52 (d, 1H,
J=11.9 Hz, CHPh), 4.47 (d, 1H, J=11.3 Hz, CHPh),
4.26 (m, 2H, H-2, OH), 3.91 (app d, 1H, J=4.3 Hz, H-4),
3.88 (app d, 1H, J=4.3 Hz, H-3), 3.82 (m, 1H, H-1), 3.65
(d, 1H, J=7.9 Hz, OH-1), 3.59 (d, 1H, J=9.1 Hz, H-6),
3.24 (d, 1H, J=9.1 Hz, H-6�), 2.42 (s, 1H, OH-5), 2.06
(m, 1H, H-8), 1.88 (m, 1H, H-8�), 1.75 (m, 1H, H-7), 1.51
(1H, m, H-7�); 13C NMR (CDCl3, 100 MHz): 138.05,
137.65, 137.61 (3×Cipso), 127.68–128.57 (aromatic C),
82.98 (C-3), 81.77 (C-4), 75.39 (C-6), 75.32 (C-5), 73.45
(CH2Ph), 73.39 (CH2Ph), 72.99 (C-2), 72.27 (CH2Ph),
71.84 (C-1), 26.74 (C-7), 26.03 (C-8); m/z (CI, NH3): 496
(M+NH4

+, 100%); HRMS (CI, NH3) calcd for C29H35O6

(MH+): 479.2434. Found: 479.2439.

4.10. (1S,2S,3R,4S,5S)-1-(Hydroxymethyl)cyclohepta-
1,2,3,4,5-pentol, 19

Triol 15 (67 mg, 0.140 mmol) was dissolved in EtOAc/
MeOH (1:1, 10 mL) and 10% Pd/C (10 mg) was added.
The suspension was stirred under H2 for 1 h, filtered

through Celite, eluted with MeOH. The solvent was
removed under reduced pressure to afford pentol 19 as
a colorless oil (29 mg, 0. 140 mmol, quant. yield);
[� ]D=+11 (c 0.35 in CH3OH); 1H NMR (D2O, 400
MHz): 3.98 (m, 1H, H-1), 3.81 (app t, 1H, J=7.8 Hz,
H-3), 3.64 (dd, 1H, J=3.0 Hz, 7.6 Hz, H-2), 3.59 (d, 1H,
J=11.3 Hz, H-6), 3.50 (d, 1H, J=11.3 Hz, H-6�), 3.47
(d, 1H, J=8.3 Hz, H-4), 1.67–1.87 (m, 4H, H-7, H-7�,
H-8, H-8�); 13C NMR (D2O, 100 MHz): 75.76 (C-2),
75.02 (C-5), 74.80 (C-4), 72.00 (C-3), 70.02 (C-1), 66.92
(C-6), 28.28, 24.88 (C-7, C-8); m/z (ES+): 231 (M+Na+,
100%), 247 (M+K+, 5%).

4.11. (1S,2S,3R,4R,5R)-1-(Hydroxymethyl)cyclohepta-
1,2,3,4,5-pentol, 20

Triol 16 was deprotected as described for 19 to afford
compound 20; [� ]D=+20 (c 0.60 in CH3OH); 1H NMR
(D2O, 400 MHz): 4.11 (m, 1H, H-2), 3.83 (ddd, 1H,
J=2.9 Hz, 5.0 Hz, 9.9 Hz, H-1), 3.75 (m, 2H, H-3, H-4),
3.56 (d, 1H, J=11.5 Hz, H-6), 3.51 (d, 1H, J=11.5 Hz,
H-6�), 2.05 (ddd, 1H, J=3.4 Hz, 9.6 Hz, 15.1 Hz, H-7),
1.64 (2H, m, H-8, H-8�), 1.43 (ddd, 1H,, J=3.5 Hz, 8.1
Hz, 15.1 Hz, H-7�); 13C NMR (D2O, 100 MHz): 75.41
(C-2), 74.82 (C-5), 72.03 (C-4), 69.88 (C-3), 69.20 (C-1),
66.90 (C-6), 28.71, 24.99 (C-7, C-8); m/z (ES+): 231
(M+Na+, 100%), 247 (M+K+, 5%).

4.12. (1R,2S,3R,4S,5S)-1-(Hydroxymethyl)cyclohepta-
1,2,3,4,5-pentol, 21

Triol 17 was deprotected as described for 19 to afford 21;
[� ]D=+29 (c 0.79 in CH3OH); 1H NMR (D2O, 400
MHz): 4.07 (m, 1H, H-1), 3.81 (dd, 1H, J=2.2 Hz, 7.7
Hz, H-2), 3.76 (dd, 1H, J=5.4 Hz, 7.7 Hz, H-3), 3.64 (d,
1H, J=5.4 Hz, H-4), 3.59 (d, 1H, J=11.8 Hz, H-6), 3.47
(d, 1H, J=11.8 Hz, H-6�), 1.75–1.92 (3H, m, H-7, H-7�,
H-8), 1.43 (m, 1H, H-8); 13C NMR (D2O, 100 MHz):
77.22 (C-2), 76.24 (C-5, C-4), 75.04 (C-3), 71.86 (C-1),
66.71 (C-6), 25.86, 25.27 (C-7, C-8); m/z (ES+): 231
(M+Na+, 100%), 247 (M+K+, 5%).

4.13. (1R,2S,3R,4R,5R)-1-(Hydroxymethyl)cyclohepta-
1,2,3,4,5-pentol, 22

Triol 18 was deprotected as described for 19 to afford 22;
[� ]D=+16 (c 0.55 in CH3OH); 1H NMR (D2O, 400
MHz): 4.03 (m, 1H, H-2), 3.83 (ddd, 1H, J=2.4 Hz, 5.7
Hz, 12.3 Hz, H-1), 3.81 (d, 1H, H-4), 3.72 (dd, 1H, J=1.4
Hz, 7.8 Hz, H-3), 3.64 (d, 1H, J=11.8 Hz, H-6), 3.43 (d,
1H, J=11.8 Hz, H-6�), 1.72–1.88 (2H, m, H-8, H-8�),
1.57–1.61 (m, 2H, H-7, H-7�); 13C NMR (D2O, 100
MHz): 77.77 (C-2), 76.97 (C-1 or C-4), 75.12 (C-5), 74.57
(C-3), 72.18 (C-1 or C-4), 66.86 (C-6), 27.19 (C-7), 24.42
(C-8); m/z (ES+): 231 (M+Na+, 100%), 247 (M+K+, 5%).

4.14. (1S,2S,3R,4S,5S)-2,3-Dibenzyloxy-1-(benzyloxy-
methyl)cycloocta-1,4,5-triol, 23 and (1S,2S,3R,4R,5R)-
2,3-dibenzyloxy-1-(benzyloxymethyl)cycloocta-1,4,5-
triol, 24

These products were synthesized as previously described
for 15 and 16.
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Spectroscopic data for triol 23: [� ]D=+32 (c 0.60 in
CHCl3); 1H NMR (CDCl3, 400 MHz): 7.39–7.30 (m,
15H, aromatic H), 5.00–4.89 (m, 2H, CH2Ph), 4.64–
4.46 (m, 4H, 2×CH2Ph), 4.08 (dd, 1H, J=7.2 Hz, 9.4
Hz, H-3), 4.02 (m, 1H, J=2.4 Hz, 10.8 Hz, H-1), 3.83
(dd, 1H, J=3.0 Hz, 9.4 Hz, H-2), 3.70 (d, 1H, J=7.2
Hz, H-4), 3.58 (d, 1H, J=8.5 Hz, H-6), 3.39 (d, 1H,
J=8.5 Hz, H-6�), 2.10–1.80 (m, 3H, H-9, H-9�, H-7),
1.70–1.42 (m, 3H, H-7�, H-8, H-8�); 13C NMR (CDCl3,
100 MHz): 138.21, 137.96, 137.74 (3×Cipso), 128.34–
127.51 (aromatic C), 78.04 (C-4), 77.05 (C-2), 76.86
(C-3), 74.92 (C-5), 74.67 (C-6), 74.52 (CH2Ph), 74.12
(CH2Ph), 73.38 (CH2Ph), 69.39 (C-1), 31.00 (C-7),
29.19 (C-9), 17.81 (C-8); m/z (CI, NH3): 510 (M+NH4

+,
100%). Anal. calcd for C30H36O6: C, 73.15; H, 7.37.
Found: C, 73.39; H, 7.82%.

Spectroscopic data for triol 24: [� ]D=+12 (c 0.75 in
CHCl3); 1H NMR (CDCl3, 400 MHz): 7.39–7.30 (m,
15H, aromatic H), 5.00–4.89 (m, 2H, CH2Ph), 4.64–
4.46 (m, 4H, 2×CH2Ph), 4.28 (m, 1H, H-2), 4.17 (d, 1H,
J=7.4 Hz, H-4), 3.91 (dd, 1H, J=1.6 Hz, 7.4 Hz, H-3),
3.69 (m, 1H, H-1), 3.49 (d, 1H, J=9.3 Hz, H-6), 3.38
(d, 1H, J=9.3 Hz, H-6�), 2.10–1.80 (m, 3H, H-9, H-9�,
H-7), 1.70–1.42 (m, 3H, H-7�, H-8, H-8�); 13C NMR
(CDCl3, 100 MHz): 138.41, 138.06, 138.05 (3×Cipso),
127.51–128.34 (aromatic C), 76.63 (C-3�), 76.03 (C-6),
75.36 (C-5), 75.27 (C-2), 75.17 (CH2Ph), 74.43 (C-4),
74.23 (CH2Ph), 73.38 (CH2Ph), 70.96 (C-1), 33.27 (C-
7), 28.31 (C-9), 20.15 (C-8); m/z (CI, NH3): 510 (M+
NH4

+, 100%). Anal. calcd for C30H36O6: C, 73.15; H,
7.37. Found: C, 73.30; H, 7.70%.

4.15. (1R,2S,3R,4S,5S)-2,3-Dibenzyloxy-1-(benzyloxy-
methyl)cycloocta-1,4,5-triol, 25 and (1R,2S,3R,4R,5R)-
2,3-dibenzyloxy-1-(benzyloxymethyl)cycloocta-1,4,5-
triol, 26

These products were synthesized as previously
described for 17 and 18.

Spectroscopic data for triol 25: [� ]D=+37 (c 1 in
CHCl3); 1H NMR (CDCl3, 400 MHz): 7.38–7.30 (m,
15H, aromatic H), 4.83 (d, 1H, J=11.6 Hz, CHPh),
4.80 (d, 1H, J=11.0 Hz, CHPh), 4.57 (d, 1H, J=11.7
Hz, CHPh), 4.50 (d, 1H, J=11.0 Hz, CHPh), 4.49 (d,
1H, J=11.7 Hz, CHPh), 4.46 (m, 1H, H-2), 4.43 (d,
1H, J=11.6 Hz, CHPh), 4.09 (m, 1H, H-1), 4.05 (d,
1H, J=4.2 Hz, H-4), 3.95 (dd, 1H, J=8.7 Hz, 4.2 Hz,
H-3), 3.52 (d, 1H, J=8.9 Hz, H-6), 3.28 (d, 1H, J=8.9
Hz, H-6�), 3.12 (d, 1H, J=1.6 Hz, OH-2), 2.88 (s, 1H,
OH-5), 2.61 (d, 1H, J=3.0 Hz, OH-1), 2.01 (m, 2H,
H-9), 1.88 (m, 1H, H-7), 1.65 (m, 2H, H-8), 1.58 (m,
1H, H-7�); 13C NMR (CDCl3, 100 MHz): 137.98,
137.83, 137.48 (3×Cipso), 127.78–128.57 (aromatic C),
79.63 (C-3, C-4), 76.16 (C-6), 75.91 (C-5), 73.71
(CH2Ph), 73.58 (CH2Ph), 73.31 (CH2Ph), 72.79 (C-2),
71.25 (C-1), 33.14 (C-7, C-8), 29.20 (C-9); m/z (CI,
NH3): 510 (M+NH4

+, 100%); HRMS (CI, NH3) calcd
for C30H37O6 (MH+): 493.2590. Found: 493.2589.

Spectroscopic data for triol 26: [� ]D=+11 (c 1 in
CHCl3); 1H NMR (CDCl3, 400 MHz): 7.38–7.30 (m,

15H, aromatic H), 4.98 (d, 1H, J=11.6 Hz, CHPh),
4.86 (d, 1H, J=11.2 Hz, CHPh), 4.67 (d, 1H, J=11.2
Hz, CHPh), 4.66 (d, 1H, J=11.6 Hz, CHPh), 4.57 (s,
2H, CH2Ph), 4.28 (m, 1H, H-2), 4.25 (d, 1H, J=8.0 Hz,
H-4), 4.14 (dd, 1H, J=2.3 Hz, 8.0 Hz, H-3), 3.94 (m,
1H, H-1), 3.62 (d, 1H, J=8.9 Hz, H-6), 3.38 (d, 1H,
J=8.9 Hz, H-6�), 3.18 (d, 1H, J=7.3 Hz, OH-2), 2.83
(d, 1H, J=3.0 Hz, OH-1), 2.65 (s, 1H, OH-5), 2.16 (m,
2H, H-7, H-9), 1.93 (m, 1H, H-8), 1.76 (m, 2H, H-7�,
H-9�), 1.61 (m, 1H, H-8�); 13C NMR (CDCl3, 100
MHz): 138.50, 138.01, 137.84 (3×Cipso), 127.45–128.58
(aromatic C), 83.36 (C-4), 81.51 (C-3), 75.77 (C-5),
75.15 (CH2Ph), 75.12 (CH2Ph), 74.55 (C-6), 74.11 (C-
1), 73.47 (CH2Ph), 73.07 (C-2), 31.71 (C-7), 31.65 (C-9),
17.60 (C-8); m/z (CI, NH3): 510 (M+NH4

+, 100%);
HRMS (CI, NH3) calcd for C30H40O6N (MNH4

+):
510.2856. Found: 510.2858.

4.16. (1S,2S,3R,4S,5S)-1-(Hydroxymethyl)cycloocta-
1,2,3,4,5-pentol, 27

This compound was obtained as a foam using the
method previously described for 19; [� ]D=−8 (c 0.55 in
CH3OH); 1H NMR (D2O, 400 MHz): 4.06 (dd, 1H,
J=7.4 Hz, 8.8 Hz, H-3), 3.91 (ddd, 1H, J=2.5 Hz, 2.8
Hz, 11.3 Hz, H-2), 3.75 (dd, 1H, J=2.5 Hz, 8.8 Hz,
H-2), 3.65 (d, 1H, J=11.3 Hz, H-6), 3.62 (d, 1H, J=7.4
Hz, H-4), 3.48 (d, 1H, J=11.3 Hz, H-6�), 1.85–1.48 (m,
6H, H-7, H-7�, H-8, H-8�, H-9, H-9�); 13C NMR (D2O,
100 MHz): 78.43 (C-2), 75.64 (C-5), 68.88 (C-1, C-4),
68.74 (C-3), 67.36 (C-6), 31.40 (C-7), 29.40 (C-9), 16.52
(C-8); m/z (ES+): 245 (M+Na+, 100%).

4.17. (1S,2S,3R,4R,5R)-1-(Hydroxymethyl)cycloocta-
1,2,3,4,5-pentol, 28

This compound was obtained as a foam using the
method previously described for 19; [� ]D=−2 (c 0.88 in
CH3OH); 1H NMR (D2O, 400 MHz): 4.12 (m, 1H,
H-2), 3.90 (m, 2H, H-3, H-4), 3.87 (m, 1H, H-1), 3.73
(dd, 1H, J=0.5 Hz, 12.0 Hz, H-6), 3.61 (d, 1H, J=12.0
Hz, H-6�), 1.97–1.83 (m, 2H, H-9, H-7), 1.72–1.61 (m,
1H, H-8), 1.52–1.34 (m, 3H, H-7�, H-8�, H-9�); 13C
NMR (D2O, 100 MHz): 76.70 (C-5), 75.79 (C-2), 70.67
(C-1), 67.34, 66.12 (C-3, C-4), 64.75 (C-6), 28.19 (C-7),
27.11 (C-9), 19.76 (C-8); m/z (ES+): 245 (M+Na+,
100%).

4.18. (1R,2S,3R,4S,5S)-1-(Hydroxymethyl)cycloocta-
1,2,3,4,5-pentol, 29

This compound was obtained as a foam using the
method previously described for 19; [� ]D=−15 (c 0.30
in CH3OH); 1H NMR (D2O, 400 MHz): 3.97 (dd, 1H,
J=3.0 Hz, 10.3 Hz, H-1), 3.83 (dd, 1H, J=3.0 Hz, 7.3
Hz, H-2), 3.70 (dd, 1H, J=5.8 Hz, 7.3 Hz, H-3), 3.68
(d, 1H, J=5.8 Hz, H-4), 3.66 (d, 1H, J=11.9 Hz, H-6),
3.56 (d, 1H, J=11.9 Hz, H-6�), 1.84–1.52 (m, 6H, H-7,
H-7�, H-8, H-8�, H-9, H-9�); 13C NMR (D2O, 100
MHz): 76.81 (C-5), 76.62 (C-2), 72.46 (C-3), 71.31
(C-1), 70.39 (C-4), 64.19 (C-6), 33.31 (C-7), 31.21 (C-9),
18.35 (C-8); m/z (ES+): 245 (M+Na+, 100%).
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4.19. (1R,2S,3R,4R,5R)-1-(Hydroxymethyl)cycloocta-
1,2,3,4,5-pentol, 30

This compound was obtained as a foam using the
method previously described for 19; [� ]D=+3 (c 0.25 in
CH3OH); 1H NMR (D2O, 400 MHz): 4.16 (d, 1H,
J=7.6 Hz, H-4), 4.06 (app t, 1H, J=2.2 Hz, H-2), 3.93
(m, 1H, H-1), 3.81 (dd, 1H, J=2.2 Hz, 7.6 Hz, H-3),
3.56 (m, 2H, H-6, H-6�), 2.00 (m, 1H, H-9�), 1.78–1.51
(m, 5H, H-7, H-7�, H-8, H-8�, H-9); 13C NMR (D2O,
100 MHz): 76.80 (C-5), 74.72 (C-2), 72.39 (C-1), 71.45
(C-4), 70.55 (C-3), 65.10 (C-6), 30.40, 29.47, 17.62 (C-7,
C-8, C-9); m/z (ES+): 245 (M+Na+, 100%).

4.20. Triacetonide 31

Diol 25 (96 mg, 0.194 mmol) was dissolved under argon
in acetone (9 mL). Camphorsulfonic acid (10 mg) and
2,2-dimethoxypropane (1 mL) were added. The reaction
mixture was stirred for 3 h at rt, quenched with triethy-
lamine (0.2 mL) and concentrated under vacuum. The
residue was dissolved in MeOH/AcOEt (10 mL, 1/1)
and stirred under H2 for 1 h in the presence of 10%
Pd/C (10 mg). The reaction mixture was filtered
through Celite, eluted with MeOH and the solvent was
evaporated. The residue was dissolved under argon in
acetone (9 mL). Camphorsulfonic acid (10 mg) and
2,2-dimethoxypropane (1 mL) were added. The reaction
mixture was stirred for 5 h at rt, quenched with triethy-
lamine (0.2 mL) and concentrated under vacuum.
Purification by flash chromatography (EtOAc/cylohex-
ane, 1:5) afforded the triacetonide 31 (40 mg, 0.116
mmol, 60% yield) as white crystals; [� ]D=+15 (c 0.7 in
CHCl3); mp 127–128°C (EtOAc/cyclohexane); 1H
NMR (CDCl3, 400 MHz): 4.30 (ddd, 1H, J=5.4 Hz,
10.1 Hz, H-1), 4.19 (dd, 1H, J=5.4 Hz, 9.3 Hz, H-2),
4.17 (d, 1H, J=8.6 Hz, H-6), 3.93 (dd, 1H, J=8.1 Hz,
9.3 Hz, H-3), 3.86 (d, 1H, J=8.1 Hz, H-4), 3.78 (d, 1H,
J=8.6 Hz, H-6�), 1.93–1.68 (m, 6H, H-7, H-7�, H-8,
H-8�, H-9, H-9�), 1.51 (3H, s, CH3), 1.49 (6H, 2×s,
2×CH3), 1.46 (3H, s, CH3), 1.43 (3H, s, CH3), 1.41 (3H,
s, CH3); 13C NMR (CDCl3, 100 MHz): 82.15 (C-4),
81.66 (C-5), 78.38 (C-2), 77.57 (C-1), 76.45 (C-3), 71.08
(C-6), 35.77, 31.38 (C-7, C-9), 20.08 (C-8), 28.36, 27.53,
27.07, 26.91, 26.00, 25.88 (6×CH3); m/z (CI, NH3): 343
(M+H+, 18%); 360 (M+NH4

+, 100%). Anal. calcd for
C18H30O6: C, 63.14; H, 8.83. Found: C, 63.12; H,
8.95%.
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