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1. General Procedures  
Analytical TLC was done on pre-coated silica gel 60 F254 plates (0.2 mm thick, 20x20 cm) 

and visualized under UV light (254 and 360 nm), with vanillin in conc. H2SO4 or with 
phosphomolybdic acid in ethanol. Column chromatography was run using silica gel 60 (70-230 
mesh). Automated flash chromatography was done in a medium-pressure liquid chromatograph 
with silica gel (47-60 μm) columns. For the isolation, HPLC was used equipped with a 
photodiode-array and MS detectors; analysis was performed at room temperature using a C18 (5µ) 
analytical column, MeCN/H2O as mobile phase (gradient of 45:55 to 85:15 in 25 minutes), a flow 
rate of 0.3 mL/min, and detection at 220 nm. Under these conditions barmumycin elutes at 15.79 
min and its acetyl derivative elutes at 23.56 min. For the synthesis, analytical HPLC was 
performed on a separation module 2695 equipped with a PDA detector (254 nm) and C18

column (75 x 4.6 mm, 2.5 μm) in 8-minute long runs. HPLC-ESI-MS and HPLC-APCI-MS 
analysis were performed with a liquid chromatograph equipped with a gradient pump and a mass 
spectrometer featuring nebulizer-assisted electrospray and atmospheric pressure chemical 
ionization sources Microwave-assisted reactions were run in a CEM Discover microwave.  
Chemical shifts are reported in ppm referenced to the appropriate residual solvent peaks 
(CD3OD, d6-DMSO or CDCl3) and coupling constants are reported in Hz. The multiplicity of 
signals is indicated using the following abbreviations: s = singlet, d = doublet, t = triplet, q = 
quadruplet, bs = broad singlet, bd = broad doublet, m = multiplet. The  IR spectra were obtained 
on a FT-IR spectrometer. Vibration frequencies are expressed in cm-1. Optical rotations were 
measured on a polarimeter equipped with a Na-lamp.
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2. Biological activities of barmumycin and acetylated barmumycin 
�
�

�

�

�

�

�

�

�

�

�
�
Cell growth inhibition assay 
 A colorimetric assay using sulforhodamine B (SRB) was adapted to perform quantitative 
measurement of cell growth and viability, following a previously described method.1 Cells were 
seeded in 96-well microtiter plates, at 5 x 103 cells per well, in aliquots of 195 µL of RPMI 
medium, and were allowed to attach to the plate surface by growing in drug-free medium for 18 
hours. Afterwards, samples were added in aliquots of 5 µL (dissolved in DMSO:H2O, 3:7).  
After 72 hours of exposure, the antitumor effect was measured by the SRB methodology: cells 
were fixed by adding 50 µL of cold 50% (wt/vol) trichloroacetic acid (TCA) and were incubated 
for 60 minutes at 4 °C. Plates were washed with deionized H2O and dried; 100 µL of SRB 
solution (0.4% wt/vol in 1% acetic acid) was added to each microtiter well and incubated for 10 
minutes at room temperature. Unbound SRB was removed by washing with 1% acetic acid. 
Plates were air-dried and bound stain was solubilized with Tris buffer. Optical densities were 
read on an automated spectrophotometer plate reader at a single wavelength of 490 nm. Data 
analyses were generated automatically by LIMS implementation. Using control OD values (C), 
test OD values (T) and time zero OD values (T0), the drug concentration that causes 50% 
Growth Inhibition (GI50 value) was calculated from the equation: 100 x [(T-T0)/C- T0 )-] = 50. 
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3. Assignation data tables

"�5������/�.�	�����	
�����	
	�:���/��/�����)	����2���k�

�

��UP�
���)���

δH δC HMBC NOESY 

2 4.00-4.22 (m) 55.1 (t) - H11, CH= 

3 - 134.7 (s) - - 

4 2.20-2.35 (m, 1H);  
2.67-2.77 (m, 1H) 

30.1 (t) - H6, H5, MeC 

5 4.67 (bs) 60.6 (d) - H6, H4 

6 3.75 (bs) 67.1 (t) - H4, H5 

8 - 172.2 (s) - - 

8a - 128.3 (s)  - - 

9 7.09 (s) 110,6 (d) C8, C12a, C10, C11 OMe 

10 - 146.7 (s) - - 

11 7.04 (d, J = 7.8 Hz) 121.0 (d) C9, C12a H12, H2 

12 6.91 (d, J = 7.8 Hz) 114.1 (d) C8a, C10  H11 

12a - 147.8 (s) - - 

CH= 5.34 (m) 117.6 (d) -  H2, MeC,  

Me CH= 1.62 (d, J = 6.6 Hz) 14.5 (q) C3, CH= H4, CH= 

-OMe 3.90 (s) 56.3 (q) C10 H9 

k�;
��
�	�����������������E�

�

�

�
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"�5���,��/�.��	
	�:����2�
3�
������
�����17Dk�

�

��UP�
���)���

δH  δC HMBC NOESY 

2 4.35 (dd, J = 14.3, 6.1 Hz, 1H); 

4.82 (dd, J = 14.3, 3.1 Hz, 1H) 

46.9 and 47.1 (t) C3, C4, C8a, CH= H11, H4, Me-C 

3 - 130.2 and 130.5 (s) - - 

4 2.09-2.20 (m, 2H, CH2) 38.2 and 38.9 (t) C3, C5, CH= H2, H5, H6, CH=

5 3.79-3.90 (m, 1H) 70.4 and 70.9 (d) - H4, CH= 

6 3.44-3.51 and 3.59-3.69 (2m) 66.2 and 66.8 (t) - H4

8 - 169.1 and 169.2 (s) - - 

8a - 130.7 (s)  - - 

9 6.72-6.76 (m, 1H) 116.5 (d) C8, C8a, C10, C11 OMe 

10 - 158.9 (s) - - 

11 6.92 (dd, J = 8.5, 1.3 Hz, 1H) 127.0 and 127.1 (d) C8a, C12a, C10 H12, H2 

12 6.72-6.76 (m, 1H) 111.5 and 111.6 (d) C9, C10 - 

12a - 136.1 and 136.2 (s) - - 

CH= 5.51 and 5.53 (2q, J = 6.9 Hz ) 127.9 and 128.4 (d) C2, C4, MeC H4, H5, MeC 

Me CH= 1.42 and 1.45 (2d, J = 6.9 Hz) 13.4 (q) C3, =CH H2, H11, CH= 

MeO 3.73 (s, 3H) 55.5 (q) C10 H9 

k�;
��
�	�����������������E�

�

�
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4. NMR Spectra.  
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Phormidolides B-D, new cytotoxic agents from the sea. Synthesis 
and structure determination 
Adriana Lorente, Alejandro Gil, Rogelio Fernández, Carmen Cuevas, Fernando Albericio and 
Mercedes Álvarez* 
Abstract: New cytotoxic polyketide macrolides named 
phormidolides B-D were isolated from a marine sponge of the 
Petrosiidae family collected off the coast of Pemba (Tanzania). The 
isolation, structure elucidation and enantioselective synthesis of 
three diastereomers of the macrolide core is described herein. The 
versatility of the synthetic methodology may provide access to other 
enantiopure macrocycles by making changes in the starting 
materials or chiral inductors. Moreover, the synthetic results provide 
structural information about the possible relative stereochemistry of 
the macrocycle and a proposal is made towards this direction. 

Natural products isolated from marine sources suppose a giant 
impact on the antitumor drug discovery scenario of the present 
day.[1] Every year, novel and potent structures are discovered 
due to the exploration of new unknown environments.[2] During 
the last years, the isolation of polyketide macrolides with the 
occurrence of oxygen-containing heterocycles has opened a 
challenging field on structure determination as well as on 
chemical synthesis of these potent compounds.[3]

Sponges of the Petrosiidae family are rich in several 
classes of compounds such as polyacetylenes, sterols, alkaloids 
and heterocyclic compounds.[2] We isolated three new cytotoxic 
macrolides named phormidolides B-D, related to oscillariolide[4] 

(Figure 1) and phormidolide A[5] from an active organic extract of 
a sponge of the Petrosiidae family collected off the coast of 
Pemba (Tanzania). The cytotoxic activity of phormodolides B-D 
was tested against three human tumor cell lines: lung (A-549), 
colon (HT-29), and breast (MDA-MB-231). All three tumor cell 
lines exhibited growth inhibition at micromolar concentrations. 

Figure 1. Structures of oscillariolide and phormidolides B-D.

The structures of phormidolides B-D were elucidated by a 
combination of spectroscopic techniques, including MS, 1H, 13C, 
and 2D NMR spectroscopy. Phormidolides B-D exhibit a 
common structure based on a THF-containing macrolide, 
bonded to a polyhydroxylated chain and a fatty acid linked by an 
ester bond to the polyol; they only differ in the substitution and 
insaturations of the fatty acid. Interesting similarities were found 
between the macrolide core of oscillariolide and the core of 
phormidolides B-D, both are 14-membered lactones, have 
methyl groups at positions C5 and C9 and a hydroxyl group at 
C7. They differ in the position of the insaturation, at C2 or C4, 
and in the presence of an extra methyl group at the C14 position 
of oscillariolide. The rarest feature of phormidolides B-D is the 
terminal haloalkenes present on the fatty acid, and the 
bromoenol ether present at the end of the polhydroxy chain. 
Since halogenated compounds are mostly known to be isolated 
from marine cyanobacteria,[6] and phormidolide A[5] and 
oscillariolide[4] were indeed isolated from cyanobacteria, it is 
feasible to think that these natural compounds are of a bacterial 
origin as well, and that the sponge may not be the producer 
itself, but a symbiotic organism.

The stereochemistry of the linear polyols was determined 
by comparison of the chemical shifts and coupling constants 
with the literature values of phormidolide A.[5] The relative 
stereochemistry of substituents on the tetrahydrofuran ring was 
determined by ROESY experiments. Although it was clear that 
H11 and H13 were in a cis arrangement, the relative disposition 
of H14 was not determined. Relative stereochemistry from C9 
and from C7 to C11 stereocenter was determined by J-based 
configuration analysis (see supporting information). The 
endocyclic double bond was found to have the Z-
stereochemistry based on ROESY correlations. However the 
configuration of the C3 hydroxylated methylene was not 
determined. 
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We envisioned the development of a flexible 
enantioselective methodology that would: synthesize
enantiopure macrolactones of plausible stereochemistry; assign 
the relative stereochemistry at C3 and C14 and establish a route 
to attain the macrocyclic core for the future total synthesis. 

The retrosynthetic analysis of 1a shows the construction of 
the endocyclic Z-alkene by a Julia-Kocienski olefination while 
the macrolactonization was depicted as the final step of the 
synthesis (Figure 2). This strategy requires the synthesis of two 
main fragments, sulfone 2a and aldehyde 3. The choice of the 
appropriate sulfone is crucial, provided that stereoselective 
formation of trisubstituted alkenes is extremely complex, and 
they usually end up acquiring the E-configuration, typical for this 
type of methodology.[7] The formation of the C7 stereocenter was 
depicted to be formed by an asymmetric aldol condensation, and 
the introduction of the C9 methyl by an asymmetric Michael 
addition. 

Figure 2.Retrosynthesis of macrocycle 1a. 

The formation of the enantiopure THF ring started from 2-
deoxy-D-ribose, which constitutes the first source of chirality in 
this strategy (Scheme 1). Wittig olefination of the sugar and 
further oxa-Michael cyclization[8] furnished the desired THF 4a
as a C5 diastereomer mixture (60:40).Once the primary hydroxyl 
group was protected giving 5a and 5b, it was possible to isolate 
each diastereomer independently by means of silica gel column 
chromatography.[9] Transformation of 5a into aldehyde 6a was 
performed with excellent yield by protection of the secondary 
alcohol as a TBS ether and reduction with DIBALH. Aldehyde 6a 
was elongated with the enantiopure phosphonate 7[10] and 
methylated to adduct 8a in an excellent diastereomeric ratio (d.r. 
97:3) under Williams conditions.[11] Aldehyde 9a was obtained 
after removal of the chiral auxiliary group and oxidation of the 
resulting alcohol. This aldehyde was then subjected to 
asymmetric aldol addition of the chiral boron enolate of acetone 
to obtain aldol 10a (d.r. 88:12). The configuration of the new 
stereocenter was determined by formation of the Mosher ester 
and 1H-NMR analysis (see supporting information).[12,13] Aldol 
adduct 10a was protected as the triisopropylsilyl ether 11a and 
then converted to sulfone 2a by reduction of the carbonyl, 
followed by Mitsunobu reaction with1-phenyl-1H-tetrazolyl-5-
thiol[14] and subsequent oxidation. 

Scheme 1. Synthesis of sulfone 2a. Reagents and conditions: a) 
Ph3P=CHCO2Et, THF, 66 ºC, 6 h, 94%; b) NaEtO, EtOH, RT, 24 h, 80%; c) 
TBDPSCl, Et3N, DMAP, CH2Cl2, RT, 48 h, 5a 45%, 5b 28%; d) TBSCl, 
imidazole, DMAP, CH2Cl2, RT, 3 h, 90%; e) DIBALH, CH2Cl2, −78 ºC, 15 min, 
94%; f) 7, NaHMDS, THF, RT, 2 h, 78%; g) MeMgBr, CuBr·DMS, BF3·Et2O, 
THF, −78 ºC to RT, 4 h, 84%; h) LiBH4, Et2O, 0 ºC, 1 h, 79%; i) DMP, CH2Cl2, 
RT, 1 h, 92%; j) acetone, (−)-DIPCl, Et3N, Et2O, −78 ºC to −20 ºC, 16 h, then 
H2O2, MeOH, RT, 1h, 67%; k) TIPSOTf, imidazole, DMAP, DMF, 90 ºC, 16 h, 
93%; l) NaBH4, THF, EtOH, RT, 1 h, 89%; m) 1-phenyl-1H-tetrazolyl-5-thiol, 
DIAD, PPh3, THF, RT, 6 h, 71%; n) m-CPBA, CH2Cl2, RT, 16 h, 89%. m-CPBA 
= 3-chloroperoxybenzoic acid; DIAD = diisopropylazodicarboxylate; DIBALH = 
diisobutylaluminium hydride; (−)-DIP = (−)-diisopinocampheylborane; DMAP = 
4-(dimethylamino)pyridine; DMP = Dess-Martin periodinane; DMS = 
dimethylsulfide; HMDS = bis(trimethylsilyl)amide; TBDPS = tert-
butyldiphenylsilyl; TBS = tert-butyldimethylsilyl; Tf = trifluoromethanesulfonate; 
TIPS = triisopropylsilyl. 

Enantioselective synthesis of aldehyde 3 was performed 
by kinetic resolution of raceminc  -hydroxy ester 12 with lipase 
PS-30, which produces R-12 and S-Ac-12 with excellent 
enantiopurity (Scheme 2).[15] Protection of alcohol R-12 as a 
TIPS ether, followed by reductive ozonolysis, led to aldehyde 3. 

Scheme 2. Synthesis of aldehyde 3. Reagents and conditions: a) Lipase PS-
30, vinyl acetate, pentane, 37 ºC, 48 h, R-12 49%, S-Ac-12 48%;b) TIPSOTf, 
imidazole, DMAP, THF, 66 ºC, 16 h, 89%; c) O3, MeOH, CH2Cl2, −78 ºC, 30 
min, then PPh3, RT, 16 h, 93%. 

Treatment of 2a with LDA as base in the presence of 
HMPA, before the addition of aldehyde 3, gave 13a with 
moderate diastereoselectivity (d.r. 70:30). The major Z-
diastereomer was isolated in a 38% yield (Scheme 3).[16] 

Removal of the protecting groups required extremely mild 
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conditions to avoid partial decomposition of the starting material. 
Thus, TMSOTf and Et3N in CH2Cl2, and PPTS in MeOH were 
used to deprotect the acid and the alcohol, respectively, giving 
the desired seco-acid 14a in good yield. Yamaguchi conditions 
were used to perform macrolactonization in high dilution to avoid 
formation of the dimer. Nevertheless, cyclization of 14a provided 
the desired macrocycle 1a and its dimer in a 2:1 ratio 
respectively. Purification enabled isolation of the sole monomer.  

Scheme 3. Total synthesis of 1a. Reagents and conditions: a) LDA, HMPA, 
4Å MS, THF, RT, 1 min, then 3, RT, 2 h, 38%; b) TMSOTf, Et3N, CH2Cl2, RT, 
15 min, then PPTS, MeOH, RT, 30 min, 68%; c) 2,4,6-trichlorobenzoyl 
chloride, Et3N, DMAP, RT, 16 h, 39%. HMPA = hexamethylphosphoramide; 
LDA = lithium diisopropylamide; PPTS = pyridinium p-toluenesulfonate; TMS = 
trimethylsilyl. 

The synthesis of an all cis-substituted THF lactone 1b 
(Scheme 5) was the next target in order to get another possible 
macrocycle and to prove the versatility of our methodology. For 
this purpose, sulfone 2c was obtained in an analogous manner 
to sulfone 2a using slight strategy modifications (Scheme 4). 
Starting from 2-deoxy-L-ribose, 5c and 5d were obtained. Two-
step configuration inversion at C3 on 5c was required prior to 
protection as TBS ether. Inversion was performed by an 
oxidation-reduction procedure that furnished the all cis-
trisubstituted THF derivative 5e with good stereocontrol (d.r. 
93:7).[9] Introduction of the methyl branch to obtain 8b, followed 
by its transformation into alcohol 10b gave good yields and 
diastereoselectivites (d.r. 97:3 and 85:15 respectively).[12,13] At 
this point, the 1-(tert-butyl)tetrazolylsulfone[17] was tested for the 
Julia-Kocienski olefination to improve the stereoselectivity of the 
process, provided that sulfone 2a showed only moderate Z-
selectivity. Thus, 1-(tert-butyl)-1H-tetrazolyl-5-thiol[18] was used 
instead of 1-phenyl-1H-tetrazolyl-5-thiol in the reaction sequence 
that led to 2b. Deprotection assays of the TBS ether for lactone 
formation in further steps showed that this was not a suitable 
protecting group for the all cis-THF adducts, as it was too stable 
in acidic conditions compared to the instability of the starting 
material. Thus, a deprotection-protection sequence completed 
the preparation of the appropriate sulfone as that of 2c. 

The formation of the trisubstituted double bond with the 1-
(tert-butyl)tetrazolyl sulfone proved to be highly selective, 
affording 13b with moderate yield (42%) but excellent 
diastereoselectivity (d.r. 97:3) (Scheme 5).[16] The same 
deprotection sequence as before led to seco-acid 14b. 
Surprisingly, macrocyclization produced two monomers: the 
desired macrocycle 1b and its C13 epimer 1c, in a 4:1 ratio 
respectively. Both monomers were isolated independently.[19]  

Scheme 4. Synthesis of sulfone 2c. Reagents and conditions: a) 
PPh3CHCO2Et, THF, 66 ºC, 6 h, 92%; b) NaEtO, EtOH, RT, 24 h, 89%; c) 
TBDPSCl, Et3N, DMAP, CH2Cl2, RT, 48 h, 5c 28%, 5d 48%; d) DMP, CH2Cl2, 
RT, 2 h, 90%; e) NaBH4, CeCl3·7H2O, EtOH, −20 ºC, 40 min, 86%; f) TBSCl, 
imidazole, DMAP, CH2Cl2, RT, 48 h, 94%; g) DIBALH, CH2Cl2, −78 ºC, 15 min, 
99%; h) 7, NaHMDS, THF, RT, 2 h, 95%; i) MeMgBr, CuBr·DMS, BF3·Et2O, 
THF, −78 ºC to RT, 4 h, 81%;j) LiBH4, Et2O, 0 ºC, 1 h, 84%; k) DMP, CH2Cl2, 
RT, 1 h, 92%; l) acetone, (−)-DIPCl, Et3N, Et2O, −78 ºC to −20 ºC, 16 h, then 
H2O2, MeOH, RT, 1h, 80%; m) TIPSOTf, imidazole, DMAP, DMF, 90 ºC, 16 h, 
77%; n) NaBH4, THF, EtOH, RT, 1 h, 92%; o) 1-(tert-butyl)-1H-tetrazolyl-5-
thiol, DIAD, PPh3, THF, RT, 6 h, 92%; p) m-CPBA, CH2Cl2, RT, 16 h, 80%; q) 
PPTS, MeOH, 65 ºC, 5 h, 95%; r) TBDPSCl, imidazole, CH2Cl2, RT, 1h, then 
TMSCl, RT, 15 min, 73%. 

Scheme 5. Total synthesis of 1b and 1c. Reagents and conditions: a) LDA, 
HMPA, 4Å MS, THF, RT, 1 min, then 3, RT, 2 h, 42%; b) TMSOTf, Et3N, 
CH2Cl2, RT, 15 min, then PPTS, MeOH, RT, 30 min, 58%; c) 2,4,6-
trichlorobenzoyl chloride, Et3N, DMAP, RT, 16 h, 1b 29%,1c 6%. 

Formation of macrolactone 1c under Yamaguchi 
conditions may be explained by competitive reaction of free 
alcohol with 2,4,6-trichlorobenzoyl chloride followed by 
intramolecular nucleophilic substitution of the resulting benzoate 
by the carboxylate with inversion of configuration.

With the three synthetic macrolides, enough data were 
obtained to understand that changes on the stereochemistry of a 
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single stereocenter produce tremendous differences on the 
chemical shifts of the macrocycle (see supporting information). 
Nevertheless, the most diverse set of chemical shifts of the 
synthetic macrocycles to convert to phormidolides was observed 
in the C2-C6 region for 1H-NMR and 13C-NMR, suggesting that 
the C3 stereocenter has a configuration that on the natural 
product is the opposite of that synthesized on the three 
macrocycles. On the other hand, regarding the THF region, the 
compound that is most similar to the phormidolides B-D 
macrocyclic core appears to be that of 1a. Therefore, our 
proposal for the relative stereochemistry of the macrocyclic core 
of phormidolides B-D is that of 1d. This proposal must be 
confirmed by synthesis, which will be considered in due course. 

Figure 3. Proposed relative stereochemistry for the macrocyclic core of 
phormidolides B-D (1d). 

In conclusion, three new cytotoxic marine polyketide 
macrolides named phormidolides B-D have been isolated and 
characterized. Structural determination has been achieved by 
spectroscopic techniques but the stereochemical assignment 
needs to be completed. A robust methodology for the 
enantioselective synthesis of the macrolide core of 
phormidolides B-D has been achieved. The enantioselective 
synthesis of macrolactones 1a, 1b and 1c, starting from 2-
deoxy-D-ribose or 2-deoxy-L-ribose, has been afforded with 
good total yield and high enantiomeric purity. The key step of the 
synthesis is the formation of the Z-trisubstituted double bond 
using a Julia-Kocienski olefination. Our synthetic strategy can be 
used for the preparation of the different diastereomers of the 
macrolactone, making the appropriate changes in the starting 
materials and chiral inductors. The synthetic macrolides have 
been compared with the natural compound and a proposal for 
the relative stereochemistry of phormidolides B-D has been 
performed. 
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1. General Procedures  

Tetrahydrofuran (THF) and N,N-dimethylformamide (DMF) were dried using  a 
PureSolv solvent purification system. All other solvents and reagents were used as purchased 
without further purification, unless otherwise indicated. Flash column chromatography was 
performed on SDS silica gel (60A 35-70 µm) as stationary phase. Analytical TLC was 
performed on pre-coated silica gel 60 F254 plates (0.2 mm thick, 20x20 cm) and visualized under 
UV light (254 and 360 nm), with anisaldehyde in conc. H2SO4 or with phosphomolybdic acid in 
ethanol. Polarimetry studies were performed on a Perkin-Elmer 241 or JascoP-2000 polarimeter 
equipped with a Na-lamp. IR spectra were recorded on a Thermo Nicolet FT-IR Nexus 
spectrometer. For the isolation 1H-NMR and 13C-NMR were recorded on a Varian Unity 
300MHz or a Varian Unity 500MHz; for the synthesis were recorded on a Varian Mercury 
400MHz or a Varian VNMRS500 500MHz. Chemical shifts are reported in ppm referenced to 
the appropriate residual solvent peaks (CDCl3) and coupling constants are reported in Hz. 
Multiplicity of the carbons was assigned with gHSQC experiments. Standard abbreviations for 
off-resonance decoupling were employed: s = singlet, d = doublet, t = triplet, q = quadruplet, bs 
= broad singlet, bd = broad doublet, m = multiplet. The same abbreviations were also used for 
the multiplicity of signals in 1H-NMR. High Resolution Mass Spectroscopy (HRMS) was 
performed an Agilent LC/MSD-TOF 2006 system using the ESI-MS technique. 

�

�

�

�

�

�

�

�
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2. Isolation of Phormidolides B-D 

Phormidolides B-D 

Scheme 1. Isolation of phormidolides B-D. 

The frozen sponge (146 g, ORMA 41004) was triturated and extracted with a mixture of 
MeOH-CH2Cl2 (50:50, 3 × 500 mL) at 23 ºC (Scheme 1). The organic extract was evaporated 
under reduced pressure to yield a crude of 6.7 g. This material was chromatographed (VLC) on 
Lichroprep RP-18 with a stepped gradient from H2O to MeOH and then to CH2Cl2. The fraction 
eluted with MeOH (340 mg) was subjected to flash Silica gel CC eluting with a gradient of 
hexane:EtOAc:MeOH to yield 4 fractions (S1 to S4). Fraction S3 (hexane:EtOAc 20:80) was 
subjected to semipreparative reversed phase HPLC (SunFire, 10 ×150 mm, 100% of CH3CN in 
30 min, UV detection, flow 3.8 mL/min) to yield phormidolide B (34.7 mg) and phormidolide C 
(8.3 mg) and a mixture of compounds (6.8 mg). This mixture was further purified by 
semipreparative HPLC (SunFire, 10 ×150 mm, gradient H2O:MeOH from 90 to 100% of MeOH 
in 30 min, UV detection, flow 3.8 mL/min) to yield phormidolide D (1.5 mg). 

Table 1. GI50 values for Phormidolides B-D. 

%��/����� #:-�;� +":�;� �$#:��:�,��
�3������������� D#F�`�� D#E�`�� D#?�`��
�3������������� D#E�`�� ?#C�`�� ?#B�`��
�3������������� D#>�`�� ?#E�`�� D#F�`��

1. MeOH:H2O 1:1 (3 x 500 mL)
2. VFC (gradient H2O to MeOH)

RP1 RP2 RP3 RP4

MeOH
RP5

RP6 RP7

CC silica gel
gradient hexane:EtOAc:MeOH

S1 S2 S4

Hexane:EtOAc 20:80
S3

RP18 HPLC

Petrosiidae
146 g
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3. NMR data table of phormidolides B-D. Spectra recorded in CDCl3 (500MHz)

�

Phormidolide B Phormidolide C Phormidolide D

δ
H
, mult, J (Hz) δ

C
, mult δ

H
, mult, J (Hz) δ

C
, mult δ

H
, mult, J (Hz)

1 - 171.1, s - 171.1, s - 

2 2.72, dd, 13.5, 11.9 
2.34, dd 13.5, 3.0 39.5, t 2.73, dd, 13.5, 12.2 

2.36, dd, 13.5, 3.0 39.5, t 2.73, dd, 13.3, 12.8 
2.36, dd, 13.3, 2.9 

3 4.74, brd, 11.8 71.9, d 4.75, brd, 12.2 71.9, d 4.76, brd, 12.8 

4 5.36, brs 121.6, d 5.37, brs 121.5, d 5.38, brs 

5 - 133.1, s - 133.2, s - 

6 1.91, dd, 16.8, 10.9 
1.76, dd, 16.8, 2.5 36.4, t 1.90, brd, 16.1, 11.2 

1.78, dd, 16.1, 2.9 36.4, t 1.93, dd, 16.2, 10.4 
1.78, m 

7 3.86,  m 63.3, d 3.85, m 63.3, d 3.87, m 

8 1.45, ddd, 13.2, 13.2, 3.6 
1.30, ddd, 13.2, 13.2, 3.5 43.2, t 1.46, dd, 13.5, 13.5 

1.31, dd, 13.5, 13.5 43.2, t 1.46, m 
1.31, m 

9 1.71, m 24.9, d 1.72, m 24.9, d 1.74, m 

10 1.94, dd, 12.4, 12.4 
1.15, ddd, 12.4, 12.4, 4.9 39.6, t 1.95, dd, 12.4, 12.4 

1.17, ddd, 12.4, 12.4, 4.9 39.6, t 1.95, dd, 12.3, 12.3 
1.18, ddd, 12.3, 12.3, 4.9 

11 4.34, ddd, 12.4, 8.4, 4.9 77.6, d 4.36, ddd, 12.4, 8.3, 4.9 77.6, d 4.36, ddd, 12.8, 8.4, 4.9 

12 2.41, d, 14.4 
2.09, ddd 13.4, 8.0, 4.0 34.3, t 2.43, d, 14.4 

2.11, ddd 13.7, 7.8, 3.9 34.3, t 2.44, d, 14.7 
2.10, m 

13 5.22, dd, 3.4, 3.4 75.2, d 5.24, dd, 3.9, 3.9 75.3, d 5.25, dd, 3.0, 3.0 

14 3.81,dd, 8.6, 3.4 83.9, d 3.84, dd, 8.3, 3.4 83.8, d 3.84, m 

15 4.59, dd, 8.6, 8.6 66.6, d 4.64, dd, 8.3, 8.3 66.8, d 4.68, dd, 7.8, 7.8 

16 5.36, d, 8.6 129.0, d 5.37, d, 8.3 128.9, d 5.38, m

17 - 137.6, s - 137.8, s - 
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18 2.30, brd, 13.4 
2.05, dd, 13.4, 11.4 42.0, t 2.32, d, 13.2 

2.06, dd, 13.2, 10.8 41.9, t 2.35, d, 13.5 
2.06, dd, 13.5, 11.8 

19 3.67, 10.9, 2.0 77.3, d 3.68, brd, 10.8 77.2, d 3.67, d, 9.9 

20 - 40.3, s - 40.4, s - 

21 3.83, brd, 10.9 81.6, d 3.83, d, 10.7 81.6, d 3.83, m 

22 1.63, m 
1.44, m 35.1, t 1.62, m 

1.43, m  35.1, t 1.62, m 
1.44, m 

23 4.06, brd, 10.4 77.8, d 4.07, brd, 9.8 77.8, d 4.06, d, 9.8 

24 1.47, m 41.5, d 1.44, m 41.5, d 1.45, m 

25 3.95, ddd, 6.5, 6.5, 1.0 74.0, d 3.97, dd, 8.5, 8.5 74.0, d 3.98, dd, 7.5, 7.5 

26 1.80, m 
1.74, m 39.3, t 1.80, m 

1.74, m 39.4, t 1.83, m 
1.65, m 

27 4.95, dddd, 6.8, 6.8, 6.8, 
6.8 70.6, d 4.96, dddd, 6.8, 6.8, 6.8, 

6.8 70.6, t 5.03, m 

28 2.57, dd, 14.4, 6.8 
2.53, dd, 14.4, 6.8 39.3, t 2.58, dd, 14.2, 7.3 

2.53, dd, 14.2, 5.9 39.4, t 2.78, dd, 14.2, 3.9 
2.44, dd, 14.2, 8.7 

29 - 138.2, s - 138.2, s - 

30 - 158.3, s - 158.3, s - 

31 5.33, s 78.9, d 5.33, s 78.6, d 4.27, d, 12.3 
4.18, d, 12.3 

32 1.69, s 23.0, q 1.70, s 23.0, q 1.70, s 

33 0.83, d, 6.4 20.6, q 0.84, d, 6.9 20.6, q 0.85, d, 6.4 

34 1.77, s 17.0, q 1.79, s 17.2, q 1.80, s 

35 0.73, s 21.7, q 0.74, s 21.6, q   

36 0.88, s 13.8, q 0.90, s 13.8, q 0.91, s 

37 0.91, d, 7.0 5.0, q 0.93, d, 7.5 4.9, q 0.94, d, 6.9 

38 5.41, d, 1.0 
5.36, d, 1.0 122.1, d 5.42, d, 0.9 

5.37, d, 0.9 122.2, t 6.09, s 
5.94, s 

39 - 173.7, s - 173.8, s   

40 2.27, t, 7.0 34.6, t 2.27, dd, 7.8, 7.3 34.6, t 2.24, ddd, 7.4, 7.4, 2.9 

41 1.58, m 24.8, t 1.58, m 24.9, t 1.56, m 

42 1.27, m 28.5, t 1.27, m 28.6, t 1.27, m 

43-47 1.27, m 29.1-
29.0, t 1.27, m 29.4-

28.4, t 1.27, m 

48 2.14, ddd, 6.7, 6.7, 6.7 33.0, t 1.39, m 28.4, t 1.39, m 

49 6.01, ddd, 15.4, 6.7, 6.7 140.4, d 1.62, m 29.5, t 1.60, m 
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4. J-based configuration analysis 

Please refer to the introduction chapter section: phormidolides B-D; structure determination 
(Page 11). 

5. Experimental procedures and characterization 

General procedure for the preparation of triol S1: [2]

Ethyl (triphenylphosphoranylidene)acetate (1.1 eq.) was added to a solution of sugar (1 
eq.) in THF. The solution was stirred at reflux temperature for 5 h and the solvent was removed 
under reduced pressure. Purification by silica gel column chromatography with CH2Cl2-MeOH 
(95:5 to 90:10) yielded the corresponding triol S1 as a colorless oil.

Ethyl (5S,6R,E)-5,6,7-trihydroxyhept-2-enoate (S1a).
2-Deoxy-D-ribose (3.40 g, 25.5 mmol) led to triol S1a (4.9 g, 94%). 
IR (KBr film) ν 3380, 2981, 2936, 1701, 1654, 1370, 1270, 1173 
cm-1. 1H NMR (400 MHz, CDCl3) � 1.26 (t, J = 7.1 Hz, 3H); 2.33a
2.52 (m, 2H); 3.55a3.61 (m, 1H); 3.66–3.72 (m, 2H); 3.74a3.82 (m, 

1H); 3.93–4.13 (m, 3H, OH); 4.15 (q, J = 7.1, 2H); 5.91 (d, J = 15.7, 1H); 6.98 (dt, J = 15.7, 7.5 
Hz, 1H). 13C NMR (100.6 MHz, CDCl3) � 14.2 (q); 35.8 (t); 60.5 (t); 63.1 (t); 71.5 (d); 74.0 (d); 
123.6 (d); 145.8 (d); 166.9 (s). HRMS (+ESI): m/z calcd. for C9H17O5 (M+H) 205.1076, found 
205.1068. 

Ethyl (5R,6S,E)-5,6,7-trihydroxyhept-2-enoate (S1b).  
2-Deoxy-L-ribose (627 mg, 4.7 mmol) led to triol 1b (875 mg, 
92%). 1H NMR (400 MHz, CDCl3) � 1.26 (t, J = 7.1 Hz, 3H); 2.33–
2.52 (m, 2H); 3.55–3.61 (m, 1H); 3.66–3.72 (m, 2H); 3.74–3.82 (m, 
1H); 3.93–4.13(m, 3H, OH); 4.15 (q, J = 7.1, 2H); 5.91 (d, J = 15.7, 

1H); 6.98 (dt, J = 15.7, 7.5 Hz, 1H). 

General procedure for the preparation of the tetrahydrofuran ring: [2]

NaEtO (0.1 eq.) was added to a solution of S1 (1 eq.) in EtOH. The reaction mixture 
was stirred at r.t. for 24 h. The solvent was removed under reduced pressure and the residue was 
filtered through a pad of silica with CH2Cl2-MeOH (90:10) to yield the corresponding 
tetrahydrofuran 4 as a mixture of diastereomers A:B (60:40). 

Ethyl 2-[(2RS,4S,5R)-4-hydroxy-5-(hydroxymethyl)tetrahydrofuran-2-yl]acetate (4a).
Triol S1a (13.50 g, 64.4 mmol) led to tetrahydrofuran 4a (10.56 g, 
80%) as a mixture of diastereomers A:B (60:40). IR (KBr film) ν 3409, 
2981, 2935, 1731, 1370, 1303, 1197 cm-1. 1H NMR (400 MHz, CDCl3) 

50 6.06, d, 15.4 116.7, d 2.91, dd, 7.8, 6.8 33.3, t 2.90, t, 7.4 

51 - 129.7, s - 131.3, s - 

52 6.36, s 116.5, d 6.53, s 105.7, d 6.43, s 

OMe 3.58, s 55.6, q 3.59, s 55.6, q 3.58, s 

HO

OH

OH

O

OEt

O CO2Et

HO
HO

HO

OH

OH

O

OEt
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� 1.26 (t, J = 7.1 Hz, 3HA+B); 1.80 and 1.92 (ddd, J = 13.1, 6.5, 5.4 Hz and ddd, J = 13.1, 9.4, 
6.4 Hz, 1HA+B); 2.04 and 2.44 (ddd, J = 13.1, 5.8, 2.6 Hz and dt, J = 13.1, 7.1 Hz, 1HB+A); 2.59–
2.66 and 2.71–2.78 (2m, 2HA+B); 3.58–3.57 (m, 2HA+B); 3.85–3.96 (m, 1HA+B); 4.16 (q, J = 7.1 
Hz, 2HA+B); 4.31–4.40 (m, 1HA+B); 4.45–4.57 (m, 1HA+B). 13C NMR (100.6 MHz, CDCl3) � 14.1 
(qA+qB); 39.9 (tB); 40.0 (tA); 40.6(tB); 40.8 (tA); 60.7 (tA); 60.8 (tB); 62.3 (tA); 62.9 (tB); 72.6 (dA); 
73.1 (dB); 74.4 (dA); 74.5(dB); 85.4 (dA); 87.1 (dB); 171.3 (sB); 171.6 (sA). HRMS (+ESI): m/z
calcd. for C9H17O5 (M+H) 205.1076, found 205.1065.  

Ethyl 2-[(2RS,4R,5S)-4-hydroxy-5-(hydroxymethyl)tetrahydrofuran-2-yl]acetate (4b). 
Triol S1b (280 mg, 2.8 mmol) led to tetrahydrofuran 4b (517 mg, 89%) 
as a mixture of diastereomers A:B (60:40). IR (KBr film) ν 3340 (bs), 
2980, 2935, 1730, 1304, 1094 cm-1. 1H NMR (400 MHz, CDCl3) � 1.26 
(t, J = 7.1 Hz, 3HA+B); 1.80 and 1.92 (ddd, J = 13.1, 6.5, 5.4 Hz and 

ddd, J = 13.1, 9.4, 6.4 Hz, 1HA+B); 2.04 and 2.44 (ddd, J = 13.1, 5.8, 2.6 Hz and dt, J = 13.1, 7.1 
Hz, 1HB+A); 2.59–2.66 and 2.71–2.78 (2m, 2HA+B); 3.58–3.67 (m, 2HA+B); 3.85–3.96 (m, 
1HA+B); 4.16 (q, J = 7.1 Hz, 2HA+B); 4.31–4.40 (m, 1HA+B); 4.45–4.57 (m, 1HA+B). 13C NMR 
(100.6 MHz, CDCl3) � 14.2 (qA+qB); 40.0 (tB); 40.2 (tA); 40.7 (tB); 40.9 (tA); 60.8 (tA+tB); 62.4 
(tA); 63.0 (tB); 72.7 (dA); 73.2 (dB); 74.5 (dA); 74.6 (dB); 85.5 (dA); 87.2 (dB); 171.4 (sB); 171.7 
(sA). HRMS (+ESI): m/z calcd. for C9H17O5 (M+H) 205.1076, found 205.1065.  

General procedure for TBDPS protection: 
TBDPSCl (0.95 eq) was added to a solution of diol 4a or 4b (1 eq.), Et3N (2 eq.) and 

DMAP (0.1 eq.) in CH2Cl2. The reaction mixture was stirred at r.t. for 48 h. After this time, the 
reaction mixture was washed with 1M aqueous HCl, dried over MgSO4, filtered and the solvent 
was removed under reduced pressure. Purification by silica gel column chromatography with 
hexane-CH2Cl2-Et2O (50:30:20) yielded 5a (45%) and 5b (28%) or 5c (28%) and 5d (48%) 
respectively as colorless oils. 

Ethyl 2-[(2S,4S,5R)-5-(tert-butyldiphenylsilyloxymethyl)-4-hydroxytetrahydrofuran-2-yl] 
acetate (5a). 

[�]D = +14.0 (c 1.0, CHCl3). IR (KBr film) ν 3450, 2931, 2857, 
1735, 1427, 1112, 703 cm-1. 1H NMR (400 MHz, CDCl3) � 1.06 (s, 
9H); 1.25 (t, J = 7.1 Hz, 3H); 1.79 (ddd, J = 13.2, 6.3, 4.6 Hz, 1H); 
2.47 (dt, J = 13.2, 7.2 Hz, 1H); 2.63 (dd, J = 15.7, 6.0 Hz, 1H); 

2.72 (dd, J = 15.7, 6.4 Hz, 1H); 3.62 (dd, J = 10.6, 6.0 Hz, 1H); 3.75 (dd, J = 10.6, 3.9 Hz, 1H); 
3.98 (dt, J = 6.0, 3.9 Hz, 1H); 4.15 (q, J = 7.1 Hz, 2H); 4.42–4.53 (m, 2H); 7.35–7.45 (m, 6H); 
7.63–7.69 (m, 4H). 13C NMR (100.6 MHz, CDCl3) � 14.2 (q); 19.2 (s); 26.8 (q); 39.9 (t); 40.9 
(t); 60.5 (t); 64.8 (t); 74.5 (d); 75.0 (d); 85.7 (d); 127.7 (d); 129.8 (d); 133.1 (s); 135.5 (d); 171.4 
(s). HRMS (+ESI): m/z calcd. for C25H34O5NaSi (M+Na) 465.2073, found 465.2083.  

Ethyl 2-[(2R,4S,5R)-5-(tert-butyldiphenylsilyloxymethyl)-4-hydroxytetrahydrofuran-2-yl] 
acetate (5b). 

[�]D = +12.1 (c 1.0, CHCl3). IR (KBr film) ν 3450, 2931, 2857, 
1735, 1427, 1112, 703 cm-1. 1H NMR (400 MHz, CDCl3) � 1.05 (s, 
9H); 1.25 (t, J = 7.1 Hz, 3H); 1.84 (ddd, J = 13.1, 9.6, 6.2 Hz, 1H); 
2.06 (ddd, J = 13.1, 5.7, 2.3 Hz, 1H); 2.48 (dd, J = 15.4, 6.0 Hz, 

1H); 2.64 (dd, J = 15.4, 7.1 Hz, 1H); 3.58 (dd, J = 10.6, 6.0 Hz, 1H); 3.76 (dd, J = 10.6, 3.9 Hz, 
1H); 3.86–3.90 (m, 1H); 4.14 (q, J = 7.1 Hz, 2H); 4.43-4.48 (m, 1H); 4.51–4.60 (m, 1H); 7.35–
7.45 (m, 6H); 7.63–7.69 (m, 4H). 13C NMR (100.6 MHz, CDCl3) � 14.2 (q); 19.2 (s); 26.8 (q); 
40.5 (t); 40.6 (t); 60.5 (t); 64.6 (t); 74.3 (d); 74.6 (d); 86.9 (d); 127.7 (d); 129.7 (d); 133.1 (s); 
135.5 (d); 171.0 (s). HRMS (+ESI): m/z calcd. for C25H34O5NaSi (M+Na) 465.2073, found 
465.2083.  

O CO2Et

HO
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Ethyl 2-[(2S,4R,5S)-5-(tert-butyldiphenylsilyloxymethyl)-4-hydroxytetrahydrofuran-2-yl] 
acetate (5c). 

[�]D = –11.2 (c 1.0, CHCl3). IR (KBr film) ν 3449 (br), 2931, 
2857, 1736, 1428, 1113 cm-1. 1H NMR (400 MHz, CDCl3) � 1.06 
(s, 9H); 1.25 (t, J = 7.1 Hz, 3H); 1.84 (ddd, J = 13.1, 9.6, 6.2 Hz, 
1H); 2.07 (ddd, J = 13.1, 5.8, 2.3 Hz, 1H); 2.48 (dd, J = 15.4, 5.8 

Hz, 1H); 2.64 (dd, J = 15.4, 7.1 Hz, 1H); 3.59 (dd, J = 10.6, 6.0 Hz, 1H); 3.76 (dd, J = 10.6, 3.8 
Hz, 1H); 3.86–3.90 (m, 1H); 4.14 (q, J = 7.1 Hz, 2H); 4.43–4.47 (m, 1H); 4.55 (ddt, J = 9.6, 7.1, 
5.8 Hz, 1H); 7.35a7.45 (m, 6H); 7.63a7.69 (m, 4H). 13C NMR (100.6 MHz, CDCl3) � 14.2 (q); 
19.2 (s); 26.8 (q); 40.6 (t); 40.6 (t); 60.5 (t); 64.6 (t); 74.3 (d); 74.6 (d); 86.9 (d); 127.7 (d); 
129.7 (d); 133.1 (s); 133.2 (s); 135.5 (d); 135.6 (d); 171.0 (s). HRMS (+ESI): m/z calcd. for 
C25H34O5NaSi (M+Na) 465.2073, found 465.2067.  

Ethyl 2-[(2R,4R,5S)-5-(tert-butyldiphenylsilyloxymethyl)-4-hydroxytetrahydrofuran-2-yl] 
acetate (5d). 

[�]D = a15.1 (c 1.0, CH2Cl2). IR (KBr film) ν 3449 (br), 2931, 
2857, 1736, 1428, 1113 cm-1. 1H NMR (400 MHz, CDCl3) � 1.06 
(s, 9H); 1.25 (t, J = 7.1, 3H); 1.70 (ddd, J = 13.5, 6.2, 4.7 Hz, 1H); 
2.48 (dt, J = 13.5, 7.2 Hz, 1H); 2.55 (dd, J = 15.6, 6.0 Hz, 1H); 

2.75 (dd, J = 15.6, 7.6 Hz, 1H); 3.62 (dd, J = 10.5, 6.1 Hz, 1H); 3.76 (dd, J = 10.5, 4.1 Hz, 1H); 
3.97 (m, 1H); 4.15 (q, J = 7.1 Hz, 2H); 4.45a4.52 (m, 2H); 7.35a7.45 (m, 6H); 7.63–7.69 (m, 
4H). 13C NMR (100.6 MHz, CDCl3) � 14.3 (q); 19.3 (s); 27.0 (q); 40.0 (t); 41.0 (t); 60.7 (t); 65.0 
(t); 74.8 (d); 75.1 (d); 85.9 (d); 127.9 (d); 129.9 (d); 133.2 (s); 135.7 (d); 171.6 (s). HRMS 
(+ESI): m/z calcd. for C25H38NO5Si (M+NH4) 460.2514, found 460.2511.  
�
Ethyl 2-[(2S,5S)-5-(tert-butyldiphenylsilyloxymethyl)-4-oxotetrahydrofuran-2-yl]acetate 
(S2). 

DMP (10.4 g, 24.5 mmol) was added to a solution of alcohol 5c
(8.35 g, 18.8 mmol) in CH2Cl2 (100 mL) and was stirred for 2 h. 
The reaction mixture was dissolved with sat. Na2S2O3 and sat. 
NaHCO3 and the residue was extracted with Et2O. The organic 

extracts were dried over MgSO4, filtered and concentrated under reduced pressure. Purification 
by silica gel column chromatography with hexane-EtOAc (80:20) yielded S2 (7.45 g, 90%) as a 
colorless oil. [�]D = −94.4 (c 1.0, CHCl3). IR (KBr film) ν 2931, 2858, 1762, 1737, 1472, 1428, 
1194, 1113 cm-1. 1H NMR (400 MHz, CDCl3) � 1.03 (s, 9H); 1.29 (t, J = 7.1 Hz, 3H); 2.32 (dd, 
J = 17.7, 10.3 Hz, 1H); 2.69−2.77 (m, 2H); 2.94 (dd, J = 15.8, 6.7 Hz, 1H); 3.87 (dd, J = 11.6, 
2.8 Hz, 1H);  3.90−3.94 (m, 2H); 4.21 (qd, J = 7.1, 1.8 Hz, 2H); 4.65 (dtd, J = 10.3, 6.7, 5.8 Hz, 
1H);  7.36−7.45 (m, 6H); 7.65−7.74 (m, 4H). 13C NMR (100.6 MHz, CDCl3) � 14.2 (q); 19.2 
(s); 26.7 (q); 40.9 (t); 43.5 (t); 60.8 (t); 63.0 (t); 72.2 (d); 82.2 (d); 127.7 (d); 129.7 (d); 132.7 
(s); 132.9 (s); 135.6 (d); 170.3 (s); 213.7 (s). HRMS (+ESI): m/z calcd. for C25H32O5NaSi
(M+Na) 463.1911, found 463.1910. 
�
Ethyl 2-[(2S,4S,5S)-5-(tert-butyldiphenylsilyloxymethyl)-4-hydroxytetrahydrofuran-2-yl] 
acetate (5e). 

NaBH4 (953 mg, 25.2 mmol) was added to a solution of ketone S2
(5.56 g, 12.6 mmol) and CeCl3·7H2O (5.16 g, 13.9 mmol) in EtOH 
(200 mL) at −20 ºC. The reaction mixture was stirred at this 
temperature for 40 min. After this time, NH4Cl was added and the 

solvent was removed under reduced pressure. The residue was extracted with EtOAc, and the 
organic layer was dried over MgSO4, filtered and the solvent was removed under reduced 
pressure. Purification by silica gel column chromatography with hexane-EtOAc (80:20) yielded 
5e (4.8 g, 86%) as a colorless oil. [�]D = −5.0 (c 1.0, CHCl3). IR (KBr film) ν 3469, 2932, 2858, 
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1735, 1472, 1428, 1112 cm-1. 1H NMR (400 MHz, CDCl3) � 1.06 (s, 9H); 1.24 (t, J = 7.1 Hz, 
3H); 1.80 (ddd, J = 13.4, 6.0, 3.1 Hz, 1H); 2.42 (ddd, J = 13.4, 7.9, 6.2 Hz, 1H); 2.65 (dd, J = 
16.0, 6.0 Hz, 1H); 2.77 (dd, J = 16.0, 6.9 Hz, 1H); 3.81 (dt, J = 5.7, 4.2 Hz, 1H); 3.96 (dd, J = 
10.9, 4.2 Hz, 1H); 4.00 (dd, J = 10.9, 5.7 Hz, 1H); 4.14 (q, J = 7.1 Hz, 2H); 4.34 (ddt, J = 7.9, 
6.9, 6.0 Hz, 1H); 4.48−4.53 (m, 1H); 7.36−7.45 (m, 6H); 7.65−7.73 (m, 4H). 13C NMR (100.6 
MHz, CDCl3) � 14.2 (q); 19.1 (s); 26.8 (q); 40.5 (t); 40.8 (t); 60.5 (t); 63.1 (t); 73.6 (d); 74.0 (d); 
81.5 (d); 127.8 (d); 129.9 (d); 133.5 (s); 133.8 (s); 135.5 (d); 135.6 (d); 171.4 (s). HRMS 
(+ESI): m/z calcd. for C25H35O5Si (M+H) 443.2248, found 443.2251. 

General procedure for TBS protection: 
TBSCl (1.2 eq.) was added to a solution of alcohol 5 (1 eq.) and imidazole (1 eq.) in 

CH2Cl2 (180 mL). The reaction mixture was stirred at r.t. for 6 or 48 h. After this time, the 
mixture was washed with water, dried over MgSO4, filtered and the solvent was removed under 
reduced pressure. Purification by silica gel column chromatography with hexane-EtOAc (90:10) 
yielded the corresponding protected adduct S3 as a colorless oil. 

Ethyl 2-[(2S,4S,5R)-4-(tert-butyldimethylsilyloxy)-5-(tert-butyldiphenylsilyloxymethyl) 
tetrahydrofuran-2-yl]acetate (S3a). 

Alcohol 5a (8.8 g, 20 mmol) led to S3a (9.99 g, 90%). [�]D = 
+26.0 (c 1.0, CHCl3). IR (KBr film) ν 2955, 2930, 2857, 1737, 
1471, 1428, 1256, 1112 cm-1. 1H NMR (400 MHz, CDCl3) � 0.05 
(s, 3H); 0.06 (s, 3H); 0.88 (s, 9H); 1.05 (s, 9H); 1.25 (t, J = 7.1 Hz, 

3H); 1.71 (dt, J = 13.0, 4.4 Hz, 1H); 2.29 (dt, J = 13.0, 6.7 Hz, 1H); 2.60 (dd, J = 15.3, 6.7 Hz, 
1H); 2.78 (dd, J = 15.3, 7.1 Hz, 1H); 3.57 (dd, J = 11.0, 5.2 Hz, 1H); 3.64 (dd, J = 11.0, 3.8 Hz, 
1H); 3.94−3.98 (m, 1H); 4.15 (q, J = 7.1 Hz, 2H); 4.45−4.49 (m, 1H); 4.57–4.50 (m, 1H); 
7.34−7.45 (m, 6H); 7.64−7.69 (m, 4H). 13C NMR (100.6 MHz, CDCl3) � −4.7 (q); −4.8 (q); 14.2 
(q); 17.9 (s); 19.2 (s); 25.7 (q); 26.8 (q); 40.2 (t); 41.6 (t); 60.3 (t); 64.2 (t); 73.6 (d); 75.4 (d); 
86.8 (d); 127.7 (d); 129.6 (d); 129.7 (d); 133.2 (s); 133.4 (s); 135.6 (d); 171.5 (s). HRMS 
(+ESI): m/z calcd. for C31H48O5NaSi2 (M+Na) 579.2938, found 579.2922. 

Ethyl 2-[(2S,4S,5S)-4-(tert-butyldimethylsilyloxy)-5-(tert-butyldiphenylsilyloxymethyl) 
tetrahydrofuran-2-yl]acetate (S3b). 

Alcohol 5e (9.14 g, 20.6 mmol) led to S3b (10.7 g, 94%). [�]D = 
+17.2 (c 1.0, CHCl3). IR (KBr film) ν 2950, 2931, 2857, 1735, 
1471, 1428, 1255, 1112 cm-1. 1H NMR (400 MHz, CDCl3) � −0.01 
(s, 3H); 0.04 (s, 3H); 0.83 (s, 9H); 1.07 (s, 9H); 1.24 (t, J = 7.1 Hz, 

3H); 1.73 (ddd, J = 13.2, 4.7, 2.7 Hz, 1H); 2.28 (ddd, J = 13.2, 8.0, 5.4 Hz, 1H); 2.58 (dd, J = 
15.5, 7.4 Hz, 1H); 2.77 (dd, J = 15.5, 6.6 Hz, 1H); 3.73−3.81 (m, 1H); 3.83−3.90 (m, 2H); 
4.09−4.17 (m, 2H); 4.33−4.52 (m, 2H); 7.34−7.45 (m, 6H); 7.64−7.69 (m, 4H). 13C NMR (100.6 
MHz, CDCl3) � −5.2 (q); −4.7 (q); 14.2 (q); 17.9 (s); 19.2 (s); 25.7 (q); 26.9 (q); 40.1 (t); 41.8 
(t); 60.2 (t); 63.3 (t); 72.4 (d); 74.1 (d); 83.9 (d); 127.6 (d); 129.5 (d); 133.6 (s); 133.8 (s); 135.6 
(d); 135.7 (d); 171.5 (s). HRMS (+ESI): m/z calcd. for C31H48O5NaSi2 (M+Na) 579.2938, found 
579.2932. 

General procedure for ester reduction: 
A 1 M solution of DIBALH in heptane (1 eq.) was added to a solution of ester S3 (1 

eq.) in CH2Cl2 at −78 ºC. The reaction mixture was stirred at this temperature for 15 min and 
MeOH and a saturated solution of NaK tartrate were added, the mixture was stirred at r.t. for 
further 2 h. After this time, water was added and the residue was extracted with CH2Cl2. The 
organic solution was dried over MgSO4, filtered and the solvent was removed under reduced 
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pressure. Purification by silica gel column chromatography with hexane-EtOAc (90:10) yielded 
the corresponding aldehyde 6 as a colorless oil. 

2-[(2S,4S,5R)-4-(tert-Butyldimethylsilyloxy)-5-(tert-butyldiphenylsilyloxymethyl) 
tetrahydrofuran-2-yl]acetaldehyde (6a). 

Ester S3a (1.65 g, 2.96 mmol) led to aldehyde 6a (1.43 g, 94%). [�]D

= +28.9 (c 1.0, CHCl3). IR (KBr film) ν 2955, 2930, 2857, 1726, 
1471, 1428, 1256, 1113 cm-1. 1H NMR (400 MHz, CDCl3) � 0.06 (s, 
3H); 0.07 (s, 3H); 0.89 (s, 9H); 1.07 (s, 9H); 1.69 (ddd, J = 13.0, 5.3, 
4.0 Hz, 1H); 2.34 (ddd, J = 13.0, 7.4, 6.2 Hz, 1H); 2.66 (ddd, J = 

16.7, 5.3, 2.0 Hz, 1H); 2.90 (ddd, J = 16.7, 7.4, 2.0 Hz, 1H); 3.61 (dd, J = 11.0, 5.0 Hz, 1H); 
3.66 (dd, J = 11.0, 3.8 Hz, 1H); 3.95−3.99 (m, 1H); 4.48−4.52 (m, 1H); 4.60 (tt, J = 7.4, 5.3 Hz, 
1H); 7.36−7.46 (m, 6H); 7.66−7.70 (m, 4H); 9.82 (t, J = 2.0, 1H). 13C NMR (100.6 MHz, 
CDCl3) � −4.7 (q); −4.8 (q); 17.9 (s); 19.2 (s); 25.7 (q); 26.8 (q); 40.5 (t); 50.5 (t); 64.1 (t); 73.5 
(d); 73.9 (d); 86.8 (d); 127.7 (d); 129.7 (d); 133.2 (s); 133.3 (s); 135.6 (d); 201.6 (s). HRMS 
(+ESI): m/z calcd. for C29H44O4NaSi2 (M+Na) 535.2670, found 535.2672.

2-[(2S,4S,5S)-4-(tert-Butyldimethylsilyloxy)-5-(tert-butyldiphenylsilyloxymethyl) 
tetrahydrofuran-2-yl]acetaldehyde (6b). 

Ester S3b (7.0 g, 12.6 mmol) led to aldehyde 6b (6.43 g, 99%). [�]D

= +22.9 (c 1.0, CHCl3). IR (KBr film) ν 2955, 2930, 2857, 1726, 
1472, 1428, 1256, 1112 cm-1. 1H NMR (400 MHz, CDCl3) � −0.02 
(s, 3H); 0.02 (s, 3H); 0.81 (s, 9H); 1.07 (s, 9H); 1.66 (ddd, J = 13.4, 
4.9, 2.5 Hz, 1H); 2.33 (ddd, J = 13.4, 8.2, 5.5 Hz, 1H); 2.63 (ddd, J = 

16.8, 5.6, 1.8 Hz, 1H); 2.85 (ddd, J = 16.8, 7.1, 2.1 Hz, 1H); 3.74−3.82 (m, 1H); 3.83−3.90 (m, 
2H);  4.33−4.37 (m, 1H); 4.38−4.47 (m, 1H); 7.36−7.46 (m, 6H); 7.66−7.70 (m, 4H); 9.78 (t, J
= 1.9 Hz, 1H). 13C NMR (100.6 MHz, CDCl3) � −5.2 (q); −4.7 (q); 17.9 (s); 19.2 (s); 25.7 (q); 
26.9 (q); 41.0 (t); 50.7 (t); 63.4 (t); 72.4 (d); 72.6 (d); 84.1(d); 127.6 (d); 129.5 (d); 129.6 (d); 
133.5 (s); 133.8 (s); 135.6 (d); 135.7 (d); 201.7 (s). HRMS (+ESI): m/z calcd. for C29H44O4NaSi2 
(M+Na) 535.2670, found 535.2673.

Diethyl (R)-2-oxo-2-(2-oxo-4-phenyloxazolidin-3-yl)ethylphosphonate (7).[3]

A 50% solution of T3P in EtOAc (13 mL, 21.8 mmol) was added to a 
solution of (R)-4-phenyl-2-oxazolidinone (2.45 g, 15 mmol) and 
diethylphosphonoacetic acid (2.65 mL, 16.5 mmol) in EtOAc (100 mL) 
and the mixture was stirred at reflux temperature for 48 h. After this 
time, water was added, and the solution was treated with a 20% solution 

of NaOH until pH = 6. The organic phase was washed with water, dried over MgSO4, filtered 
and the solvent was removed under reduced pressure. Purification by silica gel column 
chromatography with hexane-EtOAc (50:50 to 30:70) yielded 7 (4.78 g, 94%) as a colorless oil. 
1H NMR (400 MHz, CDCl3) � 1.28 (dt, J = 10.3, 7.0 Hz, 6H); 3.76 (dd, J = 22.2, 13.9 Hz, 1H); 
3.81 (dd, J = 22.6, 13.9 Hz, 1H); 3.71−3.86 (m, 4H); 4.11 (m, 2H); 4.28 (dd, J = 8.8, 3.9 Hz, 
1H); 4.70 (t, J = 8.8 Hz, 1H); 5.46 (dd, J = 8.8, 3.9 Hz, 1H); 7.30−7.41 (m, 5H). 

General procedure for HWE reaction: 
A 1 M solution of NaHMDS in THF (1.3 eq.) was added to a solution of phosphonate 7 

(1.4 eq.) in THF. After 10 min, a solution of aldehyde 6 (1 eq.) in THF was added dropwise, and 
the mixture was stirred at r.t. for 2 h. After this time, KH2PO4-NaOH pH =7 buffer was added 
and the solvent was removed under reduced pressure. The residue was disolved in water and 
extracted with EtOAc. The organic layer was dried over MgSO4, filtered and the solvent was 
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removed under reduced pressure. Purification by silica gel column chromatography with 
hexane-EtOAc (90:10 to 80:20) yielded the corresponding olefin S3 as a colorless oil. 

(R)-3-[(E)-4-((2R,4S,5R)-4-(tert-Butyldimethylsilyloxy)-5-(tert-butyldiphenylsilyloxy 
methyl)tetrahydrofuran-2-yl)but-2-enoyl]-4-phenyloxazolidin-2-one (S4a). 

Aldehyde 6a (4.18g, 8.15 mmol) led to olefin S4a (4.46 
g, 78%). [�]D = −14.1 (c 1.0, CHCl3). IR (KBr film) ν
2954, 2929, 2857, 1781, 1689, 1636, 1383, 1347, 1196, 
1256, 1252, 1112 cm-1. 1H NMR (400 MHz, CDCl3) �
0.03 (s, 3H); 0.05 (s, 3H); 0.87 (s, 9H); 1.04 (s, 9H); 1.66 

(ddd, J = 12.8, 5.9, 4.7 Hz, 1H); 2.21 (dt, J = 12.8, 6.4 Hz, 1H); 2.49–2.59 (m, 1H); 2.64−2.73 
(m, 1H); 3.59 (dd, J = 11.0, 4.3 Hz, 1H); 3.63 (dd, J = 11.0, 3.8 Hz, 1H); 3.91 (dt, J = 4.3, 3.8 
Hz, 1H); 4.14−4.20 (m, 1H); 4.28 (dd, J = 8.8, 3.9 Hz, 1H); 4.46 (ddd, J = 6.4, 4.7, 3.8 Hz, 1H); 
4.69 (t, J = 8.8 Hz, 1H); 5.49 (dd, J = 8.8, 3.9 Hz, 1H); 7.09 (dt, J = 15.4, 7.3, 1H); 7.30−7.45 
(m, 12H); 7.64−7.68 (m, 4H). 13C NMR (100.6 MHz, CDCl3) � −4.8 (q); 17.9 (s); 19.2 (s); 25.8 
(q); 26.8 (q); 39.7 (t); 40.2 (t); 57.7 (d); 64.1 (t); 69.9 (t); 73.3 (d); 77.5 (d); 86.5 (d); 121.9 (d); 
126.0 (d); 127.6 (d); 128.6 (d); 129.1 (d); 129.6 (d); 133.2 (s); 133.4 (s); 135.6 (d); 139.0 (s); 
148.2 (d); 153.6 (s); 164.3 (s). HRMS (+ESI): m/z calcd. for C40H53O6NNaSi2 (M+Na) 
722.3304, found 722.3309. 

(R)-3-[(E)-4-((2R,4S,5S)-4-(tert-Butyldimethylsilyloxy)-5-(tert-butyldiphenylsilyloxy 
methyl)tetrahydrofuran-2-yl)but-2-enoyl]-4-phenyloxazolidin-2-one (S4b). 

 Aldehyde 6b (5.0 g, 9.8 mmol) led to S4b (6.66 g, 95%). 
[�]D = −14.8 (c 1.0, CHCl3). IR (KBr film) ν 2954, 2930, 
2857, 1781, 1689, 1637, 1384, 1346, 1197, 1112 cm-1. 1H 
NMR (400 MHz, CDCl3) � −0.03 (s, 3H); 0.02 (s, 3H); 
0.81 (s, 9H); 1.07 (s, 9H); 1.65 (ddd, J = 13.2, 5.1, 2.7 

Hz, 1H); 2.20 (ddd, J = 13.2, 7.9, 5.6 Hz, 1H); 2.47–2.56 (m, 1H); 2.64−2.73 (m, 1H); 3.77 (dd, 
J = 9.8, 5.6 Hz, 1H); 3.80−3.84 (m, 1H); 3.88 (dd, J = 9.8, 4.4 Hz, 1H); 4.04 (dtd, J = 7.9, 6.6, 
5.1 Hz, 1H); 4.28 (dd, J = 8.8, 3.9 Hz, 1H); 4.33 (ddd, J = 5.6, 3.9, 2.7 Hz, 1H); 4.68 (t, J = 8.8 
Hz, 1H); 5.48 (dd, J = 8.7, 3.9 Hz, 1H); 7.08 (ddd, J = 15.4, 7.7, 6.6 Hz, 1H); 7.30−7.45 (m, 
12H); 7.64−7.68 (m, 4H). 13C NMR (100.6 MHz, CDCl3) � −5.3 (q); −4.7 (q); 17.9 (s); 19.2 (s); 
25.7 (q); 26.9 (q); 39.9 (t); 40.5 (t); 57.7 (d); 63.4 (t); 69.9 (t); 73.4 (d); 76.4 (d); 83.9 (d); 121.8 
(d); 126.0 (d); 127.5 (d); 128.6 (d); 129.1 (d); 129.5 (d); 133.6 (s); 133.9 (s); 135.6 (d); 139.0 
(s); 148.2 (d); 153.6 (s); 164.3 (s). HRMS (+ESI): m/z calcd. for C40H53O6NNaSi2 (M+Na) 
722.3304, found 722.3300. 

General procedure for 1,4-addition: 
A 1.4 M solution of MeMgBr in THF (1.1 eq.) was added to a solution of CuBr·Me2S 

(1.1 eq.) in THF at −40 ºC, and the mixture was stirred at −40 ºC for 1 h. The solution was 
cooled to −78 ºC and BF3·Et2O (1.1 eq.) was added, followed by a solution of oxazolidinone S4
(1 eq.) in THF. The reaction mixture was stirred at -78 ºC for 1 h, slowly warmed to r.t. during 2 
h and stirred at r.t. for further 1 hour. After this time, sat. NH4Cl was added and the solvent was 
removed under reduced pressure. The residue was diluted in sat. NH4Cl and extracted with 
Et2O. The organic solution was dried over MgSO4, filtered and the solvent was removed under 
reduced pressure. Purification by silica gel column chromatography with hexane-EtOAc (90:10 
to 80:20) yielded the corresponding methylated 8a as a colorless oil. 
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(R)-3-[(S)-4-((2R,4S,5R)-4-(tert-Butyldimethylsilyloxy)-5-(tert-butyldiphenylsilyloxy 
methyl)tetrahydrofuran-2-yl)-3-methylbutanoyl]-4-phenyloxazolidin-2-one (8a). 

Olefin S4a (4.27 g, 6.1 mmol) led to methylated 8a (3.67 
g, 84%). [�]D = −40.0 (c 1.0, CHCl3). IR (KBr film) ν
2956, 2930, 2857, 1784, 1707, 1471, 1428, 1384, 1322, 
1252, 1196, 1112 cm-1. 1H NMR (400 MHz, CDCl3) �
0.04 (s, 3H); 0.06 (s, 3H); 0.88 (s, 9H); 0.94 (d, J = 6.7 

Hz, 3H); 1.05 (s, 9H); 1.46−1.69 (m, 3H); 2.09−2.25 (m, 2H); 2.85 (dd, J = 16.7, 7.4 Hz, 1H); 
2.96 (dd, J = 16.7, 6.2 Hz, 1H); 3.64 (dd, J = 11.0, 3.9 Hz, 1H); 3.69 (dd, J = 11.0, 3.9 Hz, 1H); 
3.81 (dt, J = 4.5, 3.9 Hz, 1H); 4.07−4.16 (m, 1H); 4.24 (dd, J = 8.8, 3.6 Hz, 1H); 4.47 (td, J = 
6.4, 4.5 Hz, 1H); 4.62 (t, J = 8.8 Hz, 1H); 5.40 (dd, J = 8.8, 3.6 Hz, 1H); 7.27−7.45 (m, 11H); 
7.66−7.72 (m, 4H). 13C NMR (100.6 MHz, CDCl3) � −4.8 (q); −4.6 (q); 17.9 (s); 19.2 (s); 20.1 
(q); 25.8 (q); 26.8 (q); 27.5 (d); 41.4 (t); 42.3 (t); 42.9 (t); 57.6 (d); 64.0 (t); 69.8 (t); 72.9 (d); 
76.8 (d); 85.5 (d); 125.8 (d); 127.6 (d); 129.1 (d); 128.6 (d); 129.1 (d); 129.5 (d); 129.6 (d); 
133.4 (s); 133.5 (s); 135.6 (d); 139.3 (s); 153.6 (s); 171.9 (s). HRMS (+ESI): m/z calcd. for 
C41H57O6NNaSi2 (M+Na) 738.3617, found 738.3614. 

(R)-3-[(S)-4-((2R,4S,5S)-4-(tert-Butyldimethylsilyloxy)-5-(tert-butyldiphenylsilyloxy 
methyl)tetrahydrofuran-2-yl)-3-methylbutanoyl]-4-phenyloxazolidin-2-one (8b).

Olefin S4b (8.0 g, 11.4 mmol) led to methylated 8b (7.73 
g, 81%). [�]D =  −11.1 (c 1.0, CHCl3). IR (KBr film) ν
2956, 2930, 2857, 1783, 1707, 1471, 1428, 1384, 1325, 
1252, 1198, 1112 cm-1. 1H NMR (400 MHz, CDCl3) �
−0.04 (s, 3H); 0.01 (s, 3H); 0.80 (s, 9H); 0.92 (d, J = 6.7 

Hz, 3H); 1.06 (s, 9H); 1.49 (dt, J = 13.6, 5.9 Hz, 1H); 1.53 (ddd, J = 16.6, 6.3, 3.8 Hz, 1H); 1.67 
(dt, J = 13.6, 7.5 Hz, 1H); 2.10−2.22 (m, 2H);  2.80 (dd, J = 16.7, 7.6 Hz, 1H); 2.96 (dd, J = 
16.7, 6.1 Hz, 1H); 3.71−3.79 (m, 2H); 3.81−3.94 (m, 2H);  4.23 (dd, J = 8.8, 3.6 Hz, 1H); 4.31 
(dt, J = 6.0, 3.8 Hz, 1H); 4.61 (t, J = 8.8 Hz, 1H) 5.39 (dd, J = 8.8, 3.6 Hz, 1H); 7.27−7.46 (m, 
11H); 7.66−7.72 (m, 4H). 13C NMR (100.6 MHz, CDCl3) � −5.2 (q); −4.6 (q); 18.0 (s); 19.2 (s); 
20.2 (q); 25.8 (q); 26.9 (q); 27.4 (d); 41.5 (t); 42.2 (t); 43.2 (t); 57.6 (d); 63.6 (t); 69.8 (t); 72.5 
(d); 75.8 (d); 83.3 (d); 125.9 (d); 127.5 (d); 128.6 (d); 129.1 (d); 129.4 (d); 133.7 (s); 134.0 (s); 
135.6 (d); 135.7 (d); 139.2 (s); 153.7 (s); 171.9 (s). HRMS (+ESI): m/z calcd. for 
C41H57O6NNaSi2 (M+Na) 738.3617, found 738.3612. 

General procedure for oxazolidinone removal: 
A 2 M solution of LiBH4 in THF (2 eq.) was added to a solution of olefin 8 (1 eq.) in 

Et2O at −10 ºC and the reaction mixture was stirred at 0 ºC for 1 h. After this time, a 1 M 
solution of NaOH was added and the mixture was extracted with EtOAc, dried over MgSO4, 
filtered and the solvent was removed under reduced pressure. Purification by silica gel column 
chromatography with hexane-EtOAc (90:10 to 85:15) yielded the corresponding alcohol S5 as a 
colorless oil. 

(R)-4-[(2R,4S,5R)-4-(tert-Butyldimethylsilyloxy)-5-(tert-butyldiphenylsilyloxymethyl) 
tetrahydrofuran-2-yl]-3-methylbutan-1-ol (S5a). 

Oxazolidinone 8a (3.67 g, 5.12 mmol) led to alcohol S5a
(2.25 g, 79%). [�]D =  +25.8 (c 1.0, CHCl3). IR (KBr film) ν
3395 (br) 2955, 2929, 2857, 1472, 1428, 1252, 1112 cm-1. 1H 
NMR (400 MHz, CDCl3) � 0.04 (s, 3H); 0.05 (s, 3H); 0.87 (s, 

9H); 0.95 (d, J = 6.6 Hz, 3H); 1.05 (s, 9H); 1.38−1.69 (m, 5H); 1.70−1.78 (m, 1H); 2.19−2.26 
(m, 1H); 3.61−3.73 (m, 4H); 3.85 (dt, J = 4.2, 4.0 Hz, 1H); 4.16−4.23 (m, 1H); 4.49 (td, J = 6.3, 
4.4 Hz, 1H); 7.34−7.44 (m, 6H); 7.66−7.72 (m, 4H). 13C NMR (100.6 MHz, CDCl3) � −4.8 (q); 
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−4.7 (q); 17.9 (s); 19.2 (s); 20.4 (q); 25.8 (q); 26.8 (q); 27.2 (d); 39.7 (t); 41.3 (t); 43.3 (t); 61.0 
(t); 64.1 (t); 73.0 (d); 76.8 (d); 85.7 (d); 127.6 (d); 129.6 (d); 133.4 (s); 133.5 (s); 135.6 (d). 
HRMS (+ESI): m/z calcd. for C32H52O4NaSi2 (M+Na) 579.3296, found 579.3296. 

(R)-4-[(2R,4S,5S)-4-(tert-butyldimethylsilyloxy)-5-(tert-butyldiphenylsilyloxymethyl) 
tetrahydrofuran-2-yl]-3-methylbutan-1-ol (S5b). 

Oxazolidinone 8b (2.3 g, 3.21 mmol) led to alcohol S5b
(1.50 g, 84%). [�]D =  +12.8 (c 1.0, CHCl3). IR (KBr film) ν
3408 (br), 2955, 2930, 2857, 1471, 1428, 1254, 1113 cm-1. 
1H NMR (400 MHz, CDCl3) � −0.04 (s, 3H); 0.01 (s, 3H); 

0.80 (s, 9H); 0.93 (d, J = 6.6 Hz, 3H); 1.06 (s, 9H); 1.41 (td, J = 13.6, 6.8 Hz, 1H); 1.46−1.57 
(m, 2H); 1.61−1.69 (m, 2H); 1.72−1.80 (m, 1H); 2.21 (ddd, J = 12.7, 7.2, 6.2 Hz, 1H); 
3.60−3.73 (m, 2H); 3.74−3.80 (m, 2H); 3.83−3.89 (m, 1H);  3.94−4.02 (m, 1H); 4.33 (dt, J = 
6.2, 3.9 Hz, 1H); 7.33−7.43 (m, 6H); 7.66−7.72 (m, 4H). 13C NMR (100.6 MHz, CDCl3) � −5.2 
(q); −4.6 (q); 18.0 (s); 19.2 (s); 20.6 (q); 25.7 (q); 26.9 (q); 27.0 (d); 39.8 (t); 41.5 (t); 43.5 (t); 
61.1 (t); 63.6 (t); 72.6 (d); 75.9 (d); 83.3 (d); 127.5 (d); 129.4 (d); 129.5 (d); 133.7 (s); 133.9 (s); 
135.6 (d); 135.7 (d). HRMS (+ESI): m/z calcd. for C32H52O4NaSi2 (M+Na) 579.3296, found 
579.3272. 

General procedure for alcohol oxidation: 
Dess-Martin Periodinane (DMP, 1,1,1-Tris(acetyloxy)-1,1-dihydro-1,2-benziodoxol-3-

(1H)-one) (1.2 eq.) was added to a solution of alcohol S5 (1 eq.) in CH2Cl2 and was stirred for 2 
h. The reaction mixture was diluted with sat. Na2S2O3 and sat. NaHCO3 and the residue was 
extracted with CH2Cl2. The organic extracts were dried over MgSO4, filtered and concentrated 
under reduced pressure.  Purification by silica gel column chromatography with hexane-EtOAc 
(95:5) yielded the corresponding aldehyde 9 as a colorless oil. 

(S)-4-[(2R,4S,5R)-4-(tert-Butyldimethylsilyloxy)-5-(tert-butyldiphenylsilyloxymethyl) 
tetrahydrofuran-2-yl]-3-methylbutanal (9a). 

Alcohol S5a (2.25 g, 4 mmol) led to aldehyde 9a (2.04 g, 
92%). [�]D = +22.2 (c 1.0, CHCl3). IR (KBr film) ν 2956, 
2930, 2857, 1727, 1472, 1428, 1252, 1112 cm-1. 1H NMR (400 
MHz, CDCl3) � 0.05 (s, 3H); 0.06 (s, 3H); 0.88 (s, 9H); 1.01 

(d, J = 6.5 Hz, 3H); 1.06 (s, 9H); 1.50 (ddd, J = 14.1, 6.6, 5.1 Hz, 1H); 1.61 (ddd, J = 12.8, 7.3, 
5.8 Hz, 1H); 1.73 (ddd, J = 14.1, 8.3, 6.4 Hz, 1H); 2.18−2.29 (m, 3H); 2.45−2.55 (m, 1H); 3.66 
(dd, J = 11.1, 3.9 Hz, 1H); 3.70 (dd, J = 11.1, 4.1 Hz, 1H); 3.85 (dt, J = 4.1, 3.9 Hz, 1H); 
4.11−4.19 (m, 1H); 4.47−4.53 (m, 1H); 7.34−7.44 (m, 6H); 7.66−7.72 (m, 4H); 9.74 (t, J = 2.0 
Hz, 1H). 13C NMR (100.6 MHz, CDCl3) � −4.8 (q); −4.7 (q); 17.9 (s); 19.2 (s); 20.5 (q); 25.8 
(q); 25.8 (d); 26.8 (q); 41.4 (t); 43.2 (t); 50.6 (t); 64.1 (t); 73.0 (d); 76.4 (d); 85.8 (d); 127.6 (d); 
129.6 (d); 133.4 (s); 133.5 (s); 135.6 (d); 202.9 (d). HRMS (+ESI): m/z calcd. for 
C32H50O4NaSi2 (M+Na) 577.3140, found 577.3142. 

(S)-4-[(2R,4S,5S)-4-(tert-Butyldimethylsilyloxy)-5-(tert-butyldiphenylsilyloxymethyl) 
tetrahydrofuran-2-yl]-3-methylbutanal (9b) 

Alcohol S5b (5.70 g, 10.24 mmol) led to aldehyde 9b (5.2 g, 
92%). [�]D =  +11.9 (c 1.0, CHCl3). IR (KBr film) ν 2955, 
2930, 2857, 1726, 1472, 1428, 1255, 1113 cm-1. 1H NMR (400 
MHz, CDCl3) � −0.04 (s, 3H); 0.01 (s, 3H); 0.80 (s, 9H); 0.99 

(d, J = 6.5 Hz, 3H); 1.06 (s, 9H); 1.48 (ddd, J = 13.9, 6.7, 5.3 Hz, 1H); 1.56 (ddd, J = 12.9, 6.4, 
3.4 Hz, 1H); 1.73 (ddd, J = 13.9, 8.0, 6.3 Hz, 1H); 2.15−2.30 (m, 3H); 2.42−2.53 (m, 1H); 
3.74−3.82 (m, 2H); 3.83−3.88 (m, 1H); 3.91−3.98 (m, 1H); 4.30−4.35 (m, 1H); 7.34−7.44 (m, 
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6H); 7.66−7.72 (m, 4H); 9.73 (t, J = 2.1 Hz, 1H). 13C NMR (100.6 MHz, CDCl3) � −5.2 (q); 
−4.6 (q); 18.0 (s); 19.2 (s); 20.6 (q); 25.7 (q); 25.8 (d); 26.9 (q); 41.6 (t); 43.4 (t); 50.6 (t); 63.7 
(t); 72.5 (d); 75.4 (d); 83.5 (d); 127.5 (d); 129.5 (d); 133.7 (s); 133.9 (s); 135.6 (d); 135.7 (d); 
203.1 (d). HRMS (+ESI): m/z calcd. for C32H50O4NaSi2 (M+Na) 577.3140, found 577.3147. 

General procedure for stereoselective aldol addition: 
Acetone (5.5 eq.) and Et3N (5 eq.) were added to a solution of (−)-B-

chlorodiisopinocampheylborane (5 eq.) in Et2O at 0 ºC and the solution was stirred at 0 ºC for 
45 min. The solution was cooled to −78 ºC, a solution of aldehyde 9 (1 eq.) was added and the 
reaction mixture was stirred at −78 ºC for 1 h and at −20 ºC for 16 h. After this time, H2O2, 
KH2PO4-NaOH pH = 7 buffer and MeOH were added and stirring continued for further 1 h. The 
reaction mixture was diluted with water and extracted with Et2O and EtOAc. The organic 
extracts were dried over MgSO4, filtered and the solvent was removed under reduced pressure. 
Purification by silica gel column chromatography with hexane-EtOAc (90:10 to 80:20) yielded 
the corresponding aldol 10 as a colorless oil. 

(4S,6R)-7-[(2R,4S,5R)-4-(tert-Butyldimethylsilyloxy)-5-(tert-butyldiphenylsilyloxymethyl) 
tetrahydrofuran-2-yl]-4-hydroxy-6-methylheptan-2-one (10a). 

Aldehyde 9a (2.04 g, 3.7 mmol) led to aldol 10a (1.51 g, 
67%) (dr = 8:1). [�]D =  +36.1 (c 1.0, CHCl3). IR (KBr film) 
ν 3454 (br), 2955, 2929, 2857, 1711, 1478, 1428, 1361, 
1257, 1113 cm-1. 1H NMR (400 MHz, CDCl3) � 0.03 (s, 3H); 
0.05 (s, 3H); 0.87 (s, 9H); 0.95 (d, J = 6.7 Hz, 3H); 1.05 (s, 

9H); 1.36−1.41 (m, 2H); 1.50−1.64 (m, 3H); 1.71−1.81 (m, 1H); 2.12 (s, 3H); 2.19−2.26 (m, 
1H); 2.46 (dd, J = 17.6, 9.0 Hz, 1H); 2.56 (dd, J = 17.6, 2.7 Hz, 1H); 3.64 (dd, J = 10.9, 3.9 Hz, 
1H); 3.69 (dd, J = 10.9, 3.9 Hz, 1H); 3.83−3.87 (m, 1H); 4.10−4.22 (m, 2H); 4.43−4.49 (m, 
1H); 7.34−7.44 (m, 6H); 7.66−7.72 (m, 4H). 13C NMR (100.6 MHz, CDCl3) � −4.8 (q); −4.6 
(q); 17.9 (s); 19.2 (s); 21.0 (q); 25.8 (q); 26.8 (q); 26.9 (d); 30.7 (q); 41.2 (t); 42.8 (t); 43.6 (t); 
50.2 (t); 64.1 (t); 65.6 (d); 73.0 (d); 76.9 (d); 85.8 (d); 127.6 (d); 129.6 (d); 133.4 (s); 133.5 (s); 
135.6 (d); 210.0 (s). HRMS (+ESI): m/z calcd. for C35H57O5Si2 (M+H) 613.3739, found 
613.3743. 

(4S,6R)-7-[(2R,4S,5S)-4-(tert-Butyldimethylsilyloxy)-5-(tert-butyldiphenylsilyloxymethyl) 
tetrahydrofuran-2-yl]-4-hydroxy-6-methylheptan-2-one (10b). 

Aldehyde 9b (1.2 g, 2.16 mmol) led to aldol 10b (1.06 g, 
80%) (dr = 6:1). [�]D =  19.8 (c 1.0, CHCl3). IR (KBr film) ν
3462 (br), 2955, 2930, 2857, 1711, 1472, 1428, 1361, 1255, 
1112 cm-1. 1H NMR (400 MHz, CDCl3) � −0.05 (s, 3H); 0.01 
(s, 3H); 0.80 (s, 9H); 0.94 (d, J = 6.7 Hz, 3H); 1.06 (s, 9H);

1.38 (t, J = 6.8 Hz, 2H); 1.50−1.70 (m, 3H); 1.78 (h, J = 6.7 Hz, 1H); 2.12 (s, 3H); 2.21 (ddd, J
= 13.2, 7.5, 6.1 Hz, 1H); 2.48 (dd, J = 17.5, 8.9 Hz, 1H); 2.58 (dd, J = 17.5, 3.0 Hz, 1H); 3.16 
(bs, 1H); 3.73−3.80 (m, 2H); 3.82−3.88 (m, 1H); 3.94−4.01 (m, 1H); 4.10−4.18 (m, 1H); 4.32 
(dt, J = 6.1, 3.6 Hz, 1H); 7.33−7.43 (m, 6H); 7.66−7.72 (m, 4H). 13C NMR (100.6 MHz, CDCl3) 
� −5.2 (q); −4.6 (q); 18.0 (s); 19.2 (s); 21.2 (q); 25.7 (q); 26.6 (d); 26.9 (q); 30.8 (q); 41.6 (t); 
43.0 (t); 43.6 (t); 50.1 (t); 64.6 (t); 65.6 (d); 72.5 (d); 75.8 (d); 83.4 (d); 127.5 (d); 129.5 (d); 
133.7 (s); 133.9 (s); 135.6 (d); 135.7 (d); 210.1 (s). HRMS (+ESI): m/z calcd. for C35H57O5Si2 
(M+H) 613.3739, found 613.3729. 

General procedure for MPA derivatization: 
�-Methoxyphenylacetic acid (3 or 6 eq.) and DCC (3 or 6 eq.) were added to a solution 

of alcohol 10 (1 eq.) in THF, then DMAP (0.1 eq.) was added and the solution was stirred for 30 
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min. The solution was filtered, poured into Et2O and washed with 0.2 M aqueous HCl and sat. 
NaHCO3. The organic residue was dried over MgSO4, filtered and the solvent was removed 
under reduced pressure. Purification by silica gel column chromatography with hexane-EtOAc 
(90:10) yielded the corresponding ester S6 as a colorless oil. 

(2S,4S)-1-[(2R,4S,5R)-4-(tert-Butyldimethylsilyloxy)-5-(tert-butyldiphenylsilyloxymethyl) 
tetrahydrofuran-2-yl]-2-methyl-6-oxoheptan-4-yl (S)-2-methoxy-2-phenylacetate (S6a). 

S-�-Methoxyphenylacetic acid (25 mg, 0.15 mmol) 
and alcohol 10a (30 mg, 0.05 mmol) led to ester S6a
(30 mg, 79%). 1H NMR (400 MHz, CDCl3) � 0.03 (s, 
3H); 0.05 (s, 3H); 0.87 (s, 9H); 0.94 (d, J = 5.6 Hz, 
3H); 1.05 (s, 9H); 1.45−1.60 (m, 6H); 1.81 (s, 3H);
2.17 (dt, J = 12.6, 6.4 Hz, 1H); 2.45 (dd, J = 16.1, 4.9 

Hz, 1H); 2.52 (dd, J = 16.1, 7.6 Hz, 1H); 3.37 (s, 3H); 3.64 (dd, J = 11.0, 3.9 Hz, 1H); 3.68 (dd, 
J = 11.0, 3.9 Hz, 1H); 3.81 (q, J = 3.9 Hz, 1H); 4.03−4.11 (m, 1H); 4.42−4.47 (m, 1H); 4.68 (s, 
1H); 5.33−5.41 (m, 1H); 7.30−7.47 (m, 11H); 7.65−7.72 (m, 4H).  

(2S,4S)-1-[(2R,4S,5R)-4-(tert-Butyldimethylsilyloxy)-5-(tert-butyldiphenylsilyloxymethyl) 
tetrahydrofuran-2-yl]-2-methyl-6-oxoheptan-4-yl (R)-2-methoxy-2-phenyl-acetate (S6b). 

R-�-Methoxyphenylacetic acid  (25 mg, 0.15 mmol) 
and alcohol 10a (30 mg, 0.05 mmol) led to ester S6b
(26 mg, 68%). 1H NMR (400 MHz, CDCl3) � 0.03 (s, 
3H); 0.05 (s, 3H); 0.78 (d, J = 6.5 Hz, 3H); 0.87 (s, 
9H); 1.04 (s, 9H); 1.54−1.98 (m, 6H); 2.05 (s, 3H); 
2.06−2.10 (m, 1H); 2.56 (dd, J = 16.1, 5.0 Hz, 1H); 

2.63 (dd, J = 16.1, 7.5 Hz, 1H); 3.41 (s, 3H); 3.55−3.70 (m, 2H); 3.75−3.81 (m, 1H); 3.90−4.01 
(m, 1H); 4.39−4.44 (m, 1H); 4.68 (s, 1H); 5.30−5.37 (m, 1H); 7.28−7.44 (m, 11H); 7.65−7.72 
(m, 4H). 

Absolute configuration determination: 

(2S,4S)-1-[(2R,4S,5S)-4-(tert-Butyldimethylsilyloxy)-5-(tert-butyldiphenylsilyloxymethyl) 
tetrahydrofuran-2-yl]-2-methyl-6-oxoheptan-4-yl (S)-2-methoxy-2-phenylacetate (S6c). 

S-Methoxyphenylacetic acid (50 mg, 0.3 mmol) and 
alcohol 10b (32 mg, 0.05 mmol) led to ester S6c (22 
mg, 58%). 1H NMR (400 MHz, CDCl3) � −0.05 (s, 
3H); 0.00 (s, 3H); 0.79 (s, 9H); 0.94 (d, J = 5.9 Hz, 
3H); 1.05 (s, 9H); 1.40−1.65 (m, 6H); 1.81 (s, 3H); 
2.12−2.19 (m, 1H); 2.47 (dd, J = 16.2, 4.8 Hz, 1H); 

2.55 (dd, J = 16.2, 7.7 Hz, 1H); 3.38 (s, 3H); 3.72−3.78 (m, 2H); 3.81−3.88 (m, 2H); 4.30 (dt, J
= 6.1, 3.8 Hz, 1H); 4.69 (s, 1H); 5.30−5.37 (m, 1H); 7.30−7.42 (m, 11H); 7.66−7.72 (m, 4H).
HRMS (+ESI): m/z calcd. for C44H64O7NaSi2 (M+Na) 783.4083, found 783.4070.

� HA � HB � HC

R=R-MPA 2.05 2.59 0.78 
R=S-MPA 1.81 2.48 0.94 
�

RS 0.24 0.11 −0.16 
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(2S,4S)-1-[(2R,4S,5S)-4-(tert-Butyldimethylsilyloxy)-5-(tert-butyldiphenylsilyloxymethyl) 
tetrahydrofuran-2-yl]-2-methyl-6-oxoheptan-4-yl (R)-2-methoxy-2-phenylacetate (S6d). 

R-Methoxyphenylacetic acid (50 mg, 0.3 mmol) and 
alcohol 10b (32 mg, 0.05 mmol) led to ester S6d (30 
mg, 78%). 1H NMR (400 MHz, CDCl3) � −0.06 (s, 
3H); 0.00 (s, 3H); 0.79 (s, 9H); 0.80 (d, J = 5.9 Hz, 
3H); 1.05 (s, 9H); 1.25−1.53 (m, 6H); 2.05 (s, 3H); 
2.05−2.12 (m, 1H); 2.59 (dd, J = 16.2, 5.1 Hz, 1H); 

2.65 (dd, J = 16.2, 7.5 Hz, 1H); 3.40 (s, 3H); 3.67−3.75 (m, 3H); 3.80−3.86 (m, 1H); 4.27 (dt, J
= 6.2, 3.8 Hz, 1H); 4.68 (s, 1H); 5.28−5.36 (m, 1H); 7.28−7.42 (m, 11H); 7.66−7.72 (m, 4H).
HRMS (+ESI): m/z calcd. for C44H64O7NaSi2 (M+Na) 783.4083, found 783.4075.

Absolute configuration determination: 

General procedure for TIPS protection: 
Triisopropylsilyl trifluoromethanesulfonate (1.2 eq.) was added to a solution of 10 (1 

eq.), imidazole (2 eq.) and DMAP (0.1 eq.) in DMF, and the reaction mixture was stirred at 95 
ºC for 6 h. The solvent was removed under reduced pressure and the residue was dissolved in 
water and extracted with Et2O. The organic extracts were dried over MgSO4, filtered and 
concentrated under reduced pressure. Purification by silica gel column chromatography with 
hexane-Et2O (95:5) yielded the corresponding protected aldol 11 as a colorless oil. 

(4S,6S)-7-[(2R,4S,5R)-4-(tert-Butyldimethylsilyloxy)-5-(tert-butyldiphenylsilyloxymethyl) 
tetrahydrofuran-2-yl]-6-methyl-4-(triisopropylsilyloxy)heptan-2-one (11a). 

Alcohol 10a (1.5 g, 2.45 mmol) led to protected 11a
(1.79 g, 93%). [�]D = +27.6 (c 1.0, CHCl3). IR (KBr film) 
ν 2956, 2930, 2864, 1719, 1476, 1427, 1251, 1112 cm-1. 
1H NMR (400 MHz, CDCl3) � 0.03 (s, 3H); 0.05 (s, 3H); 
0.87 (s, 9H); 0.93 (d, J = 6.3 Hz, 3H); 1.05−1.06 (3bs, 

30H); 1.25−1.65 (m, 6H); 2.11 (s, 3H); 2.23 (dt, J = 12.6, 6.5 Hz, 1H); 2.54 (d, J = 5.7 Hz, 2H); 
3.65 (dd, J = 11.0, 3.9 Hz, 1H); 3.70 (dd, J = 11.0, 3.9 Hz, 1H); 3.83 (dt, J = 4.4, 3.9 Hz, 1H); 
4.11−4.19 (m, 1H); 4.36−4.43 (m, 1H); 4.47 (td, J = 6.2, 4.4 Hz, 1H); 7.34−7.44 (m, 6H); 
7.66−7.72 (m, 4H). 13C NMR (100.6 MHz, CDCl3) � −4.8 (q); −4.6 (q); 12.7 (d);  17.9 (s); 18.2 
(q); 19.2 (s); 21.0 (q); 25.8 (q); 26.8 (q); 27.5 (d); 31.7 (q); 41.6 (t); 44.7 (t); 45.4 (t); 50.9 (t); 
64.1 (t); 67.7 (d); 73.1 (d); 76.7 (d); 85.6 (d); 127.6 (d); 129.6 (d); 133.4 (s); 133.5 (s); 135.6 
(d); 207.9 (s). HRMS (+ESI): m/z calcd. for C44H80O5NSi3 (M+NH4) 786.5339, found 786.5365. 

(4S,6S)-7-[(2R,4S,5S)-4-(tert-butyldimethylsilyloxy)-5-(tert-butyldiphenylsilyloxymethyl) 
tetrahydrofuran-2-yl]-6-methyl-4-(triisopropylsilyloxy)heptan-2-one (11b). 

Alcohol 10b (0.97 g, 1.58 mmol) led to protected 11b
(0.96 g, 77%). [�]D =  25.6 (c 1.0, CHCl3). IR (KBr film) 
ν 2931, 2864, 1719, 1463, 1428, 1254, 1113 cm-1. 1H 
NMR (400 MHz, CDCl3) � −0.05 (s, 3H); 0.00 (s, 3H); 
0.80 (s, 9H); 0.91 (d, J = 6.3 Hz, 3H); 1.04 and 1.05 (2bs, 

30H); 1.30−1.66 (m, 7H); 2.12 (s, 3H); 2.23 (dt, J = 13.2, 6.7 Hz, 1H); 2.55 (d, J = 5.7 Hz, 1H); 

� HA � HB � HC

R = R-MPA 2.11 2.68 0.86 
R = S-MPA 1.86 2.57 0.99 
�

RS 0.25 0.11 −0.13 
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3.72−3.80 (m, 2H); 3.81−3.88 (m, 1H); 3.90−3.97 (m, 1H); 4.32 (dt, J = 6.0, 3.7 Hz, 1H); 
4.35−4.44 (m, 1H); 7.34−7.44 (m, 6H); 7.66−7.72 (m, 4H). 13C NMR (100.6 MHz, CDCl3) �
−5.2 (q); −4.6 (q); 12.6 (d);  17.8 (s); 18.2 (q); 19.2 (s); 20.1 (q); 25.7 (q); 26.9 (q); 27.4 (d); 
31.7 (q); 41.9 (t); 44.9 (t); 45.2 (t); 50.8 (t); 63.7 (t); 67.8 (d); 72.6 (d); 75.6 (d); 83.3 (d); 127.5 
(d); 129.5 (d); 133.7 (s); 134.0 (s); 135.6 (d); 135.7 (d); 208.0 (s). HRMS (+ESI): m/z calcd. for 
C44H80O5NSi3 (M+NH4) 786.5339, found 786.5316. 

General procedre for ketone reduction: 
A solution of NaBH4 (1.2 eq.) and ketone 11 (1 eq.) in THF-EtOH 2:1 was stirred at r.t. 

for 16 h. After this time, aqueous sat. NH4Cl was added and the residue was extracted with 
CH2Cl2. The organic extracts were dried over MgSO4, filtered and concentrated under reduced 
pressure. Purification by silica gel column chromatography with hexane-EtOAc (95:5) yielded a 
6:4 mixture of the corresponding alcohol S7 as a colorless oil. 

(2RS,4S,6S)-7-[(2R,4S,5R)-4-(tert-Butyldimethylsilyloxy)-5-(tert-butyldiphenylsilyloxy 
methyl)tetrahydrofuran-2-yl]-6-methyl-4-(triisopropylsilyloxy)heptan-2-ol (S7a). 

Ketone 11a (5.56 g, 7.2 mmol) led to a 6:4 mixture of 
alcohol S7a (4.79 g, 89%). IR (KBr film) ν 3506, 2955, 
2931, 2865, 1463, 1428, 1252, 1113 cm-1. 1H NMR (400 
MHz, CDCl3) � 0.03 (s, 3H); 0.05 (s, 3H); 0.87 (s, 9H); 
0.91 (d, J = 6.1 Hz, 3H); 1.06−1.09 (3bs, 30H); 1.11 and 

1.15 (2d, J = 6.2 Hz, 3H); 1.30−1.75 (m, 8H); 2.24 (dt, J = 12.8, 6.6 Hz, 1H); 3.62−3.96 (m, 
2H); 3.84−3.88 (m, 1H); 3.98−4.06 (m, 1H); 4.12−4.26 (m, 2H); 4.42−4.50 (m, 1H); 7.34−7.44 
(m, 6H); 7.66−7.72 (m, 4H). 13C NMR (100.6 MHz, CDCl3) � −4.8 (q); −4.6 (q); 12.4 (d); 
13.1(d); 17.7 (s); 17.9 (s); 18.1 (q); 18.2 (q); 19.2 (s); 19.6 (q); 19.7 (q); 23.8 (q); 23.9 (q); 25.8 
(q); 26.8 (q); 27.4 (d); 27.7 (d); 41.2 (t); 41.4 (t); 41.6 (t); 42.6 (t); 44.6 (t); 44.7 (t); 45.1 (t); 
45.2 (t); 64.1 (t); 64.2 (d); 66.9 (d); 70.7 (d); 72.1 (d); 73.1 (d); 73.3 (d); 76.9 (d); 85.9 (d); 
127.6 (d); 129.6 (d); 133.4 (s); 133.5 (s); 135.6 (d). HRMS (+ESI): m/z calcd. for 
C44H78O5NaSi3 (M+Na) 793.5049, found 793.5068. 

(2RS,4S,6S)-7-[(2R,4S,5S)-4-(tert-Butyldimethylsilyloxy)-5-(tert-butyldiphenylsilyloxy 
methyl)tetrahydrofuran-2-yl]-6-methyl-4-(triisopropylsilyloxy)heptan-2-ol (S7b). 

Ketone 11b (1.81 g, 2.36 mmol) led to a 6:4 mixture of 
alcohol S7b (1.69 g, 92%). IR (KBr film) ν 3456 (br), 
2955, 2931, 2863, 1463, 1428, 1255, 1113 cm-1. 1H NMR 
(400 MHz, CDCl3) � −0.04 (2s, 3H); 0.01 (s, 3H); 0.81 
(2s, 9H); 0.89 (d, J = 6.3 Hz, 3H); 1.05 and 1.09 (2s, 9H); 

1.08 (bs, 21H); 1.09 and 1.15 (2d, J = 6.2 Hz, 3H); 1.30−1.75 (m, 8H); 2.15−2.25 (m, 1H); 
3.72−3.80 (m, 2H); 3.83−3.88 (m, 1H); 3.91−4.00 (m, 1H); 4.01−4.07 and 4.11−4.25 (2m, 2H); 
4.30−4.35 (m, 1H); 7.34−7.45 (m, 6H); 7.66−7.72 (m, 4H). 13C NMR (100.6 MHz, CDCl3) �
−5.2 (q); −4.6 (q); 12.3 (d); 13.1 (d); 17.7 (s); 18.0 (s); 18.1 (q); 18.2 (q); 19.2 (s); 19.7 (q); 19.8 
(q); 23.8 (q); 25.7 (q); 26.9 (q); 27.4 (d); 27.5 (d); 40.9 (t); 41.7 (t); 41.9 (t); 42.0 (t); 44.3 (t); 
45.2 (t); 45.3 (t); 63.5 (t); 63.6 (t); 64.3 (d); 67.0 (d); 70.9 (d); 72.4 (d); 72.5 (d); 72.6 (d); 75.4 
(d); 75.5 (d); 83.3 (d); 127.5 (d); 129.4 (d); 129.5 (d); 133.8 (s); 133.9 (s); 135.6 (d); 135.7 (d). 
HRMS (+ESI): m/z calcd. for C44H79O5Si3 (M+H) 771.5230, found 771.5217. 

General procedure for thioester formation by Mitsunobu reaction: 
Diisopropyl azodicarboxylate (1.5 eq.) was added to a solution of alcohol S7a (1 eq.), 1-

R-1H-tetrazole-5-thiol (1.5 eq.) and PPh3 (1.5 eq.) in THF. The reaction mixture was stirred at 
r.t. for 5 h. The solvent was removed under reduced pressure and the residue was purified by 
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silica gel column chromatography with hexane-EtOAc (98:2 to 95:5) to yield the corresponding 
thioester S8 as a colorless oil. 

5-[(2RS,4S,6S)-7-((2R,4S,5R)-4-(tert-Butyldimethylsilyloxy)-5-(tert-butyldiphenylsilyloxy 
methyl)tetrahydrofuran-2-yl)-6-methyl-4-(triisopropylsilyloxy)heptan-2-yl-thio]-1-phenyl-
1H-tetrazole (S8a). 

Alcohol S7a (4.9 g, 6.35 mmol) and 1-phenyl-1H-
tetrazole-5-thiol (1.69 g, 9.5 mmol) led to thioester S8a
(4.19 g, 71%). IR (KBr film) ν 2930, 2864, 1598, 1500,  
1462, 1428, 1388, 1251, 1113 cm-1. 1H NMR (400 MHz, 
CDCl3) � 0.03 (2s, 3H); 0.04 and 0.05 (2s, 3H); 0.86 and 
0.87 (2s, 9H); 0.92 (d, J = 6.3 Hz, 3H); 1.01 (s, 13H); 
1.04, 1.05 and 1.06 (3s, 17H); 1.35−1.50 (m, 2H); 1.56 

and 1.58 (2d, J = 6.7 Hz, 3H); 1.54−1.68 (m, 5H); 1.85−2.02 (m, 1H); 2.20−2.27 (m, 1H); 
3.61−3.71 (m, 2H); 3.80−3.85 (m, 1H); 4.04−4.22 (m, 3H); 4.43−4.50 (m, 1H); 7.34−7.44 (m, 
6H);  7.52−7.56 (m, 5H);  7.65−7.71 (m, 4H). 13C NMR (100.6 MHz, CDCl3) � −4.8 (q); −4.6 
(q); 12.9 (d); 17.8 (s); 17.9 (s); 18.2 (q); 18.3 (q); 19.2 (s); 19.8 (q); 21.8 (q); 23.1 (q); 25.8 (q); 
26.8 (q); 27.4 (d); 41.3 (t); 41.6 (t); 42.0 (d); 43.2 (t); 44.7 (t); 44.9 (t); 45.1 (t); 64.1 (t); 68.6 
(d); 68.7 (d); 73.1 (d); 76.9 (d); 85.6 (d); 85.7 (d); 124.0 (d); 127.6 (d); 129.6 (d); 129.9 (d); 
130.0 (d); 133.4 (s); 133.5 (s); 133.8 (s); 135.6 (d); 153.8 (s). HRMS (+ESI): m/z calcd. for 
C51H82O4N4NaSSi3 (M+Na) 953.5257, found 953.5268. 

5-[(2RS,4S,6S)-7-((2R,4S,5S)-4-(tert-Butyldimethylsilyloxy)-5-(tert-butyldiphenylsilyloxy 
methyl)tetrahydrofuran-2-yl)-6-methyl-4-(triisopropylsilyloxy)heptan-2-yl-thio]-1-tert-
butyl-1H-tetrazole (S8b). 

Alcohol S7b (490 mg, 0.63 mmol), and 1-(tert-butyl)-1H-
tetrazole-5-thiol[4] (140 mg, 0.89 mmol) led to S8b (529 
mg, 92%). IR (KBr film) ν 2931, 2864, 1463, 1390, 1253, 
1112 cm-1. 1H NMR (400 MHz, CDCl3) � −0.05 and 
−0.04 (2s, 3H); −0.00 and 0.00 (2s, 3H); 0.79 and 0.80 
(2s, 9H); 0.91 (2d, J = 6.2 Hz, 3H); 1.03 (s, 10H); 1.05, 
1.06 and 1.07 (3s 20H); 1.36−1.48 (m, 3H); 1.53 and 1.54 

(2d, J = 6.6 Hz, 3H); 1.57−1.67 (m, 4H); 1.68 and 1.70 (2s, 9H); 1.84−2.02 (m, 1H); 2.19−2.26 
(m, 1H); 3.72−3.80 (m, 2H); 3.82−3.86 (m, 1H); 3.87−3.96 (m, 1H); 4.07−4.26 (m, 2H); 
4.30−4.36 (m, 1H); 7.32−7.42 (m, 6H);  7.67−7.72 (m, 4H). 13C NMR (100.6 MHz, CDCl3) �
−5.2 (q); −4.7(q); −4.6 (q); 12.9 (d); 17.9 (s); 18.2 (q); 18.3 (q); 19.2 (s); 19.9 (q); 21.8 (q); 23.2 
(q); 25.7 (q); 26.9 (q); 27.4 (d); 28.7 (q); 41.7 (t); 41.8 (t); 41.9 (d); 42.3 (d); 43.1 (t); 43.2 (t); 
44.9 (t); 45.0 (t); 45.1 (t); 60.8 (s); 63.7 (t); 68.8 (d); 72.6 (d); 75.6 (d); 75.9 (d); 83.2 (d); 83.3 
(d); 127.5 (d); 129.4 (d); 132.2 (s); 133.7 (s); 135.6 (d); 135.7 (d); 152.1 (s). HRMS (+ESI): m/z
calcd. for C49H87N4O4SSi3 (M+H) 911.5750, found 911.5740. 

General procedure for oxidation to the sulfone:  
A solution of 70% m-CPBA (2.2 eq) and thioester S8 (1 eq.) in CH2Cl2 was stirred for 

16 h. The reaction mixture was diluted with sat. Na2S2O3 and sat. NaHCO3 and the residue was 
extracted with CH2Cl2. The organic extracts were dried over MgSO4, filtered and concentrated 
under reduced pressure. Purification by silica gel column chromatography with hexane-EtOAc 
(95:5) yielded the corresponding sulfone 2 as a colorless oil. 
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5-[(2RS,4S,6S)-7-((2R,4S,5R)-4-(tert-Butyldimethylsilyloxy)-5-(tert-butyldiphenylsilyloxy 
methyl)tetrahydrofuran-2-yl)-6-methyl-4-(triisopropylsilyloxy)heptan-2-yl-sulfonyl]-1-
phenyl-1H-tetrazole (2a). 

Thioester S8a (4.19 g, 4.5 mmol) led to sulfone 2a (3.85 
g, 89%). IR (KBr film) ν 2930, 2865, 1498, 1463, 1338, 
1252, 1113 cm-1. 1H NMR (400 MHz, CDCl3) � 0.03, 
0.04, 0.05 and 0.06 (4s, 6H); 0.88 and 0.89 (2s, 9H); 0.89 
and 0.92 (2d, J = 6.0 Hz, 3H); 1.06, 1.07 and 1.08 (3s, 
30H); 1.38−1.70 and 1.83−1.91 (2m, 7H); 1.49 and 1.56 
(2d, J = 6.8 Hz, 3H); 2.12−2.28 and 2.42−2.50 (2m, 2H); 

3.62−3.71 (m, 2H); 3.77−3.85 (m, 1H); 4.07−4.21 and 4.24−4.31 (2m, 3H); 4.40−4.51 (m, 1H); 
7.34−7.43 (m, 6H);  7.55−7.62 (m, 3H);  7.64−7.71 (m, 6H). 13C NMR (100.6 MHz, CDCl3) �
−4.8 (q); −4.7 (q); 12.9 (d); 13.5 (q); 15.9 (q); 17.7 (s); 17.9 (s); 18.2 (q); 18.3 (q); 19.0 (s); 19.2 
(q); 19.7 (q); 25.8 (q); 26.8 (q); 27.3 (d); 27.4 (d); 34.1 (t); 35.7 (t); 41.4 (t); 41.6 (t); 44.6 (t); 
45.0 (t); 45.1 (t); 58.6 (d); 58.8 (d); 64.1 (t); 64.3 (t); 67.5 (d); 69.3 (d); 73.1 (d); 73.3 (d); 76.5 
(d); 76.9 (d); 85.8 (d); 85.9 (d); 125.3 (d); 125.4 (d); 127.6 (d); 129.5 (d); 129.6 (d); 131.3 (d); 
133.2 (s); 133.4 (s); 133.5 (s); 135.6 (d); 152.6 (s); 152.7 (s). HRMS (+ESI): m/z calcd. for 
C51H83O6N4SSi3 (M+H) 963.5336, found 963.5351. 

5-[(2RS,4S,6S)-7-((2R,4S,5S)-4-(tert-Butyldimethylsilyloxy)-5-(tert-butyldiphenylsilyloxy 
methyl)tetrahydrofuran-2-yl)-6-methyl-4-(triisopropylsilyloxy)heptan-2-yl-sulfonyl]-1-tert-
butyl-1H-tetrazole (2b). 

Thiotetrazole S8b (2.56 g, 2.8 mmol) led to sulfone 2b
(2.10 g, 80%). IR (KBr film) ν 2941, 2865, 1463, 1332, 
1158, 1113 cm-1. 1H NMR (400 MHz, CDCl3) � −0.04 (s, 
3H); 0.00 and 0.01 (2s, 3H); 0.80 (2s, 9H); 0.91 (d, J = 
6.2 Hz, 3H); 1.05 (2s, 9H); 1.06 and 1.07 (2s, 21H); 
1.37−1.70 (m, 7H); 1.50 and 1.56 (2d, J = 6.9 Hz, 3H); 
1.84 (s, 9H); 2.12−2.26 and 2.42−2.49 (2m, 2H);

3.71−3.78 (m, 2H); 3.82−3.96 (m, 2H); 4.07−4.16 and 4.24−4.43 (2m, 3H); 7.32−7.42 (m, 6H); 
7.67−7.71 (m, 4H). 13C NMR (100.6 MHz, CDCl3) � −5.2 (q); −4.6 (q); 12.9 (d); 13.9 (q); 16.3 
(q); 18.0 (s); 18.2 (q); 18.3 (q); 19.1 (q); 19.2 (s); 19.6 (q); 25.7 (q); 26.9 (q); 27.4 (d); 27.5 (d); 
29.6 (q); 29.7 (q); 34.2 (t); 35.9 (t); 41.7 (t); 41.9 (t); 45.0 (t); 45.2 (t); 45.3 (t); 58.8 (d); 59.3 
(d); 63.5 (t); 65.3 (s); 65.4 (s); 67.6 (d); 69.5 (d); 72.5 (d); 75.6 (d); 75.9 (d); 83.2 (d); 83.3 (d); 
127.5 (d); 129.5 (d); 133.7 (s); 133.8 (s); 134.0 (s); 135.6 (d); 135.7 (d); 153.2 (s); 153.3 (s).
HRMS (+ESI): m/z calcd. for C49H90N5O6SSi3 (M+NH4) 960.5914, found 960.5907.

(2S,3S,5R)-5-[(2S,4S,6RS)-6-(1-(tert-Butyl)-1H-tetrazol-5-yl-sulfonyl)-2-methyl-4-
(triisopropylsilyloxy)heptyl]-2-(hydroxymethyl)tetrahydrofuran-3-ol (S9). 

PPTS (666 mg, 2.6 mmol) was added to a solution of sulfone 
2b (250 mg, 0.26 mmol) in MeOH (10 mL) and the reaction 
was stirred at 65 ºC for 5 h. The solvent was removed under 
reduced pressure and the residue was purified by silica gel 
column chromatography with hexane-EtOAc (80:20 to 50:50) 
to yield S9 (114 mg, 95%) as a colorless oil. IR (KBr film) ν
3419 (br), 2943, 2867, 1464, 1377, 1332, 1159 cm-1.  1H NMR 

(400 MHz, CDCl3) � 0.92 and 0.94 (2d, J = 6.3 Hz, 3H); 1.08 (bs, 21H); 1.41−1.78 and 
1.94−2.03 (m, 6H); 1.55 and 1.61 (2d, J = 6.8 Hz, 3H); 1.86 (2s, 9H); 2.20−2.27 and 2.36−2.50 
(2m, 3H); 3.73−3.80 (m, 1H); 3.86−4.01 (m, 3H); 4.16−4.30 (m, 1H); 4.33−4.41 (m, 1H);
4.43−4.51 (m, 1H). 13C NMR (100.6 MHz, CDCl3) � 12.7 (d); 12.9 (d); 14.4 (q); 16.0 (q); 18.2 
(q); 19.8 (q); 20.1 (q); 26.9 (d); 27.4 (d); 29.7 (q); 33.7 (t); 36.4 (t); 42.7 (t); 42.9 (t); 43.1 (t); 
44.0 (t); 44.5 (t); 45.0 (t); 59.2 (d); 59.3 (d); 61.7 (t); 61.8 (t); 65.5 (s); 65.6 (s); 68.1 (d); 69.6 
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(d); 73.9 (d); 74.1 (d); 75.2 (d); 75.3 (d); 80.6 (d); 80.7 (d); 153.1 (s); 153.2 (s). HRMS (+ESI): 
m/z calcd. for C27H55N4O6SSi (M+H) 591.3606, found 591.3608.

1-(tert-Butyl)-5-[(2RS,4S,6S)-7-((2R,4S,5S)-5-(tert-butyldiphenylsilyloxymethyl)-4-
(trimethylsilyloxy) tetrahydrofuran-2-yl)-6-methyl-4-(triisopropylsilyloxy)heptan-2-yl-
sulfonyl]-1H-tetrazole (2c). 

TBDPSCl (71 µL, 0.27 mmol) was added to a solution of 
diol S9 (150 mg, 0.25 mmol) and imidazole (68 mg, 1 
mmol) in CH2Cl2 (10 mL) and the reaction was stirred for 
1 h. After this time, TMSCl (48 µL, 0.37 mmol) was 
added and the reaction was stirred for further 15 min. 
Finally, the resulting mixture was washed with water, 
dried over MgSO4, filtered and the solvent was removed 

under reduced pressure. Purification by silica gel column chromatography with hexane-EtOAc 
(97:3) yielded 2c (165 mg, 73%) as a colorless oil. IR (KBr film) ν 2943, 2866, 1463, 1333, 
1113 cm-1.  1H NMR (400 MHz, CDCl3) � 0.05 and 0.06 (2s, 9H); 0.91 (d, J = 5.9 Hz, 3H); 1.04 
(s, 9H); 1.07 (2bs, 21H); 1.38−1.68 (m, 7H); 1.50 and 1.56 (2d, J = 6.8 Hz, 3H); 1.84 (s, 9H); 
1.89−1.94, 2.13−2.30 and 2.41−2.49 (3m, 2H); 3.70−3.77 (m, 2H); 3.83−3.93 (m, 2H); 
4.07−4.16 and 4.23−4.31 (2m, 1H); 4.32−4.44 (m, 2H); 7.32−7.43 (m, 6H); 7.66−7.74 (m, 4H). 
13C NMR (100.6 MHz, CDCl3) � 0.0 (q); 12.9 (d); 14.0 (q); 16.2 (q); 18.2 (q); 18.3 (q); 19.2 (s); 
19.2 (q); 19.7 (q); 26.9 (q); 27.4 (d); 27.5 (d); 29.6 (q); 29.7 (q); 34.2 (t); 35.9 (t); 41.8 (t); 41.9 
(t); 44.7 (t); 45.0 (t); 45.1 (t); 58.9 (d); 59.2 (d); 62.8 (t); 65.3 (s); 65.4 (s); 67.7 (d); 69.4 (d); 
72.1 (d); 75.5 (d); 75.9 (d); 82.8 (d); 83.0 (d); 127.5 (d); 129.5 (d); 133.7 (s); 133.8 (s); 134.0 
(s); 135.6 (d); 135.7 (d); 153.2 (s); 153.3 (s). HRMS (+ESI): m/z calcd. For C46H84N5O6Ssi3 
(M+NH4) 918.5445, found 918.5443.

Kinetic resolution of 12:[5]
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 Lipase PS-30 (4.32 g) was added to a solution of (±)-12 (2.15 g, 12.5 mmol) in vinyl 
acetate (10 mL) and pentane (25 mL), and the suspension was stirred for 48 h at 37 ºC. The 
residue was filtered through Celite® 545, and the solvent was removed under reduced pressure. 
Purification by silica gel column chromatography with hexane-EtOAc (90:10) yielded R-12
(1.05 g, 49%) and S-Ac-12 (1.28 g, 48%) as colorless oils. R-12: 1H NMR (400 MHz, CDCl3) �
1.46 (s, 9H); 2.43 (dd, J = 16.2, 8.3 Hz, 1H); 2.51 (dd, J = 16.2, 4.0 Hz, 1H); 3.11 (bs, OH); 
4.45−4.52 (m, 1H); 5.14 (dt, J = 10.5, 1.4 Hz, 1H); 5.30 (dt, J = 17.2, 1.4 Hz, 1H); 5.87 (ddd, J
= 17.2, 10.5, 5.5 Hz, 1H). S-Ac-12: 1H NMR (400 MHz, CDCl3) � 1.44 (s, 9H); 2.05 (s, 3H); 
2.52 (dd, J = 15.3, 5.8 Hz, 1H); 2.60 (dd, J = 15.3, 8.0 Hz, 1H); 5.20 (dd, J = 10.5, 1.0 Hz, 1H); 
5.30 (dd, J = 17.2, 1.0 Hz, 1H); 5.57−5.63 (m, 1H); 5.83 (ddd, J = 17.2, 10.5, 6.2 Hz, 1H). 

tert-Butyl (R)-3-(triisopropylsilyloxy)pent-4-enoate (S10). 
Triisopropylsilyl trifluoromethanesulfonate (1.98 mL, 7.34 mmol) was 
added to a solution of aldol (R)-12 (1.05 g, 6.1 mmol), imidazole (830 mg, 
12.2 mmol) and DMAP (20 mg) in THF (60 mL), and the reaction mixture 

was stirred for 16 h at reflux temperature. The solvent was removed under reduced pressure and 
the residue was dissolved in water and extracted with CH2Cl2. The organic extracts were dried 
over MgSO4, filtered and concentrated under reduced pressure. Purification by silica gel column 
chromatography with hexane-EtOAc (97:3) yielded S10 (1.78 g, 89%) as a colorless oil. [�]D = 
 −3.8 (c 1.0, CHCl3). IR (KBr film) ν 2944, 2867, 1732, 1464, 1367, 1256, 1161 cm-1. 1H NMR 
(400 MHz, CDCl3) � 1.04−1.07 (m, 21H); 1.43 (s, 9H); 2.37 (dd, J = 14.4, 7.5 Hz, 1H); 2.56 
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(dd, J = 14.4, 5.8 Hz, 1H); 4.59−4.65 (m, 1H); 5.06 (ddd, J = 10.4, 1.7, 1.1 Hz, 1H); 5.20 (ddd, 
J = 17.2, 1.7, 1.1 Hz, 1H); 5.87 (ddd, J = 17.2, 10.4, 6.7 Hz, 1H). 13C NMR (100.6 MHz, 
CDCl3) � 12.3 (d);  18.0 (q); 18.1 (q); 28.1 (q); 45.2 (t); 71.3 (d); 80.4 (s); 114.5 (t); 140.6 (d); 
170.1 (s). HRMS (+ESI): m/z calcd. for C18H37O3Si (M+H) 329.2507, found 329.2506. 

tert-Butyl (R)-4-oxo-3-(triisopropylsilyloxy)butanoate (3). 
Ozone gas was bubbled into a solution of olefin S10 (1.45 g, 4.41 mmol) in 
a 4:1 mixture of CH2Cl2-MeOH (100 mL) at −78ºC until the blue color 
persisted. Argon was passed through the solution for 10 min at −78ºC to 

remove any excess ozone. Then, PPh3 (1.5 g, 5.73 mmol) was added and the solution was stirred 
at r.t. for 16 h. The reation mixture was concentrated under reduced pressure and filtered 
through silica to yield 3 (1.35 g, 93%) as a colorless oil. [�]D = +11.5 (c 1.0, CHCl3). IR (KBr 
film) ν 2944, 2868, 1736, 1464, 1367, 1256, 1157 cm-1. 1H NMR (400 MHz, CDCl3) �
1.04−1.07 (m, 21H); 1.44 (s, 9H); 2.66 (ddd, J = 15.7, 5.8, 0.8 Hz, 1H); 2.78 (dd, J = 15.7, 4.0 
Hz, 1H); 4.32 (ddd, J = 5.8, 4.0, 0.8 Hz, 1H); 9.80 (t, J = 0.8, 1H). 13C NMR (100.6 MHz, 
CDCl3) � 12.1 (d);  17.8 (q); 28.0 (q); 41.22 (t); 74.2 (d); 81.4 (s); 169.0 (s); 204.2 (d). HRMS 
(+ESI): m/z calcd. for C17H35O4Si (M+H) 331.2299, found 331.2297. 

General Procedure for Julia-Kocienski olefination: 
A 2M solution of LDA in THF/heptane/ethylbenzene (2 eq.) was added to a solution of 

sulfone 2 (1 eq.) and HMPA (2 eq.) in THF with 4Å molecular sieves, and the solution was 
stirred for 1 min. After this time, a solution of aldehyde 3 (2 eq.) in THF was added and the 
solution was stirred for an additional 2 h. The reaction mixture was quenched with sat. NH4Cl 
and was extracted with CH2Cl2. The organic extracts were dried over MgSO4, filtered and 
concentrated under reduced pressure. The residue was dissolved in EtOH and 40% NaHSO3, the 
white precipitate was removed by filtration and the solvent was concentrated under reduced 
pressure. Purification by silica gel column chromatography with hexane-Et2O (97:3) yielded the 
corresponding olefin 13 as a colorless oil. 

tert-Butyl (3R,7S,9S,Z)-10-[(2R,4S,5R)-4-(tert-butyldimethylsilyloxy)-5-(tert-butyldiphenyl 
silyloxymethyl)tetrahydrofuran-2-yl]-5,9-dimethyl-3,7-bis(triisopropylsilyloxy)dec-4-
enoate (13a). 

Sulfone 2a (670 mg, 0.69 mmol) and aldehyde 3 (460 
mg, 1.39 mmol) led to olefin 13a as a Z:E (7:3) mixture 
of diastereomers. The major diastereomer could be 
isolated independently (283 mg, 38%). [�]D = +14.3 (c 
1.0, CHCl3). IR (KBr film) ν 2930, 2865, 1733, 1463, 
1367, 1256, 1112 cm-1.  1H NMR (400 MHz, CDCl3) �
0.03 (s, 3H); 0.05 (s, 3H); 0.87 (s, 9H); 0.93 (d, J = 6.6 

Hz, 3H); 1.06 (bs, 51H); 1.26−1.38 (m, 2H); 1.42 (s, 9H); 1.50−1.61 (m, 3H); 1.66−1.69 (m, 
1H); 1.67 (s, 3H);  2.19−2.28 (m, 3H); 2.38−2.41 (m, 2H); 3.66 (dd, J = 11.0, 3.9 Hz, 1H); 3.71 
(dd, J = 11.0, 3.9 Hz, 1H); 3.83 (q, J = 3.9 Hz, 1H); 4.08−4.17 (m, 2H); 4.46−4.42 (m, 1H); 
4.91−4.80 (m, 1H); 5.30 (d, J = 7.5 Hz, 1H); 7.34−7.45 (m, 6H); 7.66−7.72 (m, 4H). 13C NMR 
(100.6 MHz, CDCl3) � −4.8 (q); −4.6 (q); 12.5 (d); 13.0 (d); 17.9 (s); 18.1 (q); 18.2 (q); 18.3 (q); 
18.4 (q); 19.2 (s); 20.5 (q); 23.2 (q); 25.8 (q); 26.8 (q); 27.7 (d); 28.1 (q); 40.8 (t); 41.8 (t); 43.6 
(t); 45.7 (t); 46.2 (t); 64.2 (t); 67.0 (d); 68.7 (d); 73.0 (d); 77.5 (d); 79.9 (s); 85.5 (d); 127.6 (d); 
129.6 (d); 131.8 (s); 132.0 (d); 133.4 (s); 133.6 (s); 135.6 (d); 135.7 (d); 170.3 (s). HRMS 
(+ESI): m/z calcd. for C61H114NO7Si4 (M+NH4) 1084.7667, found 1084.7664. 
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tert-Butyl (3R,7S,9S,Z)-10-[(2R,4S,5S)-4-(trimethylsilyloxy)-5-(tert-butyldiphenylsilyloxy 
methyl)tetrahydrofuran-2-yl]-5,9-dimethyl-3,7-bis(triisopropylsilyloxy)dec-4-enoate (13b). 

Sulfone 2c (165 mg, 0.18 mmol) and aldehyde 3 (165 
mg, 0.5 mmol) led to olefin 13b as a Z:E (97:3) mixture 
of diastereomers (76 mg, 42%). [�]D = +5.0 (c 0.5, 
CH2Cl2). IR (KBr film) ν 2943, 2866, 1732, 1464, 1367, 
1252, 1112 cm-1.  1H NMR (400 MHz, CDCl3) � −0.06 (s, 
9H); 0.93 (d, J = 6.6 Hz, 3H); 1.02 and 1.04 (2bs, 51H); 
1.28−1.34 (m, 2H); 1.42 (s, 9H); 1.45−1.57 (m, 3H); 

1.63−1.65 (m, 1H); 1.66 (d, J = 1.4 Hz, 3H); 2.12−2.29 (m, 3H); 2.39 (d, J = 6.1 Hz, 2H); 
3.70−3.78 (m, 2H); 3.80−3.92 (m, 2H); 4.05−4.11 (m, 1H); 4.37 (dt, J = 6.6, 4.1 Hz, 1H); 
4.91−4.98 (m, 1H); 5.29 (d, J = 8.6 Hz, 1H); 7.32−7.42 (m, 6H); 7.66−7.74 (m, 4H). 13C NMR 
(100.6 MHz, CDCl3) � 0.0 (q); 12.5 (d); 13.0 (d); 18.1 (q); 18.3 (q); 19.2 (s); 20.5 (q); 23.1 (q); 
26.9 (q); 27.8 (d); 28.1 (q); 40.6 (t); 42.2 (t); 43.7 (t); 45.7 (t); 46.0 (t); 62.8 (t); 67.0 (d); 68.8 
(d); 72.1 (d); 76.3 (d); 79.9 (s); 83.0 (d); 127.5 (d); 129.4 (d); 131.9 (d); 133.8 (s); 134.0 (s); 
135.6 (d); 135.7 (d); 170.4 (s). HRMS (+ESI): m/z calcd. For C58H104NaO7Si4 (M+Na) 
1047.6751, found 1047.6776.

(3R,7S,9S,Z)-10-[(2R,4S,5R)-4-(tert-Butyldimethylsilyloxy)-5-(tert-butyldiphenylsilyloxy 
methyl)tetrahydrofuran-2-yl]-5,9-dimethyl-3,7-bis(triisopropylsilyloxy)dec-4-enoic acid 
(S11). 

Trimethylsilyl trifluoromethanesulfonate (0.1 mL, 0.55 
mmol) was added to a solution of 13a (120 mg, 0.11 
mmol) and Et3N (0.15 mL, 1.1 mmol) in CH2Cl2 (5 mL) 
and the reaction mixture was stirred for 15 min. The 
solution was diluted with CH2Cl2 and was washed with 
sat. NaHCO3 and sat. NH4Cl. The organic layers were 
dried over MgSO4, filtered and concentrated under 

reduced pressure. Purification by silica gel column chromatography with hexane-EtOAc (95:5) 
yielded S11a (106 mg, 96%) as a colorless oil. [�]D = +10.6 (c 1.0, CHCl3). IR (KBr film) ν
2930, 2865, 1712, 1463 , 1256, 1106 cm-1.  1H NMR (400 MHz, CDCl3) � 0.01 (s, 3H); 0.03 (s, 
3H); 0.86 (s, 9H); 0.94 (d, J = 6.6 Hz, 3H); 1.05 and 1.06 (2bs, 51H); 1.22−1.28 (m, 1H); 
1.38−1.46 (m, 1H); 1.50−1.62 (m, 3H); 1.67−1.73 (m, 1H); 1.72 (s, 3H);  2.02−2.10 (m, 1H); 
2.25 (dt, J = 12.6, 6.5 Hz, 1H); 2.34 (dd, J = 13.3, 5.8 Hz, 1H); 2.53 (dd, J = 14.8, 5.2 Hz, 1H); 
2.61 (dd, J = 14.8, 5.6 Hz, 1H); 3.63−3.71 (m, 2H); 3.85 (q, J = 4.2 Hz, 1H); 4.06−4.14 (m, 
1H); 4.17 (p, J = 6.9 Hz, 1H); 4.39−4.45 (m, 1H); 4.86−4.92 (m, 1H); 5.33 (d, J = 8.0 Hz, 1H); 
7.34−7.45 (m, 6H); 7.65−7.71 (m, 4H). 13C NMR (100.6 MHz, CDCl3) � −4.9 (q); −4.7 (q); 12.2 
(d); 13.0 (d); 17.9 (q); 18.0 (q); 18.3 (q); 19.2 (s); 20.9 (q); 23.9 (q); 25.8 (q); 26.8 (q); 27.5 (d); 
41.0 (t); 41.6 (t); 43.3 (t); 43.5 (t); 45.2 (t); 64.2 (t); 66.9 (d); 69.4 (d); 73.1 (d); 77.1 (d); 85.7 
(d); 127.6 (d); 129.5 (d); 129.6 (d); 133.4 (s); 133.5 (s); 135.6 (d); 135.7 (d); 172.0 (s). HRMS 
(+ESI): m/z calcd. for C57H106NO7Si4 (M+NH4) 1028.7041, found 1028.7022. 

(3R,7S,9S,Z)-10-[(2R,4S,5R)-5-(tert-Butyldiphenylsilyloxymethyl)-4-hydroxytetrahydro 
furan-2-yl]-5,9-dimethyl-3,7-bis(triisopropylsilyloxy)dec-4-enoic acid (14a). 

Pyridinium p-toluenesulfonate (251 mg, 1 mmol) was 
added to a solution of S11a (106 mg, 0.1 mmol) in 
MeOH (5 mL) and the reaction mixture was stirred for 16 
h. The solvent was removed under reduced pressure and 
the residue was purified by silica gel column 
chromatography with hexane-EtOAc (95:5 to 80:20) to 
yield 14a (64 mg, 71%) as a colorless oil.  [�]D = +0.1 (c 

1.0, CHCl3). IR (KBr film) ν 2943, 2866, 1712, 1463, 1105 cm-1.  1H NMR (400 MHz, CDCl3) �
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0.92 (d, J = 6.6 Hz, 3H); 1.06 (bs, 51H); 1.24−1.30 (m, 1H); 1.39−1.47 (m, 1H); 1.51−1.57 (m, 
2H); 1.59−1.71 (m, 2H); 1.71 (d, J = 1.3 Hz, 3H); 2.00−2.07 (m, 1H); 2.32−2.41 (m, 2H); 2.52 
(dd, J = 14.8, 5.3 Hz, 1H); 2.61 (dd, J = 14.8, 5.5 Hz, 1H); 3.63 (dd, J = 10.4, 6.4 Hz, 1H); 3.78 
(dd, J = 10.4, 4.4 Hz, 1H); 3.87 (dt, J = 6.4, 4.4 Hz, 1H); 4.01−4.10 (m, 1H); 4.11−4.18 (m, 
1H); 4.38−4.44 (m, 1H); 4.84-4.91 (m, 1H); 5.31 (d, J = 8.3 Hz, 1H); 7.35−7.46 (m, 6H); 
7.64−7.69 (m, 4H). 13C NMR (100.6 MHz, CDCl3) � 12.3 (d); 13.0 (d); 17.8 (q); 17.9 (q); 18.3 
(q); 19.2 (s); 20.8 (q); 24.3 (q); 26.9 (q); 27.5 (d); 40.8 (t); 41.0 (t); 43.3 (t); 43.5 (t); 45.2 (t); 
65.0 (t); 66.9 (d); 69.6 (d); 74.7 (d); 76.9 (d); 84.2 (d); 127.8 (d); 129.5 (d); 129.8 (d); 133.1 (s); 
134.6 (s); 135.5 (d); 135.6 (d); 172.3 (s). HRMS (+ESI): m/z calcd. for C51H92NO7Si3 (M+NH4) 
914.6176, found 914.6165.

(3R,7S,9S,Z)-10-((2R,4S,5S)-5-(tert-Butyldiphenylsilyloxymethyl)-4-hydroxytetrahydro 
furan-2-yl)-5,9-dimethyl-3,7-bis(triisopropylsilyloxy)dec-4-enoic acid (14b). 

TMSOTf (58 µL, 0.32 mmol) was added to a solution of 
13b (65 mg, 0.06 mmol) and Et3N (88 µL, 1.5 mmol) in 
CH2Cl2 (5 mL) and the reaction was stirred for 10 min. 
The solution was washed with sat. NaHCO3 and sat. 
NH4Cl; the organic residue was dried over MgSO4, 
filtered and concentrated under reduced pressure. The 
resulting crude product was dissolved in MeOH (5 mL) 

and pyridinium p-toluenesulfonate (80 mg, 0.31 mmol) was added; the reaction was stirred for 
further 15 min. The solvent was removed under reduced pressure and the residue was purified 
by silica gel column chromatography with hexane-EtOAc (95:5 to 80:20) to yield 14b (33 mg, 
58%) as a colorless oil.  [�]D = −3.4 (c 1.0, CH2Cl2). IR (KBr film) ν 2942, 2866, 1712, 1463, 
1105 cm-1.  1H NMR (400 MHz, CDCl3) � 0.95 (d, J = 6.7 Hz, 3H); 1.05 (2bs, 51H); 1.18−1.24 
(m, 1H); 1.42−1.49 (m, 1H); 1.51−1.59 (m, 1H); 1.60−1.69 (m, 2H); 1.73 (d, J = 1.4 Hz, 3H); 
1.74−1.80 (m, 1H); 2.02 (dd, J = 13.3, 7.5 Hz, 1H); 2.39 (dt, J = 13.3, 6.9 Hz, 1H); 2.41−2.46 
(m, 1H); 2.54 (dd, J = 14.4, 6.1 Hz, 1H); 2.59 (dd, J = 14.4, 5.4 Hz, 1H); 3.83−3.87 (m, 1H); 
3.89−3.98 (m, 3H); 4.04−4.12 (m, 1H); 4.53 (dt, J = 6.7, 4.4 Hz, 1H) 4.82−4.89 (m, 1H); 5.31 
(d, J = 8.9 Hz, 1H); 7.34−7.47 (m, 6H); 7.64−7.74 (m, 4H). 13C NMR (100.6 MHz, CDCl3) �
12.3 (d); 13.1 (d); 17.9 (q); 18.0 (q); 18.3 (q); 19.1 (s); 21.2 (q); 24.7 (q); 26.8 (q); 27.6 (d); 41.0 
(t); 41.9 (t); 43.4 (t); 43.5 (t); 44.3 (t); 63.2 (t); 66.7 (d); 67.0 (d); 73.7 (d); 75.9 (d); 80.4 (d); 
127.8 (d); 129.5 (d); 129.9 (d); 133.4 (s); 132.7 (s); 134.7 (s); 135.5 (d); 135.6 (d); 171.9 (s). 
HRMS (-ESI): m/z calcd. For C51H87O7Si3 (M-H) 895.5765, found 895.5793.

General procedure for Yamaguchi lactonization: 
A solution of 2,4,6-trichlorobenzoyl chloride (2 eq.) in THF was added to a solution of 

seco-acid 14 (1 eq.) and Et3N (3 eq.) in THF. The reaction mixture was stirred for 5 min and 
DMAP (1 eq.) was added. The reaction mixture was stirred for further 5 h. The solvent was 
removed under reduced pressure and the residue was purified by silica gel column 
chromatography with hexane-Et2O (98:2) to yield the corresponding macrocycle/s 1 as colorless 
oil/s. 

(1S,5R,9S,11S,13R,15R,Z)-15-(tert-Butyldiphenylsilyloxymethyl)-7,11-dimethyl-5,9-bis 
(triisopropylsilyloxy)-2,14-dioxabicyclo[11.2.1]hexadec-6-en-3-one (1a). 

Seco-acid 14a (40 mg, 0.044 mmol) led to macrocycle 1a
(15 mg, 39%). [�]D = +2.1 (c 0.5, CHCl3). IR (KBr film) ν
2943, 2865, 1745, 1463, 1273, 1117 cm-1.  1H NMR (400 
MHz, CDCl3) � 0.94 (d, J = 6.3 Hz, 3H); 1.06 (bs, 51H); 
1.37−1.48 (m, 2H); 1.52−1.58 (m, 1H); 1.63−1.71 (m, 1H); 
1.78 (s, 3H); 1.98−2.07 (m, 2H); 2.18−2.25 (m, 1H); 2.29 

(dd, J = 14.0, 4.1 Hz, 1H); 2.48 (dd, J = 14.0, 6.9 Hz, 1H); 2.65 (d, J = 5.3 Hz, 2H); 3.66 (dd, J
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= 10.9, 4.0 Hz, 1H), 3.80 (dd, J = 10.9, 3.3 Hz, 1H); 4.06−4.14 (m, 2H); 4.43−4.50 (m, 1H); 
4.94−5.01 (m, 1H); 5.27 (d, J = 5.6 Hz, 1H); 5.41 (d, J = 7.7 Hz, 1H); 7.35−7.46 (m, 6H); 
7.65−7.72 (m, 4H). 13C NMR (100.6 MHz, CDCl3) � 12.4 (d); 12.8 (d); 18.0 (q); 18.2 (q); 19.2 
(s); 20.2 (q); 24.4 (q); 26.8 (q); 27.1 (d); 34.1 (t); 39.9 (t); 41.8 (t); 46.5 (t); 47.1 (t); 64.9 (t); 
67.7 (d); 70.8 (d); 77.5 (d); 78.3 (d); 84.2 (d); 127.7 (d); 129.6 (d); 129.7 (d); 131.4 (d); 133.2 
(s); 133.3 (s); 134.7 (s); 135.6 (d); 170.7 (s). HRMS (+ESI): m/z calcd. for C51H90NO6Si3 
(M+NH4) 896.6070, found 896.6062. 

(1S,5R,9S,11S,13R,15RS,Z)-15-(tert-Butyldiphenylsilyloxymethyl)-7,11-dimethyl-5,9-bis 
(triisopropylsilyloxy)-2,14-dioxabicyclo[11.2.1]hexadec-6-en-3-one (1b and 1c). 
Seco-acid 14b (32 mg, 0.035 mmol) led to macrocycles 1b (9 mg, 29%) and 1c (2 mg, 6%).  

(15S)-1b: 1H NMR (400 MHz, CDCl3) � 0.96 and 0.97 (2s, 
20H); 1.00 (d, J = 6.6 Hz, 3H); 1.03 and 1.04 (2s, 31H); 
1.31−1.47 (m, 4H); 1.53−1.66 (m, 2H); 1.72 (d, J = 1.2 Hz, 
3H); 2.03 (dd, J = 13.6, 6.0 Hz, 1H); 2.30 (dd, J = 15.1, 4.0 
Hz, 1H); 2.36 (dd, J = 13.6, 6.7 Hz, 1H); 2.42 (dd, J = 15.1, 
8.4 Hz, 1H); 2.48 (dt, J = 13.7, 7.0 Hz, 1H); 3.75−3.82 (m, 

1H); 3.83−3.89 (m, 3H); 4.04 (p, J = 10.9 Hz, 1H); 4.86 (td, J = 8.4, 4.0 Hz, 1H); 5.16−5.20 (m, 
1H); 5.21 (d, J = 8.4 Hz, 1H); 7.33−7.42 (m, 6H); 7.66−7.72 (m, 4H). 13C NMR (100.6 MHz, 
CDCl3) � 12.6 (d); 13.1 (d); 18.1 (q); 18.2 (q); 18.5 (q); 19.4 (s); 20.5 (q); 25.5 (q); 27.0 (q); 
28.8 (d); 40.2 (t); 40.8 (t); 43.3 (t); 44.3 (t); 45.9 (t); 62.8 (t); 66.8 (d); 70.1 (d); 74.3 (d); 77.5 
(d); 81.4 (d); 127.7 (d); 127.8 (d); 129.7 (d); 131.3 (d); 133.4 (s); 133.7 (s); 134.0 (s); 135.7 (d); 
135.8 (d); 170.6 (s). HRMS (+ESI): m/z calcd. for C51H90NO6Si3 (M+NH4) 896.6070, found 
896.6053. 

(15R)-1c: 1H NMR (400 MHz, CDCl3) � 0.88 (d, J = 5.2 Hz, 
3H); 1.02 and 1.05 (2s, 51H); 1.25−1.44 (m, 3H); 1.58−1.71 
(m, 2H); 1.74 (d, J = 1.4 Hz, 3H); 1.99 (dd, J = 14.2, 2.1 Hz, 
1H); 2.14−2.21 (m, 1H); 2.31 (dd, J = 14.3, 5.0 Hz, 1H); 
2.42 (dd, J = 14.3, 5.8 Hz, 1H); 2.47 (dd, J = 15.1, 6.2 Hz, 
1H); 2.62 (dt, J = 15.1, 5.3 Hz, 1H); 3.80−3.84 (m, 2H); 
3.92−3.97 (m, 1H); 4.04 (td, J = 6.6, 3.4 Hz, 1H); 4.19−4.26 

(m, 1H); 4.75 (dt, J = 7.8, 5.8 Hz, 1H); 5.31−5.35 (m, 2H); 7.33−7.44 (m, 6H); 7.61−7.68 (m, 
4H). 13C NMR (100.6 MHz, CDCl3) � 12.5 (d); 12.9 (d); 18.2 (q); 18.4 (q); 19.4 (s); 20.5 (q); 
25.3 (q); 26.9 (q); 27.0 (d); 35.1 (t); 40.3 (t); 43.6 (t); 46.1 (t); 47.1 (t); 62.3 (t); 67.0 (d); 71.1 
(d); 74.6 (d); 76.9 (d); 82.2 (d); 127.8 (d); 129.8 (d); 131.5 (d); 133.6 (s); 133.7 (s); 135.0 (s); 
135.7 (d); 170.8 (s). HRMS (+ESI): m/z calcd. for C51H90NO6Si3 (M+NH4) 896.6070, found 
896.6057. 
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6. NMR data table of macrocycles 1a-c. Spectra recorded in CDCl3  

�

�

�

1a 1b 1c 

δδ
H
, mult, J (Hz) δ

C
, mult δ

H
, mult, J (Hz) δ

C
, mult δ

H
, mult, J (Hz) δ

C
, mult 

1 - 170.9, s - 170.6, s - 170.8, s 

2 2.65, d, 5.3 46.6, t 2.42, dd, 15.1, 8.4 
2.30, dd, 15.1, 4.0 44.3, t 2.62, dd, 15.1, 5.3 

2.47 dd, 15.1, 6.2 46.1, t

3 4.97, m 67.8, d 4.86, td, 8.4, 4.0 66.8, d 4.75 dt, 7.8, 5.8 67.0, d 

4 5.41, d, 7.7  131.6, d 5.21, d, 8.4 131.3, d 5.33, m 131.5, d

5 - 134.8, s - 133.4, s - 135.0, s

6 2.48, dd, 14.0, 6.9  
2.29 dd, 14.0, 4.4 40.0, t 2.36, dd, 13.6, 6.7 

2.03, dd, 13.6, 6.0 40.2, t 2.42, dd, 14.3, 5.8 
2.31 dd, 14.3, 5.0 40.3, t

7 4.11, m 71.0, d 4.04, p, 6.3 70.1, d 3.95, m 71.1, d 

8 1.69, dt, 13.5, 6.6 
1.42, m 47.2, t 1.34, m 45.9, t 1.60, m  

1.33, m 47.1, t

9 1.56, m 27.2, d 1.63, m 28.8, d 1.34 m 27.0, d

10 2.05, m 
1.42, m 42.0, t 1.57, m 

1.44, m 43.3, t 1.66, m  
1.38, m 43.6, t

11 4.46, m 78.5, d 3.78, m 77.5, d 4.22, m 77.0, d 

12 2.22, ddd, 13.8, 7.8, 5.8 
2.01, d, 13.8 34.3, t 2.48, dt, 13.7, 7.0 

1.36, m 40.8, t 2.17, m 
1.99, dd, 14.2, 2.1 35.1 t 

13 5.27, d, 5.6 77.7, d 5.18, m 74.3, d 5.33, m 74.6, d

14 4.10, m 84.4, d 3.84, m 81.4, d 4.04, td, 6.6, 3.4 82.2, d 

15 3.66, dd, 10.9, 4.0      
3.80, dd, 10.9, 3.3 64.9 t 3.86, m 62.8 t 3.82, m 62.3 t 

32 1.78, s 24.6, q 1.72, d, 1.2 25.5, q 1.74, d, 1.4 25.3, q 

33 0.94, d, 6.3 20.4, q 1.00, d, 6.6 20.5, q 0.88 d, 5.2 20.5, q

�

7. NMR spectra
NMR spectra images are available in the supporting information in electronic format. 
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1. General Procedures  

Tetrahydrofuran (THF) and N,N-dimethylformamide (DMF) were dried using  a 
PureSolv solvent purification system. All other solvents and reagents were used as purchased 
without further purification, unless otherwise indicated. Flash column chromatography was 
performed on SDS silica gel (60A 35-70 µm) as stationary phase. Analytical TLC was 
performed on pre-coated silica gel 60 F254 plates (0.2 mm thick, 20x20 cm) and visualized under 
UV light (254 and 360 nm), with anisaldehyde in conc. H2SO4 or with phosphomolybdic acid in 
ethanol. Polarimetry studies were performed on a Perkin-Elmer 241 or JascoP-2000 polarimeter 
equipped with a Na-lamp. IR spectra were recorded on a Thermo Nicolet FT-IR Nexus 
spectrometer. 1H-NMR and 13C-NMR were recorded on a Varian Mercury 400MHz. Chemical 
shifts are reported in ppm referenced to the appropriate residual solvent peaks (CDCl3) and 
coupling constants are reported in Hz. Multiplicity of the carbons was assigned with gHSQC 
experiments. Standard abbreviations for off-resonance decoupling were employed: s = singlet, d 
= doublet, t = triplet, q = quadruplet. The same abbreviations were also used for the multiplicity 
of signals in 1H-NMR, along with bs = broad singlet, m = multiplet. High Resolution Mass 
Spectroscopy (HRMS) was performed on an Agilent LC/MSD-TOF 2006 system using the ESI-
MS technique. 

2. Experimental procedures and characterization 

General Procedure for the preparation of sulfones 2a and 2b: 
Diisopropyl azodicarboxylate (DIAD) (2.5 eq.) was added to a solution of known 

alcohol 4 (1 eq.), 1-phenyl-1H-tetrazole-5-thiol or 1-(tert-butyl)-1H-tetrazole- 5-thiol2 (2.5 eq. 
or 1.4 eq. respectively) and PPh3 (2.5 eq.) in THF. The reaction mixture was stirred for 6 h. The 
solvent was removed under reduced pressure and the residue was purified by silica gel column 
chromatography with hexane-Et2O (95:5 to 80:20) to yield the corresponding thiotetrazole S1 as 
a mixture of diastereomers. 

A solution of 70% 3-chloroperoxybenzoic acid (m-CPBA) (1 eq.) and S1 (2.3 eq.) in 
CH2Cl2 (50 mL) was stirred for 16 h. The reaction mixture was dissolved with sat. Na2S2O3 and 
sat. NaHCO3 and the residue was extracted with CH2Cl2. The organic extracts were dried over 
MgSO4, filtered and concentrated under reduced pressure. Purification by silica gel column 
chromatography with hexane-EtOAc (95:5) yielded the corresponding sulfone 2 as a mixture of 
diastereomers. 
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5-[(2RS,4S,6S)-7-((2R,4S,5S)-4-(tert-Butyldimethylsilyloxy)-5-(tert-butyldiphenylsilyloxy-
methyl)tetrahydrofuran-2-yl)-6-methyl-4-(triisopropylsilyloxy)heptan-2-yl-thio]-1-phenyl-
1H-tetrazole (S1a). 

Alcohol 4 (1.60 g, 1.08 mmol), and 1-phenyl-1H-
tetrazole-5-thiol (463 mg, 2.60 mmol) led to S1a (1.36 g, 
70%). IR (KBr film) ν 2930, 2864, 1598, 1500,  1462, 
1388, 1251, 1112 cm-1. 1H NMR (400 MHz, CDCl3) �
−0.05 (2s, 3H); 0.00 and 0.01 (2s, 3H); 0.79 and 0.80 (2s, 
9H); 0.86 and 0.91 (2d, J = 6.0 Hz, 3H); 1.01 (s, 13H); 
1.04, 1.05 and 1.06 (3s 17H); 1.35−1.45 (m, 2H); 1.57 (d, 
J = 6. Hz, 3H); 1.46−1.72 (m, 5H); 1.87−2.02 (m, 1H); 

2.18−2.26 (m, 1H); 3.72−3.79 (m, 2H); 3.83−3.88 (m, 1H); 3.89−3.96 (m, 1H); 4.03−4.14 (m, 
1H); 4.15−4.24 (m, 1H); 4.29−4.36 (m, 1H);  7.31−7.42 (m, 6H);  7.49−7.56 (m, 5H);  
7.66−7.72 (m, 4H). 13C NMR (100.6 MHz, CDCl3) � −5.2 (q); −4.7 (2q); 12.9 (2d); 17.7 (s); 
17.9 (s); 18.2 (2q); 18.3 (2q); 19.2 (s); 19.8 (q); 19.9 (q); 21.7 (q); 23.2 (q); 25.7 (q); 26.9 (q); 
27.4 (2d); 41.3 (d); 41.7 (d); 41.9 (t); 43.0 (t); 44.8 (t); 44.9 (t); 45.0 (t); 45.1 (t); 63.7 (t); 68.7 
(d); 68.8 (d); 72.6 (d); 75.6 (d); 75.9 (d); 83.2 (d); 83.3 (d); 124.0 (2d); 127.5 (2d); 129.5 (d); 
129.6 (d); 129.9 (d); 133.7 (s); 133.8 (s); 134.0 (s); 135.6 (d); 135.7 (d); 153.8 (s); 153.9 (s).
HRMS (+ESI): m/z calcd. for C51H82O4N4NaSSi3 (M+Na) 953.5257, found 953.5240. 

5-[(2RS,4S,6S)-7-((2R,4S,5S)-4-(tert-Butyldimethylsilyloxy)-5-(tert-butyldiphenylsilyloxy-
methyl)tetrahydrofuran-2-yl)-6-methyl-4-(triisopropylsilyloxy)heptan-2-yl-sulfonyl]-1-
phenyl-1H-tetrazole (2a). 

Thiotetrazole S1a (1.30 g, 1.40 mmol) led to sulfone 2a
(1.22 g, 91%). IR (KBr film) ν 2931, 2864, 1498, 1463, 
1338, 1254, 1113 cm-1. 1H NMR (400 MHz, CDCl3) �
−0.04 (2s, 3H); 0.00 (2s, 3H); 0.80 (s, 9H); 0.88 and 0.90 
(2d, J = 6.2 Hz, 3H); 1.04, 1.06 and 1.07 (3s, 30H); 
1.35−1.70 and 1.81−1.89 (2m, 7H); 1.49 and 1.55 (2d, J = 
6.9 Hz, 3H); 2.08−2.25 and 2.42−2.50 (2m, 2H); 

3.70−3.78 (m, 2H); 3.82−3.95 (m, 2H); 4.05−4.31 (m, 2H); 4.32−4.36 (m, 1H); 7.30−7.42 (m, 
6H); 7.54−7.62 (m, 3H); 7.64−7.70 (m, 6H). 13C NMR (100.6 MHz, CDCl3) � −5.2 (q); −4.2 
(q); 12.9 (d); 13.5 (q); 16.1 (q); 18.0 (s); 18.2 (4q); 19.1 (q); 19.2 (s); 19.6 (q); 25.7 (q); 26.9 
(q); 27.4 (d); 27.5 (d); 34.1 (t); 35.5 (t); 41.7 (t); 41.9 (t); 44.9 (t); 45.0 (2t); 45.3 (t); 58.5 (d); 
58.8 (d); 63.5 (t); 67.5 (d); 69.3 (d); 72.5 (2d); 75.5 (d); 75.8 (d); 83.2 (d); 83.3 (d); 125.4 (2d); 
127.5 (2d); 129.5 (4d); 131.3 (d); 133.2 (s); 133.7 (2s); 134.0 (2s); 135.6 (d); 135.7 (d); 152.6 
(s); 152.7 (s). HRMS (+ESI): m/z calcd. for C51H86O6N5SSi3 (M+NH4) 980.5601, found 
980.5587. 

5-[(2RS,4S,6S)-7-((2R,4S,5S)-4-(tert-Butyldimethylsilyloxy)-5-(tert-butyldiphenylsilyloxy-
methyl)tetrahydrofuran-2-yl)-6-methyl-4-(triisopropylsilyloxy)heptan-2-yl-thio]-1-tert-
butyl -1H-tetrazole (S1b). 

Alcohol 4 (490 mg, 0.63 mmol), and 1-(tert-butyl)-1H-
tetrazole-5-thiol1 (140 mg, 0.89 mmol) led to S1b (529 
mg, 92%). IR (KBr film) ν 2931, 2864, 1463, 1390, 1253, 
1112 cm-1. 1H NMR (400 MHz, CDCl3) � −0.05 and 
−0.04 (2s, 3H); −0.00 and 0.00 (2s, 3H); 0.79 and 0.80 
(2s, 9H); 0.91 (2d, J = 6.2 Hz, 3H); 1.03 (s, 10H); 1.05, 
1.06 and 1.07 (3s 20H); 1.36−1.48 (m, 3H); 1.53 and 1.54 

(2d, J = 6.6 Hz, 3H); 1.57−1.67 (m, 4H); 1.68 and 1.70 (2s, 9H); 1.84−2.02 (m, 1H); 2.19−2.26 
(m, 1H); 3.72−3.80 (m, 2H); 3.82−3.86 (m, 1H); 3.87−3.96 (m, 1H); 4.07−4.26 (m, 2H); 
4.30−4.36 (m, 1H); 7.32−7.42 (m, 6H);  7.67−7.72 (m, 4H). 13C NMR (100.6 MHz, CDCl3) �
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−5.2 (q); −4.7(q); −4.6 (q); 12.9 (2d); 17.9 (s); 18.2 (2q); 18.3 (2q); 19.2 (s); 19.9 (q); 21.8 (q); 
23.2 (q); 25.7 (q); 26.9 (q); 27.4 (d); 28.7 (2q); 41.7 (t); 41.8 (t); 41.9 (d); 42.3 (d); 43.1 (t); 43.2 
(t); 44.9 (t); 45.0 (t); 45.1 (t); 60.8 (s); 63.7 (t); 68.8 (2d); 72.6 (d); 75.6 (d); 75.9 (d); 83.2 (d); 
83.3 (d); 127.5 (2d); 129.4 (d); 132.2 (s); 132.3(s); 133.7 (s); 134.0 (s); 135.6 (d); 135.7 (d); 
152.1 (s); 152.2 (s). HRMS (+ESI): m/z calcd. for C49H87N4O4SSi3 (M+H) 911.5750, found 
911.5740. 

5-[(2RS,4S,6S)-7-((2R,4S,5S)-4-(tert-Butyldimethylsilyloxy)-5-(tert-butyldiphenylsilyloxy-
methyl)tetrahydrofuran-2-yl)-6-methyl-4-(triisopropylsilyloxy)heptan-2-yl-sulfonyl]-1-tert-
butyl-1H-tetrazole (2b). 

Thiotetrazole S1b (2.56 g, 2.80 mmol) led to sulfone 2b
(2.10 g, 80%). IR (KBr film) ν 2941, 2865, 1463, 1332, 
1158, 1113 cm-1. 1H NMR (400 MHz, CDCl3) � −0.04 (s, 
3H); 0.00 and 0.01 (2s, 3H); 0.80 (2s, 9H); 0.91 (d, J = 
6.2 Hz, 3H); 1.05 (2s, 9H); 1.06 and 1.07 (2s, 21H); 
1.37−1.70 (m, 7H); 1.50 and 1.56 (2d, J = 6.9 Hz, 3H); 
1.84 (s, 9H); 2.12−2.26 and 2.42−2.49 (2m, 2H);

3.71−3.78 (m, 2H); 3.82−3.96 (m, 2H); 4.07−4.16 and 4.24−4.43 (2m, 3H); 7.32−7.42 (m, 6H); 
7.67−7.71 (m, 4H). 13C NMR (100.6 MHz, CDCl3) � −5.2 (q); −4.6 (q); 12.9 (2d); 13.9 (q); 16.3 
(q); 18.0 (s); 18.2 (2q); 18.3 (q); 19.1 (q); 19.2 (s); 19.6 (q); 25.7 (q); 26.9 (q); 27.4 (d); 27.5 
(d); 29.6 (q); 29.7 (q); 34.2 (t); 35.9 (t); 41.7 (t); 41.9 (t); 45.0 (t); 45.2 (t); 45.3 (t); 58.8 (d); 
59.3 (d); 63.5 (2t); 65.3 (s); 65.4 (s); 67.6 (d); 69.5 (d); 72.5 (2d); 75.6 (d); 75.9 (d); 83.2 (d); 
83.3 (d); 127.5 (d); 129.5 (d); 133.7 (s); 133.8 (s); 134.0 (s); 135.6 (d); 135.7 (d); 153.2 (s); 
153.3 (s). HRMS (+ESI): m/z calcd. for C49H90N5O6SSi3 (M+NH4) 960.5914, found 960.5907.

Kinetic resolution of 5:2  
 Lipase PS-30 (4.32 g) was added to a solution of racemic 5 (2.15 g, 12.50 mmol) in 
vinyl acetate (10 mL) and pentane (25 mL), and the suspension was stirred for 48 h at 37 ºC. 
The residue was filtered through Celite® 545, and the solvent was removed under reduced 
pressure. Purification by silica gel column chromatography with hexane-EtOAc (90:10) yielded 
(R)-5 (1.05 g, 49%) and (S)-Ac-5 (1.28 g, 48%) as colorless oils. (R)-5: 1H NMR (400 MHz, 
CDCl3) � 1.46 (s, 9H); 2.43 (dd, J = 16.2, 8.3 Hz, 1H); 2.51 (dd, J = 16.2, 4.0 Hz, 1H); 3.11 (bs, 
OH); 4.45−4.52 (m, 1H); 5.14 (dt, J = 10.5, 1.4 Hz, 1H); 5.30 (dt, J = 17.2, 1.4 Hz, 1H); 5.87 
(ddd, J = 17.2, 10.5, 5.5 Hz, 1H). (S)-Ac-5: 1H NMR (400 MHz, CDCl3) � 1.44 (s, 9H); 2.05 (s, 
3H); 2.52 (dd, J = 15.3, 5.8 Hz, 1H); 2.60 (dd, J = 15.3, 8.0 Hz, 1H); 5.20 (dd, J = 10.5, 1.0 Hz, 
1H); 5.30 (dd, J = 17.2, 1.0 Hz, 1H); 5.57−5.63 (m, 1H); 5.83 (ddd, J = 17.2, 10.5, 6.2 Hz, 1H). 

tert-Butyl (R)-3-(triisopropylsilyloxy)pent-4-enoate (S2a). 
Triisopropylsilyl trifluoromethanesulfonate (1.98 mL, 7.34 mmol) was 
added to a solution of aldol (R)-5 (1.05 g, 6.10 mmol), imidazole (830 mg, 
12.20 mmol) and 4-dimethylaminopyridine (20 mg) in THF (60 mL), and 
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the reaction mixture was stirred for 16 h at reflux temperature. The solvent was removed under 
reduced pressure and the residue was dissolved in water and extracted with CH2Cl2. The organic 
extracts were dried over MgSO4, filtered and concentrated under reduced pressure. Purification 
by silica gel column chromatography with hexane-EtOAc (97:3) yielded S2a (1.78 g, 89%) as a 
colorless oil. [�]D =  −3.8 (c 1.0, CHCl3). IR (KBr film) ν 2944, 2867, 1732, 1464, 1367, 1256, 
1161 cm-1. 1H NMR (400 MHz, CDCl3) � 1.04−1.07 (m, 21H); 1.43 (s, 9H); 2.37 (dd, J = 14.4, 
7.5 Hz, 1H); 2.56 (dd, J = 14.4, 5.8 Hz, 1H); 4.59−4.65 (m, 1H); 5.06 (ddd, J = 10.4, 1.7, 1.1 
Hz, 1H); 5.20 (ddd, J = 17.2, 1.7, 1.1 Hz, 1H); 5.87 (ddd, J = 17.2, 10.4, 6.7 Hz, 1H). 13C NMR 
(100.6 MHz, CDCl3) � 12.3 (d);  18.0 (q); 18.1 (q); 28.1 (q); 45.2 (t); 71.3 (d); 80.4 (s); 114.5 
(t); 140.6 (d); 170.1 (s). HRMS (+ESI): m/z calcd. for C18H37O3Si (M+H) 329.2507, found 
329.2506. 

tert-Butyl (R)-3-(tert-butoxy)pent-4-enoate (S2b). 
Di-tert-butyl dicarbonate (10.60 mL, 46.50 mmol) was added in portions to 
a mixture of aldol (R)-5 (1.60 g, 9.30 mmol), and Mg(ClO4)2 (207 mg, 0.93 
mmol) in CH2Cl2 (100 mL), and the reaction was stirred for 16 h at reflux 

temperature. The resulting mixture was dissolved in water and extracted with CH2Cl2. The 
organic extracts were dried over MgSO4, filtered and concentrated under reduced pressure. 
Purification by silica gel column chromatography with hexane-EtOAc (96:4) yielded S2b (1.33 
g, 63%) as a colorless oil. [�]D =  +11.2 (c 1.0, CHCl3). IR (KBr film) ν 2977, 2933, 1732, 1367, 
1159 cm-1. 1H NMR (400 MHz, CDCl3) � 1.18 (s, 9H); 1.44 (s, 9H); 2.30 (dd, J = 14.5, 6.4 Hz, 
1H); 2.43 (dd, J = 14.5, 7.4 Hz, 1H); 4.37−4.43 (m, 1H); 5.04 (ddd, J = 10.5, 1.6, 1.1 Hz, 1H); 
5.20 (ddd, J = 17.3, 1.6, 1.1 Hz, 1H); 5.85 (ddd, J = 17.3, 10.5, 6.4 Hz, 1H). 13C NMR (100.6 
MHz, CDCl3) � 28.1 (q);  28.6 (q); 44.1 (t); 70.3 (d); 74.4 (s); 80.4 (s); 114.3 (t); 141.3 (d); 
170.5 (s). HRMS (+ESI): m/z calcd. for C13H24NaO3 (M+Na) 251.1618, found 251.1618.

tert-Butyl (R)-3-(methoxymethoxy)pent-4-enoate (S2c). 
Et3N (2.62 mL, 18.80 mmol) was added to a solution of aldol (R)-5 (540 
mg, 3.10 mmol), MOMCl (0.71 mL, 9.4 mmol) and tetrabutylammonium 
iodide (347 mg, 0.9 mmol) in THF (20 mL), and the reaction mixture was 

stirred for 16 h at reflux temperature. The resulting mixture was dissolved in NH4Cl and 
extracted with EtOAc, the organic extracts were dried over MgSO4, filtered and concentrated 
under reduced pressure. Purification by silica gel column chromatography with hexane-EtOAc 
(90:10) yielded S2c (494 mg, 73%) as a colorless oil. [�]D =  +64.3 (c 1.0, CHCl3). IR (KBr 
film) ν 2980, 1733, 1368, 1152 cm-1. 1H NMR (400 MHz, CDCl3) � 1.45 (s, 9H); 2.41 (dd, J = 
15.0, 5.6 Hz, 1H); 2.55 (dd, J = 15.0, 8.1 Hz, 1H); 3.37 (s, 3H); 4.41−4.48 (m, 1H); 4.57 (d, J = 
6.7 Hz, 1H); 4.69 (d, J = 6.7 Hz, 1H);  5.21 (ddd, J = 10.3, 1.6, 0.8 Hz, 1H); 5.29 (ddd, J = 17.2, 
1.6, 1.0 Hz, 1H); 5.73 (ddd, J = 17.2, 10.3, 7.5 Hz, 1H). 13C NMR (100.6 MHz, CDCl3) � 28.1 
(q);  42.1 (t); 55.6 (q); 74.2 (d); 80.7 (s); 94.1 (t); 117.8 (t); 137.0 (d); 169.9 (s). HRMS (+ESI): 
m/z calcd. for C11H24NO4 (M+NH4) 234.1700, found 234.1700.

General Procedure for reductive ozonolysis reactions: 
Ozone gas was bubbled into a solution of olefin S2 (1 eq.) in a 4:1 mixture of CH2Cl2-

MeOH (100 mL) at −78ºC until the blue color persisted. Argon was then passed through the 
solution for 10 min at −78ºC to remove any excess ozone. Then, PPh3 (1.3 eq.) was added and 
the solution was stirred at r.t. for 16 h. The reation mixture was concentrated under reduced 
pressure and filtered through silica with hexane-EtOAc (95:5) to yield the corresponding 
aldehyde 3 as a colorless oil. 
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tert-Butyl (R)-4-oxo-3-(triisopropylsilyloxy)butanoate (3a). 
Olefin S2a (1.45 g, 4.41 mmol) led to aldehyde 3a (1.35 g, 93%). [�]D = 
+11.5 (c 1.0, CHCl3). IR (KBr film) ν 2944, 2868, 1736, 1464, 1367, 1256, 
1157 cm-1. 1H NMR (400 MHz, CDCl3) � 1.04−1.07 (m, 21H); 1.44 (s, 9H); 

2.66 (ddd, J = 15.7, 5.8, 0.8 Hz, 1H); 2.78 (dd, J = 15.7, 4.0 Hz, 1H); 4.32 (ddd, J = 5.8, 4.0, 0.8 
Hz, 1H); 9.80 (t, J = 0.8, 1H). 13C NMR (100.6 MHz, CDCl3) � 12.1 (d);  17.8 (q); 28.0 (q); 
41.22 (t); 74.2 (d); 81.4 (s); 169.0 (s); 204.2 (d). HRMS (+ESI): m/z calcd. for C17H35O4Si
(M+H) 331.2299, found 331.2297. 

tert-Butyl (R)-4-oxo-3-(tert-butoxy)butanoate (3b). 
Olefin S2b (1.30 g, 5.68 mmol) led to aldehyde 3b (1.09 g, 83%). [�]D = 
+45.9 (c 1.0, CHCl3). IR (KBr film) ν 2977, 1733, 1368, 1156 cm-1. 1H 
NMR (400 MHz, CDCl3) � 1.22 (s, 9H); 1.44 (s, 9H); 2.52 (dd, J = 15.4, 5.7 

Hz, 1H); 2.56 (dd, J = 15.4, 6.2 Hz, 1H); 4.18 (ddd, J = 6.2, 5.7, 1.5 Hz, 1H); 9.70 (d, J = 1.5, 
1H). 13C NMR (100.6 MHz, CDCl3) � 28.0 (q);  28.2 (q); 39.1 (t); 73.7 (d); 75.3 (s); 81.3 (s); 
169.4 (s); 204.6 (d). HRMS (+ESI): m/z calcd. for C12H22NaO4 (M+Na) 253.1410, found 
253.1412. 

tert-Butyl (R)-4-oxo-3-(methoxymethoxy)butanoate (3c). 
Olefin S2c (460 mg, 2.13 mmol) led to aldehyde 3c (418 mg, 90%). [�]D = 
+10.8 (c 1.0, CHCl3). IR (KBr film) ν 2979, 1731, 1368, 1154 cm-1. 1H 
NMR (400 MHz, CDCl3) � 1.45 (s, 9H); 2.66 (dd, J = 16.3, 6.7 Hz, 1H);

2.73 (ddd, J = 16.3, 4.8, 0.4 Hz, 1H); 3.42 (s, 3H); 4.24 (ddd, J = 6.7, 4.8, 0.8 Hz, 1H); 4.76 (d, 
J = 6.9 Hz, 1H); 4.79 (d, J = 6.9 Hz, 1H); 9.76 (dd, J = 0.8, 0.4 Hz, 1H). 13C NMR (100.6 MHz, 
CDCl3) � 28.0 (q);  37.5 (t); 56.0 (q); 79.0 (d); 81.6 (s); 97.2 (t); 169.1 (s); 201.8 (d). HRMS 
(+ESI): m/z calcd. for C10H19O5 (M+H) 219.1227, found 219.1230.

tert-Butyl (S)-3-acetoxy-4-oxobutanoate (3d). 
Olefin (S)-Ac-5 (1.00 g, 4.60 mmol) led to aldehyde 3d (0. 99 g, 98%). [�]D

= −15.0 (c 1.0, CH2Cl2). IR (KBr film) ν 2980, 2935, 1733, 1370, 1158 cm-

1. 1H NMR (400 MHz, CDCl3) � 1.43 (s, 9H); 2.16 (s, 3H); 2.78−2.81 (m, 
2H); 5.24 (dd, J = 5.9, 5.4 Hz, 1H); 9.60 (s, 1H). 13C NMR (100.6 MHz, CDCl3) � 20.6 (q); 28.0 
(q);  36.3 (t); 74.5 (d); 82.1 (s); 168.3 (s); 170.3 (s); 197.8 (d). HRMS (+ESI): m/z calcd. for 
C10H17O5 (M+H) 217.1071, found 217.076.

General Procedure for Julia-Kocienski olefinations:
A 2M solution of LDA in THF/heptane/ethylbenzene (2 eq.) was added to a solution of 

sulfone 2 (1 eq.) and HMPA (2 eq.) in THF with 4Å molecular sieves, and the solution was 
stirred for 1 min. After this time, a solution of aldehyde 3 (2 eq.) in THF was added and the 
solution was stirred for an additional 2 h. The reaction mixture was quenched with sat. NH4Cl 
and then extracted with CH2Cl2. The organic extracts were dried over MgSO4, filtered and 
concentrated under reduced pressure. The residue was dissolved in EtOH and 40% NaHSO3, the 
white precipitate was removed by filtration and the solvent was concentrated under reduced 
pressure. Purification by silica gel column chromatography with hexane-Et2O (97:3) yielded the 
corresponding olefin 6 as a colorless oil. For yields and diastereomeric ratios, please refer to 
Table 2 in the journal article.
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tert-Butyl (3R,7S,9S,Z)-10-[(2R,4S,5S)-4-(tert-butyldimethylsilyloxy)-5-(tert-butyldiphenyl 
silyloxymethyl)tetrahydrofuran-2-yl]-5,9-dimethyl-3,7-bis(triisopropylsilyloxy)dec-4-
enoate (Z-6a). 

[�]D = +9.9 (c 1.3, CH2Cl2). IR (KBr film) ν 2943, 2865, 
1732, 1463, 1367, 1255, 1112 cm-1.  1H NMR (400 MHz, 
CDCl3) � −0.04 (s, 3H); 0.00 (s, 3H); 0.80 (s, 9H); 0.93 
(d, J = 6.4 Hz, 3H); 1.04 and 1.06 (2bs, 51H); 1.28−1.34 
(m, 1H); 1.42 (s, 9H); 1.43−1.58 (m, 4H); 1.63−1.66 (m, 
1H); 1.67 (s, 3H);  2.12−2.26 (m, 3H); 2.34−2.42 (m, 

2H); 3.72−3.79 (m, 2H); 3.82−3.89 (m, 2H); 4.05−4.14 (m, 1H); 4.30−4.36 (m, 1H); 4.93−4.98 
(m, 1H); 5.30 (d, J = 7.6 Hz, 1H); 7.33−7.43 (m, 6H); 7.64−7.73 (m, 4H). 13C NMR (100.6 
MHz, CDCl3) � −5.2 (q); −4.6 (q); 12.5 (d); 13.0 (d); 17.9 (s); 18.1 (q); 18.2 (q); 18.3 (2q); 19.2 
(s); 20.5 (q); 23.1 (q); 25.7 (q); 26.9 (q); 27.9 (d); 28.1 (q); 40.6 (t); 42.2 (t); 44.0 (t); 45.7 (t); 
46.1 (t); 63.6 (t); 67.0 (d); 68.8 (d); 72.5 (d); 76.3 (d); 79.9 (s); 83.2 (d); 127.5 (2d); 129.5 (2d); 
131.9 (d); 133.7 (s); 133.4 (s); 134.0 (s); 135.6 (d); 135.7 (d); 170.4 (s). HRMS (+ESI): m/z
calcd. for C61H114NO7Si4 (M+NH4) 1084.7667, found 1084.7654.

tert-Butyl (3R,7S,9S,E)-10-[(2R,4S,5S)-4-(tert-butyldimethylsilyloxy)-5-(tert-butyldiphenyl 
silyloxymethyl)tetrahydrofuran-2-yl]-5,9-dimethyl-3,7-bis(triisopropylsilyloxy)dec-4-
enoate (E-6a). 

IR (KBr film) ν 2943, 2865, 1732, 1463, 1367, 1255, 
1112 cm-1.  1H NMR (400 MHz, CDCl3) � −0.06 (s, 3H); 
−0.01 (s, 3H); 0.79 (s, 9H); 0.93 (d, J = 6.7 Hz, 3H); 1.03 
and 1.06 (2bs, 51H); 1.19−1.28 (m, 1H); 1.42 (s, 9H); 
1.44−1.56 (m, 4H); 1.65 (s, 3H); 1.68−1.76 (m, 1H); 
2.11−2.25 (m, 3H); 2.27 (dd, J = 14.5, 5.6 Hz, 1H); 2.47 

(dd, J = 14.5, 7.0 Hz, 1H); 3.72−3.79 (m, 2H); 3.81−3.89 (m, 2H); 3.99−4.07 (m, 1H); 4.32 (dt, 
J = 6.3, 4.1 Hz, 1H); 4.91 (ddd, J = 8.7, 7.0, 5.6 Hz, 1H); 5.25 (d, J = 8.7 Hz, 1H); 7.32−7.43 
(m, 6H); 7.66−7.72 (m, 4H). 13C NMR (100.6 MHz, CDCl3) � −5.2 (q); −4.7 (q); 12.4 (d); 12.9 
(d); 17.7 (q); 20.0 (s); 18.0 (q); 18.1 (q); 18.3 (q); 19.2 (s); 20.9 (q); 25.7 (q); 26.9 (q); 27.7 (d); 
28.1 (q); 42.3 (t); 43.7 (t); 44.7 (t); 45.4 (t); 47.7 (t); 63.7 (t); 66.9 (d); 69.8 (d); 72.6 (d); 76.5 
(d); 80.1 (s); 83.2 (d); 127.5 (d); 129.4 (d); 131.1 (d); 133.6 (s); 133.8 (s); 134.1 (s); 135.6 (d); 
135.7 (d); 170.3 (s). HRMS (+ESI): m/z calcd. for C61H114NO7Si4 (M+NH4) 1084.7667, found 
1084.7654.

tert-Butyl (3R,7S,9S,Z)-3-(tert-butoxy)-10-[(2R,4S,5S)-4-(tert-butyldimethylsilyloxy)-5-(tert-
butyldiphenylsilyloxymethyl)tetrahydrofuran-2-yl]-5,9-dimethyl-7-(triisopropylsilyloxy)-
dec-4-enoate (Z-6b). 

[�]D = +5.2 (c 1.0, CHCl3). IR (KBr film) ν 2931, 2864, 
1732, 1463, 1365, 1256, 1113 cm-1.  1H NMR (400 MHz, 
CDCl3) � −0.05 (s, 3H); 0.00 (s, 3H); 0.80 (s, 9H); 0.95 
(d, J = 6.4 Hz, 3H); 1.04 (bs, 21H); 1.05 (s, 9H); 1.15 (s, 
9H); 1.30−1.39 (m, 1H); 1.44 (s, 9H); 1.46−1.63 (m, 3H); 
1.64−1.70 (m, 1H); 1.65 (s, 3H);  2.16−2.28 (m, 4H); 

2.30−2.34 (m, 2H); 3.72−3.79 (m, 2H); 3.82−3.92 (m, 2H); 4.07−4.16 (m, 1H); 4.33 (dt, J = 6.4, 
4.1 Hz, 1H); 4.64−4.72 (m, 1H); 5.24 (d, J = 6.8 Hz, 1H); 7.32−7.43 (m, 6H); 7.66−7.72 (m, 
4H). 13C NMR (100.6 MHz, CDCl3) � −5.2 (q); −4.7 (q); 13.0 (d); 18.0 (s); 18.2 (q); 18.3 (q); 
19.2 (s); 20.4 (q); 23.2 (q); 25.7 (q); 26.9 (q); 28.0 (d); 28.1 (q); 28.9 (q); 40.5 (t); 42.1 (t); 44.2 
(t); 44.3 (t); 46.3 (t); 63.7 (t); 66.6 (d); 68.9 (d); 72.6 (d); 73.7 (s); 76.3 (d); 79.8 (s); 83.2 (d); 
127.5 (2d); 129.4 (d); 131.4 (s); 132.5 (d); 133.8 (s); 134.0 (s); 135.6 (d); 135.7 (d); 170.6 (s).
HRMS (+ESI): m/z calcd. for C56H98NaO7Si3 (M+Na) 989.6513, found 989.6517. 
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tert-Butyl (3R,7S,9S,E)-3-(tert-butoxy)-10-[(2R,4S,5S)-4-(tert-butyldimethylsilyloxy)-5-(tert-
butyldiphenylsilyloxymethyl)tetrahydrofuran-2-yl]-5,9-dimethyl-7-(triisopropylsilyloxy)-
dec-4-enoate (E-6b). 

IR (KBr film) ν 2931, 2864, 1732, 1463, 1365, 1256, 
1113 cm-1.  1H NMR (400 MHz, CDCl3) � −0.06 (s, 3H); 
−0.01 (s, 3H); 0.79 (s, 9H); 0.92 (d, J = 6.6 Hz, 3H); 1.05 
(bs, 30H); 1.15 (s, 9H); 1.20−1.28 (m, 1H); 1.44 (s, 9H); 
1.45−1.68 (m, 3H); 1.63−1.68 (m, 1H); 1.69 (s, 3H); 
2.09−2.26 (m, 5H); 2.38 (dd, J = 14.4, 8.8 Hz, 1H); 

3.72−3.78 (m, 2H); 3.81−3.89 (m, 2H); 3.99−4.05 (m, 1H); 4.32 (dt, J = 6.2, 4.2 Hz, 1H); 4.64 
(td, J = 8.8, 4.7 Hz, 1H); 5.20 (d, J = 8.8 Hz, 1H); 7.32−7.42 (m, 6H); 7.67−7.72 (m, 4H). 13C 
NMR (100.6 MHz, CDCl3) � −5.2 (q); −4.7 (q); 12.9 (d); 17.6 (q); 18.0 (s); 18.3 (2q); 19.2 (s); 
20.8 (q); 25.7 (q); 26.9 (q); 27.7 (d); 28.2 (q); 28.8 (q); 42.3 (t); 43.9 (2t); 44.8 (t); 47.4 (t); 63.8 
(t); 66.5 (d); 70.0 (d); 72.6 (d); 73.7 (s); 76.4 (d); 80.1 (s); 83.1 (d); 127.5 (2d); 129.4 (2d); 
131.7 (d); 131.8 (s); 133.8 (s); 135.6 (d); 135.7 (d); 170.6 (s). HRMS (+ESI): m/z calcd. for 
C56H98NaO7Si3 (M+Na) 989.6513, found 989.6517. 

tert-Butyl (3R,7S,9S,Z)-10-[(2R,4S,5S)-4-(tert-butyldimethylsilyloxy)-5-(tert-butyldiphenyl 
silyloxymethyl)tetrahydrofuran-2-yl]-3-(methoxymethoxy)-5,9-dimethyl-7-(triisopropyl-
silyloxy)dec-4-enoate (Z-6c). 

[�]D = +22.2 (c 1.0, CHCl3). IR (KBr film) ν 2930, 2863, 
1730, 1462, 1367, 1255, 1151 cm-1.  1H NMR (400 MHz, 
CDCl3) � −0.05 (s, 3H); 0.00 (s, 3H); 0.80 (s, 9H); 0.94 
(d, J = 6.3 Hz, 3H); 1.05 (2bs, 30H); 1.31−1.41 (m, 1H); 
1.44 (s, 9H); 1.45−1.68 (m, 5H); 1.73 (d, J = 1.4 Hz, 3H); 
2.19−2.28 (m, 3H); 2.39 (dd, J = 15.0, 4.6 Hz, 1H); 2.45 

(dd, J = 15.0, 8.7 Hz, 1H); 3.33 (s, 3H); 3.72−3.78 (m, 2H); 3.82−3.90 (m, 2H); 4.06−4.14 (m, 
1H); 4.33 (dt, J = 6.2, 4.0 Hz, 1H); 4.48 (d, J = 6.7 Hz, 1H); 4.65 (d, J = 6.7 Hz, 1H); 4.73−4.80 
(m, 1H); 5.11 (d, J = 9.2 Hz, 1H): 7.32−7.43 (m, 6H); 7.66−7.72 (m, 4H). 13C NMR (100.6 
MHz, CDCl3) � −5.2 (q); −4.6 (q); 13.0 (d); 18.0 (s); 18.3 (2q); 19.2 (s); 20.1 (q); 23.9 (q); 25.7 
(q); 26.9 (q); 27.9 (d); 28.1 (q); 40.2 (t); 42.2 (t); 42.6 (t); 44.3 (t); 45.8 (t); 55.4 (q); 63.6 (t); 
69.0 (d); 69.1 (d); 72.6 (d); 76.2 (d); 80.2 (s); 83.2 (d); 93.5 (t); 126.7 (d); 127.5 (2d); 129.4 (d); 
133.8 (s); 134.0 (s); 135.6 (d); 135.7 (d); 137.9 (s); 170.2 (s). HRMS (+ESI): m/z calcd. for 
C54H98NO8Si3 (M+NH4) 972.6595, found 972.6586. 

tert-Butyl (3S,7S,9S,Z)-3-acetoxy-10-[(2R,4S,5S)-4-(tert-butyldimethylsilyloxy)-5-(tert-
butyl-diphenylsilyloxymethyl)tetrahydrofuran-2-yl]-5,9-dimethyl-7-(triisopropylsilyloxy)-
dec-4-enoate (Z-6d). 

[�]D = +11.0 (c 1.0, CHCl3). IR (KBr film) ν 2931, 2864, 
1739, 1463, 1368, 1251, 1112 cm-1.  1H NMR (400 MHz, 
CDCl3) � −0.05 (s, 3H); 0.00 (s, 3H); 0.80 (s, 9H); 0.95 
(d, J = 6.6 Hz, 3H); 1.05 (2bs, 30H); 1.28−1.39 (m, 2H); 
1.42 (s, 9H); 1.45−1.61 (m, 3H); 1.66−1.72 (m, 1H); 1.73 
(d, J = 1.4 Hz, 3H); 1.98 (s, 3H); 2.12−2.27 (m, 2H); 2.42 

(dd, J = 15.1, 4.4 Hz, 1H); 2.54 (dd, J = 15.1, 9.0 Hz, 1H); 2.64 (dd, J = 13.6, 6.7 Hz, 1H); 
3.71−3.78 (m, 2H); 3.82−3.90 (m, 2H); 4.03−4.11 (m, 1H); 4.29−4.35 (m, 1H); 5.18 (d, J = 9.0 
Hz, 1H); 5.83 (td, J = 9.0, 4.4 Hz, 1H); 7.32−7.43 (m, 6H); 7.67−7.72 (m, 4H). 13C NMR (100.6 
MHz, CDCl3) � −5.2 (q); −4.6 (q); 13.0 (d); 18.0 (s); 18.3 (q); 19.2 (s); 20.5 (q); 21.1 (q); 24.6 
(q); 25.7 (q); 26.9 (q); 27.8 (d); 28.0 (q); 40.6 (t); 41.5 (t); 42.2 (t); 44.0 (t); 47.0 (t); 63.6 (t); 
67.7 (d); 69.9 (d); 72.6 (d); 76.2 (d); 80.7 (s); 83.2 (d); 124.2 (d); 127.5 (d); 129.4 (d); 133.8 (s); 
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135.6 (d); 135.7 (d); 169.1 (s); 169.7 (s). HRMS (+ESI): m/z calcd. for C54H96NO8Si3 (M+NH4) 
970.6438, found 970.6429. 

3. NMR spectra
NMR spectra images are available in the supporting information in electronic format 
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