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DOCUMENT S1 
PROTOCOLS OF SYNTHESIS FOR COMPOUNDS 4 TO 9 

(The numbering of the following sections continues in the main text of the article) 

S1.1. Synthesis of cycloadduct 2,4-dimethyl-8-oxabicyclo[3.2.1]oct-6-en-3-one, (4) 

 4a          4b 
      diequatorial        diaxial 

   (1R*, 2S*, 4R*, 5*S)            (1*R, 2R* ,4S*, 5S*) 

Copper activation: 

Copper (24 g, 378 mmol) was added to a 2% solution of I2 in acetone (240 mL). The 
solution was stirred for 20 minutes and filtered through a porous plate. The solid was first 
washed with a 37% HCl solution and acetone in a 1:1 ratio (100 mL) and then with 
acetone (60 mL). Finally, the obtained solid (23.5 g) was dried at high vacuum for several 
hours. 

Cycloaddition reaction:  

In a 500 mL three necked flask, fitted with a condenser and a pressure equalizing addition 
funnel, dry acetonitrile (220 mL), NaI (101.62 g, 678 mmol), activated copper (23.69 g, 
373 mmol) and furan (32 mL, 30.08 g, 442 mmol) were placed. The funnel was charged 
with 2,4-dibromopentanone, 2, (27.56 g, 113 mmol) and acetonitrile (60 mL) as a solvent. 
The solution was added rapidly and the crude was kept between 50 and 60 ºC for 3.5 
hours till the reaction controlled by GC reached a 100 % conversion. The flask was cooled 
to 0 ºC, and CH2Cl2 (100 mL) were added while stirring. The reaction mixture was then 
poured into a 2 L beaker containing water (500 mL) and ice (500 mL). The mixture was 
stirred rapidly until the ice melted. The mixture was filtered by a Büchner and washed 
with CH2Cl2 (50 mL). The filtrate was transferred to a 2 L separatory funnel while still 
cold. Extraction with CH2Cl2 was done several times till the organic phase showed no 
more colour. The organic phases were combined together and extracted with an aqueous 
solution of NH3 (35%) until the aqueous phase became transparent (no blue colour was 
observed), meaning that no more amino copper complex (blue) was present. The organic 
phase was then extracted with water, dried over anhydrous MgSO4 and concentrated to 
dryness to afford 16.85 g (98% yield) of a mixture containing, by GC, 92.5 % of the 
diequatorial product, 4a and 7.23 % of the diaxial product, 4b. Both diastereoisomers are 



useful for the synthetic purpose, and the mixture may be used for the next step. 
However, these stereoisomers were easily separated by conventional flash column 
chromatography on silica gel, eluting with hexane and ethyl acetate or alternatively by 
crystallization in hexane at –20 °C, due to the preferential crystallization of the major 
isomer. 

4a: Colourless oil at rt. IR (film, cm-1):ν max 3405 (C=O, Fermi's resonance), 3085 
(H─Csp2, st), 2971,2876 (H-Csp3, st), 1713 (C=O, st), 1449 (C─C, deform.), 1155, 
1053 (C─O, st ). 1H NMR (200 MHz, CDCl3, ppm): δ   0.96 (6H, d, J1 = 7 Hz, H9 and 
H10), 2.78 (2H, q, J1 = 7 Hz, J2 = 4.8 Hz, H2 and H4), 4.84 (2H, d, J2 = 4,8 Hz, H6 and 
H7), 6.34 (2H, s, H1 and H5). 13C NMR (50 MHz, CDCl3, ppm):δ   10.1 (C9, C10), 
50.3 (C2, C4), 82,7 (C6,  C7), 133.5 (C1, C5), 208.9 (C3). MS (DIP-CI-NH3, 70 
eV,150ºC): m/z (%) 152 (4, M), 170 (100, M+NH4), 183 (38, M+N2H7). Anal. Calcd 
for C9H12O2  (%):  C, 71.06; H, 7.89. Found: C, 70.88; H, 7.64. GC (Conditions, type 
D): tR = 9.15 min. TLC (SiO2; hexane : ethyl acetate, 7:3): RF = 0.73 (3 elutions and 
development with anisaldehyde reagent). 

4b: Colourless oil at rt. IR (film, cm-1): νmax 3092 (H─Csp2, st), 2975, 2938,2878 (H-
Csp3, st), 1711 (C=O, st), 1458 (C─C, deform.), 1180, 1092 (C─O, st). 1H NMR (200 
MHz, CDCl3, ppm):  δ1.36 (6H, d, J = 7.5, H9 and H10), 2.28 (2H, q, J = 7.5, H2 and 
H4), 4.65 (2H, s, H6 and H7), 6.27 (2H, s, H1 and H5). 13C NMR (50 MHZ, CDCl3, 
ppm):δ  17.7 (C9 and C10), 49.8 (C2 and C4), 82.0 (C6 and C7), 133.6 (C1 and C5), 
213.7 (C3). MS (DIP-CI-NH3, 70 eV,150ºC): m/z (%) 152 (6, M), 170 (100, M+NH4), 
183 (38, M+N2H7). Anal. Calcd for C9H12O2  (%):  C, 71.06; H, 7.89. Found: C, 70.95; 
H, 7.83. GC (Conditions, type D): tR = 9.54 min. TLC (SiO2; hexane / ethyl acetate, 
7:3): RF = 0.63 (3 elutions and development with anisaldehyde reagent). 

S1.2. Synthesis of cycloadduct (1R*,2S*,4R*,5S*)-2,4-dimethyl-8-
oxabicyclo[3.2.1]oct-6-en-3-one, (5a).

In a 500 mL round-bottomed flask, 10% Pd/C (3.29 g) was placed under a continuous 
flow of argon in order to preserve the catalyst. Subsequently, absolute ethanol (100 mL) 
was added and the system was purged again with argon. In another flask, compound 4a 
(12.19 g, 80 mmol), was dissolved in absolute ethanol (200 mL) and the organic solution 
was transferred via cannula to the flask containing the catalyst, by using a positive 
pressure of argon. The reaction mixture was then submitted to 10 cycles of vacuum and 
hydrogen in order to remove the possible oxygen present in the system. The crude was 



stirred at room temperature with a positive pressure of hydrogen for 16 hours. The 
reaction was controlled by GC and once complete the crude was first filtered with a funnel 
containing a double paper filter and then through a Celite® column in order to separate all 
the Pd from the organic solution. The column was washed with ethanol, and the obtained 
organic fraction was concentrated to dryness to afford 12.10 g of hydrogenated product, 
5a (98% yield, 100% conversion). 

Colourless oil. IR (film, cm-1):ν max 3407 (C=O, Fermi's resonance), 2973, 2880 
(H─Csp3, st), 1713 (C=O, st), 1472 (C─C, deform.), 1379,1155,1045 (C─O, st), 1026, 
951, 930. 1H NMR (200 MHz, CDCl3, ppm):δ   0.87 (6H, d, J = 7 Hz, H9 y 
H10),1.54-1.79 (4H, m, H6 and H7), 2.72 (2H, qd, J1 = 7 Hz, J2 = 7 Hz, H2 and H4), 
4.39-4.42 (2H, m, H1 and H5). 13C NMR (50 MHz, CDCl3, ppm):δ   9.6 (C9 and C10), 
24.8 (C6 and C7), 50.3 (C2 and C4), 80.9 (C1 and C5), 210.2 (C3). MS (DIP-CI-NH3, 70 
eV,150ºC): m/z (%)]: 154 (7, M), 172 (100, M+NH4), 185 (52, M+N2H7). Anal. Calcd 
for C9H14O2 (%) : C, 70.13; H, 9.09. Found: C, 69.98; H, 8.81. GC (Conditions, type D): 
tR = 9.95 min. TLC (SiO2; hexane : ethyl acetate, 7:3): RF = 0.62. 

S1.3. Synthesis of {(1S*,4S*,5R*)-2,4-dimethyl-8-oxa-bicyclo[3.2.1]oct-2-en-3-
yloxy}trimethylsilane, (6a) 

In a 500 mL three neck round bottom flask previously dried by heating under vacuum and 
purged with argon, fitted with a magnetic stirrer and a pressure equalizing addition funnel, 
anhydrous THF (150 mL) and pure diisopropylamine (99+ %) (24.42 mL) were placed. 
The solution was cooled to ‒78 °C and butyllithium (1.6 M in THF, 71.1 mL) was 
introduced into the funnel. The base was added dropwise and the mixture was left to react 

at ‒78 °C for 30 minutes. Subsequently, compound 5a (15.8 g, 102.5 mmol), previously 

dissolved in anhydrous THF (60 mL) was slowly added via cannula to the reaction flask. 
The temperature of the system was raised to 0 °C and it was left to react for two hours. 
At this point, trimethylsilylchloride (17.50 mL) was added to the reaction flask by a 
syringe and the system was first maintained at 0 °C for 15 minutes and then at room 
temperature for 2 hours. The crude obtained was filtered via cannula to separate the salt 
(LiCl) generated in the reaction. The organic solution was then concentrated to dryness 
and the solid redissolved in hexane (20 mL). The heterogeneous solution was cooled 



down to ‒20 °C, in order to induce the precipitation of the remaining salt, and then 
filtered via cannula. This operation was repeated till no salt was present in the organic 
fraction. The final organic fraction was rotary evaporated to afford 23.20 g of the desired 
silyl enol ether 6a (99% yield, 100% conversion). 

Colourless oil. IR (film, cm-1):ν max 2959, 2869 (H─Csp3, st), 1680 (C=C, st), 1460 
(C─C, deform.), 1252, 1202, 1122, 1049 (C─O, st), 893, 843 (Si─C, st). 1H NMR (200 
MHz, CDCl3, ppm):δ   0.18 (9H, s, H11), 0.91 (3H, d, J = 7.2 Hz, H9), 1.52 (3H, d, J = 
2.2 Hz, H10), 1.70-1.90 (4H, m, H6 and H7), 2.78-2.86 (1H, m, H4), 4.25 (1H, s, H1), 
4.30-4.40 (1H, dd, H5). 13C NMR (50 MHz, CDCl3, ppm):δ  2.5 (C11), 11.6 (C10), 
12.3 (C9), 22.6 (C7), 32.5 (C6), 39.0 (C4), 76.9 (C5), 78.9 (C1), 126.3 (C2), 127.9 (C3). 
MS (DIP-CI-NH3, 70 eV, 150ºC): m/z (%) 226 (100, M), 227 (24, M+H), 244 (25, M
+NH4). HRMS Calcd for  C12H22O2Si: 226.13891. Found: 226.13895. TLC (SiO2; 
hexane : ether, 9:1): RF = 0.28. 

S1.4. Synthesis of 1,2-dibromo-3,3-dimethoxypropane, (8) 

A 100 mL three-necked flask was equipped with a magnetic stirrer, a pressure-equalizing 
addition funnel, a condenser fitted with a CaCl2 tube, and a thermometer. The flask and 
the addition funnel were charged with acrolein (24.7 mL, 370 mmol) and (19.5 mL, 60.50 
g, 378 mmol) of bromine, respectively. Acrolein, 7, was stirred rapidly and cooled to 0 
ºC in an ice bath, then bromine was added at a rate such that the temperature is kept 
between 0 and 5 ºC (3 hours), until all bromine was added and the reaction mixture 
acquired a permanent red color. At this point, the funnel was charged with methyl 
orthoformate (60.72 mL, 555 mmol) and methanol (190 mL). The solution was added 
along 10-15 minutes. Then, the solution was heated to 45 ºC for 3-4 hours after the 
removal of the addition funnel. Methyl orthoformate and methanol in excess were 
eliminated by evaporation using the rotary evaporator, obtaining 83.35 g of 8 (86% yield, 
100% conversion). 

Colourless oil. IR (film, cm-1): max 2936, 2836 (H─Csp3, st), 1734 (C=O, st), 1447 
(C─C, deform.), 1358, 1240, 1221, 1198, 1115, 1067 (C─O, st), 966. 1H NMR (200 

MHz, CDCl3, ppm): 3.52 (6H, d, J = 4 Hz, H1'), 3.77-3.82 (2H, m, H1), 4.18-4.22 (1H, 

m, H2), 4.55 (1H, d, J = 4.4 Hz, H3). 13C NMR (50 MHz, CDCl3, ppm): 33.1 (C1), 
51.5 (C2), 56.4 (C1'), 104.2 (C3). MS (DIP-EI, 70 eV, 150ºC): m/z (%) 261 (2, M-1), 231 



(100, M-OMe), 199 (3, M-(OMe)2), 149 (24), 135 (31), 123 (49), 107 (57). TLC (SiO2; 
hexane : ether, 9:1) : Rf = 0.26. GC (Parameters and conditions, type C) : tR = 3.14 min. 

S1.5. Synthesis of 1,1-dimethoxy-propyne, (9)  

In a 1 L three necked, round-bottomed flask equipped with a mechanical stirrer, a 
condenser, and a pressure equalizing addition funnel, tetrabutylammonium hydrogen 
sulfate (222 g, 654 mmol) and water (44 mL) were placed. The mixture was stirred to 
form a thick paste to which a solution of 1,2-dibromo-3,3-dimethoxypropane, 8, (57.09 
g, 218 mmol) in hexane (150 mL) was added. The resulting mixture was vigorously 
stirred and cooled to 10-15 ºC  and a cold (10-15 ºC) solution of NaOH (130.8 g, 3270 
mmol) in water (130 mL) was added along 10 minutes. The mixture was stirred at room 
temperature for 2 hours, cooled to 5 ºC, and neutralized by adding H2SO4 (25% w/w) 
(260 mL) at 0 ºC.  Stirring was stopped, three layers formed and were allowed to separate 
for 30 min. The two upper layers were carefully decanted and extracted with ether (8 x 
30 mL). The lowest layer was filtered to remove sodium sulfate and extracted with diethyl 
ether (5 x 30 mL). The organic fractions were combined, dried over anhydrous 
magnesium sulfate and filtered to give an organic solution of the product in ether. The % 
of product in this solution was determined by GC giving a total of 10.91 g of 9 (50% 
yield, 100% conversion). The product was isolated by slow and careful distillation at 
atmospheric pressure using a 50 cm packed column to avoid loss of product due to its low 
boiling point (86.0 ºC at 760 Torr). 

Colourless oil. IR (film, cm-1): max 3276 (H─Csp, st), 2940, 2834 (H─Csp3, st), 2128 

(CC, st), 1358, 1113, 1061 (C-O, st), 966. 1H NMR (200 MHz, CDCl3, ppm): 2.51 
(1H, d, J = 1.8 Hz, H1), 3.32 (9H, s, H1'), 5.09 (1H, d, J = 1.8 Hz, H3). 13C NMR (50 

MHz, CDCl3, ppm): 52.4 (C1'), 74.1 (C1), 78.1 (C2), 92.6 (C3). MS (DIP-CI-NH3, 70 
eV, 150ºC): m/z (%) 69 (100, M-OMe), 118 (3, M+NH4), 135 (4, M+N2H7). CG 
(parameters and conditions, type A): tR = 1.6 min. TLC (SiO2; hexane : ether, 9:1): RF = 
0.36. 



DOCUMENT S2 
Methodology for the in Vitro Cancer Testing1 

The human tumor cell lines of the cancer screening panel are grown in RPMI 1640 

medium containing 5% fetal bovine serum and 2 mM L-glutamine. For a typical screening 

experiment, cells are inoculated into 96 well microtiter plates in 100 µL at plating 

densities ranging from 5.000 to 40.000 cells/well depending on the doubling time of 

individual cell lines. After cell inoculation, the microtiter plates are incubated at 37° C, 

5 % CO2, 95 % air and 100 % relative humidity for 24 h prior to addition of experimental 

drugs.  

After 24 hours, two plates of each cell line are fixed in situ with TCA, to represent 

a measurement of the cell population for each cell line at the time of drug addition (Tz). 

Experimental drugs are solubilized in dimethyl sulfoxide at 400-fold the desired final 

maximum test concentration and stored frozen prior to use. At the time of drug addition, 

an aliquot of frozen concentrate is thawed and diluted to twice the desired final maximum 

test concentration with complete medium containing 50 µg/mL of gentamicin. Additional 

four, 10-fold or ½ log serial dilutions are made to provide a total of five drug 

concentrations plus control. Aliquots of 100 µL of these different drug dilutions are added 

to the appropriate microtiter wells already containing 100 µL of medium, resulting in the 

required final drug concentrations.  

Following drug addition, the plates are incubated for an additional 48 h at 37°C, 

5 % CO2, 95 % air, and 100 % relative humidity. For adherent cells, the assay is 

terminated by the addition of cold TCA. Cells are fixed in situ by the gentle addition of 

50 µL of cold 50 % (w/v) TCA (final concentration, 10 % TCA) and incubated for 60 

minutes at 4 °C. The supernatant is discarded, and the plates are washed five times with 

water and air dried. Sulforhodamine B (SRB) solution (100 µL) at 0.4 % (w/v) in 1 % 

acetic acid is added to each well, and plates are incubated for 10 minutes at room 

temperature. After staining, unbound dye is removed by washing five times with 1 % 

acetic acid and the plates are air dried. Bound stain is subsequently solubilized with 10 

mM Trizma base [2-Amino-2-(hydroxymethyl)propane-1,3-diol], and the absorbance is 

read on an automated plate reader at a wavelength of 515 nm. For suspension cells, the 

methodology is the same except that the assay is terminated by fixing settled cells at the 



bottom of the wells by gently adding 50 µL of 80 % TCA (final concentration, 16 % 

TCA). Using the seven absorbance measurements [time zero, (Tz), control growth, (C), 

and test growth in the presence of drug at the five concentration levels (Ti)], the 

percentage growth is calculated at each of the drug concentrations levels. Percentage 

growth inhibition (PGI) is calculated as:  

 
[(Ti-Tz)/(C-Tz)] x 100 for concentrations for which Ti > or = Tz  

[(Ti-Tz)/Tz] x 100 for concentrations for which Ti<Tz.  

 

Three dose response parameters are calculated for each experimental agent. Growth 

inhibition of 50 % (GI50) is calculated from [(Ti-Tz)/(C-Tz)] x 100 = 50, which is the 

drug concentration resulting in a 50% reduction in the net protein increase (as measured 

by SRB staining) in control cells during the drug incubation. The drug concentration 

resulting in total growth inhibition (TGI) is calculated from Ti = Tz. The LC50 

(concentration of drug resulting in a 50% reduction in the measured protein at the end of 

the drug treatment as compared to that at the beginning) indicating a net loss of cells 

following treatment is calculated from [(Ti ‒Tz)/Tz] x 100 = ‒50. Values are calculated 

for each of these three parameters if the level of activity is reached; however, if the effect 

is not reached or is exceeded, the value for that parameter is expressed as greater as or 

lower than the maximum or minimum concentration tested, respectively.  

 

1 (a) M. C. Alley, D. A. Scudiero, P. A. Monks, M. L Hursey, M. J. Czerwinski, D. L. Fine, B. J. Abbott, J. 
G. Mayo, R. H. Shoemaker, M. R. Boyd, Cancer Res.,  1988, 48, 589-601 ; (b) M. R. Grever, S. A. 
Schepartz, B. A. Chabner, The National Cancer Institute: Cancer Drug Discovery and Development 
Program. Seminars in Oncology, 1992, 19, 622-638; (c) M. R. Boyd, K. D. Paul, Drug Develop. Res., 1995, 
34, 91-109. 

                                                 



DOCUMENT S3 
 

Spectra of compounds 4 to 17 described in the present work 
(IR, 1H NMR, 13C NMR, DEPT, COSY, HSQC and MS) 

 














































































































































































































































































































































































































