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General. Tetrahydrofuran and diethyl ether were dried by filtration through two columns of 
activated, neutral alumina according to the procedure described by Grubbs.1 Methanol (MeOH), 
acetonitrile (MeCN), and dimethylformamide (DMF) were dried by filtration through two columns of 
activated molecular sieves, and toluene was dried by filtration through one column of activated, neutral 
alumina followed by one column of Q5 reactant.  These solvents were determined to have less than 50 
ppm H2O by Karl Fischer coulometric moisture analysis. Benzene, methylene chloride (CH2Cl2), 
diisopropylamine (i-Pr2NH), triethylamine (Et3N), diisopropylethylamine (i-Pr2NEt), and pyridine were 
distilled from calcium hydride immediately prior to use. Zn granules were activated by stirring with 1M 
HCl for 10 min, filtering, rinsing with D.I. H2O, MeOH, then Et2O, and drying under vacuum before 
use. 2-Deoxy-D-ribose was purchased from Carbosynth. All reagents were reagent grade and used 
without purification unless otherwise noted, and air or moisture sensitive reagents were weighed in a 
glove box. All reactions involving air or moisture sensitive reagents or intermediates were performed 
under an inert atmosphere of nitrogen or argon in glassware that was flame or oven dried. Solutions 
were degassed using three freeze-pump-thaw cycles under vacuum. Reaction temperatures refer to the 
temperature of the cooling/heating bath. Volatile solvents were removed under reduced pressure using a 
Büchi rotary evaporator at 25–30 °C (bath temperature).  Thin layer chromatography was run on pre-
coated plates of silica gel with a 0.25 mm thickness containing 60F-254 indicator (EMD Millipore).  
Chromatography was performed using forced flow (flash chromatography) and the indicated solvent 
system on 230-400 mesh silica gel (Silicycle flash F60) according to the method of Still,2 unless 
otherwise noted. 

Infrared (IR) spectra were obtained either neat on sodium chloride or as solutions in the solvent 
indicated and reported as wavenumbers (cm-1).  Proton nuclear magnetic resonance (1H NMR) and 
carbon nuclear magnetic resonance (13C NMR) spectra were obtained at the indicated field as solutions 
in CDCl3 unless otherwise indicated.  Chemical shifts are referenced to the deuterated solvent (e.g., for 
CDCl3, δ = 7.26 ppm and 77.0 ppm for 1H and 13C NMR, respectively) and are reported in parts per 
million (ppm, δ) relative to tetramethylsilane (TMS, δ = 0.00 ppm).  Coupling constants (J) are reported 
in Hz and the splitting abbreviations used are: s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet; 
comp, overlapping multiplets of magnetically nonequivalent protons; br, broad; app, apparent.  

 

Methyl 2-[(4R,6S)-6-ethenyl-2-oxo-1,3-oxazinan-4-yl]acetate (16).  Compound 14 (20.25 g, 
101.5 mmol) was dissolved in dry CH2Cl2 (895 mL) and cooled to -10 °C (bath temperature) in an 
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ice/brine bath.  NaH (4.31 g, 180.1 mmol, 60% w/w dispersion in mineral oil) was added in one portion, 
and the mixture was stirred under an atmosphere of N2 (g) at –10 °C for 1.5 h.  The reaction was 
quenched by the slow addition of saturated aqueous NH4Cl (650 mL), and the aqueous layer was 
extracted with CH2Cl2 (4 x 300 mL).  The combined organic layers were dried (MgSO4), filtered, and 
concentrated under reduced pressure.  The crude residue was purified by recrystallization from methyl 
tert-butylether to give 17.09 g (85%) of 16 as a crystalline mixture (dr = 8:1) of diastereomers: [α]D

25 
−19 (c = 1.0, CHCl3); 1H NMR (CDCl3, 400 MHz, major diastereomer) δ 6.48 (br s, 1 H), 5.92-5.83 (m, 
1 H), 5.41 (d, J = 17.2 Hz, 1 H), 5.27 (d, J = 10.8 Hz, 1 H), 4.75 (q, J = 5.6 Hz, 1 H), 3.98-3.91 (m, 1 H), 
3.72 (s, 3 H), 2.57 (dd, J = 4.4, 3.2 Hz, 2 H), 1.60-1.51 (m, 2 H); 13C NMR (CDCl3, 100 MHz) δ 170.8, 
153.8, 134.7, 117.4, 76.6, 51.9, 47.0, 39.9, 33.1; IR (neat) 3428, 2951, 1722, 1660, 1436 cm-1; HRMS 
(CI) m/z 200.0924 [C9H14NO4 (M+H) requires 200.0923]. 

 

Methyl (3R, 5S)-3-{[(tert-butoxy)carbonyl]amino}-5-[(tert-butyldiphenylsilyl)oxy]hept-6-
enoate (18).  A solution of 17 (22.22 g, 74.2 mmol) and Cs2CO3 (2.86 g, 14.8 mmol) in MeOH (370 
mL) was stirred at room temperature for 24-48 h until starting material was consumed by TLC (SiO2, 
Hex:EtOAc, 1:1).  The reaction was then concentrated under reduced pressure to provide 20.28 g of 
amino alcohol as colorless oil that was taken on without further purification.  

A solution of amino alcohol prepared above (20.28 g, 74.2 mmol) in DMF (50 mL) was added to 
a solution of TBDPSCl (30.59 g, 111.3 mmol), imidazole (6.57 g, 96.46 mmol), and DMAP (0.091 g, 
0.742 mmol) in DMF (320 mL), and the reaction was stirred at room temperature overnight. The 
reaction was quenched with 1 M HCl (300 mL), and the layers were separated.  The aqueous layer was 
extracted with Et2O (3 x 150 mL), and the combined organic layers were dried (MgSO4), filtered, and 
concentrated under reduced pressure.  The crude residue was purified by flash chromatography eluting 
with hexanes:EtOAc (5:1) to give 30.38 g (80%) of 18 as a colorless oil: [α]D

25 +7.0 (c = 1.0, CHCl3); 
1H NMR (CDCl3, 400 MHz, rotamers) δ 7.70-7.63 (comp, 4 H), 7.47-7.33 (comp, 6 H), 5.85 (ddd, J = 
17.2, 10.2, 6.4 Hz, 1 H), 5.10-5.03 (comp, 2 H), 4.41 (app d, J = 8.8 Hz, 1 H), 4.17 (app q, J = 6.0 Hz, 1 
H), 3.91-3.81 (m, 1 H), 3.60 (s, 3 H), 2.40 (app d, J = 4.8 Hz, 2 H), 1.62 (app t, J = 6.4 Hz, 2 H), 1.36 (s, 
9 H), 1.07 (s, 9 H); 13C NMR (CDCl3, 100 MHz, rotamers) δ 171.8, 154.8, 139.4, 135.90, 135.87, 
134.1, 133.7, 129.8, 129.6, 127.6, 127.4, 115.5, 79.0, 72.2, 51.5, 44.2, 42.3, 39.6, 28.3, 27.0, 19.2; IR 
(neat) 3423, 2959, 2932, 2858, 1737, 1716, 1502, 1170, 1111 cm-1; HRMS (ESI) 512.2830 
[C29H42NO5Si (M+H) requires 512.2754]. 
 

OMe

OTBDPSO HN
Boc

18



S4 
 

 

Methyl (5R,7S)-5-{[(tert-butoxy)carbonyl]amino}-7-[(tert-butyldiphenylsilyl)oxy]-3-oxonon-
8-enoate (19).  A solution of freshly distilled methyl acetate (4.75 g, 64.10 mmol) in THF (128 mL) was 
added dropwise via syringe pump to a solution of NaHMDS (83.33 mmol, 1.8 M in hexane) in THF 
(167 mL) at −78 ºC.  After 30 min, a solution of 18 (3.28 g, 6.41 mmol) in THF (13 mL) was added 
dropwise to the reaction via syringe pump.  During the syringe pump additions the metal needle used to 
transfer the substrate solutions was passed through a −78 ºC bath to precool the solutions before 
introduction into the reaction flask.  After 1 h at −78 ºC, the reaction was warmed to −10 ºC (ice/brine 
bath) and stirred for 6 h.  The reaction was then quenched by addition of saturated aqueous NH4Cl (300 
mL) and warmed to room temperature.  The reaction mixture was extracted with EtOAc (5 x 100 mL), 
and the combined organic layers were dried (Na2SO4), filtered, and concentrated under reduced 
pressure.  The crude residue was purified by flash chromatography eluting with hexanes:EtOAc (using a 
gradient from 9:1 to 5:1) to give 3.55 g (75%) of 19 as colorless oil along with 0.56 g (17%) of 
recovered starting material:  1H NMR (CDCl3, 400 MHz, rotamers) δ 7.69-7.62 (comp, 4 H), 7.47-7.33 
(comp, 6 H), 5.83 (ddd, J = 17.1, 10.4, 6.4 Hz, 1 H), 5.10-5.03 (comp, 2 H), 4.37 (app d, J = 8.0 Hz, 1 
H), 4.15 (app q, J = 4.0 Hz, 1 H), 3.92-3.83 (m, 1 H), 3.70 (s, 3 H), 3.37 (s, 2 H), 2.61 (app d, J = 2.8 
Hz, 2 H), 1.68-1.61 (m, 2 H), 1.35 (s, 9 H), 1.07 (s, 9 H); 13C NMR (CDCl3, 100 MHz, rotamers) δ 
172.6, 167.6, 154.9, 139.4, 135.9, 135.8, 134.0, 133.6, 129.8, 129.6, 127.6, 127.4, 115.5, 79.0, 72.3, 
52.2, 49.0, 47.9, 43.9, 42.1, 28.2, 26.9, 19.1; IR (neat) 3417, 2957, 2932, 2858, 1746, 1715, 1714, 1502, 
1246, 1169, 1111 cm-1; HRMS (ESI) 576.2750 [C31H43NO6SiNa (M+Na) requires 576.2757]. 

 

 

Methyl (5R,7S)-5-{[(tert-butoxy)carbonyl]amino}-7-[(tert-butyldiphenylsilyl)oxy]-2-diazo-3-
oxonon-8-enoate (20).  A solution of 19 (3.55 g, 1.97 mmol), p-ABSA (0.708 g, 2.95 mmol), and NEt3 
(0.598 g, 5.91 mmol) in MeCN (6.6 mL) was stirred at room temperature for 16 h.  The reaction was 
concentrated, and the crude residue was triturated with Et2O (25 mL).  The precipitate was removed by 
filtration, and the solid was rinsed with Et2O/CH2Cl2 (25 mL, 2:1). The combined filtrate and washings 
were concentrated under reduced pressure.  The crude residue was purified by column chromatography 
eluting with Hex:EtOAc (2:1) to give 1.14 g (92%) of 20 as a yellow oil:  1H NMR (CDCl3, 400 MHz, 
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rotamers) δ 7.71-7.63 (comp, 4 H), 7.46-7.33 (comp, 6 H), 5.83 (ddd, J = 17.0, 10.2, 6.4 Hz, 1 H), 5.10-
5.03 (comp, 2 H), 4.31 (app d, J = 9.6 Hz, 1 H), 4.21-4.13 (m, 1 H), 3.99-3.92 (m, 1 H), 3.81 (s, 3 H), 
2.96-2.83 (comp, 2 H), 1.71-1.56 (comp, 2 H), 1.34 (s, 9 H), 1.06 (s, 9 H); 13C NMR (CDCl3, 100 MHz, 
rotamers) δ 190.6, 161.6, 154.9, 139.4, 135.9, 134.1, 133.7, 129.7, 129.6, 128.2, 127.5, 127.4, 115.4, 
78.8, 76.2, 72.2, 52.1, 45.6, 44.5, 42.7, 28.2, 26.9, 19.1; IR (neat) 3417, 2959, 2932, 2856, 2136, 1716, 
1655, 1500, 1313, 1171, 1112 cm-1; HRMS (ESI) 580.2838 [C31H42N3O6Si (M+H) requires 580.2843]. 

 

6-Benzyl-8-methyl-(6R)-3-[(tert-butyldiphenylsilyl)oxy]-9-oxo-7-azatricyclo 
[5.3.0.04,8]decane-6,8-dicarboxylate (22).  Trifluroroacetic acid (1.58 mL, 20.7 mmol) was added to a 
precooled solution of 20 (1.20 g, 2.07 mmol) in CH2Cl2 (10 mL) at 0 ºC.  The reaction was warmed to 
room temperature and stirred for 2 h.  The reaction was concentrated to dryness and pumped down under 
high vacuum for 2 h to ensure the removal of all excess TFA.  The crude residue was dissolved in 
CH2Cl2 (6 mL), 4 Å molecular sieves (1.2 g) were added, and the mixture was cooled to –20 ºC.  NEt3 
(0.32 mL, 2.28 mmol) was then added dropwise, and the reaction was warmed to room temperature.  A 
1 M solution of benzyl glyoxylate (3.11 mL, 3.11 mmol) in CH2Cl2 was added, and the reaction was 
stirred for 16 h at room temperature.  The reaction was filtered through Celite, and the filter pad was 
rinsed with CH2Cl2 (12 mL) to give 21 as colorless oil containing an equimolar amount of TFA·NEt3.  
The crude residue was dissolved in xylenes (40 mL), Rh2(OAc)4 (0.027 g, 0.062 mmol) was added, and 
the mixture was heated under reflux for 24 h.  The mixture was concentrated under reduced pressure, 
and the crude residue was purified by column chromatography eluting with Hex:EtOAc (3:1 to 1:1, with 
1% v/v NEt3) to give 0.93 g (75%) of 22 as a light yellow oil: [α]D

25 −63 (c = 0.3, CHCl3). 1H NMR 
(CDCl3, 400 MHz) δ 7.59-7.55 (comp, 4 H), 7.45-7.35 (comp, 11 H), 5.28 (d, J = 3.2 Hz, 2 H), 4.15 
(app q, J = 6.0 Hz, 1 H), 4.08-4.04 (m, 1 H), 3.94-3.89 (m, 1 H), 3.72 (s, 3 H), 2.96 (app q, J = 3.2 Hz, 1 
H), 2.68 (dd, J = 13.6, 5.6 Hz, 1 H), 2.61 (dd, J = 16.0, 6.4 Hz, 1 H), 2.15-2.07 (m, 1 H), 1.80 (d, J = 
17.6 Hz, 1 H), 1.35-1.19 (comp, 2 H), 1.04 (s, 9 H); 13C NMR (CDCl3, 100 MHz) δ 207.0, 172.5, 169.7, 
167.4, 135.5, 135.5, 135.3, 134.7, 133.5, 133.0, 130.0, 129.9, 128.6, 128.5, 127.8, 127.6, 82.4, 67.0, 
66.2, 62.3, 54.2, 53.1, 49.7, 44.0, 33.6, 27.0, 26.8, 19.0; IR (neat) 2953, 2857, 1738, 1741, 1428, 1228, 
1112 cm-1; HRMS (ESI) m/z 598.2614 [C35H40NO6Si (M+H) requires 598.2625]. 
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Methyl-3-[(tert-butyldiphenylsilyl)oxy]-9-methyloxymethyloxy-7-azatricyclo[5.3.0.04,8]-
decane-8-carboxylate (31).  A suspension of 30 (0.340 g, 0.528 mmol) and 10 % w/w Pd/C (84 mg) in 
EtOH (11 mL) was stirred under an atmosphere of H2 (gas) at room temperature for 16 h.  The mixture 
was filtered through a short pad of Celite, which was rinsed with EtOH (30 mL), and the combined 
filtrate and washings were concentrated to dryness to give 0.292 g (100%) of the corresponding acid as 
an amorphous solid. The acid thus obtained (0.292 g, 0.528 mmol), 1-hydroxypyridine-2(1H)-thione 
(0.101 g, 0.881 mmol), DCC (0.163 g, 0.881 mmol), and DMAP (0.064 g, 0.528 mmol) were dissolved 
in CHCl3 (5.3 mL). tBuSH (0.59 mL, 5.28 mmol) was added to the solution, and the solution was 
immediately irradiated with a tungsten filament light bulb (250 W) at room temperature for 1 h.  The 
reaction was concentrated, and the residue was purified by column chromatography eluting with 
hexanes/EtOAc (2:1) to EtOAc with 1% v/v Et3N to give 0.170 g (63%) of 31 as yellow oil: 1H NMR 
(CDCl3, 300 MHz) δ 7.71-7.66 (comp, 4 H), 7.42-7.34 (comp, 6 H), 4.72-4.64 (m, 1 H), 4.36-4.29 
(comp, 2 H), 3.72 (s, 3 H), 3.22-3.18 (m, 1 H), 3.10 (s, 3 H), 2.93 (dd, J = 10.5, 4.2 Hz, 1 H), 2.84 (dd, J 
= 8.4, 5.4 Hz, 1 H), 2.77 (dd, J = 5.7, 3.9 Hz, 1 H), 2.48-2.38 (m, 1 H), 2.31-2.22 (m, 1 H), 1.66-1.58 
(comp, 2 H), 1.52-1.48 (m, 1 H), 1.41-1.35 (comp, 3 H), 1.13 (dd, J = 16.2, 2.4 Hz, 1 H), 1.07 (s, 9 H); 
13C NMR (CDCl3, 75 MHz) δ 173.7, 135.9, 135.8, 134.8, 134.3, 129.5, 127.4, 127.4, 96.0, 79.3, 78.8, 
77.2, 66.4, 60.3, 55.3, 52.4, 47.4, 46.6, 37.7, 34.7, 27.0, 24.7, 19.2; IR (neat) 2951, 2889, 2857, 1737, 
1428, 1262, 1229, 1107, 1044 cm-1; HRMS (ESI) m/z 510.2673 [C29H40NO5Si (M+H) requires 
510.2670]. 

 
E-8-(but-1’-en-1’-yl)-3-[(tert-butyldiphenylsilyl)oxy]-9-methyloxymethyloxy-7-

azatricyclo[5.3.0.04,8]decane (33).  To a stirred solution of 32 (0.212 g, 0.44 mmol) and 1-phenyl-5-
propylsulfonyl-1H-tetrazole (0.335 g, 1.33 mmol) in DME (15 mL) at –55 °C was added KHMDS (3.52 
mL, 0.5 M in toluene, 11.76 mmol) dropwise. The resulting solution was stirred for 1 h at –55 °C and 
warmed to room temperature. After stirring for 1 h at room temperature, the reaction mixture was 
quenched with sat. NaCl solution (5 mL). The separated aqueous layers were extracted with EtOAc (3 × 
10 mL), and the combined organic layers were dried (Na2SO4), filtered, and then concentrated. The 
crude residue was purified by column chromatography eluting with hexanes/EtOAc (3:1 to 1:1) to 
EtOAc with 1% v/v Et3N to give 0.240 g (89%) of 33 as colorless oil: 1H NMR (CDCl3, 300 MHz) δ 
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7.72-7.66 (comp, 4 H), 7.41-7.33 (comp, 6 H), 5.54 (dt, J = 15.6, 6.3 Hz, 1 H), 5.26 (d, J = 15.9 Hz, 1 
H), 4.66-4.60 (m, 1 H), 4.35 (d, J = 6.6 Hz, 1 H), 4.32 (d, J = 6.6 Hz, 1 H), 3.95 (dd, J = 10.5, 3.0 Hz, 1 
H), 3.14-3.07 (m, 1 H), 3.09 (s, 3 H), 2.88-2.68 (m, 2 H), 2.36-2.29 (m, 1 H), 2.22 (dd, J = 6.0, 3.6 Hz, 1 
H), 2.12 (ddd, J = 12.9, 8.4, 4.5 Hz, 1 H), 2.00 (dt, J = 7.5, 1.5 Hz, 2 H), 1.61-1.51 (m, 1 H), 1.42-1.36 
(m, 1 H), 1.07 (s, 9 H), 0.95 (t, J = 7.2 Hz, 3 H),; 13C NMR (CDCl3, 75 MHz) δ 135.9, 135.8, 132.4, 
130.9, 129.3, 127.4, 96.0, 82.1, 75.7, 66.9, 60.3, 55.1, 47.4, 47.0, 37.3, 35.2, 27.0, 25.5, 24.8, 19.2, 13.7; 
IR (neat) 2958, 2932, 2886, 2857, 1472, 1428, 1106, 1043, 703 cm-1; HRMS (ESI) m/z 506.3092 
[C31H44NO3Si (M+H) requires 506.3085]. 
 

 
E-8-(but-1’-en-1’-yl)-9-methyloxymethyloxy-7-azatricyclo[5.3.0.04,8]decan-3-one (34).  To a 

stirred solution of C8 alcohol (0.013 g, 0.049 mmol) in CH2Cl2 (1 mL) and DMSO (0.5 mL) at room 
temperature was added Et3N (0.068 mL, 0.486 mmol) followed by SO3·Py (0.039 g, 0.243 mmol). The 
resulting solution was stirred for 4 h at room temperature and then sat. NaHCO3 solution (2 mL) was 
added. The separated aqueous layers were extracted with EtOAc (3 × 5 mL), and the combined organic 
layers were dried (Na2SO4), filtered, and then concentrated. The crude residue was purified by column 
chromatography eluting with hexanes/EtOAc (1:1) to EtOAc with 1% v/v Et3N to give 0.0099 g (77%) 
of 34 as colorless oil: [α]D

24 −156 (c = 0.3, CHCl3); 1H NMR (CDCl3, 300 MHz) δ 5.74 (dt, J = 15.9, 
6.9 Hz, 1 H), 5.41 (dt, J = 15.9, 1.5  Hz, 1 H), 4.59 (s, 2 H), 4.21 (d, J = 8.7 Hz, 1 H), 3.53 (t, J = 6.3 Hz, 
1 H), 3.33 (s, 3 H), 3.16-3.00 (m, 2 H), 2.85 (d, J = 6.6 Hz, 1 H), 2.58-2.50 (m, 1 H), 2.45-2.36 (m, 1 H), 
2.19-2.11 (m, 1 H), 2.07 (dt, J = 7.8, 1.5 Hz, 2 H), 1.69-1.60 (comp,  2 H), 0.99 (t, J = 7.5 Hz, 3 H); 13C 
NMR (CDCl3, 75 MHz) δ 209.3, 132.2, 129.9, 95.8, 82.0, 79.7, 60.4, 56.9, 55.6, 46.6, 41.2, 38.6, 30.9, 
25.5, 13.6; IR (neat) 2958, 2893, 1722, 1106, 1091, 1040 cm-1; HRMS (ESI) m/z 266.1754 [C15H24NO3 
(M+H) requires 266.1751]. 
 

 

E-8-(But-1’-en-1’-yl)-3-ethoxycarbonylmethyl-9-methyloxymethyloxy-7-
azatricyclo[5.3.0.04,8]decan-3-one (35).  Freshly prepared LDA (0.42 mL, 0.2 M in THF, 0.084 mmol) 
was added to a stirred solution of 34 (0.016 g, 0.060 mmol) in THF (1.2 mL) at –10 ºC, and the resulting 
solution was stirred for 1 h at –10 ºC, whereupon ethyl iodoacetate (0.011 mL, 0.090 mmol) was added 
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at –10 ºC. The resulting solution was stirred for 30 min. DABCO (20 mg) was added, and the solution 
was warmed to room temperature. Brine (5 mL) and EtOAc (5 mL) were added, and the layers were 
separated. The aqueous layer was extracted with EtOAc (2 × 10 mL), and the combined organic layers 
were dried (Na2SO4), filtered, and then concentrated under reduced pressure The crude residue was 
purified by column chromatography eluting with hexanes/EtOAc (1:1) to EtOAc with 1% v/v Et3N to 
give 0.013 g (62%) of 35 as colorless oil along with 0.0025 g (16%) of starting material: 1H NMR 
(CDCl3, 300 MHz) δ 5.72 (dt, J = 15.6, 6.3 Hz, 1 H), 5.41 (d, J = 15.6 Hz, 1 H), 4.57 (s, 2 H), 4.22-4.14 
(comp, 3 H), 3.40 (d, J = 5.7 Hz, 1 H), 3.33 (s, 3 H), 3.18-3.07 (m, 2 H), 2.88-2.75 (comp. 3 H), 2.54 
(dd, J = 15.6, 10.8 Hz, 1 H), 2.41-2.32 (m, 1 H), 2.19-2.02 (comp, 3 H), 1.74 (d, J = 12.9 Hz, 1 H), 1.70-
1.62 (m,  1 H), 1.27 (t, J = 7.2 Hz, 3 H), 0.99 (t, J = 7.5 Hz, 3 H); 13C NMR (CDCl3, 75 MHz) δ 171.7, 
132.3, 129.3, 95.6, 82.2, 78.9, 63.0, 60.9, 56.6, 55.7, 48.3, 45.7, 41.8, 38.9, 30.2, 25.5, 14.2, 13.6; IR 
(neat) 2960, 1732, 1715, 1151, 1106, 1039 cm-1; HRMS (ESI) m/z 352.2123 [C19H30NO5 (M+H) 
requires 352.2119]. 

 
 

 

E-2-(But-1’-en-1’-yl)-10-ethoxycarbonylmethyl-11-oxa-3-
azatetracyclo[5.3.1.02,6.03,9]undecan-7-ol (36).  DBU (0.024 mL, 0.16 mmol) was added to a stirred 
solution of 35 (0.014 g, 0.040 mmol) in toluene (0.4 mL) in a 5 mL vial at room temperature. The vial 
was sealed and heated with stirring at 130 ºC (bath temperature) for 4 h. The reaction was cooled to 
room temperature and filtered through a pad of silica gel (EtOAc to EtOAc-MeOH 10:1) to afford the 
epimerized product as yellow oil (0.014 g, ~100%), which was dissolved in CH2Cl2 (0.4 mL) and cooled 
to 0 ºC. TFA (0.31 mL, 4.0 mmol) was then added with stirring, and the resulting solution was warmed 
to room temperature and stirred for 1 h. 5 M NaOH (1 mL), CH2Cl2 (5 mL), and NaHCO3(5 mL) were 
then added sequentially, and the layers were separated. The aqueous layer was extracted with CH2Cl2 (3 
× 5 mL), and the combined organic layers were dried (Na2SO4), filtered, and concentrated. The crude 
residue was purified by column chromatography eluting with EtOAc with 1% v/v Et3N to give 0.010 g 
(81%) of 36 as light yellow oil: [α]D

25 +17 (c = 0.5, CHCl3); IR (neat) 3349, 2962, 1733, 1325, 1273, 
1227, 1179, 1038, 972 cm-1; HRMS (ESI) m/z 308.1859 [C17H26NO4 (M+H) requires 308.1856]; The 
1H and 13C NMR data were consistent with those reported by Overman (see Table 1 and 2).3 

  

N

O
36

OH

Me

CO2Et



S9 
 

Table 1 Comparison of 1H NMR data of 36 with reported literature values 

1H (Hz) Overman3 1H (Hz) 
5.70 dt (15.5, 6.3) 5.72, dt (15.5, 6.0) 
5.47 dt (15.5, 1.4) 5.48 d (15.5) 

4.23 br t (2.0) 4.25 br s 
4.16 qd (7.2, 1.3) 4.19 qd (7.0, 2.0) 

3.21-3.16 br s 3.19 br s 
3.08-2.95 m 3.06-2.96 m 

2.91 dd (17.0, 9.3) 2.92 dd (17.0, 9.5) 
2.44 t (3.4) 2.45 t (3.5) 
2.23-2.17 m 2.23-2.19 m 
2.09-2.00 m 2.09-2.03 m 
1.89-1.78 m 1.89-1.81 comp 

1.63 dt (12.2, 3.2) 1.64 dt (12.0, 3.0) 
1.26 t (7.2) 1.28 t (7.0) 
0.97 t (7.4) 0.99 t (7.5) 

 

Table 2 Comparison of 13C NMR data of 36 with reported literature values 

13C Overman3 13C 
175.5 175.6 
132.6 132.6 
126.9 127.2 
104.8 104.8 
82.1 82.3 
81.6 81.6 
65.2 65.3 
61.5 61.5 
55.9 56.0 
47.7 47.8 
36.8 36.9 
33.1 33.2 
32.4 32.5 
26.6 26.8 
25.3 25.4 
14.1 14.1 
13.5 13.6 
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