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General details

All reactions were carried out under argon, unless otherwise stated. THF and Et,0 were
distilled from Na-benzophenone, CH,Cl, and iPr,NH from CaH,, and DMF from CaSO,. All
other commercial materials were used as received without purification. NMR spectra were
recorded on a Bruker Avance 400, or Bruker Avance III 500 spectrometer and the coupling
constants have been calculated, where possible, by using the method described by Hoye et
al.l'l Melting points are uncorrected. IR spectra were recorded on neat samples with a Jasco
FT/IR-4100 spectrometer. The mass spectra were recorded on a Amazon Speed (Bruker
Daltonics) mass spectrometer in ESI mode. High-resolution mass spectra (HRMS) were
performed on a LTQ Orbitrap XL (Thermo Scientific) mass spectrometer by the mass facility,
PCN-ICMG, Grenoble. In general, extraction with the specific organic solvent was followed
by appropriate aqueous washing, drying over Na,SO,, filtration, and evaporation of the
solvent under reduced pressure.

Xenopus oocytes were prepared by surgical retrieval, and defolliculated by collagenase. Fifty
nanoliters of mRNA were injected by oocytes and futher incubated in modified Barth's buffer:
I mM KCIl, 0.82 mM MgSO,, 88 mM NaCl, 2.4 mM NaHCOs;, 0.41 mM CaCl,, 16 mM
HEPES, pH 7.4 supplemented with 100 U.ml—1 of penicillin and streptomycin and 0.1
mg.ml—1 of gentamycin). The composition of the ND96 buffer for TEVC recordings is: 96
mM NaCl, 2 mM KCl, 1.8 mM CaCl,, 1 mM MgCl,, 5 mM HEPES, pH 7.4 supplemented
with 0.3 mM niflumic acid. Animal handling and experiments fully conformed to European
regulations and were approved by the French Ministry of Higher Education and Research
(APAFIS#4420-2016030813053199 v4 to CM). Authorization of the animal facility has been
delivered by the Prefect of Isere (Authorization # D 38 185 10 001).

[1] - (a) Hoye, T. R.; Hanson, P. R.; Vyvyan, J. R. J. Org. Chem. 1994, 59, 4096-4103. (b)
Hoye, T. R.; Zhao, H. J. Org. Chem. 2002, 67, 4014-4016
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Experimental procedures and spectroscopic data

(28,35,8R,8aR)-8-Hydroxy-3-(2-methylallyl)-2-((R)-1-(2,4,6-
triisopropylphenyl)ethoxy)hexahydroindolizin-5-(1H)-one (3b). Prepared from previously
published procedure (see reference 6). Data for 3b : mp 170-190 °C dec. (ether); [a]*’p +66.5
(c 0.88, CHCl;); IR (KBr) 3348, 3074, 2961, 2922, 2869, 1614, 1461, 1410, 1370, 1326,
1210 cm!; '"TH NMR (400 MHz, CDCls) 8 7.04 (s, 1H), 6.92 (s, 1H), 5.02 (q, J = 6.7Hz, 1H),
4.66 (s, 1H), 4.54-4.61 (m, 2H), 4.06 (q, /= 2.0 Hz, 1H), 3.95 (q, J = 7.0 Hz, 1H), 3.78-3.90
(m, 2H), 3.10-3.22 (m, 1H), 2.84 (sept, J = 6.9 Hz, 1H), 2.14-2.44 (m, 5H), 1.84-2.04 (m,
3H), 1.71 (s, 3H), 1.52 (d, J= 6.7 Hz, 3H), 1.15-1.29 (m, 18H); 3C NMR (100 MHz, CDCl5)
3 168.5 (C), 148.5 (C), 147.4 (C), 145.2 (C), 143.8 (C), 133.8 (C), 123.3 (2CH), 120.5, 111.7
(CH,), 74.8 (CH), 72.9 (CH), 64.5 (CH), 58.9 (CH), 56.9 (CH), 35.4 (CH,), 34.1 (CH), 33.2
(CHp), 29.3 (CH), 28.8 (CH), 27.9 (CH,), 26.2 (CH,), 25.4 (CH3), 25.2 (CHj3), 25.1 (CHj),
24.4 (CH;), 24.3 (CHj3), 24.2 (CH3), 23.1 (CHs), 22.7 (CH3); HRMS calcd. for CpoHysNOsNa:
478.3297. Found: 478.3292 (MNa").

(25,35,8R,8aR)-8-(((Bromomethyl)dimethylsilyl)oxy)-3-(2-methylallyl)-2-((R)-1-
(2,4,6-triisopropylphenyl)ethoxy)hexahydroindolizin-5(1H)-one, 7a : To a solution of
alcohol 3 (6.4 mg, 0.014 mmol, 1.0 equiv) in 250 ul of dry DCM, Et;N (0.030 ml, 0.22 mmol,
15.7 equiv) and (bromomethyl)chlorodimethylsilane (20 pl, 27.5 mg, 0.147 mmol, 10.5
equiv) were added. The reaction mixture was stirred at 50°C in a sealed tube for 2.5h. After
cooling to room temperature, the reaction mixture was extracted with DCM to give 30.1 mg
of crude material which, after silica gel purification (0—20% EtOAc in pentane), gave 8.1 mg
(95% yield) of 7a as colorless oil. IR (KBr) 3072, 2960, 2930, 1644, 1456, 1255, 1104, 1073,
842, 815 cm!'; 'TH NMR (500 MHz, CDCls) 8 7.02 (s, 1H), 6.92 (s, 1H), 5.01 (q, J = 6.7 Hz,
1H), 4.65 (s, 1H), 4.58 (ddd, /= 6.2, 6.2, 8.7 Hz, 1H), 4.54 (s, 1H), 4.14 (ddd, J = 2.0, 2.0, 4.1
Hz, 1H), 3.95 (ddd, J = 6.3, 6.3, 7.4 Hz, 1H), 3.90-3.75 (m, 2H), 3.15 (sept, J = 6,8 Hz, 1H),
2.84 (sept, J= 6.8 Hz, 1H), 2.43 (s, 2H), 2.41 (ddd, /= 7.0, 11.8, 18.0 Hz, 1H), 2.29 (ddd, J =
1.5, 7.0, 18.0 Hz, 1H), 2.25-2.16 (m, 3H), 1.99-1.91 (m, 2H), 1.84 (dddd, J= 1.9, 7.3, 12.1,
14.1 Hz, 1H), 1.69 (s, 3H), 1.53 (d, J = 6,6 Hz, 3H), 1.33—1.15 (m, 18H), 0.26 (s, 6H); 3C
NMR (125 MHz, CDCl;) 6 168.1 (C), 147.3 (C), 144.8 (C), 143.8 (C), 133.7 (C), 123.2 (CH),
120.4 (CH), 111.5 (CHy), 74.6 (CH), 72.9 (CH), 66.1 (CH), 59.1 (CH), 56.7 (CH), 35.4
(CH»), 34.0 (CH), 33.4 (CHy), 29.2 (CH), 28.7 (CH), 28.2 (CH,), 26.2 (CH,), 25.1 (CHj;),

S-3



24.9 (CHy), 24.3 (CH3), 24.0 (CH3), 23.9 (CH3), 22.8 (CHj3), 22.4 (CH3), 15.7 (CH,), —2.49
(CHj3;), —2.51 (CHj3); HRMS calcd for C3,Hs3BrNO3Si: 606.2978, found: 606.2966 (MH™).

(25,35,8R,8aR)-8-(((Chloromethyl)diphenylsilyl)oxy)-3-(2-methylallyl)-2-((R)-1-(2,4,6
triisopropylphenyl)ethoxy)hexahydroindolizin-5(1H)-one, 7b : To a solution of alcohol 3
(5.4 mg, 0.012 mmol, 1.0 equiv) in 300 ul of dry DCM were added Et;N (0.050 ml, 0.36
mmol, 30 equiv) and (chloromethyl)chlorodiphenylsilane (30.5 mg, 0.114 mmol, 9.5 equiv).
The reaction mixture was stirred at 50°C in a sealed tube for 4.5h. After cooling to room
temperature, the reaction mixture was quenched with water and extracted with pentane to give
28.1 mg of crude material. Purification over silica gel (0—20% of EtOAc in pentane) gave 5.7
mg (66%) of 7b as colorless oil (in mixture with =10% of hydrogenated methylallyl side
chain from partially purified starting material). IR (KBr) 3071, 3057, 2960, 2926, 2868, 1616,
1460, 1121, 1073 cm™!; '"H NMR (500 MHz, CDCl;) 8 7.65—7.58 (m, 4H), 7.52—7.46 (m, 2H),
7.44-7.37 (m, 4H), 7.02 (s, 1H), 6.89 (s, 1H), 4.97 (q, J = 6.7 Hz, 1H), 4.65 (ddd, J = 6.6, 6.6,
7.8 Hz, 1H), 4.64 (s, 1H), 4.52 (s, 1H), 4.32 (ddd, /= 1.9, 1.9, 4.2 Hz, 1H), 4.05 (ddd, J = 6.2,
6.2, 7.4 Hz, 1H), 3.80 (ddd, J=2.8, 7.5, 8.3 Hz, 1H), 3.84-3.72 (m, 1H), 3.30 (d, /= 2.1 Hz,
2H), 3.15-3.03 (m, 1H), 2.84 (sept., J = 6.9 Hz, 1H), 2.46 (ddd, J = 7.2, 11.7, 17.8 Hz, 1H),
2.34-2.23 (m, 2H), 2.22-2.15 (m, 2H), 1.90 (ddd, J = 6.0, 8.3, 12.5 Hz, 1H), 1.85 (dddd, J =
1.7,4.2,7.2,13.6 Hz, 1H), 1.74 (dddd, J = 2.0, 7.3, 12.1, 13.9 Hz, 1H), 1.67 (s, 3H), 1.47 (d,
J=6.7 Hz, 3H), 1.31-1.12 (m, 18H); 3C NMR (125 MHz, CDCl;) 8 168.1 (C), 147.2 (C),
143.7 (C), 134.9 (CH), 134.0 (C), 131.8 (C), 131.7 (C), 131.0 (CH), 130.90 (CH), 130.92
(CH), 128.3 (CH), 128.23 (CH), 128.21 (CH), 123.1 (CH), 120.3 (CH), 111.4 (CH,), 75.1
(CH), 73.3 (CH), 66.9 (CH), 59.2 (CH), 56.6 (CH), 35.3 (CH,), 34.0 (CH), 33.6 (CH»), 29.3
(CH), 28.8 (CH), 27.8 (CH,), 27.4 (CH,), 26.3 (CH,), 25.1 (CH3;), 24.9 (CH3;), 24.8 (CHj;),
24.0 (CHj3), 23.9 (CH3), 22.6 (CHj3), 22.5 (CH3); HRMS caled for C4,Hs7CINO;Si: 686.3791,
found: 686.3787 (MH™).

(28,35,8R,8aR)-8-(((Chloromethyl)diisopropylsilyl)oxy)-3-(2-methylallyl)-2-((R)-1-(2,4,6-
triisopropylphenyl)ethoxy)hexahydroindolizin-5(1H)-one, 7c¢ : To a solution of
indolizidinone 3 (925.0 mg, 2.03 mmol, 1.0 equiv) in 5 ml of dry DCM was added 680 mg of
a chloro(chloromethyl)diisopropylsilane 134 (3.41 mmol, 1.7 equiv). Also, imidazole (300
mg, 4.40 mmol, 2.1 equiv) and DMAP (45 mg, 0.37 mmol, 0.18 equiv) were added and the
solution was stirred at 60°C in a sealed tube for 2h. Additional 1.1 g of the silyl reagent 134
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were added in 4-time portions with 2-hour intervals (5.52 mmol, 2.7 equiv). The reaction was
followed with TLC until the disappearance of the starting material. Then it was quenched
with water and brine, and the aqueous layer was extracted 3 times with pentane. The
combined organic phases were dried over MgSO, and concentrated under reduced pressure to
give 1.7 g of crude material which was purified over silica gel (0—20% EtOAc/cyclohexane)
leaving 1.06 g of pure silyl ether 7¢ (85%), along with 100.0 mg of the siloxane byproduct S1
(7%). Analytical data for 7¢ : IR (KBr) v 3582, 3274, 2959, 2868, 1645, 1458, 1070 cm’!; 'H
NMR (400 MHz, CDCls) 6 7.03 (s, 1H), 6.92 (s, 1H), 5.02 (q, J = 6.6 Hz, 1H), 4.65 (s, 1H),
4.60 (ddd, J = 6.0, 6.0, 8.5 Hz, 1H), 4.54 (s, 1H), 4.33 (ddd, J = 1.7, 2.4, 4.2 Hz, 1H), 4.02
(ddd, J = 5.7, 6.0, 7.3 Hz, 1H), 3.83 (ddd, J = 2.4, 8.0, 8.0 Hz, 1H), 3.87-3.78 (m, 1H),
3.20-3.08 (m, 1H), 2.94 (s, 2H), 2.84 (sept, /= 6.9 Hz, 1H), 2.44 (ddd, /= 6.9, 12.1, 18.0 Hz,
1H), 2.32 (ddd, J = 1.6, 7.2, 18.0 Hz, 1H), 2.28-2.16 (m, 3H), 2.04 (dddd, J = 1.6, 4.2, 6.9,
13.9 Hz, 1H), 1.99 (dddd, J = 5.7, 8.0, 12.6 Hz, 1H), 1.86 (dddd, /= 1.7, 7.2, 12.1, 13.9 Hz,
1H), 1.67 (s, 3H), 1.50 (d, J= 6.6 Hz, 3H), 1.32—1.14 (m, 19H), 1.11-1.00 (m, 12H), 0.79 (m,
1H); BC NMR (100 MHz, CDCl;) 6 168.0 (C), 148.3 (C), 147.2 (C), 144.5 (C), 143.7 (C),
133.9 (C), 123.0 (CH), 120.3 (CH), 111.4 (CH,), 75.0 (CH), 73.1 (CH), 66.2 (CH), 59.4
(CH), 56.7 (CH), 35.2 (CH,), 33.8 (CH), 33.6 (CH;), 29.2 (CH), 28.3 (CH), 28.3 (CH,), 26.3
(CHy), 26.1 (CHy), 25.1 (CH3), 24.9 (CHj3), 24.8 (CH3), 24.0 (CHs3), 23.9 (CH3), 23.8 (CHj3),
22.6 (CH3), 22.5 (CH3), 17.5 (CH3), 17.4 (CH3), 17.1 (CH3), 13.1 (CHj3), 12.1 (CH3), 11.9
(CHj3); HRMS calcd for C36Hg CINO3Si: 618.4109. Found: 618.4123 (MH™).

Analytical data for S1, (25,35,8R,8aR)-8-((3-Hydroxy-1,1,3,3-tetraisopropyldisiloxanyl)oxy)-
3-(2-methylallyl)-2-((R)-1-(2,4,6-triisopropylphenyl)ethoxy)hexahydroindolizin-5(1H)-one

IR (KBr) v 3305, 2958, 2866, 1621, 1464 cm™!'; "H NMR (500 MHz, CDCl;) & 7.03 (s, 1H),
6.92 (s, 1H), 5.00 (q, J = 6.7 Hz, 1H), 4.64 (s, 1H), 4.59 (ddd, J = 6.1, 6.1, 8.9 Hz, 1H), 4.52
(s, 1H), 4.33 (ddd, /= 1.9, 2.6, 4.2 Hz, 1H), 4.04 (ddd, /= 5.9, 5.9, 7.3 Hz, 1H), 3.82 (ddd, J
=2.5,7.6,7.6 Hz, 1H), 3.87-3.77 (m, 1H), 3.14 (sept, J = 6.9 Hz, 1H), 2.84 (sept, J = 6.9 Hz,
1H), 2.50 (ddd, J= 7.2, 12.0, 18.6 Hz, 1H), 2.39-2.29 (m, 2H), 2.24 (A of ABX,J=28.7, 14.2
Hz, 1H), 2.17 (B of ABX, J= 5.0, 14.2 Hz, 1H), 2.10 (dddd, J = 1.5, 4.3, 7.2, 13.5 Hz, 1H),
1.97 (ddd, J = 5.6, 8.1, 13.1 Hz, 1H), 1.82 (dddd, J = 1.3, 7.1, 11.9, 13.5 Hz, 1H), 1.66 (s,
3H), 1.52 (d, J = 6.7 Hz, 3H), 1.32—1.13 (m, 18H), 1.10—-1.01 (m, 24H), 1.01-0.86 (m, 4H);
BC NMR (125 MHz, CDCl;) 8 168.6 (C), 148.3 (C), 147.2 (C), 144.4 (C), 143.7 (C), 134.2
(C), 123.1 (CH), 120.3 (CH), 111.3 (CH,), 75.2 (CH), 73.3 (CH), 65.1 (CH), 59.6 (CH), 56.6
(CH), 35.2 (CH,), 34.0 (CH), 33.7 (CH,), 29.3 (CH), 28.9 (CH), 28.1 (CH,), 26.4 (CH,), 25.2
(CH3), 24.9 (CHs), 24.7 (CHs), 24.0 (CHj3), 23.9 (CH3), 23.8 (CHs3), 22.5 (CH3), 22.4 (CH;3),
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17.5 (CH3), 17.4 (CHs3), 17.35 (CH3), 17.30 (CH3), 13.6 (CH), 13.5 (CH), 13.4 (CH); HRMS
calcd for C4;H74NO5Si;: 716.5100. Found: 716.5075 (MH™).

(1R,58,85,95,10aR)-3,3-Dimethyl-8-(2-methylallyl)-9-((R)-1-(2,4,6-
triisopropylphenyl)ethoxy) hexahydro-1H-1,5-methanopyrrolo[1,2-f][1,6,2]oxazasilocin-
6(3H)-one, 8a : To a solution of silyl ether 7a (5.0 mg, 0.008 mmol, 1.0 equiv) in 300 pl of
dry THF at —78°C was added 60 pl of LiHMDS solution in THF (1.0 M, 0.06 mmol, 7.5
equiv). The reaction temperature was gradually increased to —15°C over 1 hour. TLC analysis
(EtOAc) showed a complete consumption of starting material. The reaction mixture was
quenched with water and extracted with DCM. The organic solution was dried on MgSO, and
the solvent was removed under reduced pressure to give 5.9 mg of crude material. Purification
over silica gel (10—100% EtOAc in pentane) produced 2.8 mg (65%) of 8a as colorless oil :
IR (KBr) v 3055, 2960, 2931, 2869, 1642, 1455, 1428, 1081, cm™'; 'H NMR (500 MHz,
CDCly) 6 7.03 (s, 1H), 6.92 (s, 1H), 5.02 (q, J = 6.8 Hz, 1H), 4.67 (s, 1H), 4.57 (s, IH), 4.56
(ddd, J=5.8, 6.2, 9.4 Hz, 1H), 4.26 (ddd, J = 2.2, 2.2, 4.6 Hz, 1H), 3.90—3.80 (m, 3H), 3.16
(sept, J = 6.8 Hz, 1H), 2.84 (sept, J = 6.8 Hz, 1H), 2.80 (dddd, J = 2.0, 3.1, 5.3, 7.1 Hz, 1H),
2.41(ddd,J=17.8,7.8,13.6 Hz, 1H), 2.33 (A of ABX, J=5.8, 14.2 Hz, 1H), 2.27 (B of ABX,
J=94,14.2 Hz, 1H), 1.98-1.90 (m, 3H), 1.72 (s, 3H), 1.54 (d, J = 6,8 Hz, 3H), 1.34-1.12
(m, 19H), 0.94 (dd, J = 7.1, 14.8 Hz, 1H), 0.14 (s, 3H), —0,17 (s, 3H). 3C NMR (125 MHz,
CDCl;) 6 170.8 (C), 148.5 (C), 147.4 (C), 145.3 (C), 143.7 (C), 133.3 (C), 123.2 (CH), 120.3
(CH), 111.6 (CH,), 74.2 (CH), 72.4 (CH), 66.6 (CH), 60.4 (CH), 56.8 (CH), 35.3 (CH,), 34.0
(CH), 33.2 (CH), 33.0 (CH»), 32.7 (CHy), 29.2 (CH), 28.5 (CH), 25.1 (CHs), 25.0 (CH3), 24.9
(CHj3), 24.1 (CH3), 24.0 (CHj3), 23.9 (CHs), 22.8 (CHj3), 22.3 (CHs;), 19.8 (CH,), 2.4 (CHj3),
2.1 (CH3). HRMS caled for C5,Hs53NO3Si : 526.3711. Found: 526.3698 (MH™).

(1R,5S8,8S5,95,10aR)-3,3-Diisopropyl-8-(2-methylallyl)-9-((R)-1-(2,4,6-
triisopropylphenyl)ethoxy)hexahydro-1H-1,5-methanopyrrolo[1,2-f][1,6,2]oxazasilocin-
6(3H)-one 8c : To a solution of silyl ether 7¢ (1.0 g, 1.62 mmol, 1.0 equiv) in 15 ml THF at
—78°C was added a freshly prepared solution of 0.4M LiHMDS in THF (16 ml, 6.4 mmol, 3.9
equiv). The reaction was allowed to warm to —20°C over 1h30 min, followed by TLC and
quenched with brine at —25 °C. The aqueous layer was extracted 3 times with DCM. After
drying over MgSQy,, the organic phase was concentrated under vacuum to leave 932.2 mg of
crude material which was purified over silica gel (0—10% EtOAc/cyclohexane) to give 860.0
mg of pure cyclic silyl ether 8¢ (91%) : IR (KBr) v, 2959, 2866, 1644, 1462, 1610 cm’!; 'H
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NMR (500 MHz, CDCl3) & 7.02 (s, 1H), 6.91 (s, 1H), 5.03 (q, J = 6.7 Hz, 1H), 4.66 (s, 1H),
4.61-4.54 (m, 2H), 4.27 (ddd, J = 1.9, 1.9, 4.2 Hz, 1H), 3.96 (ddd, J = 5.0, 6.6, 7.7 Hz, 1H),
3.86 (sept, J = 6.9 Hz, 1H), 3.81 (ddd, J= 2.4, 8.1, 8.1 Hz, 1H), 3.16 (sept, J = 7.0 Hz, 1H),
2.84 (sept, J = 6.9 Hz, 1H), 2.79 (dddd, J = 1.3, 2.3, 5.8, 7.7 Hz ,1H), 2.45 (ddd, J = 8.0, 8.0,
12.7 Hz, 1H), 2.31 (A of ABX, J = 6.1, 14.1, 1H), 2.27 (B of ABX, J = 8.7, 14.1 Hz, 1H),
2.01-1.89 (m, 3H), 1.71 (s, 3H), 1.53 (d, J = 6.7 Hz, 3H), 1.31-1.14 (m, 19 H), 1.04-0.91 (m,
8H), 0.80 (d, J = 7.4 Hz, 3H), 0.76 (d, J = 7.4 Hz, 3H), 0.61 (sept, 5= 7.5 Hz, 1H). 3C NMR
(125 MHz, CDCl3) & 170.9 (C), 148.4 (C), 147.2 (C), 145.1 (C), 143.7 (C), 133.3 (C), 123.1
(CH), 120.3 (CH), 111.4 (CH,), 74.3 (CH), 72.4 (CH), 66.0 (CH), 60.8 (CH), 56.8 (CH), 35.3
(CH.), 34.0 (CH), 32.9 (CH,), 32.7 (CH), 29.1 (CH), 28.4 (CH), 25.1 (CHs), 24.9 (CH;), 24.0
(CH;), 23.9 (CH3), 22.8 (CH;), 22.4 (CH3), 17.4 (CH3), 17.3 (CH), 16.6 (CHs), 16.5 (CHy),
13.9 (CH), 13.4 (CH), 133 (CH,). HRMS caled for CigHgNO;Si: 582.4342. Found:
582.4348 (MH").

(25,2a8,4R,5aR,6S5,8R,8aR)-8-Hydroxy-6-((hydroxydiisopropylsilyl)methyl)-4-methyl-2-
((R)-1-(2,4,6-triisopropylphenyl)ethoxy)decahydro-1H-pyrrolo[2,1,5-de]quinolizin-4-yl
formate 9 and (15,5R,5aR,7S,7a8,9R,10aR)-3,3-Diisopropyl-9-methyl-7-((R)-1-(2,4,6-
triisopropylphenyl)ethoxy)dodecahydro-1,5-methano|[1,6,2]oxazasilocino[7,6,5-
cd]indolizin-9-yl formate 10 and (25,35,65,8R.,8aR)-6-((Hydroxydiisopropylsilyl)methyl)-
3-(2-methylallyl)-2-((R)-1-(2.,4,6-triisopropylphenyl)ethoxy)octahydroindolizin-8-ol 11 :
To a solution of lactam 8¢ (0.0020 g, 0.034 mmol.) in 0.300 ml of ether at —5 °C was added a
IM solution LiAlH,4 in ether (0,050 ml, 0.050 mmol, 1.5 equiv). The reaction was stirred at
—5°C and, followed by TLC (20% AcOEt in pentane). Two additional amounts (0,050 ml and
0.025 ml) of LiAlH, was added each following hours to complete the reaction which was then
quench at 0°C with formic acid (0.250 ml) for 1h. Solid K,CO; was then added carefully until
no more gas evolution followed by 1 ml of brine. Usual extraction with ether left 0.0217 g of
crude material which was purified by silica gel chromatography (0—50% AcOEt in pentane)
to give 0.0012 g of over reduced lactam 11, 0.0018 g of silyl ether 10 and 0.0050 g of silanol
9.

Data for 9 : IR (KBr) v 3398, 2959, 2866, 1722, 1607, 1462 cm’!; 'H NMR (500 MHz,
CDCl,) 6 8.03 (s, 1H), 7.03 (d, J=1.6 Hz, 1H), 6.94 (d, J = 1.6 Hz, 1H), 5.00 (q, J = 6.8 Hz,
1H), 3.99 (ddd, J = 4.3, 6.7, 9.3 Hz, 1H), 3.89 (sept, J = 6.8 Hz, 1H), 3.78 (app s, 1H), 3.31
(ddd, J= 1.3, 8.4, 9.3 Hz, 1H), 3.25 (ddd, J = 3.9, 6.7, 12.8 Hz, 1H), 3.15 (sept, J = 6.8 Hz,
1H), 2.85 (sept, J = 6.9 Hz, 1H), 2.81 (app. dd, J = 3.0, 12.7 Hz, 1H), 2.23 (dd, J = 12.8, 12.8
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Hz, 1H), 2.14 (ddd, J = 8.9, 8.9, 13.1 Hz, 1H), 2.08 (ddd, /= 1.9, 3.4, 14.8 Hz, 1H), 2.00 (dd,
J=12.8, 12.8 Hz, 1H), 1.80—1.66 (m, 4H), 1.62 (ddd, J = 2.4, 6.0, 14.8 Hz, 1H), 1.57 (s, 3H),
1.49 (d, J=6.8Hz, 3H), 1.32—1.17 (m, 18 H), 1.10 (dd, /= 10.4 Hz, 15.3 Hz, 1H), 1.05-0.93
(m, 12H), 0.86—0.80 (m, 3H). 3C NMR (125 MHz, CDCl3) 8 160.3 (CH), 148.8 (C), 147.3
(©), 145.9 (C), 133.1 (C), 123.2 (CH), 120.4 (CH), 84.7 (C), 74.5 (CH), 71.1 (CH), 67.1
(CH), 60.4 (CH), 59.2 (CH), 53.9 (CH), 33.9 (CH), 33.7 (CH,), 32.6 (CH,), 31.9 (CH), 31.0
(CH»), 30.4 (CHy), 29.1 (CH), 28.0 (CH), 25.0 (CHj), 24.9 (CHs;), 24.6 (CH3), 24.5 (CHj3),
23.9 (CH3), 23.3 (CH3), 22.9 (CHs3), 20.7 (CHy), 17.7 (CH3), 17.5 (CHj3), 17.4 (CH3), 13.3
(CH), 13.2 (CH). HRMS calcd for C37HgNOsSi: 630.4554. Found: 630.4565 (MH™).

Data for 10 : IR (KBr) v 2959, 2864, 1722, 1607, 1461 cm!'; 'H NMR (500 MHz, CDCl3) 8
8.05 (s, 1H), 7.04 (d, J =1.8 Hz, 1H), 6.93 (d, J= 1.8 Hz, 1H), 4.99 (q, J = 6.8 Hz, 1H), 3.97
(app s, 1H), 3.93—-3.84 (m, 2H), 3.23-3.08 (m, 3H), 2.92-2.78 (m, 2H), 2.23-2.11 (m, 2H),
2.01 (dd, J=13.1, 13.1 Hz, 1H), 1.96 (br s, 1H), 1.76—1.60 (m, 5SH), 1.58 (s, 3H), 1.48 (d, J =
6.8 Hz, 3H), 1.30—1.14 (m, 18H), 1.05 (dd, J = 7.8, 15.0 Hz, 1H), 1,01-0.78 (m, 14H), 0.53
(ddd, J=2.0, 2.0, 15.0 Hz, 1H). 3C NMR (125 MHz, CDCl;) 6 160.3 (CH), 148.8 (C), 147.2
(C), 146.0 (C), 133.2 (C), 123.1 (CH), 120.2 (CH), 85.2 (C), 74.3 (CH), 70.7 (CH), 67.9
(CH), 60.1 (CH), 58.3 (CH), 54.7 (CH), 34.0 (CH), 33.4 (CH,), 32.2 (CH,), 31.5 (CH,), 31.2
(CH), 30.2 (CHp), 29.2 (CH), 28.0 (CH), 25.1 (CHj3), 24.8 (CHs3), 24.7 (CHj3), 24.3 (CHj3),
24.0 (CH3), 23.8 (CH3), 23.4 (CH3), 22.9 (CHj3), 17.9 (CHj3), 17.6 (CH3), 17.2 (CH3), 16.8
(CH3), 15.1 (CH), 14.8 (CHy), 13.1 (CH). HRMS calcd for C37H;NO4Si : 612.4448. Found:
612.4451 (MH").

Data for 11 : IR (KBr) v 3366, 2958, 2865, 1608, 1462, 1382, 1261, 881 cm!; 'H NMR (500
MHz, CDCls) 6 7.04 (d, J = 1.8 Hz, 1H), 6.95 (d, J = 1.8 Hz,1H), 5.04 (q, J = 6.8 Hz, 1H),
4.74 (br s, 2H), 4.00 (ddd, J = 6.3, 6.3, 8.7 Hz, 1H), 3.91 (sept, J = 6.8 Hz, 1H), 3.77 (app s,
1H), 3.38 (ddd, J = 3.3, 6.3, 9.3 Hz, 1H), 3.19 (sept, J = 6.8 Hz, 1H), 2.96 (ddd, J = 2.3, 6.8,
9.2 Hz, 1H), 2.86 (sept, J = 6.9 Hz, 1H), 2.78 (dd, /= 3.5, 11.3 Hz, 1H), 2.48 (app d, J=11.3
Hz, 1H), 2.31 (app d, J = 15.4 Hz, 1H), 2.22-2.12 (m, 2H), 2.00—1.88 (m, 2H), 1.77 (ddd, J =
6.3,9.2,12.9 Hz, 1H), 1.72 (s, 3H), 1.54 (ddd, /= 2.5, 6.2, 14.5 Hz, 1H), 1.50 (d, J = 6.8 Hz,
3H), 1.34-1.13 (m, 18H), 1.07-0.80 (m, 15H), 0.69 (dd, /= 6.7, 15.0 Hz, 1H). 3C NMR (125
MHz, CDCl;) 6 148.8 (C), 147.2 (C), 145.7 (C), 145.3 (C), 133.5 (C), 123.1(CH), 120.4
(CH), 111.3 (CH,), 75.8 (CH), 71.2 (CH), 68.2 (CH), 63.8 (CH), 61.6 (CH), 56.7 (CH,), 36.3
(CH»), 33.9 (CH), 31.2 (CH,), 31.1 (CH,), 29.1 (CH), 28.4 (CH), 28.2 (CH), 25.3 (CH3), 24.9
(CH3), 24.8 (CH3), 24.5 (CH3), 23.9 (CHj3), 23.8 (CH3), 23.2 (CH3), 22.9 (CH3), 17.9 (CH,),
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17.6 (CH3), 17.5 (CH3), 17.3 (CH;), 13.4 (CH), 13.3 (CH). HRMS calcd for C3gHgNO;Si:
586.4655. Found: 586.4652 (MH").

(1S,5R,5aR,7S,7a8,9R,10aR)-3,3-Diisopropyl-9-methyl-7-((R)-1-(2,4,6-
triisopropylphenyl)ethoxy)dodecahydro-1,5-methano|1,6,2]oxazasilocino[7,6,5-
cd]indolizin-9-ol 12 and (15,2aR,3R,58,5aR,7R,8a8)-5-
((Hydroxydiisopropylsilyl)methyl)-7-methyl-1-((R)-1-(2,4,6-
triisopropylphenyl)ethoxy)decahydro-1H-pyrrolo[2,1,5-de]quinolizine-3,7-diol 13 : A
solution of formate 9 in 2.7 ml of methanol with 0.280 g of K,CO; was stirred at room
temperature for 1h. After dilution with brine the mixture was processed in the usual way with
methylenechloride to leave 0.0892 g of the crude mixture as a pale yellow oil. Purification on
silica gel (0—50% AcOEt in pentane) gave 0.0452 g of 12 and 0.0379 g of 13.

Data for 12 : IR (KBr) v 3365, 2959, 2864, 1608, 1461 cm™'; '"H NMR (400 MHz, CDCl3) 6
7.04 (d, J = 2.0 Hz, 1H), 6.92 (d, J = 2.0 Hz, 1H), 4.98 (q, J = 6.9 Hz, 1H), 3.96 (br s, 1H),
3.93-3.85 (m, 2H), 3.20-3.07 (m, 3H), 2.86 (sept, J = 6.9 Hz, 1H), 2.77 (ddd, J = 0.8, 3.0,
12.8 Hz, 1H), 2.16 (ddd, J = 9.2, 9.2, 12.6 Hz, 1H), 1.95 (br s, 1H), 1.82 (dd, J = 12.8, 12.8
Hz, 1H), 1.75-1.60 (m, 4H), 1.47 (d, J = 6.9Hz, 3H), 1.40 (ddd, J = 2.0, 3.7, 13.4 Hz, 1H),
1.31-1.11 (m, 22H), 1.07-0.95 (m, 5H), 0.95-0.87 (m, 4H), 0.87—0.78 (m, 6H), 0.53 (ddd, J
= 1.9, 1.9, 15.0, 1H). *C NMR (125 MHz, CDCl;) 6 148.8 (C), 147.1 (C), 146.0 (C), 133.4
(©), 123.1 (CH), 120.2 (CH), 74.3 (CH), 71.6 (C), 70.6 (CH), 68.0 (CH), 60.9 (CH), 59.2
(CH), 54.5 (CH), 36.8 (CH,), 34.0 (CH), 33.4 (CHy), 32.3 (CH,), 31.6 (CH,), 31.4 (CH), 29.2
(CH), 28.0 (CH), 25.7 (CH3), 25.2 (CHj3), 24.8 (CHj), 24.7 (CHs), 24.3 (CH3;), 24.0 (CHj3),
23.8 (CH3), 23.3 (CH3), 17.9 (CHj3), 17.7 (CHj), 17.2 (CH3;), 16.8 (CH3), 15.0 (CH), 14.8
(CH,), 13.1 (CH). HRMS calcd for C3sHg,NO;Si: 584.4499. Found: 584.4500 (MH™).

Data for 13 : IR (KBr) v 3375, 2959, 2865, 1607, 1462 cm™'; '"H NMR (500 MHz, CDCls) 8
7.03 (d, /= 1.8 Hz, 1H), 6.93 (d, J= 1.8 Hz, 1H), 5.00 (q, /= 6.9 Hz, 1H), 3.99 (ddd, J = 4.2,
6.6, 9.4 Hz, 1H), 3.91 (sept, /= 6.9 Hz, 1H), 3.76 (app s, 1H), 3.28 (ddd, /= 1.5, 8.3, 8.3 Hz,
1H), 3.24-3.09 (m, 2H), 2.85 (sept, J = 6.9 Hz, 1H), 2.75 (app dd, J = 3.0, 13.1 Hz, 1H), 2.13
(ddd, J=8.3,9.1, 13.0 Hz, 1H), 2.07 (br d, J=15.2 Hz, 1H), 1.86 (dd, /= 13.1, 13.1 Hz, 1H),
1.80—1.59 (m, 4H), 1.48 (d, J = 6.9Hz, 3H), 1.43 (ddd, J = 2.1, 3.8, 13.5 Hz, 1H), 1.33—1.16
(m, 22H), 1.11 (dd, J = 10.5, 15.3 Hz, 1H), 1.06-0.92 (m, 13H), 0.91-0.81 (m, 2H). 3C
NMR (125 MHz, CDCl3) ¢ 148.8 (C), 147.2 (C), 145.9 (C), 133.3 (C), 123.2 (CH), 120.3
(CH), 74.5 (CH), 71.3 (C), 71.0 (CH), 67.2 (CH), 61.2 (CH), 60.1 (CH), 53.7 (CH), 37.2
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(CH,), 33.9 (CH), 33.6 (CH,), 32.8 (CH,), 32.0 (CH,), 31.0 (CH), 29.1(CH,), 28.0 (CH), 25.8
(CHs), 25.0 (CHs), 24.9 (CHs), 24.6 (CHs), 24.5 (CHs), 23.9 (CH;), 23.2 (CHy), 20.8 (CH,),
17.7 (CHs), 17.5 (CHs), 17.4 (CHs), 13.4 (CH), 13.2 (CH). HRMS calcd for CsgHguNO,Si:
602.4605. Found: 602.4611 (MH").

(1S5,2aR,3R,58,5aR,7R,8aR)-5,7-Dimethyl-1-((R)-1-(2,4,6-
triisopropylphenyl)ethoxy)decahydro-1H-pyrrolo|2,1,5-de|quinolizine-3,7-diol 14
Vaska's catalyst (IrCl(CO)[P(C¢Hs)s]2, 4.2 mg, 0.0054 mmol, 2.7 mol%) was added to a
solution of lactam 8¢ (0.1173 g, 0.201 mmol.) in 4.6 ml of toluene at RT. The obtained yellow
suspension was stirred at RT for 5 min before the addition of TMDS (89 ul, 0.503 mmol., 2.5
eq.). The reaction mixture was stirred for more 5 min before noticing the total disappearance
of starting material by TLC. Formic acid (2.3 ml) was then added and the solution was
vigorously stirred for 1.5 h at RT. The resultant solution was diluted with Et,O and then
basified with saturated K,COj; solution and extracted with Et,O in the usual manner. High
vacuum removal of the excess TMDS (2 h at 80 °C under 0.4 torr) left 0.116 g formate 9 in an
enough purity to be engaged in the next step. This material was dissolved in 4.7 ml of dry
DMSO and KOt-Bu (340 mg, 3.03 mmol, ~15 equiv), CsF (250 mg, 1.65 mmol, ~8 equiv)
and 140 pl of H,O (3%) were added at RT. After stirring 9h at 120°C, the reaction was
hydrolised with brine and extracted with Et,O in the usual way. Purification of crude material
on silica gel (3% MeOH-NH3;/DCM) yielded 41.0 mg 0.087 mmol of the corresponding
protodesilylated alcohol 14 (46% yield over 2 steps). [a]*p +14.6 (¢ 0.48, CHCl3); IR (KBr) v
3408, 2960, 2928, 2869, 1607, 1459, 1372, 1263 cm’'; 'TH NMR (500 MHz, C¢Dg) 8 7.26 (d, J
= 1.8 Hz, 1H), 7.10 (d, /= 1.8 Hz, 1H), 5.06 (q, J = 6.8 Hz, 1H), 4.19 (sept, J = 6.9 Hz, 1H),
3.91(ddd, J=4.9, 6.4, 9.2 Hz, 1H), 3.56 (app s, 1H), 3.19 (sept, J = 6.9 Hz, 1H), 2.95 (br t,J
=7.9 Hz, 1H), 2.89 (ddd, J = 3.9, 6.4, 12.2 Hz, 1H), 2.80 (sept, J = 6.9 Hz, 1H), 2.48 (ddd, J
=1.7,3.0, 13.1 Hz, 1H), 2.27 (ddd, J = 7.9, 9.2, 12.8 Hz, 1H), 2.00 (br s, 1H), 1.65-1.51 (m,
4H), 1.61 (d, J = 6.8 Hz, 3H), 1.47-1.40 (m, 2H), 1.38 (d, J = 6.7 Hz, 3H), 1.37-1.27 (m,
7H), 1.26—1.21 (m, 6H), 1.19 (d, /= 6.7 Hz, 3H), 1.14 (d, /= 7.4 Hz, 3H), 1.06 (s, 3H), 0.98
(brd, J=12.6 Hz, 1H). 3C NMR (125 MHz, CDCl;)  148.8 (C), 147.2 (C), 145.8 (C), 133.4
(C), 123.2 (CH), 120.3 (CH), 75.0 (CH), 71.2 (C), 71.0 (CH), 67.2 (CH), 61.2 (CH), 58.0
(CH), 53.7 (CH), 38.0 (CH;), 34.6 (CH,), 34.0 (CH,), 33.9 (CH), 31.2 (CH), 30.9 (CH,), 29.1
(CH), 28.0 (CH), 25.7 (CHj3), 25.0 (CHj3), 24.9 (CHj3), 24.6 (CHs;), 24.5 (CH3;), 24.0 (CHj3),
23.9 (CH3), 23.7 (CH3), 23.2 (CH3). HRMS calcd for C30HsoNO3: 472.3791. Found: 472.3789
(MHY).
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(18,2aR,35,55,5aR, 7R, 8a5)-3,5,7-Trimethyldecahydro-1H-pyrrolo|2,1,5-de]quinolizine-

1,7-diol 17 : To a solution of alcohol 14 (92.0 mg, 0.195 mmol) in 2.0 ml MeCN were added
DMAP (19.0 mg, 0.155 mmol, 0.8 eq.), 2,2’-bipyridyl (19.0 mg, 0.122 mmol, 0.6 eq.) and 2-
azaadamantane N-oxyl (10.9 mg, 0.072 mmol, 0.4 eq.) and CuCl (32.2 mg, 0.323 mmol, 1.7
eq.) at room temperature. The mixture was stirred at the room temperature under open air
atmosphere for 30 min. The reaction was monitored by TLC, noting the color change of the
mixture from brown to green indicating the completion of the reaction. The reaction was
quenched with saturated NaHCO; and Na,S,0; and the mixture was stirred vigorously at
room temperature for 5 min. The mixture was then diluted with pentane and the aqueous layer
extracted with pentane (3 times). The combined organic layers were dried over MgSO4 and
evaporated yielding 173.0 mg of (15,2aR,5S5,5aR,7R,8aS)-7-Hydroxy-5,7-dimethyl-1-((R)-1-
(2,4,6-triisopropylphenyl)ethoxy) decahydro-3H-pyrrolo[2,1,5-de]quinolizin-3-one 15 in
mixture with 2,2’-bipyridyl, used for the next step without any further purification. Data for
15 : IR (KBr) v 3408, 2959, 2926, 2867, 1727, 1649, 1561, 1457 cm’!; 'TH NMR (400 MHz,
CDCly) 6 7.01 (s, 1H), 6.92 (s, 1H), 5.03 (q, J = 6.9 Hz, 1H), 3.94 (ddd, J = 4.3, 6.0, 7.9 Hz,
1H), 3.89 (sept, J = 6.7 Hz, 1H), 3.74 (dd, J = 7.0, 9.1 Hz, 1H), 3.16 (sept, J = 6.9 Hz, 1H),
3.06 (ddd, J=4.2, 6.0, 11.3 Hz, 1H), 2.83 (sept, J = 6.9 Hz, 1H), 2.56 (ddd, /= 3.5, 7.4, 11.1
Hz, 1H), 2.36—-2.22 (m, 3H), 2.06—1.87 (m, 2H), 1.70-1.51 (m, 4H), 1.31-1.13 (m, 21H),
1.02 (d, J = 6.7 Hz, 3H). HRMS calcd for C30H4sNO3: 470.3629. Found: 470.3616 (MH"). A
solution of 0.6 M NaHMDS in toluene (3.2 ml, 1.92 mmol) was added to a solution of
methyltriphenylphosphonium bromide (764.1 mg, 2.14 mmol) in 5.4 ml THF at —78°C. The
yellow suspension was stirred for 45 min as the temperature was allowed to warm to 0°C then
stirred 15 min at this temperature. The mixture was cooled back to —90°C and the previous
crude ketone 15 (173.0 mg) was added as a solution in 7.5 ml THF. The reaction mixture was
stirred for 1h at “90°C<T<—80°C and temperature was increased to 0°C over 2h followed by
stirring at RT for 1h. Quenching was done with water and the aqueous layer was extracted
with pentane (3 times). The combined organic layers were dried with MgSO, and the solvent
was evaporated under vacuo. Partial purification over silica gel (10% EtOAc/cyclohexane)
affored 600.0 mg of a mixture of alkene 16 and excess of Wittig reagent ( ~1.0:17.7). Data for
16 : IR (KBr) v 3387, 2958, 2925, 2854, 1658, 1607, 1462, 1379 cm’!; 'TH NMR (400 MHz,
CDCl3) 66 7.01 (d,J=2.0 Hz, 1H), 6.91 (d,/J=2.0 Hz 1H), 5.06 (q, /= 6.8 Hz, 1H), 4.71 (q,
J=1.6 Hz, 1H), 4.69 (q, J= 1.6 Hz, 1H), 4.02 (ddd, /= 2.8, 6.9, 8.6 Hz, 1H), 3.92 (sept., J =
6.8 Hz, 1H), 3.65 (t, J= 8.0 Hz, 1H), 3.19 (sept, J = 6.8 Hz, 1H), 3.16 (ddd, J = 3.6, 6.9, 12.3
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Hz, 1H), 2.83 (sept, J = 6.9 Hz, 1H), 2.67 (ddd, J = 3.0, 3.0, 12.7 Hz, 1H), 2.39 (dd, J = 5.6,
14.4 Hz, 1H), 2.01-1.69 (m, 6H), 1.50 (d, J = 6.8 Hz, 3H), 1.41 (ddd, J = 2.3, 3.6, 13.4 Hz,
1H), 1.30—1.16 (m, 22H), 0.98 (d, J = 7.0 Hz, 3H). HRMS calcd for C;;H5(NO,: 468.3836.
Found: 468.3827 (MH™). To a solution of the previous mixture in 6.0 ml of i-PrOH were
added at RT phenyl silane (1.0 ml, 8.1 mmol), tert-butylhydroperoxide solution (5.0—6.0M in
decane, 0.200 ml, 1.0—1.2 mmol) and Mn(dpm); (0.040 g, 0.066 mmol). The reaction mixture
was stirred for 4h then the solvent was evaporated. The crude mixture was directly loaded on
silica gel (1% MeOH-NH3/DCM) to afford 0.1457 g of partially purified corresponding
alkane : '"H NMR (400 MHz, CDCl;) 6 7.00 (d, J = 1.9 Hz, 1H), 6.90 (d, /= 1.9 Hz, 1H), 5.00
(q, J = 6.8 Hz, 1H), 4.01 (ddd, J = 2.7, 7.1, 9.6 Hz, 1H), 3.92 (sept, J = 6.9 Hz, 1H), 3.16
(sept, J = 6.8 Hz, 1H), 3.14 (ddd, J = 3.8, 7.1, 12.4 Hz, 1H), 2.83 (sept, J = 6.9 Hz, 1H), 2.72
(ddd, J = 7.0, 9.4, 9.4 Hz, 1H), 2.68 (ddd, J = 1.4, 3.1, 13.0 Hz, 1H), 1.91-1.81 (m, 2H),
1.76—1.54 (m, 3H), 1.48 (d, J = 6.8 Hz, 3H), 1.47-1.39 (m, 1H), 1.36 (ddd, J = 2.3, 3.8,13.4
Hz, 1H), 1.34—1.15 (m, 23H), 1.13 (ddd, /= 2.3, 3.0, 12.5 Hz, 1H ), 1.09 (d, /= 7.1 Hz, 3H),
0.83 (d, J = 6.4 Hz, 3H). HRMS calcd for C3;Hs5,NO,: 470.39926. Found: 470.39795 (MHY).
To a solution of the previous compound in 2.5 ml of DCM at 0 °C was added drop wise 0.320
ml TFA. The reaction mixture was vigorously stirred for 1 h at 0°C, after which it was
quenched with 10% NaOH solution and extracted with DCM in the usual manner to give
0.170 g of the crude material which was purified over silica gel (6% MeOH—NH;/DCM)
furnish 0.020 g of diol 17 (43% yield from 14). IR (KBr) v 3402, 2956, 2921, 2850, 1650,
1465, cm™'; 'TH NMR (400 MHz, CDCl3) 6 4.33 (ddd, J=1.9, 5.1, 7.1 Hz, 1H), 2.96 (ddd, J =
3.3,5.1, 12.1 Hz, 1H), 2.84 (ddd, J = 6.9, 9.1, 10.4 Hz, 1H), 2.50 (ddd, J = 2.8, 5.5, 12.0 Hz,
1H), 1.85 (ddd, J = 2.0, 6.9, 13.4 Hz, 1H), 1.72 (ddd, J = 7.3, 9.0, 13.4 Hz, 1H), 1.71-1.51
(m, 4H), 1.48 (ddd, J = 1.9, 3.2, 12.4 Hz, 1H), 1.42 (ddd, J = 2.0, 2.8, 13.4 Hz, 1H),
1.37-1.31 (m, 2H), 1.26 (s, 3H), 1.02 (d, J = 7.0 Hz, 3H), 0.79 (d, J = 6.5 Hz, 3H). HRMS
calcd for C14HsNO,: 240.1964. Found: 240.1958 (MH™).

(2aR,3S5,55,5aR,8aR)-3,5,7-Trimethyl-2,2a,3,4,5,5a,6,8a-octahydro-1H-pyrrolo[2,1,5-de]

quinolizine, alkaloid (-)-205B (1): To a solution of the diol 17 (5.0 mg, 0.021 mmol, 1.0
equiv) in 250 ul DCM were added DMAP (10.0 mg, 0.082 mmol, 3.9 equiv) and O-phenyl
chlorothionoformate (7.0 pul, 0.051 mmol, 2.4 equiv). The reaction mixture was stirred for Sh
at RT and then quenched with 10% NaOH and diluted with DCM. The aqueous layer was
then extracted with DCM (3 times) and the combined organic phases were dried over MgSO,

and concentrated under reduced pressure. The residue was purified over silica gel (0—0.5%
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MeOH-NH;/DCM) to afford 6.5 mg (83% yield) of O-((1S,2aR,35,5S,5aR,7R,8aS)-7-
Hydroxy-3,5,7-trimethyldecahydro-1H-pyrrolo[2,1,5-de]quinolizin-1-yl) O-phenyl
carbonothioate. 'H NMR (400 MHz, CDCl3) & 7.45-7.39 (m, 2H), 7.31-7.27 (m, 1H),
7.12=7.07 (m, 2H), 5.70 (ddd, J = 2.6, 6.6, 9.2 Hz, 1H), 3.58 (ddd, J = 3.6, 6.6, 12.4 Hz, 1H),
2.78 (ddd, J=6.8, 9.5, 9.5 Hz, 1H), 2.72 (ddd, /= 2.2, 2.9, 12.7 Hz, 1H), 2.11-1.94 (m, 3H),
1.83 (t,J=12.6 Hz, 1H), 1.74—1.46 (m, 4H), 1.39-1.21 (m, 2H), 1.28 (s, 3H), 1.13 (d, J= 7.2
Hz, 3H), 0.84 (d, J = 6.6 Hz, 3H). To a refluxing solution of the previous O-phenyl
carbonothioate (17.5 mg, 0.047 mmol, 1.0 equiv) in 2.8 ml of benzene was added dropwise a
mixture of AIBN (3.6 mg, 0.022 mmol, 0.5 equiv) and TMS;SiH (34.5 pl, 0.11 mmol, 2.3
equiv) in 510 pl benzene over 45 min. The mixture was refluxed for additional 4h30min, then
cooled and evaporated. The residue was loaded directly on silica gel for purification (3%
MeOH—-NH3/DCM) to give 10.2 mg of (2aR,4S,5aR,6S,8S,8aR)-4,6,8-trimethyldecahydro-
1 H-pyrrolo[2,1,5-de]quinolizin-4-ol, tertiary alcohol 18 (98%). 'H NMR (400 MHz, CDCls) 6
3.11 (dddd, J =2.2, 4.0, 7.5, 11.8 Hz, 1H), 2.78 (ddd, J = 2.2, 3.0, 12.8 Hz, 1H), 2.43 (ddd, J
=6.5, 9.6, 9.6 Hz, 1H), 2.09-1.88 (m, 2H), 1.77-1.64 (m, 3H), 1.54—1.26 (m, 7H), 1.26 (s,
3H), 1.14 (d, J= 7.2 Hz, 3H), 0.82 (d, J = 6.5 Hz, 3H). HRMS calcd for C,4H,sNO: 224.2009.
Found: 224.2008 (MH"). To a solution of the tertiary alcohol 18 (10.4 mg, 0.05 mmol, 1.0
equiv) in 6 ml of benzene was added p—TsOH.H,O (70 mg, 0.37 mmol, 7.4 equiv) followed
by refluxing the reaction mixture for 8 h. The reaction was then cooled down and diluted with
DCM and quenched with 10% NaOH. The aqueous layer was extracted 4 times with DCM
and the combined organic layers were dried over magnesium sulphate and evaporated in
vacuo to obtain the crude product as a 6:1 mixture of isomers. Purification over silica gel
(10-50% AcOEt in pentane) afforded the targeted compound 1 (6.0 mg, 63% yield) as a
colorless oil. [a]*’p +2.4 (¢ 0.33, CHCl;); IR (KBr) v 2955, 2925, 2852, 1658, 1459, 1376 cm-
I, TH NMR (500 MHz, C¢Dg) 6 5.17 (br s, 1H), 3.89 (br s, 1H), 2.97 (ddd, /= 1.2, 4.7, 11.6
Hz, 1H), 2.15 (ddd, /= 5.2, 9.9, 9.9 Hz, 1H), 2.04 (br t, J = 14.4 Hz, 1H), 1.99 (dddd, J = 1.6,
9.1,12.1,12.1 Hz, 1H), 1.80 (dddd, /= 1.9, 5.2, 9.1, 11.1 Hz, 1H), 1.59 (s, 3H), 1.60-1.53 (m,
1H), 1.40-1.20 (m, 6H), 1.30 (d, J = 7.1 Hz, 3H), 0.81 (d, J = 6.5 Hz, 3H). 3C NMR (125
MHz, C¢Dg) 6 129.91 (C), 126.79 (C), 60.97 (CH), 58.95 (CH), 57.02 (CH), 36.35 (CH,),
33.34 (CH), 33.11 (CH), 30.13 (CH,), 29.17 (CH,), 28.72 (CH,), 24.15 (CHs3), 20.76 (CHj3),
19.41 (CH3). HRMS calcd for Ci4H4N: 206.19033 Found: 206.19045 (MH™).



Summary of previously published synthesis of alkaloid 205B

Toyooka's synthesis (ref 3a) :

HN

TBDPSO

1. n-BuLi, CICO,Me
2. LIHMDS,

CO,Me

1. Me,Culi, Et,0 H 1. TBAF, THF

Comin's reagent MeOL "X, 2 LiEtsBH, THF o= «Me 2 swern oxidation
3.CO, Pd(PhsP), MeOH TBDPSO 3.NaH, THF TBDPSO 3. NaClO,, NaH,PO,
' 4. CH,N,
83 %, 3 steps 89 %, 3 steps 86 %, 4 steps
/A/O 1. Me,Culi 1. LiOH
1. LIHMDS, PhSSPh O N «Me  2.LiOH O/A/ Me 2. 1,1’-carbonydiimidazole
3. CICO,E, EtzN 3. E;N, (MeO)MeNH-HCI
2. m-CPBA MeO,C 4. CH,N, MeOZC\\\\.- 4. MeMgBr
84 %, 2 steps 5. PhCO,Ag, EtN, 72 %, 4 steps
MeOH
66 %, 5 steps
oH COEt
1. Ethylene glycol, APTS _ 1.10% Pd/C, H,
2.2M KOH, i-PrOH MIZOC\N ‘\\Me 1. Swern oxidation B 2. DIBAL-H
' oc Me ———
N Y
3. Boc,O o) ) 2. (EtO),P(O)CH,COLEt, Me N B 3. APTS
</ w NaH O\‘\ v
74 %, 3 steps o Vie 74 %, 2 steps </O W 62 %, 3 steps
Me

1. MeP*Phsl~, n-BuLi

2. APTS, CgHg

53 %, 2 steps

31 steps, 4.1% overall yield



Smith's synthesis (ref 3b) :

i) (+)-Ipc,B
S COgEt 1. HCI, EtOH N ?H
O 2. Hg/ Pd-C CHO :
)T TBS0” N
3. TBSCI, Imidazole, DMAP z - z z
' ’ OTBS ii) NaOH, H,O
4. DIBAL-H, CH,Cly, -78 °C o 2v2 OTBS CHs
95 %, 4 steps 81 %, 11:1dr

O,

1. TBDPSCI, Imidazole, DMAP OTBDPS
2. CSA, MeOH, CH,CI -

Z2 """ =a Trislm = 2,4,6-(i-Pr)3CeH2S0;— N/\|
3. NaH, Trisim, THF © CHy \=N

87 %, 3 steps

MeO,C on 1 TSCLEGN,CHICl oG < el THE 78°C [
NH.GI 2 PhsP, DEAD, THF NTs o /) =B
“TMSO  OTMS [
82 %, 2 steps TMSOTF, CH,Cl, 0 °C s

68 %, 2 steps

OTBDPS

1. 2M HCI, acetone, reflux
2. LIHMDS, TMSCI, THF, -78 °C

1. TBAF m

2. MsCl, Et3N, THF

3. K,COg3, 5% Na-Hg, MeOH
64 %, 3 steps

3. Grubb’s catalyst, CgHg
67 %, 3 steps

H

T

1. PhyP*CH,0MeC, -BUOK \_—S
2.HCI,0°C

H 3.NaBH, MeOH, 0 °C

74 %, 3 steps HO

1. MsCl, Et3N, CH,Cl, ¢}

2. LiHBEt3, THF, reflux

3. PhI(0,CCF3),, CF3COzH
75 %, 3 steps

Hv

N

1. Ph3P*CH3,CI, n-BuLi

2. p-TsOH, CgHg 23 steps for the longest linear sequence with 5,4% overall yield

64 %, 2 steps

Comins's synthesis (ref 3d) :

OMe ) (-)-TCCOC(O)CI )TCC=
. TIPS
mps ) F O Mger 2 ﬁﬁ/ 1. MeONa, MeOH, reflux; 10% HCI
AN Me
iii) 10% HCI _ N %4

— AcO OAc
N 92 % Grubbs catalyst
C02 JTec 75 %, 2 steps
0 (0]
Me 1 )vSnBu TRAA CHyol,  ©
Pd cat, t-BusP, Cs,CO3 H ‘ i) LDA, Mel H ) 3, , LRgLl H
80 % N i) LDA; MeOH N 2. Grubb’s catalyst, t-BuOEt
82 % 9 g
o _ 52 %, 2 steps }.‘| Me

1. NaHMDS, Mel 1. Thiocarbonyl diimidazole, DMAP

2. Li, NH3 11 steps with 7.8% overall yield

68 %, 2 steps

2. AIBN, BuzSnH, PhSeSePh

49 %, 2 steps




Micalizio's synthesis (ref 3f) :

Q i OH
0 i) MeNHOMe-HCI chiral :
™S i-PrMgCl, THF ~ TMS oxazaborolidine TMS
OEt & — -~
/=N THF, -78 °C
MgBr
67 % 1%

o i) LIHMDS; Ti(Oi-Pr),

RNH
O\(\)LH ii) s-BuLi, THF OM/\ W
Q/O i) NTMS Qo i 120 °C

OH

67 %
57 % (BzO),, then NoH, ( R=H

50 % R =0OH
1. LAH
2. DMP 1. DIBAL, CH,Cl,
3. NaH, then 2. 0-NO,CgH,SO,NHNH,

Q OMe Ph3P, DIAD, NMM
0,
MeO OMe ™S 55 %, 2 steps

51 %, 3steps  TMS

1. t-BuOK
Zn, AcOH 2. Thiocarbonydiimidazole
3N HCI 3. AIBN, BusSnH 15 steps with 0.8% overall yield
82 % 4. APTS

36 %, 4 steps

Cha's synthesis (ref 3g) :

" gUC“}I on 1. Hy, Lindlar’s cat. Me
)‘vBr + //OH 20 - Ve HO S 2. L-(+)-DIPT, Ti(Oi-Pr),, t-BUOOH OH
= H9, 50 °C N
prAY, 3. MeMgBr, CuBr, THF oH
87 % 74 %, 3 steps
O Me
1. p-MeOCgH4CH(OMe), CSA, CH,Cl, Me 1. LDA, Me\)J\N _Ph Me Me
2. DIBAL-H, CH,Cl, ./\f i
I Me OH COOM
3. Ph3P, Imidazole, I, CH,Cl, 2. 4N NaOH, CH,N, ¢
OPMB OPMB
71 %, 3 steps 86 %, 2 steps
1. EtMgBr, Ti(Oi-Pr), Me Me Me Me
2. TBSOTY W 1. (PhO),P(O)N5, DIAD, PhaP M Me,Zn, CuCN-2LiCl
3. DDQ : OTs
2y TBSO 2. CSA, MeOH % o O
70 %, 3 steps 73 %, 2 steps M
79%

: Me

- H
PhsP, Et,0; LAH m AgNO; © 0
NH
H . Acetone, H,0O /CO

67 %
Me -
83 % :

Y e

18 steps for the longest linear sequence, 7.1% overall yield

Grubb-II

CHyCly, reflux
81%




Comparison Tables of NMR Data of 1

In CDCl; :
IHNMR
Ref 1 Refl 3n Ref 3k Refl 3l Rl 37
{500 W7, CTCT) {500 M7, CICIA) {400 M7, CTCI) (400 M7, OO0
5.20br, I} 5.18 {brx, IH} 5,18 (hs, IH) 508 {hs, 1FD)
Nalural praduct 380 {br, |} 379 (brs, |H} 379 (bs, IH) 376 (br, I}

Tietaled desenplion not diven

344 {dd, =112, 4.5 Ha, 1H)
2.12-2.1% {m, 3H)

1.92 (m, 1H)
1,72 (m, 1H)

1.64 (v, 3H}
1.27-1 52 (m, 4H)
1.19(d, J =73 H», 3}
.86 (d, J = 6.4 Hy, 3HD)

28 (dd, F= 114,46 H., 1H
27-210{m, 3H)

1.93-1.8% {m, TH)
1.79-1.71 {m, 1TH)

1.62 (s, 3H),
1.49-1 26 {m, 6H)
118 (d, T= 7.2 He, 7Y
(L84 (d, 7= 6.4 Hx, 3H)

2,98 (dd, J = 4.6, 11,2 Hz, 1H)
217210 {m, I

194 — 1,86 {m, 1H)
1,78 — 168 {m, 1H)

163 (x, 5H)
150 = 1,23 {m, 6H)
L7 4, JF="7.3Hx, 3H)
(1,84 (d, J=6.6He, 3H)

2,08 {dd, J=4.4, 12.0 Hx, I1H)
2132065 {m, 3H)

191 — 1,85 {m, 1H)
1.74-1.66 {m, 1H)

162 {x, 3H)

1,48 — 1,25 {m, 6H)
117 {d, J=7.2 He, 3H)
.83 {d, J =64 Hr, 3H)

S-17

13C NMR
{100 WTH=, CTHE) {125 WH, CTHIS {125 WH, CTHIE) {100 WH, CTHIE) {100 WH:, CTHE)
1204 129,52 129,54 120 48 129,54
1254 125,52 125,56 12533 12541
GG il 446 53 ol 54 Gl 47
582 SR04 58,12 3799 SR
6.6 49 56,24 56,41 6,34
A56 3542 A5.51 3338 3548
32,7 J2.55 32,61 32.57 J2.58
323 244 3243 3231 32,51
2403 249,22 240,23 20090 240,29
283 28,38 28,43 28,38 25.41
28.5 28,35 25.43 28.34 28,18
2335 23,56 23,52 23,33 2334
24,2 24019 20,19 20011 021
15,8 18,83 15,82 15,84 18,83




In C¢Dy :

285(dd, T=46, [1.5He, 1TH
254k, F=52 53 He, IH)
206 Gipp 1. F= 14,3 Ha, |H)
202-1.95{m, 1TH)
1.84—1.79 {m, THD
1.60-1.53 {m, TH
1.58 (=, 3H)
1.3 1,21 {m, 6H)
1.29(d, T="7.1 Hz, 3H)
(181 {d, =166 He, 3H)

2,95 (dd, J= 4.8, 142 Hy, IH)
2,15 (dt, J=5.1,98 Ha, |H)
205 (b, J=15.0 Mz, IH)
2,02-1,95 {m, TH)

1. §4—1.78 {m, 1H)
160152 {m, 1H)

1,59 {5, 3H}

I 401,23 {m, 6H)
1.29(d, J="7.0Hs, 3H)
0.81 (d, J=6.6Hs, 3

2905idd, =44, 11,6 Hz, 1H)
2,15 (W, J=48,9.6 Hs, IH)
206 {1, F= 145 He, I H)
2.H=1.95 (W, 7= 2.4, 10.0 He, IH)
1.82-1,7% m, 1H)
160153 {m, 1H)
1.59 {z, 3H)
1.36—1,23 {m, 6H)
1,29 {d, J=7.2 Hx, 3H}
.81 (d, F=6.8 Hx, 3H)

295 (dd, 7= 11.7, 48 Hx, 1H)
2,15 (dd, =95, 4.8 Hx, IH}
206 (hrt, = |4.6 He, |H)
2402-1.95 {m, 1H)

I £=1,52 {m, 1TH)
1.59 {x, 3H}
1.30-1.21 {m, 6H)
1294, J =68 He, 3H)
81, .F= 6.8 He, iH)

1H NMR
Ref 3b Refl id Rl 31 Rel 3g This wark
(300 WTH«, COTH) (400 MTHe, COTH) (400 WTH«, COTH) (400 WHz, CETIG) (500 WTHw, COTH)
5.1% {brs, |H) 5,19 (hs, 1H) SA94d, F=12Hs IH) 5,19 {br s, |H) 507 (brs, IH)
387 (hrs, |H) 3.87 (hs, |H) 387 (br, IH) 386 (m, 1HD) 3.89 (hrs, |H)

2070ddd, F=1.2,47, 11.6 Hx, TH)
205 {(ddd, J=52,9.9,959H., IH}
2iddbri, J= 144 He, IH)

99 {dddd, 7= 1.6, 9.1, 12,1, 12,1 He, IH})
A (dddd, J=19, 52,91, 11,1 Hx, TH)
I 60153 (m, 1H)
15594z, 5H)

141120 {m, 6H)

130, 7= T.1 He, 5H)

.81 {d, J = 6.5 He, 5H)

S-18

13C NMR
{125 MH., C6IM) (100 WTH., CBTH) {100 MH., CeIM) {150 MHu, CETH) {125 WTH«, C6IM)

128 84 12992 128 90} 12890 129
126.85 126.81 126.85 129.81 12979
LR R 6095 a4 G097
5900 L2 ) 5900 5896 SRA5
a0z 2697 51 2697 5702
3639 334 363R a4 3635
3336 35334 3336 3332 3334
REN L 3304 XN L 3303 33l

RITA I 31D I LN
2420 2918 2420 2907 24007
2874 2R30 2R3 2R 30 2802
2415 2418 2417 24.14 2415

2179 20174 2179 2076 2176
16043 1943 1642 1540 1941
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