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Melting points are uncorrected. 'H NMR (500 MHz) and *C NMR (125 MHz) were recorded in
CDCI; otherwise as indicated. THF was distilled from sodium benzophenone ketyl. Petroleum ether
refers to that of bp 60-90 °C. The starting material cis-(3S, 4R)-3,4-isopropylidenedioxypyrrolidin-2-
ylidene acetate 17 was prepared according to the method described in the literatures. [(a) Buchanan, J.
G.; Jigajinni, V. B.; Singh, G.; Wightman, R. H. J. Chem. Soc., Perkin Trans. 1 1987, (11), 2377-2384.
(b) Buchanan, J. G.; Singh, G.; Wightman, R. H. J. Chem. Soc., Chem. Commun. 1984, (19), 1299-1300.]
1. General procedure for the reactions of heterocyclic enamine 17 with methyl alkenoic
carboxylates or methyl allenic carboxylate.
Under nitrogen atmosphere, a solution of heterocyclic enamine 17 (1 mmol) in dry THF (10 mL) was
added dropwise to the suspension of NaH (0.5 mmol, 50% in mineral oil) in THF (10 mL) cooled in an
ice bath. The resulting mixture was stirred at 0 °C until no evolution of hydrogen gas. To this mixture,
the solution of alkenoic carboxylate (methyl acrylate, methyl crotonate or methyl 2-hexenoate) (1.25
mmol) or methyl allenic carboxylate (1.5 mmol) in THF (10 mL) was then added dropwise at 0 °C. The
reaction mixture was stirred for another 4 h at ambient temperature for the alkenoic carboxylate or for 1
h at 0 °C for the methyl allenic carboxylate. After removal of the solvent, the residue was
chromatographed on a silica gel column eluting with a mixture of petroleum ether and ethyl acetate (4:1
to 1:1). The hexahydro-5-indolizinones 18, 22, and 23 were obtained, respectively, from the reactions of
enamine 17 with alkenoic carboxylates, while tetrahydro-5-indolizinone 30 was isolated from the
reaction of enamine 17 with allenic carboxylate.
Methyl (1S, 2R)-1,2-O-isopropylidenedioxy-1,2,3,5,6,7-hexahydro-5-indolizinone-8-carboxylate 18:
82 %, 122-123 °C, [at]p™” = -204.3° (¢ = 0.635, CHCl3). IR v (cm™) 1700, 1675, 1656; "H NMR & (ppm)
5.75(d,J=6.1 Hz, 1H), 4.84 (dt,/=5.9, 1.7 Hz, 1H), 3.97(dd, /= 13.1, 1.6 Hz, 1H), 3.81 (s, 3H), 3.77
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(dd, J=13.1, 5.8 Hz, 1H), 2.78-2.84 (m, 1H), 2.56-2.65 (m, 3H), 1.46 (s, 3H), 1.44 (s, 3H); °C NMR
8 (ppm) 169.0, 166.2, 149.9, 112.4, 105.0, 80.3, 75.1, 51.7, 50.9, 30.4, 27.2, 25.4, 21.5. MS (FT-ICR):
268 (M+1). Anal. Calcd for C3H17NOsC 58.42, H 6.41, N 5.24; Found: C 58.43, H6.50, N 5.08.
Methyl (1S, 2R, 7S)-1,2-O-isopropylidenedioxy-7-methyl-1,2,3,5,6,7-hexahydro-5-indolizinone-8-
carboxylate 22A: 54%, mp 97-98 °C, [a]p> = -61.28° (C = 0.545, CHCI3). IR v (cm™) 1705, 1689,
1647; "H NMR & (ppm) 5.69 (d, J = 6.1 Hz, 1H), 4.78 (dt, J = 5.7, 1.5 Hz, 1H), 3.93 (d, /= 13.1 Hz,
1H), 3.81 (dd, J = 13.2, 5.6 Hz, 1H), 3.78 (s, 3H), 2.97-3.00 (m, 1H), 2.59 (dd, J = 16.9, 7.1 Hz, 1H),
242 (dd, J =168, 1.2 Hz, 1H), 1.39 (s, 3H), 1.37 (s, 3H), 1.11 (d, J = 7.0 Hz, 3H); "CNMR & (ppm)
169.1, 166.5, 149.2, 112.2, 109.3, 80.6, 75.0, 51.5, 51.0, 38.1, 28.0, 27.6, 26.0, 18.7; MS (EI): 43 (100),
59 (55), 266 (68), 281 (M", 45%). Anal. Calcd for C;4HoNOs: C 59.78, H 6.81, N 4.98. Found C 59.69,
H7.01,N4.77.

Methyl (1S, 2R, 7R)-1,2-O-isopropylidenedioxy-7-methyl-1,2,3,5,6,7-hexahydro-5-indolizinone-8-
carboxylate 22B: 35%, mp 120-121 °C, [o]p>’ = -234.39° (C = 0.535, CHCl3). IR v (cm™) 1702, 1677,
1650; "H NMR & (ppm) 5.71 (d, J = 6.1 Hz, 1H), 4.83 (t, J = 5.8 Hz, 1H), 4.00 (d, J = 13.0 Hz, 1H),
3.79 (s, 3H), 3.67 (dd, J = 13.0, 5.7 Hz, 1H), 3.08-3.10 (m, 1H), 2.70 (dd, J = 16.1, 7.2 Hz, 1H), 2.38
(dd, J=16.1, 1.6 Hz, 1H), 1.42 (s, 3H), 1.40 (s, 3H), 1.02 (d, /= 7.1 Hz, 3H); "*C NMR & (ppm) 168.4,
165.9, 148.7, 112.3, 110.8, 80.5, 75.2, 51.7, 50.5, 37.9, 27.6, 27.2, 25.2, 18.8; MS (EI): 43 (100), 59
(55), 266 (15), 281 (M, 10%). Anal. Calcd for C14H19NOs: C 59.78, H 6.81, N 4.98. Found C 59.70, H
6.38, N 4.94.

Methyl (1S, 2R, 7S)-1,2-O-isopropylidenedioxy-7-propyl-1,2,3,5,6,7-hexahydro-5S-indolizinone-8-
carboxylate 23A: 52%, mp 46-47 °C, [a]p>’ = -40.43° (C = 0.470, CHCl3). IR v (cm™) 1709, 1685,
1648; "H NMR & (ppm) 5.73 (d, J = 6.1 Hz, 1H), 4.81 (t, J = 5.7 Hz, 1H), 3.95 (d, J = 12.1 Hz, 1H),
3.84 (dd, J =132, 5.6 Hz, 1H), 3.81 (s, 3H), 2.91-2.94 (m, 1H), 2.60 (dd, J = 16.9, 1.5 Hz, 1H), 2.54
(dd, J=17.0, 6.7 Hz, 1H), 1.51-1.55 (m, 1H), 1.36-1.46 (m, 2H), 1.43 (s, 3H), 1.41 (s, 3H), 1.27-1.32

(m, 1H), 0.91 (t,J = 7.1 Hz, 3H). *C NMR § (ppm) 169.5, 166.6, 149.9, 112.2, 108.6, 80.7, 75.0, 51.5,
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51.0, 35.4, 34.7, 32.4, 27.6, 26.0, 19.5, 13.9; MS (EI): 49 (83), 84 (100), 176 (45), 266 (85), 309 (M,
8%). Anal. Calcd for CgH23NOs: C 62.12, H 7.49, N 4.53. Found: C 62.01, H 7.80, N 4 .48.

Methyl (1S, 2R, 7R)-1,2-O-isopropylidenedioxy-7-propyl-1,2,3,5,6,7-hexahydro-5-indolizinone-8-
carboxylate 23B: 33%, mp 107-108 °C, [o]p™’ = -220.25° (C = 0.400, CHCI3). IR v (cm™) 1712, 1688,
1650; "H NMR & (ppm) 5.76 (d, J = 6.0 Hz, 1H), 4.85 (dt, J= 5.7, 1.2 Hz, 1H), 4.03 (d, J = 13.0 Hz,
1H), 3.81 (s, 3H), 3.66 (dd, J = 13.0, 5.6 Hz, 1H), 3.00-3.03 (m, 1H), 2.66 (dd, J = 16.2, 7.1 Hz, 1H),
2.56 (dd, J=16.2, 1.5 Hz, 1H), 1.44 (s, 3H), 1.43 (s, 3H), 1.36-1.41 (m, 2H), 1.24-1.29 (m, 2H), 0.90 (t,
J=17.0 Hz, 3H). >C NMR & (ppm) 168.7, 166.2, 148.9, 112.3, 110.2, 80.4, 75.2, 51.7, 50.4, 35.2, 35.0,
32.1, 27.2,25.3, 19.4, 14.0; MS (EI): 49 (100), 81 (65), 176 (55), 266 (95), 309 (M', 7%). Anal. Calcd
for C16H23NOs: C 62.12, H7.49, N 4.53. Found: C 61.97, H7.25, N 4.55.

Methyl (1S, 2R)-1,2-O-isopropylidenedioxy-7-ethyl-1,2,3,5-tetrahydro-S-indolizinone-8-
carboxylate 30: 87%, mp 81-82 °C, [a]p*’ = -208.5° (C = 0.530, CH30H). IR v (cm™) 1716, 1673, 1658;
'H NMR § (ppm) 6.44 (s, 1H), 5.90 (brs, 1H), 4.95 (brs, 1H), 4.47 (d, J = 13.2 Hz, 1H), 4.10 (d, J =
12.2 Hz, 1H), 3.90 (s, 3H), 2.73-2.85 (m, 2H), 1.42 (s, 3H), 1.25 (s, 3H), 1.20 (t, J = 7.2 Hz, 3H); C
NMR & (ppm) 165.7, 161.2, 157.2, 151.6, 118.0, 112.5, 109.5, 82.6, 74.7, 52.8, 52.2, 27.2, 26.7, 26.0,
13.9; MS (ESI-TOF): 294 (M+1), 316 (M+Na"). Anal. Calcd for C;sH;oNOs: C 61.42, H 6.53, N 4.78.
Found C 61.11, H6.46, N 4.53.

2. Preparation of trimethyl (3S, 4R)-3-(3’,4’-isopropylidenedioxypyrrolidin-2-ylidene)-1-
propene-1,2,3-tricarboxylate 33 and dimethyl (1S, 2R)-1,2-O-isopropylidenedioxy-1,2,3,5-
tetrahydro-5S-indolizinone-7,8-dicarboxylate 34.

A mixture of enamine 17 (0.7 mmol) with DMAD (0.8 mmol) in methanol (10 mL) was stirred at
room temperature for 2 h. After removal of methanol, the intermediate adduct 33 and cyclization
product 34 were isolated in 74% and 18% yields, respectively, by chromatography on a silica gel
column eluting with a mixture of petroleum ether and ethyl acetate (1:1).

A mixture of enamine 17 (0.7 mmol) with DMAD (0.8 mmol) in methanol (10 mL) was stirred at

room temperature for 2 h and then refluxed for another 10 h. After removal of methanol, the product
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1,2,3,5-tetrahydro-5-indolizinone-7,8-dicarboxylate 34 was isolated in 88% yield by chromatography on
a silica gel column eluting with a mixture of petroleum ether and ethyl acetate (1:1 to 1:5).

Trimethyl (3S, 4R)-3-(3’,4’-isopropylidenedioxypyrrolidin-2-ylidene)-1-propene-1,2,3-
tricarboxylate 33: 74%, mp 119-121°C, [a]p>’ = -231.9° (C = 0.580, CHCI3). IR v (cm™") 3358, 1737,
1733, 1683, 1603; "H NMR & (ppm) 8.38 (br, 1H), 6.93 (s, 1H), 5.23 (s, 1H), 4.73 (s, 1H), 3.73-3.83 (m,
2H), 3.76 (s, 3H), 3.73 (s, 3H), 3.64 (s, 3H), 1.32 (s, 6H); >C NMR & (ppm) 169.0, 167.9, 166.0, 163.0,
1423, 130.4, 126.9, 112.6, 81.6, 76.2, 52.3, 51.7, 51.6, 50.8, 26.9, 26.2. HRMS (ESI-TOF): 356.1250
(M+1); Caled for C1¢H2NOg: 356.1345.

Dimethyl (1S, 2R)-1,2-O-isopropylidenedioxy-1,2,3,5-tetrahydro-5-indolizinone-7,8-
dicarboxylate 34: 88%, oil, [o]p> = -199.7° (C = 1.01, CH30H). IR v (cm™) 1732, 1670, 1604, 1528,
'H NMR & (ppm) 6.72 (s, 1H), 5.95 (d, J = 5.7 Hz, 1H), 5.00 (t, J = 5.0 Hz, 1H), 4.49 (d, J = 14.5 Hz,
1H), 4.12 (dd, J = 14.5, 49 Hz, 1H), 3.92 (s, 3H), 3.89 (s, 3H), 1.43 (s, 3H), 1.29 (s, 3H); °C NMR
8 (ppm) 166.2, 164.2, 160.3, 152.6, 1443, 119.6, 112.8, 106.8, 82.2, 74.5, 53.6, 53.0, 52.5, 27.1, 25.7.
HRMS (ESI-TOF): 324.1071 (M+1); Calcd for C;sH;sNO7: 324.1083.

3. Preparation of methyl (1S, 2R)-1,2-O-isopropylidenedioxy-7-hydroxyl-1,2,3,5-tetrahydro-5-
indolizinone-8-carboxylate 37.

A solution of malonyl dichloride (2.0 mmol) in dry dichloromethane (5 mL) was added dropwise to
enamine 17 (1.5 mmol) in dichloromethane (10 mL) at -10 °C to 0 °C. The reaction mixture was stirred
at ambient temperature for about 3 h until the starting material 17 was consumed. After removal of
dichloromethane, the residue was chromatographed on silica gel eluting with petroleum ether and ethyl
acetate (1:1) to pure ethyl acetate to give product 37.

Methyl (1S, 2R)-1,2-O-isopropylidenedioxy-7-hydroxyl-1,2,3,5-tetrahydro-5-indolizinone-8-
carboxylate 37: 81%, mp 190-191 °C, [a]p™’ = -209.0° (C = 0.745, CH;0H). IR v (cm™) 3433, 1732,
1655, 1613, 1544; "H NMR § (ppm) 11.12 (s, 1H), 5.98 (s, 1H), 5.92 (d, J = 6.1Hz, 1H), 5.00 (t, J =

5.3Hz, 1H), 4.44 (d, J= 15.0Hz, 1H), 4.13 (dd, J = 14.2, 5.3Hz, 1H), 3.99 (s, 3H), 1.4 (s, 3H), 1.32 (s,
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3H); *C NMR & (ppm) 168.7, 168.0, 162.0, 155.1, 112.3, 99.7, 97.4, 83.4, 74.0, 53.8, 52.7, 27.1, 25.5;
MS (ESI-TOF): 282 (M+1). Anal. Calcd for Ci3H;sNOg: C 55.51, H 5.38, N 4.98; Found: C 55.60, H
522, N 4.84.

4. General procedure for hydrogenation of hexahydro-5-indolizinones and tetrahydro-5-
indolizinones.

The hexahydro-5-indolizinone 18, 22 or 23 (0.75 mmol), or tetrahydro-5-indolizinone 30, 34 or 37
(0.75 mmol) was dissolved in methanol (20 mL), and Palladium on activated carbon (10%) (0.2-0.5g)
was added. The reaction mixture was stirred under hydrogen (10-15 atm) for 24 h at room temperature
for hexahydroindolizinone, or for 30-72 h at 40-50 °C for tetrahydroindolizinone. The catalyst was

filtered off and washed with methanol (2><10 mL). The filtrate was concentrated under vacuum, and the

residue was purified on a silica gel column. While the octahydro-5-indolizinone 19 and 7-alkyl-
octahydro-5-indolizinones 24, 25 and 31 were eluted, respectively, from the column with ethyl acetate
and acetone (9:1), the 7-methoxycarbonyl- and 7-hydroxyl-octahydro-5-indolizinones 35 and 39 were
obtained respectively from eluting with ethyl acetate and acetone (9:1 to 5:1).

Methyl (1S, 2R, 8S, 9R)-1,2-O-isopropylidenedioxy-octahydro-5-indolizinone-8-carboxylate 19:

94%, mp 90-93 °C, [a]p>’ = -114.3° (C = 0.545, CHCLs). IR v (cm™) 1732, 1626; 'H NMR & (ppm)
478 (t,J = 5.5 Hz, 1H), 4.67 (t, J= 5.2 Hz, 1H), 442 (d, /= 13.3 Hz, 1H), 3.77 (s, 3H), 3.67 (dd, J =
7.4, 3.6 Hz, 1H), 3.09-3.12 (m, 1H), 2.90 (dd, J = 13.2, 4.4 Hz, 1H), 2.60 (dt, J = 16.4, 3.9 Hz, 1H),
2.13-2.30 (m, 3H), 1.37 (s, 3H), 1.26 (s, 3H), *C NMR & (ppm) 171.7 169.8, 111.8, 80.5, 77.6, 60.0,
52.0, 50.0, 39.4, 312, 26.0, 24.3, 22.4: MS (EI): 152 (100), 194 (95), 211 (50), 270 (M+1, 92%). Anal.
Calcd for C13H1oNOs: C 57.98, H7.11, N 5.20; Found: C 57.93, H7.04, N 5.22.

Methyl (1S, 2R, 7S, 8S, 9R)-1,2-O-isopropylidenedioxy-7-methyl-octahydro-5-indolizinone-8-
carboxylate 24A: 97%, mp 174-176 °C, [o]p>’ = -142.7° (C = 0.475, CHCl3). IR v (cm™) 1734, 1650,
1624; "H NMR § (ppm) 4.76-4.80 (m, 2H), 4.15 (d, J = 13.8 Hz, 1H), 3.68 (s, 3H), 3.28 (dd, J = 13.5,
4.4 Hz, 1H), 2.97 (s, 1H), 2.62 (dd, J=17.5, 12.3 Hz, 1H), 2.38 (dd, /= 17.6, 6.0 Hz, 1H), 2.26-2.29 (m,

1H), 1.40 (s, 3H), 1.31 (s, 3H), 1.27 (t, J = 7.2 Hz, 1H), 1.05 (d, J = 6.7 Hz, 3H); >C NMR & (ppm)
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170.8, 169.4, 112.7, 80.7, 77.1, 62.9, 51.2, 50.3, 43.8, 36.2, 31.7, 25.4, 24.5, 18.4; MS (EI): 166 (72),
208 (100), 284 (M+1, 48%). Anal. Caled for C14sH;NOs: C 59.35, H 7.47, N 4.94. Found C 59.16, H
7.35,N 4.95.

Methyl (1S, 2R, 7R, 8S, 9R)-1,2-O-isopropylidenedioxy-7-methyl-octahydro-5-indolizinone-8-
carboxylate 24B: 93%, mp 121-122 °C, [a]p™" = -129.1° (C = 0.525, CHCl3). IR v (cm™) 1744, 1644;
'HNMR & (ppm) 4.68 (t,J = 5.4 Hz, 1H), 4.59 (dd, /= 5.7, 3.5 Hz, 1H), 438 (d, /= 13.3 Hz, 1H), 3.76
(s, 3H), 3.67 (dd, J=17.5, 3.4 Hz, 1H), 3.09-3.12 (m, 1H), 2.93 (dd, J=13.3, 5.0 Hz, 1H), 2.82 (dd, J =
9.3, 7.7 Hz, 1H), 2.66 (d, J = 4.8 Hz, 1H), 2.59-2.63 (m, 2H), 2.02 (dd, J = 16.3, 9.7 Hz, 1H), 1.39 (s,
3H), 1.28 (s, 3H), 1.11 (d, J = 6.3 Hz, 3H); *C NMR & (ppm) 171.3, 169.4, 112.1, 80.5, 77.9, 60.0, 51.7,
50.1, 46.0, 38.8, 28.1, 26.2, 24.5, 20.4;, MS (EI): 166 (100), 208 (90), 284 (M+1, 20%). Anal. Calcd for
Ci4HyiNOs: € 59.35, H 7.47, N 4.94. Found C 59.19, H 7.23, N 4.91.

Methyl (1S, 2R, 7S, 8S, 9R)-1,2-O-isopropylidenedioxy-7-propyl-octahydro-5-indolizinone-8-
carboxylate 25A: 93%, mp 204-205 °C, [a]p”’ = -68.2° (C = 0.245, CHCl3). IR v (cm™) 1730, 1638,
1627, '"HNMR & (ppm) 4.78 (m, 2H), 4.15 (d, J = 13.6 Hz, 1H), 3.67 (s, 4H), 3.28 (dd, /= 13.5, 4.5 Hz,
1H), 3.05 (t,J=3.7 Hz, 1H), 2.57 (dd, /= 17.6, 12.4 Hz, 1H), 2.43 (dd, /= 17.7, 6.2 Hz, 1H), 2.11-2.13
(m, 1H), 1.41 (s, 3H), 1.31-1.40 (m, 4H), 1.31 (s, 3H), 0.93 (t, /= 7.2 Hz, 3H); *C NMR § (ppm) 170.9,
169.5, 112.7, 80.8, 77.2, 629, 512, 50.3, 42.1, 36.6, 354, 34.8, 254, 244, 198, 13.9. MS (El): 97
(100), 194 (67), 210 (64), 236 (82), 253 (55), 312 (M+1, 73%). Anal. Calcd for C,;sHysNOs: C 61.72, H
8.09,N4.53. Found C61.27, H8.11, N 4.53.

Methyl (1S, 2R, 7R, 8S, 9R)-1,2-O-isopropylidenedioxy-7-propyl-octahydro-5-indolizinone-8-
carboxylate 25B: 95%, oil, [a]p® = -94.8° (C = 0.515, CHCl;). IR v (cm™) 1740, 1639; 'H NMR
8 (ppm) "H NMR: 4.71 (t, J = 5.4 Hz, 1H), 4.65 (t,J = 5.5 Hz, 1H), 433 (d, J = 13.3 Hz, 1H), 3.74 (s,
3H), 3.66 (dd, J=6.3, 3.9 Hz, 1H), 3.04 (dd, J = 13.3, 5.1 Hz, 1H), 2.92 (t, /= 7.2 Hz, 1H), 2.86 (dd, J
=17.1, 53 Hz, 1H), 2.41-2.42 (m, 1H), 2.06 (dd, /= 17.1, 7.7 Hz, 1H), 1.52-1.58 (m, 1H), 1.40-1.44 (m,

1H), 1.40 (s, 3H), 1.30-1.33 (m, 1H), 1.30 (s, 3H), 1.20-1.23 (m, 1H), 0.93 (t, /= 7.2 Hz, 3H); *C NMR
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8 (ppm) 171.6, 169.5, 112.2, 80.6, 77.7, 59.5, 51.6, 50.2, 43.8, 36.4, 35.4, 33.1, 26.0, 24.6, 19.6, 13.9.
HRMS (ESI-TOF): 311.1735, C16H2sNOs required 311.1733.

Methyl (1S, 2R, 7S, 8S, 9R)-1,2-O-isopropylidenedioxy-7-ethyl-octahydro-5-indolizinone-8-
carboxylate 31: 88%, 184-186 °C, [a]p>" = -56.4° (C = 0.560, CH;0H). IR v (cm™) 1730, 1639, 1627,
'H NMR & (ppm) 4.77-4.81 (m, 2H), 4.15 (d, J = 13.5 Hz, 1H), 3.68 (s, 3H), 3.30 (dd, J = 13.6, 4.4 Hz,
1H), 3.10 (s, 1H), 2.57 (dd, J = 17.5, 12.5 Hz, 1H), 2.45 (dd, J = 17.6, 6.1 Hz, 1H), 2.02 (br, 1H), 1.41
(s, 3H), 1.34-1.38 (m, 1H), 1.31 (s, 3H), 0.99 (t,J = 7.4 Hz, 3H); *C NMR & (ppm) 170.9, 169.5, 112.7,
80.8, 772, 62.9, 51.2, 50.3, 41.7, 38.8, 34.7, 26.2, 25.4, 244, 11.4, MS (ESI-TOF): 298 (M+1), 320
(M+Na"). Anal. Calcd for C;sH;NOs: C 60.59, H 7.80, N 4.71. Found C 60.36, H 7.55, N 4.45.

Dimethyl (1S, 2R, 7S, 8S, 9R)-1,2-O-isopropylidenedioxy-octahydro-5-indolizinone-7,8-
dicarboxylate 35: 88%, mp 204-205 °C; [a]p>’ = -57.0° (C = 0.560, CH;0H). IR v (cm™) 1734, 1726,
1640, "H NMR § (ppm) 4.80 (d, J = 2.5 Hz, 1H), 4.15 (d, J = 13.6 Hz, 1H), 3.75 (s, 3H), 3.68 (s, 3H),
3.69 (brs, 1H), 3.46 (s, 1H), 3.28 (dd, J = 16.4, 12.5 Hz, 1H), 3.07-3.10 (m, 1H), 2.71 (dd, J = 17.5, 5.6
Hz, 1H), 1.39 (s, 3H), 1.31 (s, 3H); "CNMR § (ppm) 171.5, 170.3, 167.8, 112.8, 80.6, 77.2, 62.1, 52.4,
51.6, 50.5, 41.8, 39.2, 30.7, 25.8, 24.8; MS (ESI-TOF): 328 (M+1), 350 (M+Na"). Anal. Calcd for
CisH21NO7: C 55.04, H6.47, N 4.28. Found C 5491, H 6.48, N 4.10.

Methyl (1S, 2R, 7S, 8S, 9R)-1,2-O-isopropylidenedioxy-7-hydroxy-octahydro-5-indolizinone-8-
carboxylate 39A: 63 %, mp 130-131°C, [a]p>’ = -24.7° (C = 0.580, CH;0H). IR v (cm’") 3226, 1742,
1625; "H NMR & (ppm) 4.73-4.77 (m, 2H), 4.30 (d, J = 13.4 Hz, 2H), 3.86 (s, 3H), 3.62 (dd, J = 10.1,
3.0 Hz, 1H), 3.04-3.09 (m, 2H), 2.85 (d, J = 13.2 Hz, 1H), 2.44 (d, J= 16.7, 10.1 Hz, 1H), 1.44 (s, 3H),
1.34 (s, 3H); C NMR & (ppm) 172.1, 166.6, 112.2, 79.8, 77.5, 66.7, 59.9, 52.7, 49.8, 47.0, 39.4, 26.4,
24.7; MS (ESI-TOF): 286 (M+1). Anal. Calcd for C13H19NQOg: C 54.73, H6.71, N 4.91. Found C 54.63,
H 7.50, N 4.68.

Methyl (1S, 2R, 7S, 8R, 9R)-1,2-0O-isopropylidenedioxy-7-hydroxy-octahydro-5-indolizinone-8-

carboxylate 39B: 11 %, mp 170-171°C, [a]p>’= -56.2° (C = 0.710, CH;0H). IR v (cm™) 3227, 1728,
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1621; "TH NMR & (ppm) 'H NMR: 5.02 (dd, /= 5.8, 3.4 Hz, 1H), 4.78 (t, J = 5.4 Hz, 1H), 4.58 (brs, 1H),
446 (d, J=13.4 Hz, 1H), 3.83-3.85 (m, 1H), 3.83 (s, 3H), 3.44 (dd, /= 8.0, 2.7 Hz, 1H), 2.97 (dd, J =
13.4, 4.9 Hz, 1H), 2.80 (dd, J= 17.0, 3.5 Hz, 1H), 2.57 (dd, J = 16.9, 3.6 Hz, 1H), 1.47 (s, 3H), 1.35 (s,
3H). °C NMR: 169.6, 166.9, 112.4, 79.2, 77.6, 64.4, 59.6, 52.3, 49.7, 44.5, 40.2, 25.4, 24.1. HRMS
(ESI-TOF): 286.1286 (M+1). Calcd for C13H20NOg: 286.1291.

5. General procedure for reduction and deprotection of the octahydro-5-indolizinone-8-
carboxylates 19, 24, 25, 31, 35 and 39.

At ambient temperature, boron trifluoride etherate (ca. 48% BF3, 15 mL, 57 mmol) was added
dropwise very slowly to the suspension of NaBH4 (4.0 g, 105 mmol) in dry THF (20 mL) within 2 h.
During this period, the borane gas generated was continuously bubbled into the solution of octahydro-5-
indolizinone-8-carboxylates (0.5 mmol) in THF (10 mL). After addition of boron trifluoride, the
mixture of NaBH, with boron trifluoride in THF was warmed to 60-70 °C, and the vapor of borane ether
complex was bubbled into the reaction solution. The reaction mixture was stirred at room temperature
for 3 h and then refluxing for another 3 h. The reaction mixture was cooled in an ice-bath, and 10 mL of
methanol was added to quench the reaction (Caution: hydrogen evolution). After removal of the solvent,
the thick oily residue was dissolved in methanol (20 mL) and refluxed for 3 h to decompose the boron
complex of product. The volatiles were removed again under vacuum, and the residue was
chromatographed on a neutral aluminum oxide column. The borane derivatives were eluted with a
mixture of ethyl acetate and petroleum ether (1:1), and the pure 1,2-O-isopropylidenedioxy-
octahydroindolizines were obtained by eluting with ethyl acetate to a mixture of ethyl acetate and
acetone (1:2). Deprotection procedure was performed by the treatment of 1,2-O-isopropylidenedioxy-
octahydroindolizines with 6 N HCI (10 mL) at room temperature for 4h. The acidic reaction mixture
was basified using Na,COs powder to pH~9, and then concentrated under vacuum to dryness. The
polyhydroindolizidine products were isolated from repeating extraction of inorganic salts with

dichloromethane (for 21, 28, 29 and 32) or acetone (for 36 and 40) (10X 10 mL).
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(1S, 2R, 8S, 9R)-Octahydro-8-hydroxymethyl-1,2-indolizinediol 21: 84%, oil, [o]p>’ = -23.8° (C =
0.630, CHCI3). IR v (cm™) 3279; '"H NMR & (ppm) 4.10-4.72 (br, 3H), 4.29 (dd, J = 5.5, 3.8 Hz, 1H),
4.28-4.30 (m, 1H), 4.20 (t, /= 5.1 Hz, 1H), 4.13 (dd, /= 10.9, 8.1 Hz, 1H), 3.17 (d, J = 10.7 Hz, 1H),
3.07 (dd, J = 11.0, 1.9 Hz, 1H), 2.42 (brs, 1H), 2.26 (brs, 1H), 2.20 (d, J = 2.8 Hz, 1H), 2.01 (brs, 1H),
2.01-2.07 (m, 1H), 1.80 (dd, J = 11.0, 1.9 Hz, 1H), 1.59-1.68 (m, 1H), 1.46-1.54 (m, 2H); °C NMR
8 (ppm) 72.0, 69.3, 63.1, 62.6, 61.8, 54.7, 37.5, 29.9, 21.7. HRMS (ESI-TOF): 187.1210, CoH;7NO;
required 187.1208.

(1S, 2R, 7S, 8S, 9R)-Octahydro-8-hydroxymethyl-7-methyl-1,2-indolizinediol 28A: 76%, mp 82-
83 °C, [at]p™ = -81.67° (C = 0.60, CH;0H). IR v (cm™) 3423, 3117, "H NMR & (ppm) 4.28 (t, J = 4.7 Hz,
1H), 4.23 (t,J = 5.5 Hz, 1H), 4.01 (dd, J=11.3, 5.9 Hz, 1H), 3.86 (dd, /= 11.3, 4.0 Hz, 1H), 3.15-3.18
(m, 1H), 3.12 (dd, J = 11.0, 1.6 Hz, 1H), 2.33 (dd, J = 10.9, 6.7 Hz, 1H), 2.26 (dd, J = 4.7, 2.2 Hz, 1H),
1.99-2.04 (m, 2H), 1.63-1.69 (m, 1H), 1.46-1.49 (m, 2H), 1.07 (d, J = 6.9 Hz, 3H); °C NMR & (ppm)
72.4, 71.5, 69.9, 61.3, 58.3, 54.2, 42.0, 35.7, 29.9, 19.3. MS (ESI-TOF): 201 (M"). Anal. Calcd for
C1oH1oNO3: C 59.68, H 9.52, N 6.96. Found: C 59.37, H9.37, N 6.91.

(1S, 2R, 7R, 88, 9R)-Octahydro-8-hydroxymethyl-7-methyl-1,2-indolizinediol 28B: 79%, mp 107-
108 °C, [a]p™ = -32.4° (C = 0.965, CHCl3). IR v (cm™) 3396; '"H NMR & (ppm) 4.35 (brs, 1H), 4.24
(brs, 1H), 4.10 (t, /= 7.3 Hz, 1H), 3.76 (d, /= 8.3 Hz, 1H), 3.05 (d, /= 11.2 Hz, 1H), 3.00 (d, /= 11.2
Hz, 1H), 2.63 (brs, 2H), 2.41 (brs, 1H), 2.00 (brs, 1H), 1.84-1.91 (m, 2H), 1.38 (d, J = 11.2 Hz, 1H),
1.06 (d, J = 7.0 Hz, 3H); *C NMR & (ppm) 72.3, 69.6, 64.4, 63.7, 61.7, 49.7, 43.5, 31.2, 28.5, 18.6.
HRMS (ESI-TOF): 202.1450 (M+1), Calcd for C;oHaoNOs: 202.1443.

(1S, 2R, 7S, 8S, 9R)-Octahydro-8-hydroxymethyl-7-propyl-1,2-indolizinediol 29A: 80%, oil,
[o]p?’ = -55.03° (C = 0.830, CH30H). IR v (cm™") 3278; "H NMR & (ppm) 4.27-4.30 (m, 1H), 4.00 (t, J
=3.5Hz, 1H), 3.76 (t,J = 10.0 Hz, 1H), 3.53 (d, /= 11.0 Hz, 1H), 2.93 (d, J= 10.5 Hz, 1H), 2.77 (dd, J
=11.0, 4.0 Hz, 1H), 2.48 (t,J = 10.5 Hz, 1H), 2.31 (s, 1H), 2.01 (t,J = 10.5 Hz, 1H), 1.96 (d, /= 7.5 Hz,

1H), 1.44-1.36 (m, 1H), 1.39 (d, /= 13.9 Hz, 1H), 1.22-1.23 (m, 4H), 1.04-1.09 (m, 1H), 0.78 (t, /= 6.3
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Hz, 3H); ”C NMR: 72.3, 71.6, 69.9, 61.4, 58.1, 54.4, 40.7, 40.5, 35.7, 28.4, 20.3, 14.2. HRMS (ESI-
TOF): 230.1762 (M+1), Caled for C1,H24NO3: 230.1756.

(1S, 2R, 7R, 8S, 9R)-Octahydro-8-hydroxymethyl-7-propyl-1,2-indolizinediol 29B: 78%, mp 93-
94 °C, [at]p™ = -58.5° (C = 0.535, CH;0H). IR v (cm™) 3418; 'H NMR (D,0) & (ppm) 4.28 (t, J=5.5
Hz, 1H), 4.14-4.28 (m, 2H), 3.70 (dd, J = 10.9, 3.2 Hz, 1H), 3.05 (d, /= 11.0 Hz, 1H), 2.93 (d, /= 10.7
Hz, 1H), 2.43 (brs, 1H), 2.22 (t, J = 11.1Hz, 1H), 1.98 (brs, 1H), 1.79-1.84 (m, 1H), 1.73 (brs, 1H),
1.32-1.45 (m, 5H), 0.93 (t, J = 6.8 Hz, 3H); *C NMR & (ppm) 71.7, 69.3, 63.9, 63.3, 60.8, 50.6, 41.9,
35.2,34.4,26.6,20.2, 14.2; MS (ESI-TOF): 230 (M+1). Anal. Calcd for C;,H»3NO;: C 62.85, H 10.11,
N 6.11; Found C 62.87, H 9.84, N 6.06.

(1S, 2R, 7S, 8S, 9R)-Octahydro-7-ethyl-8-hydroxymethyl-1,2-indolizinediol 32: 82%, 93-95 °C,
[o]p®’ = -69.4° (C = 0.820, CHCI3). IR v (cm™) 3424, 3113; "H NMR (D,0) & (ppm) 4.27-4.31 (m, 1H),
4.01 (d,J=3.4 Hz, 1H), 3.76 (t, J = 10.1 Hz, 1H), 3.52 (d, J = 11.5 Hz, 1H), 2.94 (d, J = 10.9 Hz, 1H),
2.78 (dd, J = 11.1, 3.9 Hz, 1H), 2.48 (t, J = 9.3 Hz, 1H), 2.30 (brs, 1H), 1.99-2.03 (m, 2H), 1.41 (d, J =
13.7 Hz, 1H), 1.33 (brs, 1H), 1.26 (qt, J = 7.3 Hz, 2H), 1.06 (dq, J = 12.7, 3.7 Hz, 1H), 0.80 (t, J = 7.3
Hz, 3H); “C NMR & (ppm) 72.3, 71.6, 69.9, 61.3, 58.1, 54.3, 42.9, 40.0, 28.1, 26.2, 11.8. MS (ESI-
TOF): 216.1590 (M+1); Caled for C1;H2,NOs: 216.1600.

(1S, 2R, 78, 8S, 9R)-7,8-dihydromethyl-1,2-indolizinediol 36: 61%, mp 186-187 °C; [ot]p’" = -52.9°
(C = 0.480, CH3;0H). IR v (cm™) 3313, 3227; "H NMR § (ppm) 4.30-4.32 (m, 1H), 4.07 (t, J = 4.0 Hz,
1H), 3.83 (dd, /= 11.5, 9.0 Hz, 1H), 3.46-3.54 (m, 4H), 3.03 (d, J= 9.7 Hz, 1H), 2.83 (dd, /=11.0, 3.9
Hz, 1H), 2.53 (t, J = 10.6 Hz, 1H), 2.37 (s, 1H), 2.06-2.13 (m, 2H), 1.67-1.70 (m, 1H), 1.48 (d, J=12.7
Hz, 1H), 1.17 (dq, J = 16.9, 3.8 Hz, 1H); °C NMR (D20) & (ppm) 71.5, 69.5, 69.2, 63.7, 58.6, 56.7,
53.3,41.8, 39.0, 24.0. HRMS (ESI-TOF): 218.1380 (M+1), Calcd for C1oHyNO4: 218.1392.

(1S, 2R, 7S, 8R, 9R)-Octahydro-8-hydroxymethyl-1,2,7-indolizinetriol 40A: 67 %, oil, [o]p*’ = -
34.6° (C = 0.650, CH3;0H). IR v (cm™) 3357; '"H NMR (D,0) & (ppm) 4.29-4.32 (m, 1H), 4.16 (dd, J =

6.0, 3.5 Hz, 1H), 3.83 (dd, /= 11.5, 3.5 Hz, 1H), 3.72 (dd, /= 6.0, 11.5 Hz, 1H), 3.62 (dt, /= 10.5, 5.0
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Hz, 1H), 2.93 (d, J = 10.5 Hz, 1H), 2.79 (dd, J = 11.0, 2.0 Hz, 1H), 2.42 (dd, J = 11.0, 8.0 Hz, 1H),
1.99-2.04 (m, 2H), 1.90-1.94 (m, 1H), 1.64-1.69 (m, 1H), 1.50 (dq, J = 11.5, 4.0 Hz, 1H); '*C NMR
(D,0) & (ppm) 69.7, 69.5, 68.4, 67.0, 59.7, 58.7, 49.5, 43.9, 32.7. HRMS (ESI-TOF): 204.1228 (M+1),

Calcd for CoH1sNQy4: 204.1236.
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Figure S3. The Ortep drawing of single crystal structure of 35.
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Figure S4. The Ortep drawing of single crystal structure of 39A.
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