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Abstract: The decarbonylation of the bicyclic o-tertiary carboxamido acid 11 led to the enamide 12,
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same process applied to the o-substituted pipecolic acid derivative 5 led to the unsaturated ester 6

which was easily transformed either into 8-coniceine 9 or to 14. The thermal fragmentation of the acyl
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derivative 22 led to the enamide 24 which has been transformed into (X)-swainsonine 26.
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Introduction

The fragmentation of activated acyl derivatives of a-tertiary amino acids has been first rationalized by
Maksimov! in terms of a decarbonylation process: the o-amino acid derivatives with tertiary nitrogen atoms
undergo clean decarbonylation through conveniently activated carboxy functionalities (acyl chlorides, acyl
azides, acyl diazonium salts, mixed anhydrides and carbonates). The reaction is generally catalysed either by
acids or bases and iminium salts are involved as intermediates in the process, yielding in part a secondary

amine and an ajdehyde after decomposmon with water.
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n an inert solvent (benzene, chloroform, ether) either without heating or by raising the temperature
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to 30-40 ©C. This well known instability has been widely exploited in the synthetic work related to
alkaloids?-10 via decarbonylation/iminium ion cyclization processes; furthermore, the thermal fragmentation
of these derivatives has recently revealed a practicable and versatile method for the preparation of
indolizidines. Based on the instability of activated acyl derivatives of DL-pipecolic acid we have developed a
method to prepare hydroxylated indolizidine alkaloids: the syntheses of 8-coniceine,!! trans-8,8a-8-hydroxy

indolizidine!2 and swainsonine!3 have recently been achieved. The activation of the carboxy functionality in

acyl immonium intermediates (C). An autocatalytic process may be invoked to explain the formation of the
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enamides (D) from the acyl immonium intermediates (Fig 1). In this paper we would like to provide full
experimental data on the above mentioned synthetic processes.
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Fig.1
Results and discussion

thermal fragmentations of 3-oxo-indolizidine-8a carboxylic acid 11, and

promoted by diphenyl p osphorazidate (DPPA). These decarbonylation

processes have proved to be of general application to the synthesis of indolizidines starting from D,L-
pipecolic acid.

Our first preparation of the indolizidine system is outlined in Scheme 1. Fully protected DL-pipecolic

acid was alkylated with allyl bromide to give the a-allyl derivative 1 according to a procedure reported by

Johnson.!4 In this approach the hydroboration of the terminal olefin followed by treatment with alkaline
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bicyclic methyl ester 10 by catalytic hydrogenation followed by internal aminolysis of the ester functionality
with excellent yield. Removal of the tert-butyl esters 4 and 10 by treatment with trifluoroacetic acid in
dichloromethane solution afforded the carboxylic acids 5 and 11 respectively, in quantitative yields.
Treatment of 5 with diphenylphosphorazidate and triethylamine in toluene at 90 °C underwent clean
decarbonylation to afford the enamine 6 with 85% yield after flash chromatography of the crude reaction
product . Analogously, the bicyclic acid 11 led to the enamide 12 with 75% yield.}1-13

Catalytic hydrogenation of 6 followed by aminolysis of the resulting ct-substituted pyrimidine ester in

refluxing toluene led to the bicyclic amide 7. Amide reduction of 7 by reaction with borane-methyl sulfide

ng amide 7. Amide redu reaction with borane-r
complex at room temperature allowed us to isolate (+)-8-coniceine 9 with 65% overall yield from 6 (Scheme
1).

Careful hydroboration of the double bonds present in 6 and 12 by treatment with BH3.SMe; in THF at
0 °C followed by treatment with alkaline hydroperoxide led to the hydroxy derivatives 8 and 13 with 75%
and 70% yields, respectively. Catalytic hydrogenation of the Cbz-protected hydroxy ester 8 followed by the
methyl ester aminolysis led to the hydroxy bicyclic amide 13 with excellent yields.

Treatment of 13 with the borane-methyl sulfide complex afforded the 8,8a-tranms-8-hydroxy-

indolizidine 14 quantitatively.
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Scheme 1

The necessary introduction of the internal double bond in 18 (Scheme 2) to access to polyhydroxylated
indolizidines was achieved by application of a two-step sequence. Treatment of bicyclic lactam 10 with LDA

at -78 °C followed by addition of phenylselenenyl bromide and subsequent syn elimination of the
corresponding selenoxide allowed us to isolate the o,3-unsaturated lactam 15 in 70% yield.

The syn dihydroxylation of 15 was successfully achieved by catalytic osmylation with N-
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owever, separation of the two diastereomeric
diols 16 and 17 by conventional chromatographic methods was impossibie to achieve at this stage. Treatment
of the crude mixture of diols 16 and 17 with 2,2-dimethoxypropane and pyridinium p-toluenesulfonate
(PPTS) followed by flash chromatographic separation on silica gel allowed us to isolate the two acetonides
(18:19= 1: 2) with 85% yield. The trans stereochemistry of the major isomer 19 was tentatively assigned
based on spectroscopic evidence.!3

The planarity of the pyrrolinone ring in enamide 15 considerably diminishes the usual preference for

< he convex face in comparison with the standard indolizidine arrangement. We assume that
oxidation takes place preferably at the concave face of the enamide 15 (anti approach) because of the 1,2
interaction of the oxidising reagent with the t-butoxycarbonyl moiety at the convex face (syn approach). It

has been shown that this type of interaction overwheims the 1,3 steric interaction of the oxidising reagent

with the axial H-8 in similar systems. 16
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Deprotection of tert-butyl esters 18 and 19 by treatment with trifluoroacetic acid led quantitatively to

the carboxy derivatives 20 and 21, respectively. However, DPPA-promoted decarbonylation of both isomers
under the above mentioned conditions ied to disappointing resuits. The minor diastereomer 20 led to the
enamide 24 with 15% yield and the major acetonide 21 afforded the isocyanate 23, which was isolated in
55% yield after flash chromatography on silica gel. We assume that the low yield obtained in the former case
may be rationalized in terms of the steric hindrance encountered in the formation of the acyldiphenyl
phosphate intermediate. The isolation of the isocyanate 23 is obviously explained by the competitive Curtius
rearrangement.

However, the thermal fra mentation of the acvl chlori
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1 : Fomerrrs - oy bean e 1. el e L . I £ . B T

the excess of reagent and immersion of the solution of the rather stable acyl chloride 22 in a 1:2 mixture of
I,2-dichioromethane (DCE)/xylene in a preheated bath and stirring overnight under reflux in Argon
atmosphere.

Treatment of enamide 24 with excess of the borane-methyl sulfide complex in THF followed by
treatment with alkaline hydroperoxide led stereospecifically to the known acetonide 25 (85%), which was
hydrolyzed to swainsonine 26 in 96% yield.17-19

Experimental
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Tetrahydrofuran, diethyi ether and toluene were dried over sodium benzophenone ketyi. Methyiene chioride
was dried over CaH; under argon and kept over molecular sieves. 1H-NMR and 13C-NMR spectra were



measured in a Bruker WP-200-SY spectrometer operating at 200 MHz and 50.3 MHz respectively; chemical
shifts were reported in ppm (3), and the coupling constants were indicated in Hz. IH-NMR spectra were
referenced to either the residual proton in the deuterated solvent or TMS. I3C-NMR spectra were referenced
to the chemical shifts of the deuterated solvent. The IR spectra were determined on a Bomen MB-100 IR-FT
spectrophotometer as indicated in each case; the frequencies in the IR spectra were indicated in cmrl.

Microanalysis were realized by Dr. Benigno Macias-Sanchez (Inorganlc Chermstry Dept. Umversxty of
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tert-Butyl N-(benzyloxycarbonyl)-2-(3-hydroxy-propyl)-pipecolate (2): To a solution of 1 (5.0 g,
13.9 mmol) in 75 ml of THF, was dropwise added a solution of borane-methyl sulfide complex (BMS) 2.0 M
in THF (3.56 ml, 6.9 mmol) at 0°C and under nitrogen atmosphere. Following the addition of the hydride, the
cooling bath was removed and the mixture was stirred for 3h at room temperature. Ethanol (2 ml) was then
added followed by 2.5 ml of 3N aqueous sodium hydroxide. The reaction mixture was cooled to 0°C in an ice-
water bath, and 1 ml of hydrogen peroxide (40%) was added dropwise at such a rate that the mixture warmed
to 25-35°C. Following the addition , the cooling was removed and the reaction mixture was heated at reflux
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chromatography on silica gel (hexane: Ac oil 2 (3.9 g, 75 %). IR Vmax (film)

OEt= 1:1) to give a colorless oi
3393, 2942, 2876, 1730, 1703, 1456, 1410, 1368, 1339, 1267, 1159, 1130, 1084, 951, 847, 750, 698 cm*!; 1H
NMR (CDCl3) 8= 1.21 (t, J= 7 Hz, 2H), 1.32 (s, 9H), 1.44-1.77 (m, 5H), 1.52 (m, 2H), 2.1-2.31 (m, 1H),
3.18-3.35 (m, 1H), 3.51 (t, J= 7 Hz, 2H), 3.70-3.90 (m, 1H), 4.91-4.97 (d, J= 12 Hz, 1H), 5.09 (d, J= 12 Hz,
1H), 7.23-7.29 (m, 5H) ppm; !3C NMR (CDCl3) 8= 17.81 (1), 22.52 (1), 26.93 (t), 27.56 (q), 31.60 (1), 41.77
(t), 62.49 (1), 63.63 (s), 66.85 (1), 80.73 (s), 127.74-128.11 (d), 136.37 (s), 156.16 (s), 173.0 (s) ppm. Anal.
aled for Co1H21NOs: C, 66.82; H, 8.28; N, 3.71. Found: C, 66.25; H, 8.19; N, 3.65.

tert-Butyl N-(benzyloxycarbonyl)-2-(carboxyethyl)-pipecolate (3): Pyridinium dichromate (PDC)
(4.1g, 10.9 mmol) was added to a solution of 2 (3.9 g, 10.3 mmol) in DMF (5 ml). The reaction mixture was
stirred for 24h and then ice water was added. The mixture was acidulated to pH 2 with concentrated HpSOy4.
The water phase was saturated with NaCl and then extracted with ether. The combined organic layers were
washed with brine, dried over NapSO4 and evaporated to give 3 as a colorless oil (3.8 g, 95 %). IR (film):
Vmax: 3500-2850, 1745-1720, 1454, 1410, 1340, 1159, 960, 745 cmrl. 'H NMR (CDCl3) 8= 1.30 (s, 9H),
1.51 (m, 6H), 1.72 (m, 2H), 2.37 (m, 2H), 3.20 (m, 1H), 3.71 (m, 1H), 4.95 (d, J= 16 Hz, 1H), 5.10 (d, J= 16
Hz, 1H), 7.25 (m, SH) ppm; 13C NMR (CDCl3) &= 18.01 (t), 22.9 (1), 27.8 (q), 29.37 (1), 29.77 (1), 32.13 (1),

41.92 (1), 63.40 (s), 67.19 (1), 127.94-128.36 (d), 136.62 (s), 156.32 (s), 172.38 (s), 177.38 (s) ppm. Anal
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tert-Butyl N-(benzyloxycarbonyl)-2-(methoxycarbonyiethyl)-pipecoiate (4): Treatment of 3 (3.8 g,
9.7 mmol) with an ethereal diazomethane solution followed by evaporation of the solvent afforded a crude
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which was fractionated by flash chromatography on silica gel (hexane: AcOEt= 6:4) to give a colorless oil 4
(3.9 g, 100%). IR vnax (film) 3451, 2951, 2874, 1728, 1709, 1454, 1408, 1368, 13331, 1263, 1159, 1069,
849, 735, 698 cm-1; 1H NMR (CDCl3) 8= 1.38 (s, 9H), 1.57 (m, 6H), 1.78 (t, J= 6.5 Hz, 2H), 2.43 (m, 2H),
3.29 (m, 1H), 3.63 (s, 3H), 3.78 (dt, J1= 13 Hz, Jo= 6 Hz, 1H), 5.04 (d, J= 12 Hz, 1H), 5.18 (d, J= 12 Hz, 1H),
7.33 (m, 5H) ppm; !3C NMR (CDCl3) 8= 18.15 (t), 23.04 (t), 27.86 (q), 29.17 (t), 30.56 (1), 32.27 (1), 41.99
(t), 51.43 (q), 63.42 (s), 67.15 (1), 81.07 (s), 127.9 (d), 128.03 (d), 128.39 (d), 136.73 (s), 156.28 (s), 172.38
174.03 (s) ppm Anal. Calcd for CooHj ‘Nﬂ(' C, 65.16; H, 7.71; N, 3.45. Found: C, 65.13; H, 7.65;
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N-(Benzyloxycarbonyl)-2-(methoxycarbonylethyl)-pipecolic acid (5): Trifluoroacetic acid (2.5 ml,
32.5 mmol) was added to a solution of 4 (3.9g, 9.6 mmol) in dichloromethane (2.5ml) at 0 °C. The mixture
was stirred overnight at room temperature. Evaporation of the solvent afforded S as a colorless 0il (3.4 g,
100%). IR vmax (film) 3414, 3021, 2955, 1786, 1713, 1678, 1422, 1352, 1267, 1217, 1171, 758 cm'l; IH
NMR (200 MHz, CDCl3) 8= 1.66-1.90 (m, 6H), 2.44 (m, 2H), 3.18 (m, 1H), 3.65 (s, 3H), 3.94 (m, 1H), 5.10
(m, 2H), 7.33 (m, 5H) ppm; 13C NMR (CDCl3) 8= 18.02 (t), 23.11 (1), 28.70 (1), 29.30 (t), 32.27 (1), 41.54 (1),
51.63 (q), 67.68 (1), 86.81 (s), 128-128.43 (d), 138.04 (s), 156.46 (s), 174.09 (s), 176.58 (s) ppm. Anal. Calcd

vvvvv 28/, 2140 S ppasa. 4 2

for C1gH23NOg: C, 61.88; H, 6.75; N, 4.00. Found: C, 61.80; H, 6.6%; N, 4.10.

Methyi 3-(i'-benzyloxycarbonyi-1',4',5',6'-tetrahydropyridin-2'-yi)-propanoate (6): To a solution
of 5 (3.4 g, 9.7 mmol) in toluene (45 ml) were successively added triethylamine (1.5 ml, 10.6 mmol) and
diphenylphosphorazidate (2.27 ml, 10.6 mmol) at room temperature and under Argon atmosphere. The
mixture was heated at 90°C for 1h. The reaction was then cooled to room temperature and poured into a
saturated aqueous solution of sodium bicarbonate and extracted with ethyl acetate. The combined organic
layers were washed with brine and dried on NapSO4. Evaporation of the solvent at reduced pressure afforded

ude product which was fractionated by flash chromatography on silica gel (hexane: AcOEt= 8:2) to give a
colorless oil 6 (2.5 g, 85%) Iu Vmax (film) 339<, 3055, 2949, 2172, 173v, 709, 1659, 1441, 1402, 1344,

1
200 MHz, CDCl3) 6= 1.75 (m, 2H), 2.05 (m, 2H), 2.38 (1,

: Hz, 2H), 3.63 (s, 3H), 5.05 (m, 1H), 5.15 (s, 2H), 7.35 (m,
7.17

2. (1), 51.33 (q), 67.35 (v), 113.60
(d), 128.1-128.5 (d), 136.40 (s), 138.27 (s), 154.05 (s), 173.40 (s) ppm. Anal. Calcd for C17H21NO4: C,

67.31; H, 6.98; N, 4.62. Found: C, 67.36; H, 7.01; N, 4.57.

1,5,6,7,8 8a-Hexahvdro-mdollzin-3(2H)-0ne (7): A solution of 6 (2.5 g, 8.24 rnmol) and triethylamine

oreviously activated under hvdroeen atmosphere. After 4h of stirring under hvdrogen atmncnhere at room
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disolved in toluene (25 ml) and refluxed for 3h. Eve
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24.96 (1), 29.89 (1), 33.24(t), 39.89 (1), 56.96 (d), 173.14 (s) ppm. Anal. Caicd for CgH3NO: C, 69.03; H,
9.41; N, 10.06. Found: C, 69.07 H, 9.45; N, 10.10

(2R*,38*)-N-(Benzyloxycarbonyl)-2-(ethoxycarbonylethyl)-3-hydroxy-piperidine (8): To a solution
of 6 (1.5 g, 4.9 mmol) in 10 ml of THF at 0°C and under nitrogen atmosphere was dropwise added a 2.0 M
solution of borane-methyl sulfide in THF (2.5 ml, 5 mmol). Following the addition of the hydride, the cooling
bath was removed and the mixture was

ne ﬁ IOﬁ was POUI'CCI lI][O lLe
water and then extracted with ether, washed with brine and dried over NapSOj4. Evaporation of the solvent at
reduced pressure afforded a crude which was fractionated by flash chromatography on silica gel (hexane:
AcOEt= 2:8) to afford 8 as a colorless oil (1.2 g, 75 %). IR vpax (film) 3440, 2935, 1732, 1678, 1468, 1432,
1351, 1256, 1176, 1126, 1097, 1045, 992 cm-L. TH NMR (200 MHz, CDCl3) 8= 1.17 (t, J= 7 Hz, 3H), 1.41-
2.03 (m, 6H), 2.28 (t, J= 7 Hz, 2H), 2.83 (m, 1H), 3.58 (m, 1H), 3.78 (m, 1H), 4.05 (q, J=7 Hz, 2H), 4.26 (m,
1H), 5.11 (s, 2H), 7.32 (m, 5H) ppm; 13C NMR (CDCl3) 8= 14.13 (c), 19.04 (t), 24.12 (1), 24.(t), 26.09 (t),
31.01 (1), 38.77 (1), 57.55 (d), 60.40 (), 67.25 (t), 67.73 (d), 127.75, 127.88, 128,43 (d), 136.87 (s), 156.70 (s),

=40 (08 DUL.SU s W D0, 140,700, 12V.0/ 49

172.67 (s) ppm. Anal. Calcd for C17H23NOs5: C, 63.53; H, 7.21; N, 4.36. Found: C, 63.48 H, 7.15; N, 4.42.
6-Coniceine (9): A solution of 7 (1 g, 7.2 mmol) in THF (25 ml).was cooled to 0°C and then a 2.0M
solution of borane-methyl suifide complex in THF (10.3ml, 21.6 mmol) was dropwise added under Argon
atmosphere. The reaction mixture was allowed to room temperature and stirred overnight. The reaction was
quenched with ethanol (25 ml). Evaporation of the solvent at reduced pressure was followed by addition of
water and extraction with ethyl acetate. The combined organic layers were washed with brine, dried on
NazSOj4 to give, after evaporation of the solvent, a crude which was fractionated by flash chromatography on
silica gel (hexane: AcOEt = 7:3) to give 9 as a colorless oil (0.67g, 75%). IH NMR (200 MHz, CDCl3) 6= 1.3-

1.6 (m, 6H), 1.74-2.05 (m, 4H), 2.55-3.3 (m, 5H) ppm; 13C NMR (CDCl3) §= 18.67 (1), 19.37 (1), 20.97 (©),
2. 1u(), 27.02 (1), 53.46 (1), 6 65.41 (&) ppm. Anal. Caled for g”lsv C,76.74; H, 12.07; N, 11.18.

8a-(tert-Butoxycarbonyl)-1,2,5,6,7,8-hexahydro-indolizin-3-one (10): A solution of 4 (1.5 g, 3.7
mmol) and EtsN (0.5 ml, 3.7 mmol) in MeOH (25 ml) was added to a suspension of Palladium on charcoal
(10%) in methanol (20 ml) previously equilibrated on a hydrogen atmosphere. After 1h of stirring at room
temperature the catalyst was filtered off and washed with CH,Cly. The solvent was removed in vacuo to give
a crude which was disolved in toluene (10 ml) and refluxed for 1h. Evaporation of the solvent at reduce
pressure afforded a crude which was flash chromatographed on silica gel (Cl3CH: MeOH= 95:5) to afford 10

as a colorless oil (0.9 ¢, 100%). IR Viax (film) 2973, 2939, 2860, 1733, 1699, 1464, 1411, 1363, 1313, 1249

as a colorless o1l (0.9 g, 100%). IR vyax (film) 2973, 2939, 28 733, , , , , ,

1154, 1082, 845 cm!. IH NMR (200 MHz, CDCl3) 8= 1.10-2.43 (m, 8H), 1.42 (s, 9H), 2.45 (m, 2H), 2.69
_ " . - 13 <

(td, J;=7 Hz, Jp= 14.6 Hz, 1H), 4.02 (dt, J1=2.5 Hz, J= 14.6 Hz, 1H) ppm; °C NMR (CDCl3) 6= 21.49 (1),



.65 (s), 81.61 (s), 172, 02 (s), 173.79 (s) ppm.

3-0x0-1,2,5,6,7,8-hexahydro-indolizin-8a-carboxylic acid (11): Trifluoroacetic acid (4 ml, 27.7
mmol) was added to a solution of 10 (0.9 g, 3.7 mmol) in CH>Cl; (4 ml). The mixture was stirred for 11h at
room temperature. Evaporation of the solvent afforded 11 (0.7 g, 100%) as a white solid m.p. 148°C (hexane).
IR vmax (film) (C13CH): 3369, 3019, 2941, 1723, 1684, 1636, 1457, 1420, 1247, 1215, 1160 cm-l. I1H NMR
(200 MHz, CDCl3) 6= 1.24-1.40 (m, 4H), 1.72 (m, 2H), 2.01 (m, 1H), 2.33 (m, 1H), 2.47 (m, 2H), 2.85 (td,

(i1, 1L 11, L3127 £.0J0 U

I1=14.6 Hz, J,= 7 Hz, 1H), 4.07 (dt, J;= 14.6 Hz, J,= 24 Hz gy),gvlg(

,Jo=7Hz, 1H =14 J Iz, 1H s, 1H) ppm; 13C NMR (CDCl3) &=
21.60 (1), 23.89 (1), 29.26 (1), 31.71 (1), 35.27 (1), 39.01 (1), 66.90 (s), 175.23 (s), 175.69 (s) ppm. Anal. Calcd
for CoH 13NO3: C, 59.00; H, 7.15; N, 7.65. Found: C, 59.07 H, 7.09; N, 7.59.

1,2,6,7-Tetrahydro-indolizin-3(5H)-one (12): To a suspension of 11 (0.7 g, 3.8 mmol) in toluene (30
ml) were successively added triethylamine (0.62 ml, 3.8 mmol) and diphenylphosphorazidate (DPPA) (0.8 ml,
3.8 mmol) under nitrogen and at room temperature. The mixture was heated at 90°C for 1h. The reaction was
then cooled to room temperature and poured into a saturated aqueous solution of sodium bicarbonate and

extracted with ethyl acetate. The combined organic layers were washed with brine and dried on NaySQy.

Evannruhr\n nf the enlvent at rednecad nracenre affarded a crnde nraduct whirh wae frastinnatad hy flach
POTauivn U1 ol 5UIVEILL at 1CUUlCU Piossulc alivillld 4 CIull Pioduls wWiallinlh was ifalufiiailh Oy liasi
chramatnoranmhy Aan cilica aal fhavana: AcNBEte A4:£) ta give 17 ag anlarlage nil (A o 780 TR v /€110
bluUlllalUqu lly ULl oSiiiva 5\/1 WIVAALIV., AAVULL— T.VU) LV 51 YLw 1l Ad LULULIVDYY ULl V.S 5, IJ /U}. JUAN vmax \llllll}
AQAA 1ZQ0 10 1807 1487 1A3N0 12LA4 A1 JITAIAAD /NN RAALT. AT NS 1 A 7 ATIN A N7 fn AT
42344, 1008Y, 12209, 10U/, 140/, 144U, 1004 CIIl INIVIK (20U viflz, CLILL3) 0= L./4 (I, 4), 2.U/ (10, 4I1),
2.44 (m, 2H), 2.59 (m, 2H), 3.49 (t, J= 5.6 Hz, 2H), 4.68 (m, 1H) ppm; 13C NMR (CDCl3) 3= 20.58 (t), 21.44
(1), 22.66 (1), 29.12 (t), 39.02 (1), 97.38 (d), 138.27 (s), 174.23 (s) ppm. Anal, Calcd for CgH1NO: C, 70.04;

H, 8.08; N, 10.21. Found: C, 69.99; H, 8.01; N, 10.15.

(8R*, 8aS*) 1,2,5,6-Tetrahydro-8-hydroxy-indolizin-3(7,8aH)-one (13): METHOD A: A solution of

8 (1.2 g, 3.7 mmol) and EtsN (4.5 ml, 3.7 mmol) in MeOH (30 ml) was added to a suspension of Palladium
on charcoal (§%) in 20 ml of methanol previously eguilibrated under hydrogen atmosphere. After 1h of

stirring, at room temperature the catalyst was filtered off and washed with CH,Cl,. The solvent was removed
in vacuo to give a crude product which was disolved in toluene (25 ml) and refluxed for 2h. Evaporation of
the solvent at reduced pressure afforded 13 (0.6g, 100%) as a white solid m.p. 82-84°C (hexane). IR viax
(film) 2944, 1689, 1559, 1507, 1457, 1420, 1364 cm-l. IH NMR (200 MHz, CDCl3) 8= 1.41 (m, 2H), 1.85
(m, 2H), 2.04-2.32 (m, 2H), 2.40 (m, 2H), 2.51 (td, J1= 7 Hz, Jo= 13.2 Hz, 1H), 3.15-3.21 (m, 2H), 3.95 (dd,
J{= 2.6 Hz, J= 13.2 Hz, 1H) ppm; 13C NMR (CDCl3) 8= 20.58 (1), 21.44 (t), 22.66 (t), 29.12 (t), 39.02 (1),
62.97 (d), 73.16 (d), 97.38 (s), 174.23 (s) ppm; MS (EL, 70 eV) m/z (rel. intensity): 155 (M*, 20), 138 (10), 98
(40), 91 (100); Anal. Calcd for CgH3NO3: C, 61.91; H, 8.44; N, 9.02. Found: C, 61.85 H, 8.40; N, 8.90.

METHOQD B: A solution of 12 (0.4 g, 2.9mmol) in THF (10 ml) was cooled at 0 °C and a 2M solution
Af harana_mathyl enlfide in THE (1 8 ml 2mmal) wace dranwice added The reactinn mixvtire wae hronoht t
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(40%) were dropwise added. The cooling was removed and the reaction mixture was refluxed for 1h. The
reaction mixture was brought to room temperature poured into ice water and extracted with ether. The
combined organic layers were washed with brine and dried over Na;SQy4. The evaporation of the solvent at
reduced pressure afforded a crude product which was further fractionated by flash chromatography on silica
gel (hexane: AcOEt= 7:3) to give 13 (0.3 g, 70%) which exhibited analogous spectroscopical properties as
those described above.

(8R*, 8aS*) 1,2,3,5,6,8a-Hexahydro-8-hydroxy-(7H)-indolizine (14): A solution of 13 (0.3g, 1.9
mmol) in THF (4 ml) was cooled to 0°C and then 3 ml (6 mmol) of a solution 2.0 M BH3.SMe, in THF were

dropwise added. The reaction mixture was allowed to room temperature and stirred overnight. The reaction
was quenched with ethanol (5 ml). Evaporation of the solvent at reduced pressure was followed by addition of
water and extraction with ethyl acetate. The combined organic layers were washed with brine, dried on
NaSO4 to give, after evaporation of the solvent, a crude product which was flash chromatographed on silica
gel (hexane:AcOEt= 7:3) to give 14 as a colorless oil (0.3 g, 100%). IR Vpax: 3350-3150, 2996, 1460, 1414,
1350, 1280, 1263, 1100, 1042, 978 cm'1; 'H NMR (200 MHz, CDCl3) 8= 1.08-2.17 9 (m, 8H), 2.78-3.08 (m,
4H), 3.36 (m, 1H), 3.62 (t, J= 5.7 Hz, 1H); 13C NMR (CDCl3) 8= 20.79 (t), 24.37 (1), 28.31 (1), 33.87 (1),

—13) \J. [ 3 4 &£9.010 A\ A0

S1.77 (1), 54.15 (1), 70.36 (d), 73.4 (d). Anal. Calcd for CgH5NO: C, 68.04; H, 10.71; N, 9.92. Found: C,

. . [~
68.10; H, 10.63; N, 9.85.

tert-Butyl-3-0x0-5,6,7,8-tetrahydro-indolizin-8a-carboxylate (15): To a stirred solution of LDA (11
mmol) prepared by reaction of diisopropylamine (1.15 ml, 11.1 mmol) with 11 ml of a solution 1.15 M BuLi
in THF (25 ml) was added dropwise at -78 °C a solution of 1 ( 2.4 g, 10. mmol) in THF (10 ml) under argon
atmosphere and the reaction mixture was stirred for lh at that temperature. A solution of

phenylselenylchloride (1.9 g, 10 mmol) in THF (5 ml) was dropwise added to the enolate solution. After 2
the reaction mixture was quenched with sat. NH4Cl (15 ml) and extracted with EtOAc. The combined org
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To a stirred solution of the above crude product in 100 ml of THF containing 2 ml of AcOH were
gradually added 25 mi of H202 (30%) at 0 °C. Decoloration of the solution was observed and then the
reaction mixture was poured into a saturated NaHCO3 aqueous solution and extracted with EtOAc. The
combined organic layers were washed with NaCl aq and dried (Na2SO4). Evaporation of the solvent afforded
a crude product which was fractionated by flash chromatography on silica gel to give 15 as a colorless oil
(1.7g, 70 %). IR (film) viay : 1738, 1699, 1452, 1398, 1370, 1248, 1155 cm-!, THNMR: &CDCl3): 1.12-1.29
(m, 1H); 1.45 (s, 9H); 1.68-1.87 (m, 4H); 2.52-2.61 (dt, J;= 12.8 Hz, Jo= 3.4 Hz, 1H); 2.95-3.10 (dt, J;= 12.8
Hz, Jo= 3.9 Hz, 1H); 4.19-4.28 (dd, J1= 13.3 Hz, Jo= 5.0 Hz, 1H); 6.13 (d, J= 5.7 Hz, 1H); 6.99 (d, J= 5.7 Hz,

1H) ppm. 13CNMR: §(CDCl3): 20.97(t), 24.68(t), 27.76(q), 33.84(t), 37.65(t), 71.46(s), 82.80(s), 127.36(d)
it A o mERe 7 \*/2 \*73 \vse Ay 7 a3
146.86(d), 167.91(s), 168.78(s) ppm. MS (EL, 70 eV) mv/z (rel. intensity): 237 (M, 3), 230 (5), 137 (65), 136
(100), 108 (25), 80 (5); Anal. Calcd for C 3H19NO3: C, 65.79; H, 8.07; N, 5.90. Found: C, 65.70; H, 8.00; N,

1998) 1162311636 11631



(IR*,2R* ,8aR*) tert-Butyl-1,2-(isopropylidendioxy)-3-oxo-5,6,7,8-tetrahydro-indolizin-8a-
carboxylate (18) and (15*,25*,8aR*) tert-Butyl-1,2-(isopropylidendioxy)-3-ox0-5,6,7,8-tetrahydro-
indolizin-8a-carboxylate (19): To a stirred solution of 15 (1.7g, 7.1 mmol) in 10 ml of a mixture of water:
acetone= 1:8 were successively added N-methylmorpholine N-oxide (1.7g, 14.4 mmol) and 4 ml of a 0.1M
0s0y solution in '‘BuOH at 0 °C. The reaction is stirred for 48h at room temperature then, poured into a 10%

NaHSO3 solution an extracted with ethyl acetate. The combined organic layers were washed with brine and

dried over NaSO4. The evaporation of the solvent aforded a crude mixture of diols 16 and 17 (1.7g) which
il ¥ 1 i T ’ nal Ahemsantnsrnnthic ath A ds
was not possioie to elucidate by conventional chromatographic methods
r I /AN AY 1

atalytic amount of p-toluenesuifonic acid (20 mg) was added to a solution of the diol mixiure i6 +
17 ( 1.7 2, 6.22 mmol) and dimethoxy-propane (3 ml, 24.4 mmol) in 20 ml of CH2Cl3. The reaction was
stirred overnight at room temperature and then, diluted with CH2Cl2 and washed with a saturated aqueous
solution of NaHCO3. The organic layer was washed with brine, separated and dried over NapSQO4. The
solvent was removed at reduced pressure to afford a crude 18+ 19 (1.9g, 85%) which was fractionated by
flash chromatography on silica gel. By elution with ether: EtOAc = 7/3 18 (0.6g) and 19 (1.2g) were
obtained

18: as a white solid m.p. 70-72 °C (hexane); IR (film) vmay : 1715, 1456, 1418, 1371, 1290, 1248, 1154,
1101 cm!. TH NMR: §(CDCl3): 1.13-1.23 (m, 1H); 1.30 (s, 3H); 1.33 (s, 3H); 1.38 (s, 9H); 1.58-1.88 (m,
4H); 2.18 (m, 1H); 2.68 (dt, 1= 12.9 Hz, Jy= 3.6 Hz, 1H); 4.08 (dd, J|= 13.3 Hz, Jo= 4.6 Hz, 1H); 4.43 (d, J=
5.8 Hz, 1H); 4.63 (d, J= 5.8 Hz, 1H) ppm. 13C NMR: 8(CDCl3): 20.69 (1); 23.34 (1); 26.20 (1); 26.05 (q);
26.84 (q); 27.56 (q); 38.47 (t); 68.28 (s); 76.33 (d); 77.22 (d); 82.87 (s); 112.61 (s); 170.00 (s); 170.20 (s)

ppm. MS (EI, 70 eV) m/z (rel. intensity): 311 (M¥, 2), 240 (5), 210 (100); 85 (5), 57 (6), 138 (10), 182 (33) ;
Anal. Calcd for CjgH25NOs: C, 61.71; H, 8.09; N, 4.50. Found: C, 61.65; H, 8.15; N, 4.59.

19: as a white solid m.p. 120-122 oC (hexane); IR (film) vmax: 1738, 1703, 1452, 1371, 1314, 1254,
1215, 1159, 1113 cm-l. TH NMR : 8(CDCl3): 1.13 (dt, J;= 13.1 Hz, Jo= 3.7 Hz, 1H); 1.36 (s, 3H); 1.39 (s,
3H); 1.51 (s, 9H); 1.53-1.66 (m, 4H); 1.78-1.85 (dt, ;= 13.6
]
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.60 (©); 39.07 (1); 6 ’9 54 {(s); 77.18 {(d); 78.97 (d); 82.29 (s);
y (EI, 70 eV) m/z (rel. intensity): 311 (M+, 1), 296 (1), 270 (10), 25
40 (5); Anal. Caled for C1gH25NQs: C, 61.71; H, 8.09; N, 4.50. Found:
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(1R*, 2R*, 8aR¥*) 1,2-(Isopropylidendioxy)-3-0x0-5,6,7,8-tetrahydro-indolizin-8a-carboxylic
acid (20): To a solution of 18 (0.6g, 1.9 mmol) in 1.5 ml of CH2Cl2 was added freshly distilled

trifluoroacetic acid (1.5 ml). The solution was stirred overnight at room temperature. Removal of solvent at
reduced pressure afforded the acid 20 as a colorless (0.5g, 100%). IR (film) vpax: 3600-2845, 1734,
1 1

)4
HT-).8

1.24 (s, 3H); 1.14-1.80 (m, 5H); 2.14 (dt, J;=

1iz, JIZ; vis



.25 (t); 40.55 (t); 71.30 (s); 78.55 (d); 80.15 (d); 114.50 (s); 171.69 (s); 171. 70 (s) ppm. Anal. Calcd for
C12H17NOs: C, 56.46; H, 6.71; N, 5.48. Found: C, 56.40; H, 6.65; N, 5.50.

(1S*, 28*, 8aR*) 1,2-(Isopropylidendioxy)-3oxo0-5,6,7,8-tetrahydro-indolizin-8a-carbexylic acid
(21): Analogously, the same treatment of acetonide 19 (1.2 g) allowed us to isolate the acid 21 as a colorless
oil (1g, 100%). IR (film): Viax: 3600-2850, 1734, 1684, 1452, 1215 em-1. TH NMR: & CDCl3): 1.35 (s, 3H);

Acyl chloride (22): To a solution of 21 (0.5 g, 1.95 mmol) in 1,2-dichloroethane (DCE) (20 ml) at
-10 °C was added dropwise oxalyl chloride (0.24 ml, 2.75 mmol) . After the addition freshly distilled DMF
(0.5 ml) was added and the mixture was stirred at room temperature for 1 h. Toluene (15 ml) was added,
and the solution was immersed in a preheated bath (60 °C) and stirred overnight under Ar atmosphere. The

mixture was allowed to cool and then poured into saturated NaHCO3 and the aqueous phase was extracted

3 .39 (s, 3H); 1.44-1.91 (m, 4H); 2.74-
3.06 (m, 3H); 4.16-4.23 (m, 1H); 4.59 (d, J= 6.5 Hz, 1H); 4.73 (d, J= 6.5 Hz, 1H) ppm. 13C NMR:
S8(CDCl3): 21.17 (t); 23.70 (t); 25.59 (q); 26.05 (q); 33.63 (t); 39.34 (t); 56.88 (s); 77.00 (d); 78.59 (d);
114,52 (s); 169.24(s); 174.40(s) ppm. Anal. Calcd for C1oH6NO4Cl: C, 52.65; H, 5.89; N, 5.11; Cl, 12.95.
Found: C, 52.59; H, 5.95; N, 5.03; Cl, 12.87.

stirred at this temperature for Zh then is allowed to go to room temperature, poured into saturated NauL;O3
and extracted with chloroform. The combined organic layers were washed with brine and dried over
NaySOg4. Evaporation of the solvent at reduced pressure afforded a crude solid which was fractionated by
flash chromatography on silica gel (hexane: AcOEt= 3:7) to afford 23 as a white solid (0.08g, 55%) m.p.
70-72 °C (hexane). IR (film) Vimax : 2249, 1705, 1420, 1377, 1215, 1103 cml. 'H NMR: §CDCl3): 1.20-
1.40 (m, 1H); 1.43 (s, 3H); 1.52 (s, 3H); 1.62-1.88 (m, 4H); 1.90-2.10 (m, 1H); 2.89-3.04 (dt, J1=13.3 Hz,
Jo= 3.6 Hz, 1H); 4.07-3.98 (dd, J|= 13.3 Hz, Jo= 5.0 Hz, 1H): 4.48 (d, J= 6.6 Hz, 1H); 4.70 (d, J= 6.6 Hz,

1H).13C NMR: §(CDCl3): 20.19 (t); 24.06 (t); 25.61 (q); 26.24 (q); 37.60 (t); 38.28 (1); 53.32 (s); 77.00
(d); 79.18 (d); 114.99 (s); 126.92 (s); 166.86 (s) ppm. Anal. Calcd for C12H16N20O4: C, 57.13; H, 6.39; N,
11.10. Found: C, 57.21; H, 6.47; N, 11.05.



Enamide (24):

Method A: A solution of 22 (0.52 g, 1.9 mmol) in xylene was refluxed for a period of 2 days. After
cooling the mixture the solvent was removed under vacuo. Purification of the crude by column
chromatography (hexanes: EtOAc= 3:7) afforded 24 (0.30g, 75% ) as a white solid m.p. 68-70 °C
(hexane); IR (film) vpax: 1732, 1688, 1410, 1377, 1317, 1252, 1209, 1152, 1096 cm™l. lH NMR:
8(CDCl3): 1.38 (s, 3H); 1.40 (s, 3H); 1.68-1.85 (m, 2H); 2.13-2.21 (m, 2H); 3.30-3.44 (m, 1H); 3.64-3.76
H); 4.64 (d, J= 6.4 Hz.
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Caled forC11H15NO3 C, 63. 14 H, 7.22; N, 6.69. Found: C, 63.20; H, 7.15; N, 6.60.

METHOD B: To a stirred solution of 20 (0.25 g, 1 mmol) in freshly destilled toluene (10 ml) were
added freshly distilled Et3N (0.17 ml, 1.2 mmol) and diphenylphosphorazidate (DPPA) (0.24 ml, 1.1
mmol). The solution was immersed in a preheated bath (90 °C) and stirred for 3.5 h under Ar atmosphere.
The mixture was allowed to cool and then poured into saturated NaHCO3 and the aqueous phase were
extracted with CHCI3. The combined organic phases were washed with brine, dried over NapSQ4, and

evaporated to give 24 (0.030g, 15 %) which exhibited identical spectroscopic characeristics to those

,8R*,8aR*)-8-Hydroxy-1i,2-(isopropyiidenedioxy)-indoiizidine (25): To a coid (0 °C)
solution of enamide 24 (115 mg, 0.55 mmol) in anhydrous THF (1 ml) was added 0.9 ml of a 2M BH3.SMe?
solution in THF at room temperature under Argon atmosphere. The reaction was stirred for 5 h at room
temperature then, ethanol (2.5 ml), 3N NaOH (1 ml) and of 30% H207 (1ml) were successively added. The
reaction mixture was refluxed for 2 h, the ethanol was removed at reduced pressure and the residue dissolved
in 2 ml of H20. The aqueous solution was saturated with solid NaCl and then extracted with
dichloromethane. The combined organic extracts were dried over Na2SO4 and concentrated in vacuo to give
25 as a white solid (0.12g, 85%) m.p. 90-92 °C (hexane); IR (film); vmax: 3451, 1466, 1381, 1215, 1148,
1123, 1071, 1028, cm-1; lH NMR: §(CDCl): 1.17-1.27 (m, 1H); 1.33 (s, 3H); 1.49 (s 3H); 1.54-1.70 (m,
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73.62 (d); 78.10 (d); 79.15 (d);
Found: C, 68.87; H, 7.27; N, 5.40.

(1S* 2R* 8R*,8aR*)-1,2,8-Trihydroxyindolizidine: (+)-Swainsonine (26): Prepared according to a
ublished procedure. 17 A solution of 25 {0.12g, 0.5 mmol) in THF (1.5 ml) was treated with 6N HCI (0.1 ml)
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(dd, Jy= 3.5, J,=5.8 Hz, 1H); 3.84 (dt, J;= 4.6 Hz, J»=10.3 Hz, 1H); 3.0 (m, 1H); 2.97 (dd, J1= 2.8 Hz,
Jo=11.3 Hz, 1H); 2.70 (dd, J1= 8.1 Hz, J= 11.3 Hz, 1H); 2.04-2.15 (m, 3H); 1.76 (m, 1H); 1.55 (qt, 1=4.1
Hz, J,= 13.2 Hz, 1H); 1.28 (qd, J1= 4.5, J,=12.3 Hz, 1H); 13C NMR: § (D;0): 72.6; 69.4; 68.9; 66.0; 60.3;
51.6; 32.2; 22.9; ppm. Anal caled for CgHsNO3: C: 55.47%, H: 8.73%, N: 8.09%; Found C: 55.41%, H:
8.78%, N: 8.13%.
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