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Experimental

1.1 General

All reagents used for reactions and preparative chromatography were distilled.
Solvents used in reactions were pre-dried in their reagent bottles and then distilled
over the appropriate drying medium under a nitrogen atmosphere. Acetonitrile,
dichloromethane and methanol were distilled from calcium hydride. Triethylamine
was distilled from, and stored over, potassium hydroxide. Acetic anhydride was
distilled before storage over 4 A molecular sieves. p-Toluenesulfonyl chloride was
purified according to Perrin et al. [1] before use, and stored in a desiccator until
required. All reactions were performed under an inert atmosphere (either dry nitrogen
or argon) using a standard manifold line connected to a vacuum pump. The R; values
guoted are for thin layer chromatography (TLC) on aluminium-backed Macherey-
Nagel ALUGRAMSIlI G/UV254 plates pre-coated with 0.25 mm silica gel 60, or

Aldrich TLC plates (silica gel on aluminium). Macherey-Nagel Silica gel 60 (particle
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size 0.063-0.200 mm) was used as the adsorbent for conventional preparative
column chromatography, with a silica to product ratio of 30:1. The elution process
was performed using the indicated solvent mixtures either under gravity or air pump
pressure conditions. Whatman Partisil Prep 40 (particle size 0.040—-0.063 mm) was
used for preparative flash chromatography. Concentration or evaporation in vacuo
refers to the removal of solvent under reduced pressure (~20 mm Hg, 45 °C) on a
rotary evaporator and final drying on an oil pump (~1-2 mm Hg) at room
temperature. Intermediates 3, 5 and 6 were prepared as described previously [2].

All melting points were obtained on a Reichert hot-stage microscope, and are
uncorrected. Infrared spectra were obtained on a Bruker Vector 22 spectrometer, or
a Varian 800FTIR spectrometer (Scimitar Series). The absorptions are reported on
the wavenumber (cm™) scale, in the range 400-4000 cm™. Hydrogen (*H NMR) and
carbon (**C NMR) nuclear magnetic resonance spectra were recorded on a Bruker
Avance-300 instrument at 300.13 MHz and 75 MHz, respectively using standard
pulse sequences. The probe temperature for all experiments was 3001 K. All
spectra were recorded in deuterated chloroform (CDCl3) in 5 mm NMR tubes.
Chemical shifts are reported in parts per million (ppm) relative to tetramethylsilane as
internal standard in the case of *H NMR spectra, and relative to the central signal of
deuterated chloroform taken at & 77.16 for the **C NMR spectra. High-resolution
mass spectra were recorded on a VG7-SEQ Double Focussing Mass Spectrometer
at 70 eV and 200 mA. The polarity was positive, ionisation employed was EIl with a

resolution of 3000, a mass range of 3000 amu (8 kV) and a scan rate of 5 s/decade.
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1.2 General procedure for the sulfide contraction of 3-(2-thioxo-1-pyrrolidinyl)propyl
acetate (3)

The thiolactam 3 (1 equiv) [2] and the relevant halide (1.05 equiv) were stirred at rt in
dry CH,Cl, (2 mL mmol™) for 5 h. The solvent was removed under high vacuum, and
the resulting salt was stirred at rt for 18 h to complete the reaction. The salt was
dissolved in MeCN (3 mL mmol™), to which was added a solution of PPhs
(1.05 equiv) and dry NEts (1.05 equiv) in MeCN (3 mL mmol™). The mixture was then
stirred at rt for 5 h, during which time a white precipitate was formed. The solution
was filtered through a pad of celite and evaporated in vacuo. The residue was taken
up in EtOAc (10 mL mmol™), triturated for 30 min and again filtered through a pad of
celite. The filtrate was extracted with HCI (2 M, 3 x 10 mL mmol™), the aqueous
extracts were brought to pH 11 with ag. NH3 solution (35%) and back-extracted with
CH,Cl, (3 x 10 mL mmol™). The organic extracts were combined, dried (MgSO.),
filtered and evaporated in vacuo to yield the crude products 7. The products were

purified by column chromatography on silica gel.

1.3 3-[(2E)-2-(2-Oxopropylidene)pyrrolidinyl]propyl acetate (7a)

3-(2-Thioxo-1-pyrrolidinyl)propyl acetate (3, 1.03 g, 5.09 mmol) and bromoacetone
(0.733 g, 0.45 mL, 5.35 mmol) were allowed to react in dry CH,Cl, (10 mL) followed
by treatment with PPh3 (1.41 g, 5.35 mmol) and NEt;3 (0.541 g, 0.750 mL, 5.35 mmol)
in MeCN (15.5 mL) according to the general procedure, after which time the standard
work-up and purification yielded 3-[(2E)-2-(2-oxopropylidene)pyrrolidinyl]propyl
acetate (7a) as a light yellow oil (1.09 g, 95%); R 0.28 (CH3OH:CH,Cl, 1:19); Vmax
(film) 2955 (w), 1736 (s), 1636 (M), 1538 (s), 1483 (m), 1366 (m), 1296 (m), 1229 (s),

1202 (s), 1169 (m), 1042 (m), 969 (m), 933 (m) cm™%; &4 (300 MHz, CDCl3) 5.05 (1H,
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s, C=CH), 4.10 (2H, t, J 6.2 Hz, CH,0Ac), 3.39 (2H, t, J 7.2 Hz, CHN), 3.31 (2H, t, J
7.2 Hz, CH,N), 3.23 (2H, t, J 7.8 Hz, CH,C=), 2.09 and 2.06 (2 x 3H, 2 x s,
=CHCOCH3 and OCOCHS3), 1.96 and 1.93 (4H, overlapping quintets, J 7.3 and
6.3 Hz, 2 x CH,CH,CHy); d¢ (75 MHz, CDCl3) 194.1, 170.8, 165.1, 89.6, 61.8, 52.5,
43.1, 33.4, 30.7, 25.5, 21.0. HRMS (EIl) found, 225.1356. Ci,Hi19NO3 requires

225.1359.

Ethyl (2E)-{1-[3-(acetoxy)propyl]-2-pyrrolidinylidene}ethanoate (7b)

A solution of 3-(2-thioxo-1-pyrrolidinyl)propyl acetate (3, 3.89 g, 19.3 mmol) and ethyl
bromoacetate (3.91 g, 2.25 mL, 20.3 mmol) were allowed to react in dry CH,Cl,
(40 mL) followed by treatment with PPhs (5.33 g, 20.3 mmol) and NEt; (2.05 g,
2.83 mL, 20.3 mmol) in MeCN (61 mL) according to the general procedure to afford
(2E)-{1-[3-(acetoxy)propyl]-2-pyrrolidinylidene}ethanoate (7b) as a light yellow oil
(4.18 g, 90%); R 0.44 (EtOAc:Hex 1:1); Vmax (film) 2972 (w), 1736 (s), 1680 (m),
1586 (s), 1462 (W), 1427 (m), 1367 (w), 1230 (s), 1134 (s), 1052 (s), 958 (w), 858
(w), 783 (m) cm™; &y (300 MHz, CDCl3) 4.53 (1H, s, =CH), 4.10 (2H, q, J 7.2 Hz,
OCH,CHj3), 4.07 (2H, t, J 6.1 Hz, CH,0Ac), 3.37 (2H, t, J 7.1 Hz, CH,N), 3.27 (2H, t,
J 7.2 Hz, CH,N), 3.16 (2H, t, J 7.8 Hz, CH,C=), 2.08 (3H, s, OCOCHa), 1.95 and 1.92
(4H, 2 x overlapping quintets, J 7.5 and 6.8 Hz, 2 x CH,CH,CH,), 1.25 (3H, t, J
7.1 Hz, OCH,CHz3); &¢ (75 MHz, CDCl3) 171.0, 169.5, 164.9, 78.1, 61.9, 58.3, 52.8,
43.1, 32.7, 25.5, 21.2, 21.0, 14.8; m/z (El) 255 (27), 43 (24), 97 (21), 168 (44), 169
(42), 196 (100), 210 (47), 212 (21), 255 (27). HRMS (EI) found, 255.1465. C13H2:NO,

requires 255.1465.
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3-[(2E)-2-(Cyanomethylene)pyrrolidinyl]propyl acetate (7¢)

3-(2-Thioxo-1-pyrrolidinyl)propyl acetate (3, 1.01 g, 5.00 mmol) and bromoacetonitrile
(0.630 g, 0.370 mL, 5.25 mmol) were allowed to react in dry CH,Cl, (10 mL) followed
by treatment with PPh3 (1.38 g, 5.25 mmol) and NEtz (0.531 g, 5.25 mmol) in MeCN
(15mL) according to the general procedure to afford 3-[(2E)-2-
(cyanomethylene)pyrrolidinyl]propyl acetate (7c) as a light yellow oil (0.462 g, 44%);
Rf 0.69 (EtOAC); Vmax (film) 3070 (w), 2963 (w), 2874 (w), 2187 (m), 1734 (s), 1600
(s), 1460 (w), 1429 (m), 1336 (m), 1293 (m), 1229 (s), 1039 (m), 936 (W), 863 (W),
801 (W), 694 (m) cm™; &y (300 MHz, CDCls) 4.07 (2H, t, J 6.2 Hz, CH,OAc), 3.67
(1H, s, C=CH), 3.45 (2H, t, J 6.9 Hz, CH,N), 3.20 (2H, t, J 7.1 Hz, CH.N), 2.88 (2H, t,
J 7.6 Hz, CH,C=), 2.08 (3H, s, OCOCHj3;), 2.00 and 1.90 (2 x 2H, 2 x quintets, J 7.5
and 6.7 Hz, 2 x CH,CH,CHy); 8¢ (75 MHz, CDCls) 170.9, 165.6, 122.7, 61.6, 53.8,
53.7, 43.1, 32.8, 25.5, 20.9, 20.9. HRMS (EI) found, 208.1228. C11H16N20, requires

208.1206.

General procedure for acetate hydrolysis

To a stirred solution of the required enaminone 7 in MeOH (3.6 mL mmol™) was
added K,COj3 (1.1-2.0 equiv). After 3 h the mixture was filtered through celite. The
filtrate was evaporated in vacuo, and then taken up in CHCIl; (10 mL mmol™) and
washed with satd. ag. NaCl solution (10 mL mmol™). The aqueous phases were back
extracted with CHClz (3 x 10 mL mmol™), dried (MgSO,) filtered and evaporated in
vacuo to afford the crude product. The crude mixture was purified by column

chromatography to yield the desired alcohols 8.
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(1E)-1-[1-(3-Hydroxypropyl)-2-pyrrolidinylidene]-2-propanone (8a)

3-[(2E)-2-(2-Oxopropylidene)pyrrolidinyl]propy! acetate (7a, 0.792 g, 3.51 mmol) and
K>,CO3 (0.534 g, 3.86 mmol) in MeOH (13 mL) were allowed to react according to the
general procedure to yield (1E)-1-[1-(3-hydroxypropyl)-2-pyrrolidinylidene]-2-
propanone (8a, 0.527 g, 82%) as a yellow oil; R; 0.22 (CH30H:CH,Cl; 1:19); Vmax
(film) 3366 (v br. w), 2927 (w), 2872 (w), 1732 (m), 1630 (m), 1568 (m), 1427 (m),
1367 (m), 1236 (s), 1047 (m) cm™; &y (300 MHz, CDCl3) 5.10 (1H, s, C=CH), 3.68
(2H, t, J 6.0 Hz, CH,OH), 3.42 (2H, t, J 7.3 Hz, CH2N), 3.36 (2H, t, J 7.1 Hz, CH.N),
3.21 (2H, t, J 7.8 Hz, CH,C=), 2.30 (1H, br s, OH), 2.05 (3H, s, COCHs), 1.94 and
1.84 (2 x 2H, 2 x quintets, J 7.6 and 6.6 Hz, 2 x CH,CH,CHy); ¢ (75 MHz, CDClI3)
1945, 165.8, 89.5, 59.9, 52.8, 43.4, 33.7, 30.6, 29.2, 21.0. HRMS (El) found,

183.1253. C19H17NO; requires 183.1254.

Ethyl (2E)-[1-(3-hydroxypropyl)-2-pyrrolidinylidene]ethanoate (8b)

Ethyl (2E)-{1-[3-(acetoxy)propyl]-2-pyrrolidinylidene}ethanoate (7b, 4.19 g,
17.6 mmol) and K,COj3; (2.68 g, 19.3 mmol) in MeOH (63 mL) were allowed to react
according to the general procedure to yield ethyl (2E)-[1-(3-hydroxypropyl)-2-
pyrrolidinylidene]ethanoate (8b, 3.19 g, 85%) as a yellow oil; R; 0.18 (EtOAc:Hex
1:1); Vmax (film) 3415 (v br, w), 2971 (w), 2940 (w), 2872 (w), 1727 (m), 1657 (m),
1579 (s), 1462 (w), 1376 (w), 1294 (m), 1248 (m), 1202 (m), 1132 (s), 1052 (s), 782
(m) cm™; 8y (300 MHz, CDCl3) 4.56 (1H, s, C=CH), 4.07 (2H, q, J 7.2 Hz, OCH,CHs),
3.67 (2H, t, J 6.1 Hz, CH,OH), 3.39 (2H, t, J 7.1 Hz, CH>N), 3.31(2H, t, J 7.1 Hz,
CHN), 3.15 (2H, t, J 7.8 Hz, CH,C=), 1.99 (1H, br s, OH), 1.94 and 1.82 (2 x 2H, 2 x
quintets, J 7.5 and 6.6 Hz, 2 x CH,CH,CH,), 1.25 (3H, t, J 7.1 Hz, OCH,CHz); d¢ (75

MHz, CDCls) 169.8, 165.2, 77.7, 60.2, 58.4, 52.9, 43.2, 32.9, 29.1, 21.2, 14.9. HRMS
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(El) found, 13.1369. C;;H;9NO3; requires 213.1359. The data agree with those

reported for the product prepared by alternative methods [3, 4].

(2E)-[1-(3-Hydroxypropyl)-2-pyrrolidinylidene]ethanenitrile (8c)

3-[(2E)-2-(Cyanomethylene)pyrrolidinyl]propyl acetate (8c, 1.37 g, 6.56 mmol) and
K,CO3 (1.31 g, 13.1 mmol) in MeOH (24 mL) were allowed to react according to the
general procedure to yield (2E)-[1-(3-hydroxypropyl)-2-pyrrolidinylidene]ethanenitrile
(8c, 0.972 g, 5.85 mmol, 89%) as a yellow oil; Rf 0.41 (CH3OH:CHCl; 1:19); Vmax
(film) 3403 (v br, w), 3071 (w), 2942 (w), 2873 (W), 2178 (m), 1595 (s), 1460 (w),
1429 (m), 1289 (m), 1153 (w), 1052 (m), 689 (m) cm™; 34 (300 MHz, CDCl5) 3.73
(1H, s, =CH), 3.64 (2H, t, J 5.9 Hz, CH,OH), 3.47 (2H, t, J 6.9 Hz, CH.N), 3.25 (2H, t,
J 7.1 Hz, CH.N), 2.86 (2H, t, J 7.8 Hz, CH,C=), 2.47 (1H, br s, OH), 1.99 and 1.79 (2
x 2H, 2 x quintets, J 7.3 and 6.5 Hz, 2 x CH,CH,CHy); &¢ (75 MHz, CDCl3) 165.9,
123.4, 59.6, 53.8, 52.9, 43.1, 32.9, 29.0, 20.9. HRMS (El) found, 166.1094.

CgoH14N20 requires 166.1101.

General procedure for the alkylative ring closure to 1,2,3,5,6,7-hexahydroindolizines

A stirring solution of alcohol 8 in a mixture of MeCN (6.2 mL mmol™) and PhMe
(3.1 mL mmol™) was charged with PPh; (2.0-3.0 equiv) and imidazole (2.0—
3.0 equiv). Once the solids had dissolved, I, (2.0 equiv) was added in one portion.
The homogeneous solution was stirred under reflux for 1 h. The reaction was
quenched by the addition of a solution of satd. aq. NaHCO3 (10 mL mmol™), and the
aqueous residue was extracted with EtOAc (3 x 10 mL mmol™). The combined
organic fractions were washed with satd. aq. Na,S;03 solution (10 mL mmol™). The

organic washings were dried (MgSQO,), filtered and evaporated in vacuo to yield the
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crude product. Purification by column chromatography on silica gel yielded the

desired bicyclic compounds 9.

1-(1,2,3,5,6,7-Hexahydroindolizin-8-yl)ethanone (9a)

(1E)-1-[1-(3-Hydroxypropyl)-2-pyrrolidinylidene]-2-propanone (8a, 2.35¢q,
12.9 mmol), PPh3 (10.1 g, 38.5 mmol, 3.0 equiv) and imidazole (2.63 g, 38.5 mmol)
in MeCN (80 mL) and PhMe (40 mL) followed by I, (6.50 g, 25.7 mmol) were allowed
to react according to the general procedure to yield 1-(1,2,3,5,6,7-hexahydro-8-
indolizinyl)ethanone (9a, 0.567 g, 27%) as a clear oil; R; 0.32 (CH3OH:CH,CI, 1:19);
Oy (300 MHz, CDCl3z) 7.60-7.34 (PPhs residues), 3.26 (2H, td, J 7.2 and 1.8 Hz,
CH2N), 3.11 and 3.05 (4H, overlapping t, J 5.6 and 6.8 Hz, CH,N and
CH,C(COCHg3)=C), 2.33 (2H, t J 6.0 Hz, CH,C=C(COCHpg)), 2.03 (3H, s, COCHpg),
1.84-1.70 (4H, m, remaining CH;). Complete removal of phosphine residues was not

successful.

Ethyl 1,2,3,5,6,7-hexahydroindolizine-8-carboxylate (9b)

Ethyl (2E)-[1-(3-hydroxypropyl)-2-pyrrolidinylidene]ethanoate (8b, 0.865 g,
4.05 mmol), PPh3 (3.19 g, 12.2 mmol, 3.0 equiv) and imidazole (0.827 g, 12.2 mmol,
3.0 equiv) in MeCN (26 mL) and PhMe (13 mL) followed by I, (2.06 g, 8.10 mmol)
were allowed to react according to the general procedure to yield ethyl 1,2,3,5,6,7-
hexahydro-8-indolizinecarboxylate (9b, 0.438 g, 59%) as a clear oil; R 0.61
(EtOACc:Hex 1:1); Vmax (film) 2943 (w), 2845 (w), 1674 (m), 1584 (s), 1425 (w), 1368
(m), 1283 (m), 1255 (s), 1215 (m), 1181 (m), 1150 (s), 1095 (m), 1041 (w), 882 (w)
852 (w) 763 (m) cm—1; 84 (300 MHz, CDCls) 4.00 (2H, q, J 7.1 Hz, OCH,CHj3), 3.19

(2H, t, J 7.0 Hz, CHaN), 3.06 (2H, t, J 5.7 Hz, CH,N), 2.96 (2H, t, J 7.8 Hz,
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CH,C(CO,Et)=C), 2.25 (2H, t, J 6.3 Hz, CH,C=CCO,Et), 1.82 and 1.73 (2 x 2H, 2 x
quintets, J 7.4 and 6.0 Hz, remaining CHy), 1.16 (3H, t, J 7.2 Hz, OCH,CHj3); d¢ (75
MHz, CDCls) 168.3, 158.7, 87.1, 57.9, 52.6, 44.6, 32.3, 21.2, 21.1, 20.6, 14.5. HRMS
(El) found, 195.1247. C11H17NO; requires 195.1254. The NMR spectroscopic data

agree with those reported by Kim et al. [5].

1,2,3,5,6,7-Hexahydroindolizine-8-carbonitrile (9¢)

(2E)-[1-(3-Hydroxypropyl)-2-pyrrolidinylidene]ethanenitrile  (8c, 0.583 g, 0.519 g,
3.51 mmol), PPh3 (1.84 g, 7.02 mmol, 2.0 equiv) and imidazole (0.479 g, 7.02 mmol,
2.0 equiv) in MeCN (21 mL) and PhMe (11 mL) followed by I, (1.76 g, 7.02 mmol)
were allowed to react according to the general procedure to yield 1,2,3,5,6,-7-
hexahydro-indolizine-8-carbonitrile (9¢c) as a clear oil (0.375g, 72%); R; 0.75
(MeOH:CH.Cl, 1:19); Vmax (film) 2930 (w), 2849 (w), 2173 (m), 1615 (s), 1428 (m),
1361 (m), 1289 (s), 1212 (m), 1182 (m), 1149 (m), 1108 (m), 1081 (m) cm—1; dy (300
MHz, CDCls) 3.32 (2H, t, J 6.8 Hz, CH,N), 3.15 (2H, t, J 5.6 Hz, CH,N), 2.74 (2H, t, J
7.7 Hz, CH,C(CN)=C), 2.23 (2H, t, J 6.1 Hz, CH,C=CCN), 1.97 and 1.84 (2 x 2H, 2 x
quintets, J 7.3 and 5.9 Hz, remaining CHy); d¢ (75 MHz, CDCl3) 159.4, 124.0, 64.4,
53.4, 44.2, 30.7, 22.2, 21.1, 20.8. HRMS (El) found, 148.1000. CgH;,N, requires

148.0995.

General procedure for the tosylation of alcohols 8

To a solution of p-toluenesulfonyl chloride (1.4 equiv) in CH,Cl, (9 mL mmol™) at rt
was added NEtz (9.8 equiv) and DMAP (0.1 equiv). After 30 min the alcohol 8 was
added in one portion. The solution turned brown over time and after 18 h the solution

was washed with H,O (10 mL mmol™). The organic layer was separated, dried
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(MgSO,), filtered and evaporated in vacuo to yield a brown solid. The crude solid was

purified by column chromatography on silica gel to yield the desired products.

3-[(2E)-2-(Cyanomethylene)pyrrolidinyl]propyl 4-methylbenzenesulfonate (10c) and
(2E)-[1-(3-Chloropropyl)-2-pyrrolidinylidene]ethane-nitrile (11c)

(2E)-[1-(3-Hydroxypropyl)-2-pyrrolidinylidene]ethanenitrile (8c, 0.694 g, 4.18 mmol),
p-TsCl (1.15 g, 5.85 mmol), NEt; (4.14 g, 5.71 mL, 40.9 mmol) and DMAP (0.055 g,
0.418 mmol) in CH)Cl, (38 mL) were allowed to react according to the general
procedure to yield 3-[(2E)-2-(cyanomethylene)pyrrolidinyl]propyl-4-methyl-
benzenesulfonate (10c, 0.261 g, 19%) as a yellow solid and (2E)-[1-(3-chloropropyl)-

2-pyrrolidinylidene]ethanenitrile (11c, trace) as a brown oil.

Compound 10c: Rf 0.17 (EtOAc:Hex 1:1); Vmax (film) 3058 (w), 2967 (w), 2941 (w),
2891 (W), 2178 (m), 1599 (w), 1493 (s), 1377 (m), 1359 (s), 1311 (m), 1293 (m),
1187 (m), 1171 (s), 1095 (m), 1019 (m), 959 (m), 919 (s), 828 (s), 810 (s), 721 (s),
661 (s) cm™; 8y (300 MHz, CDCls) 7.79 (2H, d, J 8.2 Hz, ArH), 7.38 (2H, d, J 8.0 Hz,
ArH), 4.04 (2H, t, J 5.8 Hz, CH,OTs), 3.55 (1H, s, C=CH), 3.38 (2H, t, J 6.9 Hz,
CH.N), 3.18 (2H, t, J 6.9 Hz, CH,N), 2.81 (2H, t, J 7.7 Hz, CH,C=), 2.47 (3H, s,
ArCHg), 1.92-1.91 (4H, m, remaining CH,); &¢ (75 MHz, CDCl3) 165.5, 145.3, 132.7,

131.1,127.9, 122.5, 67.5, 54.2, 53.9, 42.6, 32.8, 25.8, 21.8, 20.9.

Compound 11c: Rf 0.31 (EtOAc:Hex 1:1); Vmax (film) 2963 (w), 2868 (w), 2187 (m),
1598 (s), 1428 (m), 1361 (w), 1272 (m), 1143 (w), 695 (m), 652 (w) cm™; dy (300
MHz, CDCl3) 3.73 (1H, s, C=CH), 3.55 (2H, t, J 6.1 Hz, CHCI), 3.47 (2H, t, J 6.9 Hz,
CH2N), 3.30 (2H, t, J 6.9 Hz, CH2N), 2.88 (2H, t, J 7.8 Hz, CH,C=), 2.03 and 2.00

(4H, overlapping quintets, J 6.2 and 7.3 Hz, remaining CHy); &¢c (300 MHz, CDClIs)

S11



165.7, 122.6, 54.1 (2 signals), 43.5, 42.2, 32.8, 29.0, 21.0. HRMS (El) found,

184.0762. CyH13CIN, requires 184.0762.

3-((2E)-2-{2-[Methoxy(methyl)amino]-2-oxoethylidene}-pyrrolidinyl)propyl  4-methyl-
benzenesulfonate (10d) and (2E)-2-[1-(3-chloro-propyl)-2-pyrrolidinylidene]-N-
methoxy-N-methylethanamide (11d)

(2E)-2-[1-(3-Hydroxypropyl)-2-pyrrolidinylidene]-N-methoxy-N-methylethanamide (8d,
0.202 g, 0.896 mmol), p-TsCl (0.245 g, 1.25 mmol, 1.4 equiv), NEt; (0.889 g, 1.2 mL
8.78 mmol) and DMAP (11.0 mg, 0.09 mmol) in CH,Cl, (7.8 mL) were allowed to
react according to the general procedure to yield 3-((2E)-2-{2-
[methoxy(methyl)amino]-2-oxoethylidene}-pyrrolidinyl)propyl 4-
methylbenzenesulfonate (10d, 0.204 g, 0.639 mmol, 71%) as a brown oil containing
trace amounts of (2E)-2-[1-(3-chloropropyl)-2-pyrrolidinylidene]-N-methoxy-N-

methylethanamide (11d).

Compound 10d: Rf 0.37 (EtOAc:Hex 1:1); Vmax (film) 3450 (w), 2942 (w), 1652 (s),
1493 (m), 1447 (m), 1414 (m), 1172 (s), 1119 (s), 1032 (s), 1010 (s), 817 (m), 680 (s)
cm™; 3y (300 MHz, CDCls) 7.79 (2H, d, J 8.1 Hz, ArH), 7.36 (2H, d, J 8.0 Hz, ArH),
5.04 (1H, s, =CH), 4.05 (2H, t, J 5.9 Hz, CH,0OTs), 3.65 (3H, s, OCHj3), 3.29 and 3.28
(4H, overlapping t, J 7.0 and 7.0 Hz, 2 x CH3N), 3.21-3.17 (2H, m, CH,C=), 3.14
(3H, s, NCHj3), 2.45 (3H, s, ArCH3), 1.95 and 1.88 (2 x 2H, 2 x quintets, J 6.6 and
7.5 Hz, remaining CHy); &c (75 MHz, CDCl3) 171.8, 164.3, 145.1, 130.0, 128.8,

125.0, 77.2,67.9, 61.1, 52.7, 42.6, 33.1, 32.6, 25.8, 21.7, 21.4.

Identifiable peaks for (2E)-2-[1-(3-chloropropyl)-2-pyrrolidinylidene]-N-methoxy-N-
methylethanamide (11d): &4 (300 MHz, CDCl3) 5.16 (s, =CH), 3.68 (s, OCHs), 3.45—

3.34 (m, 2 x CH,;N and CH,C=), 3.17 (s, NCH3), 2.11-2.00 (m, remaining CH>).
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General procedure for the catalytic hydrogenation of 1,2,3,5,6,7-hexahydroindolizines
9

To a solution of the bicyclic enamine 9 in glacial acetic acid (5.5 mL mmol™) was
added Adams’ catalyst (5 x 1072 g mmol™) and the mixture was stirred under a
hydrogen atmosphere (1 atm) for 24 h. The mixture was filtered through celite and
washed copiously with EtOH, after which the solvent was evaporated in vacuo to
yield the crude products. Purification by column chromatography on silica gel yielded

the desired reduced compounds 12.

Ethyl (8R*,8aR*)-octahydroindolizine-8-carboxylate (12b') and ethyl (8R*8aS*)-
octahydroindolizine-8-carboxylate (12b")

Ethyl 1,2,3,5,6,7-hexahydroindolizine-8-carboxylate (9b, 0.513 g, 2.63 mmol) and
Adams’ catalyst (0.132 @) in glacial acetic acid (14.5 mL) were allowed to react
according to the general procedure to yield a mixture of the diastereomers ethyl
(8R*,8aR*)-octahydroindolizine-8-carboxylate  (12b') and ethyl (8R*8aS*)-
octahydroindolizine-8-carboxylate (12b") (0.375 g, 72%; dr 85:15) as a clear oil. The
mixture was partially separated by flash column chromatography (5% MeOH/CH,CI,),
affording enriched samples of 12b' and 12b" for characterisation. Their identities

were confirmed by comparison of the spectra with those reported by Kiss et al. [6].

Isomer 12b": Rt 0.29 (MeOH:CHCl; 1:19); vimax (film) 3402, 2940 (w), 1727 (s), 1660
(m), 1587 (m), 1445 (m), 1369 (m), 1302 (m), 1259 (m), 1182 (m), 1156 (m), 1107
(m), 1022 (m) cm™; 84 (300 MHz, CDCls) 4.16-3.99 (2H, m, OCH,CHj3), 3.04-2.96
(2H, m), 2.71-2.70 (1H, m), 2.14-2.07 (1H, m), 2.05-1.88 (4H, m), 1.83-1.33 (6H, m),

1.19(3H, t, J 7.1 Hz, OCH,CHz3); dc (75 MHz, CDCl3) 173.1, 64.5, 59.8, 54.8, 53.0,
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41.7, 26.6, 26.2, 22.4, 20.6, 14.3. HRMS (EIl) found, 197.1418. C11H19NO requires

197.1410.

Isomer 12b": Ry 0.36 (MeOH:CH,Cl, 1:19); Vimax (film) 3420, 2932 (w), 2851 (w), 1726
(s), 1665 (s), 1419 (w), 1293 (w), 1192 (m), 1173 (s), 1119 (m), 1026 (m) cm™; &4
(300 MHz, CDCls) 4.13 (2H, g, J 7.1 Hz, OCH,CHs), 3.06 (2H, td, J 8.8 and 2.0 Hz),
2.26-2.22 (1H, m), 2.13 (1H, g, J 9.0 Hz), 2.06-1.90 (4H, m), 1.86-1.56 (4H, m),
1.55-1.37 (2H, m), 1.26 (3H, t, J 7.1 Hz, CH,CHa); 8¢ (300 MHz, CDCls) 174.4, 65.2,
60.3, 54.1, 52.4, 48.3, 29.3, 28.2, 24.9, 20.6, 14.4. HRMS (EI) found, 197.1396.

C11H19NO; requires 197.1410.

Octahydroindolizine-8-carbonitrile (12c)

1,2,3,5,6,7-Hexahydroindolizine-8-carbonitrile (9c, 0.472 g, 3.19 mmol) and Adams’
catalyst (0.160 g) in glacial acetic acid (17.5 mL) were allowed to react according to
the general procedure to yield an inseparable mixture of the (8R*,8aR*)- and
(8R*,8aS*)-diastereomers of octahydroindolizine-8-carbonitrile (12c) in a ratio of 92:8
as an orange oil (0.629 g, 85%); R 0.13 (MeOH:CH.Cl;, 1:19); Vmax (film) 2955 (w),
2923 (m), 2854 (W), 2360 (w), 1728 (w), 1658 (w), 1456 (m), 1260 (m), 1092 (m),
1062 (m), 1029 (m), 800 (m) cm™; &y (300 MHz, CDCls) 3.16-3.02 (2H, m), 2.96—
2.95 (1H, m), 2.16-1.58 (ca 10H, m), 1.55-1.42 (<2H, m); &¢ (75 MHz, CDCl3) major
isomer 120.1, 63.4, 54.0, 52.2, 32.1, 28.5, 27.7, 22.2, 20.5; &¢c (75 MHz, CDClj)

minor isomer 120.8, 65.1, 54.1, 51.7, 33.4, 29.6, 28.7, 24.4, 20.2.

(x)-Tashiromine (1) and (x)-epitashiromine (2)
The diastereomeric mixture of ethyl (8R*,8aR*)-octahydroindolizine-8-carboxylate

(12b") and ethyl (8R*8aS*)-octahydroindolizine-8-carboxylate (12b") (0.675 g,
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3.42 mmol; dr 85:15) in Et,O (13.7 mL) was added dropwise to a slurry of LiAlH,4
(0.196 g, 5.13 mmol) in Et,O (23 mL) at 0 °C. The mixture was warmed to rt and
stirred for a further 16 h. The reaction was quenched by the sequential addition of
H,O (0.8 mL), ag. NaOH (0.8 mL, 15% wi/v) and finally H,O (2.4 mL). The solids were
removed by passing the mixture through a thin pad of celite. The filtrate was dried
(anhydrous Na,SQ,), filtered and evaporated in vacuo to yield (z)-epitashiromine (2)
and (x)-tashiromine (1) in the ratio 87:13 (0.464 g, 87%). The two diastereomers
were partially separated by flash column chromatography for characterisation using

MeOH/CH,CIl,/NH,OH 95:4.75:0.25 as eluent.

(x)-Tashiromine (1): Yellow oil; &y (300 MHz, CDCl3) 3.60 (1H, dd, J 10.7 and 4.6 Hz,
CHaH,OH), 3.43 (1H, dd, J 10.7 and 6.6 Hz, CH,H,OH), 3.25(1H, br s, OH), 3.12—
3.04 (2H, m, H-4¢q & H-5¢), 2.08 (1H, g, J 9.1 Hz), 1.98-1.85, 1.98 and 1.90 (3H,
overlapping m and 2 x dd, J 11.4 and 3.2 Hz, and 13.3 and 3.5 Hz), 1.85-1.59 (4H,
m), 1.55-1.42 (2H, m), 1.04 (2H, qd, J 12.3 and 4.9 Hz); 8¢ (75 MHz, CDCls) 66.6,
65.2, 54.1, 52.7, 44.5, 29.0, 27.7, 25.0, 20.7. HRMS (EI) found, 155.1294. CgH;7NO

requires 155.1310.

(x)-Epitashiromine (2): Yellow oil; &4 (300 MHz, CDCI3) 4.9-4.2 (1H, br s, OH), 4.12
(1H, dd, J 10.7 and 4.4 Hz, CH,H,OH), 3.74 (1H, dd, J 10.7 and 1.6 Hz, CHaH,OH),
3.09 (1H, br dd, J ca 6.4 and 2.5 Hz), 3.01 (1H, ddd, J 9.1, 2.9 and 1.8 Hz, H-5¢),
2.29-2.23 (1H, m), 2.07-1.95 (3H, m), 1.93-1.87 (2H, m), 1.84-1.65 (4H, m), 1.64—
1.47 (2H, m). 8¢ (75 MHz, CDCls) 66.8, 65.4, 54.5, 53.6, 35.5, 30.4, 25.9, 23.2, 20.8.

HRMS (EI) found, 155.12965. CgH;7NO requires 155.1310.
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Ethyl 1,2,3,5,6,7-hexahydroindolizine-8-carboxylate (9b)
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135.2
413.6
558.2
374.9
234.0
380.4
465.8
333.5
1119
791.8

1369.3

738.0

T
4.10 4.00 3.90 3.80 3.70 3.60 3.50 3.40 3.30 3.20 3.10 3.00 2.90 2.80 2.70 2.60 2.50 2.40 2.30 2.20 2.10 2.00 1.90 1.80 1.70 1.60 1.50 1.40 1.30 1.20 1.10 1.00 0.90 0.80 0.70 0.60 0.5

f1 (ppm)
CO2Et
W Ethyl 1,2,3,5,6,7-hexahydroindolizine-8-carboxylate (9b)
o LS
o od - o © © = =]
L= W [l = o =T ™ —— 0 =T
— — w w Wy =T L] [a Na B —
| I N
Il ,
T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 a0 80 70 60 50 40 30 20 10
f1 (ppm)
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=

1,2,3,5,6,7-Hexahydroindolizine-8-carbonitrile (9¢)

_-3.35
—332
--3.30

_~3.17
—3.15
~-3.13
—2.76
—2.74
—271

225

—2.23
~221

pom  Hz

3.32997.9
3.30 991.0
3.17951.2
3.15 945.6
3.13 %40.0
2.76 828.8
2748211
2.71813.4
10 2,25 676.2
112,23 670.2
12 2.21 664.1
13 2,01 604.5
14 1.99 597.5
15 1.97 580.1
16 1.94 582.7
17 1.92 575.4
18 1.88 565.1
12 1.86 559.1
20 1.84 553.4
21 1.82 547.4
22 1.80 541.4

R - (T R A Ry

Intensity

3,35 1004.7 723.9

13419
802.7
640.3
986.3
714.1
483.6
9311
583.0
480.8
9414
624.7
230.2
650.3
866.3
609.1
214.3
257.2
658.3
834.3
610.4
228.6

T
340

T

3.30

T T T T T T T T T
320 310 3.00 290 2.80 270 260  2.50
f1 (ppm)

1,2,3,5,6,7-Hexahydroindolizine-8-carbonitrile (9¢)

240

T
230

T
220

T
210

T
2.00

T T
1.90 1.80

1.70

T
160

T
1.50

158.4

124.0

6.4

534

442

307

22.2
21.1
208

e

160

T . | | v - : r - - - - -
150 140 130 120 110 100 90
f1 (ppm)

70

60

5

0

40
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Ch

i

Ts0

3H(2E)-2-(Cyanomethylene)pyrrolidinyl]propyl 4-methylbenzenesulfonate (10¢)

780
77T

740
Lra7

ppm Hz

Intensity

7.80 2340.8 428.9
777 23326 4826
7.40 2220.2 424.6
7.37 2212.2 393.3
4,06 1217.2 285.0
4.04 1211.5 510.2
4,02 1205.6 293.4
3.55 1065.1 390.5
3.41 1022.4 275.8
10 3.38 1015.5 514.1
11 3.36 1008.6 294.7
12 3.20 960.9 241.5
13 3.18 954.0 469.9
143.16 9470 2671
15 2,84 8525 211.4
16 2.81844.7 415.0
17 2798371 2440
18 2.47 741.4 1424.3
19 1.99 596.1 -3.6
20 1.96 588.6 -3.6
211945316 390.4
22193 577.8 33L%
231.91573.8 368.4
24190 57L7 393.4
25 1.88 565.3 266.9
26 1.86 558.6 83.4

RIS

W

4.06
4.04
4.02

L
Y

—247

J
\

1.99
1.96
1.84
1.83
1.81

1.80
1.88
1.86

7.8

TsO

T T
76 74 72

N

f1 (ppm)

3-(2E)-2-(Cyanomethylene)pyrralidinyl]propyl 4-methylbenzenesulfonate (10¢)

T

T

T T
70 68 66 64 62 60 58 56 54 52 50 48 46 44 42 40 38 3.6 34 32 3.0

2.8 26

T
24 2

2020 18 16 14

—165.5

1453
~1327
1301
1278
1225

67.5

_~54.2
539

—426

328

T
165

T T

160 155

T T T T T 7 T T T T T T T
150 145 140 135 130 125 120 115 110 105 100 95 90
f1 (ppm)

85

80

T

75

T
70

T
65

T
60

55

50

45

40
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CN

Cl
=
W\/N (2E)-[14{3-Chloropropyl)-2-pyrrolidinylidene]ethanenitrile (11c)
2 HEEEEY HEa SR8 538888
(1] 0000 00D [N o] [’ No N ol NI N — —
e Vo I ShEASs

ppm  Hz Intensity

3.73 1120.5659.7
3,57 1073.0 477.0
3.55 1066.9 870.0
3.53 1060.8 571.7
3.49 1047.9 435.8
3.47 1041.1912.6
3.45 1034.1 550.0

3.33998.1
3.30991.2
10 3.28 984.2
11 2.90 871.6
12 2,88 863.7
13 2.85856.1
14 2.07620.1
15 2.04613.6
16 2.02607.7
17 2,00 600.7
18 1.98 593.7
19 1.95 586.0

PR

435.9
834.7
506.5
359.6
716.9
432.2
173.0
B54.2
956.4
982.1
503.4
129.8

T T T T T T T T T T T
3.80 3.70 3.60 3.50 3.40 3.30 3.20 3.10 3.00 2.90 2.80

f1 (ppm)

CN
Cl

=
LN (2E)-[14{3-Chloropropyl)-2-pyrrolidinylidene]ethanenitrile (11¢)

T T
260 2.50

T
2.40

T
2.00

T
190

1687
122.6

54.1

<

5d.1
_~435
~d422
—328

—29.0

210

T T T T T T T T
160 150 140 130 120 110 100 90
f1 (ppm)
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CON[DIMe]Me CON(OMe)Me
TsO \C Cl \L:\ 3-((2E)-2-{2-[Methoxy(methyl)amino]-2-oxoethylidenelpyrrolidinyl)propyl 4-methylbenzenesulfonate (10d)
N

N + and (2E)-2-[1-(3-chloropropyl)-2-pyrrolidinylidene]-N-methoxy-N-methylethanamide (11d)
Majar Trace

o w P~ =t W o= ~OM WDWNN—O0O0ON—0OR ORI -0 TWWOR<TORLW00 0 R
0 - mm —_— 0 OO0 FFOOTTTOOMOOMOMMNNNNNN——TNOOO®D®MO® DO
L o P P w w TTT OOMMOOOOOMOMOMMOMOOO00MMOAICNNN e
N e I e AN P - e a—

ppm Hz Intensity ppm Hz Intensity

1 7.80 23419 210.3 24 3,28 983.5 256.6
2 7.78 2333.8 245.0 25 3.27 930.4 163.8
3 737 22117 230.1 26 3,25 976.4 169.0
4 7.34 2203.7 208.5 27 3.21 963.7 359.4
5 5.16 1549.8 60.3 28 3.20 959.3 217.3
6 5.04 1512.8 175.4 29 3.17 952.4 204.5
7 407 1221.2 1243 30 3.14 942,9 889.0
8 4.051215.3 237.1 31 2.45 736.5 850.2
9 4,03 1209.4 137.9 32 2,26 679.7 117.3
10 3.75 1124.7 466.8 33 2.09 627.5 45.9

11 3.68 1103.2 311.6 34 2.07 620.8 66.5

12 3.65 1095.2 796.9 35 2.04612.7 393.5
13 3.44 1033.0 58.8 36 2.02 606.2 50.3

14 3.43 1030.2 61.0 37 2,00 598.8 67.7

15 3.42 1026.0 91.6 38 1.97 592.0 131.9
16 3.41 1023.3 97.9 39 1.95 585.6 169.7
17 3.40 1019.8 34.1 40 1.93 579.0 136.7
18 3.39 1016.3 73.4 41 1.90 570.0 159.8
19 3.33 1013.3 97.2 42 1.87 562.4 160.1
— |20 3.35 1006.2 66.7 43 1.85 555.0 112.2 ~
213319943 126.2 44 1.82 547.5 47.7
22 3,30 990.3 158.6 45 1.80 539.9 13.3
233299373 2413

8.0 75 70 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
f1 (ppm)
CONOME)Me CON{OMe)Me
Ts0 %/\> L \% 3((2E)-2-{2-[Methoxy(methyl)amina]-2-oxoethylidenelpyralidinyljpropyl 4-methylbenzenesulfonate (10d)
M il and (2E)-2-[1-(3-chloropropyl)-2-pyrrolidinylidene]-N-methoxy-N-methylethanamide (11d)
Majar Trace
[rs] ™ — [= NN
= 3 g 284 N ~ P o P .
= = = —_——— - o © [rs] - ™ m ISES ]
I 77 RN

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
170 165 160 155 150 145 140 135 130 125 120 115 110 105 10f (95 ) 90 85 80 ¥5 70 65 60 55 50 45 40 35 30 25 20
1 (ppm
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Et0,C
02I:I

Ethyl (8R*,8aR")-octahydroindolizine-8-carboxylate (12b")

416
4.14
4.12
4.10
4.08
4.08
4.06
4.03
4.02

PR RAA

BNV 5T

0w oW bW e

w

10 3.04 9127
11 3.01 904.0
12 2,99 896.0
13 2.97 890.6
142,71 8143
15 2.70 8111
16 2,02 607.2

ppm  Hz

4,16 1248.3 17.3
4.14 1241.1 47.4
4.12 1237.4 73.9
4,10 1230.4 208.9
4.08 1224.7 245.2
4.08 1223.5 244.5
4.06 1217.9 208.7
4.03 12109 73.3
4.02 1207.3 44.4
88.7
274.3
203.9
85.6
165.9
160.4
197.6

Intensity

17 1.99 598.0 275.3
18 1.98 595.2 232.7
19 1.95 536.1 276.6
20 1.93 577.8 207.2
21 1.92 575.1 139.4
22 1.72 517.4 247.3
23 1.70 510.4 227.3
24 1,58 475.1 106.3
25 1,56 468.7 90.2

26 1.48 445.2 94.5

27 1.44 430.9 175.9
28 1.39 416.1 138.7
29 1.21 364.0 474.6
30 1,19 356.8 949.9
31 1.17 349.7 459.7

ppm Hz Intensity

183
182

k

~172
~1.70

—158
156

—1.48
—1.44
—138

1.21
f‘l 10
117

4.20 4.10 4.00 3.90 3.80 3.70 3.60 3.50 3.40 3.30 3.20

3.10 3.00 2.90 2.80

2,70 2.60 2,50 240 2.30 2.20 2.10 2.00 1.90 1.80 170 1.60 150 140 130 1.20 1.10 100 0.9

f1 (ppm)
Et0,C
o H
Ethyl (8R*,8aR™)-octahydroindolizine-8-carboxylate (12b")
. W ®m mo ~ ouTo @
P~ =T @ =t — WO =t
— w W [FeRTs) = I —
| [ | AL |
1
[ -Ll ......-'w...w.Ju.m
T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)
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Et0,C

CO Ethyl (8 R*,8aS)-octahydroindaolizine-8-carboxylate (12b™)

ppm Hz Intensity

417
414
412
410
228
227
235
224
223
221
2.20
218
215
212
2.09
1.51
1.50
1.47
146
%1 43
1.42
1.28
/1 26
123

z

i A <

-

4,17 1250.7 254.3 =
4.14 1243.6 773.6
4,12 1236.5 818.1
4.10 1229.4 315.9
3.09928.5 234.2
3.09926.4 218.3
3.06 919.5 383.7
3.06917.7 3772
3.04911.0 1555
10 3.03909.0 146.9
11 2,23 685.4 30.3

12 2276817 89.7

13 2.25675.9 116.8 -
142246727 1610 /

15 2.23669.8 113.4
16 2.21663.8 1206
17 .20 660.3 126.4
18 2,18 653.5 1115
19 2.15644.5 325.5
20 2126355 3%.1
212.09626.5 1458
22 1,51454.1 140.4
— 23 1.50 450.0 185.7
24 1,47 442.3 234.2
] 25 1.46 4377 2347
| 26 1,43429.5 1721
27 1.42 425.0 145.89
28 1,28 383.8 908.1

29 1.26 376.7 1952.2
30 1,23 369.6 813.2

.30 4.20 4.10 4.00 3.90 3.80 3.70 3.60 3.50 3.40 3.30 3.20 3.10 3.00 2.90 2.80 2.70 2.60 250 2.40 2.30 2.20 2.10 2.00 1.90 1.80 1.70 1.60 1.50 1.40 1.30 1.20 1.10 1.0
f1 (ppm)

@ MO kWM e

w

Ethyl (8R*,8aS5*)-octahydroindolizine-8-carboxylate (12b™)

o m — = m o108 T o -

wo O <t o o oo O il

o © 010 o4 oN o T -

[ I 7N [ |

L l J A Ak ) J

™

T T T T T T T T T T T T T T T T T T
80 170 160 150 140 130 120 110 100 80 70 60 50 40 30 20 10

90
f1 (ppm)
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CH

QOctahydroindolizine-8-carbonitrile diastereomers (12¢)

T T T T
3.20 310 3.00 2.80 2.80

T
2.70 260

T
2.50

T
2.40

T T T T T
230 220 210 200 190
f1 (ppm)

T T T T T
1.80 170 1.60 1.50 140 1.30

CH
H
N QOctahydroindolizine-8-carbonitrile diastereomers (12¢)
o —
Y= == o T @0 T o0 o
88 5 o o i CogooN WO o
— w WD [CeRlaRTapiy] OO NN
AYs [ oA N R BN |
Major Minor
pom  Intensity ppm  Intensity
1120.13 73.4 112072 11.2
2 63.41 478.9 2 65.15 59.8
3 53.98 590.3 3 54.06 93.8
4 52,40 555.8 4 51.71 90.8
5 32.08 416.7 5 33.35 57.9
6 28.52 580.3 5 29.64 83.1
7 27.68 537.7 7 28.71 93.7
8 22.15 599.0 8 24.36 80.5
9 20.54 601.5 9 20.23 80.7
] 1
|
! 1
|
|
A \{ Vi
T T T T T T T T T T T T T T T T T T
120 15 110 105 100 95 90 60 55 50 45 40 35 30 25 20

70 65
f1 (ppm)
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w FOSTMTOTHNODODWUTNO — O TS - MO0 OTMOoOWwmOo W T
o Ces o EROCORITITMo00000GE  NNOCOOOQ NG E-N
w FTFTTTOOOOOOOOOOOOOEOEN NN I NN NN NI N — v~ v — —

S TS S S a——— et A |

HO\_

H

(+)-Epitashiromine (2) (+)-Tashiromine (1)
Mgor Minor

6.2 6.0 5.8 5.6 5.4 5.2 5.0 4.8 4.6 4.4 4.2 4.0 3.8 3.6 3.4 3.2 3.0 2.8 26 2.4 2.2 2.0 1.8 1.6 1.4 1.2
f1 (ppm)
(=Rl W Mo w = oo o~ "~ (=N ] X o @
- O W W0 = s 00 = w (=] [ur] Lid (=N v] o oo
WO W WO WO 0 W00 ~ o o o~ o™~ o™ ™ o™ o™
e NS | [ I N

(+}-Epitashiromine (2) (x}-Tashiromine (1)

Maor Minor

ppm Intensity ppm Intensity
167.00 65.9 166.49 21.0
26571520 265.86 13.0
3 54.60 67.5 35430 129
453.7464.3 452,80 11.9
535.4080.7 54.75 16.2
6 30.76 7.5 629.21 15.4
7 26.0170.9 72172 9.7
8 23.36 65.1 8 25.30 156.8
9 20.93 75.7 9 20.86 23.2
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NP

1.93
1.92
1.88
1.1

1.10
1.07
1.05
1.03
1.01

0.99
0.97

=197
\-1.96

ppm  Hz

3.63 1089.4 208.6
3.61 1084.8 221.6
3.59 1078.6 306.1
3.58 1074.1 310.1
3.45 1036.7 288.1
3.43 1030.1 315.9
3.42 1026.0 237.9
3.40 1019.4 228.1

Intensity

R

2,13 638.6

10 2.10 629.6
11 2.07 620.6
12 2.04 6115
13 2.01602.1
14 2,00 599.1
15 1.97 590.6
16 1.96 587.3
17 1.93 579.6
18 1.92 576.1
19 1.83 562.3
20 1.11 333.3
21 1.10 328.8
22 1.07 321.4
23 1.05 316.5
24 1,03 309.0
25 1.01 304.2
26 0.99 296.3
270.97 291.8

104.0
359.3
406.2
160.7
130.9
197.3
392.9
387.0
371.0
389.8
222.3
80.9

7.8

174.0
164.2
157.2
143.9
63.6
55.4

‘ 'W ._

il

T T
.90 3.80 3.70 3.60 3.50 3.40 3.30 3.20 3.10 3.00 2.90 2.80 2.70 2.60

2.50 240 2.30 2.20 2.10 2.00 1.90 1.80 1.70 1.60 1.50 1.40 1.30 1.20 1.10 1.00 0.90 0.80 0.70 0.

f1 (ppm)
HO\_
i H
N (+)-Tashiromine (1)
© o - ~ 0 o ~ o ~
g < o = @b [te] o
0w W -t o™ ™~ o~
[ I I
I I ) U *
T T T e T T T — e T T T T T
2 8 78 76 74 72 70 68 66 64 62 60 58 56 54 52 sfo[%) 46 44 42 40 38 36 34 32 30 28 26 24 22 20 18 16
1 (ppm
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(x)-Epitashiromine (2)

4,85
414
413
3.76
375

4.1
\4 09
'Y3 72

372

A
A

(Me

42

DH)

4.85 1454.2 20.3
4,14 1243.5 213.0
4.13 1239.1 218.4
4,11 1232,8 260.2
4.09 1228.4 255.8
3.76 1128.4 361.8
3.75 1126.8 337.7
3.72 1117.7 303.9
3,72 1116.1 280.8
10 3,42 1027.2 922.3

[ - T R TR

w

ppm Hz Intensity

113.11933.4
123,10 930.9
13 3.09 927.0
143.04912.1
153.03 910.3
16 3.01 904.2
17 3.01302.7
13 2,98 895.4
. 19 2,98 893.6

250.6
224.1
225.1
173.1
1427
226.5
306.7
157.3
138.9

T T T T T T T T T T T T T T T T T T T T
5.00 4.80 4.60 4.40 4.20 4.00 3.80 3.60 3.40 3.00 280 260 2.40 220 2.00 1.80 1.60 140 1.20 1.00

f1 (ppm)

T
3.20

(+)-Epitashiromine (2)

—66.8
—65.4
—54.5
—536
355
30.4
259
232
208

B0 78 76 74 72 70 68 66 64 62 60 58 56 54 52 48 46 44 42 40 38 36 34 32 30 28 26 24 22 20 18

50
f1 (ppm)
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