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Abstract

We describe a practical synthesis of (+)-9a-epi-stemoamide, which has been
achieved in six steps from α,β-unsaturated γ-butyrolactone.
The main features of the current approach include a DBU-catalyzed
Michael addition of nitroalkane and a reductive lactamization of
nitro esters.
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Compounds 4: Compound 5 (1.00 g, 2.63 mmol) was mixed with methyl
4-nitrobutanoate (580 mg, 3.94 mmol), and DBU (40 mg, 0.26 mmol)
was introduced into the system. The mixture was stirred with no
solvent at r.t. for 24 h and concentrated. The residue was chromatographed
(PE-EtOAc, 5:1) to afford 4 (1.23
g, 89%) as a colorless oil (2:1 epimers). ¹H
NMR (300 MHz, CDCl3): δ = 1.05 (s,
9 H), 1.05-1.92 (m, 4 H), 2.01-2.58 (m, 5 H),
2.62-2.84 (m, 2 H), 3.69 (s, 3 H), 3.60-3.79 (m,
2 H), 4.32-4.42 (m, 1 H), 4.58-4.72 (m, 1 H), 7.38-7.42
(m, 6 H), 7.63-7.68 (m, 4 H). ¹³C
NMR (75 MHz, CDCl3): δ = 19.1, 26.3,
26.8, 28.1, 29.3, 29.4, 30.9, 31.0, 31.6, 31.9, 43.4, 43.5, 52.0,
62.7, 62.8, 80.6, 82.0, 87.7, 88.3, 127.6, 127.6, 129.6, 129.6,
133.5, 133.6, 135.5, 171.9, 172.0, 173.7, 173.8. ESI-MS: m/z (%) = 550
(100) [M + 1], 450 (7). Anal. Calcd for
C28H37NO7Si: C, 63.73; H, 7.07;
N, 2.65. Found: C, 64.02; H, 7.10; N, 2.62.

            
Compounds
3: Freshly prepared Raney Ni (ca. 1.20 g) was added to a solution
of compound 4 (1.91 g, 3.62 mmol) in MeOH
(72 mL). The mixture was hydrogenated under one atmosphere of hydrogen
at r.t. for 24 h. After Raney Ni was filtered off, the filtrate
was concentrated to give a residue, which was chromatographed (CH2Cl2-MeOH,
30:1) to afford compound 3 (1.455 g, 86%)
as a colorless oil (2:1 epimers). ¹H NMR (400
MHz, CDCl3): δ = 1.04 (s, 9 H), 1.60-1.74
(m, 5 H), 2.26-2.40 (m, 5 H), 2.62-2.72 (m, 1
H), 3.64-3.75 (m, 3 H), 4.25-4.38 (m, 1 H), 7.34-7.43
(m, 6 H), 7.60-7.66 (m, 5 H). ¹³C
NMR (100 MHz, CDCl3): δ = 19.2, 24.5,
25.2, 26.8, 28.2, 29.8, 30.0, 30.6, 30.7, 31.6, 32.3, 45.3, 45.6,
55.5, 56.2, 63.0, 63.2, 81.9, 82.5, 127.7, 129.7, 133.6, 135.5,
175.3, 178.8, 179.0. ESI-MS: m/z (%) = 520
(13) [M + Na +  MeOH], 504 (8) [M + K],
488 (97) [M + Na]. ESI-HRMS: m/z calcd for C27H35NO4SiNa [M + Na]:
488.2233; found: 488.2228. Anal. Calcd for C27H35NO4Si:
C, 69.64; H, 7.58; N, 3.01. Found: C, 69.20; H, 7.43; N, 2.89.

            
Compound 6a: To a stirred solution of compounds 3 (1.30 g, 2.79 mmol) in THF (20 mL), Et3N˙2HF
(2.00 mL, 13.9 mmol) was added, and the mixture was stirred at r.t.
for 3 d. NaHCO3 (1.20 g, 14.3 mmol) was added, and the
mixture was stirred for 10 min. The solvent was concentrated to
give a residue, which was chromatographed (EtOAc-MeOH, 10:1)
to afford the epimeric primary alcohols (842 mg) as a pale yellow
solid. The alcohols were dissolved in CH2Cl2 (10
mL), and then DMAP (34 mg, 0.28 mmol), Et3N (1.20 mL,
8.61 mmol), and MsCl (0.32 mL, 4.18 mmol) were added sequentially.
The mixture was stirred at r.t. overnight, neutralized with sat.
aq NaHCO3 solution, extracted with CHCl3-i-PrOH (4:1; 3 × 40 mL), dried
(Na2SO4), and filtered. The solvents were
removed under reduced pressure, and the residue was purified by
flash chromatography on silica gel (EtOAc-MeOH, 4:1) to
give the mesylation products. The mesylates were dissolved in THF
(50 mL) and added to a stirred suspension of NaH (60%,
1.12 g, 28.0 mmol) in THF (150 mL) at 0 ˚C. After
warming to r.t. and stirring for 20 h, the reaction was quenched
at 0 ˚C by the addition of sat. aq NH4Cl solution.
The mixture was extracted with CHCl3-i-PrOH (4:1), and the combined organic
layers were dried (Na2SO4). The solvents were removed
under reduced pressure, and the residue was purified by flash chromatography
on silica gel (EtOAc-MeOH, 100:1) to afford a mixture of 6a and 6b (252
mg, 43% over the three steps from 3)
as a white solid. The ratio of 6a/6b was found to be ca. 5:1 according to
the line integrals of the ¹H NMR spectrum. A
pure sample of 6a was obtained by careful
recrystallization of the 5:1 mixture of 6a/6b from EtOAc-MeOH (100:1).

            
Analytical Data of Compound 6a: Mp 106-108 ˚C; [α]D
            ²8 +23.3
(c 0.52, MeOH). ¹H
NMR (300 MHz, CDCl3): δ = 1.58-1.90
(m, 4 H), 2.14-2.53 (m, 6 H), 2.60-2.68 (m, 1
H), 3.13-3.22 (m, 1 H), 3.54 (dd. J = 16.5,
7.5 Hz, 1 H), 3.78-3.87 (m, 1 H), 4.31-4.41 (m,
1 H). ¹³C NMR (75 MHz, CDCl3): δ = 22.1,
24.1, 30.1, 30.4, 32.9, 40.3, 48.5, 60.8, 83.2, 174.0, 174.5. MS
(EI): m/z (%) = 209
(31) [M+], 191 (7), 124 (19),
110 (33), 98 (100). HRMS (EI): m/z calcd
for C11H15NO3 [M+]:
209.1052; found: 209.1047.

            
Compound
2: To a solution of 6a (22 mg, 0.11
mmol) in anhyd THF (1 mL) at -78 ˚C was
added LiHMDS solution in THF (1.0 M, 0.19 mL, 0.19 mmol). After
1 h, MeI (13 µL, 0.21 mmol) was added at -78 ˚C,
and the stirring was continued for an additional 1 h. The reaction
mixture was quenched with sat. NH4Cl, warmed to r.t.,
and extracted with EtOAc. The combined organic layers were dried
(Na2SO4), filtered, and concentrated to give
a residue, which was purified by silica gel chromatography (EtOAc-MeOH,
15:1) to furnish 2 (14 mg, 60%)
as a white solid: mp 86-88 ˚C; [α]D
            ²8 +74.9
(c 0.30, MeOH). ¹H
NMR (300 MHz CDCl3): 
δ = 1.29
(d, J = 7.5
Hz, 3 H), 1.62-1.90 (m, 4 H), 2.18-2.56 (m, 5
H), 2.75-2.88 (m, 1 H), 2.98-3.09 (m, 1 H), 3.60-3.69 (m,
1 H), 3.83-3.93 (m, 1 H), 4.52 (dt, J = 10.5,
4.8 Hz, 1 H). ¹³C NMR (75 MHz, CDCl3): δ = 10.8,
21.6, 23.2, 30.0, 30.2, 38.4, 40.8, 52.3, 57.8, 80.5, 174.0, 178.0.
MS (EI): m/z (%) = 223
(37) [M+], 208 (21), 180 (20),
98 (100). HRMS (EI): m/z calcd
for C12H17NO3 [M+]:
223.1208; found: 223.1207.
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