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General Procedures. All non-aqueous reactions were performed underasgon or
nitrogen atmosphere with dry, freshly distilledvasits using standard procedures. Drying
of organic extracts during the work-up of reactioves performed over anhydrous S&;

or MgSQ. Evaporation of solvents was accomplished withotatory evaporator. Thin-
layer chromatography was done on S{6ilica gel 60 Es4), and the spots were located by
UV and either a 1% KMn@solution or iodine. Chromatography refers to flasthumn
chromatography and was carried out on Sillica gel 60, 230-400 mesh). Melting points
were determined in a capillary tube and are unctete NMR spectra were recorded at 300
or 400 MHz {H) and 75.4 or 100.6 MHZYC), and chemical shifts are reportedimalues
downfield from TMS or relative to residual chlorofio (7.26 ppm, 77.0 ppm) as an internal
standard. Data are reported in the following manaleemical shift, multiplicity, coupling
constant J) in hertz (Hz), integrated intensity, and assignméwhen possible).
Multiplicities are reported using the following abliations: s, singlet; d, doublet; t, triplet;
g, quartet; m, multiplet; br, broad; ap, appar@ntly noteworthy IR absorptions (chare

listed. Mass spectra (MS) data are reporteavag%o).

(3R,8aS)-6-(Benzyloxycar bonyl)-8a-methyl-5-o0xo-3-phenyl-6-(phenylselenyl)-
2,3,6,7,8,8a-hexahydr 0-5H-0xazol o[ 3,2-a]pyridine (2a). Lithium bis(trimethylsilyl)amide
(1 M in THF, 29.5 mL) was slowly added at —78 °Catsolution of lactama® (3.1 g, 13.4
mmol) in anhydrous THF (172 ml), and the resultinigture was stirred for 90 min. Then,
benzyl chloroformate (1.89 mL, 13.4 mmol) and, @&@ min of continuous stirring at —78
°C, PhSeCl (3.6 g, 18.8 mmol) were added to thetisol. The resulting mixture was stirred
for 1 h and poured into saturated agueous®HThe aqueous layer was extracted with
EtOAc, and the combined organic extracts were dretd concentrated. Flash

chromatography (1:9 to 3:7 EtOAc-hexane) of theultesy oil afforded2a as a mixture of
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C-6 epimers (6.05 g, 88% overall yiel@h (higherR; epimer): IR (NaCl) 1651, 1723 cin
'H NMR (300 MHz, CDC}, COSY)3 1.17 (s, 3H, Ch), 1.81-2.28 (m, 4H, H-7, H-8), 3.49
(dd,J = 8.8, 7.8 Hz, 1H, H-2), 4.48 (1,= 8.8 Hz, 1H, H-2), 5.18 (d, = 12.0 Hz, 1H, CHhl
benzyl), 5.33 (dJ = 12.0 Hz, 1H, Chibenzyl), 5.39 (1) = 8.8 Hz, 1H, H-3), 7.15-7.70 (m,
15H, ArH); *C NMR (75.4 MHz, CDGJ) & 24.3 (CH), 28.1 (C-7), 32.2 (C-8), 54.9 (C-6),
58.8 (C-3), 67.8 (Ckbenzyl), 69.4 (C-2), 93.7 (C-8a), 125.2-129.6, 33&-0, m, p),
135.0, 139.5 (G), 165.5 (NCO), 170.4 (COO)a]*%5 —39.2 € 0.75, CHCJ). Anal. Calcd
for C,gH,7/NO,Se: C, 64.61; H, 5.23; N, 2.69. Found: C, 64.21528; N, 2.692a (lower
R: epimer): IR (NaCl) 1654, 1731 ¢in*H NMR (300 MHz, CDC4, COSY, HETCOR)
0.93 (s, 3H, Ch), 1.89-2.49 (m, 4H, H-7, H-8), 3.89 (dii= 8.8, 8.0 Hz, 1H, H-2), 4.38 (t,
J=8.8 Hz, 1H, H-2), 5.20 (d,= 12.6 Hz, 1H, Chbenzyl), 5.29 (dJ = 12.6 Hz, 1H, Chl
benzyl), 5.30 (tJ = 8.4 Hz, 1H, H-3), 7.16-7.57 (m, 15H, ArHC NMR (75.4 MHz,
CDCls) §23.1 (CHy), 30.4 (C-7), 33.8 (C-8), 55.1 (C-6), 60.0 (C-8Y.9 (CH benzyl),
69.4 (C-2), 93.6 (C-8a), 125.2-129.5, 138.7¢(Gx, p), 135.1, 138.7 (G}, 165.2 (NCO),
170.1 (COO); 1?5 —142.3 ¢ 0.9, CHCH). Anal. Calcd for GH,;NO,Se: C, 64.61; H,

5.23; N, 2.69. Found: C, 64.33; H, 5.19; N, 2.79.

(3R,8aR)-6-(Benzyloxycar bonyl)-5-oxo-3,8a-diphenyl-6-(phenylselenyl)-2,3,6,7,8,8a-
hexahydr o-5H-o0xazol o[ 3,2-a] pyridine (2b). Operating as in the above preparatiorRaf
from lactam1b? (3.0 g, 10.2 mmol), lithium bis(trimethylsilyl)age (1 M in THF, 22.5
mL), benzyl chloroformate (1.51 mL, 10.2 mmol), @SeCl (2.74 g, 14.3 mmol), lactam
2b was obtained as a mixture of C-6 epimers (4.63890 overall yield) after column
chromatography (1:9 to 3:7 EtOAc-hexan®). (higher R; epimer): IR (NaCl) 1651, 1728
cm™; *H NMR (300 MHz, CDCJ, COSY)3 1.68-2.44 (4m, 4H, H-7, H-8), 3.62 (t= 9.3
Hz, 1H, H-2), 4.42 (dd) = 9.3, 8.1 Hz, 1H, H-2), 5.17 (d,= 12.0 Hz, 1H, Chibenzyl),

5.28 (d,J = 12.0 Hz, 1H, Cklbenzyl), 5.35 (ddJ = 9.3, 8.1 Hz, 1H, H-3), 7.05-7.70 (m,
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20H, ArH); **C NMR (75.4 MHz, CDGJ) 5 26.1 (C-7), 34.0 (C-8), 55.7 (C-6), 60.9 (C-3),
68.0 (CH benzyl), 69.2 (C-2), 97.5 (C-8a), 126.7-129.70Qn, p), 135.1, 140.6 (G),
167.4 (NCO), 171.1 (COO)p]*5 —75.3 € 0.76, EtOH). Anal. Calcd for £H,oNO,Se: C,

68.04; H, 5.02; N, 2.40. Found: C, 67.68; H, 5062.45.

(3R,8aS)-6-(Benzyloxycar bonyl)-8a-methyl-5-oxo-3-phenyl-2,3,8,8a-tetr ahydr o-5H-
oxazolo

[3,2-a]pyridine (3a). A stream of ozone gas was bubbled through a co@iE8 °C)
solution of selenide&a (400 mg, 1.1 mmol) in anhydrous @&, (20 mL) until it turned
pale blue. The solution was purged with @nd the temperature was slowly raised to 25 °C.
After 30 min of stirring, the mixture was pouredarbrine (20 mL), and the aqueous layer
was extracted with C}€l, (3 x 10 mL). The combined organic extracts weredland
concentrated under reduced pressure to 850 mg)as an oil, which was used in the
next reaction without further purificatiotd NMR (300 MHz, CDC}, HETCOR)d 1.51 (s,
3H, CH), 2.74 (m, 2H, H-8), 4.13 (dd,= 9.3, 6.0 Hz, 1H, H-2), 4.39 (dd= 9.0, 6.9 Hz,
1H, H-2), 5.22-5.32 (m, 2H, Gtbenzyl), 5.36 (dd) = 6.9, 6.0 Hz, 1H, H-3), 7.20-7.62 (m,

11H, ArH, H-7).

(3R,8aR)-6-(Benzyloxycar bonyl)-5-0x0-3,8a-diphenyl-2,3,8,8a-tetr ahydr o-5H-
oxazolo[3,2-a]pyridine (3b). Operating as in the above preparatiorBaf from selenides
2b (370 mg, 0.86 mmol) and anhydrous £&H (25 mL), unsaturated lacta@ (320 mg)
was obtained as an oil, which was used in the re&dtion without further purificatiortH
NMR (400 MHz, CDC}) 5 2.98 (dd,J = 17.6, 6.8 Hz, 1H, H-8), 3.11 (ddl= 17.6, 2.4 Hz,
1H, H-8), 3.70 (tJ) = 9.2 Hz, H-2), 4.47 (ddl = 9.2, 7.6 Hz, 1H, H-2), 5.22 (d= 12.8 Hz,
1H, CH, benzyl), 5.28 (dJ = 12.8 Hz, 1H, Chibenzyl), 5.32 (tJ = 7.6 Hz, 1H, H-3), 7.13-

7.62 (m, 16H, ArH, H-7).
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(3R, 7R,8a5)-6-(Benzyloxycar bonyl)-8a-methyl-5-oxo-3-phenyl-7-vinyl-2,3,6,7,8,8a-
hexahydr o-5H-o0xazol o[ 3,2-a] pyridine (4a). LiCl (189 mg, 4.5 mmol) was heated at 80 °C
for 1 h under vacuum (10-15 mm Hg) in a three-ndclk®0 mL round-bottomed flask.
Then, Cul (357 mg, 4.5 mmol) and THF (5 mL) wereledl at rt, and the mixture was
stirred at rt for 5 min. The suspension was coaled78 °C, and vinylmagnesium bromide
(1 Min THF, 4.5 mL), TMSCI (0.57 mL, 4.5 mmol), @the crude of unsaturated lactam
3a (1.8 mmol) in THF (8 mL) were successively addHake resulting mixture was stirred at
—78 °C for 20 hThe reaction was quenched with saturated aqueoy€INahd the organic
layer was extracted with EtOAc. The combined orgaeixtracts were dried and
concentrated. Flash chromatography (1:4 EtOAc-hexgave lactamda (major) and 7-
epi-4a as mixtures of C-6 epimers (508 mg, 62% overaldyifrom 2a). 4a (major C-6
epimer): IR (NaCl) 1665, 1744 cfi*H NMR (400 MHz, CDC}, COSY, HETCORP 1.54

(s, 3H, CH), 1.94 (dd,J = 14.4, 8.4 Hz, 1H, H-8), 2.38 (dd,= 14.4, 7.2 Hz, 1H, H-8),
3.15 (m, 1H, H-7), 3.40 (dl = 10.8 Hz, 1H, H-6), 4.03 (dd,= 9.2, 6.8 Hz, 1H, H-2), 4.41
(t, J = 8.4 Hz, 1H, H-2), 5.09 (m, 2H, GH), 5.17 (d,J = 12.4 Hz, 1H, Chibenzyl), 5.24
(d, J = 12.4 Hz, 1H, Chibenzyl), 5.42 (tJ = 7.2 Hz, 1H, H-3), 5.74 (ddd,= 17.2, 10.4,
7.2 Hz, 1H, CH=), 7.25-7.36 (m, 10H ArHYC NMR (100.6 MHz, CDG) & 26.7 (CH),
36.0 (C-7), 39.5 (C-8), 53.7 (C-6), 59.1 (C-3),B{CH, benzyl), 69.2 (C-2), 93.2 (C-8a),
116.5 (CH=), 124.5-128.5 (®», m, p), 135.6, 139.7 (G}, 138.1 (CH=), 166.7 (NCO),
168.7 (COO). Anal. Calcd for £H2sNO,: C, 73.64; H, 6.44; N, 3.58. Found: C, 73.30; H,

6.58; N, 3.51.

(3R,7R,8aR)-6-(Benzyloxycar bonyl)-5-oxo-3,8a-diphenyl-7-vinyl-2,3,6,7,8,8a-

hexahydr o-5H-oxazol o[ 3,2-a] pyridine (4b). Operating as described for the preparation of
4a, from crude lactan8b (0.58 mmol), vinylmagnesium bromide (1 M solution THF,
1.62 mL), Cul (308 g, 1.62 mmol), LiCl (69 mg, 1.62nol), and TMSCI (2007L, 1.62

mmol) in THF (10.5 mL), lactaméb (major) and 7epi-4b were obtained as mixtures of C-
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6 epimers (160 mg, 61% overall yield fro2b) after flash chromatography (1:4 to 1:2
EtOAc-hexane)4b (major C-6 epimer)*H NMR (400 MHz, CDC}) & 1.56 (s, 3H, CH),
2.02 (ddJ =14.8, 10.4 Hz, 1H, H-8), 2.63 (d#l= 14.8, 5.6 Hz, 1H, H-8), 3.19 (m, 1H, H-
7), 3.40 (dJ = 11.6 Hz, 1H, H-6), 3.87 (8 = 8.8 Hz, 1H, H-2), 4.39 (dd,= 8.8, 8.4 Hz,
1H, H-2), 5.09 (M, 2H, Ch+), 5.20 (d,J = 12.4 Hz, 1H, Chibenzyl), 5.25 (dJ = 12.4 Hz,
1H, CH, benzyl), 5.46 (m, 2H, H-3, CH=), 7.25-7.36 (m, 18kH); *C NMR (CDC},
100.6)3 37.3 (C-7), 42.4 (C-8), 55.0 (C-6), 60.7 (C-3),16{CH, benzyl), 68.5 (C-2), 96.3
(C-8a), 117.1 (Chk), 125.7-128.6 (@, m, p), 135.5, 138.0, 142.4 (§; 137.1 (CH=),

168.6 (NCO), 168.9 (COO).

(3R,7S,8aS)-7-Allyl-6-(benzyloxycar bonyl)-3-methyl-5-oxo-3-phenyl-2,3,6,7,8,8a-
hexahydr o-5H-o0xazolo[ 3,2-a] pyridine (5a). Operating as in the preparation 4, from
crude lactanmBa (0.54 mmol), allylmagnesium bromide (1 M solutionEt,O, 2.15 mL),
Cul (197 mg, 2.15 mmol), LiCl (91 mg, 2.15 mmolpdaTMSCI (27271L, 2.15 mmol) in
THF (11 mL), lactam®a (major) and 7epi-5a were obtained as mixtures of C-6 epimers
(217 mg, 70% overall yield frora) after flash chromatography (1:4 EtOAc-hexars).
(major C-6 epimer): IR (NaCl) 1665, 174t *H NMR (400 MHz, CDCJ, COSY) &
1.39 (2s, 3H, Ch), 1.80 (dd,J = 14.7, 8.7 Hz, 1H, H-8), 2.11, 2.25 (2m, 2H, [Citlyl),
2.33 (dd,J = 14.1, 6.9 Hz, 1H, H-8), 2.57 (m, 1H, H-7), 3(25J = 11.4 Hz, 1H, H-6), 4.00
(dd,J = 8.7, 6.3 Hz, 1H, H-2), 4.38 @,= 8.7 Hz, 1H, H-2), 5.05 (m, 2H, GH), 5.19 (d,J

= 12.3 Hz, 1H, CHbenzyl), 5.26 (dJ = 12.3 Hz, 1H, CHbenzyl), 5.39 (tJ = 7.2 Hz, 1H,
H-3), 5.69 (m, 1H, CH=), 7.20-7.40 (m, 10H, Ar&jC NMR (100.6 MHz, CDG) & 27.0
(CHs), 31.5 (C-7), 26.3 (C-8), 38.7 (GHllyl), 54.1 (C-6), 59.1 (C-3), 67.0 (GHvenzyl),
69.1 (C-2), 93.2 (C-8a), 118.2 (G4}, 124.9-128.7 (®, m, p); 134.8 (CH=), 135.4, 139.7
(C-i), 167.2 (COO), 169.1 (NCO). Anal. Calcd fogg8,7NOy: C, 74.05; H, 6.71; N, 3.45,

Found: C, 73.81; H, 6.82; N, 3.41.
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(3R,7S,8aR)-7-Allyl-6-(benzyloxycar bonyl)-5-0x0-3,8a-diphenyl-2,3,6,7,8,8a-

hexahydr o-5H-oxazolo[3,2-a]pyridine (5b). Operating as in the preparation 4, from
crude lactanBb (0.63 mmol), allyimagnesium bromide (1 M solutionEt,O, 1.76 mL),
Cul (336 mg, 1.76 mmol), LiCl (65 mg, 1.76 mmolpdaTMSCI (22271L, 1.76 mmol) in
THF (9 mL), lactams$b (major) and 7epi-5b were obtained as mixtures of C-6 epimers
(274 mg, 91% overall yield fror2b) after column chromatography (1:5 to 1:2 EtOAc-
hexane)5b (major C-6 epimer): IR (NaCl) 1667, 1748 '"H NMR (400 MHz, CDC},
HETCOR)d 1.75 (dtJ = 13.5, 7.2, 7.2 Hz, 1H, GHillyl), 1.97 (ddJ = 14.4, 10.8 Hz, 1H,
H-8), 1.99 (m, 1H, CHallyl), 2.54 (ddJ = 14.4, 6.0 Hz, 1H, H-8), 2.60 (m, 1H, H-7), 3.28
(d, J = 10.8 Hz, 1H, H-6), 3.84 (§,= 9.0 Hz, 1H, H-2), 4.36 (dd,= 9.0, 8.4 Hz, 1H, H-2),
4.82 (ddJ =17.1, 1.5 Hz, 1H, C*), 4.93 (dmJ = 10.2 Hz, 1H, Chk), 5.22 (dJ = 12.3
Hz, 1H, CH benzyl), 5.28 (dJ = 12.3 Hz, 1H, Chbenzyl), 5.41 (tJ = 8.1 Hz, 1H, H-3),
5.55 (M, 1H, CH=), 7.05-7.40 (m, 15H, ArHfC NMR (100.6 MHz, CDG) & 32.4 (C-7),
38.0 (CH allyl), 41.4 (C-8), 55.1 (C-6), 60.8 (C-3), 67Q@H, benzyl), 68.6 (C-2), 96.0 (C-
8a), 118.1 (Cht), 125.8-128.6 (@, m, p), 134.1, 135.4, 142.3 (; 169.5 (COO), 170.0

(NCO).

(3R,7S,8aS)-6-(Benzyloxycar bonyl)-8a-methyl-5-oxo-3,7-diphenyl-2,3,6,7,8,8a-

hexahydr o-5H-o0xazolo[ 3,2-a] pyridine (6a). Operating as in the preparation 4, from
crude lactan8a (0.46 mmol), phenylmagnesium bromide (1 M solutioHF, 1.12 mL),
Cul (213 mg, 1.12 mmol), LiCl (47 mg, 1.12 mmolpdaTMSCI (14171L, 1.12 mmol) in
THF (9 mL), lactamsa (major) and 7epi-6a were obtained as mixtures of C-6 epimers
(150 mg, 74% overall yield frora) after column chromatography (1:4 EtOAc-hexane).
Repurification by column chromatography (1:2@thexane) and then crystallization from
Et,0-hexane afforded pur@a (major C-6 epimer): IR (NaCl) 1663, 17447 'H NMR

(400 MHz, CDC}, COSY, HETCORD 1.56 (s, 3H, CH), 2.15 (ddJ = 14.4, 12.0 Hz, 1H,
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H-8), 2.64 (ddJ = 14.4, 5.6 Hz, 1H, H-8), 3.59 (td,= 12.0, 12.0, 5.6 Hz, 1H, H-7), 3.82
(d,J = 12.0 Hz, 1H, H-6), 4.04 (dd,= 8.4, 6.8 Hz, 1H, H-2), 4.53 @,= 8.4 Hz, 1H, H-2),
4.97 (d,J = 12.4 Hz, 1H, Chibenzyl), 5.05 (dJ = 12.4 Hz, 1H, Chibenzyl), 5.55 (t) =
7.6 Hz, 1H, H-3), 7.25-7.36 (m, 15H ArHYC NMR (100.6 MHz, CDG) & 27.4 (CH),
38.8 (C-7), 42.8 (C-8), 55.3 (C-6), 59.0 (C-3),8B6CH, benzyl), 69.0 (C-2), 93.2 (C-8a),
125.5-128.9 (B, m, p), 135.5, 140.2, 140.6 (J; 167.6 (NCO),168.2 (COO); mp 153-154
°C: [0]% — 87.1 ¢ 0.5, CHCY). Anal. Calcd for GHsNO4: C, 76.17; H, 6.16; N, 3.17.
Found: C, 75.97; H, 6.14; N, 3.18a (minor C-6 epimer)*H NMR (400 MHz, CDC},
selected resonances).57 (s, 3H, Ch), 3.65 (m, 1H, H-7), 4.04 (dd,= 8.4, 6.8 Hz, 1H,
H-2), 4.62 (t,J = 8.4 Hz, 1H, H-2), 5.44 (1] = 7.6 Hz, 1H, H-3)!*C NMR (100.6 MHz,
CDClg, selected resonances)27.4 (CH), 40.3 (C-8), 42.0 (C-7), 57.3 (C-6), 58.5 (C-3),
67.2 (CH benzyl), 69.9 (C-2), 93.5 (C-8a), 135.4, 140.6).94Ci); m/z 442 (M+1, 8),
441 (M', 25), 427 (18), 426 (60), 350 (39), 306 (16), {B2), 160 (10), 120 (11), 104 (35),

91 (100); HMRS calcd for £gH,7NO4: 441.1940, found: 441.1920.

(3R,7S,8aR)-6-(Benzyloxycar bonyl)-5-oxo-3,7,8a-triphenyl-2,3,6,7,8,8a-hexahydr o-5H-
oxazolo[3,2-a]pyridine (6b). Operating as described for the preparatiodayffrom crude
lactam3b (0.27 mmol), phenylmagnesium bromide (1 M solutioTHF, 0.75 mL), Cul
(144 mg, 0.75 mmol), LiCl (32 mg, 0.75 mmol), andSCl (95uL, 0.75 mmol) in THF (7
mL), lactams6b (major) and 7epi-6b were obtained as mixtures of C-6 epimers (98 mg,
72% overall yield from2b) after column chromatography (1:4 to 1:2 EtOAcdme).6b
(mixture of C-6 epimers): IR (NaCl) 1665, 1782 *H NMR (300 MHz, CDC}, COSY)
02.17 (ddJ = 15.2, 12.8 Hz, 1H, H-8 isomer 1), 2.65 (ddd; 14.4, 4.0, 2.0 Hz, 1H, H-8
isomer 2), 2.80 (dd) = 15.2, 4.8 Hz, 1H, H-8 isomer 1), 2.88 t= 14.4 Hz, 1H, H-8
isomer 2), 3.68 (m, 2H, H-7), 3.90 &= 8.8 Hz, 1H, H-2 isomer 1), 3.91 (@= 12.8 Hz,

1H, H-6 isomer 1), 3.97 (8 = 8.8 Hz, 1H, H-2 isomer 2), 2.03 (dbi= 4.8, 2.0 Hz, 1H, H-
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6 isomer 2), 4.45 (td] = 8.8, 2.0 Hz, 1H, H-2), 4.94 (d,= 12.4 Hz, 1H, CH benzyl
isomer 1), 4.98 (dJ = 12.4 Hz, 1H, Chlbenzyl isomer 1), 4.99 (d,= 12.4 Hz, 1H, CH
benzyl isomer 2), 5.06 (d,= 12.4 Hz, 1H, CHbenzyl isomer 2), 7.00-7.60 (20H, ArH);
13C NMR (75.4 MHz, CDGJ) 4 36.5, 38.3 (C-7), 39.8, 45.7 (C-8), 56.3, 56.66)C60.2,
61.0 (C-3), 67.2, 67.3 (Grbenzyl), 67.9, 68.6 (C-2), 96.5, 97.0 (C-8a), 42528.7 (Ce,
m, p), 135.1-143.1 (G), 168.2, 168.5 (COO), 169.3, 169.7 (NCO). Anal.lc@afor

CasH2oNO,Y/,H,0: C, 75.99; H, 5.99; N, 2.69. Found: C, 76.0050; N, 2.57.

(3R,7S,8aS)-7-Ethyl-8a-methyl-5-ox0-3-phenyl-2,3,6,7,8,8a-hexahydr 0-5H-oxazol o[ 3,2-
alpyridine (7a). A solution of 4a containing minor amounts of épi-4a (273 mg, 0.69
mmol) in MeOH (23 mL) containing 10% Pd/C (31 mgsshydrogenated at rt for 48 h at
atmospheric pressure. The catalyst was removed ilgtibn, and the solvent was
evaporated. The resulting oil was dissolved indoki(42 mL), and the solution was heated
at reflux for 20 h, cooled, and poured into sakataqueous NiLCI. The aqueous layer was
extracted with EtOAc, and the combined organicaett were dried and concentrated. The
residue was chromatographed (1:1 EtOAc-hexaneff@oddactams7a and 7epi-7a (ratio
93:7, 143 mg, 80% overall yieldja: IR (NaCl) 1650 cm; *H NMR (400 MHz, CDC},
COSY, HETCOR) 0.95 (t,J =7.2 Hz, 3H, CHethyl), 1.35 (s, 3H, CHangular), 1.41 (q,

J =7.2 Hz, 2H, CHethyl), 1.65 (dd,) = 14.0, 10.0 Hz, 1H, H-8), 1.84 (m, 1H, H-7), 2.05
(dd,J = 14.8, 12.0 Hz, 1H, H-6), 2.36 (ddHi= 14.0, 5.2, 2.0 Hz, 1H, H-8), 2.55 (ddik
14.8, 3.6, 2.4 Hz, 1H, H-6), 3.97 (dil= 8.8, 6.8 Hz, 1H, H-2), 4.57 @,= 8.8 Hz, 1H, H-
2), 5.45 (tJ = 8.0 Hz, 1H, H-3), 7.20-7.34 (m, 5H, ArH}C NMR (100.6 MHz, CDG) &
11.3 (CH ethyl), 27.3 (CH angular), 28.6 (Ckethyl), 31.5 (C-7), 38.7 (C-6), 41.2 (C-8),
58.4 (C-3), 69.0 (C-2), 93.7 (C-8a), 125.3-128.50(Cn, p), 140.8 (C#), 171.5 (NCO).

Anal. Calcd for GgH>1NO»: C, 74.10; H, 8.16; N, 5.40. Found: C, 73.89; H48N, 5.07.
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(3R,7S,8aR)-7-Ethyl-5-0x0-3,8a-diphenyl-2,3,6,7,8,8a-hexahydr 0-5H-oxazol o 3,2-
alpyridine (7b). Ammonium formate (134 mg, 1.74 mmol) and 10% P®&E ihg) were
added to a solution afb containing minor amounts of ési-4b (100 mg, 0.22 mmol) in
anhydrous MeOH (4 mL). The resulting suspension stased at rt for 18 h, filtered
(Celite®), and concentrated to give an oil, which was digsbin toluene (27 mL). The
solution was heated at reflux for 12 h, cooled, podred into brine. The aqueous layer was
extracted with EtOAc, and the combined organic fiayeere dried and concentrated. The
residue was chromatographed (1:3 EtOAc-hexaneffdoddactamszb and 7epi-7b (ratio
94:6, 51 mg, 73% overall yieldyb: IR (NaCl) 1668 crm; *H NMR (400 MHz, CDC},
HETCOR)3 0.89 (t,J = 7.6 Hz, 3H, CH), 1.24-1.34 (m, 2H, Cklethyl), 1.71 (ddJ = 14.4,
11.2 Hz, 1H, H-8), 1.92 (m, 1H, H-7), 2.15 (dds 14.8, 12.4 Hz, 1H, H-6), 2.60 (m, 2H,
H-6, H-8), 3.82 (tJ = 8.8 Hz, 1H, H-2), 4.40 (§ = 8.8 Hz, 1H, H-2), 5.45 ( = 8.8 Hz, 1

H, H-3), 6.98-7.38 (m, 10H, ArH}?C NMR (100.6 MHz, CDG) & 11.1 (CH), 28.0 (CH
ethyl), 32.4 (C-7), 39.6 (C-6), 44.3 (C-8), 60.03; 68.4 (C-2), 97.0 (C-8a), 125.6-128.4
(C-0, m, p), 138.9-143.6 (G}, 173.3 (NCO)m/z 322 (M+1, 8), 321 (M 31), 264 (32),
244 (31), 225 (6), 224 (37), 223 (7), 222 (29), 288), 193 (16), 175 (7), 146 (14), 120
(67), 119 (35), 105 (100), 104 (57), 103 (24), 34)(Anal. Calcd for G;H,3NO,-*/-hexane:

C, 79.08; H, 8.30; N, 3.24. Found: C, 78.64; HO8IS, 3.48.

(3R,7S,8aS)-8a-M ethyl-5-oxo-3-phenyl-7-propyl-2,3,6,7,8,8a-hexahydr o-5H-
oxazolo[3,2-a]pyridine (8a). Operating as above, from the above mixtur&aénd 7epi-

5a (185 mg, 0.45 mmol), ammonium formate (560 mg,rr@ol), and 10% Pd/C (86 mg)
in MeOH (6.5 mL), lactam8a and 7epi-8a were obtained (ratio 78:22, 89 mg, 72% overall
yield) after column chromatography (1:2 EtOAc-hexaBa: IR (NaCl) 1665 cm; *H
NMR (400 MHz, CDC}, HETCOR)& 0.91-0.96 (m, 3H, Ckipropyl), 1.36-1.44 (m, 7H,
2CH, propyl, CH angular), 1.65 (dd] = 14.4, 10.4 Hz, 1H, H-8), 1.93 (m, 1H, H-7), 2.06

(dd,J = 14.8, 12.4 Hz, 1H, H-6), 2.35 (ddili= 14.4, 5.6, 2.4 Hz, 1H, H-8), 2.54 (ddds
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14.8, 3.2, 2.0 Hz, 1H, H-6), 3.97 (dil= 8.8, 6.8 Hz, 1H, H-2), 4.46 @,= 8.8 Hz, 1H, H-
2), 5.45 (tJ = 8.0 Hz, 1H, H-3), 7.19-7.35 (m, 5H, ArH}C NMR (100.6 MHz, CDG) &
14.1 (CH propyl), 19.8 (CH propyl), 27.3 (CH angular), 29.5 (C-7), 38.0 (GHbropyl),
39.0 (C-6), 41.6 (C-8), 58.4 (C-3), 69.0 (C-2),®8C-8a), 121.1-128.5 (6-m, p), 140.8
(C-), 171.5 (NCO)mz 274 (M+1, 5), 273 (M 25), 259 (6), 258 (36), 230 (5), 203 (4),
162 (23), 161 (21), 160 (24), 155 (4), 146 (8), 188 132 (6), 130 (8), 128 (9), 121 (8),
120 (100), 119 (31), 118 (31), 104 (45), 97 (26),(21). 7epi-8a: *H NMR (400 MHz,
CDCl3, selected resonances®.20 (dmJ = 12.0 Hz, 1H, H-6), 2.74 (dnd,= 12.0 Hz, 1H,
H-6), 4.53 (tJ = 8.8 Hz, 1H, H-2), 5.35 (] = 8.0 Hz, 1H, H-3), 7.19-7.35 (m, 5H, ArH);
3C NMR (100.6 MHz, CDGJ, selected resonance®R4.0 (CH), 29.5 (C-7), 38.5 (C-6),
31.3 (CH propyl), 41.6 (C-8), 58.4 (C-3), 70.0 (C-2), 93©-8a), 140.1 (G), 170.0
(NCO); miz 274 (M+1, 5), 273 (N, 24), 259 (8), 258 (43), 230 (5), 203 (1), 162)(1%1
(12), 160 (20), 155 (4), 146 (6), 138 (4), 132 (B0 (6), 128 (7), 121 (4), 120 (100), 119
(25), 118 (22), 104 (41), 97 (27), 91 (16). Anahle@ for G-H,gNO,: C, 74.69; H, 8.48; N,

5.12. Found: C, 74.37; H, 8.60; N, 4.76.

(3R,7S,8aR)-5-Ox0-3,8a-diphenyl-7-propyl-2,3,6,7,8,8a-hexahydr o-5H-oxazol o[ 3,2-
alpyridine (8b). Operating as described for the preparatioflpffrom the above mixture
of 5b and 7epi-5b (75 mg, 0.16 mmol), ammonium formate (81 mg, 1r8af), and 10%
Pd/C (35 mg) in MeOH (2.3 mL), lactarBb and 7epi-8b were obtained (ratio 85:15, 41
mg, 73% overall yield) after column chromatograghyd EtOAc-hexane)8b: IR (NaCl)
1667 cm*; 'H NMR (400 MHz, CDCJ) 8 0.87 (t,J = 7.2 Hz, 3H, CH), 1.16-1.38 (m, 4H,
2CH, propyl), 1.70 (dd,) = 14.4, 11.2 Hz, 1H, H-8), 1.96-2.10 (m, 1H, H-Z)35 (ddJ =
14.8, 12.8 Hz, 1H, H-6), 2.59 (m, 2H, H-6, H-8)83(t,J = 8.8 Hz, 1H, H-2), 4.40 (§ =
8.4 Hz, 1H, H-2), 5.45 (f] = 8.8 Hz, 1H, H-3), 6.98-7.48 (m, 10H, ArHfC NMR (100.6

MHz, CDCk) & 14.0 (CH), 19.6 (CH propyl), 30.4 (C-7), 37.4 (CHpropyl), 39.9 (C-6),
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44.6 (C-8), 60.0 (C-3), 68.4 (C-2), 97.0 (C-8a)5562128.5 (Co, m, p), 138.9, 143.6 (G},
173.4 (NCO). 7epi-8b: *H NMR (400 MHz, CDC}, selected resonancesp.95 (t,J = 7.2
Hz, 3H, CH), 2.80 (m, 2H, H-6, H-8), 3.97 @,= 8.4 Hz, 1H, H-2), 4.45 (f = 8.8 Hz, 1H,
H-2), 5.27 (t,J = 8.4 Hz, 1H, H-3):*C NMR (100.6 MHz, CDGJ}, selected resonances)
12.0 (CH), 19.6 (CH propyl), 30.4 (C-7), 37.4 (CHoropyl), 39.9 (C-6), 44.6 (C-8), 60.0
(C-3), 68.4 (C-2), 97.2 (C-8a), 138.4, 142.0 iC-171.8 (NCO). Anal. Calcd for

CooH2sNOy: C, 78.77; H, 7.51; N, 4.18. Found: C, 78.39; 937N, 3.91.

(3R,7S,8aS)-8a-M ethyl-5-0x0-3,7-diphenyl-2,3,6,7,8,8a-hexahydr 0-5H-oxazol o[ 3,2-
alpyridine (9a). Operating as described for the preparatiorvlmf from pure lactanta
(major C-6 epimer, 200 mg, 0.45 mmol), ammoniunmfaie (457 mg, 7.2 mmol), and 10%
Pd/C (94 mg) in EtOAc-MeOH (5:7 mL), lacta®a was obtained as a white solid (94 mg,
68% overall yield) after column chromatography (Et®©Ac-hexane): IR (NaCl) 1664 ¢m
14 NMR (400 MHz, CDCJ, HETCOR)3 1.34 (s, 3H, Ch), 2.15 (ddJ = 14.4, 12.0 Hz,
1H, H-8), 2.61 (dddJ = 14.4, 4.8, 2.8 Hz, 1H, H-8), 2.66 (db+ 15.2, 12.0 Hz, 1H, H-6),
2.75 (ddd,] = 15.2, 3.6, 2.4 Hz, 1H, H-6), 3.21 (s 12.0, 4.4 Hz, 1H, H-7), 4.02 ( dii=
8.8, 7.2 Hz, 1H, H-2), 4.55 (d,= 8.8 Hz, 1H, H-2), 5.56 (f = 8.0 Hz, 1H, H-3), 7.06-7.42
(m, 10H, ArH);**C NMR (100.6 MHz, CDG) 3 27.2 (CH), 35.5 (C-7), 39.6 (C-6), 43.0
(C-8), 58.4 (C-3), 69.0 (C-2), 94.0 (C-8a), 125ZBD (Co, m, p), 140.8, 142.4 (G},
171.2 (NCO); mp 104-106 °C;a]’’, - 11.6 ¢ 0.2, CHC). Anal. Calcd for
CooH21NO,-Y,H,0: C, 77.02; H, 6.95; N, 4.49. Found: C, 76.757K1; N, 4.10. Operating
as in the preparation afb, from the above mixture dda and 7epi-6a (100 mg, 0.22
mmol), ammonium formate (220 mg, 3.5 mmol), and 1B&#C (47 mg) in EtOAc-MeOH
(2.5:3.5 mL), lactam®a and 7epi-9a were obtained (ratio 84:16, 60 mg, 69% overall
yield) after column chromatography (1:2 EtOAc-hexXan7epi-9a: (400 MHz, CDC},

selected resonances).25 (s, 3H, Ch), 2.04 § = 12.4 Hz, 1H, H-6), 2.39 (ddd,= 12.4,
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3.2, 2.0 Hz, 1H, H-6), 2.52 (dd,= 18.4, 11.6 Hz, 1H, H-8), 2.96 (ddh= 18.2, 6.4 Hz,
1H, H-8), 3.33 (m, 1H, H-7), 4.03 (dd= 8.8, 8.0 Hz, 1H, H-2), 4.60 (,= 8.8 Hz, 1H,
H-2), 5.43 (t,J = 8.4 Hz, 1 H, H-3), 7.06-7.42 (m, 10H, ArHfC NMR (100.6 MHz,
CDCls, selected resonances)24.0 (CH), 29.8 (C-6), 35.6 (C-7), 41.5 (C-8), 70.0 (C-2),

94.1 (C-8a), 125.3-128.9 (G-m, p), 140.2, 142.6 (G}, 170.0 (NCO).

(3R,7S,8aR)-5-Ox0-3,7,8a-triphenyl-2,3,6,7,8,8a-hexahydr 0-5H-oxazol 0[ 3,2-a] pyr idine
(9b). Operating as in the preparation#f, from the above mixture @b and 7epi-6b (1.9
g, 3.77 mmol), ammonium formate (1.9 mg, 30.2 maoigd 10% Pd/C (200 mg) in EtOAc
(180 mL), lactam®b and 7epi-9b were obtained (ratio 92:8). Flash chromatogragh¥ (
Et,O0-hexane) afforded pu@b (1.07 g, 83% overall yield): IR (NaCl) 1667 ¢in'H NMR
(400 MHz, CDC}) & 2.15 (dd,J = 14.8, 12.4 Hz, 1H, H-8), 2.70-2.84 (m, 3H, HFBB),
3.28 (tt,J = 12.8, 3.6 Hz, 1H, H-7), 3.90 (= 8.8 Hz, 1HH-2), 4.47 (tJ = 8.8 Hz, 1H, H-
2), 5.55 (t,J = 8.8 Hz, 1H, H-3), 7.00-7.40 (m, 15H, ArHfC NMR (100.6 MHz, CDG)

3 36.4 (C-7), 40.7 (C-6), 46.0 (C-8), 60.1 (C-3),46C-2), 97.0 (C-8a), 125.6-128.7 (C-
m, p), 139.8, 141.9, 143.3 (§J; 173.9 (NCO)m/z 370 (M+1, 5), 369 (M 16), 392 (13),
265 (18), 264 (47), 224 (25), 222 (34), 193 (2@p (23), 131 (54), 121 (21), 120 (91), 119
(26), 105 (98), 104 (100), 103 (59), 91 (40); HM&scd for GsHo3NO,: 370.1801, found:
370.1803. Anal. Calcd for£H23NO,: C, 81.27; H, 6.27; N, 3.79. Found: C, 81.05; 276
N, 3.60.7-epi-9b: *H NMR (300 MHz, CDC}, selected resonances.64 (t,J = 9.3 Hz,
1H, H-2), 4.41 (ddJ = 9.3, 8.4 Hz, 1H, H-2), 5.29 (,= 8.4 Hz, 1 H, H-3), 6.99-7.40 (m,

15H, ArH).

(2R,4R)-1-[(1R)-2-Hydr oxy-1-phenylethyl]-2-methyl-4-phenylpiperidine (10a). LIAIH 4
(273 mg, 7.2 mmol) was slowly addé&ala solution of lactar®a (220 mg, 0.72 mmol) in
anhydrous THF (20 mL) at 0 °C, and the mixture st@sed at roomemperature for 20 h.

The reaction was quenched by a slow additbulistillated water, and the aqueous layer
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was extracteavith EtOAc. The combined organic extracts weredlaedconcentrated, and
the resulting residue was chromatograp{®8 EtOAc-hexane) to give pure piperidib@éa
(149 mg, 70% vield): IR (NaCl) 3418 ¢in*H NMR (300 MHz, CDC4, COSY)3 1.35 (d,
J=6.0Hz, 3H, CH), 1.52 (tdJ = 12.3, 12.3, 10.8 Hz, 1H, H-3ax), 1.68 @d; 12.3, 12.3,
3.6 H, 1H, H-5ax), 1.85 (m, 3H, H-6ax, H-3eq, H-Betj41 (tt,J = 12.3, 3.6 Hz, 1H, H-4),
2.57 (dddddy = 10.8, 6.0, 6.0, 6.0, 2.4 Hz, 1H, H-2), 3.04 {(dt, 11.4, 3.3, 3.3 Hz, 1H, H-
6eq), 3.58 (ddJ = 10.2, 5.1 Hz, 1H, H-1"), 4.05 (§,= 10.5 Hz, 1H, H-2'), 4.39 (dd] =
10.8, 5.1 Hz, 1H, H-2"), 7.15-7.35 (m, 5H, ArHfC NMR (75.4 MHz, CDGJ) & 21.4
(CHs), 33.6 (C-5), 42.6 (C-4), 43.7 (C-3), 45.4 (CB3.5 (C-2), 59.0 (C-2’), 60.6 (C-1"),
126.1, 127.7 (P), 126.6, 128.1, 128.3, 128.8 (), 135.1, 145.9 (G}; [a]? —43.1¢

1.1, CHC}); HMRS calcd for [GoH2sNO + H]: 296.2008, found: 296.2018.

(25,49)-1-[(1R)-2-Hydr oxy-1-phenylethyl]-2,4-diphenylpiperidine (10b). Operating as in
the preparation ofOa, from lactam9b (70 mg, 0.19 mmol) in anhydrous THF (5 mL), and
LIAIH 4 (72 mg, 1.9 mmol), pure piperidirdb was obtained (60 mg, 88% vyield) after
column chromatography (2:8 EtOAc-hexane): IR (Na&3y6 cm*; ‘*H NMR (300 MHz,
CDCl;, COSY, HETCORY 1.81 (dt,J = 12.0, 12.0, 11.1 Hz, 1H, H-3ax), 1.87 (ddde;
12.6, 12.6, 12.6, 3.6 Hz, 1H, H-5ax), 1.95 (m, Bbeq, H-3eq), 2.12 (td = 12.0, 12.0,
2.4 Hz, 1H, H-6ax), 2.52 (1§, = 12.0, 3.9 Hz, 1H, H-4), 3.27 (dt=12.0, 3.3, 3.3 Hz, 1H,
H-6eq), 3.45 (m, 2H, H-2, H-2"), 4.09 (m, 2H, H-H;2"), 7.05-7.42 (m, 15H, ArH)}*C
NMR (75.4 MHz, CDCY) 3 33.3 (C-5), 42.6 (C-4), 45.1 (C-3), 45.5 (C-6),58C-2"), 61.7
(C-1)), 65.2 (C-2), 126.1-129.4 (6-m, p), 134.2, 143.4, 145.4 (0:[a]*®> — 9.3 € 1.5,
CHCI,). Anal. Calcd for GsH,7NO-1HO: C, 79.99; H, 7.48; N, 3.66. Found: C, 79.96; H,

7.78; N, 3.73.

(2R,4R)-1-(tert-Butoxycar bonyl)-2-methyl-4-phenylpiperidine (11a). A solution of 10a

(120 mg, 0.41 mmol) and deért-butyl dicarbonate (178 mg, 0.81 mmol) in EtOAc (hR)
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containing 20% Pd(OH)C (20 mg) was hydrogenated at rt for 20 h at aphesc
pressure. The catalyst was removed by filtratiow, e solvent was evaporated to give an
oil, which was chromatographed (5:95 EtOAc-hexdogfford11a (99 mg, 88% yield) as
a white solid: IR (NaCl) 1692 ct *H NMR (300 MHz, CDCJ, COSY)5 1.20 (d,J = 6.6
Hz, 3H, CH), 1.49 [s, 9H, (€l3)sC], 1.52-1.68 (m, 2H, H-3ax, H-5ax), 1.90 (dddd=
13.5, 6.2, 3.3, 1.2 Hz, 1H, H-3eq), 2.15 (m, 1H5ety), 2.75 (m, 1H, H-4), 3.25 (dddi=
13.8, 9.9, 6.6 Hz, 1H, H-6ax), 3.79 (ddds 13.8, 7.5, 3.3 Hz, 1H, H-6eq), 3.95 (dddd;
9.3, 6.0, 6.0, 6.0 Hz, 1H, H-2), 7.15-7.35 (m, 34H); **C NMR (75.4 MHz, CDGJ) &
19.8 (CH), 28.5 [CH3)sC], 31.2 (C-5), 37.1 (C-3), 37.6 (C-6), 38.0 (C-8),0 (C-2), 79.8
[(CH3)sC], 126.0 (Cp), 126.7, 128.4 (@, m), 146.0 (Ci), 155.3 (COO); mp 54-55 °C;
[a]?%5 — 72.1 ¢ 0.6, CHC}). Anal. Calcd for GHsNO,: C, 74.14; H, 9.15; N, 5.009.

Found: C, 74.00; H, 9.24; N, 4.97.

(2S,4R)-1-(tert-Butoxycar bonyl)-2,4-diphenylpiperidine (11b). Operating as described
above in the preparation @fa, from 10b (190 mg, 0.53 mmol), dert-butyl dicarbonate
(232 mg, 1.06 mmol) in EtOAc (15 mL), and 20% Pd{@8 (48 mg), compoundlb was
obtained (134 mg, 75% yield) after flash chromataphy (5:95 EtOAc-hexane) as a white
solid: IR (NaCl) 1692 cit; *H NMR (300 MHz, CDCJ, COSY, HETCORY 1.28 [s, 9H,
(CH3)sC], 1.70 (dddd,) = 16.5, 9.6, 6.6, 3.3 Hz, 1H, H-5), 1.96 (@it 13.5, 13.5, 11.7 Hz,
1H, H-3ax), 2.18 (dddd] = 13.5, 6.6, 3.3, 1.5 Hz, 1H, H-3eq), 2.31 (m, H), 2.91 (m,
1H, H-4), 3.52 (dddJ = 13.8, 9.9, 6.3 Hz, 1H, H-6ax), 4.11 (ddds 13.8, 7.5, 3.0 Hz, 1H,
H-6eq), 4.88 (ddJ = 11.7, 6.3 Hz, 1H, H-2), 7.18-7.28 (m, 10H, Ar}C NMR (75.4
MHz, CDCk) & 26.2 [(CH3)sC], 31.2 (C-5), 38.1, 39.2 (C-3, C-6), 38.2 (C83,0 (C-2),
79.5 [(CH)LC], 125.0, 126.7, 128.3, 128.5 (), 126.2, 126.5 (®), 144.6, 146.0 (G),
155.8 (COO); mp 70-72 °Ga]?, — 45.6 € 1.0, CHCY). Anal. Calcd for GHo;NO,: C,

78.30; H, 8.06; N, 4.15. Found: C, 78.17; H, 8434.03.
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(3R,8aR)-8a-(3-Hydr oxypr opyl)-5-oxo-3-phenyl-2,3,6,7,8,8a-hexahydr o-5H-
oxazolo[3,2-a]pyridine. A  solution (3R)-8a-(3-benzyloxypropyl)-5-oxo-3-phenyl-
2,3,6,7,8,8a-hexahydr o-5H-oxazolo[3,2-a]pyridine® (4:1 mixture of C-8a epimers; 286
mg, 0.78 mmol) in MeOH (25 mL) containing 10% PdAD mg) was hydrogenated at rt
for 48 h at atmospheric pressure. The catalyst nea®ved by filtration, and the solvent
was concentrated. The residue was chromatograpued EtOAc to 95:5 EtOAc-MeOH)
to afford the title alcohol (141 mg, 66% yield) aitd 8a-epimer (55 mg, 26% yield).
3R,8aR-isomer (higher R): IR (NaCl) 3415, 1660 cit 'H NMR (400 MHz, CDC},
COSY, HETCOR) 1.57 (m, 3H, CHCH,CH,0, H-8), 1.80 (m, 3H, H-7, E,CH,CH,0),
1.92 (m, 1H, H-7), 2.10 (br, 1H, OH), 2.35 (m, H#8), 2.43 (dd,) = 18.1, 9.2 Hz, 1H, H-
6), 2.58 (ddJ = 18.4, 6.0 Hz, 1H, H-6), 3.53 (m, 2H, &&H,CH,0), 3.88 (t,J = 8.4 Hz,
1H, H-2), 4.48 (tJ = 9.2 Hz, 1H, H-2), 5.34 (f] = 8.4 Hz, 1H, H-3), 7.05-7.20 (m, 5H,
ArH); 3C NMR (100.6 MHz, CDG) 3 16.6 (C-7), 27.2 (CKCH,CH,0), 30.6 (C-6), 30.8
(C-8), 31.2 CH,CH,CH,0), 58.6 (C-3), 62.2 (CHCH,CH,0), 69.3 (C-2), 95.9 (C-8a),
125.4, 128.5 (@, m), 127.1 (Cp), 139.6 (Ci), 169.9 (COO);[a]* - 131.7 ¢ 1.0,
CHCL); HMRS calcd for [GgH2:NOs + H]: 276.1594, found: 276.1603. Anal. Calcd for
Ci6H2:NO3Y/;H,0: C, 67.58; H, 7.80; N, 4.93. Found: C, 67.247H7; N, 4.623R,8aS-
isomer (lower R): IR (NaCl) 3450, 1650 ciy ‘H NMR (400 MHz, CDCJ, COSY,
HETCOR)3 1.52-1.96 (m, 7H, H-8, 2H-7, 2GH 2.20-2.50 (m, 3H, 2H-6, H-8), 2.94 (br,
1H, OH), 3.57 (m, 2H, CKCH,CH,0), 3.88 (dd,J = 8.8, 1.6 Hz, 1H, H-2), 4.40 (,= 8.8,
7.2 Hz, 1H, H-2), 4.93 (ddl = 7.2, 1.6 Hz, 1H, H-3), 7.10-7.20 (m, 5H, ArHjC NMR
(100.6 MHz, CDGJ) & 16.7 (C-7), 27.0 (CKCH,CH,0), 29.7 (C-6), 30.1 (C-8), 30.7
(CH,CH,CH,0), 58.8 (C-3), 61.8 (C}H,CH,0), 71.1 (C-2), 95.1 (C-8a), 126.1, 128.4
(C-0, m), 127.2 (Cp), 141.5 (C#), 167.5 (COO)[a]?% — 15.3 ¢ 1.5, CHCH); HMRS calcd

for [C16H21NO3 + H]: 276.1594, found: 276.1601.
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(3R,8aR)-8a-[ 3-(2-Nitr ophenyl selenyl)pr opyl]-5-oxo-3-phenyl-2,3,6,7,8,8a-hexahydr o-
5H-oxazolo[3,2-a]pyridine. To a stirred solution of the aboveRapimer(145 mg, 0.53
mmol) ando-nitrophenylselenocyanate (157 mg, 0.69 mmol) inydrdus THF (3 mL) was
addedn-tributylphosphine (17QuL, 0.69 mmol) at rt. After 2 h, the solvent was oed
under reduced pressure. Flash chromatography ofeidue (1:9 to 7:3 EtOAc-hexane)
gave the titleo-nitrophenylselenide (180 mg, 73% yield): IR (NaCl) 1650 cm'H NMR
(400 MHz, CDC4, COSY, HETCOR) 1.58 (td,J = 13.3, 13.3, 4.0 Hz, 1H, H-8), 1.76-
1.99 (m, 6H, 2H-7, 2C§), 2.30 (dt,J = 13.3, 3.7 Hz, 1H, H-8), 2.45 (dd~ 18.2, 8.6 Hz,
1H, H-6), 2.61 (ddJ = 18.2, 6.1 Hz, 1H, H-6), 2.79-2.96 (2m, 2H, LH,CH,Se), 3.91 (t,
J=8.2 Hz, 1H, H-2), 4.48 (8 = 8.8 Hz, 1H, H-2), 5.39 (| = 8.0 Hz, 1H, H-3), 7.20-7.52
(2m, 9H, ArH), 8.26-8.28 (d] = 8.4 Hz, 1H, ArH);*C NMR (100.6 MHz, CDG) & 16.6
(C-7), 22.9 CH,CH,CH,Se), 25.7 (ChCH,CH,Se), 30.6 (C-6), 30.9 (C-8), 34.8
(CH,CH,CH,Se), 58.4 (C-3), 69.3 (C-2), 95.5 (C-8a), 125.4:13C-0, m, p), 126.4 (Ce-
PhSe), 132.9, 138.7 (- 146.8 (CNQ), 169.8 (NCO);[a]? — 16.9 ¢ 1.0, CHCY);

HMRS calcd for [G,H24N20,Se + H]: 461.0974, found: 461.0978.

(3R,8aR)-8a-Allyl-5-0x0-3-phenyl-2,3,6,7,8,8a-hexahydr 0-5H-o0xazol o[ 3,2-a] pyridine

(12a). 30% aqueous #D, (40 uL, 1.3 mmol) and pyridine (1@L, 0.14 mmol) were added
to a solution of the above-nitrophenylselenide (60 mg, 0.13 mmol) in £H (20 mL),
and the resulting mixture was stirred at rt for.ZT'he resulting solution was washed with
water (10 x 5 mL), dried, and concentrated to gimeil. The residue was chromatographed
(1:4 to 1:1 EtOAc-hexane) to afford compoutih (20 mg, 70% yield) as a trasparent oil:
IR (NaCl) 1656 cm; *H NMR (400 MHz, CDC}, COSY, HETCOR) 1.51 (tdd,J = 13.6,
13.6, 5.2, 1.6 Hz, 1H, H-8), 1.89 (m, 2H, H-7),@(&, 2H, CH allyl, H-8), 2.44 (dd,) =

18.4, 7.6 Hz, 1H, H-6), 2.51 (m, 1H, GHilyl), 2.62 (ddd,J = 18.4, 10.0, 2.8 Hz, 1H, H-6),
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3.94 (t,J = 7.2 Hz, 1H, H-2), 4.53 (| = 9.2 Hz, 1H H-2), 5.11 (m, 2H, GH)), 5.39 (t,J =
8.0 Hz, 1H, H-3), 5.72 (dddd} = 16.0, 10.0, 8.4, 5.6 Hz, 1H, CH=), 7.10-7.35 §Hi,
ArH); *C NMR (100.6 MHz, CDG) 5 16.4 (C-7), 30.6 (C-6), 30.9 (C-8), 39.4 (Cadlyl),
58.4 (C-3), 69.3 (C-2), 95.2 (C-8a), 118.8 (EH 125.3, 128.5 (®; m), 127.1 (Cp), 139.8
(C-), 169.8 (NCO){a]*s — 118.5 ¢ 2.0, CHCH). Anal. Calcd for GsH1gNO,: C, 74.468;

H, 7.44; N, 5.44. Found: C, 74.58; H, 7.20; N, 5.32

(3R,8aR)-8a-(3-Butenyl)-5-oxo-3-phenyl-2,3,6,7,8,8a-hexahydr o-5H-oxazol o 3,2-
alpyridine (12b). A stirred solution of (-)4®)-phenylglycinol (350 mg, 2.56 mmol) and 5-
oxo-8-nonenoic acftd(435 mg, 2.56 mmol) in toluene (6 mL), containmglecular sieves
(4 A, 5 g), was heated at reflux for 24 h, with@tzepic elimination of water produced. The
resulting solution was filtered (Celftpand concentrated, and the residue was takenthp wi
EtOAc. The organic solution was washed with 5% agse NaHCQ, dried, and
concentrated to give an orange oil. Column chrogragghy (1:2 EtOAc-hexane to EtOACc)
afforded a mixture of lactam&b and 8aepi-12b (ratio 8:2, 489 mg, 71% overall yield).
12b: IR (NaCl) 1654 cm; *H NMR (400 MHz, CDC}, COSY, HETCOR) 1.57 (td,J =
13.3, 13.3, 4.4 Hz, 1H, H-8), 1.83 (m, 3H, H-7, £LHL..96 (m, 1H, H-7), 2.12 (m, 2H,
CHy), 2.35 (dt,J = 13.3, 8.8, 8.8 Hz, 1H, H-82.48 (dddJ = 18.1, 9.6, 8.2 Hz, 1H, H-6),
2.64 (dddJ = 18.0, 7.4, 2.1 Hz, 1H, H-6), 3.88 Jt= 8.4 Hz, 1H, H-2), 4.52 (f = 8.8 Hz,
1H, H-2), 4.95 (m, 2H, Cht), 5.38 (t,J = 8.2 Hz, 1H, H-3), 5.75 (tfl = 10.1, 6.5 Hz, 1H,
CH=), 7.20-7.36 (m, 5H, ArH)*C NMR (100.6 MHz, CDG)) & 16.8 (C-7), 28.4 (C-8),
30.6 (C-6), 30.9@¢H,CH,CH=), 33.8 (CHCH,CH=), 58.7 (C-3), 69.5 (C-2), 95.9 (C-8a),
115.1 (CH=), 125.4-128.6 (®, m, p), 137.4 (CH=), 139.9 (@) 169.9 (COO). 8a&pi-12b:

'H NMR (400 MHz, CDC}, selected resonances.95 (ddJ = 9.1, 1.8 Hz, 1H, H-2), 4.42
(dd,J =9.1, 7.4 Hz, 1H, H-2), 5.05 (m, 2H, &#), 5.87 (it,J = 10.4, 6.9 Hz, 1H, CH=);

3C NMR (100.6 MHz, CDGJ selected resonances)16.9 (C-7), 28.4 (C-8), 29.9 (C-6),
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30.4 CH,CH,CH=), 33.6 (CHCH,CH=), 59.1 (C-3), 71.3 (C-2); HMRS calcd for

[C17H21NO, + H]: 272.1645, found: 272.1650.

(3R,8aR)-8a-Allyl-6-(benzyloxycar bonyl)-5-oxo-3-phenyl-6-(phenylselenyl)-6-
2,3,7,8,8a-hexahydr o-5H-oxazol o[ 3,2-a]pyridine (13a). Operating as described for the
preparation oRa, from lactaml2a (294 mg, 1.14 mmol), lithium bis(trimethylsilyl)ade
(1 M in THF, 2.5 mL), benzyl chloroformate (161, 1.14 mmol), and PhSeCl (307 mg,
1.6 mmol) in anhydrous THF (23 mL), lactai3a was obtained as a mixture of C-6
epimers (437 mg, 70% overall yield) after colummochatography (1:5 EtOAc-hexane).
13a (major, higherR): IR (NaCl) 1658, 1726 cif *H NMR (400 MHz, CDC}, COSY,
HETCOR)d 1.85-2.16 (m, 5H, 2H-8, 2H-7, GHllyl), 2.51 (ddJ = 14.4, 5.6 Hz, 1H, CH
allyl), 3.93 (t,J = 8.0 Hz, 1H, H-2), 4.53 (] = 8.8 Hz, 1H H-2), 4.87 (dl = 17.2 Hz, 1H,
CH,=), 4.99 (dJ = 10.4 Hz, 1H, ChE), 5.20 (dJ = 12.0 Hz, 1H, Chibenzyl), 5.34 (dJ =
12.0 Hz, 1H, CHbenzyl), 5.47 (tJ = 8.0 Hz, 1H, H-3), 5.53 (m, 1H, CH=), 7.11-7.64, (
15H, ArH); **C NMR (100.6 MHz, CDG) & 27.6, 28.5 (C-7, C-8), 40.5 (GHllyl), 54.8
(C-6), 58.8 (C-3), 67.9 (CHbenzyl), 69.2 (C-2), 95.1 (C-8a), 119.3 (S} 125.3-138.5
(C-0, m, p), 135.1 (CH=), 139.6 (@pso), 166.2 (COO), 169.8 (NCOJp]*%, — 115.6 ¢
1.6, CHC}). HMRS calcd for [GoH290NO,Se + H]: 548.1326, found: 548.133(Ba (minor,
lower R): IR (NaCl) 1659, 1738 cif *H NMR (400 MHz, CDCJ, COSY, HETCOR)
1.41 (dd,J = 15.6, 9.6 Hz, 1H, CHallyl), 1.79 (tddJ = 13.2, 13.2, 6.4, 1.6 Hz, 1H, H-8),
2.12 (dt,d = 13.2, 3.2, 3.2 Hz, 1H, H-8), 2.21 (m, 2H, H-HLallyl), 2.34 (dt,J = 14.8,
4.0, 4.0 Hz, 1H, H-7), 3.89 (1,= 8.4 Hz, 1H, H-2), 4.40 (§ = 8.8 Hz, 1H, H-2), 4.86 (d,

= 17.2 Hz, 1H, ChE), 5.02 (d,J = 10.0 Hz, 1H, Cht), 5.20 (d,J = 12.0 Hz, 1H, CHhl
benzyl), 5.27 (dJ = 12.0 Hz, 1H, Chibenzyl), 5.33 (t) = 8.4 Hz, 1H, H-3), 5.52 (dddd,

= 17.2, 10.0, 10.0, 5.2 Hz, 1H, CH=), 7.20-7.60 (fGH, ArH); **C NMR (100.6 MHz,

CDCly) & 29.5, 29.6 (C-7, C-8), 38.9 (GHllyl), 55.1 (C-6), 60.1 (C-3), 68.1 (GHenzyl),
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69.4 (C-2), 94.9 (C-8a), 118.8 (G#), 125.3-138.7 (@, m, p), 135.2 (CH=), 138.9 (@)
166.6 (COO), 170.2 (NCO). HMRS calcd for 3f8,0NO,Se + HJ: 548.1326, found:

548.1331.

(3R,8aS)-6-(Benzyloxycar bonyl)-8a-(3-butenyl)-5-oxo-3-phenyl-6-(phenyl selenyl)-
2,3,6,7,8,8a-hexahydr 0-5H-oxazol o[ 3,2-a]pyridine (13b). Operating as in the preparation
of 2a, from the above mixture of lacta@®b and its C-8a epimer (440 mg, 1.62 mmol),
lithium bis(trimethylsilyl)amide (1 M in THF, 3.6 k), benzyl chloroformate (50% in
toluene, 3.2 mL, 1.62 mmol), and PhSeCl (435 mg7 Zamol) in THF (33 mL), followed
by column chromatography (1:5 EtOAc-hexane), laci®im was obtained as a mixture of
C-6 epimers (785 mg, 88% overall yield), which weeparated after an additional column
chromatography1:9 EtOAc-hexane)13b (major, higherR): IR (NaCl) 1659, 1731 ch

'H NMR (400 MHz, CDC}, COSY, HETCOR) 1.25-1.37 (m, 2H, Ch), 1.81-2.16 (m,
6H, H-7, H-8, CH), 3.84 (t,J = 8.4 Hz, 1H, H-2), 4.48 (0 = 8.4 Hz, 1H, H-2), 4.78-4.84
(m, 2H, CH=), 5.17 (d,J = 12.4 Hz, 1H, Chibenzyl), 5.32 (d,) = 12.4 Hz, 1H, CHl
benzyl), 5.43 (t] = 8.4 Hz, 1H, H-3), 5.48-5.57 (m, 1H, CH=), 7.04% (m, 15H, ArH),
7.62 (d,J = 7.6 Hz, 1H, ArH);**C NMR (100.6 MHz, CDG) 5 27.8, 29.4, 29.9 (C-7, C-8,
CH,), 32.8 (CH), 55.1 (C-6), 60.2 (C-3), 68.0 (GHenzyl), 69.3 (C-2), 95.4 (C-8a), 114.9
(CH,=), 126.6-129.0, 138.8 (6-m, p), 135.2, 137.2, 138.7 (0; 166.5 (COO), 170.3
(NCO); [a]?% — 113.7 ¢ 0.35, CHCY); HMRS calcd for [GH3:NO,Se + H]: 562.1491,
found: 562.149213b (minor, lowerRy): *H NMR (400 MHz, CDC}J, COSY, HETCOR)
1.25-1.37 (m, 1H, CH, 1.60 (m, 1H, Ch), 2.79-2.20 (m, 6H, H-7, H-8, G} 3.84 (t,J =
8.4 Hz, 1H, H-2), 4.48 (] = 9.2 Hz, 1H, H-2), 4.80 (d}, = 13.6 Hz, 1H, ChE), 4.83 (d,J

= 5.6 Hz, 1H, CkE), 5.17 (d,J = 12.0 Hz, 1H, Chibenzyl), 5.32 (dJ = 12.0 Hz, 1H, Chi
benzyl), 5.43 (tJ = 8.4 Hz, 1H, H-3), 5.47-5.57 (m, 1H, CH=), 7.08% (m, 15H, ArH),

7.62 (d,J = 7.6 Hz, 1H, ArH);**C NMR (100.6 MHz, CDG) & 27.7, 27.8, 28.6 (C-7, C-8,
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CHy), 34.9 (CH), 54.7 (C-6), 58.9 (C-3), 67.9 (GHenzyl), 69.0 (C-2), 95.7 (C-8a), 115.0
(CH,=), 125.2-129.7, 138.5 (6 m, p), 135.0, 137.0, 139.5 ({J; 166.1 (COO), 170.3

(NCO):[a]*> + 36.9 € 0.35, CHCY).

(3R,8aS)-8a-Allyl-6-(benzyloxycar bonyl)-5-o0xo-3-phenyl-2,3,8,8a-tetr ahydr o-5H-
oxazolo[3,2-a]pyridine (14a). 30% aqueous D, (25puL, 0.83 mmol) and pyridine (1L,
0.14 mmol) were added to a solution of selenitigss (71 mg, 0.12 mmol) in CKLl, (9
mL), and the resulting mixture was stirred at rt 30 minutes. The reaction was quenched
with distilled water, the two phases were separaad the organic layer was washed with
water, dried, and concentrated to give crlida (70 mg) as an yellow oil, which was used
in the next reaction without further purificatioltd NMR (300 MHz, CDCJ) & 2.44-2.60
(m, 3H, CH allyl, H-8), 2.96 (ddJ = 18.0, 7.2 Hz, 1H, H-8), 4.13 (ddl= 9.2, 6.4 Hz, 1H,
H-2), 4.43 (dd,) = 9.2, 7.6 Hz, 1H, H-2), 5.08 (dd~= 17.2, 1.2 Hz, 1H, C#), 5.13 (dJ =
10.0 Hz, 1H, CHE), 5.27 (d,J = 13.2 Hz, 1H, Ckibenzyl), 5.29 (dJ = 13.2 Hz, 1H, Chl
benzyl), 5.41 (tJ = 6.8 Hz, 1H, H-3), 5.73 (dddd,= 17.2, 10.0, 8.8, 6.4 Hz, 1H, CH=),

7.25-7.40 (m, 11H, ArH, H-7).

(3R,8aS)-6-(Benzyloxycar bonyl)-8a-(3-butenyl)-5-oxo-3-phenyl-2,3,8,8a-tetr ahydr o-
5H-oxazolo[ 3,2-a]pyridine (14b). Operating as described for the preparatiod4at, from
selenidesl3b (190 mg, 0.34 mmol), 30% aqueousCH (70 pL, 2.3 mmol), and pyridine
(30 L, 0.37 mmol) in CHCI, (23 mL), crude unsaturated lactddb was obtained and
used in the next reaction without further purifioat *"H NMR (300 MHz, CDC}) & 1.77
(m, 1H, CH), 1.95 (m, 1H, Ch), 2.07 (m, 1H, Ch), 2.62 (brJ = 13.5 Hz, 1H, H-8), 2.93
(dd,J = 13.5, 4.8 Hz, 1H, H-8), 4.07 (dd= 6.9, 4.8 Hz, 1H, H-2), 4.42 (dd,= 6.9, 5.7

Hz, 1H, H-2), 4.97 (m, 2H, CH), 5.27 (s, 1H, Ckbenzyl), 5.30 (s, 1H, Ctbenzyl), 5.38
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(t, J = 5.1 Hz, 1H, H-3), 5.72 (dddd,= 12.6, 7.5, 4.5, 4.5 Hz, 1H, CH=), 7.26-7.34 (m,

11H, ArH, H-7).

(3R, 7R,8a95)-8a-Allyl-6-(benzyloxycar bonyl)-5-oxo-3-phenyl-7-vinyl-2,3,6,7,8,8a-

hexahydr o-5H-oxazol o[ 3,2-a] pyridine (15a). Operating as described for the preparation of
4a, from crude lactani4a (0.12 mmol), vinylmagnesium bromide (1.7 M solatio THF,
0.3 mL), Cul (93 mg, 0.49 mmol), LIiCl (21 mg, 0.48¢mol), and TMSCI (623uL, 0.49
mmol) in THF (4 mL), lactani5a was obtained as a mixture of C-6 epimers (rati@y,5
33 mg, 60% overall yield from3a) after column chromatography (hexanta (major):

IR (NaCl) 1667, 1742m™; *H NMR (400 MHz, CDC}, HETCOR) 2.01 (dd,J = 14.8,
10.8 Hz, 1H, H-8), 2.25 (dd), = 14.8 Hz, 1H, H-8), 2.27 (m, 1H, GHllyl), 2.35 (td,J =
14.0, 7.2, 7.2 Hz, 1H, CHallyl), 3.05 (m, 1H, H-7), 3.34 (d] = 12.0 Hz, 1H, H-6), 4.06
(dd,J = 9.2, 7.2 Hz, 1H, H-2), 4.90 (§,= 8.8 Hz, 1H, H-2), 5.05-5.17 (m, 4H, 264,
5.18 (d,J = 12.4 Hz, 1H, Chibenzyl), 5.23 (dJ = 12.4 Hz, 1H, Chibenzyl), 5.51 (tJ =
8.0 Hz, 1H, H-3), 5.61-5.73 (m, 2H, 2CH=), 7.20& én, 10H, ArH);**C NMR (100.6
MHz, CDCk) & 36.3 (C-8), 36.4 (C-7), 42.6 (GHillyl), 54.3 (C-6), 59.1 (C-3), 67.1 (GH
benzyl), 68.6 (C-2), 94.5 (C-8a), 117.0, 120.2 ££)1125.6-128.6 (@, m, p), 131.6, 137.5
(CH=), 135.5, 139.8 (@), 167.7, 168.6 (COO, NCO)5a (minor): *H NMR (400 MHz,
CDCls, selected resonances?.11 (ddJ = 14.4, 8.4 Hz, 1H, H-8), 2.84 (m, 1H, H-7), 3.68
(dd,J = 4.0, 0.8 Hz, 1H, H-6), 3.94 (dd,= 8.8, 7.6 Hz, 1H, H-2), 4.55 (,= 9.2 Hz, 1H,
H-2), 5.53 (tJ = 8.0 Hz, 1H, H-3), 5.91 (ddd,= 17.6, 10.4, 7.2 Hz, 1H, CH=), 7.20-7.40
(m, 10H, ArH);™C NMR (100.6 MHz, CDGJ, selected resonances3.1 (C-8), 36.8 (C-
7), 42.0 (CH allyl), 54.0 (C-6), 58.2 (C-3), 67.3 (GHbenzyl), 68.5 (C-2), 94.8 (C-8a),
116.6, 119.2 (Cht), 131.6, 136.6 (CH=), 135.1, 140.4 {i3-166.8, 168.0 (COO, NCO);

HMRS calcd for [GeH27NO4 + H]: 418.2012, found: 418.2018.
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(3R,7R,8a%5)-6-(Benzyloxycar bonyl)-8a-(3-butenyl)-5-oxo-3-phenyl-7-vinyl-2,3,8,8a-
hexahydr o-5H-oxazol o[ 3,2-a]pyridine (15b). Operating as in the preparation4a, from
crude lactaml4b (0.34 mmol), vinylmagnesium bromide (1.7 M solatim THF, 0.86
mL), Cul (280 mg, 1.47 mmol), LiCl (62 mg, 1.47 mipcand TMSCI (186pL, 1.47
mmol) in THF (5 mL), lactami5b was obtained as a mixture of C-6 epimers (rati@3,7
123 mg, 68% overall yield from3b) after column chromatography (1:6 to 3:7 EtOAc-
hexane).15b (major): IR (NaCl) 1666, 1744nm™; *H NMR (400 MHz, CDC}, COSY,
HETCOR) 1.55 (ddd,J = 14.0, 10.8, 5.6 Hz, 1H, GH 1.75 (ddd, = 14.0, 11.2, 6.0 Hz,
1H, CHb), 1.96 (dd,J = 14.8, 10.4 Hz, 1H, H-8), 2.06 (m, 2H, §H2.30 (dd,J = 14.8, 6.0
Hz, 1H, H-8), 3.09 (m, 1H, H-7), 3.36 (@= 11.6 Hz, 1H, H-6), 4.00 (dd,= 8.4, 7.2 Hz,
1H, H-2), 4.43 (tJ = 8.4 Hz, 1H, H-2), 4.87-4.92 (m, 2H, &4, 5.06-5.25 (m, 4H, CH
benzyl, CH=), 5.46 (t,J = 7.6 Hz, 1H, H-3), 5.73-5.75 (m, 2H, CH=), 7.224 (m, 10H,
ArH): *C NMR (100.6 MHz, CDG) & 28.1 CH,CH,CH,=CH,), 36.3 (C-7), 36.6 (C-8),
37.3 (CHCH,CH,=CH;,), 54.1 (C-6), 59.1 (C-3), 67.1 (GHenzyl), 68.5 (C-2), 95.5 (C-
8a), 115.2 (Chk), 116.9 CH,=), 125.6-128.6 (@, m, p), 135.5 (Ci), 136.8, 137.6 (CH=),
139.7 (C#), 167.5 (COO), 168.5 (NCO}5b (minor): *H NMR (400 MHz, CDC}, selected
resonances) 2.84 (dt,J = 11.6, 11.6, 4.4 Hz, 1H, H-7), 3.68 (U5 2.8 Hz, 1H, H-6), 3.85
(t, J = 8.0 Hz, 1H, H-2), 4.50 (1] = 8.4 Hz, 1H, H-2), 4.83 (m, 2H, GH)), 5.06-5.25 (m,
5H, CH, benzyl, CH=, H-3), 5.93 (m, 1H, CH=)**C NMR (100.6 MHz, CDGJ, selected
resonancesd 28.0 CH,CH,CH,=CH,), 36.3 (C-7), 36.5 (C-8), 37.0 (GEH,CH,=CH,),
53.9 (C-6), 58.3 (C-3), 67.1 (GHbenzyl), 68.3 (C-2), 95.7 (C-8a), 114.7 (SH 116.6
(CH,=), 135.0 (CH, 136.9, 137.3 (CH=), 140.4 (§-166.7 (COO), 168.0 (NCO); HMRS

calcd for [G7H2oNO,4 + H]: 432.2169, found: 432.2173.

(3R, 7R,115)-6-(Benzyloxycar bonyl)-7,11-methano-5-oxo-3-phenyl-2,3,6,7,10,11-

hexahydr o-5H-o0xazol o[ 3,2-a]azocine (16a). Second-generation Grubbs catalyst (3 mg)
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was added to a solution of lactad®a (20 mg, 0.05 mmol) in CKl, (7 ml). The mixture
was stirred at rt for 2 h, concentrated, and padifoy flash column chromatography (1:9 to
1:4 EtOAc-hexane) to yield tricyclic lactab®a as a mixture of C-6 epimers (ratio 2:1, 16
mg, 80% vyield).16a (major): IR (NaCl) 1659, 1734 ¢ *H NMR (400 MHz, CDC},
HETCOR)3 2.30-2.45 (m, 3H, 2H-10, G 2.35 (ddJ = 12.0, 4.0 Hz, 1H, C}), 3.24 (d,
J=4.0 Hz, 1H, H-7), 3.67 (d,= 6.4 Hz, 1H, H-6), 4.00 (f = 8.8 Hz, 1H, H-2), 4.61 (]

= 8.4 Hz, 1H, H-2), 5.18 (d] = 12.4 Hz, 1H, Chbenzyl), 5.22 (dJ = 12.4 Hz, 1H, CHl
benzyl), 5.48 (tJ = 8.0 Hz, 1H, H-3), 5.64 (m, 1H, CH=), 5.76 (m,,1EH=), 7.05-7.20
(m, 10H, ArH);**C NMR (100.6 MHz, CDG)) & 31.8 (C-10), 34.4 (C-7), 36.1 (GH52.0
(C-6), 58.7 (C-3), 67.2 (CHbenzyl), 70.1 (C-2), 92.3 (C-11), 125.0-129.9 O, p,
CH=), 135.4, 139.2 (@), 164.2 (NCO), 169.7 (COOY6a (minor): *H NMR (400 MHz,
CDClg, selected resonances®.19 (dddJ = 12.4, 4.4, 1.6 Hz, 1H, H-10), 3.05 (br, 1H, H-
7), 3.53 (s, 1H, H-6), 4.02 (dd= 9.2, 7.6 Hz, 1H, H-2), 4.57 (,= 8.8 Hz, 1H, H-2), 5.45
(t, J = 7.6 Hz, 1H, H-3), 5.76 (m, 1H, CH=), 5.90 (m,,1EH=); *C NMR (100.6 MHz,
CDCls, selected resonancesB0.9 (C-10), 33.3 (C-7), 36.2 (GH 53.5 (C-6), 57.9 (C-3),
67.0 (CH benzyl), 70.1 (C-2), 92.4 (C-11), 164.5 (NCO), B6EC0O0); HMRS calcd for

[C24H23NO4 + H]: 390.1699, found: 390.1704.

(3R,7R,125)-6-(Benzyloxycar bonyl)-3-phenyl-7,12-methano-5-ox0-2,3,5,6,7,10,11,12-
octahydr ooxazol o[ 3,2-a]azonine (16b). Operating as described for the preparatiot6af
from lactamsl5b (90 mg, 0.21 mmol) and second-generation Grubbdysa (14 mg) in
CH.ClI, (30 mL), tricyclic lactanil6b was obtained as a mixture of C-6 epimers (ratig 2:
70 mg, 83% overall yield) after column chromatodmagl:9 to 1:4 EtOAc-hexane)6b
(major):IR (NaCl) 1658, 1738 cry *H NMR (400 MHz, CDC{, COSY, HETCORp 1.71
(ddd,J = 14.0, 12.0, 3.2 Hz, 1H, H-11), 2.05 (dinF 14.0 Hz, 1H, H-11), 2.13-2.20 (m,

4H, H-13, H-10), 3.09 (m, 1H, H-7), 3.47 @z= 1.6 Hz, 1H, H-6), 4.04 (dd, = 9.2, 8.4
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Hz, 1H, H-2), 4.46 (dd) = 9.2, 8.4 Hz, 1H, H-2), 5.19 (s, 2H, €benzyl), 5.39 (t) = 8.4
Hz, 1H, H-3), 5.85 (m, 1H, CH=), 6.06 (ddb= 11.6, 9.2, 2.8 Hz, 1H, CH=), 7.25-7.40 (m,
10H, ArH); **C NMR (100.6 MHz, CDG) & 22.5 (CH), 31.9 (C-7), 35.6 (C-11), 37.8
(CHy), 53.0 (C-6), 60.2 (C-3), 67.2 (GHbenzyl), 69.3 (C-2), 96.6 (C-12), 125.4-128.6 (C-
0, m, p), 131.7, 135.0 (CH=), 135.5, 139.0 {5167.0 (NCO), 170.7 (COO)6b (minor):

'H NMR (400 MHz, CDC}, selected resonances).75 (dtJ = 13.6, 13.6, 3.6 Hz, 1H, H-
11), 1.85 (dm, = 13.6 Hz, 1H, H-11), 1.97 (dnd,= 13.6 Hz, 1H, H-10), 2.27 (m, 1H, H-
10), 3.32 (m, 1H, H-7), 3.82 (d,= 9.6 Hz, 1H, H-6), 4.04 (§ = 7.6 Hz, 1H, H-2), 4.54 (dt,
J=8.8 Hz, 1H, H-2), 5.13 (s, 2H, GHenzyl), 5.50 (tJ = 8.0 Hz, 1H, H-3), 5.71 (ddd,=
11.6, 9.2, 2.8 Hz, 1H, CH=), 5.85 (m, 1H, CH¥C NMR (100.6 MHz, CDGJ, selected
resonances) 22.3 (CH), 30.8 (C-7), 33.9 (C), 39.2 (C-10), 51.9 (C-6), 58.9 (C-3), 67.1
(CH; benzyl), 68.8 (C-2), 96.2 (C-12), 130.7, 134.3 €H135.2, 139.2 (G}, 166.3

(NCO), 169.2 (COO); HMRS calcd for jg,sNO, + H]: 404.1856, found: 404.1860.

(3R,7S,115)-7,11-M ethano-5-oxo-3-phenyl-2,3,6,7,8,9,10,11-octahydr 0-5H-oxazol o[ 3,2-
alazocine (17a). Operating as in the preparation @, from lactamsl6a (110 mg, 0.28
mmol) and 10% Pd/C (20 mg) in MeOH (15 mL) for 48phre lactaml7a was obtained
(56 mg, 78% overall yield) after column chromatqdma (1:1.5 EtOAc-hexanefH NMR
(400 MHz, CDC}, HETCOR)0 1.50-1.70 (m, 3H, H-10, 2H-12), 1.72 (m, 1H, H-9)72
(dm,J =12.0 Hz, 1H, H-8), 1.83-1.93 (m, 2H, H-9, H-1R)04 (ddd,J = 12.0, 3.3, 1.5 Hz,
1H, H-8), 2.32 (dJ = 18.6 Hz, 1H, H-6), 2.54 (m, 1H, H-7), 2.67 (dd& 18.6, 7.8 Hz, 1H,
H-6), 3.95 (ddJ = 9.0, 7.8 Hz, 1H, H-2), 4.42 (dd,= 9.0, 7.8 Hz, 1H, H-2), 5.24 {,=
7.8 Hz, 1H, H-3), 7.20-7.43 (m, 5H, ArH)*C NMR (100.6 MHz, CDG) & 19.7 (C-9),
28.1 (C-7), 31.3, 34.3 (C-10, C-12), 36.8 (C-6),33&-8), 59.6 (C-3), 69.8 (C-2), 93.3 (C-
11), 125.5, 128.7 (®; m), 127.3 (Cp), 139.4 (CH, 170.1 (NCO)ja]* — 137.8 ¢ 0.4,

CHCI3); HMRS calcd for [GeH10NO, + H]: 258.1488, found: 258.1490.
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(3R,7S,12S)-7,12-M ethano-5-oxo-3-phenyl-2,3,5,6,7,8,9,10,10,11,12-decahydr ooxazol o-
[3,2-a]azonine (17b). Operating as described for the preparatioaffrom lactamsl6b
(60 mg, 0.13 mmol) and 10% Pd/C (27 mg) in MeOHin(3 for 48 h, pure lactarh7b was
obtained (28 mg, 83% overall yield) after colummarhatography (1:1.5 EtOAc-hexane):
'H NMR (400 MHz, CDC}, HETCOR)3 1.55-1.76 (m, 6H, Ch), 1.85-2.00 (m, 3H, C),
2.35 (m, 1H, CH), 2.39 (d,J = 18.0 Hz, 1H, H-6), 2.48 (m, 1H, H-7), 2.65 (dd= 18.0,
8.0 Hz, 1H, H-6), 3.98 (dd} = 8.4, 7.2 Hz, 1H, H-2), 4.48 (,= 8.8 Hz, 1H, H-2), 5.47 (t,
J=8.4 Hz, 1H, H-3), 7.20-7.35 (m, 5H, ArHfC NMR (100.6 MHz, CDG) & 23.5 (CH),
23.9 (CH), 26.1 (C-7), 35.7 (C-11), 37.2, 37.3 (g§H38.2 (C-6), 58.5 (C-3), 69.2 (C-2),

96.0 (C-12), 125.4-128.5 (6-m), 127.0 (Cp), 140.4 (Ci), 170.8 (NCO).

(1R,5R)-2-[(1R)-2-Hydr oxy-1-phenylethyl]-2-azabicylo[3.3.1]nonane (18a). LiAIH, (68
mg, 1.8 mmol) was slowly added to a suspensionlGiA80 mg, 0.58 mmol) in THF (8
mL) at 0 °C. After the mixture was stirred at 25f8€30 min and cooled to —78 °C, lactam
17a (60 mg, 0.23 mmol) in THF (2 mL) was slowly add&tie stirring was continued at —
78 °C for 90 min and at rt for 18 h. The reactioasvgquenched with water, the aqueous
layer was extracted with EtOAc, and the combinedaoic extracts were dried and
concentrated. The resulting oil was dissolved in,CIKH(7 mL), and then TiGI(0.11 mL,
0.98 mmol) and ESiH (97 L, 0.61 mmol) were added. The resulting mixture Wwaated
at reflux for 48 h, poured into saturated aqueoabl®IO;, and extracted with Ci€l,. The
combined organic extracts were dried and concentyaand the resulting residue was
chromatographed (EtOAc) to gik8a (24 mg, 48% overall yield): IR (NaCl) 3306 ctin
'H NMR (400 MHz, CDCY4,) 5 1.20-2.00 (m, 10H, H-4, H-6, H-7, H-8, H-9), 1.94, 1H,
H-5), 2.82 (m, 2H, H-3), 3.00 (m, 1H, H-1), 3.24,(&hH, OH), 3.73 (ddJ = 9.6, 4.8 Hz,

1H, H-2"), 3.75 (dd,) = 12.4, 4.8 Hz, 1H, H-2’), 3.86 (dddi= 12.4, 9.6, 4.8 Hz, 1H, H-1’),
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7.20-7.40 (m, 5H, ArH);*C NMR (100.6 MHz, CDG) & 19.2 (C-7), 24.5 (C-5), 28.4
(CHy), 29.3 (CH), 31.4 (CH), 31.6 (CH), 42.3 (C-3), 50.1 (C-1), 61.2 (C-2'), 68.8 (C51)
128.3, 128,6 (@, m), 127.7 (Cp), 138.0 (CH; HMRS calcd for [GeH2sNO + HI:

246.1852, found: 246.1846.

(1R,6R)-7-[ (1R)-2-Hydr oxy-1-phenylethyl]-7-azabicyclo[4.3.1]decane (18b). LiAIH 4 (75
mg, 1.9 mmol) was slowly added to a suspensionl@iA76 mg, 0.55 mmol) in THF (8
mL) at O °C. After the mixture was stirred at nt 89 min and cooled to —78 °C, lactditb
(60 mg, 0.22 mmol) in THF (2 mL) was slowly add&te stirring was continued at —78 °C
for 90 min and at rt for 3 h. The mixture was codle 0 °C, and the reaction was quenched
with water. The aqueous layer was extracted witdAet and the combined organic
extracts were dried and concentrated to give anwdiich was chromatographed (1:1.5
EtOAc-hexane) to afford8b (46 mg, 80% yield): IR (NaCl) 3193 c¢in*H NMR (400
MHz, CDCk, COSY, HETCORY 1.28-2.23 (m, 10H, C}, 2.03 (m, 1H, H-1), 2.65 (m,
1H, H-8), 2.75 (ddd) = 18.4, 8.4, 4.8 Hz, 1H, H-8), 3.11 (m, 1H, H-62B(br, 1H, OH),
3.70 (dd,J = 6.4, 5.6 Hz, 1H, H-1"), 3.77 (dd,= 10.4, 5.6 Hz, 1H, H-2’), 3.83 (dd,=
10.4, 6.4 Hz, 1H, H-2), 7.28-7.35 (m, 5H, ArHJC NMR (100.6 MHz, CDG) & 26.4
(CHy), 26.9 (CH), 28.0 (C-1), 29.7 (Ch), 31.0 (CH), 31.4 (CH), 36.5 (CH), 41.2 (C-8),
52.1 (C-6), 61.8 (C-2'), 66.1 (C-1'), 127.6-128@¢, m), 127.6 (Cp), 138.7 (Ci); [a]?% —

2.8 € 0.25, CHCY); HMRS calcd for [GH2sNO + H]: 260.2008, found: 260.2010.

(1R,5R)-2-(tert-Butoxycar bonyl)-2-azabicyclo[3.3.1]nonane  (19a). Operating as
described in the preparation Hfa, from 18a (20 mg, 0.08 mmol), diert-butyl dicarbonate
(27 mg, 0.12 mmol) and 20% Pd(QH} (10 mg) in MeOH (5 mL) for 48 h, compound
19a was obtained (11 mg, 61% vyield) after flash chrivogaraphy (1:99 to 5:95 EtOAc-

hexane): IR (NaCl) 1693 cth *H NMR (400 MHz, CDCJ, HETCOR) & 1.20-1.90 (m,
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10H, H-4, H-6, H-7, H-8, H-9), 1.46 [s, 9H, (QkC], 2.00 (m, 1H, H-5), 3.50 (m, 2H, H-
3), 4.00, 4.18 (2m, 1H, H-1)C NMR (100.6 MHz, CDG) 5 19.1, 19.7 (C-7), 24.5, 24.8
(C-5), 28.4, 28.8 (Ch), 28.5 [CCH3)s], 30.3, 31.0 (Ch), 31.1, 31.3 (Ch), 31.9, 32.2
(CH,), 39.7, 40.8 (C-3), 46.2, 47.2 (C-1), 78®CHs)s], 155.9 (COO){a]*p — 14.6 €

0.9, CHC}); HMRS calcd for [GsH23NO, + H]: 226.1788, found: 226.1794.

(1R,6R)-2-(tert-Butoxycar bonyl)-7-azabicyclo[4.3.1]decane  (19b).  Operating as
described in the preparation Iifa, from 18b (45 mg, 0.17 mmol), diert-butyl dicarbonate
(66 mg, 0.3 mmol) and 20% Pd(QH) (17 mg) in EtOAc (10 mL) for 48 h, compound
19b was obtained (129 mg, 73% vyield) after flash chatography (1:99 to 5:95 EtOAc-
hexane): IR (NaCl) 1692 ¢t *H NMR (400 MHz, CDCJ, COSY, HETCOR) 1.40-1.80
(m, 9H, CH), 1.45 [s, 9H, (Ch)sC], 1.86 (m, 1H, CH), 2.14 (m, 1H, H-1), 3.13, 3.19 (2d,
J=12.0 Hz, 1H, H-8), 3.78, 3.84 (2dth= 12.0 Hz, 1H, H-8), 4.24, 4.39 (2s, 1H, H¥L
NMR (100.6 MHz, CDGJ) 6 27.2 (C-1), 28.5 [tH3)sC], 30.8 (CH), 30.9, 31.3 (Ch),
32.8, 33.3 (CH), 34.9, 35.8 (Ch), 37.5, 38.5 (C-8), 48.3, 49.5 (C-6), 78.9 [({€],

155.5, 155.8 (COO)HMRS calcd for [GsHosNO, + H]: 240.1958, found: 240.1958.

(1S,6R)-7-[(1R)-2-Hydr oxy-1-phenylethyl]-7-azabicyclo[4.3.1]decan-8-one (20). TiCl,
(166 pL, 0.88 mmol) and BBiH (88 uL, 0.55 mmol) were added to a solution of lactam
17b (60 mg, 0.22 mmol) in C}Cl, (4 mL), and the resulting mixture was heated fitixe
for 20 h. The mixture was poured into saturatedeags NaHC®@ and extracted with
CH.Cl,. The combined organic extracts were dried and exnated, and the resulting
residue was chromatographed (1:9 EtOAc-hexane @AE) to give recovered compound
17b (20 mg) and alcohd®0 (29 mg; 73% yield based on consunigd): IR (NaCl) 3400,
1615 cm*; *H NMR (400 MHz, CDC}, COSY, HETCOR) 1.60 (m, 5H, Ch), 1.84 (m,

3H, CH), 2.03 (dt,J = 12.3, 6.0, 6.0 Hz, 1H, H-10), 2.36 (= 17.7 Hz, 1H, H-9), 2.42
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(m, 1H, H-1), 2.68 (dd) = 17.7, 7.8 Hz, 1H, H-9), 3.64 (d= 4.8 Hz, 1H, H-6), 4.07 (ddd,
J=12.0, 6.9, 2.4 Hz, 1H, H-2'), 4.30 (dii= 12.0, 6.9 Hz, 1H, H-2'), 4.64 (dd= 6.9, 2.4
Hz, 1H, H-1), 7.27-7.31 (m, 5H, ArH}*C NMR (100.6 MHz, CDG)) 5 24.3, 24.9 (Ch),
28.3 (C-1), 32.1 (C-10), 33.0, 34.8 (9H39.2 (C-7), 56.7 (C-6), 64.5 (C-2’), 65.6 (C51)
127.4, 128.6 (@, m), 127.4 (Cp), 137.2 (Ch), 172.6 (NCO){a]?s + 53.7 € 0.2, CHCY);
Mz 275 (M+2, 22), 274 (M+1, 100), 272 (1), 258 (256 (4), 255 (2), 243 (1), 242 (3);

HMRS calcd for [G/H23NO, + H]: 274.1790, found: 274.1801.

(1S,6R)-7-Azabicyclo[4.3.1]decan-8-one (21). Into a three-necked, 100 mL round-
bottomed flask equipped with a coldfinger conderd®marged with dry ice-acetone were
condensed 10 mL of NHat —78 °C, and a solution 80 (30 mg, 0.11 mmol) in THF (3
mL) was added. The temperature was raised to —38fiCthen sodium metal was added in
small portions until the blue color persisted. Thixture was stirred at —33 °C for 1 min.
The reaction was quenched by addition of solid,GIHuntil the blue color disappeared, and
then the mixture was stirred at rt for 4 h. Theuh@&sg residue was digested at rt with
CH.Cl,, and the suspension was filtered throw CBlitand concentrated. Flash
chromatography (1:9 EtOAc-hexane to 95:5 EtOAc-M¢Gifforded 21 (19 mg, 90%
yield): IR (NaCl) 1664, 3190 cth *H NMR (400 MHz, CDC}, COSY, HETCOR) 1.20-
1.77 (m, 7H, CH), 1.84 (br,J = 14.4 Hz, 1H, Ch), 1.98 (m, 2H, CH), 2.17 (d,J = 16.8
Hz, 1H, H-9), 2.35 (m, 1H, H-1), 2.43 (d#i= 16.8, 6.0 Hz, 1H, H-9), 3.86 (d,= 4.0 Hz,
1H, H-6), 6.15 (br,1H, NH)**C NMR (100.6 MHz, CDG) & 24.3 (CH), 26.3 (CH), 27.7
(C-1), 28.9 (CH), 35.3 (CH), 35.6 (CH), 39.4 (C-9), 50.8 (C-6), 172.6 (NCQu]*p +

46.9 € 0.8, CHC}); HMRS calcd for [GH1sNO + H]: 154.1225, found: 154.1226.
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