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Nickel-Catalyzed Preparation of Bicyclic Heterocycles:
Total Synthesis ' of (+)-Allopumiliotoxin 267A, (+)-Allopumiliotoxin 339A, and
(+)-Allopumiliotoxin 339B

Xiao-Qing Tang and John Montgomery*
‘Department of Chemistry, Wayne State University, Detroit, MI 48202-3489

Experimental Section

All reagents were used as received unless otherwise noted. Tetrahydrofuran (THF) was
freshly distilled from sodium/benzophenone-ketyl. Dichloromethane and triethylamine were
distilled from calcium hydride. Ni(COD), was stored and weighed in an inert atmosphere

glovebox. All reactions were conducted in flame-dried glassware under an argon atmosphere.

General procedure for the Ni(COD); / PBu3z catalyzed cyclization of ynals:

"To a solution of Ni(COD), (0.1-0.2 equiv.) in THF was added dropwise PBu3 (0.2-0.4 equiv.) at
rt. After 5 min at rt, the solution was cooled to 0 °C with an ice-bath and Et3SiH (5 equiv.) was
added dropwise. Then a solution of ynal in THF was added dropw.ise. The reaction mixture was
stirred at the indicated fempera’ture until TLC analysis indicated disappearance of the ynal. The
_reaction mixture was quenched with saturated NaHCO3 at rt and was extracted twice with EtO.

The ‘combined organic layers were washed with brine, dried over NazSQy, filtered, and

concentrated, and the residue was purified by column chromatography on silica gel.
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(2R*, 9a8*)-3-[(E)-Benzylidene]-2-(triethylsilyloxy)octahydroquinolizine (6a).
Following the general procedure at 45 °C,_Sa (241 mg, 1.0 mmol), Et3SiH (0.80 mL., 5.0 mmol),
Ni(COD); (27 mg, 0.1 mmol), and PBu3 (50 uL, 0.2 mmol) were employed to give ‘6a (303 mg, -
85%) and 7a (25 mg, 7%) as colorless oils after chromatography (EtpO/pet ether: 3/2). |H NMR
(400 MHz, CDCI3) 8 0.67 (q, J = 8.0 Hz, 6H), 1.00 (t, J = 8.0 Hz, 9H), 1.20-1.36 (m, 2H),
1.46-1.61 (m, 4H), 1.70 (br d, J = 12.0 Hz, 1H), 1.88 (ddd, J = 12.0, 5.2, 2.4 Hz, 1H), 1.93-
2.00 (m, 2H), 2.48 (d, J = 12.4 Hz, 1H), 2.79 (d,J = 11.2 Hz, 1H), 3.85(d, J = 12.4 Hz,
1H), 4.20 (ddd, J = 11.2, 5.2, 1.6 Hz, 1H), 6.69 (s, 1H), 7.17-7.22 (m, 3H), 7.28-7.32 (m,
2H); 13C NMR (100 MHZ, CDClI3) 6 4.9, 6.9, 23.9, 25.5, 32.6, 43.9, 55.7, 60.9, 71.7, 120.8,
126.1, 127.9, 129.1, 137.6, 139.6; IR (film) 2936, 2873, 2746 cm-!; EIMS m/z (relative
intensity) 357 (M+; 56), 328 (12), 266 (12), 225 (100), 199 (22); HRMS éalcd for CooH3s5NOSi
(M) 357.2488, found 357.2485. On irradiatibn of the C-2 proton at d 4.20, NOEs were observed
on the C-4 axial proton at § 2.48 (2%), C-1 equatorial proton at § 1.88 (3%), and C-9a axial
proton at § 1.97 (2%), confirming that the C-2 proton is axial, which was also in accord with g
NMR analysis; coupling constants of vicinal 2-H/1-H,x and 2-H/1-Heq were observed at 11.2 and

52 HZ, respectively, the former of which confirms a trans diaxial relationship between the two

corresponding protons.
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28#*, 9aS*)-3-[(E)-Benzylidene]-2-(triethylsilyloxy)octahydroquinolizine (7a).
IH NMR (500 MHz, CDCl3) § 0.62 (g, J = 8.0 Hz, 6H), 0.97 (t, J = 8.0 Hz, 9H), 1.20-1.35
(m, 2H), 1.54-1.62 (m, 4H), 1.71-1.73 (m, 1H), 1.78 (dt, J = 13.5, 2.8 Hz, 1H), 2.08-2.14 (m,
1H), 2.42 (m, 1H), 2.75 (d, J = 11.0 Hz, 1H), 3.00 (d, J = 12.5 Hz, 1H), 3.62 (d, J = 12.5 Hz,
1H), 4.33 (t, J = 2.5 Hz, 1H), 6.42 (s, 1H), 7.19 (d, J = 7.5 Hz, 2H), 7.22 (t, J = 7.5 Hz, 1H),
7.31 (t, J = 7.5 Hz, 2H); 13C NMR (125 MHz, CDCl3) § 5.0, 6.9, 24.4, 25.7, ‘32.9, 42.6, 52.4,
56.0, 56.3, 72.8, 125.6, 126.”6, 128.0, 129.1, 136.6, 139.7; IR (filrn) 2936, 2873, 2802 cm-L.
EIMS m/z (relative intensity)”3‘57 (M, 25), 328 (4), 266 (15), 225 (67), 199 (60), 84 (100);
HRMS calcd for CooH35NOSi (M) 357.2488, found 357.2489. On irradiation of the C-2 proton
at 8 4.33, NOEs were obscrved on the C-10 olefinic proton at‘6 6.42 (10%) and C-1 axial proton

at 8 1.78 (2%), confirming that the C-2 proton is equatorial.

;I osig
6b
(2R*, 9aS*)-3-[(E)-Heptylidene]-2-(triethylsilyloxy)octahydroquinolizine (6b).
Following the general procedure at 45 °C, 5b (175 mg, 0.70 mmol), Et3SiH (561 uL, 3.51
mmol), Ni(COD); (20 mg, 0.073 mmol), aﬁd PBu3 (35 uL, 0.14 mmol) were employed to give
6b (212 mg, 83%) as a colorless oil after chromatography (EtOAc/Hexanes: 1/4). 1H NMR (400
| MHz, CDCl3) 6 0.60 (q, J = 8.0 Hz,.6H), 0.86 (t, J =6.8 Hz, 3H), 0.95 (t, J = 8.0 Hz, 9H),

1.24-1.40 (m, 12H), 1.53-1.72 (m, 4H), 1.76 (ddd, J = 12.0, 7.2, 2.4 Hz, 1H), 1.84-2.10 (m,
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3H), 2.31 (br d, J = 12.4 Hz, 1H), 2.87 (br d, J =11.6 Hz, 1H), 3.57 (d,J= 12.4 Hz, 1H), 3.99
(dd, J = 1‘1.2, 3.6 Hz, 1H), 5.54 (t,J = 7.2 Hz, 1H), 13C NMR (100 MHz, CDCl3) 5 4.9, 6.9,
14.1, 22.6, 24.0, 25.5, 26.9, 28.9, 29.9, 31.8, 32.6, 44.0, 55.3, 55.9, 61.1, 71.5, 120.9,
135.9; IR (film) 2929, 2851, 2731, 1661 cml; EIMS m/z (relative intensity) 365 (M, 36); 336
(33), 294 (11), 280 (46), 266 (14), 234 (45), 176 (37), 162 (82), 84 (100); HRMS calcd for
C9pH43NOSi (M*) 365.3114, found 365.3138.

7CT:/VI3/1O
8 I'l. . .
2 "OSiEt,

9 H 1

| 6c |
(2R*, 9aS*)-3-(Met_hylidené)-2-(friethylsilyloxy)octahydroquinolizine (6¢).
Following the general procedure at 45v °C, 5¢ (83 mg, 0.5 mmol), Et3SiH (0.40' mL, 2.5 mmol),
Ni(COD); (15 mg, 0.06 mmol), and PBus (30 puL, 0.12 mmol) were employed to give 6¢c (114
mg, 81%) as a colorless oil after chromatography (CH>Clp/MeOH/NH3: 92/8/0.1). lH NMR (500
MHz, CDCls) 8 0.61 (q, J = 8.0 Hz, 6H), 0.96 (t, J = 8.0 Hz, 9H), 1.19-1.42 (m, 4H), 1.56- |
1.62 (m, 2H), 170 (dt, J = 12.0, 2.5 Hz, 1H), 1.81 (ddd, J = 12.0, 5.5, 2.5 Hz, 1H), 1.90 (br t,
J =10.5 Hz, IH), 1.94-1.99 (m, 1H), 2.60 (d, J = 12.0-Hz, 1H), 2.86 (dt, J = 11.0, 1.5 Hz,
1H), 3.26 (d,/J = 12.0 Hz, 1H), 4.04 (ddt, J = 11.0, 5.5, 2.5 Hz, 1H), 4.87 (d, J = 1.0 Hz, 1H)," |
5.10 (t, J = 1.0 Hz, 1H); 13C NMR (125 MHz, CDCl3) § 4.8, 6.9, 24.0, 25.5, 32.7, 44.0, 55.7,
61.0, 61.4, 71.2, 106.9, 146.6; IR (film) 2936, 2880, 2739, 1661 cm-l; EIMS m/z (relative
intensity) 281 (M*, 19), 266 (6), 252 (22), 149 (100); HRMS calcd for C1gH31NOSi (M™)
2812175, found 281.2175. |

Si(CHaj)3
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(2R*, 9aS*)‘-2-(Triethylsilyloxy)-S-[(E)-trimethylsilylinethylidene]octa-
hydroquinolizine (6d). Following the general procedure at 45-°C, 5d (118 mg, 0.5 mrhol),
Et3SiH (0.40 mL, 2.5 mmol), Ni(COD); ( 1'4 mg, 0.05 mmol), and PBus (25 uL, 0.1 mmol) were
employed to give 6d (163 mg, 93%) as a colorless oil after chromatography (EtOAc/HeXénes:
1/4). TH NMR (500 MHz, CDCl3) § 0.12 (s, 9H), 0.61 (q, J = 8.0 Hz, 6H), 0.96 (t, J = 8.0 Hz,
9H), 1.21-1.44 (m, 3H), 1.56-1. 61‘(m 3H), 1.69 (br d, J = 12.5 Hz, 1H), 1.79 (ddd, J:=12 0,
5.0, 2.5 Hz, 1H), 1.9-2.02 (m, 2H), 2.52 (brd, J = 125Hz 1H), 2.83 (d, J = 11.0 Hz, 1H),
3.48 (d, J = 12.5 Hz, 1H), 398 (dd, J ='11.5, 5.0 Hz, lH) 5.66 (s, 1H); 13C NMR (125 MHz,
CDClI3) 8 0.4, 4.9, 6.9, 238 25.4, 32.3, 43.6, 55.7, 598 610 72.5, 118.2, 154.1; IR (film)
2950, 2880, 2731, 1633 cm,l;’ EIMS m/z.(relatlve 1nten31ty) 353 (M*, 20), 338 (14), 324 (20),
280 (66), 221 (100), 148 (43), 122 (20), 84 (55); HRMS caled for C19H39NOSiy (M+)
353.2570, found 353.2569. | |

7

1
H " Osikt,
9a

(1R, laS)-2-[(E)-Benzylidene]-1-(triethylsilyloxy)hexahydropyrrolizine (9a).
Following the general procedure at 50 °C, the ynal substrate [crude, 205 mg, 0.96 mhol, obtained
from Swern oxidation of 8a (217 mg, 1.0 mmol) and used without puriﬁcation]‘, Et3SiH (Q.SO
mL, 5.0 mmol), Ni(COD); (55 mg, 0.2 mmol), and PBu3 (100 pL, 0.4 mmol) were employed to
give 9a (181 mg, 55%) as a pale-yellow oil after chromatography (CH,Clo/MeOH/NH3:
90/10/0.1). 'H NMR (500 MHz, CDCl3) § 0.69 (q, J = 8.0 Hz, 6H), 1.01 (t, J = 8.0 Hz, 9H),
'1.61-1.68 (m, 1H), 1.81-1.89 (m, 2H), 2.07-2:13’ (m, 1H), 2.57 (ddd, J = 10.0, 8.0, 7.0 Hz,
1H), 3.11 (ddd, J = 9.5, 7.0, 5.0 Hz, 1H), 3.31 (dd, J = 8.0, 6.0 Hz, 1H), 3.54 (dd, J=157,
2.2 Hz, 1H), 4.14 (br d, J = 15.5 Hz, 1H), 437(brd J =5.0 Hz, 1H), 6.51 (dd, J—15 0.6
Hz, 1H), 7.21 (d, J = 7.5 Hz, 2H), 7.23 (t, J = 75Hz 1H), 7.35 (t J=7.5Hz, 2H) 13C NMR
(125 MHz, CDCl3) § 5.1, 6.9, 25.5, 29.3, 5»»5.3,:55.7, 70.2, 80.3, 123.2, 126.7, 128.3, 128.6,
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137.1, 145.0; IR (film) 2957, 2873, 1682 cml; EIMS m/z (relaﬁve intensity) 329 (M, 24), 300
(9), 260 (100), 231 (26), 129 (49), 103 (40), 87 (43); HRMS-calcd for CooH31NOSi (M*)
329.2175, found 329.2175. On irradiation}of the C-1 proton ét d 4.39, NOEs were observed on

| the C-8 olefinic proton at § 6.51 (2%), one of the two C-3 protons at ) 4.1'4 (3%), and one of the
two C-7 protons at d 1.65 (3%); no NOE was observed on the C-7a proton at 6 3.31, ‘éonﬁrnﬂng

the trans relationship between the C-1 proton and the C-7a proton.

N

2
"H' OSiEt,
9b
(1R, laS)-Z-[(E)-Ethylidene]-1-(triet.hyls‘ilyloxy)hexahydropyi’rolizine (9b).
Followingn the general procedure at 45 °C, thelynal substrate [crude, 151 mg, 1.0 mmol, obtained
from Swern oxidatidn of Sb (153 mg, 1.0 mmol) and used without purification], Et3SiH (0.8 mL,
'5V.0 mmol), Ni(COD); (55 mg, 0.2 mmol), and PBuj (100 uL, 0.4 mmol) were employed to give
9b (112 mg, 42%) as a pale-yellow oil after chromatography (CH,Cl/MeOH/NH3: 90/10/0.1).
1H NMR (400 MHz, CDCl3) 8 0.58 (q, J = 8.0 Hz, 6H), 0.92 (t, J = 8.0 Hz, 9H), 1.57-1.67 (m,
1H), 1.70 (br d, J = 7.2 Hz, 3H), 1.95 -.2.14 (m, 2H), 2.28-2.36 (m, 1H), 2.59-2.67 (m, 1H),
3.53 (d, J = 14.4 Hz, 1H), 3.86-3.93 (m, 1H), 4.04 (qd; J= 14.4, 2.8 Hz, 1H), 4.23 (br s, 1H),
430 (brdd, J = 14.2; 5.6 Hz, lHj, 5.81 (br q, J = 7.2 Hz, 1H); 13C NMR (100 MHz, CDCl3) 6
4.9, 6.9, 14.8, 25.1, 29.0, 52.0, 55.6, 73.1, 77.4, 125.6, 134.6; IR (filmj 2922, 2816, 2746,
1647 cmrl; EIMS m/z (relatiive intensity) 267 (M, 43), 252 (4), 238 (21), 198 (38), 183 (65),
169 (35), 103 (100); HRMS calcd for C15H9NOSi (M) 267.2018, found 267.2018.

5 3

N

2 8
1

" H  osikt,
9c

(1R, 1aS)-2-[(E)-Heptylidene]-1-(triethylsilyloxy)hexahydropyrrolizine (9c¢).

Following the general procedure at 45 °C, the ynal substrate [crude, 120 mg, 0.54 mmol, obtained
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frérh Swern oxidation of 8¢ (124 mg, 0.56 mmel) and used Withput purification], Et3SiH (434
uL, 2.72 mmol), Ni(COD); (30 mg, 0.1 1. mmol),}and PBu3b (54 uL, 0.22 mmol) weré' employed
to give 9¢ (93 mg, 51%) as a colorless oil after chror'n‘atography (CH,Cl,/MeOH/NH3:
90/10/0.1). 'H NMR (400 MHz, CDCl3) 8 0.62 (q, J = 8.0 Hz, 6H), 0.87 (t, J = 7.2 Hz, 3H),
0.96 (t, J = 8.0 Hz, 9H), 1.25-1.37 (m, 10H), 1.51-1.60 (m, 1H), 1.82-1.89 (m, 1H), v1.92-2:.0‘3
(m, 1H), 2.05-2.13 (m, 1H), 2.52 (dt, J =10.0, 7.2 Hz, 1H), 3.23 (d, J = 12.8 Hz, 1H), 3.25'(t,
 J=17.6Hz, 1H), 3.41 (dd, _'J'= 12.0, 6.4 Hz, 1H), 3.92 (d, J = 14.4 Hz, 1H), 414 (d,J=48
Hz, 1H), 5.50 (tq, J = 7.2, 1.6 Hz, IH); 13C NMR (100 MHz, CDCl3) 8 4.9, 6.7, 14.0, 22.5,
25.3, 28.9, 29.2, 31.6, 53.0, 55.5, 72.2, 78.4, 127.2, 138.4; IR (film) 2957, 2929, 2873, 1689
cm-1; EIMS m/z (relative intensity) 337 (M+, 87), 308 (17), 278 (65), 19-8 (63), 103 (100);
HRMS caled for CooHagNOSi (M+) 337.2801, found 337.2796. On irradiation of the C-1 proton .
at 8 4.14, NOE's were observed on the C-8 olefinic proton at 8 5.50 (2%) and one of the two C-7
protons at 8 1.56 (4%). No NOE was observed on the C-7a proton at 8 3.41, confirming the'traﬁs

relationship between the C-1 proton and the C-7a proton.

H 2.

(S8R ,SaS)-7-[(E)-Butylidene]-8-(t.rietvhylsilyloxy)octahydroindolizine‘ (12).
Following the general pro;:edure at 45 °C, the ynal substrate [crude, 197 mg, 1.0 rhmol, obtained
from Swern oxidation of 11 (195 mg, 1.0 mmol) and used without purification], Et3SiH (0.4 mL,
5.0 mmql), Ni(COD); (55 mg, 0.2 mmol), and PBu3 (100 uL, 0.4 mmol) were employed to give
12 (167 mg, 54%) as a corlorless oil after chromatography (CHpClp/MeOH/NH3: 92/8/0.1). 1q

- NMR (500-MHz, CDCl3) $ 0.64 (q,J = 80 Hz, 6H),A0.9O (t, J = 7.5 Hz, 3H), 0.97 (t, J = 8.0
Hz, 9H), 1.38 (sextet, J = 7:5 Hz, 2H), 1.54-1.61 (m, 1H), 1.65-1.73 (m, 1H), 1.74-1.80 (m,
1H), 1.82-1.88 (m, IH), 1.92 (td, J = '11.5, 2.5 Hz, 1H), 1.99-2.06 (m, 4H), 2.16 (g, J = 9.0
Hz, 1H), 2.64(dt, J = 14.0, 2.5 Hz, 1H), 3.03-3.07 (ddd, J = 11.0, 4.5, 2.0 Hz, 1H), 3.09 (td,
J=9.0,18 Hz, IH), 3.83 (d, J = 9.0 Hz, 1H), 5.53 (t, J = 7.5 Hz, 1H); 13C NMR (125 MHz,
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CDCl3) § 4.9, 6.9, 13.8, 21.2, 23.2, 27.4, 29.1, 29.3, 52.3, 53.9, 71.6, 76.7, 120.1, 138.1; IR
(film) 2957, 2872, 2788 cm!; EIMS m/z (relative intensity) 309 (M*, 37), 280 (33), 266 (17),
211 (7), 178 (18), 164 (59), 84 (100); HRMS calcd for C13H35NOSi"‘(M.+) 309.2488, found
309.2488. On irradiation of the C-8 proton at d 3.83, an NOE was observed on the C-1 axial
proton at § 1.58 (1%); no NOEs were observed on the C-8a proton at & 1.77 and the C-9 Q_lefinig

proton at 8 5.53, confirming the trans relationship between the C-8 proton and the C-8a proton.

Ph

" OSiEt,

15

(7k,SaS)-6-[(E)-Benzylidene]-7-(triethylsilyoxy)octahydroindolizine (15). PBu3
(68 uL, 0.27 mmol) was added dropwise by syringe to a solution of Ni(COD); (38 mg, 0.14
mmol) in THF (20 mL) at rt under an atmosphere of argon. After 5 min, Et3SiH (542 uL, 3.39
mmol) was added dropwise. The mixture was cooled to 0"°C with an ice-bath and a solution of 13
(154 mg, 0.68 mmol) in THF (2 mL) was added dropwise. The reaction mixture was then stirred
at 0 °C for 48 h. Upon the completion of the reac;'tion.by TLC analysis, the mixture was diluted
with EtpO, washed with saturated aqueous NaHCO3, brine, dried over NapSOy4, and ﬁltefed. After
concentration under reduced pressure, the residue was purified by célumn chromatography on
silica gel (CHpClp/MeOH/NH3: 95/5/0.1) to give product 15 (208 mg, 89%) as a colorless oil. g
NMR (500 MHz, CDCl3) 8 0.68 (q, J = 8.0 Hz, 6H), 1.01 (t, J = 8.0 Hz, 9H), 1.44-1.50 (m,
2H), 1.68-1.76 (m, 1H), 1.79-1.89 (m, 2H), 2.09-2.15 (m, 2H), 2.16-2.22 (m, 1H), 2.58 (d, J
= 12.0 Hz, 1H), 2.95 (dt, J = 2.5, 8.5 Hz, 1H), 4.11 (d, J = 12.5 Hz, 1H), 4.25 (ddd, J = 2.0,
5.0, 11.0 Hz, 1H), 6.78 (s, 1H), 7.20 (m, 3H), 7.31 (m, 2H); 13C NMR (125 MHz, CDCl3) 8
4.9, 6.9, 22.0, 30.0, 41.1, 51.5, 53‘._1, 62.5, 72.2, 121.8, 126.2, 127.9, 129.1, 137.7, 139.2;
IR (film) 2957, 2873, .2781,. 1598 cm'l;. EIMS m/z (relative in_ténsity) 343 (M, 1), 218 (7), 189

(33), 92 (100); HRMS calcd for C21H33NOSi (M*) 343.2331, found 343.2329.
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1 H s
16

(7R,SaS)-6-[(E)-Ethylidene]-7-(triéthylsilyoxy)octahydroindolizine (16). PBuj

. (100 uL, 0.40 mmol) was added dropwise by syringe to a solution of Ni(COD); (28 mg, 0.10
mmol) in THF (10 mL) at rt under an atmosphefe of argon. Aftér 5 min, Et3SiH (400 uL, 2.50
mmol) was added dropwise. The mixture was cooled to 0 °C with an ice-bath and a solution of 14
(83 mg, 0.50 mmol) in THF (2 mL) was added drbpwise. The reaction mixture was then stirred at

| 0 °C for 24 h. Upon the completion of the reaction by TLC analysis, the mixture was diluted with
| EtrO, washed with saturated .aqueous NaHCO3, brine, dried over NazSOy4, and filtered. After
concentration under reduced pressure, the residue was purified by column chromatography on
silica gel (CH2C12/MCOH/NH3Z 95/5/0.1) to g‘ive product 16 (130 mg, 92%) as a colorless oil as a
mixture of two diastereomers (97:3 dr). lH NMR (500 MHz, CDCl3) & 0.61 (q, J = 8.0 Hz, 6H),
0.95 (t, J = 8.0 Hz, 9H), 1.28 (q, J = 17.3 Hz, 1H), 1.39-1.47 (m, 1H), 1.66 (d, J = 7.0 Hz,
3H), 1.70-1.76 (m, 1H), 1.79-1.88 (m, 2H), 2.00 (ddd, J = 2.5, 5.0, 11.6 Hz, 1H), 2.06-2.12
(m, 1H), 2.14 (q, J = 8.5 Hz, 1H), 2.35 (d, J = 12.0 Hz, 1H), 3.03 (dt, J = 2.5, 8.5 Hz, 1H),
3.90 (d, J = 12.0 Hz, 1H), 4.02 (dquint, J = 11.0, 2.0 Hz, 1H), 5.67 (br q, J = 7.0 Hz, 1H); 13C
NMR (125 MHz, CDCls) § 4.8, 6.9, 12.6, 22.0, 30.0, 41.3, 50.4, 53.1, 62.7, 72.0, 115.5,
‘ 13675;‘ IR (film) 2957, 2880, 2781, 1668 cm!; EIMS m/z (relative intensity) 281 (M*, 10), 230

(13), 266 (8), 252 (21), 149 (100); HRMS calcd for C;6H3NOSi (M*) 281.2175, found
281.2173. On irradiation of the C-7 proton at & 4.02, an NOE was observed on the C-8 equatorial

proton at & 2.00 (2%). The C-8 axial proton at & 1.28 appears as a quartet (J = 11.5 Hz) which

confirms the axial position of 7-H.
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CH,

H I~
HsC OH

(25)-2-[(R)-1-(Hydroxy)-1-(trimethyisilylethoxymethoxymethyl)ethyl]-N-[2'-
butynyl]pyrrolidine. A degassed so}utien of 273¢ (1.00 g, 3.32 mmol) and KOH (4.38 g,
85% purity, ;66.4 ﬁlmol) in EtOH ( 15 mL) and H>O (3 mL) was stirred at 80 °C for 16 h under
argon. Upon cooling to rt, EtOH was remoyed under reduced pressure, and the residue was
extracted twice with THF. The céﬁlbined organic layers were dried over K7CO3 and filtered. After
evaporation of the solvent, the remain-ing"residue was dried under vacuum: and then Wae dissolved
in dry THF (20 mL) To this solutlon was ‘added:i- PerEt (.16 mL, 6.67 mmol) followed by the
addition of a solution of 1 bromo 2-butyne (320 pL, 3.65 mmol) in THF (2 mL). The reaction
mixture was then stirred at rt under argon for 48 h and was quenched with saturated aqueous
NaHCO3. The mixture was extracted twice w1th EtyO, washed with brine, and dried over Na2804
and filtered. After evaporatlon of the solvent, the residue was purified by column chromatography
on silica gel (EtOAc/Hexanes: 2/3) fo give the product (0.99 g, 91%) as a colorless oil. IH NMR
(400 MHz, CDCl3) § 0.13 (s, 9H), 1.06 (m, 2H); 1.25 (s, 3H), 1.79-1.93 (m, 8H), 2.84;2.90
(m, 1H), 3.03 (m, 1H), 3.10-3.15 (m, 1H), 3.45-3.73 (m, 6H), 4.79 (s, 2H); 13C NMR (1‘00 ,
MHz, CDCl3) § -1.0, 3.6, 18.0, 20.7, 24;9, 271, 45.1, 54‘.5, 6,5;3,65,9, 73.6, 74.6, 75.7,
79.3, 95.3; IR (film) 3459, 2958, 2928, 2873 cm-1; CIMS m/z (relative intensity) 328 (MH*, 70),
312 (3), 288 (6), 210 (18), 122 (100);‘EIMS m/z (relative intensity) 312 (M+-Me, 1), 210 (3), 122

(100); HRMS calcd for C17H33N03Si (M+) 327.2230, found 327.2225.
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(25)-2-[(R)-1-(Benzyloxy)-1-(trimethyvlsilylé'thoxymethoxymethyl)ethyl]-N-[2'-
bhtynyl]pyrrolidine. To a stirred cold (0 °C) suspension of KH (35% suspension in mineral
oil, 525 mg, 4.59 mmol) in THF (10 mL) was added dropwise a solution of the alcohol derivative
(1.00 g, 3.06 mmol) in THF (10 mL) under argon. Benzyl bromide (727 uL, 6.11 mmol) was
theh >added dropwise-via a syringe. The reaction mixture was stirred at rt for 3 h and was then
carefully quenched with water at 0 °C. The mixturé was extracted twice with EtoO, washed with
brine, dried over NapSQOy, and filtered. After evaporation of the solvent, the residue was purified
by column chromatography on silica gel (EtOAc/Hexanes: 1/4) to give the product (1.09 g, 86%)
as a colorless oil. [0]23p -49.6° (¢ 1.05, CHCl3); 1H NMR (400 MHz, CDCl3) § 0.00 (s, 9H),
0.94 (m, 2H), 1.23 (s, 3H), 1.65-1.75 (m, 4H), 1.82 (t, J=22 Hz, 3H), 1.84-1.90 (m, 1H),
2.65 (dd, J = 8.0, 16:8 Hz, lH),. 3.04-3.09 (m, 2H), 3.46-3.65 (m, 3H), 3.55 and 3.69 (AB q, J
= 10.8 Hz, 2H), 4.57 and 4.64 (AB g, J = 11.2 Hz, 2H), 4.66 and 4.69 (AB q, J/ = 6.8 Hz, 2H),
7.22-7.36 (m, SH); 13C NMR (100 MHz, CDCl3) § -1.5, 3.6, 16.5, 18.1, 23.7, 27.9, 44 4,
54.3, 64.3, 65.15, 65.21, 71.0, 76.1, 79.3, 80.5, 95.1, 126.9, 127.1, 128.1, 139.9; IR (film)
2958, 2928, 2875 cm-!; CIMS m/z (relative intensity) 418 (MH+, 15), 378 (2), 328 (6), 300 (7),
122 (100); EIMS m/z (relative intensity) 416 (M+-1, 0.2), 300 (8), 122 (100); HRMS calcd for
Co4H39NO3Si (M) 417.2699, found 417.2705. ‘
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CHs

H I~
H3C O—\
Ph

(ZS').-Z-[(R)-l-(Benzyloxy)-l-(hydroxymethyl)ethyl]-N—[2'-butynyl]pyrrolidine.
Molecular sieves'(4A, crushed to powder, and flame-dried under vacuum, 2.0 g) were added in
one portion to a solution of the silyl ether derivative (1.06 g, 2.54 mmol) in THF (50 mL) at It. To
this stirred suspension was added dropwise a solution of n-BuyF (1.0 M in THF, 15 OmL, 15
mmol). The reaction mixture was then warmed to 55 °C and stirred at that temperature for 38 h.
Upon cooling to rt, the mixture was filtered and the solid residue was washed with Et0 three
times. The filtrate was washed with saturated NaHCOs3, brine, dried over NaySOy4, and filtered.
After evaporation of the solvent, the residue was purified by column chromatog;raphy on silica gel
(Et2O/pet ether: 8/2) to give the product (632 mg, 87%) as a colorless oil. [a]23p -27.2° (¢ 1.16,
CHCI3); 'H NMR (500 MHz, CDCl3) § 1.31 (s, 3H), 1.77-1.91 (m, 6H), 2.06-2.12 (m, 1H),
2.77 (m, 1H), 3.06 (m, 1H), 3.21 (dd, J = 8.5, 3.5 Hz, 1H), 3.45 (q, J = 2.0 Hz, 2H), 3.57 and -
3.85 (AB q,J = 11.5 Hz, 2H), 4.44 and 4.58 (AB q, J = 11.3 Hz, 2H), 5.79 (br s, 1H), 7.24-
7.27 (m, 1H), 7.31-7.35 (m, 4H); 13C NMR (125 MHz, CDCl3) & 3.5, 19.3, 24.7, 27.0, 44.9,
54.2, 63.6, 66.6, 69.5, 74.7, 76.5, 80.2, 127.10, 127.12, 128.2, 139.4; IR (film) 3389, 2966,
2929, 2873 cm-l; CIMS m/z (relative intensity) 288 (MH*, 5), 122 (38)§ EIMS m/z (relative
intensity) 256 (M+-CH,0H, 1.3), 220 (2), 205 (8), 122 (100); HRMS caled for C17H22NO (M-

CH>0H) 256.1702, found 256.1701.
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(25)-2-[(R)-1-(Benzyloxy)-1-(f0rmyi)ethyl]-N-[2‘-butynyl]pyrrolidine (17). To a
cold (-78 °C) solution of (COCl)2 (2.0 Min CH,Cly, 0.90 mL, 1.80 mmol) in CH2Cl> (4 mL)
was added dropwise DMSO (255 uL, 3.59 mmol). After the solution was stirred at -78 °C for 1h,
a solution of the alcohol derivative (206 mg, 0.72 mmol) in CH2Cl, (3 mL) was added dropwise.
The reaction mixture was stirred at -78 °C for 3 h. Et3N (760 uL, 5.45 mmol) was then added, aﬁd
the reacuon mixture was allowed to warm to rt. Water was added and the mjxturé was extracted
twice with Et2O. The combined organic layers were washed with saturated NaHCO3, brine, and
dried over NapSO4. After evaporation of the solvent, the residue was purified by column
chromatography on silica gel (EtOAc/Hexanes: 1/4) to give product 17 (186 mg, 92%) as a pale-
yellow liquid. [0]?3p -10.0° (¢ 1.11, CHCl3); 1H NMR (500 MHz, CDCl3) 8 1.36 (s, 3H) 1. 70—
1.76 (m, 3H), 1.78-1.83 (m, 1H), 1.84 (t, J = 2.3 Hz, 3H),’2.71 (tq, J = 2.5, 6.5 Hz, 1H),
3.01-3.04 (m, 1H), 3.19 (dd, J = 4.3, 8.8 Hz, 1H), 3.54 (q,bJ = 2.3 Hz, 2H), 4.42 and 4.55 (AB
q, J = 11.5 Hz, 2H), 7.28 (m, 1H), 7. 33-7.39 (m, 4H), 9.70 (s, 1H); 13C NMR (125 MHz,
CDCl3) 8 3.5, 13.9, 24.4, 27.1, 44.2, 53.9, 65.3, 66.7, 751 79.9, 86.1, 127.1, 127.4, 12823,
138.6, 205.1; IR (film) 2965, 2929, 2872, 1732 cml; CIMS m/z (relative intensity) 286 (MH*,
3),256 (1), 122 (SO); EIMS m/z (relative intensity) 257 (M*-CHO, 0.1), 182 (1), 122 (40), 91
(100); HRMS calcd for C17H2oNO (M*-CHO) 256.1701, found 256.1702.
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(7R,8R,8aS)-8-(Benzyloxy)-7-(triethylsilyloXy)-8-methyl-6-[(E)-

ethylideneloctahydroindolizine (18). PBu3 (59 uL, 0.24 mmol) was added dropwise by
syringe to a solution of Ni(COD); (17 mg, 0.06 fnmol) in THF (15 mL) at rt under an atmosphere
of argon. After 5 min, Et3SiH (238 uL, 1.49 mmol) was added dropwise. The mixture was cooled
to 0 °C with an ice-bath and a solution of 17 (84 mg, 0.295 mmol) in THF (2 mL) was added
dropwise. The reaction mixture was then stirred at 0 °C for 28 h. Upon the completion of the
reaction by TLC analyéis, the mixture was diluted with Et,O, washed with saturated aqueous
NaHCO3, brine, dried over NaSO4, and filtered. After concentration under reduced pressure, the
residue was purified by column chromatography on silica gel (CH,Cl/MeOH/NH3: 92/8/0.1) to
give product. 18 (107 mg, 91%) as a colorless oil. [0]23p +32.6° (¢ 1.03, CHCI3); IH NMR (500
MHz, CDCls) & 0.57 (q, J = 8.0 Hz, 6H), 0.94 (t, J = 8.0 Hz, 9H), 1.18 (s, 3H), 1.65-1.68 (m,
2H), 1.69 (d, J = 7.0 Hz, 3H), 1.79-1.87 (m, 1H), 1.95-2.00 (m, 1H), 2.14 (m, 1.H)', 2.45 (m,
1H), 2.68 (d, J = 10.0 Hz, 1H), 3.14 (t, J = 8.3 Hz, 1H), 3.72 (d, J = 11.5 Hz, 1H), 4.02 (s,
1H), 4.55 and 4.58 (AB q, J = 12.8 Hz, 2H), 5.50 (g, J = 6.5 Hz, 1H), 7.21 (t, J = 7.5 Hz, 1H),
7.28 (t, J = 7.5 Hz, 2H), 7.33 (d, J = 7.5 Hz, 2H); 13C NMR (125 MHz, CDCl3) d 5.0, 6.9,
13.1, 18.9, 20.8, 22.7, 47.6, 54.3, 64.2, 66.4, 76.6, 77.4, 123.0, 126.7, 127.0, 127.9, 136.3,
140.7; IR (film) 2957, 2908, 2873, 2788, 1612, 1457 cm™l; CIMS m/z (relative intensity) 402
(MH*, 2), 372 (1), 310 (8); EIMS m/z (relative intensity) 372 (M*-Et, 3), 310 (100), 295 (8), 241
(11); HRMS calcd for C2oH34NO2S1 (M+-Et) 372.2359, found 372.2358. Upon irradiation of the
C-7 proton at 8 4.02, NOEs were observed on thé C-10 olefinic proton at 6 5.50 (8%) and the

benzylic methylene protons at § 4.57 (6%), confirming that C-7 proton is equatbrial.
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(23_)-2-[(R)-1-(Hydr0xy)-1-[(trimeth‘ylsilyl)ethoxymethoxymethyl]ethyl]-
N-[(R)-4';methyl-2'-octypyl]pyrrolidine (29). A degassed solution of 273¢ (903 mg, 3
mmol) and KOH (3.95 g, 85%, 60 mmol) in EtOH (15 mL) and HpO (3 mL) was stirred at 80 "C
for 16 h under argon. Upon cooling to rt, EtOH was removed under reduced pressure, and the
" residue was extracted twice with THF. The combined organic layers were dried éver K7CO3 and
filtered. After evaporation of the solvent, the remained résidue was dried under vaccum and then
dissolved in THF (20 mL). To this solution was added i-ProNEt (1.04 mL, 6.0 mmol), followed
by the addition of a solution of 287 (640 mg, 3.15 mmol) in THF (2 mL). The reaction mixture
was then stirred at rt under argon for 38 h and waé quenched with saturated NaHCO3'. The mixture
was extracted twice with Etp0, washed with brine, and dried over NapSO4 and filtered. After
evaporation of the solvent, the res1due was purified by column chromatography on sﬂlca gel
(EtOAc/Hexanes: 3/7) to give 29 (885 mg, 74%) as a colorless oil. [0]?3p -57.8° (¢ 1.16,
CHC13) IH NMR (400 MHz ‘CDCl3) 8 0. 01 (s, 9H), 0.89 (t, J —7 0 Hz, 3H), 0.94 (t, J = 8 0
Hz, 2H), 1.13 (d, J = 60Hz 3H), 114 (s, 3H) 1.28-1.42 (m 6H) 1.69-1.80 (m, 4H), 2.38-
2.42 (m, 1H), 2.78-3.02 (m, 3H), 3.37 and 3._41 (AB q, J = 9.6 Hz, 2H), 3.45-3.55 (m, 2H),
3.60-3.64 (t, J=80 Hz, 2H), 4.68 (s, 2H); 13C NMR (100 MHz, CDCl3) 8 -1.4, 14.0, 18.1,
20.8, 21.4, 22.5, 25.1, 25.9, 27.8, 29.6,l 36.8, 45.1, 54.4, 65.3, 65.8, 73.7, 74.6, 76.2, 89.2,
95.3; IR (ﬁlm) 3457, 2957, 2929, 28'7.2 cml; CIMS m/z 398 (MH™), 288, 280, 236, 192; EIMS
m/z7 (relative intensity) 397 (M+, 0.1), 382 (1.2), 28(.)'(5), 236 (6), 192 (100); HRMS calcd for
Cp1H4oNO3Si (M*-CH3) 382.2777, found 382.2780.




© 2000 American Chemical Society, J. Am. Chem. Soc., Tang ja001440t Supporting Info Page 16
S16

(25)-2-[(R)-1-(Benzyloxy)-1-[(trimethylsilyl)ethoxymethoxymethyl]ethyl]-
N-[(R)-4'-methyl-2'-octynyl]pyrrolid‘in.e (30). To a stirred cold (0 °C) suspeﬁsion of KH
(35% suspension in mineral oil, 232 mg, 2.0 mmol) in THF (8 mL) was added dropwise a
solution of 29 (536 mg, 1.35 mmol')v in THF (4 mL) under argon. Benzyl bromide (321 uL, 2.7
mumol) was then added dropwise via a syringe. The reaction mixture was stirred at rt for 3 h and
waé then carefully quenched with water. The mixture was extracted twice with EtpO, washed with
brine, dried over NapSOy, and filtered. After evaporation of the solvent, the residue was purified
by column chromatography on silica gel (EfOAc/Hexanes: 1/4) to give 30 (550 mg, 84%) as a
colorless oil. [0]23p -66.1° (¢ 1.16, CHCl3); 1H NMR (500 MHz, CDCl3) 3 0.01 (s, 9H), 0.90
(t, J = 7.0 Hz, 3H), 0.94 (1, J = 8.0 Hz, 2H), 1.15 (d, J = 7.0 Hz, 3H), 1.24 (s, 3H), 1.25-1.47
(m, 6H), 1.66-1.75(m, 3H), 1.81-1.88 (m, 1H), 2.41-2.45 (m, 1H), 2.71-2.76 (m, 1H), 3.00-
3.03 (m, 1H), 3.14-3.17 (m, 1H), 3.59 and 3.67 (AB g, J = 10.5 Hz, 2H), 3.60-3.65 (m, 4H),
4.60 and 4.66(AB q, J = 11.5 Hz, 2H), 4.68-4.70 (m, 2H), 7.23 (t, J=70Hz, 1H),7.31(,J
= 7.5 Hz, 2H), 7.38 (d, J =7.0 Hz, 2H); 13C NMR (125 MHz, CDCl3) § -1.5, 14.1, 16.8, 18.1,
21.5, 22.5, 24.0, 26.0, 28.0, 29.7, 36.9, 44.2, 54.0, 64.4, 64.5, 65.2, 71.2, 76.6, 80.5, 89.0,
95.2, 126;8, 127.1, 128.1, 139.9: CIMS m/z 488 (MH*), 370, 192; IR (film) 2957, 2929, 2872
cm-l: EIMS m/z (relative intensity) 487 (M*, 0.1), 370 (3), 246 (2), 202 (8), 192 (100); HRMS
caled for CpaHagNO2 (M+-OCH,CH;SiMes3) 370.2746, found 370.2745.
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(ZS)-_vZ-[(R)-1-(Benzylox‘y)-1-(hydroxymethyl)ethyl]-N-[(R)-4'-methyl-2‘-
octynyl]pyrrolidine '(31). Molecular sieves (4A, crushed to powder, and activated with flame
under Vacuurﬁ, 1.2 g) \J;/as added in one poﬁioﬂ to a solution of 30 (498 mg, 1.02 mmol) in THF
(10 mL) at rt. To this stirred suspension was added dropwise a solution of n-BugNF (1.0 M in
THF, 10.0 mL, 10 mmol). The reaction mixture was then warmed to 55 °C and stirred at that
temperature for 30 h. Upon cooling to rt, the mixture was filtered and the solid was washed with
Et0O. The filtrate was washed with saturated NaHCQ3, brine, dried over NaSQOy, and ﬁltered.
After evapofation of the solvent, the residue was purified by column chromatography on silica gel
(Et2O/pet ether: 7/3) to give 31 (343 mg, 94%) as a colorless oil. [0]23p -43.2° (¢ 1.07, CHCl3);

* IH NMR (500 MHz, CDCl3)  0.91 (t, J = 7.0 Hz, 3H), 1.16 (d, J = 7.0 Hz, 3H), 1.31 (s, 3H),
1.30-1.45 (m, 6H), 1.79-1.89 (m, 3H), 2.08-2.13 (m, 1H), 2.42-2.46 (m, 1H), 2.77-2.82 (m, »
1H), 3.03-3.07 (m, 1H), 3.27 (dd, J = 9.0, 3.8 Hz, 1H), 3.46 (dd, J =17.0, 2.0 Hz, 1H), 3.52
(dd, /= 17.0, 2.0 Hz, 1H), 3.59 and 3.84 (AB q, J = 11.0 Hz, 2H), 4.44 and 4.58 (AB q, J =
11.0 Hz, 2H), 5.88 (br s, 1H, OH), 7.24-7.28 (m, 1H), 7.31-7.35 (m, 4H); 13C NMR (125
MHz, CDCl3) 6 14.1, 19.4, 21.4, 22.5, 24.8, 25.9, 27.0, 29.7, 36.8, 44.8, 54.1, 63.6, 66.7,
69.3, 75.4, 76.4, 89.8, 127.1, 128.2, 139.5; IR (film) 3387, 3239, 2964, 292'9','2872 cm-l;
CIMS m/z 358 (MH%), 250, 192, 107, 91, 81, 70; EiMS m/z (relative intensity) 326 (M+
CH,0H, 0.3), 236 (1), 192 (100), 91 (7), 70 (14); HRMS caled for C22H3NO (M*+-CH20H)

1326.2484, found 326.2481.
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32
(28)-2-[(R')-1-(Benzy10xy)-1-f0rmylethyl]-N-[(R)-4' -methyl-2'-octynyl]-

pyrrolidine (32). To a cold (-78 °’C) solutién‘ of (COCl); (2.0 M in CH,Clp, 1.16 mL, 2.32
mmol) in CH7Cly (5 mL) was added dropwise DMSO (329 uL 4.64 mmol). After the solution
was stirred at -78 °C for 1 h, a solution of 31' (236 mg, 0.66 mmol) in CH2Cl2 (3 mL) was added
dropwise. The reaction mixture was stirred at -78 °C for 3 h. EtzN (968 pL, 6.96 mmol) was then
added, and the reaction mixture was allowed to warm to rt. Water was added and the mixturé was
extracted twice with EtpO. The combined organic layers were washed with saturated NaHCO3, -
brine, and dried over NapSO4. After evaporation of the solvent, the residue was purified by
column chromgtography on silica gel (EtOAc/Hexanes: 1/4) to give 32 (216 mg, 92%) as a pale-
yellow liquid. [o]23p -31.2° (¢ 1.0, CHCl3); 1H NMR (500 MHz, CDCl3) 8 0.90 (t, J =7.0 Hz,
3H), 1.16 (d, J = 7.0 Hz, 3H), 1.36 (s, 3H), 1.25-1.45 (m, 6H), 1.71-1.81 (m, 4H), 2.41-2.45
(m, 1H), 2.75-2.80 (m, 1H), 2.98-3.01 (m, 1H), 3.24 (dd, J =8.5, 4.5 Hz, 1H), 3.53 (dd, J =
17.5, 1.8 Hz, 1H), 3.61 (dd, J = 17.5, 1.8 Hz, 1H), 4.44 and 4.56 (AB q, J = 11.8 Hz, 2H),
7.27-7.29 (m, 1H), 7.33-7.39 (m, 4H), 9.70 (s, 1H); 13C NMR (125 MHz, CDCl3) § 14.0,
14.2, 21.5, 22.5, 24.6, 26.0, 27.3, 29.7, 36.9, 44.1, 53.7, 65.2, 66.6, 75.7, 86.0, 89.5, 127.0,
‘127.4, 128.3, 138.8, 205.1; CIMS m/z 356 (MH*), 248, 234, 192; IR (film) 2964, 2929, 2873,
2239, 1732 cm-l; EIMS m/z (relative intensity) 326 (M+-CH2CH3, 2), 192 (100), 135 (6), 91
(70); HRMS calcd for C21HpgNO7 (M*-CH2CH3) 326.2120, found 326.2117.
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(7R,8R,85S)-8-(Benzyloxy)-7-(triethylsilyoxy)-8-methyl-6-[(E)-(R)-Z-
methylhexylidene]octahydroindolizine (33). PBusz (63 uL, 0.25 mmol) was added |
dropwise by syringe to a solution of Ni(COD); (34 mg, 0.12 mmol) in THF (20 mL) at rt under an
atmosphere of argon. After 5 min, Et3SiH (500 pL, 3.13 mmol) was added dropwise. The mixture
was cooled to 0 °C with an ice-bath and a solution of 32 (222 mg, 0.63 mmol) in THF (5 mL) was
added dropwise. The reaction mixture was then stirred at 0 °C for 20 h. Upon the completion of
the reaction by TLC analysis, the mixture was diluted with Et20O, washed with saturated NaHCOa,
brine, dried over NaSQOy, and filtered. After concentration under reduced pressdre, the residue
was purified by column chromatography on silica gel (CH;Clp/MeOH/NH3: 92/8/0.1) to give 33
(280 mg, 95%) as a colorless oil. [0]23p +23.6° (¢ 1.02, CHCl3); TH NMR (500 MHz, CDCl3) 8
0.59 (q, J = 8.0Hz, 6H), 0.89 (t, J = 7.0 Hz, 3H), 0.95 '(t,.J = 8.0 Hz, 9H), 1.00 (d, J = 6.5 Hz;
3H), 1.20 (s, 3H), 1.21-1.31 (m, 6H), 1.64-1.71 (m, 2H), 1.79-1.87 (m, 1H), 1.90-1.98 (m,
1H), 2.16 (q, J = 8.5 Hz, 1H), 2.46-2.53 (m, 2H), 2.75 (d, J = 12.0 Hz, 1H), 3.12 (t, J = 8.5
Hz, 1H), 3.66 (d, J =12.0 Hz, 1H), 4.00.(s, 1H, 7-H), 4.547 and 4.551 (AB q, J = 13.0 Hz,
2H, CH,Ph), 5.19 (d, J = 9.5 Hz, 1H, 10-H), 7.19-7.23 (m, 1H), 7.26-7.29 (m, 2H), 7.32-7.34
(m, 2H); 13C NMR (125 MHz, CDCl3) 8 5.0, 7.0, 14.0, 19.0, 20.8, 21.0, 22.8, 22.9, 29.4,

_ 3-1..6, 37.3, 48.3,-54.1, 64.2, 66.0, 76.7, 77.4, 126.8, 127.2, 128.0, 133.9, 135.6, 140.5; IR
(film) 2957, 2936, 2873, 2774, 1710, 1605 cm'l; CIMS m/z 472 (MH*), 442, 380, 365, 233;
EIMS m/z (relative intensity) 471 (M, 0.3), 380 (M*-CH2Ph, 100), 365 (6), 336 (4), 311 (2),
267 (3), 233 (8), 115 (14), 91 (24); HRMS calcd for CopHypNO2Si (M+-CH,Ph) 380.2985,

found 380.2985. On irradiation of the C-7 proton at § 4.00, NOEs were observed on the C-10
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olefinic proton at § 5.19 (10%) and the benzilic methylene protons at 8 4.55 (7%), confirming that

C-7 proton is equatorial.

(7R,8R,SaS)-8-(Benzy10xy)-7-hydr0xy-8-methyl-6-[(E)-(R)-Z-
methylhexylidene]octahydroindolizine (34). To a cold (0 °C) solution of 33 (178 mg,
0.38 mmol) in THF (10 mL) was added dropwise HF-pyridine (6 M in pyridine, 1’.,_5 mL). The
reaction mixture was then stirred at 0 °C - rt overnight. The mixture was quenched with saturated
NaHCO3, and was extracted twice with CH,Cly. _The combined organic layers were washed with
satu_rated N_aHCO3, brine, dried over Na2804, and,ﬁltered. After evapofation of the solvent, the
residue was purified by column chfomatography on silica gel (CHoClo/MeOH/NH3: 91/9/0.1) to
give 34 (124 fng, 92%) as a white éolid: mp 126—127 °’C (lift.Ga mp 126-127 °C); [0]23p +16.6° (¢
0.48, CHCI») (1it.62 [0])25p +15.8° (c 0.41, CHCl»)). Synthetic 34 showed TLC mobility and 500
MHz 'H NMR, 125 MHz 13C NMR, MS, and IR spectra that were indistinguishable from those

of the synthetic sample kindly provided by Overman.

allopumiliotoxin 267A, 1

(+)-Allopumiliotoxin 267A (1). A solution of 34 (55 mg, 0.15 mmol) in THF (5

mL) was added dropwise to liquid NH3 (10 mL) at -78 °C with stirring. To this mixture was added
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Li(l 15 mg, 1.6 mmol) in small portions. After 10 min at-78 V°C, the cooling bath was removed,
and the reaction mixture was continued to stirr for another 15 min. The resulfing deep-blue mixture
was carefully quenched by additiori of solid NH4Cl in small portions until the color disapperared
and then allowed to warm to rt to evaporate the ammonia. To the residue was added saturated
NaHCOs, the rrﬁxture was extracted twice with CH2C1'2.' The extract was washed with brine, dried
over NaySOy4, and concentrated under reduced preésure. The residue was purified by column

. chromatography on silica gel (CH2C12—MeOH-NH3, 92-8-0.1) to give 1 (36 mg, 88%) as a
coiorless oil which was solidified on storage: mp 46-47 °C (lit.62 mp 45-47 °C); [a]?3p +31.4° (¢
0.32, MeOH) (lit.3¢ [d]zOD +31° (¢ 0.22, MeOH), lit.1b [a]25p +24.7° (¢ 0.17, MeOH)).
Synthetic 1 showed TLC mobility and 500 MHz 'H NMR, 125 MHz 13C NMR, MS, and IR
spectra that were'4indistinguishable from those of the éynthetic sample kindly provided by
Overman.

CHs CHs
S

: O '

(E)-(4R,8R,9R)}1-Bromo-8,9-(isopropylidenedioxy)‘-4,7-dimethyl-6-decen-2-yne

Br %

- (35).Toa cold ((v)'°C) solution of the propargyl alcohol6? (2.28 g, 9.05 mmol) and PPh3 4.74 g,
18.1 mmol) in CH2C12 (50 mL) was added CBr4 (6.01 g, 18.1 mmol) in small portions over a
period of 15 min. under argon. The resultant bright-yellow solution was stirred at 0 °C for 0.5 h.
The reaction mixture was then diluted with hexanes (50 mL) while it was vigorously stirred, and
filtered. The solid residue was washed three times with EtpO, and the filtrate was cbncentrated
under reduced pressure to leave a yellow oil residue which was purified by column

"chromatography on siliga gel (EtOAc/hexanes: 5/95) to give product 35 (2.64 g, 93%) as a 95:5
mixture of E and Z isomers as a colorless liquid. []?*p -15.1° (¢ 1.36, CHCl3); 1H NMR (500
MHz, CDCl3) & 1:14 (m, 3H), 1.22 (m, 3H), 1.41 (s, 3H), 1.42 (s, 3H), 1.66 (s, 3H), 2.22 (m,
2H), 2.53-2.58 (m, 1H), 3.83-3.89 (m, 2H), 3.90 (t, J = 2.5 Hz, 2H), 5.56 (t, J = 7.0 Hz, 1H);
13C NMR (125 MHz, CDCl3) § 11.7, 15.6, 17.0, 20.0, 2,6.1, 26.9, 27.5, 34.4, 74.5, 75.7,
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88.3,91.7, 108.0, 126.4, 133.1; IR (film) 2985, 2873, 2232, 1739 cm!; EIMS m/z (relative
intensity) 315 (M*+1, 7), 317 (2), 301 (3), 299 (3), 272 (4), 270 (4), 5 HRMS calcd for
C4HpoBrO2 (M+-CH3) 299.0647, found 299.0653.

LJ OSEM
HsC OH

K 3
(2S)-2-[(R)-1-(-Hydroxy)-1-(trimethylsilylethoxymethoxymethyl)ethyl]-N-[(E)- |
(4R,8R,9R)-4,7-dimeth‘y1-8,9-(isopropylidenedioxy)-6-d'ecen-2-ynyl]pyrrolidine
(36). A degassed solution of 273¢ (1.33 g, 4.42 fnmol) and KOH (5.82 g, 85% purity, 88.3
- mmol) in EtOH (20 mL) and H7O (4 mL) was stirred at 80 °C for 18 h under argon. Upon co-oling
to rt, EtOH was removed under reduced pressure, and the residue was extracted twice with THF.
The combined organic layers were dried over KoCO3 and filtered. After evaporation of the solvent,
the remained residﬁe was dried under vaccum for 2 h and then dissolved in dry THF (40 mL). To
this solution was added i-ProNEt (1.54 mL, 8.86 mmol), followed by the addition of a solution of
35 (1.42 g, 4.51 mmol) in THF (8 mL). The reaction mixture was then stirred at rt under argon
for 48 h and was quenched with saturated aqueous NaHCO3. The mixture was extracted ‘twicé
with EtoO, washed with brine, and dried over NapSOy4 and filtered. After evaporation of the
solvent, the residue was purified by column chromatography on silica gel (EtOAc/Hexanes: 1/4) to
give the product 36 (2.06 g, 92%) as a colorless oil. []23p -48.0° (¢ 1.65, CHCl3); 'TH NMR
(500 MHz, CDCl3) 3 0.00 (s, 9H), 0.92 (t, J = 7.0 Hz, 2H), 1.12-1.13 (m, 6H), 1.20 (d, J = 5.0
Hz, 3H), 1.40 (s, 6H), 1.66 (s, 3H), 1.68-1.80 (m, 4H), 2.20 (m, 2H), 2.49 (q, J = 7.0 Hz,
1H), 2.74-2.98 (m, 4H), 3.33-3.56 (m, 4H), 3.61 (t, J = 7.5 Hz, 2H), 3.81-3.88 (m, 2H), 4.67
(s, 2H), 5.58 (t, J = 7.0 Hz, 1H); 13C NMR '(125 MHz, CDCl3) § -0.9, 11.6, 17.0, 18.0, 20.7,

20.8, 25.0, 26.0, 26.9, 27.4, 27.8, 35.0, 45.0, 54.4, 65.2, 65.8, 73.7, 74.3, 74.6,.76.8, 88.5,
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95.3, 107.9, 127.3, 132.5; IR (film)v3414-3239, 2977, 2879, 1455, 1377 cm-L; EIMS m/z
(relative intensity) 509 (M*, 0.1), »494_ @, 392 (5), 304 (100), 246 (5); HRMS calcd for
Co7H4gNOsSi (M+-CHj3) 494.3302, found 494.3300.

.~ "OSEM
H3C OBn

H
37

(2S)-2-[Y(R)-1-(Benzyldxy)-1-(trimethylsilylethoxymeth(_)xymethyl)ethyl]-VN-[(E)‘- -
(4R,8R,9R)-8,9-(isopropylidenediOXy)-4,7-dimethyl;6-decen-2-ynyl]pyr.rui)lidi.n.e
(37). To a stirred cold (0 °C) suspension of KH (35% suspension in mineral oil, 687 mg, 6.0
| mmol) in THF (40 mL) was added dropwise a solutioﬁ of 36 (2.04 g, 4.0 A’mmol) in THF (10 mL)
-under argon. Benzyl bromide (715 pL, 6.0 mmol) was then added dropwise via a syringe. The .
reaction mixture was stirred at rt for 2 h and was then carefully »quenched with water at 0 "C. The
mixture was extracted twice with Et;O. The combined extracts were washed with saturated
aqueous NaHCOQ3, brine, dried over NagSO4, and filtered. After evaporation of the solvent,'the ‘
residue was purified by column chromatography on silica gel (EtOAc/Hexanes: 1/9) to give.
product 37 (1.97 g, 82%) as a colorless oil. [®t]23p -56.1° (¢ 1.78, CHCl3); lH NMR (500 MHZ,
CDCl3) § -0.01 (s, 9H), 0.93 (m, 2H), 1.14 (d, J = 7.0 Hz, 3H), 120 (d, J = 5.5 Hz, 3H), 1.23
(s, 3H), 1.41 (s, 3H), 1.42 (s, 3H), 1.65 (s, 3H), 1.66-1.74 (m, 3H), 1.81-1.86 (m, 1H), 2.15-
2.26 (m, 2H), 2.50 (g, J = 6.5 Hz, 1H), 2.68 (q, J = 8.0 Hz, 1H), 3.00-3.03 (m, 1H), 3.07-3.10
(m, 1H), 3.55 and 3.67 (AB q, J = 11.0 Hz, 2H), 3.57-3.65 (m, 4H), 3.81-3.88 (m, 2H), 4.57
and 4.65 (AB q, J = 11.0 Hz, 2H), 4.66 and 4.68 (AB q, J =7.0 Hz, 2H), 5.60 (t, J = 7.0 Hz,
1H), 7.22 (t,‘J = 75 Hz, IH), 129 (t, J = 7.5 Hz, 2H), 7.36 (d, J = 7.5 Hz, 2H); 13C NMR

(125 MHz, CDCl3) § -1.0, 11.6, 16.6, 17.0, 18.0, 20.8,‘23.8, 26.0, 26.9, 27.5, 27.9, 35.1,
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44.2, 54.0, 64.3, 64.9, 65.2, 71.1, 74.3, 77.1, 80.5, 88.2, 88.5, 95.2, 107.9, 126.8, 127.1,
127.5, 128.1, 132.4, 139.9; IR (film) 2977, 2878, 1455, 1378 cm-1; EIMS m/z (relative intensity)
599 (M, 0.3), 584 (2), 482 (4), 304 (100), 246 (7), 202 (10); HRMS calcd for C35H57NO5S1

(M+) 599.4006, found 599.4005.

~ ~OH
HsC OBn

H
38

(2S)-2-[(R)-1-(Benzyloxy)-1-(hydroxymethyl)ethyl]-N-[(E)-(4R,8R,9'R)-4,7-

dimethyi-8,9-(isopropylidenedioxy)-6-decen-2-ynyl]pyrrolidine (38). Molecular
sieves (4A, crushed to powder, and flame-dried under vacuum, 1.0 g) were added in one portion
to a solution of 37 (326 mg, 0.54 mmol) in THF (15 mL) at rt. To this stirred suspension was
added dropwise a solution of n-BugNF (1.0 M in THF, 5.4 mL, 5.4 mmol). The reaction mixture
was then warmed to 55 °C and stirred at that temperature for 36 h. Upon cooling to rt, the mixture
was filtered and the solid was washed with EtzO for three times. The filtrate was washed with
saturated aqueous NaHCO3, brine, dried‘over NaySOy, and filtered. After evaporation of the
solvent, the residue was purified by column chromafography on silica gel (EtOAc/hexanes: 1/4) to
give product 38 (236 mg, 92%) as a colorless oil. [0]23p -33.6° (¢ 1.21, CHCl3); IH NMR (500
MHz, CDCl3) 6 1.16 (d, J = 7.0 Hz, 3H), 1.21 (d, J = 5.5 Hz, 3H), 1.28 (s, 3H), 1.41 (s, 3H),
1.42 (s, 3H), 1.66 (s, 3H), 1.75-1.89 (m, 3H), 2.04-2.10 (m, 1H), 2.16-2.28 (m, 2H), 2.52 (tq, .
J =20, 7.0 Hz, 1H), 2.76 (g, J = 8.3 Hz, 1H), 3.04 (m, 1H), 3.20 (dd, J = 3.8, 8.3 Hz, 1H),
3.45 and 3.49 (d AB q, J = 2.0, 16.5 Hz, 2H), 3.56 (d, J = 11.0 Hz, 1H), 3.82-3.89 (m, 4H);
4.42 and 4.57 (AB q, J = 11.0 Hz, 2H), 5.59 (t, J = 7.0 Hz, 1H), 7.23-7.26 (m, 1H), 7._30-7.34
(m, 4H); 13C NMR (125 MHz, CDCl3) §11.7, 17.0, 19.2, 20.7, 24.8, 26.0, 26.9, 27.0, 27.5,:

35.0, 44.9, 54.1, 63.6, 66.6, 69.5, 74.4, 75.9, 76.6, 88.5, 89.0, 108.0, 127.1, 128.2, 1327,
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139.5; IR (film) 3413-3244, 2976, 2878, 1455 1377 cm-1; EIMS m/z (relative intensity) 469
(M+, 0.2), 454 (3), 304 (100), 246 (6); HRMS calcd for C23H40NO4 (M+-CH3) 454. 2957, found
454.2955.

H/7~
H3C OBn

39
(2S)-2-[(R)-IQ(Benzyloxy) -1-(formyl)ethyl] -N-[(E)-(4R’,8R,9R)-4,7-dimethyl-
8,9-(is0pr0pylidenedioxy)-6-decen-2-ynyl]pyrfolidine (39). To a cold (-78 "C)
solution of (COCl); (2.0 M in CHClp, 633 pL, 1.27 mmol) in CH2C12 (5 mL) was added
dropwise DMSO (180 L, 2.54 mmol). After the solution was stirred at =78 °C for 1 h, a solution
of 38 (198'mg, 0.422 mmol) in CHoClp (2 mL) was. added dropwise. The reaction mixture was
stirred at -78 °C for 3 h. B3N (530 UL, 3.80 mmol) Was then added, and the reaction mixture was
allowed to warm to rt. Water was added and the mixture was extracted twice with Et2O. The
combmed organic layers were washed with saturated aqueous NaHCO3, brine, and dried over
NaySO4. After evaporation of the solvent, the re51due was purified by column chromatography on
silica gel (EtOAc/Hexanes: 1/4) to give product 39 (175 mg, 89%) as a colorless oil. [¢]23p
23.9° (¢ 1.05, CHCl3); 'H NMR (SOO MHz, CDCl3) 8 1.15 (d, J = 6.5 Hz, 3H), 1.21 (4, J=
5.5 Hz, 3H), 1.34 (s, 3H), 1.408 (s, 3H), 1.414 (s, 3H), 1.66 (s, 3H), 1.68-1.80 (m, 4H),
2.15-2.27 (m, 2H), 2.51 (tq, J = 2.0, 7.0 Hz, 1H), 2.72 (dt, J = 6.5, 9.0 Hz, 1H), 2.96-3.00
(m, 1H), 3.19 (dd, J = 4.3, 8.3 Hz, 1H), 3.52 and 3;58 (d AB g, J = 2.0, 17.0 Hz, 2H), 3.81-
3.88 (m, 2H), 4.41 and 4.54 (AB q, J = 11 8 Hz, 2H), 5.59 (br t, J = 7.3 Hz, 1H), 7.27 (tt, J =
1.8, 7.3 Hz, 1H), 7._32-7.38 (m, 4H), 9.68 (s, 1H); 13C NMR (125 MHz, CDCl3) 8 11.7; 14.0,
17.0, 20.9, 24.4, 26.0,26.9, 27.2, 21.5, 35.1, 44.0, 53.7, 65.2, 66.6, 74.4, 76.1, 86.1, 88.5,
88.7, 107.9, 127.0, 127.3, 127.4, 128.3, 132.6, 138.7, 205.1;
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IR (film) 2976, 2934, 2878, 2244, 1730'cmL; CIMS m/z (telative intensity) 468 (MH*, 5), 410
(2), 346 (6), 304 (71), 246 (25), 91 (100); EIMS m/z (relative intensity) 468 (M*+1, 0.3), 452
(3), 304 (100); HRMS caled for CogH3gNO4 (M+-CHz) 452.2801, found 452.2808.

(7R,8R,SaS)-8-(Benzyloxy)-7-.(triethylsilyloxy-6(E)-[6(R),7(R)-
(isopropylidenedioxy)-2(R),5-dimethyl-4(E)-ocfenylidene]-8-
methylocfahydroindolizine (40). PBu3 (75 pL, 0.30 mmol) was added dropwise by syringe
to a solution of Ni(COD), (21 mg, 0.076 mmol) in THF (15 mL) at rt under an atmosphere of
argon. After 5 min at rt, the solution was cooled to -12 °C with an ice-salt bath and Et3SiH (300
uL, 1.88 mmol) was added dropwise, followed by dropwise addition of a solution of 39 (175 mg,
0.37 mmol) in THF (2 mL). The reaction mixture was then stirred at -12 - 0 °C for 18 h. Upon the
completion of the reaction by TLC analysis, the mixture was diluted with Et;0, washed with
saturéted NaHCQ3,. brine, dried over Na;SOy, and filtered. After concentration ﬁnder reduced
pressure, the residue was purified by cblum_n chromatography on silica gel (CH,Clo/MeOH/NH3:
95/5/0.1) to give product 40 (203 mg, 93%) as a colorless oil as a 95:5 mixture of two
diastereomers (resulting from an £/Z mixture of C-13 alkenes carried through from compound 35.
[a]?3p +2.7° (c 1.58, CH’CV13‘)'; 1H NMR (500 MHz, CDCI3) 8 0.58 (q, J = 8.0 Hz, 6H), 0.94 (,
J = 8.0 Hz, 9H), 0.99 (d, J = 6.5 Hz, 3H), 1.20 (m, 6H), 1.42 (s, 3H), 1.43 (s, 3H), 1.65 (s,
3H), 1.74 (m, 1H); 1.81-1.86 (m, 1H), 1.93 (m, 1H), 1.96-2.08 (m, 3H), 2.14 (m, 1H), 2.50
(m, 1H), 2.57 (quint, J = 7.5 Hz, 1H), 2.76 (m, 1H), 3.10 (br t, J =175 Hz, 1H), 3.65 (d, J =
11.5 Hz, 1H), 3.82-3.89 (m, 2H), 3.99 (s, 1H), 4.‘51 and 4.55 (AB q, J = 12.3 Hz, 2H), 5.24
(d, J = 9.0 Hz, 1H), 5.50 (t, J = 6.5 Hz, 1H), 7.21 (br t, J = 7.3 Hz, 1H), 7.27 (t, J = 7.3 Hz,
2H), 7.32 (d, J = 7.3 Hz, 2H); 13C NMR (125 MHz, CDCl3) § 5.0, 7.0, 11.4, 17.0, 18.9, 20.2,
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_20.9, 229, 26.9, 27.4, 31.9, 35.2, 48.0, 53.9, 64.3, 65.3, 74.1, 76.4, 71.5, 88.7, 107.3,
127.0, 127.2,“128.0, 128.3,}131.9, 134.9,.14V().1',_IR (film) 2957, 2873, 1640 cml; EIMS m/z
(relative intensity) 584 (Mt+1, 5), 583 kM‘*, 4), 568 (6), 554 (2), 492 (100); HRMS calcd for
C35Hs57NO4Si (M*) 583.4057, found 583.4054.

(7R,8R,8aS)-8- (Benzyloxy)-7-hydroxy- -6(E)-[6(R),7(R)- (isopropylidenedioxy)-

2(R),5- dlmethyl 4(E)-octenylidene]-8- methyloctahydromdohzme (41). To a cold (0
°C) solution of 40 (207 mg, 0.358 mmol) in THF (10 mL) was added dropwise HF-pyridine 6M
in pyridine, 2.0 mL). The reaction mixture was then stirred at 0 °C - rt overnight. The mixture was
quenched with saturated aqueous NaHCO3, and was extracted twice with CH2Cly. The combined
organic layers were washed with saturated aqueous NaHCO3, brine, dried over NagSO45 and
filtered. After evaporation of 4the solvent, the residue was purified by column chromatography on
silica gel (CH2Clp/MeOH/NH3: 92/8/0.1). to glve product 41 (149 mg, 87%) as a colorless 011
[0]23p +27.9° (c 1. 45 CHCl3) (tit.62 [a]27p +27.5° (¢ 14, CHCly)); 'H NMR (500 MHz,
CDCl3) 8 1.05 (d, J 6.5 Hz, 3H), 1.20 (d, J = 6.0 Hz, 3H), 1. 24 (s, 3H), 1.395 (s, 3H), 1.401
(s, 3H), 1.59 (s, 3H), 1.63-1.73 (m, 2H), 1.80-1.86 (m, 1H), 1.94-2.16 (m, 5H), 2.41 (dd, J =
6.0, 10.0 Hz, 1H), 2.54-2.60 (m, 1H), 2.68 (d, J = 12.5 Hz, 1H), 3.10 (t, J = 8.3 Hz, 1H),
3.65(d, J=12.0 Hz,j‘lH), 3.82 (d, J = 8.5 Hz, 1H), 3.87-3.92 (m, 1H), 4.01 (s, 1H), 4.54 and
4.58 (AB q, J = 12.5 Hz, 2H), 5.23 (d, J = 9.5 Hz, 1H), 5.41 (brt, J = 7.5 Hz, 1H), 7.19 (t, J =
7.5 Hz, 1H), 7.26 (t, J = 7.5 Hz, 2H), 731 (d, J = 7.5 Hz, 2H); 13C NMR (100 MHz, CDCl3) )
11.5, 16.8, 18.5, 20.7, 22.7, 26.8,A 27 .4, 32.3, 35.7, 48.7, 54.4, 64.4, 66.3, 73.7, 75.9, 76.5,
89.1, 107.8, 126.8, 127.1, 128.0, 130.0, 131.2, 134.8, 135.0, 140.4; IR (film) 3274, 2978,
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K

2929, 2873 cm-l; EIMS m/z (relative intensity) 469 (M*, 0.4), 454 (3), 378 (66), 84(100);
HRMS caled for CogH43NO4 (M*) 469.3192, found 469.3196. ’

CHz OH

= CHjs
OH

7 OH

H3C ‘:OBn
(7R,8R,8aS)-8-(Benzyloxy)-7-hydroxy-6(E)--[6(R),7(R)-(dihydroxy)-Z(R),5-
dimethyl-4(E)-octenylidene]-8-methyloctahydfdihdolizine. To a solution of 41 (75 mg,
0.16 mmol) in THF (1 mL) was added 3 N HCI (1.0 mL). The reaction mixture was then stirred at
rt for 0.5 h. Saturated aqueous NaHCO3 was added, and the mixture was extractéd twice_t with
CH,Cl,. The combined extracts were washed with saturated aqueous NaHCO3, brine, dried over
Na»S0Oy, and filtered. After concentration under reduced pressure, the residue was purified by
column chromatography on silica gel (CHQCIZMeOmNH3: 90/10/0.1) to give the product (63 mg,
92%) as a colorless oil. [a]23p +28.1° (¢ 1.21, CHCI3) (lit.62 [0]28p +28.8° (¢ 1.9, CHCl3)); 'H
NMR (400 MHz, CDCl3) § 1.07 (d, J = 6.4 Hz, 3H), 1.12 (d, J = 6.4 Hz, 3H), 1.30 (s, 3H),
1.56 (s, 3H), 1.69-1.93 (m, 3H), 1.95-2.10 (m, 3H), 2.45-2.59 (m, 2H), 2.80 (dd, J = 6.8, 8.4
Hz, 1H), 2.96-3.03 (m, 5H), 3.54 (d, J = 12.8 Hz, 1H), 3.67 (d, J = 6.4 Hz, 1H), 3.77 (quint, J
— 6.4 Hz, 1H), 4.10 (s, 1H), 4.50 and 4.54 (AB q, J = 12.0 Hz, 2H), 5.25 (d, J = 10.0 Hz, 1H),
5.37 (dd, J = 6.0, 10.0 Hz, 1H), 7.21-7.25 (m, 1H), 7.26-7.31 (m, 4H); 13C NMR (100 MHz,
CDCl3) & 12.5, 18.5, 19.2, 21.16, 21.23, 22.9, 32.6, 35.5, 48.5, 54.5, 64.4, 66.0, 68.4, 74.9,
76.9, 82.1, 127.06, 127.12, 127.2, 128.1, 133.2, 134.9, 135.2, 139.7; IR (film) 3393, 2874,
2801, 1653 cm-l.
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H3C :'b H
(+)-Allopumiliotoxin 339A (2). A solution of the benzyl ether derivative (46 mg, 0.107
mmol) in THF (2 mL) was added dropwise to liquid NH3 (5 mL) at -78 °C with stirring. To this
mixture wés added Li° (9 mg, 1.29 mmol) in small portions. After 10 min at -78 °C, the cooling
bath was removed, and stirring was continued 15 min. The resulting deep blue mixture was
carefully quenched carefully by addition of solid NH4Cl in small portions until the color
disappeared and then allowed to gradually warm to rt to evaporate the ‘ammbhia. To the residue
was added saturated aqueous NaHCO3, the mixture was extracted twice with CH>Cl,.. The extract
was washed with brine, dried over NapSO4, and concentrated under reduced pressu're.‘ The residue
was purified by column chromatography on silica gel (CH2Clo/MeOH/NH3, 90/ 10/0.1) to give
product 2 (29 mg, 80%) as a white solid: mp 55-57 °C (1it.%2 mp 53-56 °C); [0]23p +70.4° (¢
0.71, CHCl3) (lit.62 [a]28p +72.4° (¢ 0.66, CHCl3), lit.3¢ [a]?2p +68.2° (¢ 1.0, CHCl3)); 1H
NMR (500 MHz, CDCl3) 8 1.05 (d, J = 7.0 Hz, 3H), 1.11 (d, J = 6.0 Hz, 3H), 1.18 (s, 3H),
1.54 (s, 3H), 1.72 (m, 4H), 1.96-2.08 (m, 2H), 2.29 (m, 1H), 2.50-2.56 (m, 2H), 2.69-3.04
(m, 6H), 3.57 (d, J = 12.0 Hz, IH), 3.66 (s, 1H), 3.68 (d, J = 6.5 Hz, 1H), 3.77 (quint, J = 6.5
Hz, 1H), 5.24 (d, J = 9.5 Hz, 1H), 5.30 (dd J = 7.5, 8.5 Hz, 1H):; 13C NMR (100 MHZ, CDCl3)
d 12.4, 19.2, 20.6, 21.1, 22.6, 32.7, 35.4, 49.1, 54.2, 65.2, 68.2, 70.4, 80.6, 82.1, 127.2,
133.5,135.0, 137.2; IR (film) 3408, 2971, 2929, 2873, 2795 cml; EIMS m/z (relative _intensity)
339 (M+, 33), 322 (18), 294 (34), 276 (40), 182 (100); HRMS calcd for C19H33NO4 (M*)

' 339.2409, found 339.2409. |
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H30 OBn 42

(8R,8aS)-8-(Benzyloxy)- -6(E)-[6(R),7(R)- (1sopr0pylldened10xy) -2(R),5-
dimethyl-4(E)- octenylidene] -8- methyloctahydr01nd011z1n-7-one (42). To a cold (-78
°C) solution of (COCI)2 (2.0 M in CH2C12, 653 uL, 1.31 mmol) in CH2C12 (4 mL) was added
dropwise DMSO (186 uL, 2. 62 mmol) via syringe. After the solution was stirred at -78 °C for 1 h,
a solution of 41 (175 mg, 0.37 mmol) in CH2C12 (1 mL) was added dropwise. The reactlon
mixture was stirred at -78 °C for 4 h. Et3N (546 pL, 3.92 mmol) was then added, and the reaction
mixture was allowed to warm gradually to rt. Water was added, and the rmxture was extracted
twice with EtpO. The combined organic layers were . washed with saturated aquepus NaHCO3,"
brine, and dried over NazSOaq. After evaporation of the soivent, the residue was purified by
columnrchromatography on silica gel (EtOAc/Hexanes: 3/7) to give prodﬁct 42 (150 mg, 86%) as
" a colorless oil. [0]?3p -7.7° (& 1.48. CHCl3); 1H NMR (500 MHz, CDCl3) 8 1.04 (d, J = 6.5 Hz,
3H), 1.21 (d, J = 5.0 Hz, 3-H), 1.25 (s, 3H), 1.41 (s, 6H), 1.63 (s, 3H), 1.79-1.89 (m, 3H),
1.90-1.9‘6 (m, 1H), 2.12 (dt, J - 3.0, 6.5:Hz, 2H), 2.21-2.28 (m, 2H), 2.45-2.51 (m, 2H), 2.99
(d, J = 14.0 Hz, 1H), 3.19 dt, J = 2.3, 7.8 Hz, 1H), 3.81-3.86 (m, 2H), 4.07 (d, J = 14.0 Hz,
1H), 4.42 and 4.53 (AB q,b J = 12.8 Hz, 2H),‘5..46 t, J = 7.0 Hz, 1H), 6.53 (d, J = 10.5 Hz,
1H), 7.19-7.22 (m, lH), 7.25-7.29 (m, 4H); 13C. NMR (125 MHz, CDCl3) 8§ 11.7, 17.1, 174,
19.4, 22.6, 23.9, 26.9, 27.5, 33.0, 34.3, 52.2; 55.8, 66.0, 70.5, 74.4, 78.3,.-88.4, '107.9,
126.9, 127.0, 127.2, 128.1, 131.3, 132.8,'139.5,‘146.0, 196.6; IR (film) 2976, 2871, 1694,
1617, 1377, 1237 cml; EIMS m/z (relative intensity) 467 (M*, 0.1), 452 (1), 376 (46), 323 (6),
270 (5), 233 (ld), 91 (100); HRMS calcd for C2oH34NO4 (M+-Bn) 376.2488, found 376.2490.
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(7S,8R,8aS)-8-(Benzyloxy)-7-hydroxy-6(E)-[6(R),7(R)-
(isopropylidenedioxy)-2(R),5-dimethyl-4(E)-octenylidene]-S-
methyloctahydroindolizine (43). To a g:old (0 °C) solution of 42 (130 mg, 0.28 mmol) and
CeCls3-7H,0 (207 mg, 0.56 mmol) in methanol (8 mL) was added NaBH4 (22 mg, 0.56 mmol) in
small poﬁions under argon. The reaction mixture was then stirred at 0 °C for 1 h. Water was added
to quench the reaction, and the mixture was extracted twice with methylene chloride. The combined
extracts were washed with saturated aqueous NaHCO3, brine, dried over NasSOy, filtered, énd
concentrated under reduced pressure. The residue was purified by column chromatography on
silica gel (MeOH/CH;Cly/NH3: 8/92/0.1) to give product 43 (124 mg, 95%) as a colorless oil.
[MBD44TUHJZCHGQJHNMRCWOMHLCDGQS102@J365HL3DJ20
(m, 3H), 1.34 (s, 3H), 1.41 (s, 6H), 1.62 (s, 3H), 1.73 (m, 1H), 1.81-1.88 (m, 2H), 1.94-2.20
(m, 6H), 2.49 (m, 1H), 2.52-2.58 (m, 1H), 3.11.(dt, J = 1.5, 6.5 Hz, 1H), 3.78 (s, 1H), 3.83
and 3.85 (AB q, J = 5.5 Hz, 2H), 391 (d, J = 7.0.Hz,’1H), 477 and 4.80 (AB q, J = 12.5 Hz,
2H), 5.40-5.46 (m, 2H), 7.21-7.25 (m, 1H), 7,28‘-'7.32 (m, 4H); 13C NMR (125 MHz, CDCl3) 6
11.5, 17.0, 20.3, 20.7, 21.4, 24.3, 26.9; 27.4, 32.3, 35.6, 51.8, 54.3, 67.1, 71.6, 74.3, 77.1,
77.6, 88.6, 107.8, 127.1, 128.3, 128.4, 128.9, 131.5, 133.3, 140.4; IR (film) 3295, 2978,
2873, 1457, 1379 cmrl; EIMS m/z (relative intensity) 469 (M+, 1), 454 (5), 378 (100); HRMS
calcd for Co9Hy43NO4 (M) 469.3192, found 469.3179. | '

CHs OH

CH3s.
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| (7S,8R,8'aS)-8-_(Benzyloxy)-»7-h‘ydr0xy-6(E)-[6'(R),7(R)-(d'ihydroxy)-

2(R),5-dimethyl-4(E)-octenyli'dre‘ne]-8-methylbctahy-d’ro;mdolizine. To a solution of
43 (59 mg, 0.126 mmol) in THF (1 mL) was added 3 N HCI (1.0 mL). The feaction mixture was
thén stirred at rt for 0.5 h. Saturated aciueous NaHCOs3 was added. The mixture was’ extfacted
twice with CH2C12. The combined extracts were washed with saturated ziqueous NaHCOj3, brine,-
dried over NapSO4, and filtered. After conéentration under reduced pressure, the residue was
purifiéd by column chromatography on silica gel (CH2Cl2/MeOH/NH3: 90/10/0.1) to give the
product (49 mg, 91%) as a colorless oil. [@]23p -22.0° (¢ 1.95, CHCl3); 'H NMR (500 MHz,
CDCl3) 8 1.04 (d, J = 7.0.Hz, 3H), 1.08 (d, J = 6.5 Hz, 3H), 1.40 (s, 3H), 1.56 (s, 3H), 1.76
(m, 1H), 1.88-1.99 (m, 3H), 2.08 (td, J = 5.5, 14.0 Hz, 1H), 2.13-2.21 (m, 1H), 2.48-2.54 (m,
IH), 2.65-3.08 (m, 7H), 3.64-3.68 (m, 2H), 3.73 (quint, J = 6.5 Hz, 1H), 3.92 (br s, 1H), 4.67
and 4.72 (AB q, J = 11.8 Hz, 2H), 5.41-5.43 (m, 2H), 7.23-7.27 (m, 1H), 7.29-7.33 (m, 4H);
13C NMR (125 MHz, CDCl3) § 12.3, 18.8, 20.7, 21.3, 21.5, 24.0, 32.5, 35.3, 48.9, 54.4,
66.2, 68.7, 69.6, 76.8, 77.4, 82.3, 126.8, 127.2, 127.3, 128.3, 132.6, 135.8, 139.5; IR (film)
3380, 2971, 2873 cm!; CIMS m/z (relative intensity) 430 (MH™*, 54), 412 (31), 378 (27), 338
(100); EIMS m/z (relative intensity) 429 (M+, 0.1), 384 (6), 378 (28), 338 (100); HRMS calcd for
Ca6H39NO4 (M*) 429.2879, found 429.2874.

H3C :"o H
(+)-Allopumiliotoxin 339B (3). A solution of the corresponding benzyl ether (43 mg, 0.10
mmol) in THF (2 mL) was added dropwise to liquid NH3 (5 mL) at -78 °C with stirring. To this
mixture was added Li° (7 mg, 1.0 mmol) in small portions. After 10 min at -78 °C, the cooling
bath was removed, and the reaction mixture was continued to stir for another 15 min. The resulting

deep-blue mixture was carefully quenched by addition of solid NH4Cl in small portions until the

color disapperared and then allowed to gradually warm to rt to evaporate the ammonia. To the
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 residue was added saturated aqueous NaHCO3, and the mixture was extracted twice with CH,Cly.
The extract was washed with brine, dried over NaySOyg, and concentrated under reduced pressure.
The residue was purified by column chromatography on silica gel (CH2C12/MeOH/NH3,
90/10/0.1) to give product 3 (28 mg, 82%) as a colorless solid: mp 129-131 °C; [0])23p +8.7° (¢
1.2, MeOH) ('lit.3al [0]25p +8.8° (¢ 1.0, MeOH), lit.4 [0]26p +7.0° (¢ 0.20, MeOH)); 'H NMR
(500 MHz, CDCl3) § 1.00 (d, J = 6.5 Hz, 3H), 1.08 (d, J = 6.0 Hz, 3H), 1.21 (s, 3H), 1.57 (s,
3H), 1.77 (m, 4H), 1.92-2.81 (m, 10H), 3.07 (br s, 1H), 3.67-3.68 (m, 2H), 3.74 (quint, J =
6.8 Hz, 1H), 3.80 (d, J = 12.0 Hz, 1H), 5.36 (br t, J = 7.3 Hz, 1H), 5.51 (d, J = 9.5 Hz, 1H);
13C NMR (100 MHz, CDCl3) 8 12.2, 18.9, 204, 21.3, 21.6, 23.5, 32.2, 35.3, 51.5, 54.2,
68.7, 70.5, 71.6, 76.3, 82.6, 127.1, 131.1, 132.7, 135.4; IR (film) 3415, 2.971, 2929, 2873,
2795 cm-1: EIMS m/z (relative intensity) 339 (M, 41), 322 (155, 304 (11), 294 (40), 276 (28),
182 (100); HRMS calcd for C1gH33NO4 (M¥) 339.2409, found 339.2406.

Reference numbers are consistent with the journal text.
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