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Abstract. A concise synthesis of (-)-3, a known precursor of pumiliotoxin 251D, has been completed
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pyrrolidine 20 in the presence of TMS-OTT to give a mixture (4.8:1) of 21 and 22 in 57% yield.
Reduction and global deprotection of 21 afforded the bicyclic lactam 23. Raney Nickel mediated
extrusion of the hydroxymethyl group from 23 gave (-)-3. © 1999 Elsevier Science Ltd. All rights reserved.
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The structurally diverse and pharmacologically rich indolizidine alkaloids represent attractive targets for
namral nroducts csvnthecis. and numerous stratecies have bheen develoned for the efficient constmetion of thege
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One of the simplest members, pumiliotoxin 251D (2), isolated from the Ecuadorian frog Dendrobates tricolor,
was the first alkaloid of this class whose structure was unambiguously determined.? Several synthetic routes to 2
have been reported,* and the bicyclic lactam 3, which was first prepared by Gallagher and coworkers in their

synthesis of 2, has been a common target in several formal syntheses of 2.4¢-¢
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vinylogous Mannich reaction,” an example of which is generally represented by the addition of a
trialkylsilyloxyfuran 4 to an iminium ion 5 to give adducts 6 and 7 (eq 1),® and the subsequent conversion of the
adducts thus obtained into alkaloids.” We and others have found that the major diastereomeric product in

bimolecular reactions is 6, although the basis for this selectivity has not been convincingly established.8-12
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In developing an approach to the asymmetric synthesis of pumiliotoxin 251D (2), we reasoned that the
bicyclic lactam 3 might be formed by the lactone-lactam rearrangement of the chiral amino lactone 8, which would
be obtained upon refunctionalization of the vinylogous Mannich adduct 9 (Scheme 1). The Cbz nitrogen protecting
group on 9 was selected so it could be removed by hydrogenolysis concomitantly with reduction of the unsaturated

lactone moictv. Because the relative stereochemical relationship between the two stereogenic centers in 9

silyloxyfuran 10 to the iminium ion 11 (R = H). This prediction was verified in a series of related studies.12 The
............................... lanen mmsabinlliem v tlan Alanaliibn abma bl e Db - 0 | ORI SN, PR, B | P
lll‘lJUl stereoct lClluLdl lbbuc Wad LTl CULITUILLITIE UIC dUSOIULC SICICOCLICITISU Y 111 >, 111 PIIHCIPIC Sucn Conuol mlgn[

be achieved by placing a chiral auxiliary on nitrogen or perhaps by using a chiral Lewis acid to induce the
addition,!3.!4 However, owing to our experience in the asymmetric synthesis of croomine, we adopted an
alternative strategy in which a 5-substituted pyrrolidinium ion 11 (R = CO,Me, CH,OR’, etc.) would serve as the
electrophilic partner in the vinylogous Mannich reaction. After directing the facial selectivity in the addition to the

intermediate iminium ion, this substituent would be removed.
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The initial experiments to probe the stereoselectivity of the key vinylogous Mannich reaction were
conducted with the chiral methoxy pyrrolidine 12a and the 5-methyl-2-silyloxyfuran 11 in the presence of various
Lewis acids including BF5-OEty, TMS-OTTY, ZnCl,, and Sc(OTf); (Scheme 2). However, only traces of the desired
Mannich adducts could be detected in the NMR spectra of the crude reaction mixtures. On the other hand, the
reaction of the hydroxy pyrrolidine 12b with 10 in the presence of Et;AICI in CH3CN gave a mixture of 13 and 14
in 48% yield.
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Examination of the 'H NMR spectrum of the crude reaction mixture revealed four sets of signals
(1.0:1.4:4.0:5.8) that arose from the presence of two rotational isomers for each of the two diastereomers 13 and
14. The ratio of these signals is similar to that reported by Figadére and coworkers for a related reaction, although

attributed the appearance of the four sets of signals to four adducts differ stereochemistry at the newly
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created stereocenters.! ! However, when the '"H NMR spectrum was obtained at 100 °C rather than room

temperature, the signals for the diagnostic a-protons of the butenolide moieties coalesced into two sets of doublets
at 6.06 and 5.85 ppm in a [.4:1 ratio.

The major diastereomer was identified as 13 by tr

fi converting 13 into 15, we
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was determined by X-ray analysis. Interestingly,
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treatment of the mixture with base was necessary to complete the formation of 15. Related lactone-lactam
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rearrangements have been reported, but base treatment or heat is typically required to promote the reaction. 15 The
minor diastereomer 14 was converted in the same fashion into the bicyclic lactam 16; during this transformation,
however, no 16 was detected in the crude mixture after hydrogenation of 14. Thus, subtle steric factors appear
capable of influencing the facility with which these and related lactone-lactam transacylations occur,

The NOE difference spectra of 15 and 16 were compared to complete the structural assignment of 16, and

hence 14. Irradiation of the bridgehead methine proton at C(8a) in 15 resulted in a 4.0% enhancement in the

nal at C(8). whereas irradiation of the bridoehead methine at C(8a)in 16 cave onlv a2 0.9% enhancement
S irragiation ol the brigger 10 gave a U.J7 ennhancement
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of the methyl signal suggesting the two groups are cis in 15 (Figure 1). No enhancement was observed in the
resonance for the methine proton at C(3) when either the bridgehead methine at C(8a) or the methyi group at C(8)
was irradiated in 15 or 16. These data suggest that the two compounds are epimeric at the tertiary alcohol center,
thereby indicating that the Mannich adducts 13 and 14 were epimeric only at C(5). The configuration of 16 was

later confirmed by X-ray analysis of its sodium salt.
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sparingly soluble in no
anhydride that might be converted to a derivative suitable for decarbonylation were unsuccessful. Moreover, the
stereoselectivity in the key vinylogous Mannich reaction was modest. Consequently, an alternate route to (-)-3
was developed.

Because Hanessian and McNaughton-Smith observed that vinylogous Mannich reactions of iminium ions
derived from 2-methoxy-5-pyrrolidine derivatives proceeded with excellent stereoselectivity,!0P we reasoned that
the iminium ion generated from the methoxy pyrrolidine 20 might be a better electrophilic partner for the furan 10

(Scheme 3). Accordingly, commercially available 17 was converted by serial oxygen and nitrogen protection

followed by hydride reduction to give 20 in 74% overall yield. Subsequent reaction of 20 with 10 in the presence
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spectrum of the crude reaction mixture was again complicated by the presence of rotational isomers if the data
were acquired at ambient temperature, but at 100 °C, the peaks from the rotamers coalesced so the diastereomeric
ratio could be easily determined. Surprisingly, when the vinylogous Mannich reaction was conducted at 0 °C, the
ratio of 21 to 22 improved to 4.8:1 (57% yield). A variety of Lewis acids including Zn(OTf),, ZnCl,, Cu(OTf),,
Sc(OTf)3, SnCl,, and TiCl4 were surveyed as promoters of the addition, and although there was no significant

variation in the diastereomeric ratio of products, the highest yield was obtained using TMS-OT{. The structures of

21 and 22 were initially assigned based upon their NMR spectra, but these assignments were ultimately secured by
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Reduction of the carbon-carbon double bond of the major diastereomer 21 by catalytic hydrogenation
proceeded with concomitant removal of the carbobenzyloxy (Cbz) protecting group and spontaneous lactone-
lactam rearrangement to give, after acid-catalyzed removal of the primary hydroxyl protecting group, the bicyclic
lactam 23 in 66% overall yield. This one-pot procedure gave a better overall yield of 23 than the corresponding
two-step procedure. As noted previously, the spontaneous lactone-lactam rearrangement to give 23 was somewhat
surprising as prior art suggested that, depending on the pairwise stereochemical relationship between C(5) and

C(2"), either heating or treatment of the precursor amino lactone with catalytic base would be necessary.92.10b Ag
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established by X-ray crystallographic analysis.

Several methods for removing superfluous hydroxymethy! groups have been reported, but the clever use of
Raney nickel reported by Krafft and coworkers was appealing because of its simplicity.1® Thus, heating a mixturc
of 25 and Raney nickel (W-2) in refluxing toluene produced (-)-3 in 71% yield, thereby completing the formal
asymmetric synthesis of pumiliotoxin 251D (2). The quality of the Raney nickel was critical to the successful



removal of the pendant hydroxy methyl group. For example, use of commercially available catalyst failed to
promote the reaction to completion, even after prolonged heating. On the other hand, freshly prepared catalyst
effected the conversion in approximately 4 h.17 Although tertiary alcohols may also be slowly deoxygenated
under these conditions, only traces of a compound lacking the tertiary hydroxyl group were detected in the 'H

NMR spectrum of the crude reaction mixture.

This succinct approach to (-)-3 further demonstrates the utility of the vinVIogQus Mannich reaction as a
useful construction in alkaloid synthesis. Indeed, the indolizidine ring system, which is produced by an efficient
lactone-lactam rearrangement of the initial adduct, is widespread in Nature. The overall yield in the asymmetric

synthesis of (-)-3, which has a longest linear sequence of 6 steps and requires only 8 chemical steps from
commercially available materials, is 16%. Other novel applications of vinylogous Mannich reactions will be

reported in due course.

General. Unless otherwise indicated, all reagents were obtained from commercial suppliers and used
without further purification. Solvents were dried according to established protocols by distillation under nitrogen
from an appropriate drying agent: Tetrahydrofuran (THF) was distilled from potassium/benzophenone, and diethy]
ether (Et;Q) was distilled from sodium/benzophenone; dichloromethane (CH>Cly), tetramethyethylenediamine
(TMEDA), toluene, and triethylamine (Et3N) were distilled from calcium hydride. Reactions involving air and/or

vacuum (<0.1 torr). Flash chromatography was conducted using ICN Biomedicals ICN-SILITech 32-63d silica gel
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room temperature as solutions in deuteriochloroform (CDCl3) unless otherwise indicated. Chemical shifts are
expressed in parts per million downfield from tetramethylsilane (TMS) and were referenced to the solvent.
Spectral splitting patterns were designated as: s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet; comp,
complex multiplets composed of chemically non-equivalent 'H's; br, broad; app, apparent. Infrared (IR) spectra
were recorded either as films on sodium chloride plates or as KBr pellets as indicated. Mass spectra were obtained
using chemical ionization (CI) technique.

5-Methyl-2-triisopropylsilyloxyfuran (10). To a solution of Et3N (9.76 mL, 7.08 g, 70.0 mmol) and 2-

(5H)-furanone (3.55 mL, 4.20 g, 50.0 mmol) in anhydrous CH,Cl, (50 mL) at 0 °C was added triisopropylsilyl
trifluoromethanesulfonate (16.13 mL, 18.39 g, 60.0 mmol) over 15 min. Stirring was continued at 0 °C for 15 min
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then at rt for 16 h. The amber solution was diluted with EtpO/petroleu
saturated aqueous NaHCO3 (2 x 150 mL) and then coid saturated aqueous CuSQO4 (150 mL). The organic phase
was dried (MgSOj4) and concentrated to afford a yellow liquid that was distilled (65 °C, 0.35 mmHg) to yield 11.48
g (95%) of 2-triisopropylsilyloxyfuran as a clear, colorless oil. 'H NMR (250 MHz) 8 6.77 (dd, J=2.2, 1.1 Hz, 1
H), 6.17 (dd, J = 3.1, 2.2 Hz, 1 H), 5.09 (dd, J= 3.1, 1.1 Hz, | H), 1.33-1.15 (m, 3H), 1.07 (d, J = 6.7 Hz, 18H);
13C NMR (62.9 MHz) § 157.0, 131.8, 111.1, 83.4, 17.5, 12.2; IR (film) 1617, 1611 cmr!; mass spectrum (CI) m/z

240.1537 [Cy3H»40,8i requires 240. 1546] 241 (base), 239,

&

mmol) in anhydrous THF (520 mL) at 0 °C was added acy lohexaue solution of sec-butyllithium (1.3 M, 6
mL, 187 mmol) over 30 min and stirring continued at 0 °C for 2 h. Iodomethane (25.98 mL, 59.00 g, 416 mmol)
was added, and the resulting yellow solution was stirred at rt for 16 h. The mixture was washed with saturated



aqueous NaHCOj3 (2 x 250 mL), and the layers were separated. The combined aqueous layers were extracted with
Et20 (3 x 250 mL) and the combined organic layers were washed with saturated aqueous CuSQOy4 (2 x 250 mL),
dried (MgS0y4), and concentrated under reduced pressure. The resultant orange oil was filtered through silica gel
(100 g, pentane eluant) to afford 24.38 g (95.5%) of 10 as a clear, colorless oil. 'H NMR (250 MHz, CDCl3) §
5.73(dd,.l—30 1.1 Hz, 1 H),4.96 (d,J=3.0Hz, 1 H), 2.14 (d, /= 1. 1Hz,3H) 1.35-1.17 (m,3 H), 1.08 (d, J =
781, 1711,

1625, 1591 cm!; mass spectrum (CI) mfz254.1612 [C14u260281 (m+1) requires 254.171 !}, ) ase), 223
[EC o A1 %] 213 need (ED 41Q E'CY 1! D e rewr | hnsmerl £ anshaeesrhazsemer] DY o erceman | F-P% R b iy -4
(99, «0, 35j- afia (OR, <, 5 3j-1 ~DENZY1GXYCAarooiiyi-S> -CarvoXyvenzyi-4 ~pPyrroniaiiiyij-5-
-~ 4 4 AN (s al LT 1 1Q

methyifuran-2(5H)-one (13 and 14). To a solution of N-benzyloxycarbonyipyrogiutamate benzyl ester'® (1.554
g, 4.4 mmol) in anhydrous THF (18 ml.) at -78 "C was added a solution of Dibal-H in CH,Cl; (1 M, 5.28 mL, 5.28
mmol). The solution was stirred at -78 °C for | h. Saturated aqueous potassium sodium tartrate (4 mL) was added,
and the mixture was stirred at rt for 30 min. Solid Na;SO4 (4 g) was added, and the mixture was stirred for 30
min. Celite (4 g) was added, and the mixture was stirred for 15 min. The mixture was filtered, and the retained
solids were washed with Et7O (3 x 10 mL). The combined filtrates were concentrated to give 1.526 g (98%) of 12

as a clear, colorless oil that was used without further purification.

To a solution of 10 (0.314 g, 1.28 mmol) and 12 (0.453 g, 1.28 mmol) in CH3CN (3 mL) at rt was added a
solution of Btz AIC! in hexane (1 M, 1.28 mL, 1.28 mmol). The solution was stirred for 30 min, and saturated
aqueous potassium sodium tarirate (0.5 mL) was added. The mixiure was stirred for 30 min, and solid NaySOy

N~
<

(1.0 g) was added. After stirring for 1 h, the mixture was fiitered, and the retained solids were washed with
CH,Cly (3 x 3 mL). The combined filtrates were dried (NapSO4) and concentrated. The residue was seperated by
flash chromatography eluting with a step gradient of EtpO:hexanes (3:7, 250 mL; 7:13, 100 mL, 2:3, 100 mL; 9:11,
100 mL; 1:1) afforded 0.134 mg (24%) of 13 and 0.121 g (22%) of 14. For 13: 'H NMR (500 MHz, DMSO-
dg,100°C) 8 7.58 (d, J = 5.6 Hz, 1 H,) 7.36-7.26 (comp, 10 H), 5.86 (d, /= 5.6 Hz, 1 H), 5.02 (s, 4 H), 4.29 (dd, J
=8.0,1.5Hz, 1 H)4.23 (d, /=9.1 Hz, | H), 2.43-2.34 (m, 1 H), 2.12-2.04 (comp, 2 H), 1.89-1.84 (m, 1 H), 1.44

(s, 3 H); 13C NMR (125 MHz) § 171.2, 171.0, 159.7, 154.0, 135.6, 135.2, 127.8, 127.7, 127.5, 127.4, 127.3, 127.2,
117.5, 90.03, 67.4, 66.1, 65. 6, 61.8,59.8, 28.2, 24.2, 20.7; IR (film) 1759, 1748, 1713 cm-!; mass spectrum m/z
436.1747 (Ca5H26NOg (M+1) requires 436.1760), 338, 294 (base), 204. For 14: 'H NMR (500 MHz) 8 7.71 (d, J
=5.7 Hz, | H), 7.36-7.24 (comp, 10 H), 6.07 (d, /= 5.7 Hz, iH), 502 (s,4H),4.395(d,/=9.1 Hz, 1 H),4.27{d, J
= 8.6 Hz, | H), 2.34-2.25 (m, 1 H), 2.05-1.95 (m, | H), 1.89-1.85 (m, 1 H), 1.83-1.77 (m 1 H), 1.38 (s, 3 H); 13C

NMR (125 MHz) & 171.3, 170.9, 160.2, 154.5, 135.7, 135.2, 127.8, 127.7, 127.6, 127.5, 127.3, 127.2, 119.0, 89.9,
76.7, 66.3, 65.7, 62.1, 60.1, 28.5, 24.6, 20.3; IR (film) 1752, 1739, 1706 cm"!; mass spectrum m/z 436.1767
(CysH,gNOg (M+1) requires 436.1760). 436 (base), 391, 338, 302, 204.

(5R, 6S, 95)-9-Carboxy-5-hydroxy-5-methyl-1-azabicyclo[4.3.0]nonane-2-one (15). A mixture of 10%
Pd on carbon (18 mg, 17 umol), 13 (73 mg, 168 umol), and CH30H ( | mL) were stirred under Hp (1 atm) at rt for
1

1 M in CH30H, 500 pL, 550 pmol) at rt, and the mixture was stirred for 4

o Laal]

h. A solution of HCI in CH3OH (Z M, 250 mL) was then added. The mixture was concentrated, and the residual

freshly prepared solution of NaOCH3 (1.

solids were triturated with boiling sec-butanol (2 mL). The solids were removed by filtration, and the filtrate was
concentrated to give 33 mg (92%) of 15 as a colorless glass. An analytical sample was crystallized from
MeOH/i—Pr,0: mp 223-225 °C; 'H NMR (500 MHz, CD;0D) 84.32 (app t, J = 8.5 Hz, 1 H), 3.62 (dd, J = 10.6,
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5.6 Hz, 1 H,), 2.44 (ddd, J = 18.4, 11.6, 7.0 Hz), 2.36-2.30 (comp, 1 H), 1.97-1.91 (comp, 2 H), 1.88-1.72 (comp,
3 H), 1.27 (s, 3 H); 13C NMR (125 MHz, CD30D) § 178..8, 171.5, 68.2, 68.0, 62.4, 35.5, 29.0, 28.8, 26.6; IR
(KBr) 3504, 1690, 1570 cm-!; mass spectrum m/z 214.1089 (C1oH5NO4 (M+1) requires 214.1079), 214 (base),
196, 168.
(58, 68, 95)-9-Carboxy-5-hydroxy-5-methyl-1-azabicyclo{4.3.0]nonane-2-one, sodium salt (16). A
mixture of 10% Pd on carbon (12 mg, 12 umol), 13 (50 mg, 115 pmol), and CH30H (1 mL) were stirred under Hy

(1 atmYatrt for 16 h he mivture wace then filtered throneh celite and the filter pcalke wae wached with CH-OH (2
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dissolved in a freshly prepared solution of NaOCHj3 (1.1 M in CH30H, 500 pL, 550 pmol) at rt, and the mixture

)

was stirred for 4 h. The mixture was concentrated, and the residual solids were triturated with boiling sec-butanol
(2 mL). The solids were removed by filtration, and the filtrate was concentrated to give 22 mg (81%) of 16 as a
colorless glass. An analytical sample was prepared by crystallization from MeOH/acetone: mp >300 °C; !H NMR
(500 MHz, CD;0D) 6 4.32 (app t, J = 8.3 Hz, 1 H), 3.69 (dd, J = 10.4, 5.6 Hz, 1 H), 2.50 (ddd,J = 18.4,7.2, 1.5
Hz, 1 H), 2.34-2.25 (comp, 2 H, C8-H), 2.08-1.97 (comp, 2 H), 1.83-1.75 (comp, 2 H), 1.73-1.65 (m, 1 H), 1.12
(s, 3 H); 13C NMR (125 MHz, CD30D) & 177.7, 170.7, 70.1, 68.2, 62.0, 37.0, 30.8, 29.0, 27.6, 19.7; IR (film)
3382, 1560 (br); mass spectrum m/z 236.0891 (C;oH;5sNNaO4 (M+1) requires 236.0899), 235 (base), 233, 208,

128 1AQ
167, 100.

(S)-(-)-5-Diphenyiieri-butyisilyloxymethyi-2-pyrroiidinone {(i8). A solution of (5)-(-)-5-hydroxymethyl-
2-pyrolidinone (17) (3.394 g, 29.5 mmol), imidazole (5.021 g, 73.8 mmol), and chiorodiphenylrers-butylsilane

(9.730 g, 35.4 mmol) in DMF (150 mL) was stirred at rt for 36 h. The solvent was evaporated, and the residual oil
was partitioned between sat. aq. NaHCO3 (50 mL) and CH,Cl, (50 mL). The layers were separated, and the
aqueous layer was extracted with CH,Cl; (3 x 20 mL). The combined organic layers were dried (Na;SOy) and
concentrated. The residual oil was purified by flash chromatography eluting with EtOAc/hexanes (2:3) to afford

18 (9.798 g, 94%) as a viscous oil which turned into a glass upon standing and whose spectral data are in accord

(=24

with the literature 19
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5 mmol) in anhydrous THF (45 mL) at -78 °C was added a solution of sodium
hexamethyldisilazide (I M in THF, 18 mL, 18 mmol). The mixture was stirred for 30 min at -78 °C, whereupon
benzyl chloroformate (3.071 g, 18 mmol) was added. The mixture was stirred at -78 “C for 1 h, the cooling bath
was removed, and the mixture was stirred at rt for 3 h. Aq. HCI (0.5 M, 30 mL) was added, and the layers were
separated. The aqueous layer was extracted with Et5O (3 x 20 mL), and the combined organics were dried
(NaySO,) and concentrated. The residual oil was purified by flash chromatography eluting with EtOAc/hexanes
(1:4) to give 19 (6.767 g, 92%) as a viscous oil. 'H NMR (300 MHz) 8 7.67-7.58 (comp, 5 H), 7.49-7.28 (comp,
10 H),5.21(d,J=123Hz, 1 H), 5.14 (d, J = 12.3 Hz, 1 H), 4.30-4.25 (m, 1 H), 3.92 (dd, J = 10.7, 3.9 Hz, 1 H),
R5 (dt, J=17.5, 10.5 Hz, 1 H), 2.53-2.43 (m, 1 H), 2.18-2.12 (comp, 2 H), 1.06
1 129.1. 128.8. 128.7. 128.4. 68.4. 65.4
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ety £.20
1267 1361 135 R 13
Wy 10U Ly 1TV, 1070, 1J g LdZily LAUWU, 1&U.7, 1&0U.7, UU.F, UJ.T,

792, 1751, 1718 cml; mass spectrum (CI) m/z 488.2253 (CogH34NO4Si
20, 430, 444 (base), 488.

(5§, 2'S, § S)- and (SR, 2'S, 5'S)-1'-Benzyloxycarbonyl-5'-diphenylfert-butylsilyloxymethyl-2'-
pyrrolidinyl-5-methylfuran-2(5H)-one (21 and 22). To a solution of 19 (4.394 g, 9.0 mmol) in MeOH (45.0
mL) at -10 °C was added NaBH, (2.724 g, 72.0 mmol) in 4 equal portions over 1 h. The mixture was stirred at -10
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°C for an additional 30 min, whereupon conc. HCI was added to adjust the pH to 2. The mixture was stirred for an
additional 15 min and then neutralized with sat. aq. NaHCO3. The mixture was concentrated and partitioned
between H,O (25 mL) and CH,Cl, (15 mL). The layers were separated, and the aqueous layer was extracted with
CH,Cl, (2 x 10 mL). The combined organic layers were dried (Nay;SO,4) and concentrated to afford 20 as an oily
mixture of two anomers (4.314 g, 86%) that was use without further purification.
To a solution of 10 (0.608 g, 2.4 mmol) and 20 (1.000 g, 2.0 mmol) in Et,O (10 mL) at 0 °C was added
: N

MS-OTf (0.044 mo. 36ul, 0.2 mmol). The mixture was stirred at 0 °C for 36 h. whereunon sat. ag 2HCO, (10
LAYASTRS 1 \VWUSS HIE, JURaY, VL 1Vl ). I HLALGID Wads SUlitU at U L aUx 20 1, WaliLupUl sat. ay. 1radmnwg iy
T Y 3700 AddaAd Mo lawvaee ara cannratad amd tha amiianae laga mo Aavien~tadd th T+ M 72 o & TN T .
HiL.) wdy dadull 11iC ld_yclb WCIC Dcpalalcu, dllu Lo dqucuub l(lycl wdd CTALLAULICU WL LJLZU \Q A D lllL) 11IC

' o ~ - o

combined organic iayers were dried (Na;SO,4) and concentrated. The resuiting oil was purified by flash
chromatography eluting with EtOAc/hexanes (3:17) to afford, in order of elution, pure 21 (0.476 g), a mixture of
21 and 22 (0.053 g), and pure 22 (0.113 g) as viscous oils for a total of 0.642 g (57%). For 21: 'H NMR (500
MHz, DMSO-dg, 100 °C) 8 7.61-7.53 (comp, 7 H), 7.40 7.36 (comp, 6 H), 7.30-7.21 (comp, 3 H), 5.76 (d, /= 5.6
Hz, t H), 5.02(d, J=12.3Hz, 1 H), 483 (d,J=123 Hz, 1 H),4.19(d, J=7.9 Hz, 1 H), 3.80-3.74 (comp, 3 H),
2.26-2.13 (comp, 2 H), 2.04 (dd, J = 12.2, 7.0 Hz, 1 H), 1.97 (dd,J =114, 70 Hz, 1 H), 1.42 (s, 3 H), 1.01 (s, 9
H); 13C NMR (125 MHz, DMSO- dg, 100 °C) & 171.1, 159.9, 153.5, 135.8, 134.4, 132.8, 132.7, 129.1, 127.6,
127.2,127.1, 116.7, 90.5, 63.4, 62.1, 58.8, 26.8, 26.1, 24.3, 20.9, 18.2; IR (film) 1760, 1697 cm-1; mass spectrum
A

s
’

(O /e 870 VERE (Ca  H NS (MY reaauires 370 7676 370 (haga) 477 1R 260 Ear 22 1H NMR (500
Wby 774 3 TU.L000 (L3400 4(1NV 500 U™ ) IC{UIILS J /UG iUy, J/u \Uadl ), 74, JI06, 40U, 10Ul &&. 1 INIVIRN \Juu
ARATT_ TYRAC Y I 1NN %" 7 1N 73 F _ €7 11, 1 1T 7 £1 T EE e A TIN T AL 7T VL nmamnee £ TEY 7T NE L N
MRz, DvisU-ag, 14U L) 0 7./0{Q, v = 2.7 0z, 1 1), /.01i—-7.35 {comp, O n), /.45-7.50 (comp, 6 1), /.253(D 8, >
H), 6.02 (d, J = 5.7 Hz, 1 H), 5.08 (d, / = i2.5 Hz, i H), 4.90 (d, J = 12.5 Hz, | H), 4.19 (d,/ = 7.7 Hz, 1 H),

3.94-3.89 (m, 1 H), 3.88-3.64 (m, | H), 3.78 (dd, /= 9.8, 2.6 Hz, | H), 2.18-2.03 (comp, 2 H), 2.00-1.95 (m, |
H), 1.80 (q, J = 5.6 Hz, | H), 1.38 (s, 3 H), 1.00 (s, 9 H); 13C NMR (125 MHz, DMSO-dg, 100 °C) & 170.8, 160.5,
153.9, 1359, 134.4, 132.8, 132.7, 129.1, 127.6, 127.1, 126.8, 118.5, 90.2, 65.9, 63.3, 62.4, 58.9, 27.1, 26.1, 24.7,
20.3, 18.2; IR (film) 1751, 1698 cm-!; mass spectrum (CI) m/z 570.2673 (C34H4oNOsSi (M+1) requires
570.2676), 570 (base), 488, 472, 338,

(5R, 68, 9S)-5-Hydroxy-9-hydroxymethyl-5-methyl-1-azabicyclo[4.3.0lnonane-2-one (23). A mixture
d (0.081 mg, 0.08 mmol) and 21 (0.436 g, 0.77 mmol) in MeOH (8.0 ml

gy VU in 11 aVavlosia
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N
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H; (1 atm) for 12 h, whereupon a solution of HCI (1 M in MeOH, 8.0 mL, 8 mmol) was added. The mixture was
stirred at 0 "C for 36 h. Solid NaHCO; (1.0 g) was added, and the mixture was stirred at rt for 1 h. The mixture
was filtered through celite, and the retained solids were washed with MeOH (2 x 1 mL). The combined filtrates
were concentrated to give a waxy solid that was crystallized from CH3CN to give 23 (0.072 g, 47%) as white
needles. The mother liquor was purified by flash chromatography eluting with MeOH/CH,Cl, (3:47) to give
additional 23 (0.029 g, 19%). Mp 177-178 °C; 1H NMR (300 MHz, CD;0D) 8 4.12-4.04 (m, 1 H), 3.79 (dd, J =
11.2,3.9Hz, 1 H), 3.57 (dd, J = 11.2, 4.4 Hz, 1 H), 3.48 (dd, J = 10.8, 5.4 Hz, 1 H), 2.53-2.28 (comp, 2 H),
2.08-2.00 (m, 1 H), 1.96-1.65 (comp, 5 H), 1.26 (s, 3 H); 13C NMR (75 MHz, CD;0D) § 171.2, 67.7, 67.0, 63.7,

60.8, 34.5, 28.4, 25.8, 25.2, 25.1; IR (KBr) 3327, 3224, 1606 cm'!; mass spectrum m/z 200.1292 (calculated for
C. H. . NO, (M) reguires 2 1287Y 200 (hase) 182 168
101‘181‘\/‘5 \ivYrv 1) I\J\iullhﬂ i \INT s L heu\T [ [y 4t TN \ VROV J Ay LI

(5R, 2'S, 5'S)- 5'-Diphenyltert-butylsilyloxymethyl-2'-pyrrolidinyl-5-methylfuran-2(SH)-one (24). A
mixture of 10% Pd on carbon (0.1054 g, 0.1 mmol) and 22 (0.5886 g, 1.03 mmol) in MeOH (5 mL) were stirred
under Hy (1 atm) for 12 h. The reaction mixture was filtered through celite, and the retained solids were washed
with MeOH (2 x 5 mL). The combined filtrates were concentrated, and the residual oil was purified by flash
chromatography eluting with Et,O/hexanes (3:2) to afford 24 (0.152 g, 35%) as a clear, colorless oil. 'TH NMR



(300 MHz) 6 7.68-7.65 (comp , 4 H), 7.47-7.37 (comp, 6 H), 3.59 (dd, J = 10.2, 4.4 Hz, 1 H), 3.51 (dd, J = 10.2,
6.0 Hz, 1 H), 3.42 (app t, /=7.9 Hz, 1 H), 3.33 (dt,J = 10.7, 6.0 Hz, | H), 2.70 ddd, J = 17.5, 10.9, 6.4 Hz, 1 H),
2.63-2.52 (m, 1 H), 2.35 (ddd, J = 124, 10.9, 7.1 Hz, 1 H), 2.07 (br s, 1 H), 1.91~1.71 (comp, 3 H), 1.63-1.51 (m,
1 H), 1.46-1.29 (m, 1 H), 1.34 (s, 3 H), 1.08 (s, 9 H); 13C NMR (75 MHz) & 177.9, 136.2, 136.1, 134.1, 134.0,
130.3, 128.4, 90.0, 66.4, 64.3, 60.6, 30.4, 28.5, 28.3, 27.5, 27.3, 25.0, 19.9; IR (film) 3355, 1770 cm!; mass

spectrum m/z 438.2457 (C26H;6N035i (M+1) requires 438.2464), 438 (base), 360, 338, 243, 211, 182,
(§S. 6S (,IQ\ 5- “vd v-O.-hvdroxvmethvl-5-methvi.1.azahicvelol4. 3. 0Inonane-2.0ne (25 Ta a
Adidy Uiy 2 Ay e Ry AR TR Y AN TR R A Y AT ATRAG UL Y LAV Fe LoV JAIVRR RV AU (&P ). iU a
enlutinn af 24 (00R1T o 0 10 mmaly in MaOIT 71 mI Y ar 0 °C wac added a calitinm of NaDMea (1 M n Moy 0 17
SUIULIULL Ul o \U.UU 1 5, v.17 llllllUl} IED IVEUAJL L \1 llllJ) at v o wad auucu a suilutivll 1 INA\JIv1iC \l 1vl 111 1VICU11, .17
¥ n 1™ I Y Lg o) PN 1 PR o B iy A 1 1 ol B 7 o b I AL MNTY /1 2 & 1 h g 4 L AN 1
mL, U.1/ mmoi). 1ne somuon was surreda 1or 4 n and a bOlU[lOﬂ oI i in ivieun (1 ivi, 1 mL, 1 mmol) was then

added. The mixture was stirred at O °C for an additional 36 h. An aqueous solution of NaOH (6 M, 0.20 mL) was
added, and the mixture was concentrated under reduced pressure. The residual waxy solid was triturated with hot
CH4CN (2 mL), and the solids were then removed by filtration. Upon cooling, 25 crystallized from the filtrate as
thin white needles (0.019 mg, 51%): mp 148-149 °C; 1H NMR (300 MHz, CD30D) 8 4.11-4.03 (m, 1 H), 3.81
(dd, J=11.2,4.1Hz, 1 H),3.57 (dd,J=11.2,4.1 Hz, 1 H), 3.53 (dd, J = 10.7, 5.5 Hz, 1 H), 2.52 (ddd, J = 18.5,
7.2,2.1 Hz, 1 H), 2.29 (ddd, J = 18.5, 11.4, 7.3 Hz, | H), 2.07-2.20 (comp, 2 H), 1.91 (dt, /= 12.1, 7.3 Hz, 1 H),

1 H
1A 2B 210 270 2672 20 1- TR ( 572 164 1/D m-l- mace enactrim m/- 200 1IR6 (. SNOY
Uiy, JUNy Ji.U, &1.Uy LY.Ly, LVU.1, LIN (I Sy JAINIT, 1Y _1 i, IAsSS spLliulll md &y, l ayg \\,lUlll&A‘\_lj
Ve V. JTIR S ST Ta Y o NN | 7 N ey 100 140 184
Lvir1) 1equll LUV 1 / U (DadxC ), 104, 100, 104,

D
(5R, 6S)-5-Hydroxy-5-methyi-1-azabicycio{4.3.0]nonane-2-one ((-)-3). Raney nickel (W-2)!7 (0.300 g)
was washed with H,O (8 x | mL), i-PrOH (2 x 1 mL), and toluene (1 x 1 mL). To the Raney nickel was added 21
(0.050 g, 0.25 mmol) and toluene (2 mL). The mixture was heated at 140 "C for 4 h, was cooled to rt, and the
solids were removed by filtration through celite. The retained solids were washed with boiling MeOH (2 x 1 mL),
and the combined filtrates were concentrated. The residual oil was purified by flash chromatography eluting with
MeOH/CH,Cl, (1:19) to give (-)-3 as a white solid. An analytical sample was prepared by crystallization from
EtOAc/i-PryO: mp 94-95 °C (lit mp 90-92 "C"’fb 89-91 *C4e); [a]22py -55.0° (¢ 0.79 CHCl3){lit [o]?1y -47.0° (c

i

0.97, CHCl3);4b [a]29p; -53.0° (c 0.97, CHCl3)%¢}; |H NMR (300 MHz) § 3.51 (dd, J=9.3, 4.6 Hz, 2m 3.37 (dd,
J=99,658Hz, 1 H), 253(ddd J = 18.3, 11.4,7.3Hz,1H),2.37(de 18.3, 6.6 Hz, 1 H), 2.18 (br s, 1H),
~ n £ITN 1 AN 1in, 13 NIRATY 7778 RAET N\ S £ £L AL T UIAD AQ N NL Y L .
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