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The asymmetric synthesis of the 2,3,6-trisubstituted piperidine core of the antituptrar alkaloids
was readily achieved by using the intramolecular Mannich reaction and a sulfinimine-dgramiho
ketone.

Substituted piperidines, a common structural motif in many alkaloids &)-lasubine I7 (+)-lasubine 118 and ()-epimyrtine?
alkaloid natural products (indolizidine, quinolizidine), continue More recent studies with enantiopyeamino ketoned1° and
to be important targets for asymmetric synthesis due to their aldehydes (RCHO) have revealed that the intramolecular
significant biological properties and scarce availability from Mannich reaction protocol is an important new source of
natural sources.The primary challenge associated with their stereodefined 2,3,6-trisubstituted and 2,3,5,6-tetrasubstituted
preparation is the strategic placement of the multiple ring 4-piperidone2 and3 (Scheme 1). These sulfinimine-derived
functionalities having the desired stereochemistry. Efforts in our building blocks were employed in efficient asymmetric syntheses
laboratory have exploited the intramolecular Mannich reaétion of the poison frog alkaloids—)-indolizidine 209B &) and
of enantiopure amines, derived fraxasulfinyl 6-amino-ke- (—)-indolizidine 223A 6).1?
toesters with diverse aldehydes for the highly stereoselective, In an effort to extend and explore the scope and limitations
one-pot assembly of 2,3,6-tetrasubstituted 4-piperidéitese of the intramolecular Mannich reactighamino ketone protocol
sulfinimine (N-sulfinyl imine)-derived chiral building blocks  for the synthesis of functionalized piperidines we have turned
were employed in concise asymmetric syntheses of monosub-our attention to thélupharalkaloids!'3 The Nupharalkaloids
stituted piperidines such aR)¢(+)-2-phenylpiperiding,disub- are a large family of sesquiterpenoid and triterpenoid alkaloids
stituted piperidines such as the four isomers of 4-hydroxypipe- having piperidine, indolizidine, and quinolizidine ring systems
colic acic® and (~)-SS20846A and trisubstituted piperidines and are isolated from aquatic plants of the gemigphar
including the frog skin toxin)-2410° and the quinolizidine (Nymphaeaceaé¥.Several members of this family of alkaloids
have shown antibiotic, antifung&®? and central paralytic
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()-Nupharamine (6) (558R,99)-()-7

acitivities1® The core structure of these heterocycles contains a
trisubstituted piperidine ring with a 3-furyl substituent at C-6

and a methyl group at C-3, and this structure should be amenable

to synthesis by using our Mannighamino ketone protocdf
Representative examples of these compounds aren{
upharamine®) and )-(5S 8R,99-5-(3-furyl)-8-methyloctahy-
droindolizidine ) (Scheme 2). Several multistep asymmetric
syntheses of «{)-nupharamine &’ have been described
employing Diels-Alder reactions? an intramolecular aza-
Wittig reaction!® and a cross metathesis/reductive amination
reactiori® as key steps. The only reported asymmetric synthesis
of (—)-7 employed an intermolecular Dietf\lder reactiontsb

Results and Discussion

The requisitgg-amino ketoneRs,19)-(—)-(p-toluenesulfinyl)-
1-amino-1-(3-furyl)pentan-3-on) was readily prepared by

adding the preformed potassium enolate of methyl ethyl ketone

to (R)-(—)-N-(3-furylmethylene)s-toluenesulfinamided) (Scheme
3). The amino ketone<)-9 was obtained as a single diastereo-
isomer in 84% isolated yield. Sulfinimine-{-8 was prepared
in 92% vyield by reaction of commercially availablg){(—)-p-
toluenesulfinamide g TolylS(O)NH,) with 3-furfural in the
presence of Ti(OE;)*! Removal of theN-sulfinyl auxiliary in

9 was effected by treatment with 6 equiv of TFA in MeOH,

(14) (a) LaLonde, R. T.; Wong, C.-F.; Das, K. @. Am. Chem. Soc.
1972 94, 8522. (b) Maurer, B.; Ohloof, GHelv. Chim. Actal976 59,
1169.

(15) (a) Arata, Y.; Ohashi, TYakugaku ZassHi957, 77, 236. (b) Kokate,
M.; Kawasaki, |.; Matsutani, S.; Kusumoto, S.; Kaneko,Bull. Chem.
Soc. Jpnl962 35, 698. (c) Wong, C. F.; Auer, E.; LaLonde, R. J..Org.
Chem.197Q 35, 517.

(16) (a) Matsuda, H.; Morikawa, T.; Oda, M.; Asao, Y.; Yoshikawa, M.
Bioorg. Med. Chem. LetR003 13, 4445. (b) Matsuda, H.; Yoshida, K.;
Miyagawa, K.; Nemoto, Y.; Asao, Y.; Yoshikawa, Bioorg. Med. Chem.
Lett. 2006 16, 1567.

(17) Shimizu, I.; Yamazaki, HChem. Lett199Q 777.

(18) (a) Shishido, Y.; Kibayashi, Cletrahedron Lett1991 32, 4325.
(b) Barluenga, J.; Aznar, F.; Ribas, C.; Vad€.J. Org. Chem1999 64,
3736.

(19) Honda, T.; Ishikawa, F.; Yamane, B Chem. SocChem. Commun.
1994 499.

(20) Blechert, S.; Gebauer, Synlett2005 2826.

(21) Fanelli, D. L.; Szewczyk, J. M.; Zhang, Y.; Reddy, G. V.; Burns,
D. M.; Davis, F. A.Org. Synth.200Q 77, 50.
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TABLE 1. Intramolecular Mannich Reaction of Imine 11 with
Benzaldehyde
acid isolated
entry (equiv) reaction conditions 12 (%)
1 PTSA (6) benzene, rt, 16 h 34
2 PTSA (6) benzene, 4%, 3 h 38
3 PTSA (6) benzene, 6T, 3 h 67
4 CSA (6) benzene, 61C, 3 h 48
5 PPTS (6) benzene, 6C, 3 h 42
6 Yb(OTf)s(1) DCMtt, 8 h 24
7 Yb(OTf)3(1) DCM, reflux, 8 h 30
8 Yb(OTf)s (1) benzene, 60C, 3 h 38
9 Yb(OTf)3(6) benzene, 66C, 3 h 42

which afforded the free amin&0 as the trifluoroacetate salt.
The salt was quickly passed through a short pad of silica gel to
remove the sulfinyl byproducts and concentrated, and the residue
was immediately treated with benzaldehyde in DCM in the
presence of anhydrous MgQvhich afforded the crude imine
11in 76% vyield for the two steps (Scheme 3). Our concern
that the furan ring might not survive these conditions, because
of its acid sensitivity, was apparently unfounded. However, for
the same reasons, the Mannich cyclization was initially explored
and optimized with the benzaldehyde imine substrafe
(Scheme 3).

The crude iminell was next treated with 6 equiv of
p-toluenesulfonic acid monohydrate in dry benzene at room
temperature for 16 h. After the reaction was quenched with
aqueous NaHCg) the desired tetrasubstituted piperiding){

12 was isolated as a single diastereoisomer, but only in 34%
yield (Scheme 3) (Table 1, entry 1). Increasing the temperature
improved the yield ofl2 and also reduced the reaction time
(Table 1, entry 2). When the reaction was run at €D in
benzene fo3 h (—)-12 was obtained in 67% yield (Table 1,
entry 3). Use of acids such as camphorsulfonic acid (CSA) and
pyridinium p-toluenesulfonate (PPTS) resulted in lower yields
(Table 1, entries 4 and 5). Use of the lanthanide triflate salt,
Yb(OTf)3, also resulted in no improvement in the yields (Table
1, entries 6-9).

Using amine salll0, we next explored the Mannich cycliza-
tion with crotonaldehyde and ethigt4-oxo-2-butenoate imines
13a and 13b, respectively. When the crude imines were
subjected to the optimized Mannich cyclization conditions
(TsOH, PhH, 60°C), the corresponding tetrasubstituted pip-
eridines ()-14aand ()-14b were isolated as single isomers

J. Org. ChemVol. 71, No. 11, 2006 4223
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SCHEME 4
R
RS0 KL TsOHH,0
MgSO, N PhH
10 N O
d\)v
(9) 13
13a: R = Me, 1.5 h (90%)
13b: R = CO4E, 2 h (86%)
Q S__S
fﬁ/ HS\/\SH
N R N7 CoyEt
!\ H BF4OEt, (93%) 2
o

I\
.

(253565)-(-)-14 (25,35,69)-(-)-15

a:R=CHs;, 6h, 76%
b: R = COOEt, 4 h, 74%

Ra-Nickel ref. 18b (-)-6

(78%) ()7

U H CO.Et
()

(2S,3R,65)-(-)-16

in good yield (Scheme 4). To prepaxeipharalkaloids ()-6
and (—)-7 requires removal of the 4-oxo group ir-)-14b,
which was easily accomplished by formation of the thioketal
with ethanedithiol/Bg-OE#, to give (—)-15. When treated with
Raney-Ni (-)-15gave (&,3R,69-(—)-16in 78% yield (Scheme
4). Barluenga and co-worké#8 prepared £)-16in a series of
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N "J
O
(55,85,99)-(-)-19

0.59 g (3.83 mmol) ofR-(—)-p-toluenesulfinamide in dichlo-
romethane (50 mL). To this solution was added 0.82 mL (3.83
mmol) of 3-furaldehyde and 4.01 mL (19.1 mmol) of Ti(O&at
room temperature. The reaction mixture was stirred at room
temperature fo5 h and poured into a 250-mL beaker containing a
50 mL ice-water mixture, then the solution was vigorously stirred
for 10 min. At this time, DCM (25 mL) was added, the solution
was extracted with DCM (X 25 mL), and the combined organic

nine steps from a chiral aminodiene and the resulting compoundPhases were dried (M&0O,) and concentrated. Chromatography

was used as a common intermediate in the synthesis-pf (
nupharamine & and ()-(5S8R,99)-5-(3-furyl)-8-methyloc-
tahydroindolizidine 7). Our synthesis of this key intermediate

(hexanes/EtOAc, 9:1) gave 1.10 g (92%) of a white solid, mp 75
77 °C; [a]®%5 —308.5 € 1.01, CHCY); IR (neat) 3054, 2921, 1610
cmL; 'H NMR (CDClg) 6 8.71 (s, 1H), 7.92 (s, 1H), 7.58 (d,=
7.6 Hz, 2H), 7.39 (s, 1H), 7.28 (d,= 7.6 Hz, 2H), 6.78 (s, 1H),

required only 6 steps (4 operations) from the readily prepared 2 41 (s, 3H)13C NMR (CDCk) 152.6, 148.1, 144.9, 141.9, 130.0,

sulfinimine R)-(—)-8. As (—)-16 is the key intermediate, our
procedure represents a formal asymmetric synthediuphar
alkaloids ()-6 and ()-7.

A more concise synthesis of indolizidine alkaloid-)¢
(5S8R,99-7 employs piperidone )-14a and ring-closing
metathesis (Scheme 5). Heating piperidirg-(4a with allyl
bromide gave the diene-{-17, which was subjected to ring
closing metathesis with Grubbs’ first-generation catalyst. The
crude reaction product was hydrogenated (5% ©{H,) to give
indolizidine (—)-18 in 73% isolated vyield for the two-step

125.0, 124.3, 108.2, 21.7; HRMS calcd for2811NO.S (M + H)
234.0588, found 234.0587.
(Rs,1S)-(—)-N-(p-Toluenesulfinyl)-1-amino-1-furyl-pentan-3-
one (9).In a 100-mL, single-necked, round-bottom flask equipped
with a magnetic stirring bar, rubber septum, and argon balloon was
placed diethyl ether (50 mL) and the solution was coolee- 7@
°C. At this time, 8.55 mL (4.29 mmol) of KHMDS (0.5 M solution
in toluene) was added via syringe, followed by dropwise addition
of 0.28 mL (3.2 mmol) of methyl ethyl ketone. The reaction mixture
was stirred at this temperaturerfd h atwhich time 0.5 g (2.14
mmol) of (R)-(—)-8 in diethyl ether (10 mL) was added via cannula.

sequence. The 7-oxo group was removed as before by converafter 30 min, the reaction mixture was quenched by addition of

sion into the thioketal<)-19followed by radical desulfurization
with n-BusSnH/AIBN to give the target-{)-(5S8R,99-5-(3-
furyl)-8-methyloctahydroindolizidine7] in 75% yield (Scheme
5).

In summary an efficient protocol for the highly stereoselective
synthesis of the 2,3,6-trisubstituted piperidine core structure o
the Nuphar alkaloids was devised with use of the Mannich
cyclization and sulfinimineN-sulfinyl imine)-derived3-amino

saturated NECI (10 mL) solution at—78 °C and the reaction
mixture was warmed to room temperature. Water (10 mL) was
added, the solution was extracted with ethes(20 mL), and the
combined organic phases were dried {8/@,) and concentrated.
Chromatography (20% EtOAc/hexane) gave 0.54 g (84%) of a

f colorless oil: p]2°5 —109.4 € 1.00, CHC}); IR (neat) 3197, 2362,

1715 cnr’; 'H NMR (CDCl) 6 7.58 (d,J = 7.6 Hz, 2H), 7.41 (s,
1H), 7.36 (s, 1H), 7.24 (d] = 7.6 Hz, 2H), 6.40 (s, 1H), 5.02 (d,
J=5.5Hz, 1H), 4.82 (dd) = 6.4, 5.5 Hz, 1H), 2.90 (d] = 6.4

ketones. The requisit-amino ketone was prepared by the Hz 2H), 2.38 (s, 3H), 2.33 (gl = 7.5 Hz, 2H), 0.96 (t) = 12.4
highly diastereoselective addition of the potassium enolate of Hz, 3H); 13C NMR (CDCk) 209.6, 143.9, 143.6, 141.8, 140.5,

methyl ethyl ketone to a 3-furyl sulfinimine.

Experimental Section

(R)-(—)-N-(3-Furylmethylene)-p-toluenesulfinamide (8).In a
100-mL, single-necked, round-bottom flask equipped with a

130.5, 128.3, 127.9, 110.2, 49.0, 48.9, 37.2, 21.7, 7.7; HRMS calcd

for C16H19N038Li (M + LI) 312.1246, found 312.1242.
(2R,3S,69)-(—)-6-(3-Furyl)-3-methyl-2-phenyl-4-piperidone (12).

In a 25-mL, single-necked, round-bottom flask equipped with a

magnetic stirring bar, rubber septum, and argon balloon was placed

0.02 g (0.065 mmol) of £)-9 in anhydrous methanol (10 mL).

magnetic stirring bar, rubber septum, and argon balloon were placedThe solution was cooled to @C, and after 0.03 mL (0.39 mmol)

4224 J. Org. Chem.Vol. 71, No. 11, 2006
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of TFA was added via syringe the mixture was warmed to room —76.5 € 0.1, CHC}); IR (neat) 3127, 3054, 2921, 1610 cin'H
temperature. After the reaction mixture was stirred 20h the NMR (CDCl3) 6 7.20 (s, 1H), 7.14 (s, 1H), 6.78 (dd~= 8.4, 6.6
solvent was concentrated, EtOAc/hexane (1:1, 2 mL) was added,Hz, 1H), 6.28 (s, 1H), 5.80 (dl = 10.4 Hz, 1H), 4.13 (¢J = 7.8
and the solution was passed through a short silica gel pad, elutingHz, 2H), 3.78 (tdJ = 7.4, 2.3 Hz, 1H), 3.12 (td] = 7.4, 2.3 Hz,
with 30% EtOAc/hexane to remove tpeoluenesulfinyl products. 1H), 2.38 (d,J = 7.8 Hz, 2H), 2.18 (m, 1H), 1.44 (br s, 1H), 1.09
Elution with methanol gave the crude ammonium triflate salt, which (t, J = 7.6 Hz, 3H), 0.80 (dJ = 7.2 Hz, 3H);13C NMR (CDCk)
was concentrated and placed in a 25-mL, one-necked, round-209.1, 166.3, 147.6, 145.3, 142.5, 140.4, 124.5, 109.7, 64.6, 61.0,
bottomed flask equipped with a magnetic stirring bar and argon 52.2, 50.3, 31.2, 14.5, 10.5; HRMS calcd fofs,0NO, (M + H)
balloon. Dichloromethane (5 mL) was added followed by 0.007 g 277.1314, found 277.1314.
(0.065 mmol) of benzaldehyde via syringe, then 0.2 g of anhydrous ~ (2S,3S,6S)-(—)-1-Aza-2-((E)-ethyl-4-oxo-butenoxy)-3-methyl-
MgSO, was added. The reaction mixture was stirred at room 6-(3-furyl)-1',3-dithiospiro[5,4]decane (15) In a 25-mL, single-
temperature for 3 h, concentrated, and washed with saturatednecked, round-bottom flask equipped with a magnetic stirring bar,
NaHCG; (5 mL). The solution was extracted with EtOAc (35 rubber septum, and argon balloon was placed 0.02 g (0.72 mmol)
mL), dried (N&SQy), and concentrated to give 0.018 g (76%) of of (—)-14b in CH,Cl, (10 mL) and the solution was cooled to 0
brown oil of the crude imind1: *H NMR (CDCl3) 6 8.39 (s, 1H), °C. To the solution was added 0.037 mL (4 mmol) of ethanedithiol
7.80 (s, 1H), 7.52 (m, 4H), 7.38 (m, 2H), 6.38 (s, 1H), 4.80 (m, and 0.056 mL (4 mmol) of boron trifluoride via syringe. The
1H), 3.14 (m, 1H), 2.80 (ddl = 7.2, 6.0 Hz, 1H), 2.42 (1 = 7.2 reaction was warmed to room temperature, stirred for 2 h, and
Hz, 2H), 1.02 (tJ = 7.2 Hz, 3H). In a 25-mL one-necked, round- quenched by additionf® N NaOH (10 mL). The solution was
bottomed flask equipped with a magnetic stirring bar and argon extracted with CkCl, (2 x 5 mL), and the combined organic phases
balloon was placed 0.017 g (0.065 mmol) of the crude indih@n were dried (NgSOy) and concentrated. Chromatography gave 0.024
anhydrous benzene (5 mL). To the solution was added 0.09 g (0.39g (93%) of a yellow oil: ]2, —76.5 € 0.1, CHC}); IR (neat)
mmol) of p-toluenesulfonic acid monohydrate and the reaction 2921, 2729, 1345 cni; *H NMR (CDCl) 6 7.36 (d,J = 7.4 Hz,
mixture was heated in an oil bath at 80 for 3 h. At this time the 1H), 7.21 (s, 1H), 6.82 (dd] = 8.4, 6.6 Hz, 1H), 6.40 (s, 1H),
solvent was concentrated, and the residue was washed with saturated.86 (d,J = 10.2 Hz, 1H), 4.18 (g) = 7.8 Hz, 2H), 3.98 (ddJ =
NaHCG; (2 x 5 mL) and extracted with EtOAc (% 5 mL). The 6.6, 2.1 Hz, 1H), 3.23 (m, 6H), 2.38 (d= 8.4, 2.2 Hz, 1H), 2.21
combined organic phases were dried {8/@,) and concentrated. (m, 1H), 1.58 (br s, 1H), 1.21 (§,= 7.6 Hz, 3H), 1.08 (d) = 7.2
Column chromatography (20% EtOAc/hexane, 1%\ &afforded Hz, 3H); 33C NMR (CDCk) 167.5, 146.7, 142.3, 139.3, 124.8,
0.012 g (67%) of a colorless oil:a]?% —87.3 € 0.1, CHC}); IR 122.7, 109.5, 68.4, 63.5, 60.9, 51.6, 43.7, 40.2, 39.7, 30.5, 12.4,
(neat) 2324, 1690, 1098 crh *H NMR (CDCl) 6 7.29 (m, 7H), 12.2; HRMS calcd for GH23NOsS, (M + H) 353.1119, found
6.39 (s, 1H), 4.03 (dd) = 7.0, 5.2 Hz, 1H), 3.52 (d] = 7.2 Hz, 353.1121.
1H), 2.55 (m, 2H), 2.60 (m, 1H), 1.70 (br s, 1H), 0.98 Jd= 7.2 (2S,3R,69)-(—)-2-(2-Ethoxycarbonylethyl)-6-(3-furyl)-3-meth-
Hz, 3H); *C NMR (CDCk) 6 210.3, 144.9, 142.7, 139.8, 129.4, ylpiperidine (16). In a 25-mL, single-necked, round-bottom flask
128.3,128.1, 127.4, 109.0, 69.3, 52.5, 51.8, 50.0, 11.1; HRMS calcd equipped with a magnetic stirring bar, rubber septum, and argon
for CieH17NO,LI (M + Li) 262.1420, found 262.1425. balloon was placed 0.3 g of Raney 2800 Nickel (Aldrich). The
(2S,3S,69)-(—)-2-((E)-Ethyl-4-oxo-butenoxy)-3-methyl-6-(3-fu- Raney nickel was washed with absolute EtOHxX2.0 mL) and
ryl)-4-piperidone (14b). In a 25-mL, single-necked, round-bottom  0.05 g (0.14 mmol) of{)-15in absolute EtOH (10 mL) was added.
flask equipped with a magnetic stirring bar, rubber septum, and The reaction mixture was refluxedrf@ h and cooled to room
argon balloon was placed 0.05 g (0.163 mmol) ef)9 in temperature, then the catalyst was removed by filtration. The filtrate
anhydrous methanol (10 mL). The solution was cooled &0 was washed with EtOH and the combined washings were concen-
and 0.07 mL of TFA (0.978 mmol) was added via syringe. After trated and purified by preparative TLC (GEI/EtOAc, 1:1) to
the reaction mixture was stirredrf@ h the solvent was concentrated, afford 0.029 g (78%) of a colorless oilo]?% —38.7 € 1.6, CH-
EtOAc/hexane (1:1, 2 mL) was added, and the solution was passedCly) [lit. 18> [a]2%;, —39.3 € 1.8, CHCL)]; IR (neat) 2921, 2729,
through a short silica gel pad eluting with 30% EtOAc/hexane to 1345 cnt?; 'H NMR (CDCls) 6 7.35 (d,J = 7.2 Hz, 1H), 7.20 (s,
remove thep-toluenesulfinyl products. Elution with methanol gave  1H), 6.39 (s, 1H), 4.13 (gl = 7.4 Hz, 2H), 3.58 (dd) = 11.2, 2.2
the crude ammonium triflate salt, which was concentrated and Hz, 1H), 2.43 (ddJ = 8.8, 6.7 Hz, 1H), 2.42 (t) = 7.7 Hz, 1H),
placed in a 25-mL one-necked, round-bottomed flask equipped with 2.26 (td,J = 8.4, 3.0 Hz, 1H), 1.97 (m, 1H), 1.77 (m, 2H), 1.62
a magnetic stirring bar and argon balloon. Dichloromethane (5 mL) (m, 4H), 1.44 (br s, 1H), 1.25 (§ = 7.3 Hz, 3H), 0.90 (dJ = 6.0
was added at room temperature followed by addition via syringe Hz, 3H). Spectral properties were identical with those -6f-16
of 0.02 g (0.163 mmol) of §)-ethyl-4-oxo-2-butenoate followed  previously reportedsd
by 0.2 g of anhydrous MgSQOThe reaction mixture was stirred at (2S,3S,69)-(—)-6-(3-Furyl)-3-methyl-2-[(E)-1-propenyl]-4-pi-
room temperature for 2 h, concentrated, and washed with saturatecdperidone (14a) In a 25-mL, single-necked, round-bottom flask
NaHCG; (5 mL). The solution was extracted with EtOAc (35 equipped with a magnetic stirring bar, rubber septum, and argon
mL), dried (NaSQy), and concentrated to give 0.031 g (86%) of balloon was placed 0.04 g (0.137 mmol) of)¢(9 in anhydrous
brown oil of crude13b; *H NMR (CDCl3) 6 8.25 (d,J = 7.8 Hz, methanol (10 mL). The solution was cooled td@ and TFA (0.06
1H), 7.40 (t,J = 2.8 Hz, 1H), 7.31 (s, 1H), 6.36 (m, 1H), 6.29 (s, mL, 0.824 mmol) was added via syringe. After the reaction mixture
1H), 4.84 (ddJ=7.2,6.0 Hz, 1H), 4.22 (q] = 7.4 Hz, 2H), 3.39 was stirred fo 2 h the solvent was concentrated, EtOAc/hexane
(m, 1H), 3.15 (dd,J) = 8.2, 6.4 Hz, 1H), 2.90 (dd] = 8.2, 4.6 Hz, (1:1, 2 mL) was added, and the solution was passed through a short
1H), 2.38 (dqJ = 7.6, 4.2 Hz, 2H), 1.30 () = 7.8 Hz, 3H), 1.01 silica gel pad eluting with 30% EtOAc/hexane to remove the
(t, J= 7.6 Hz, 3H). p-toluenesulfinyl products. Elution with methanol gave the crude
In a 25-mL, one-necked, round-bottomed flask equipped with a ammonium triflate salt, which was concentrated and placed in a
magnetic stirring bar and argon balloon was placed 0.031 g (0.011 25-mL, one-necked, round-bottomed flask equipped with a magnetic
mmol) of the crude iminel3b in anhydrous benzene (5 mL)  stirring bar and argon balloon. Dichloromethane (5 mL) was added
followed by the addition of 0.015 g (0.066 mmol) pftoluene- at room temperature followed by addition via syringe of 0.013 g
sulfonic acid monohydrate. After heating the mixture at°@0in (0.136 mmol) of 4-methyl-3-penten-1-al and 0.2 g of anhydrous
an oil bath for 4 h, the solvent was concentrated and the residueMgSQ,. The reaction mixture was stirred at room temperature for
was washed with saturated NaHE@ x 5 mL) and extracted with 1.5 h, concentrated, and washed with saturated NaHG@nL).
EtOAc (3 x 5 mL). The combined organic phases were dried,{Na  The solution was extracted with EtOAc (3 5 mL), dried (Na-
SOy and concentrated. Column chromatography (20% EtOAc/ SQOy), and concentrated to give 0.026 g (90%) of a brown il;
hexane, 1% EN) afforded 0.023 g (74%) of a colorless oil]B3 NMR (CDCl) 6 7.88 (d,J = 7.8 Hz, 1H), 7.32 (s, 1H), 7.25 (d,
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J=7.2 Hz, 1H), 6.26 (s, 1H), 6.15 (m, 2H), 4.60 (m, 2H), 3.02 (t,
J=7.2 Hz, 1H), 2.38 (g) = 7.6 Hz, 2H), 1.80 (dJ = 6.4 Hz,
3H), 0.96 (t,J = 7.6 Hz, 3H).

Davis and Santhanaraman

the pad was washed with methanolX3L0 mL), and the combined
organic phases were concentrated. Column chromatography (20%
EtOAc/hexane) of the residue afforded 0.061 g (75%) of a colorless

In a 25-mL, one-necked, round-bottomed flask equipped with a oil: [0]?%, —87.5 € 0.64, CHC}); IR (neat) 3127, 2921, 1610,
magnetic stirring bar and argon balloon was placed 0.026 g (0.012 1551 cnt!; IH NMR (CDCl) 6 7.38 (d,J = 7.2 Hz, 1H), 7.22 (s,

mmol) of the crude iminel3a in anhydrous benzene (5 mL),
followed by 0.017 g (0.073 mmol) of-toluenesulfonic acid
monohydrate. After the reaction mixture was stirred at@Gor 6

1H), 6.42 (s, 1H), 3.81 (m, 1H), 3.68 (m, 1H), 3.26 (M, 1H), 2.42
(q,J = 8.2 Hz, 1H), 2.38 (m, 3H), 1.91 (m, 2H), 1.70 (m, 1H),
1.48 (m, 1H), 1.04 (dJ = 6.3 Hz, 3H);13C NMR (CDCk) 211.3,

h, the solvent was concentrated and the residue was washed withl43.0, 140.7, 121.5, 110.3, 59.4, 52.4, 50.6, 49.7, 45.4, 30.6, 21.9,

saturated NaHC§X2 x 5 mL) and extracted with EtOAc (X 5
mL). The combined organic phases were dried ,0@) and

concentrated. Column chromatography (20% EtOAc/hexane, 1%

Et;N) afforded 0.018 g (76%) of a colorless oilo]f% —76.5 €
0.1, CHCE); IR (neat) 3054, 2921, 1712, 1551 chn'H NMR
(CDCly) 6 7.36 (m, 2H), 6.40 (s, 1H), 5.62 (m, 1H), 5.40 (dd=
10.2, 6.5 Hz, 1H), 3.90 (dd] = 6.2, 5.2 Hz, 1H), 2.98 (dd] =
10.2, 6.8 Hz, 1H), 2.48 (m, 2H), 2.24 (m, 1H), 1.72 (br s, 1H),
1.65 (d,J = 7.8 Hz, 3H), 0.92 (dJ = 7.6 Hz, 3H);13C NMR

10.5; HRMS calcd for @Hi;NO, (M + H) 219.1259, found
219.1262.
(5S,8S,99)-(—)-5-(3-Furyl)-8-methyloctahydroindolizine-7-
spiro-2'-(1',3-dithiolane (19). In a 25-mL, single-necked, round-
bottom flask equipped with a magnetic stirring bar, rubber septum,
and argon balloon was placed 0.02 g (0.8 mmol)y-eFL8in CH,-
Cl, (10 mL) and the solution was cooled t6°G. To the solution
was added 0.037 mL (4 mmol) of ethanedithiol and 0.056 mL (4
mmol) of boron trifluoride via syringe. The reaction mixture was

(CDCls) 210.3, 143.5, 139.0, 132.3, 129.8, 113.0, 109.8, 66.7, 62.8, warmed to room temperature, stirred for 2 h, and quenched by

53.4, 50.9, 18.1, 10.7; HRMS calcd for1#£:;/NO, (M + H)

219.1259, found 219.1260.
(2S,35,69)-(—)-6-(3-Furyl)-3-methyl-2-[(E)-1-propenyl]-1-(2-

propenyl)-4-piperidone (17) In a 50-mL, single-necked, round-

addition d 2 N NaOH (10 mL). The solution was extracted with
CH.Cl, (2 x 5 mL) and the combined organic phases were dried
(Na:SQy), and concentrated. Chromatography (20% EtOAc/hexane)
gave 0.024 g (88%) of a yellow oil:of %% —45.5 € 1.1, CHC});

bottom flask equipped with a magnetic stirring bar and condenser IR (neat) 2921, 2729, 1345 crfh *H NMR (CDCl3) 6 7.27 (m,

was placed 0.1 g (0.456 mmol) of }-14ain anhydrous EtOH (10

2H), 6.40 (s, 1H), 3.24 (m, 4H), 2.80 (m, 2H), 2.42 Jg= 8.2 Hz,

mL). To the reaction mixture were added allyl bromide (0.275 g, 1H), 2.33 (m, 2H), 1.70 (m, 3H), 1.62 (m, 2H), 1.45 (m, 1H), 1.06

0.19 mL, 2.28 mmol) and anhydrous solid 885 (0.5 g). The

(d,J=7.2 Hz, 3H);33C NMR (CDCk) 144.2, 140.7, 127.2, 110.8,

reaction mixture was refluxed for 2 h, cooled to room temperature, 74.8, 70.7, 58.2, 54.9, 53.8, 46.6, 40.3, 39.8, 30.1, 21.7, 13.9; HRMS
filtered, and concentrated. Water (10 mL) was added to the residue,calcd for GsH:NOS, (M + H) 295.1065, found 295.1064.

and the solution was extracted with dichloromethane (B0 mL).
The combined organic phases were dried @) and concen-

(5S,8R,99)-(—)-5-(3-Furyl)-8-methyloctahydroindolizidine (7).
In a 25-mL, single-necked, round-bottom flask equipped with a

trated. Chromatography (10% EtOAc/hexane) afforded 0.102 g magnetic stirring bar, rubber septum, and argon balloon was placed

(87%) of a colorless oil: d]?% —68.5 € 0.1, CHC}); IR (neat)
3227, 3057, 2821, 1710 cry 'H NMR (CDCl) 6 7.54 (m, 2H),

6.52 (s, 1H), 5.86 (m, 1H), 5.63 (m, 1H), 5.42 (m, 1H), 5.12 (dd,

J = 6.4, 5.2 Hz, 1H), 4.98 (dd] = 6.4, 5.2 Hz, 1H), 3.80 (dd]
= 12.3, 6.8 Hz, 1H), 3.45 (m, 2H), 3.18 (dd,= 10.4, 7.2 Hz,
1H), 2.88 (t,J = 7.1 Hz, 1H), 2.40 (m, 1H), 1.75 (dd,= 10.4,
6.8 Hz, 1H), 1.63 (dJ = 7.2 Hz, 3H), 0.96 (dJ = 7.4 Hz, 3H);

13C NMR (CDCh) 201.3, 144.5, 143.9, 140.3, 132.3, 126.2, 123.4,

0.08 g (2.7 mmol) of thioketal<)-19 in benzene (5 mL). To the
reaction mixture were added 0.045 g (2.3 mmol) of tributyltinhy-
dride and 0.005 g of AIBN, then the reaction mixture was refluxed
for 2 h. At this time the solution was concentrated and partitioned
between CHCI, and water. The organic phase was dried )

and concentrated. Chromatography @4, hexanes/EtOAc, 10:1)
gave 0.04 g (75%) of a colorless oilaJ?% —98.4 € 1.1, CHCI,)

[lit. 180 [a]2% —99.0 € 1.3, CHCI,)]; IR (neat) 2921, 2729, 1345

109.8, 107.7, 70.5, 58.3, 49.7, 48.3, 34.8, 18.7, 8.9; HRMS calcd cm™3; *H NMR (CDCls) 6 7.38 (m, 2H), 6.42 (s, 1H), 2.90 (dd,

for C16H21NO, (M + H) 259.1572, found 259.1580.
(5S,8S,99)-(-)-5-(3-Furyl)-8-methyloctahydroindolizine-7-

= 8.4, 5.7 Hz, 1H), 2.88 (td) = 8.8, 2.2 Hz, 1H), 1.98 (m, 2H),
1.39 (m, 8H), 1.13 (m, 1H), 0.9 (dl = 6.6 Hz, 3H). Spectral

one (18).In a 25-mL, single-necked, round-bottom flask equipped properties were identical with those of}-7 previously reportedg®

with a magnetic stirring bar, rubber septum, and argon balloon was

placed 0.1 g (0.385 mmol) of«)-17 in dichloromethane (10 mL).

To the solution was added 0.016 g (5 mol %) of bezylidene-bis-
(tricyclohexylphosphine) dichlororuthenium, and the solution was
refluxed for 2 h. At this time, the solution was concentrated, then
anhydrous methanol (10 mL) was added followed by 0.025 g of
5% Pd/C. The argon balloon was replaced by a hydrogen-filled
balloon and the reaction mixture was stirred at room temperature
for 2 h. At this time the solution was filtered through a Celite pad,
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