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Consiruction of 4a,8a-cis-Octahydroguinolin-7-one Core Using an Intramolecular Alde! Type
of Cyclization: An Application to Enantioselective Total Synthesis of Lepadin B
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Abstract: An intramolecular aldol type of cyclization of the piperidine
derivative 1 proceeded in highly stereoseiective manner to afford the desired
4a,8a-cis-octahydroquinolin-7-one. This key step involves a feature of the use of
A" strain as a control element, in biasing 1 towards the conformer desired for
the above cyclization. An application of this aldol reaction to enantioselective total
synthesis of the marine alkaloid lepadin B is also described. © 1999 Elsevier Science Ltd.

All rights reserved.

The decahydroquinoline alkaloids represent one of the major classes of amphibian alkaloids,' and more

. 2
recently these alkaloids have been found in the extracts of virgin queens of a myrmicine ant.” These alkaloids
A 1 M M hinl 1 its 1 £, T axr slding Frr tha amanticcalantizsra mmesofocmdioas
qaispiay interesting oiGIOgiCal activities, thereiore tne extensive stuaies 1or the enaitioselective constiuction of

this ring system have been explored. These methods involve the strategies starting with the intramolecular
Diels-Alder reaction of an acyclic N—acyl-N—dienyltriem:,3 biomimetic approach based on an iminium
cyclizationf’ the enantioselective Birch reduction and reductive alkylation of anthranilic acid derivative,’
ruthenium-catalyzed hydration of nitrile and transformation of 8-keto nitrile to ene-lactam,’ the construction of
2,6-cis-disubstituted 4-piperidone ring system by using nice chiral 1-acylpyridinium chemistry,” an aqueous
intramolecular acylnitroso Diels-Alder reaction, 8 palladium catalyzed intramolecular reductive cvclization of an

7
In our continuous studies on the development of the synthesis of biologically and structurally interesting

the construction of ‘+d Ba-cis-octah I'()qul'lOlll'] 7-one core, which

(
as a promising intermediate for the synthesis of decahydroquinoliine aikaloid (Figure I).
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According to the above strategy, we achieved the enantioselective total synthesis of the marine alkaloid

lepadin B, and here wish to report a full detail of this synthesis.i3 The synthetic plan followed the
retrosynthetic analysis shown in Scheme 1.
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the carbamate 5. Enol triflation of § with LIHMDS and N-(5-chloro-2-pyridyl)triflimide (Comins reagent)'*
proceeded smoothly to provide vinyl triflate 6 in good yield. The vinyl triflate 6 was converted to
enecarbamate 7 by the use of Cacchi’s protocol.i5 Copper-mediated 1,4-addition of vinyllithium to 7 gave the
addition product 8 in high yield as a single isomer."® The carbon chain on the 2 position was elongated by an
Arndt-Eistert sequence to afford the homologated ester 9. Hydrolysis of the ester 9 with aqueous LiOH at 60
°C followed by the reaction of the resulting carboxylic acid with 1,1’-carbonyldiimidazole and then with O,N-
dimethylhydroxylamine hydrochloride in the presence of Et3N provided the Weinreb’s amide'’ 10.  Reaction
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Reagents and conditions: a: 85% overall yield from 3; b: Na, liquid NH3-THF (91%); c: n-BuLi, CICO;Me, THF, -78 °C to 1t
(77%}; d: LIHMDS, N-(chloro-2-pyridyDtrifimide, THF, -78 to -50 °C (80%); e: Pd(PPh3)4, Et3N, Ph3P, MeOH, CO balloon,
DMEF, rt (74%}); f: vinyllithium, Cul, Et20, -78 to -30 °C (89%); g: LiOH-H>0, MeOH-H20 (3:1), 60 °C; CICO2Et, Et3N, THF,
0 °C; CH2Na, Ei20; PhCO2Ag, EtsN, MeOH (71% in 4 steps); h: LiOH-H30, MeOH- HzO {3:1) 60 °C; 1,1"-carbonyldiimidazole,

“,
Et3N, O,N-dimethylhydroxylamine-hydrochloride, CH2Cl3, 0 °C to rt (83% in 2 steps); i: MeMgBr, THF, 0 °C to rt (97%); j:
0sQy4, NalOy4, dioxane-H,O (1:1), rt (84%)
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Of the reaction conditions examined for the above cycliz.ation,”g the use of 4 equivalents of DBU as a base
in refluxing benzene gave the best result, and the 4a,8a-cis- and trans-octahydroquinolin-7-one was formed in a
ratio of 14:1 which was estimated from the NMR spectrum of the crude product. ~ The major product 12 was
isolated in 60% yield by SiO; column chromatographic separation. The stereochemistry of 12 was determined
to be desired cis-hexahydroquinolinone based on the observation of NOEs between Ha and Hb, Ha and Hc in

Scheme 3
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The selective formation of desired 4a,8a-cis-enone 12 during the intramolecular aldol-type of cyclization
of 1 can be rationalized as shown below. The conformation of 1 will be restricted to conformer A owin

A" strain between both substituents on o- and o -positions and methoxylcarbony! group on nitrogen, "’ so the
appendage n C-2 and C-3 in conformer A lie in non-cyclizable frans diaxial orientation Thus, the
P AP S Y & Je TSRS | SRR oS GG o WS Y BN o R A9 , . )
imerization on C-3 will occur first to afford the conformer A’ s cn will ¢ycuze smootnly 1o give the cis-
enone 12 (Figure 2)
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Next we examined the construction of octadienyl moiety by using the Julia coupling20 on the C-5 position
of enone 12. Conjugate addition reaction of the anion of methyl phenyl sulfone, generated from the reaction of
methy! phenyl sulfone with n-BuLi at -78 °C, with 12 gave not desired 1,4-addition product but the 1,2-addition
product, exclusively.”! Thus, we were forced to examine the addition reaction with another nucleophile. We
chose phenylthiomethyl phenyl sulfone as a softer nucleophile.  The reaction of the anion of phenylthiomethyl

nhenv! sulfone, gen ated from the reaction with n-Bul.i at -78 °C, with 12 proc ceeded Smggth]y to p!’(,“’ide the
1,4-addition produ t 13 as a 2:1 mixture of the diastereomers in high yield, which was subjected to the radical
- o tha nhaoolhie aa ot ith 2 Ra QT in the nrecanecs of the Nt s gl
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stereoselective. Reduction of 14 with NaBH4 followed by thiocarbonylation of the resulting alcohol using
1,1’-thiocarbonyldiimidazole in refluxing CICH>CH,Cl afforded the Barton’s e:ster,23 radical reduction of which
with n-Bu3SnH gave the deoxygenated product 15.  Deprotection of methoxycarbonyl group under Corey’s
procedure24 provided the amine, which was protected with (Boc),0 to give the Boc urcthane 16.  Finally, Julia
coupling of 16 with 2-heptenal under the standard condition afforded the diene 17, which was treated with

Ry S CL) g Lailtiali Q1 CUMIGILIU] Allulded LU Ul

conc. hydrochloric acid in refluxing MeOH to furnish lepadin B (Scheme 4).
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Reagents and conditions: a: PASCH2SO03Ph, n-BuLi, THF, -78 to -10 °C (78%); b: n-Bu3zSnH, AIBN, benzene, reflux (85%); c:
NaBH4, CHClp-MeOH (10:1), 0 °C; d: 1,1’-thiocarbonyldiimidazole, CICH;CH2Cl, reflux (75% in 2 steps); e: n-BuiSnH,
toluene, reflux (84%); f: n-PrSLi, HMPA-THF, rt; g: (Boc)0, benzene, reflux (59% in 2 steps); h: n-BuLi, THF, -78 to -70 °C
then 2-heptenal, -78 to -50 °C; i: Na-Hg, NapHPOy4, MeOH, 1t (49% in 2 steps); j: concd HCL, MeOH, reflux (85%)

The spectral data for trifluoroacetate salt of synthetic lepadin B {[00*p -92.6 (MeOH)} were identical with
those for trifluoroacetate salt of natural lepadin B {[a]D -96 (MeOH)} B

In summary, the first total synthesis of lepadin B was accomplished by using the intramolecular aldol
cyclization of the tetrasubstituted piperidine 1 as the key step, and the absolute stereochemistry of (-)-lepadin B
was verified to be 25, 35, 4aS, 55, 8aR by the present chiral synthesis.

Experimental
AMMinenanalycag wara narfAarmad hy Misrnanalucic MTantar af Tavama Madical £ Dhasmanaint 1 TTem o
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Chemical shifts are given in parts per million (ppm, 8) downfield from TMS and are referenced to CHCI3 (7.26
ppm) as internal standard. Splitting patterns are designated as s, singlet; d, doublet; t, triplet; q, quartet; m,
multiplet; br, broad. 13C NMR spectra were recorded at the indicated field strength as solutions in CDCl3
unless otherwise indicated. ~Chemical shifts are given in parts per million (ppm, 8) downfield from TMS and
are referenced to the center line of CDCl3 (77.0 ppm) as internal standard. ~ Carbon signals were assigned by a

DEPT pulse sequence, q = methyl, t = methylene, d = methine, and s = quaternary carbons,  Infrared spectra
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(IR) were measured with a Perkin-Elemer 1600 series FT-IR spectrophotometer. Mass spectra (MS) and
high-resolution mass spectra (HRMS) were measured on a JEOL JMS D-200 or JMS-AXS05HD mass
spectrometer. Optical rotations were measured on a JASCO DIP-1000 digital polarimeter. Column
chromatography was performed on Merck silica gel 60 (No 7734-5B) or (No 9385).

Methyl 6-Methyl-5-(methoxymethoxy)-2-oxopiperidinecarboxylate (5): Metallic sodium (2 g,
87.0 mmol atm) was added to a stirred liquid NH3 (150 mL) at -78 °C in a small portion, and the resulting deep
hbisa andaxtioen Was atirrad nt _TQ O Fae N K h T tha ecnhitian wae addad (1 o 700 mmal) in THE (R ml )
DiU€ SOIULION Was Suiic dal -/6 L i0fv.on LU UC DUIULIULIL Wad AUULL o (&l gy /.77 11UIIVL) 11 1131 \U gy

el tbin flin sennailiiaia sariwdeasn sxran otissad samdare wafliave Ffas NS kW Tha NI, wag mamnayad at N O
at - IO \.,, aid tnen e resuiling mixawe w DUHICAI UWIIICY ITLIUA (UL UV.J 1) 1C INIM3 wWas IiCovea at v .,
and then the residue was diluted with CHCi3.  To the resuiting solution was added HyO carefully, and the

organic layer was separated. The aqueous layer was extracted with CHCl3 (10 mL x 6), and the CHCl3 layer
and extracts were combined, washed with 10% HCI, brine, dried, and evaporated to give the amide 4 as a pale
yellow solid (1.25 g, 91%), which was used directly in the next step.

To a stirred solution of the amide obtained above (1.25 g, 7.23 mmol) in THF (30 mL) was added n-BuLi (4.98
mL, 7.95 mmol, 10% w/v in hexane) at -78 °C, and the resulting solution was stirred at -78 °C for 0.5 h.  To
the resulting solution was added CICO{:Me (0.61 mL., 7.97 mmol) at the same temperature, and the solution was
stirred at -78 °C for 0.5 h, then at -10 °C for 5 min.  The reaction was quenched with satd. NaHCO3, and the

amAaniie mivinre wac eviracted with OHa(14 ¢ ml v N The avirarte wara cnmhinad Amad and avamnrarad
BYUWVVUD LUALWIL WWAOD CAMOGL L WML AR L) TV s A &) 1L VAR ALLY WLLL LULLIUTIRAL, ULIVAL, Gl U VaPRi aikAl
4 mmiwia o ;mala wrallal, 21 T TR, T oL PR B S gy E— Al L i~ QM Vds 2% _

W Eive 4 palt yoliow O, Wil way  lracuonaica I)y comumn  Cnromatograpny ] ALY (W g,

hexane:acetone=10:1~8:1) to afford § (1.29 g, 77%) as a colorless oil.

IR (neat) 2955, 1772, 1718 cm'!; |H NMR (500 MHz) § 1.17 (3H, dt, J = 7.0, 1.5 Hz), 1.88-1.94 (1H, m),
1.99 (3H, s), 2.14-2.23 (1H, m), 2.49-2.56 (1H, m), 2.71 (1H, dm, J = 17.5 Hz), 3.99-4.06 (2H, m), 4.10
(1H, d, J = 14.5 Hz), 4.21 (1H, d-like, J = 6.0 Hz), 4.95 (1H, d, J = 14.5 Hz), 5.10-5.15 (1H, quint-like, J =
6.0 Hz), 7.17-7.20 (2H, m), 7.23-7.29 (3H, m); !3C NMR (125 MHz) § 14.02 (q), 20.67 (t), 22.93 (1), 28.82

(q), 49.58 (1), 59.89 (d), 61.51 (1), 67.01 (d), 127.70 (d), 128.47 (d), 128.57 (d), 135.70 (s), 168.78 (s),
168.88 (s), 169.62 (s); MS 320 (M*+1), 319 (M*), 91 (100); HRMS Calcd. for Cy;7Hp;NOs: 319.1420,

Found 319 1441- 126 422 R (
Found 319.1441; {a}<0p +22.8 (¢

—

87, CHCl3)

1.87, CHCl3).
Methyl 6-[(Trifluoromethyl)sulfonyloxy]-2-methyl-3-(methoxymethoxy)-2H,3H ,4H -

azinecarboxyiaie (6): To a stirred solution of 5§ (570 mg, 2.47 mmol) in THF (13 mL) was added
LiHMDS (3.3 mL., 3.27 mmol, IM in THF) at -78 °C, and the resulting solution was stirred at -78 °C for 0.5 h.
To the resulting solution was added N-(5-chloro-2-pyridyl)triflimide (1.28 g, 3.27 mmol) in THF (5 mL) at -78
°C, and then the reaction mixture was stirred at -78 ~-50 °C for 0.5 h.  The reaction was quenched with satd.
NH4Cl, and the aqueous mixture was extracted with EtpO (40 mL x 2).  The organic extracts were combined,
dried, and evaporated to give a pale yellow solid, which was chromatographed on SiO; column (20 g,

hexane:acetone=30:1) to afford 6 (713 mg, 80%) as a colorless oil.

IR (neat) 2057 1733 1683 1281 eyl THNMR (SOOMHANA S 1 14 (3H d JT=A8 Hz) 214 (1H ddd 7 —
RIN NMVAV] &/T Ty LT TTy AVUUD,y 14&UL Vill y KA AWAVIIN WUV AVALLL ) U 1.3 \J11y, U, J V.0 KL jy, &oLl7T 1K1, U, J —
120 OO 29 LI N EA 1LY 1A F_— 19" Lo A1 LI\ 12 277 72LYT .\ 270 2 0% /1T .y ¥ ¥ IETX PN
10.2, 7.7, 5.2 112}, .05 (111, 444, J = 10.4, 0.6, 4.1 1Z), 5.5/ (on, 8), 5./0-5.604 {1, m), 3./¥ (11N, §),
4.63 & 4.65 (2H, ABq, J = 6.8 Hz), 4.65-4.68 (1H, m), 5.22 (1H, t, J = 3.9 Hz), 13C NMR (125 MHz) &

9.42 (q), 25.96 (1), 52.04 (d), 53.68 (q), 55.71 (q), 71.05 (d), 95.87 (t), 104.45 (d), 137.14 (s), 153.64 (s);
MS 364 (M*+1), 363 (M), 68 (100); HRMS Calcd. for C11H;6F3NO7S: 363.0599, Found 363.0615; [ot]26p
+57.8 (c 2.34, CHCl3).
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Methyl 2-Methyl-3-(methoxymethoxy)-6-(methoxycarbonyl)-2H,3H ,4H -azinecarboxylate (7):
To a stirred solution of 6 (2.525 g, 6.96 mmol) in DMF (30 mL) were added Pd(PPh3)4 (241 mg, 0.21 mmol)
and PhaP (365 mg, 1.39 mmol), and the resulting solution was stirred at room temperature under CO balloon
pressure for 10 min. To the mixture were added Et3N (3.9 mL, 27.8 mmol) and MeOH (11.3 mL, 278.0
mmol), and the mixture was stirred under CO balloon presure for 1.5 h. The reaction mixture was diluted

e ), &R UK AL an it UG AlILR) 1LOUIT

with H2O (150 mL) and the aqueous mixture was extracted with EtzO (50 ml x 4). The orgamc layers were
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hexane:acetone=20:1~15:1) to afford 7 (1.48 g, 74%) as a coloriess oil.

IR (neat) 2953, 1717, 1652, 1043 cm-i; 1H NMR (500 MHz) 8 1.02 (3H, d, J = 6.8 Hz), 2.06 (2H, ddd, J =
19.4, 9.9, 3.5 Hz), 2.49 (1H, ddd, J = 19.4, 6.6, 4.1 Hz), 3.33 (3H, s), 3.66 (3H, br s), 3.70 (3H, s), 3.77-
3.82 (1H, m), 4.56 (1H, br), 4.61 & 4.63 (2H, ABq, J = 6.8 Hz), 594 (1H, t, J = 3.7 Hz); 13C NMR (125
MHz) 8 9.72 (q), 27.02 (1), 49.33 (d), 52.05 (q), 53.10 (q), 55.53 (q), 71.45 (d), 95.57 (v), 120.14 (d),
129.10 (s), 154.02 (s), 164.71 (s); MS 274 (M*+1), 273 (M™*), 59 (100); HRMS Calcd. for C1H|¢NOg;:
273.1212, Found 273.1192; [a]?6p +58.4 (c 1.88, CHCl3).
Methyl 3. Vinyl- ﬁ-methvl 5-(methoxymethoxy)- -2-(methox

(8): To a stirred solution of tetravinyltin (0.3 mL, 1.83 mmol) i

T 22 el 1AL in Lt
1.95 1 i
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suspension o1 Lul (OY g, .) DO mmm) in Bi 20 (O ML) Was aaaed e anove l[lyl ithium 501uuon in Ei20 at -
78 °C. The temperature was gradually raised to -35 °C and then recooled to -78 °C.  To the suspension was

added 7 (200 mg, 0.73 mmol) in EtO (5 mL) at -78 °C, and the temperature was gradually raised to -30 °C.
The reaction was quenched with satd. NH4Cl, and the insoluble material was removed by filtration through a
Celite pad and washed with CHyCl;.  The organic layer was separated, and the aqueous layer was extracted
with CH>Cl» (20 mL x 3). The organic extracts were combined, dried, and evaporated to give a colorless oil,
which was chromatographed on SiO2 column (20 g, hexane:acetone=20:1) to afford 8 (196 mg, 89%) as a

oot
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1 J (1H, di, /=
13.2, 3.6 Hz), 1.92 (1H, td, J = 13.2, 5.1 Hz), 3.26 (1H, br), 3.33 (3H s), 3.70 (3H, s), 3.74 (3H, s), 3.79-
3.83 (1H, m), 4.48 (1H, br), 4.59 (2H, s), 4.83 (1H, br), 5.09-5.15 (2H, m), 5.79-5.86 (1H, m); 13C NMR
(125 MHz) 8 11.56 (q), 27.04 (1), 36.72 (d), 50.07 (d), 52.24 (q), 53.11 (q), 54.04 (d), 55.51 (q), 69.83 (d),
95.02 (1), 115.48 (1), 138.76 (d), 156.75 (s), 172.46 (s); MS 302 (M*+1), 301 (M*), 242 (100); HRMS
Calcd. for C14H23NOg: 301.1525, Found 301.1536; [0]26p -66.2 (¢ 2.81, CHCI3).
Methyl 2-[{3-Vinyl-6-methyl-5-(methoxymethoxy)-1-(methoxycarbonyl)-2-piperidyl]acetate
9): To a stirred solution of 8 (390 mg, 1.30 mmol) in MeOH (3 mL) and H20 (1 mL) was added
LiOH*H70 (110 mg, 2.62 mmol) at 0 °C, and the resulting mixture was stirred at 60 °C for 1 h.  After cooling,

= - i
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IVILAZI L Wad IVIIIU VLU L YL UL, QI B Gy ULW7MD TWOUUL WAaD ALilkilivAal Vitll 1V /U 11%1. 1R GUULAZMY LHITALUL v
< deees ot TPdNA -~ 7t T & ML ~ncndiloe a4 DeM A 1. - ao Ariad and Adaca~o o [ ~

was extraciea Wll.l'l CRUAC {1v 1. X ) 11 COHIDHICU LCAVUAC layll wad Ulicu alid oy Ldicu W ¥ive da

colorless oil, which was used directly in the next step.

To a stirred solution of the above carboxylic acid in THF (9 mL) were added CiCO2Et (0.14 mL, 1.43 mmoi)
and Et3N (0.20 mL, 1.43 mmol) at 0 °C, and the resulting suspension was stirred at same temperature for 1 h.
The insoluble material was removed by filtration through a Celite pad and washed with EtpO.  The organic

layer was concentrated in vacuo to give a colorless oil, which was used directly in the next step.
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To a stirred solution of the above oil in Et;O (5 mL) was added an excess of CHaN» in EtpO at 0 °C, and the
resulting solution was stirred at room temperature for 10 h.  The solvent was evaporated and the resulting oil
was disolved in MeOH (10 mL).  To the solution were added Et3N (0.36 mL, 2.59 mmol) and silver benzoate
(40 mg, 0.17 mmol), and then the suspension was stirred at room temperature for 15 h in the dark. The
insolble material was filtered off and evaporated to give a pale yellow oil, which was chromatographed on SiO;
column (15 g, hexane:acetone=25:1) to afford 9 (290 mg, 71% in 4 steps) as a colorless oil.

IR (neat) 2953, 1734, 1700, 1653, 1045 e ITHNMR (S0OMH2) 8§ 1.15(3H, 4. J=7.1 Hz), 1.70 (1 dt
INUICAL) L7700, 1759, 17UV, 10J0, 1UFJ Ul 7, "T1TIVIVAR (JUU VLKLL)) U 1. 10 \JiL, Uy d = J.1 k1L, PYAVER WS I S ¥ L 9%
b 4 12 £ 2O TY_N 1T Ny /1YY .3 ' 4 17 £ A QO .\ " nl1rl L.y M LA /1TT 21 T . 1&" AZIT N N LO 711X
J=13.0,0.08 Z), 1.3 (1N, W4, J = 15.0, 4. 81 Z), £.94Y {11, OI), £.04 (i, 44, J = 12.4, 4.0 11£), £.07 (111,
dd, J = 15.2, 10.3 Hz), 3.35 (3H, s), 3.66 (3H, s), 3.69 (3H, s), 3.84-3.88 (iH, m), 4.46 (iH, br), 4.6i

(2H, s), 5.08-5.13 (2H, m), 5.80-5.87 (1H, m); 1:"C NMR (125 MHz) 6 14.53 (q), 25.75 (1), 36.59 (t), 39.63
(d), 49.16 (d), 49.96 (d), 52.24 (q), 51.76 (q), 52.86 (q), 55.52 (q), 69.71 (d), 95.01 (v), 115.36 (t), 139.60
(d), 156.35 (s), 171.49 (s); MS 316 (M*+1), 315 (M), 242 (100); HRMS Calcd. for C;sHasNOg: 315.1682,
Found 315.1651; [a]26p +11.1 (¢ 1.98, CHCl3).

Methyl 3-Vinyl-6-methyl-5-(methoxymethoxy)-2-[(N-methyl-V-methoxycarbamoyl)methyl]-
piperidinecarboxylate (10): To a stirred solution of 9 (278 mg, 0.88 mmol) in MeOH (3 mL) and HyO

h.  After cooling, MeOH was removed in vacuo, and the aqueous residue was acidified with 10% HCl.  The
aqueous mixture was extracted with EtOAc (10 mL x 5).  The combined EtOAc layer was dried and evaporated
to give a coloriess oil, which was used directly in the next step. To a stirred solution of the above oil in
CHCl; (5 mL) was added 1,1’-carbonyldiimidazole (186 mg, 1.15 mmol) at O °C, and the resulting solution
was stimed at room temperature for 0.5 h. To the reaction mixture was added O,N-

dimethylhydroxylaminesHCl (113 mg, 1.15 mmol) and Et3N (0.16 mL, [.15 mmol), and the reaction mixture
was stirred at room temperature for 16 h.  The solvent was evaporated , and the residue was chromatographed
on SiO; column (20 g, hexane:acetone=6:1) to afford 10 (254 mg, 83%) as a colorless oil.

(500 MHz) 8 1.16

IR (neat) 2945, 1734, 1696, 1560, 1045 cm1; 1H NMR (500 MH (3H,d, J="7.1 Hz), 1.69 (1H, dt,
J=135,36Hz), 1.94 (1H, «d, J = 13.5, 46 Hz), 2.51-2.54 (2H, br),2.84-2.89 (1H, br), 3.13 (3H, br s},
3.33 (3H, s), 3.67 (3H, s), 3.68 (3H, s), 3.84-3.89 (1H, m), 4.48-4.50 (1H, br), 4.60 (2H, s), 4.62-4.65
(iH, br), 5.05-5.12 (2H, m), 5.80-5.87 (iH, m); 13C NMR (125 MHz) § 14.55 (q), 25.59 (1), 32.02 2 (q),

36.99 (1), 39.29 (d), 49.07 (d), 49.72 (d), 52.75 (q), 55.44 & 55.46 (each q, due to rotamers), 61.19 (q),
69.77 (d), 94.95 (1), 115.12 (1), 139.83 & 139.86 (each d, due to rotamers), 156.34 (s), 171.73 (s); MS 345
(M*+1), 344 (M), 180 (100); HRMS Calcd. for CjgHgN20¢: 344.1948, Found 344.1947; [a]26p +13.2 (¢
2.97, CHC13).

Min T at ) °( and recultine golution wag ctirred at room temnerature for 0 pactinn wag
AVE L33 1333 “y v Ny RRING WAV IVO\J‘WJ»EIB DAIALAVAIL VY 40 Jridl WM & AUV L\rllly\rl“\"—ll\d AV WV K A llv 1wAavwilIVvIL VY @O
nanshad with catd NH .1 and tha annianing mivtura wae svtrantad with CHAOlL, (10 ml v AV and tha arcanis
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layer was combined, dried, and evaporated to give a colorless oil, which was chromatographe
(15 g, hexane:acetone=15:1) to afford 11 (260 mg, 97%) as a colorless oil.

IR (neat) 2949, 1694, 1559, 1044 cm-!; TH NMR (500 MHz) § 1.12 (3H, d, J = 7.1 Hz), 1.65 (2H, m), 2.51
(1H, dt, J=13.5, 3.4 Hz), 1.88 (1H, td, J = 13.5, 4.7 Hz), 2.14 (3H, s), 2.37 (IH br), 2.59 (1H, dd, J =
15.9, 3.1 Hz), 2.78 (1H, dd, J = 15.9, 10.3 Hz), 3.32 (3H, s), 3.67 (3H, s), 3.81-3.86 (1H, m), 4.45 (1H, t-
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like, J = 6.4 Hz), 4.58-4.60 (1H, br), 4.59 (2H, s), 5.05-5.11 (2H, m), 5.79-5.86 (1H, m); 13C NMR (125
MHz) 8 14.43 (q), 25.58 (1), 29.94 (q), 39.59 (d), 48.92 (d), 49.05 (d), 49.12 (1), 52.78 (q), 55.45 & 55.47
(each q, due to rotamers), 69.70 (d), 94.98 (t), 115.28 (1), 139.63 & 139.66 (each t, due to rotamers), 156.29
(s), 206.17 (s):; MS 300 (M*+1), 299 (M+), 102 (100); HRMS Calcd. for Cy5H25NOs: 299.1733, Found
299.1739; [0}26p +47.2 (c 3.14, CHCl3).

Methyl 3-Formyl-6-methyl-5-(methoxymethoxy)-2-(2-oxopropyl)-piperidinecarboxylate (1):
To a stirred solution of 11 (260 me, 0.87 mmnl) in dioxan

v

0 a sti solution of (260 mg, 0.87 mmol ane (4 mL) and HyO (4 mL) were added OsO4 (5
Avane AOL annamiie enlitian) A ftor 10 m 2l (372 mo | 74 mmol) wae added in two nortions gver a
QGIUpy, /0 ayqfucuus duiuuuvilj. ANLr iv mn. oy ANQIRZG \J T & Mg,y 1777 LHUUUL) VWAS AUULL Ul LWUY puULuving Vv @
period of 15 min.  The resuiting suspension was stirred at room temperature for 1 h and quenched with 10%

NapS703 in satd. NaHCO3.  The aqueous mixture was extracted with CH»Clp (10 mL x 4), and the organic
layer was combined, dried, and evaporated to give a colorless oil, which was chromatographed on SiO2 column
(15 g, hexane:acetone=8:1~5:1) to afford 1 (219 mg, 84%) as a colorless oil along with the starting alkene (8
mg, 3% recovered). This aldehyde was used in the next step immediately.

Methyl 2-Aza-3-methyl-4-(methoxymethoxy)-9-oxobicyclo[4.4.0]dec-7-ene-2-carboxylate
(12): To a stirred solution of 1 (219 mg, 0.73 mmol) in benzene (20 mL) was added DBU (0.41 mL, 2.91
mmol), and the resulting solution was refluxed for 24 h.  After cooling, the reaction mixture was washed with

10% HCI and HO The organic layer was dried and evaporated to give a colorless oil, which was
rheramatnaranhad an Qi rnaliimn (18 h n v MY 1\ tn affard 1Y 1194 mo GNOLN ag a ~nlarlace il
\.Luuulmusxa IS UL WD CULURLERL LT L. 1) U AllUlu Le {145 1115, VU /U) ad a LUIULITSDS Ull.

¥ ATR & r\.v ~

R (neat) 2653, 1699, 1 Hz) 6 1.20 (3H, d, /= 7.1 Hz), 1.70 (iH, q, J
= 126Hz) 1.98 (1H, dt, J— 130 3.6 Hz), 2.56-2.66 (3H, br), 3.40 (3H, s), 3.72 (3H, s), 3.77-3.81 (1H,
m), 4.50-4.62 (1H, br), 4.66 (1H, br), 4.70 (2H, s), 6.04 (1H, d, J = 10.3 Hz), 6.87 (1H, dd, J = 10.3, 5.6
Hz); 13C NMR (125 MHz) § 14.25 & 14.78 (each q, due to rotamers), 25.73 (t), 34.51 & 35.96 (each d, due
to rotamers), 40.10 & 40.94 (each t, due to rotamers), 48.14 (d), 48.57 (d), 52.84 & 52.90 (each g, due to
rotamers), 55.57 (q), 73.46 & 73.98 (each d, due to rotamers), 95.00 & 95.22 (each t, due to rotamers),
129.02 (d), 150.62 (d), 155.68 (s), 197.75 (s); MS 284 (M++1), 283 (M), 221 (100); HRMS Caled. for
C14H21NOs: 283.1420, Found 283.1387; [at]26p +10.4 (¢ 1.08, CHCI3).

Methyl 2-Aza-3-methyl-4-(methoxymethoxy)-9-0xo0-7-[(phenylsulfonyl)phenylthiomethyl]-

RS N4 & YN A b

DICYCIV4.9.vjaeCcane-i-carno Ay ate (ld) Toa llTC(l b()lllll()l’l Ol pﬂCHyl[thmC[ﬂyl pneny1 Smrone
(164 mg, 0.62 mmol) in THF (8 mL) was added n-BuLi (0.40 mL, 0.62 mmol, 10% w/v in hexane) at -78 °C,
and the resulting solution was stirred at -78 °C for 30 min.  To the reaction mixture was added the enone 12
(147 mg, 0.52 mmol) in THF (2 mL) at -78 °C, and the reaction temperature was gradually raised to -10 °C,
The reaction was quenched with satd. NH4Cl] and the aqueous mixture was extracted with CH2Cl; (10 mL x 4),
The organic layer was combined, dried, and evaporated to give a colorless oil, which was chromatographed on
Si03 column (10 g, hexane:acetone=10:1~5:1) to afford 13 (222 mg, 78%) as a colorless oil as a mixture of the

diastereomers along with starting enone 12 (20 mg, 14%).
Maothvul 2 Aza_A_mathvl_ A (mothavvmothavvl . O.nva T . l{inhanvienlfanviimoethvllhicvelao
L"‘«Iall: AT IR LR T T ...“..J ) Sade 4 \lll\/lllUAJ ..l‘lll.vAJ ’ ST AY 4 l\l’..‘l..J a0 .lvl." l’lll\ll’ll.’ IJ UILJ AR

[4.4.0]decane-2-carboxylate (14): To a stirred solution of 13 (423 mg, 0.77 mmol) in benzene (20
} n - N T

mL) were added n-BuzSnH (0.45 mL., 1.5 mmoi)
was refluxed for 2 h.  After cooling, the solvent was evaporated and the residue was diluted with MeCN.

The MeCN layer was washed with hexane and evaporated to give a colorless oil, which was chromatographed
on Si0Oj column (20 g, hexane:acetone=5:1) to afford 14 (287 mg, 85%) as a colorless oil.



IR (neat) 2956, 1694, 1041, 752 cm'i; iH NMR (500 MHz) & 1.18 (3H, d, J = 7.1 Hz), 1.87 (1H, br), 1.96
(1H, q, J = 12.0 Hz), 2.11 (1H, br), 2.32 (1H, br t-like, J = 15.0 Hz), 2.48-2.69 (3H, br m), 2.82 (1H, br),
2.95-3.05 (2H, m), 3.39 (3H, s), 3.68 & 3.69 (3H, each br s), 3.77-3.82 (1H, m), 4.27-4.61 (2H, br m),
4.68 (2H, s), 7.58-7.60 (2H, br), 7.68 (1H, br), 7.88-7.90 (2H, br); 13C NMR (125 MHz) 8 14.94 & 15.55
(each q, due to rotamers), 26.70 (t), 33.92 & 34.25 (each d, due to rotamers), 38.05 (d), 41.54 (1), 43.34 &
44.25 (each t, due to rotamers), 48.79 (d), 48.88 & 48.96 (each d, due to rotamers), 52.91 & 53.03 (each q,

due to rotamers), 55.67 (q), 59.17 & 59.26 (each t, due to rotamers), 73.82 & 73.32 (each d, due to rotamers),
94.98 & 95.20 (each t, due to rotamers), 127.78 (d), 12942 & 129.55 (each d, due to rotamers), 134.11 (d),
139.4i (s), 155.33 & 155.75 (each s, due to rotamers), 206.43 & 206.74 (each s, due to roiamers); MS 440
(M*+1), 439 (M), 102 (100); HRMS Caled. for C2)Ha9NO7S: 439.1664, Found 439.1666; [¢]2°p -17.9 (¢

2.43, CHCl3).

Methyl 2-Aza-3-methyl-4-(methoxymethoxy)-7-[(phenylsulfonyl)methyl]bicyclo[4.4.0]-
decane-2-carboxylate (15): To a stirred solution of 14 (64 mg, 0.146 mmol) in CH;Cl; (5 mL) and
MeOH (5 mL) was added NaBH4 (8 mg, 0.212 mmol) at O °C and the resulting solution was stirred at O °C for 2
h.  The reaction was quenched with satd. NH4Cl and the aqueous mixture was diluted with CH,Cl;. The
mixture was dried and evammted to g ive a colorless oil, which was used dlrecﬂv in the next step To a

stirred solution of the oil obtained above in CICH,CH>Cl (5 mL) was added 1,1’ -thlocarbonyldllnudazole (104

mg, 0.58 mmol) and the resulting solution was refluxed for 7 h.  After cooling the solvent was evaporated to
give a pale yellow oil, which was chromatographed on Si0O; column (5 g, hexane:acetone=5:1) to afford the
thioester (60 mg, 757b in 2 steps) as a colorless oil as a mixture of diastereomers. To a solution of n-Bu3SnH

(0.06 mL, 0.218 mmol) in refluxing toluene (8 mL) was added dropwise slowly a solution of the thioester
obtained above (60 mg, 0.109 mmol) in toluene and the resulting mixture refluxed for 2h.  After cooling, the
solvent was evaporated and the residue was diluted with MeCN.  The MeCN layer was washed with hexane
and evaporated to give a colorless oil, which was chromatographed on SiO7 column (5 g, hexane:acetone=8:1)

(1H, each m), 4.34 & 4.48 (1H, each quint, each J = 6.8 Hz), 4.64 & 4.65 (ZH, each s), 7.58 (2H, q, /= 7.4
Hz), 7.67 (1H, q, J = 7.4 Hz), 7.92 (2H, t, J = 7.4 Hz); 13C NMR (125 MHz) § 15.19 & 15.77 (each q, due
to rotamers), 20.55 (1), 25.30 (1), 26.97 & 27.30 (each t, due to rotamers), 34.21 & 34.32 (cach t, due to
rotamers), 34.43 & 34.56 (each d, due to rotamers), 39.11 (d), 48.88 & 48.95 (each d, due to rotamers), 49.24
(d), 52.52 & 52.66 (each q, due to rotamers), 55.43 & 55.53 (each q, due to rotamers), 59.52 (1), 73.95 &
74.33 (each d, due to rotamers), 94.71 & 94.96 (each t, due to rotamers), 127.72 & 127.81 (each d, due to

rotamers), 129.21 & 129.34 (each d, due to rotamers), 133.72 (d), 139.56 & 139.81 (each s, due to rotamers),

]

o afford 15 (39 mg, 84%) as a colorless oil
IR (neat) 2951, 1697, 1147, 1086, 1040, 754 emr'l; TH NMR (500 MHz) 8 1.14 (3H, d, J = 6.8 Hz), 1.21-
1.30 (2H, m), 1.53-1.69 (4H, m), 1.74-1.77 (2H, m), 1.90 (1H, quint, J = 12.6 Hz), 2.41 & 2.51 (1H, each
br), 3.13-3.24 (2H, m), 3.37 & 3.38 (3H, each s), 3.60-3.66 (1H, m), 3.68 (3H, s), 3.82-3.88 & 4.02-4.06
(ZH 7

155.93 & 156.11 (each s, due to rotamers); MS 425 (M+), 102 (100); HRMS Caled. for C2iH3NOgS:
425.1872, Found 425.1868; [0]26p +1.97 (¢ 1.95, CHCl3).

)
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tert-Butyl 2-Aza-3-methyi-4-(methoxymethoxy)-7-{(phenyisuifonyi)methyijbicycio{4.4.0]-

decane-2-carboxylate (16): To a stirred solution of n-PrSH (0.4 mL, 4.47 mmol) in HMPA (2.5 mL)
was added n-BuLi (10w/v % in hexane, 2.7 mL, 4.25 mmol) at 0 °C, and then the resulting solution was stirred
at 0 °C for 30 min. To the solution was added a solution of 15 (178 mg, 0.42 mmol) in THF (2 mL) at 0 °C,



and the reaction mixture was stirred at room temperature for 48 h.  The reaction was quenched with NH3 (aq),
and the aqueous mixture was extracted with Et;O (S mL x 10). The organic extracts were combined, dried
over K2COs, and evaporated to give a pale yellow oil, which was used directly in the next step,  To a stirred
solution of the oil obtained above in benzene was added (Boc)20 (274 mg, 1.26 mmol), and the resulting
solution was refluxed for 2 h. After cooling the solvent was evaporated to give a colorless oil, which was
chromatographed on SiO; column (10 g, hexane:acetone=15:1) to afford 16 (115 mg, 59% in 2 steps) as a

IR (neat) 2934, 1685, 1448, 1306, 1147, 1040 cm!; 'H NMR (500 MHz) 8 1.11 (3H, d, 7 = 7.1 Hz), 1.25-
1.31 (2H, m), 1.44 (9H, s), 1.51-1.61 (6H, br m), 1.70 (1H, d-like, J = 12.2 Hz), 1.84-1.91 (1H, m), 2.34 &

2.51 (1H, each br), 3.12-3.22 (2H, m), 3.35 & 3.38 (3H, each s), 3.61-3.66 (1H, m), 3.78-3.80 & 3.96-3.98
(1H, each m), 4.27 & 4.42 (1H, each quint, each J = 6.5 Hz), 4.62 & 4.65 (2H, each s), 7.55-7.61 (2H, m),
7.64-7.68 (1H, m), 7.90-7.93 (2H, m); 13C NMR (125 MHz) § 15.18 & 15.64 (each q, due to rotamers),
20.57 (1), 25.30 (1), 27.11 (1), 28.30 & 28.38 (each q, due to rotamers), 34.26 & 34.37 (each t, due to
rotamers), 39.20 (d), 48.23 (d), 48.67 & 49.11 (each d, due to rotamers), 55.45 & 55.46 (each d, due to
rotamers), 59.57 (t), 74.55 & 74.71 (each d, due to rotamers), 79.72 (s), 94.77 & 95.01 (each t, due to
rotamers), 127 70 & 127.75 (each d, due to rotamers), 129.21 & 129.38 (each d
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139.93 (s), 154.91 (s); [a]26p -0.53 (c 4.05, CHC13).
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teri-Butyl 2-Aza-3-methyl-4-(methoxymethoxy)-7-octa-1,3-dienylbicyclo[4.4.0]decane-2-
carboxyiate (17): To a stirred solution of 16 (80 mg, 0.17 mmoi) in THF (3 mL) was added n-BuLi

(10w/v % in hexane, 0.16 mL, 0.26 mmol) at -78 °C, and then the resulting solution was stirred at -78~-70 C
for 30 min. To the solution was added 2-heptenal (0.025 mL, 0.0.19 mmol) at -78 °C, and the reaction
mixture was stirred at -78~-50 °C for 1 h.  The reaction was quenched with satd. NH4Cl (aq), and the aqueous
mixture was extracted with CH2Clp (5 mL x 6).  The organic extracts were combined, dried, and evaporated to

give a pale yellow oil, which was used directly in the next step.  To a stirred solution of the oil obtained above
in MeOH (5 mL) were added NapHPO4 (220 mg, 1.55 mmol), and 5% Na-Hg (1.8 g), and the resulting

evaporated to give a pale yellow oil, which was chromatographed on SiO column (10 g, hexane:acetone=200:1)
to afford 17 (35 mg,49% in 2 steps) as a colorless oil.

IR (neat) 2930, 1685, 1654, 1365, 1148, 1043 cm'!; TH NMR (500 MHz) § 0.89 (3H, ¢, ] = 7.1 Hz), 1.14
(3H, d, J = 6.6 Hz), 1.26-1.39 (4H, br m), 1.45 (9H, s), 1.41-1.1.60 (6H, br m), 1.68-1.82 (2H, m), 1.89-
1.96 (1H, m), 2.03-2.10 (2H, br m), 2.35 & 2.75 (1H, each br), 3.36 & 3.38 (3H, each s), 3.69-3.73 (1H,
m), 4.00-4.20 (1H, br m), 4.30 & 4.47 (1H, each quint-like, each J = 6.4 Hz), 4.65 & 4.67 (2H, each s),
5.56-5.83 (2H, br m), 5.94-6.25 (2H, br m); 13C NMR (125 MHz) & 13.92 (q), 15.31 & 15.71 (each q, due to

rotamers), 21.07 (t), 22.21 (t), 25.97 (t), 27.45 & 27.83 (each t, due to rotamers), 28.36 & 28.48 (each q, due
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(each d, due to rotamers), 74.56 & 75.09 (each d, due to rotamers), 79.44 (s), 94.80 & 95.04 (each t, due to
rotamers), 130.10 (d), 130.20 & 130.31 (each d, due to rotamers), 133.25 & 133.45 (each d, du
134.42 & 134.63 (each d, due to rotamers), 154.99 (s); [0t]26p +4.86 (c 1.34, CHCI3).

ue to rotamers),



5-Aza-4-methyl-10-octa-1,3-dienylbicyclo[4.4.0]decan-3-0l (lepadin B): To a stirred solution
of 17 (12 mg, 0.0285 mmol) in MeOH (1 mL) was added c. HCI (one drop), and then the resulting mixture was
refluxed for 3 h. After cooling, the solvent was evaporated to give lepadin B as the hydrochloride salt.
Recrystallization of the salt from Et0-MeOH gave pure hydrochloride salt of lepadin B as a colorless solid.
To a stirred suspension of the salt obtained above in CHCI3 (5 mL) was added solid K»CO3 (100 mg), and the
resulting suspension was stirred at room temperature for 1 h.  Filtration and evaporation gave (-)-lepadin B

LILAE 2B S 01

(6.5 mg, 85%) as a colorless paste.

IH NMR (500 MHz) §0.89 (3H, 1, ] = 7.1 Hz), 1.11 (3H, d, J = 6.6 Hz), 1.26-1.39 (4H, br m), 1.42-1.51
(ZH, m), 1.57 (2H, d-like, / = 9.5 Hz), 1.59-1.72 (3H, m), 1.74 (iH, d, J = 6.2 Hz), 2.05 (2H, g-like, J =
7.0 Hz), 2.11 (1H, d-like, J = 15.0 Hz), 2.60 (iH, qd-like, J = 9.0, 4.0 Hz), 2.78 (iH, qd, J = 6.6, 1.5 Hz),

2.94 (1H, br), 3.54 (1H, m), 5.37 (1H, dd J = 15.0, 9.0 Hz), 5.59 (1H, dt, J = 15.0, 7.0 Hz), 6.00 (1H, ddt-
like, J = 15.0, 10.0, 2.0 Hz), 6.08 (1H, dd, J = 15.0, 10.0 Hz); 13C NMR (75.5 MHz) & 14.08 (q), 18.50 (q),
20.87 (1), 22.40 (1), 31.62 (t), 32.41 (1), 33.11 (1), 34.19 (1), 34.27 (1), 38.74 (d), 41.16 (d), 56.13 (d), 56.68
(d), 68.81 (d), 130.22 (d), 130.74 (d), 132.67 (d), 137.01 (d); MS 278 (M++1), 277 (M), 168 (100); [a])26p
-70.7 (c 0.185, MeOH).

Trifluoroacetate salt of (-)-lepadin B: 'H NMR (500 MHz) 8 0.90 (3H, 1, ] = 7.1 Hz), 1.06 (1H, m), 1.28-1.38
(A hrm) 1413 d JT=6R8H 142166 (SH brm) 175 (1 d J=1358 Hzy 2 (2 a =66
UFiL, UL 111)y 1.1 \Jil, B, o VU TRLJ, L STITL.UU \CIdy UL LlLJy L7 J 111y By v LI LALJy e U\ (X1, s 7 = U.U
Hz), 2.11 (1H, d, J = 8.8 Hz), 2.30 (1H, d-like, J = 13.9 Hz), 2.78 (1H, q-like, J = 11.8 Hz), 3.37 (1H, br),

3.51 (1H, br), 3.60 (1H, br), 3.90 (1H, br), 5.28 (1H, dd, J = 15.1, 8.8 Hz), 5.65 (IH, dt, J = 15.0, 7.0 Hz),
5.98 (1H, dd, J = 15.0, 10.5 Hz), 6.12 (1H, dd, J = 15.1, 10.5 Hz), 7.33 (1H, br), 9.93 (1H, br); i3C NMR
(125 MHz) § 14.07 (q), 15.04 (q), 19.65 (1), 22.38 (1), 29.01 (1), 31.50 (1), 32.31 (1), 32.41 (1), 33.11 (1),
36.95 (d), 39.87 (d), 56.79 (d), 57.41 (d), 66.61 (d), 129.69 (d), 132.29 (d), 134.03 (d), 134.11 (d); [a]26p -

92.6 (¢ 0.194, MeOH).
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