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Materials and Methods.  Unless stated otherwise, reactions were conducted in flame-

dried glassware under an atmosphere of nitrogen using anhydrous solvents (either freshly 

distilled or passed through activated alumina columns).  All commercially obtained 

reagents were used as received.  Reaction temperatures were controlled using an IKAmag 

temperature modulator, and unless stated otherwise, reactions were performed at room 

temperature (rt, approximately 25 ºC).  Thin-layer chromatography (TLC) was conducted 

with E. Merck silica gel 60 F254 pre-coated plates, (0.25 mm) and visualized by 

exposure to UV light (254 nm) or stained with anisaldehyde, ceric ammonium molybdate, 

potassium permanganate and iodide.  Flash column chromatography was performed using 

normal phase silica gel (60 Å, 230-240 mesh, Merck KGA).  1H NMR spectra were 

recorded on Bruker spectrometers (at 500 or 600 MHz) and are reported relative to 

deuterated solvent signals.  Data for 1H NMR spectra are reported as follows: chemical 

shift (δ ppm), multiplicity, coupling constant (Hz) and integration.  13C NMR spectra 

were recorded on Bruker Spectrometers (at 125 or 150 MHz).  Data for 13C NMR spectra 

are reported in terms of chemical shift.  IR spectra were recorded on an Applied System 

REACT-IR 1000 spectrometer or a Varian 800 spectrometer and are reported in terms of 

frequency of absorption (cm-1).  Optical rotations were measured with a Jasco P-1010 

polarimeter.  High resolution mass spectra were obtained from the UC Irvine Mass 

Spectrometry Facility.  
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Experimental Procedures 

OH NH3

1.  PPh3, phthalimide

DIAD, THF, 0 ºC

2. H2NNH2   H2O, MeOH,

80 ºC

3. HCl, 80–25 ºC

(89% overall yield)

Cl

NHTs

11

TsCl, Et3N,

CH2Cl2, 25 ºC

(52%)
S-1 S-2

 
 N-(Hex-5-ynyl)-4-methylbenzenesulfonamide (11):1 Triphenylphosphine (4.09 g, 15.6 

mmol) and phthalimide (2.29 g, 15.6 mmol) were dissolved in 20 mL of THF and cooled 

to 0 ºC.  To the cooled reaction mixture was added hexyn-1-ol (1.53 g, 15.6 mmol) and 

diisopropyl diazodicarboxylate (DIAD, 3.07 mL, 15.6 mmol) in 10 mL of THF.  The ice 

bath was removed and the clear yellow reaction mixture was allowed to warm to rt 

overnight.   The solvent was removed in vacuo and 25 mL of dry methanol was added 

followed by hydrazine hydrate (0.58 mL, 18.7 mmol).  The resulting mixture was 

equipped with a reflux condenser and refluxed for 8 h, during which time a colorless 

precipitate had formed.  The reaction was cooled to rt and stirred overnight.  

Concentrated HCl (2.5 mL) was added dropwise and the reaction mixture was refluxed 

for 2 h.  The reaction was cooled to rt and stirred overnight and then the MeOH was 

removed in vacuo to yield a colorless solid.  The solid was dissolved in 60 mL of water 

and extracted with CH2Cl2 (3 × 50 mL).  The aqueous layer was concentrated in vacuo to 

afford known amine2 S-2, as a colorless solid in 89% yield. The amine was used without 

further purification. A solution of amine S-2 (1.8 g, 13.5 mmol), Et3N (5.62 mL, 40.4 

mmol) and CH2Cl2 (30 mL) was cooled to 0 ºC.  To the cooled solution was added TsCl 

(2.69 g, 14.1 mmol) and then the reaction was warmed to rt and stirred overnight.  The 

reaction was then quenched with saturated aqueous NH4Cl and extracted with CH2Cl2 (3 

× 10 mL).  The combined organic layers were dried over MgSO4, filtered and then 

concentrated in vacuo.  The residue was purified by column chromatography (40% 

EtOAc/hexanes) to afford alkyne 11 (1.7 g, 52%) as a colorless solid: mp 63-65 ºC; 1H 

NMR (500 MHz, CDCl3) δ 7.75 (d, J = 8.5 Hz, 2H), 7.30 (d, J = 8 Hz, 2H), 4.95–4.88 

                                                
1 Compound 11 was reported previously with no characterization data, see: (a) Luo, F-T.; 
Wang, R.-T. Tetrahedron Lett. 1992, 33, 6835–6838. (b) Ochifuji, N.; Mori, M. 
Tetrahedron Lett. 1995, 36, 9501–9504.  
2 Rozhiewicz, D. I.; Janczewski, D.; Verboom, W.; Ravoo, B. J. Reinhoudt, D. N. Angew. 
Chem., Int. Ed. 2006, 45, 5292–5296. 
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(m, 1H), 2.94 (q, J = 6.5 Hz, 2H), 2.42 (s, 3H), 2.15–2.12 (m, 2H), 1.91 (t, J = 2.5 Hz, 

1H), 1.61–1.55 (m, 2H), 1.51–1.47 (m, 2H) ppm; 13C NMR (125 MHz, CDCl3) δ 143.5, 

137.1, 129.9, 127.2, 83.9, 69.0, 42.8, 28.6, 25.4, 21.7, 18.0 ppm; IR (thin film) 3294, 

2944, 2870, 1598, 1426, 1322, 1154, 1092 cm-1; HRMS (ESI) m/z 274.0871 (274.0878 

calcd for C13H17NO2SNa+ [MNa]+). 

NHTs

11

NHTs

12

2.5 mol % Grubbs' 2nd

generation catalyst

ethylene (300 psi), 

CH2Cl2, 25 ºC

(90%)  
4-Methyl-N-(5-methylenehept-6-enyl)benzenesulfonamide (12): A solution of alkyne 

11 (1.5 g, 5.9 mmol) and CH2Cl2 (100 mL) was degassed by sparging with nitrogen for 

30 min.  To the degassed solution was added benzylidene[1,3-bis(2,4,6-trimethylphenyl)-

2-imidazolidinylidene]dichloro(tricyclohexylphosphine)ruthenium (0.18 g, 0.21 mmol)3 

and the mixture was charged to a high pressure bomb.  The reaction bomb was filled with 

ethylene gas (300 psi), vented and re-pressurized with ethylene to 300 psi.  This process 

was repeated a total of three times.  The reaction was then stirred under high pressure 

(300 psi) for 4–5 h.  After venting unreacted ethylene, the reaction mixture was 

transferred to a round bottom flask containing silica gel and the solvent was removed in 

vacuo.  The residue was dry loaded and purified by column chromatography (20% 

EtOAc/hexanes) to give diene 12 (1.5 g, 90%) as a tan oil: 1H NMR (500 MHz, CDCl3) δ 

7.76 (d, J = 8.5 Hz, 2H), 7.28 (d, J = 8 Hz, 2H), 6.30 (dd, J = 17.5, 10.5 Hz, 1H), 5.25 (t, 

J = 6 Hz, 1H), 5.14 (d, J = 18 Hz, 1H), 5.00 (d, J = 11 Hz, 1H), 4.95 (s, 1H), 4.88 (s, 1H), 

2.92 (q, J = 6 Hz, 2H), 2.40 (s, 3H), 2.11 (t, J = 7 Hz, 2H), 1.49–1.43 (m, 4H) ppm; 13C 

NMR (125 MHz, CDCl3) δ 145.8, 143.3, 138.7, 137.1, 129.7, 127.1, 115.8, 113.3, 43.1, 

30.7, 29.3, 25.0, 21.5 ppm; IR (thin film) 3299, 2929, 1325, 1160, 1094 cm-1; HRMS 

(ESI) m/z 302.1186 (302.1191 calcd for C15H21NO2SNa+ [MNa]+). 

                                                
3 Scholl, M.; Ding, S.; Lee, C. W.; Grubbs, R. H. Org. Lett. 1999, 1, 953–956. 
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O

Me
H

H

14

50 mol% EtAlCl2,

 

CH2Cl2,PhMe, 25 ºC

(74%)NHTs

O

+

12 rac-13

TsHN(CH2)4

 
4-Methyl-N-(4-(7-methyl-5-oxo-1,4,4a,5,6,7,8,8a-octahydronaphthalen-2-yl)butyl) 

benzenesulfonamide (14):  A 1.8 M solution of EtAlCl2 (2.5 mL, 4.5 mmol) in toluene 

was added dropwise to a sealable tube containing a solution of cyclohexenone 134 (1.12 

g, 10.7 mmol) in CH2Cl2 (24 mL) and toluene (24 mL) at 0 ºC and the resulting solution 

was stirred for 5 min at 0 ºC and then 30 min at rt.  A solution of diene 12 (2.5 g, 8.9 

mmol) in toluene (24 mL) was then added to the reaction mixture at rt. The resulting 

solution was placed in the dark by wrapping with tin foil and stirred at 25 ºC for 48 h.  

The reaction was quenched by pouring into 50 mL of ice water and was then extracted 

with CH2Cl2 (3 × 25 mL). The organic solution was dried over MgSO4, filtered and then 

concentrated in vacuo.  The residue was purified by column chromatography (10% 

EtOAc/hexanes) to afford adduct 14 (2.5 grams, 74%) as an oil or a solid depending on 

the ratio of cis:trans epimers  (1:1 to 1:3): 1H NMR (500 MHz, CDCl3) trans-epimer δ 

7.71 (d, J = 8 Hz, 2H), 7.25 (d, J = 8.5 Hz, 2H), 5.26 (bs, 1H), 5.24 (t, J = 6 Hz, 1H), 2.86 

(q, J = 6 Hz, 2H), 2.55 (dd, J = 13.5, 6 Hz, 1H), 2.44–2.39 (m, 1H), 2.37 (s, 3H), 2.34–

2.29 (m, 1H), 2.16–2.12 (m, 1H), 2.09-2.04 (m, 2H), 1.97–1.90 (m, 2H), 1.87–1.74 (m, 

3H), 1.68–1.59 (m, 2H), 1.40–1.35 (m, 2H), 1.34–1.26 (m, 2H), 0.89 (d, J = 7 Hz, 3H) 

ppm; cis-epimer δ 7.71 (d, J = 8 Hz, 2H), 7.25 (d, J = 8.5 Hz, 2H), 5.19 (bs, 1H), 5.14 (t, 

J = 6 Hz, 1H), 2.83 (q, J = 6.5 Hz, 2H), 2.61 (t, J = 5.5 Hz, 1H), 2.44–2.39 (m, 1H), 2.37 

(s, 3H), 2.34–2.29 (m, 1H), 2.16–2.12 (m, 1H), 2.09–2.04 (m, 2H), 1,97–1.90 (m, 2H), 

1.87–1.74 (m, 3H), 1.68–1.59 (m, 2H), 1.40–1.35 (m, 2H), 1.34–1.26 (m, 2H), 0.97 (d, J 

= 6.5 Hz, 3H) ppm; 13C NMR (125 MHz, CDCl3) both epimers δ 212.5 (trans), 211.9 

(cis), 143.2, 143.1, 137.1, 135.9, 134.9, 129.6, 127.1, 119.9, 118.8, 50.4, 49.6, 48.1, 47.0, 

43.1, 43.0, 38.4, 38.3, 36.9, 36.7, 36.6, 35.6, 35.1, 30.9, 30.7, 29.8, 29.1, 28.7, 24.5, 24.2, 

                                                
4 Cyclohexenone rac-13 was prepared from 5-methylcyclohexane-1,3-dione in two 
synthetic steps according to (a) Mewshaw, R. Tetrahedron Lett. 1989, 30, 3753–3756 (b) 
Clark, R. D.; Heathcock, C. H. J. Org. Chem. 1976, 41, 636–643. (c) Knochel, P.; Rao, 
C. J. Tetrahedron 1993, 49, 29–48. 
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23.6, 22.5, 21.5, 19.0 ppm; IR (thin film) 3286, 2915, 1702, 1599, 1325, 1160, 1095, 905 

cm-1; HRMS (ESI) m/z 412.1929 (412.1922 calcd for C22H31NO3SNa+ [MNa]+). 

14

HONH2   HCl, MeOH, 

KOH, 48 h, 25 ºC

 (56%)

S-3

O

Me
H

H

TsHN(CH2)4

N

Me
H

H

TsHN(CH2)4

OH

 

(E)-N-(4-(5-(Hydroxyimino)-7-methyl-1,4,4a,5,6,7,8,8a-octahydronaphthalen-2-

yl)butyl)-4-methylbenzenesulfonamide (S-3): A solution of hydroxylamine 

hydrochloride (0.44 g, 6.4 mmol) and MeOH (25 mL) was added dropwise via syringe 

pump over a period of 30 h at rt to a round bottom flask containing decalone 14 (1.6 g, 

4.3 mmol), potassium hydroxide (5.74 g, 102.5 mmol) and MeOH (25 mL).   The 

reaction was allowed to stir an additional 10 h at 25 ºC.  The reaction mixture was then 

diluted with water (60 mL) and CH2Cl2 (110 mL).  The pH of the water layer was brought 

to ~8 by addition of saturated aqueous NH4Cl and the aqueous layer was extracted with 

CH2Cl2 (5 × 50 mL).  The combined organic layers were dried over MgSO4, filtered and 

then concentrated in vacuo to afford oxime S-3 (1.7 g, 98%) as a mixture of cis:trans 

epimers.  The residue was purified by precipitation from cold CH2Cl2 (~10 mL) to afford 

cis-oxime S-3 (0.96 g, 56%) as a colorless solid after filtration: 1H NMR (500 MHz, 

CDCl3) δ 8.52 (bs, 1 H), 7.77 (d, J = 8 Hz, 2H), 7.31 (d, J = 7.5 Hz, 2H), 5.23 (s, 1H), 

4.75 (bs, 1H), 3.21 (dd, J = 13, 3.5 Hz, 1H), 2.93–2.91 (m, 2H), 2.51–2.50 (m, 1H), 2.44 

(s, 3H), 2.42–2.38 (m, 1H), 2.22–2.18 (m, 1H), 2.09–2.05 (m, 1H), 2.01–1.96 (m, 1H), 

1.88–1.84 (m, 2H), 1.83–1.79 (m, 1H), 1.71–1.68 (m, 2H), 1.52 (dd, J = 13.5, 11 Hz, 

1H), 1.44–1.39 (m, 2H), 1.38–1.35 (m, 3H), 1.01 (d, J = 6.5 Hz, 3H) ppm; 13C NMR (125 

MHz, CDCl3) δ 160.2, 143.4, 137.4, 135.4, 129.8, 127.3, 119.2, 42.9, 39.6, 38.4, 36.9, 

34.5, 32.0, 30.1, 28.9, 28.6, 25.8, 23.8, 22.3, 21.7 ppm; IR (thin film) 3286, 2907, 1597, 

1458, 1446, 1323, 1156, 1092 cm-1; HRMS (ESI) m/z 427.2025 (427.2031 calcd for 

C22H32N2O3SNa+ [MNa]+).   
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1.  MoO3, NaBH4,

 MeOH, 25 ºC

(98%)

2.  ClCO2Me, Et3N, 

CH2Cl2, 25 ºC

(56%)S-3

N

Me
H

H

TsHN(CH2)4

OH

S-4

N

Me
H

H

TsHN(CH2)4

OMe
H

O

 
Methyl 3-methyl-6-(4-(4-methylphenylsulfonamido)butyl)-1,2,3,4,4a,5,8,8a-octahy-

dronaphthalen-1-yl carbamate (S-4):  To a stirring suspension of the oxime S-3 (0.4 g, 

1.0 mmol) in anhydrous MeOH (25 mL) was added one portion of MoO3 (0.49 g, 3.46 

mmol).  To the resulting suspension was then added NaBH4 in four portions (4 × 0.26 g, 

27.7 mmol) over 30 min at 25 ºC in a manner such that the gas evolution was minimized.  

After gas evolution ceased a second portion of MoO3 (0.49 g, 3.46 mmol) was added.  

The resulting suspension was stirred at 25 ºC for 1 h and then an aq solution of KOH (5 

mL, 0.2 M) was added and the resulting solution was stirred for an additional 2 h.  The 

black precipitate was removed by filtration through Celite.  The Celite cake was washed 

with methanol (3 × 20 mL) and the filtrate was concentrated in vacuo.  The residue was 

dissolved in CH2Cl2 and washed with saturated aqueous NH4Cl.  The aqueous layer was 

extracted with CH2Cl2 (5 × 25 mL) and the combined organic layer were dried over 

MgSO4 and filtered. The filtrate was then concentrated in vacuo to yield amine 15 (0.38 

g, 98%) as a colorless solid that was used without further purification: 1H NMR (500 

MHz, CDCl3) δ 7.72 (d, J = 8 Hz, 2H), 7.25 (d, J = 8 Hz, 2H), 5.23 (s, 1H), 3.61 (bs, 2H), 

3.13 (bs, 1H), 2.85 (t, J = 6.5, Hz, 2H), 2.38 (s, 3H), 2.10–2.06 (m, 2H), 1.99–1.85 (m, 

4H), 1.81 (t, J = 7.5 Hz, 2H), 1.58–1.52 (m, 2H), 1.48–1.42 (m, 2H), 1.40–1.35 (m, 2H), 

1.32–1.29 (m, 2H), 0.96 (d, J = 7.5 Hz, 3H), 0.86–0.83 (m, 1H) ppm; 13C NMR (125 

MHz, CDCl3) δ 143.1, 137.3, 135.5, 129.6, 127.1, 118.7, 49.1, 43.1, 37.7, 37.1, 35.8, 

34.1, 33.0, 29.7, 29.1, 28.9, 26.6, 24.6, 21.5, 19.9 ppm; IR (thin film) 2907,  1599, 1458, 

1324, 1159, 1095 cm-1; HRMS (ESI) m/z 391.2417 (391.2419 calcd for C22H35N2O2S 

[MH]+).   

 Methyl chloroformate (46 µL, 0.06 mmol) was added dropwise to a solution of 

amine 15 (0.23 g, 0.58 mmol) and Et3N (0.16 mL, 1.18 mmol) in CH2Cl2 (5 mL) at rt.  

The resulting solution was stirred at rt overnight and the reaction mixture was loaded 

directly onto a silica gel column and purified by column chromatography (20→50% 
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EtOAc/hexanes) to afford amide S-4 (0.15 g, 56%) as a colorless solid: 1H NMR (500 

MHz, DMSO-d6, 298.0 ºK, peak broadening caused by dynamic NMR processes) δ 7.65 

(d, J = 7.8 Hz, 2H), 7.45 (t, J = 4.9 Hz, 1 H), 7.37 (d, J = 7.8 Hz, 2H), 6.98 (bs, 1H), 5.21 

(bs, 1H), 3.71 (bs, 1H), 3.49 (s, 3H), 3.33 (bs, 1H), 2.69 (bs, 2H), 2.37 (s, 3H), 2.10 (d, J 

= 17.0 Hz, 1H), 2.05–1.86 (m, 4H), 1.85–1.57 (m, 5H), 1.48 (m, 1H), 1.40 (t, J = 9.6 Hz, 

1H), 1.36–1.19 (m, 6H), 1.00 (d, J = 7.0 Hz, 3H), 0.93 (d, J = 12.7 Hz, 1H) ppm; 13C 

NMR (125 MHz, DMSO-d6, 323.0 ºK, peak broadening caused by dynamic NMR 

processes) δ 155.7, 144.2, 137.9, 134.5, 129.3, 126.3, 118.3, 50.8, 48.0, 42.3, 36.4, 35.3, 

33.6, 31.6, 28.3, 27.6, 26.3, 23.9, 20.7, 19.8, 19.0 ppm; IR (thin film) 3267, 2908, 1698, 

1528, 1158 cm-1; HRMS (ESI) m/z 471.2282 (471.2293 calcd for C24H36N2O4SNa 

[MNa]+). 

1 equiv. (CH2O)n, 

20 equiv. TFA, 

CHCl3, 25 ºC

(20%)

S-4

N

Me
H

H

TsHN(CH2)4

OMe
H

O

16

CO2Me
N

Me

NTs

 
Tetracyclic diamine (16): A stock solution of paraformaldehyde (20 mg), TFA (1 mL) 

and CHCl3 (10 mL) was prepared in a flame-dried round-bottom flask under nitrogen.  

To a solution of amide S-4 (100 mg, 0.022 mmol) in CHCl3 (1 mL) was added 0.3 mL of 

the stock formaldehyde solution (~1 equiv of paraformaldehyde and 20 equiv of TFA) 

and the resulting mixture was stirred at rt until complete consumption of the starting 

material was observed by electrospray MS analysis (~3 h).  The reaction was then 

quenched with saturated aqueous sodium bicarbonate and extracted with CHCl3 (3 × 3 

mL).  The combined organic layers were dried over MgSO4, filtered, and concentrated in 

vacuo.  The crude residue was purified by preparative HPLC (Alltech column; alltima 

silica 5 micron, length 250 mm, ID 22 mm; eluted with 30% EtOAc in hexanes at 16 

mL/min; retention time 9.8–11 min) to give 20 mg of pure tetracyclic product 16 as a 

colorless solid: 1H NMR (500 MHz, CDCl3) δ 7.66 (d, J = 8.2 Hz, 2H), 7.31 (d, J = 8.0 

Hz, 2H), 3.72 (m, 1H), 3.62 (s, 3H), 3.48 (ddd, J =14.6, 4.0, 4.0 Hz, 1H), 3.32 (t, J = 12.7 

Hz, 1H), 2.74 (m, 1H), 2.50 (dd, J = 13.2, 5.0 Hz, 1H), 2.42 (s, 3H), 2.40–2.39 (m, 1H), 

2.18–2.12 (m, 2H), 1.95–1.91 (m, 4H), 1.82 (ddd, J = 13.5, 10.8, 2.7 Hz, 1H), 1.85–1.73 

(m, 2H), 1.63–1.45 (m, 4H), 1.01 (ddd, J = 12.8, 12.8, 3.0 Hz, 1H), 0.97 (ddd, J = 13.9, 
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3.5, 3.5 Hz, 1H), 0.88 (dd, J = 6.5 Hz, 3H), 0.83 (ddd, J = 14.4, 14.4, 3.0 Hz, 1H) ppm; 
13C NMR (125 MHz, CDCl3) δ 156.2, 143.3, 135.2, 129.8, 127.4, 59.4, 56.7, 54.3, 51.9, 

49.3, 40.1, 38.9, 36.1, 36.0, 35.1, 34.1, 32.1, 30.9, 29.3, 24.9, 22.0, 21.7, 21.4 ppm; IR 

(thin film) 2910, 1713, 1145, 1086, 911 cm-1; HRMS (ESI) m/z 483.2284 (483.2293 

calcd for C25H36N2O4SNa [MNa]+). 

Na, NH3, 

THF, –78 ºC 

(98%)

16 S-5

CO2Me
N

Me

NTs

CO2Me
N

Me

NH
 

Tetracyclic amide (S-5):  A flame dried three-neck flask was equipped with a stir bar, 

two rubber septa, and a cold-finger condenser under nitrogen.  The condenser and the 

round bottom flask were cooled to –78 ºC and ammonia gas was condensed into the 

three-neck round bottom flask (~10 mL).  To this solution at –78 ºC was added sodium 

metal (10 mg, 0.46 mmol, washed with HPLC grade pentane three times).  The resulting 

deep blue reaction was stirred at –78 ºC for 5 min and then a solution of tetracyclic 

diamine 16 (7 mg, 0.015 mmol) in THF (3 mL) was added dropwise.  The reaction was 

stirred at –78 ºC for 15 min and quenched with the slow addition of methanol (MeOH 

added dropwise until reaction becomes clear, ~2 mL) followed by the addition of aqueous 

saturated NH4Cl (3 mL).  The resulting mixture was allowed to warm to rt overnight open 

to the atmosphere. The aqueous solution was then extracted with CH2Cl2 (3 × 10 mL), the 

combined organic solutions were dried over MgSO4, filtered and then concentrated in 

vacuo to yield an orange oil.  The residue was purified by column chromatography 

(MeOH:CHCl3:NH4OH (10:90:1)) to afford adduct S-5 (5 mg, 98%) as a colorless oil. 

NMR spectra are reported as the free base generated by the addition of NaOCD3 to the 

NMR sample: 1H NMR (500 MHz, CD3OD) δ 3.74 (bs, 1H), 3.60 (s, 3H), 2.88 (m, 1H), 

2.76–2.66 (m, 2H), 2.57 (dd, J = 11.0, 3.6 Hz, 1H), 2.33 (m, 1H), 2.12 (d, J = 14.0 Hz, 

1H), 1.99 (dd, J = 11.6, 2.8 Hz, 1H), 1.92 (ddd, J = 13.8, 11.1, 3.2 Hz, 1H), 1.88–1.71 

(m, 3H), 1.70–1.50 (m, 4H), 1.48–1.42 (m, 2H), 1.40–1.29 (m, 2H), 1.06 (ddd, J =12.8, 

12.8, 3.1 Hz, 1H), 0.96 (ddd, J = 16.6, 4.6, 4.6 Hz), 0.87  (d, J = 6.5 Hz, 3H), 0.86 (m, 

1H) ppm; 13C NMR (125 MHz, CD3OD) δ 158.1, 60.9, 57.8, 56.6, 52.5, 41.5, 40.0, 38.4, 

37.8, 37.1, 35.5, 34.1, 32.2, 31.3, 24.8, 22.6, 22.5 ppm; IR (thin film) 3363, 2946, 2912, 
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1706, 1439, 1329, 1297, 1100 cm-1; HRMS (ESI) m/z 307.2386 (307.2393 calcd for 

C18H31N2O2 [MH]+). 

 

1

LiAlH4, THF,

25 ºC

 (65%)
S-5

Me
N

Me

NH

CO2Me
N

Me

NH
 

The originally proposed structure of nankakurine A (1): LiAlH4 (0.36 mL, 0.36 

mmol, 1 M solution in ether) was added dropwise to a solution of N-methyl carbamate S-

5 (11 mg, 0.035 mmol) in THF (3 mL) at 0 ºC.  The reaction mixture was allowed to 

warm to rt and stirred for 10 h and then quenched with Rochelle salts (20 mL) and stirred 

overnight. The mixture was transferred to a separatory funnel, diluted with ethyl ether, 

agitated and the two solutions were separated.  The aqueous solution was extracted with 

CH2Cl2 (5 × 20 mL), the combined organic solutions were dried over MgSO4, filtered and 

then concentrated in vacuo to yield orange oil residue.  The residue was purified by 

column chromatography (MeOH:CHCl3:NH4OH (10:90:1)) to afford adduct 1 (5 mg, 

65%) as a yellow oil.  

 This sample was dissolved in 0.60 mL of CD3OD for NMR analysis.  To this 

NMR sample was added 150 µL of NaOCD3 to obtain the free base of structure 1.  

Spectra were obtained before TFA•CD3OD was added and in succession after 15–25 µL 

portions of the 0.15 M solution of TFA•CD3OD were added (Figure S1). Under no 

conditions were spectra obtained that matched the reported 1H NMR data for nankakurine 

A.5   

 NMR spectra are reported as the free base generated by the addition of NaOCD3 

to the NMR sample: 1H NMR (500 MHz, CD3OD) δ 2.80 (m, 1H), 2.73 (dd, J = 14.6, 3.6 

Hz, 1H), 2.54 (dd, J = 14.5, 10.9 Hz, 1H), 2.36 (bs, 1H), 2.28 (s, 3H), 2.28 (m, 1H), 2.02 

(m, 1H), 1.95–1.82 (m, 3H), 1.75–1.66 (m, 5H), 1.54–1.43 (m, 4H), 1.19 (t, J = 2.9 Hz, 

1H), 1.06 (m, 1H), 1.00 (ddd, J = 12.8, 12.8, 3.2 Hz, 1H), 0.86 (m, 1H), 0.86 (dd, J = 6.7 

Hz, 3H), 0.74 (t, J = 12.8 Hz, 1H) ppm; 13C NMR (125 MHz, CD3OD) δ 63.3, 56.5, 56.1, 

42.0, 40.7, 39.0, 37.8, 35.4, 34.4, 32.5, 32.2, 30.9, 23.0, 22.9, 22.6 ppm; IR (thin film) 

                                                
5 Hirasawa, Y.; Morita, H.; Kobayashi, J. Org. Lett. 2004, 6, 3389–3391. 
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3458, 2921, 2853, 1679, 1461, 1194, 1176 , 1128 cm-1; HRMS (ESI) m/z 263.2490 

(263.2487 calcd for C17H31N2
+ [MH]+). 

 

S-1

OH OBn

BnBr, KH,

THF, Bu4NI, 25 ºC

(73%)
17  

((Hex-5-ynyloxy)methyl)benzene (17):6 5-Hexyn-1-ol (10.0 g, 102 mmol), benzyl 

bromide (18.3 g, 107 mmol), and tetrabutylammonium iodide (0.20 g, 0.54 mmol) were 

dissolved in THF (200 mL) and cooled to 0 ºC.  To the resulting solution was added 

potassium hydride (4.07 g, 102 mmol, washed with HPLC grade pentane three times) and 

the suspension was allowed to warm to rt and stirred overnight.  The reaction was then 

quenched with 200 mL of H2O and extracted with diethyl ether (3 × 100 mL) and the 

combined organic layers were dried over MgSO4, filtered and concentrated in vacuo.  

The residue was purified by column chromatography (1% EtOAc/hexanes) to give benzyl 

ether 17 (14.0 g, 73%) as a yellow oil: 1H NMR (500 MHz, CDCl3) δ 7.43–7.33 (m, 4H), 

7.31 (m, 1H), 4.53 (s, 2H), 3.52 (t, J = 6.3 Hz, 2H), 2.24 (ddd, J = 7.0, 7.0, 2.5 Hz, 2H), 

1.97 (t, J = 2.5 Hz, 1H), 1.84–1.72 (m, 2H), 1.71–1.60 (m, 2H) ppm; 13C NMR (125 

MHz, CDCl3) δ 138.7, 128.5, 127.7, 127.6, 84.5, 73.0, 69.8, 68.6, 28.9, 25.4, 18.4 ppm; 

IR (thin film) 3298, 2941, 2860, 1455, 1362, 1206, 1106 cm-1; HRMS (ESI) m/z 

211.1100 (211.1099 calcd for C13H16ONa+ [MNa]+). 

OBn

17

OBn

18

5 mol % Grubbs' 2nd

generation catalyst

ethylene (300 psi), 

CH2Cl2, 25 ºC

(90%)  
((5-Methylenehept-6-enyloxy)methyl)benzene (18): A solution of alkyne 17 (5.0 g, 

26.6 mmol) and CH2Cl2 (400 mL) was degassed by sparging with nitrogen for 60 min.  

To the degassed solution was added benzylidene[1,3-bis(2,4,6-trimethylphenyl)-2-

imidazolidinylidene]dichloro(tricyclohexylphosphine)ruthenium (1.12 g, 1.33 mmol) and 

the mixture was charged to a high pressure bomb. The reaction bomb was filled with 

ethylene gas (300 psi), vented and re-pressurized with ethylene to 300 psi.  This process 

                                                
6 (a) Takami, K.; Mikami, S.; Yorimitsu, H.; Shinokubo, H.; Oshima, K. J. Org. Chem. 
2003, 68, 6627–6631. (b) Taber, D. F.; Zhang, Z. J. Org. Chem. 2006, 71, 926–927. 
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was repeated a total of three times.  The reaction was then stirred under pressure (300 psi) 

for 4–5 h.  After venting unreacted ethylene, the reaction mixture was transferred to a 

round bottom flask containing silica gel and the solvent was removed in vacuo.  The 

residue was dry loaded and purified by column chromatography (5% EtOAc/hexanes) to 

give diene 18 (5.2 g, 90%) as a tan oil: 1H NMR (500 MHz, CDCl3) δ 7.39 (d, J = 4.5 Hz, 

4H), 7.35–7.28 (m, 1H), 6.42 (dd, J = 17.6, 10.8 Hz, 1H), 5.27 (d, J = 17.6 Hz, 1H), 5.10 

(d, J = 10.9 Hz, 1H), 5.05 (d, J = 11.5 Hz, 2H), 4.55 (s, 2H), 3.54 (t, J = 6.4 Hz, 2H), 2.27 

(t, J = 7.6 Hz, 2H), 1.80 – 1.68 (m, 2H), 1.67–1.59 (m, 2H) ppm; 13C NMR (125 MHz, 

CDCl3) δ 146.3, 139.1, 138.8, 128.5, 127.8, 127.6, 115.9, 113.3, 73.1, 70.4, 31.3, 29.8, 

24.9 ppm;  IR (thin film)  2939, 2858, 1596, 1455, 1362, 1104, 895 cm-1; HRMS (ESI) 

m/z 217.1600 (217.1592 calcd for C15H20O+ [MH]+).  

OBn

O

+

18 (R)-13

TMSO
OTMS

10 mol%TMSOTf, 

CH2Cl2, –78 ºC

 (64%)
BnO(CH2)4

H
Me

19

H

OO

 
(3'R,4a'S,8a'R)-6'-(4-(Benzyloxy)butyl)-3'-methyl-3',4',4a',5',8',8a'-hexahydro-2'H-

spiro[[1,3]dioxolane-2,1'-naphthalene] (19): A solution of (R)–methylcyclohex-2-

enone 137 (1.31 g, 11.9 mmol) and CH2Cl2 (0.75 mL) was cooled to –78 ºC.  

Trimethylsilyl trifluoromethanesulfonate (0.2 mL, 1.1 mmol) was added dropwise to the 

solution at –78 ºC and then 1,2-bis(trimethylsiloxy)ethane (2.93 mL, 11.9 mmol) was 

added and the resulting solution was stirred at –78 ºC for 5 min. To this reaction mixture 

maintained at –78 ºC was then added diene 18 (2.35 g, 10.9 mmol) and the resulting 

solution was stirred at –78 ºC for 22 h.  The reaction was then quenched with Et3N (0.25 

mL) at –78 ºC and the reaction was allowed to warm to rt.  The residue was purified by 

passing through a small plug of neutral alumina and eluting with 50 mL of CH2Cl2.  The 

CH2Cl2 solution was concentrated in vacuo. The residue was further purified by column 

chromatography (2% Et2O/hexanes) to give adduct 19 (2.53 g, 64%) as a clear oil: [α]D
23 

– 1.7 (c = 1.25, CH3Cl); 1H NMR (500 MHz, CDCl3) δ 7.35 (d, J = 4.4 Hz, 4H), 7.29 (m, 

1H), 5.27 (s, 1H), 4.52 (s, 2H), 3.95–3.82 (m, 4H), 3.48 (t, J = 6.6 Hz, 2H), 2.18–2.02 (m, 

4H), 1.97 (t, J = 7.3 Hz, 2H), 1.97 (m, 1H), 1.93–1.86 (m, 1H), 1.80 (dd, J = 13.7, 3.9 Hz, 
                                                
7 Fleming, I.; Maiti, P.; Ramarao, C. Org. Biomol. Chem. 2003, 1, 3989–4004 and 
references therein. 
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2H), 1.66-1.55 (m, 3H), 1.53–1.40 (m, 2H), 1.22–1.12 (m, 2H), 0.98 (d, J = 6.9 Hz, 3H) 

ppm; 13C NMR (125 MHz, CDCl3) δ 138.9, 136.7, 128.5, 127.7, 127.5, 118.8, 111.7, 

73.0, 70.6, 65.2, 64.4, 41.6, 39.7, 37.8, 37.2, 32.0, 31.1, 29.3, 26.2, 24.2, 24.2, 21.8 ppm; 

IR (thin film) 2916, 2871, 1455, 1102, 1048, 949 cm-1; HRMS (ESI) m/z 388.2852 

(388.2852 calcd for C24H34O3NH4
+ [MNH4]+).  

FeCl3/SiO2

acetone, 25 ºC

(99%)
BnO(CH2)4

H
Me

19

H

BnO(CH2)4
H

Me

20

HOO O

 
(3R,4aS,8aR)-6-(4-(Benzyloxy)butyl)-3-methyl-3,4,4a,5,8,8a-hexahydronaphthalen-

1(2H)-one (20):  To a solution of acetal 19 (2.0 g, 5.40 mmol) in acetone (50 mL, ACS 

grade acetone was used) was added a preformed FeCl3/SiO2  mixture8 (0.375 g) and the 

resulting suspension was stirred at rt for 2 h. The solvent was removed in vacuo and the 

residue was purified by column chromatography (5% Et2O/hexanes) to provide cis-fused 

decalone 20 (1.75 g, 99%) as a colorless oil: [α]D
23 + 55 (c = 2.5, CHCl3); 1H NMR (500 

MHz, CDCl3) δ 7.31 (d, J = 4.4 Hz, 4H), 7.28–7.19 (m, 1H), 5.31 (s, 1H), 4.47 (s, 2H), 

3.43 (t, J = 6.5 Hz, 2H), 2.64 (t, J = 5.8 Hz, 1H), 2.54 (dd, J = 17.5, 2.9 Hz, 1H), 2.46–

2.38 (m, 1H), 2.35 (dd, J = 13.1, 4.3 Hz, 1H), 2.24–2.10 (m, 1H), 1.96 (t, J = 12.6 Hz, 

2H), 1.89 (td, J = 13.2, 6.4 Hz, 2H), 1.88–1.78 (m, 3H), 1.63 (ddd, J = 16, 11.9, 4.3 Hz, 

1H), 1.54 (dd, J = 14.1, 6.9 Hz, 2H), 1.48–1.36 (m, 2H), 1.00 (d, J = 6.4 Hz, 3H) ppm 13C 

NMR (125 MHz, CDCl3) δ 211.6, 138.9, 135.6, 128.5, 127.7, 127.6, 118.6, 72.9, 70.4, 

49.7, 47.2, 38.7, 37.6, 35.7, 30.8, 30.1, 29.5, 24.2, 23.8, 22.6 ppm; IR (thin film) 3397, 

2913, 2868, 1708, 1454, 1104 cm-1; HRMS (ESI) m/z 349.2143 (349.2144 calcd for 

C22H30O2Na+ [MNa]+). 

i. H2NNHCOPh, MeOH 

ii. NaCNBH3, MeOH,

 HCl, 25 ºC 

(80% overall yield)

BnO(CH2)4
H

Me

20

H

BnO(CH2)4
H

Me

21

H

O
N

H
NH Ph

O

 

                                                
8 For application of FeCl3/SiO2, see: Anderson, J. C; Blake, A. J.; Graham, J. P.; Wilson, 
C. Org. Biomol. Chem. 2003, 1, 2877–2885. For preparation of FeCl3/SiO2, see: Kim, K. 
S.; Song, Y. H.; Lee, B. H.; Hahn, C. S. J. Org. Chem. 1986, 51, 404–407. 
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N'-((1S,3R,4aS,8aR)-6-(4-(Benzyloxy)butyl)-3-methyl-1,2,3,4,4a,5,8,8a-

octahydronaphthalen-1-yl)benzohydrazide (21):  Benzoic hydrazide  (0.38 g, 2.8 

mmol) was added to a solution of decalone 20 (0.90 g, 2.76 mmol) and anhydrous MeOH 

(20 mL).  The resulting solution was stirred at rt for 3 days and then NaCNBH3 (190 mg, 

3.03 mmol) and bromocresol green indicator (~1 mg) were added.  To the resulting 

solution was added a MeOH/HCl solution dropwise over 30 min at a rate to maintain a 

pH~3-5. A green/blue color was maintained for 30 minutes and the reaction was 

complete when a yellow color persisted. The reaction mixture was quenched with 6 N 

KOH (2 mL) and stirred for 1 h.  This mixture was diluted with aqueous saturated NH4Cl 

and extracted with CH2Cl2 (5 × 20 mL).  The combined organic layers were dried over 

MgSO4, filtered and concentrated in vacuo.  The residue was purified by column 

chromatography (20% EtOAc/hexanes) to give adduct 21 (0.98 g, 80%) as a colorless 

solid: mp 98–101 ºC; [α]D
24 –21 (c = 1.1, CHCl3); 1H NMR (500 MHz, DMSO–d6, 323 

ºK, peak broadening caused by dynamic NMR processes) δ 9.90 (bs, 1H), 7.81 (d, J = 6.5 

Hz, 2H), 7.51 (t, J = 7.3 Hz, 1H), 7.44 (t, J =7.7 Hz, 2H), 7.33–7.24 (m, 5H), 5.35 (bs, 

1H), 4.88 (bs, 1H), 4.42 (s, 3H), 3.40 (t, J = 6.3 Hz, 2H), 3.11 (bs, 1H), 2.25–1.93 (m, 

5H), 1.90–1.87 (m, 3H), 1.64 (m, 1H), 1.54–1.46 (m, 3H), 1.42–1.38 (m, 2H), 1.24 (m, 

1H), 1.03 (m, 1H), 0.97 (d, J = 7.0 Hz, 3H); 13C NMR (500 MHz, DMSO–d6, 340 ºK, 

peak broadening caused by dynamic NMR processes) δ 149.5, 138.5, 130.6, 127.8, 127.7, 

126.9, 126.8, 118.6, 71.5, 69.3, 36.6, 34.1, 33.4, 28.5, 28.3, 23.5, 19.8 ppm; IR (thin film) 

3291, 2915, 2862, 1630, 1457, 1315, 1103 cm-1; HRMS (ESI) m/z 469.2823 (469.2831 

calcd for C29H38N2O2Na+ [MNa]+).   

22

CH2O)n, (i-Pr)2EtN, 

PhMe, 115 ºC,

4A mol sieves

(82%)

Me
N

N

BnO(CH2)4

O

Ph

BnO(CH2)4
H

Me

21

H
N

H
NH Ph

O

 
Tetracyclic pyrazolidine (22): Benzoic hydrazide 21 (250 mg, 0.56 mmol) was added to 

a sealable tube containing paraformaldehyde (84 mg, 2.80 mmol), 4Å mol sieves powder 

(1.7 g), Hünigs base (93 µL, 0.56 mmol) and toluene (12 mL).  The resulting suspension 

was placed in an oil bath pre-heated to 115 ºC and stirred at 115 ºC unit complete 

consumption of starting material (~20 h), as monitored by electrospray MS analysis or 

TLC (1:4 EtOAc/hexanes).  The reaction mixture was allowed to cool to rt and the mol 
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sieves were removed by filtering through a plug of neutral alumina and eluting with 

diethyl ether.  The solution was concentrated in vacuo and the residue was purified by 

column chromatography (20% EtOAc/hexanes) to give adduct 22 (210 mg, 82%) as a 

colorless solid: mp 123–126 ºC; [α]D
23 –16 (c = 1.6, CHCl3); 1H NMR (500 MHz, 

CDCl3) δ 7.52–7.50 (m, 2H), 7.38–7.25 (m, 8H), 4.47 (s, 2H), 3.47 (ddd, J = 21.7, 9.3, 

6.2 Hz, 2H), 3.19 (m, 1H), 2.90 (t, J = 4.3 Hz, 1H), 2.73 (d, J = 10.8 Hz, 1H), 2.57 (ddd, 

J = 13.2, 13.2, 3.9 Hz, 1H), 2.40 (t, J = 4.8 Hz, 1H), 2.24 (d, J = 14.8 Hz, 1H), 2.07 (m, 

1H),  1.89 (dd, J = 14.7, 11.1 Hz, 1H), 1.82–1.67 (m, 4H), 1.67–1.48 (m, 8H), 1.35–1.26 

(m, 2H), 1.16 (ddd, J = 12.4, 1.9, 1.9 Hz, 1H), 1.04 (ddd, J = 12.9, 12.9, 4.9 Hz, 1H), 

0.81 (ddd, J = 13.5, 13.3, 5.7 Hz, 1H) 0.73 (d, J = 6.3 Hz, 3H) ppm; 13C NMR (125 MHz, 

CDCl3) δ 167.9, 138.9, 138.2, 129.7, 128.5, 128.1, 127.9, 127.6, 73.0, 70.3, 69.9, 62.8, 

62.4, 42.2, 40.2, 38.1, 36.3, 34.5, 34.2, 33.7, 33.4, 30.1, 23.5, 22.5, 21.1 ppm; IR (thin 

film) 2956, 2907, 2867, 1624, 1449, 1421, 1104 cm-1; HRMS (ESI) m/z 459.3009 

(459.3011 calcd for C30H39N2O2
+ [MH]+).  

23

i. SmI2, THF:MeOH (9:1)

 ii. 37% aq. formaldehyde,

 NaCNBH3, MeOH, 

HCl, 25 ºC 

(80%)
22

Me
N

N

BnO(CH2)4

O

Ph N
Me

H
N

(CH2)4OBn

Me

Ph

O

 
Tetracyclic diamine (23): A solution of tetracyclic pyrazolidine 22 (120 mg, 0.26 mmol) 

and MeOH (1 mL) was degassed with argon for 30 min.  To the degassed solution was 

added SmI2
9 (9 mL, ~1 M in THF) at a rapid rate.  The deep blue reaction mixture was 

stirred at rt under argon for 30 min and then quenched with 37% aqueous formaldehyde 

(2 mL). To the resulting solution was added NaCNBH3 (50 mg, 0.78 mmol) and 

bromocresol green indicator (~1 mg) and then a MeOH/HCl solution dropwise over 30 

                                                
9 Freshly prepared SmI2 was required to obtain reproducible yields for this reaction. 
Iodine (6.35 g, 25.0 mmol) was dissolved in anhydrous THF (250 mL, freshly distilled 
from a ketyl still). Samarium metal (5.64 g, 37.5 mmol, 40 mesh purchased from Aldrich) 
was transferred into a Schlenk flask in a glove box.  The Schlenk flask was sealed, 
removed from the glove box, and placed under a steady stream of nitrogen.  To the 
Schlenk flask was added via cannula the iodide/THF solution.  Upon completion of the 
cannula transfer the Schlenk tube was sealed under nitrogen and heated to 50 ºC for 24 h. 
After, the dark blue solution was cooled to rt and used without further purification.  The 
molarity of this stock solution of SmI2 is ~0.08 M. 
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min at a rate to maintain a pH~3-5.  A green/blue color was maintained for 30 minutes 

and the reaction complete when a yellow color persisted.  The reaction mixture was then 

quenched with 6 N KOH (2 mL) and stirred for 1 h.  This mixture was diluted with 

aqueous saturated NH4Cl and extracted with CH2Cl2 (5 × 10 mL).  The combined organic 

layers were dried over MgSO4, filtered and concentrated in vacuo.  The residue was 

purified by column chromatography (30% acetone/hexanes) to give adduct 23 (100 mg, 

80%) as a yellow oil: [α]D
24 +10 (c = 0.8, CHCl3); 1H NMR (500 MHz, CDCl3) δ 7.71 (d, 

J = 7.4 Hz, 2H), 7.47 (t, J = 7.2 Hz, 1H), 7.40 (t, J = 7.5 Hz, 2H), 7.36–7.19 (m, 5H), 

5.74 (s, 1H), 4.44 (s, 2H), 3.43 (dddd, J = 21.8, 9.0, 6.5, 6.5 Hz, 2H), 2.93 (d, J = 11.8, 

1H), 2.60 (bs, 1H), 2.42 (t, J = 12.2, 1H), 2.26 (ddd, J = 13.0, 13.0, 4.2 Hz, 1H), 2.14 (dd, 

J = 11.8, 2.5 Hz, 1H), 2.03 (s, 3H), 1.97–1.87 (m, 4H), 1.81–1.79 (m, 2H), 1.71 (dd, J = 

11.8, 5.7 Hz, 1H), 1.59 (ddd, J =14.5, 14.5, 6.8 Hz,  2H), 1.52–1.37 (m, 4H), 1.29–1.24 

(m, 1H), 1.18 (ddd, J = 12.4, 12.8, 4.9 Hz, 1H), 0.89 (m, 1H), 0.84 (d, J = 6.4, 3H) ppm; 
13C NMR (125 MHz, CDCl3) δ 166.8, 138.9, 136.1, 131.3, 128.7, 128.5, 127.8, 127.6, 

126.9, 73.0, 70.6, 63.7, 60.4, 59.3, 43.4, 40.6, 39.0, 37.7, 36.2, 35.4, 34.2, 32.9, 31.1, 

30.2, 22.8, 21.2, 20.8 ppm; IR (thin film) 2921, 2852, 2771, 1644, 1528, 1488, 1455, 

1102 cm-1; HRMS (ESI) m/z 475.3329 (475.3325 calcd for C31H43N2O2
+ [MH]+). 

Pd(OH)2/C

H2, MeOH, HCl, 25 ºC

(97%)

23 S-6

Me
N

Me

HNHO

Bz

Me
N

Me

HNBnO

Bz

 
Diamino alcohol (S-6):  A round bottom flask containing diamine 23 (140 mg, 0.29 

mmol), Pearlman’s catalyst (20 wt.% Pd(OH)2/C, 41 mg, 0.03 mmol), conc. HCl (1 drop) 

and MeOH (10 mL) were fitted with a septa and a balloon of hydrogen gas.  The reaction 

vessel was evacuated and backfilled with hydrogen 5 times.  The reaction mixture was 

stirred at rt for 1 h and then filtered through a Whatman syringe filter (25 mm, 0.45 µm 

pore size) and concentrated in vacuo.  The residue was purified by column 

chromatography (MeOH:CHCl3:NH4OH (5:95:1)) to give diamino alcohol S-6 (110 mg, 

97%) as a colorless solid: mp 60–63 ºC; [α]D
24 + 14 (c = 1.15, CHCl3); 1H NMR (500 

MHz, CDCl3) δ 7.73 (d, J = 7.3 Hz, 2H), 7.48 (t, J = 7.3 Hz, 1H), 7.42 (t, J = 7.8 Hz, 

1H), 5.82 (s, 1H), 3.67–3.59 (m, 2H), 2.94 (d, J = 11.8 Hz, 1H), 2.57 (bs, 1H), 2.43 (t, J = 

12.4 Hz, 1H), 2.33 (ddd, J = 12.8, 12.8, 4.2 Hz, 1H), 2.15 (dd, J =11.8, 2.9 Hz, 1H), 2.05 
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(s, 3H), 1.99–1.8,2 (m, 6H), 1.72 (dd, J = 11.9, 5.8 Hz, 1H), 1.63–1.47 (m, 5H), 1.40 (m, 

1H), 1.30 (m, 1H), 1.19 (ddd, J = 12.7, 12.4 4.9 Hz, 1H), 0.91 (m, 1H), 0.86 (d, J = 6.5 

Hz, 3H) ppm; 13C NMR (125 MHz, CDCl3) δ 167.1, 135.9, 131.4, 128.8, 126.9, 63.7, 

62.6, 60.5, 59.3, 43.4, 40.6, 39.0, 37.8, 36.4, 33.8, 32.9, 32.8, 31.1, 22.8, 21.2, 20.0 ppm; 

IR (thin film) 3343, 2944, 2921, 2865, 2771, 1644, 1530, 1457 cm-1; HRMS (ESI) m/z 

385.2838 (385.2885 calcd for C24H37N2O2
+ [MH]+). 

24
S-6

AlH3,

THF, 25 ºC

 (74%)

Me
N

Me

HNHO

Bn

Me
N

Me

HNHO

Bz

 
Diamino alcohol (24): AlH3

10 (3.64 mL, 1.82 mmol, ~0.5 M in THF) was added to a 

solution of amide S-6 (70 mg, 0.18 mmol) in THF (4 mL).  The reaction mixture was 

stirred at rt for 3 h and then quenched with Rochelle salts.  The resulting solution was 

stirred overnight and then extracted with CH2Cl2 (10 × 10 mL).  The combined organic 

extracts were dried over MgSO4 filtered and evaporated in vacuo.  Purification of the 

residue by column chromatography (CHCl3:NH4OH (99:1) → MeOH:CHCl3:NH4OH 

(10:90:1)) afforded diamino alcohol 24 (50 mg, 74%) as a colorless oil: [α]D
23 + 4.3 (c = 

0.7, MeOH); 1H NMR (500 MHz, CDCl3) δ 7.38 (d, J= 7.3 Hz, 2H), 7.31 (t, J = 7.3 Hz, 

1H), 7.23 (t, J = 7.3 Hz, 1H), 3.67 (t, J = 6.6 Hz, 2H), 3.62 (d, J = 3.6 Hz, 1H), 3.60 (m, 

1H), 3.07 (d, J = 11.6 Hz, 1H), 2.19 (t, J = 12.8 Hz, 1H), 2.13 (dd, J = 11.6, 2.9 Hz, 1H), 

2.08 (s, 3H), 2.01–1.84 (m, 4H), 1.83–1.62 (m, 5H), 1.55–1.34 (m, 11H), 1.16 (ddd, J = 

12.6, 12.4, 4.9 Hz, 1H), 0.87 (m, 1H), 0.83 (d, J = 6.5 Hz, 3H) ppm; 13C NMR (125 

MHz, CDCl3) δ 141.9, 128.6, 128.5, 126.9, 63.8, 63.4, 58.6, 57.4, 45.4, 43.6, 41.0, 39.5, 

39.2, 36.6, 36.1, 33.9, 33.8, 33.5, 32.0, 22.9, 21.1, 19.4 ppm; IR (thin film) 3342, 2921, 

2865, 2769, 1455, 1061 cm-1; HRMS (ESI) m/z 371.3062 (371.3062 calcd for 

C24H39N2O2
+ [MH]+). 

MsCl, Et3N, 

–40 ºC, CH2CH2,

(96%)

24 25

Me
N

Me

HNHO

Bn

Me
N

Me

N
Bn

 

                                                
10 For the preparation of AlH3, see: Brown, H. C.; Yoon, N. M. J. Am. Chem. Soc. 1966, 
88, 1464–1472. 
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N-Benzyl nankakurine (25): Methansulfonyl chloride (25 µL, 0.32 mmol) was added 

dropwise to a solution of diamino alcohol 24 (110 mg, 0.29) and Et3N (54 µL, 0.38 

mmol) in CH2Cl2 (5 mL) at –40 ºC.  The reaction was stirred at –40 ºC for 30 min and 

then the reaction was quenched at –40 ºC with MeOH (0.6 mL) and Et3N (0.2 mL). The 

resulting solution was allowed to warm to rt and stirred for 3 h.  The solvent was 

removed in vacuo and the residue was purified by column chromatography 

(CHCl3:NH4OH (99:1) → MeOH:CHCl3:NH4OH (10:90:1)) to afford adduct 25 (100 mg, 

96%) as a colorless oil: [α]D
24 + 4.6 (c = 1.0, CHCl3); 1H NMR (500 MHz, CD3OD) δ 

7.35 (d, J= 7.4 Hz, 2H), 7.24 (t, J = 7.4 Hz, 2H), 7.14 (t, J = 7.4 Hz, 1H), 3.88 (s, 2H), 

3.35 (ddd, J = 10.9, 2.3, 2.3 Hz, 1H), 2.80 (m, 1H), 2.72 (t, J = 12.5 Hz, 1H), 2.49 (d, J = 

13.8 Hz, 1H), 2.34 (bs, 1H), 2.14 (s, 3H), 2.10–1.93 (m, 5H), 1.85 (m, 1H), 1.75 (m, 1H), 

1.65–1.58 (m, 3H), 1.54–1.33 (m, 8H), 1.14 (ddd, J = 12.7, 12.7, 4.9 Hz, 1H), 0.88 (m, 

1H), 0.82 (d, J = 6.6 Hz, 3H) ppm; 13C NMR (125 MHz, CD3OD) δ 144.6, 129.3, 129.0, 

127.3, 64.9, 59.3, 59.1, 50.8, 44.8, 43.5, 42.5, 42.1, 40.5, 37.6, 34.8, 33.3, 32.9, 31.1, 

23.2, 22.2, 21.4, 21.2 ppm; IR (thin film) 2944, 2921, 2863, 2769, 1621, 1453, 1104 cm-1; 

HRMS (ESI) m/z 353.2953 (353.2957 calcd for C24H37N2
+ [MH]+). 

25 2

(+)-nankakurine A

10 wt.% Pd/C, H2

MeOH, HCl, 25 ºC

(99%)

Me
N

Me

N
H

Me
N

Me

N
H

 
(+)-Nankakurine A (2):5 A round bottom flask containing 25 (90 mg, 0.26 mmol), 

palladium on carbon catalyst (10 wt.% Pd/C, 27 mg, 0.03 mmol), conc. HCl (1 drop) and 

MeOH (4 mL) was fitted with a septa and a balloon of hydrogen gas.  The reaction vessel 

was evacuated and backfilled with hydrogen 5 times.  The reaction mixture was stirred at 

rt for 1 h and then filtered through a Whatman syringe filter (25 mm, 0.45 µm pore size), 

and concentrated in vacuo.  The residue was purified by column chromatography 

(MeOH:CHCl3:NH4OH (5:95:1)) to give nankakurine A (66 mg, 99%) as a colorless 

solid.   

 To this sample dissolved in 0.60 mL of CD3OD was added 150 µL of NaOCD3 to 

generate the free base of (+)-nankakurine A. Spectra were obtained before TFA•CD3OD 

was added and in succession after 15–25 µL portions of the 0.15 M solution of 
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TFA•CD3OD were added (Figure S2).  Spectra matching the reported spectrum5 of (+)-

nankakurine A were obtained upon addition of TFA•CD3OD (Figure S3).  

 NMR spectra are reported as the free base generated by the addition of NaOCD3 

to the NMR sample: [α]D
24 + 13 (c = 0.4, MeOH); 1H NMR (500 MHz, CD3OD) δ 3.00 

(ddd, J = 11.9, 5.1, 2.7 Hz, 1H), 2.80 (t, J = 4.5 Hz, 2H), 2.28 (t, J = 12.7 Hz, 1H), 2.13 

(dd, J = 12.7, 2.8 Hz, 1H), 2.11 (s, 3H), 2.05–2.02 (m, 2H), 2.01–1.90 (m, 2H), 1.89–1.76 

(m, 3H), 1.69–1.67 (m, 3H), 1.66–1.44 (m, 7H), 1.20 (ddd, J = 12.7, 12.7, 5.1 Hz, 1H), 

0.89 (m, 1H), 0.84 (d, J = 6.6 Hz, 3H) ppm; 13C NMR (125 MHz, CD3OD) δ 65.2, 58.7, 

56.0, 43.6, 42.0, 41.4, 40.1, 37.6, 34.8, 34.6, 32.7, 26.5, 23.2, 22.2, 21.1 ppm; IR (thin 

film) 3397, 2944, 2772, 1671, 1451, 1332, 1200, 1132 cm-1; HRMS (ESI) m/z 263.2487 

(263.2487 calcd for C17H31N2
+ [MH]+). 

Me
N

Me

N
H

Me
N

Me

N
Me

2

(+)-nankakurine A

3

(+)-nankakurine B

37% aq. formaldehyde,

NaCNBH3, HCl, 

MeOH, 25 ºC

(80%)

 
(+)-Nankakurine B (3):11 To a solution of nankakurine A (24 mg, 0.9 mmol) in MeOH 

(3 mL) was added NaCNBH3 (17 mg, 0.28 mmol).  To the resulting solution was added a 

MeOH/HCl solution dropwise over 30 min at a rate to maintain a pH of ~3-5 (no 

indicator was used because it was difficult to remove from nankakurine B).  The reaction 

mixture was quenched with 6 N KOH and stirred for 1 h.  This mixture was then 

quenched with aqueous saturated NH4Cl and extracted with CH2Cl2 (5 × 20 mL).  The 

combined organic layers were dried over MgSO4, filtered and concentrated in vacuo.  

The residue was purified by column chromatography (MeOH:CHCl3:NH4OH (10:90:1))  

to give nankakurine B (20 mg, 80%) as a colorless  solid.  

 This sample was dissolved in 0.60 mL of CD3OD for NMR analysis.  To this 

NMR sample was added 150 µL of NaOCD3 to generate the free base of (+)-nankakurine 

B.  Spectra were obtained before TFA•CD3OD was added and in succession after 15–25 

µL portions of the 0.15 M solution of TFA•CD3OD were added (Figure S4). Spectra 

                                                
11 Hirasawa, Y.; Kobayashi, J.; Obara, Y.; Nakahata, N.; Kawahara, N.; Goda, Y.; Morita, 
H. Heterocycles 2006, 68, 2357–2364. 
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matching the reported spectrum12 of (+)-nankakurine B were obtained upon addition of 

TFA•CD3OD (Figure S5).  

 NMR spectra are reported as the free base generated by the addition of NaOCD3 

to the NMR sample: [α]D
24 + 12 (c = 1.5, MeOH); 1H NMR (500 MHz, CD3OD) δ 3.09 

(ddd, J = 11.4, 5.1, 2.7 Hz, 1H), 3.0 (bs, 1H), 2.80 (bs,1H), 2.49 (t, J = 12.6 Hz, 1H), 

2.41 (s, 3H), 2.10 (s, 3H), 2.08 (dd, J = 11.9, 3.0 Hz, 1H), 2.05–1.93 (m, 3H), 1.92–1.77 

(m, 4H), 1.76–1.54 (m, 5H), 1.53–1.38 (m, 5H), 1.22 (ddd, J = 12.7, 12.7, 4.6 Hz, 1H), 

0.90 (m, 1H), 0.85 (d, J = 6.5 Hz, 3H) ppm; 13C NMR (125 MHz, CD3OD) δ 64.9, 60.4, 

58.6, 43.4, 42.2, 40.3, 36.9, 35.2, 34.5, 32.7, 25.9, 23.2, 22.3, 20.6, 19.1 ppm; IR (thin 

film) 3449, 2922, 2860, 1680, 1455, 1196, 1138 cm-1; HRMS (ESI) m/z 276.2644 

(276.2644 calcd for C18H33N2
+ [MH]+). 

                                                
12  The 1H NMR spectrum of nankakurine B was provided by Dr. Hiroshi Morita. 
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Figure S1.  1H NMR spectra of synthetic 1 in CD3OD before and after the addition 

of trifluoroacetic acid 
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Figure S2.  1H NMR spectra of synthetic nankakurine A (2) in CD3OD before and 

after the addition of trifluoroacetic acid 
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      Matches 1H NMR of nankakurine A  
                                                                            reported in 2004 
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Figure S3. Comparison of 1H NMR of natural and synthetic nankakurine A 
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Figure S4.  1H NMR spectra of synthetic nankakurine B (3) in CD3OD before and 

after the addition of trifluoroacetic acid 
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Figure S5. Comparison of 1H NMR of natural and synthetic nankakurine B 
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