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Ac : acetyl 

acac : acetylacetonate 

Ar : aryl 

Bn : benzyl 

Boc : tert-butoxycarbonyl 

bpy : 2,2´-bipyridyl 

Bu : butyl 

cat. : catalytic 

cdt : 1,5,9-cyclododecatriene 

cod : 1,5-cyclooctadiene 

Cp : cyclopentadienyl 

Cy : cyclohexyl 

Cyp : cyclopentyl 

DBU : 1,8-diazabicyo[5.4.0]undec-7-ene 

DCPE : 1,2-bis(dicyclohexylphosphino)ethane 

DIAD : diisopropyl azodicarboxylate 

DIBAL-H : diisobutylaluminum hydride 

DMF : N,N-dimethylformamide 

equiv : equivalent(s) 

Et : ethyl 

EWG : electron-withdrawing group 

Fc : ferrocenyl 

h : hour(s) 

Hex : hexane 

HRMS : high resolution mass spectroscopy 

i : iso 

L : ligand 

LRMS : low resolution mass spectroscopy 

M : metal 

Me : methyl 

Mes : mesityl 

Ms : methanesulfonyl 

MS : molecular sieves 

NHC : N-heterocyclic carbene 



NMO : N-Methylmorpholine N-oxide 

NMR : nuclear magnetic resonance analysis 

NOE : nuclear Overhauser effect 

NOESY : nuclear Overhauser and exchange spectroscopy 

p : para 

PCC : pyridinium chlorochromate 

Ph : phenyl 

Pr : propyl 

quant : quantitative yield 

rec. : recovery 

t : tertiary 

SM : starting material 

TBS : tert-butyldimethylsilyl 

TBDPS : tert-butyldiphenylsilyl 

THF : tetrahydrofuran 

THP : tetrahydropyranyl 

TMEDA : N,N,N´,N´-tetramethylethylenediamine 

TMS : trimethylsilyl 

TPAP : Tetrapropylammonium perruthenate 

Ts : p-toluenesulfonyl 
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Experimental Section 

 

 All manipulations were performed under an argon atmosphere unless stated otherwise.  Solvents 

were purified under argon using The Ultimate Solvent System (Glass Counter Inc.) (THF, Et2O, 

toluene, DMF, and CH3CN). All other solvents and reagents were purified when necessary by 

standard procedures.  Column chromatography was performed on silica gel 60 N (Kanto, 40–50 

µm) with the indicated solvent as eluent.  IR spectra were obtained on a JASCO FT/IR 460 Plus 

spectrometer, and 
1
H NMR (500 MHz or 400 MHz) and 

13
C NMR (125 MHz or 100 MHz) 

spectroscopy were carried out on a Jeol ECA500 or a ECX400P NMR spectrometer. Mass spectra 

were obtained on a Jeol JMS-700TZ or a Jeol JMS-FAB mate mass spectrometer for LRMS and 

HRMS. 
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- Chapter 1 - 

 

General Procedure for Ni(0)-Catalyzed Cyclization Using NHC Ligand 

 Ni(cod)2 (10 mol% to a substrate), imidazolium salt (10 mol% to the substrate), and 
t
BuOK (12 

mol% to the substrate) were weighed into a flame-dried flask, and THF (5 mL/mmol) was added to 

the flask at 0 °C for 10 min. After the mixture was stirred at the same temperature for 10 min, 

Et3SiH (5.0 equiv to the substrate) was added to the mixture. After stirring for 10 min, to the 

mixture was added a solution of the substrate in THF (5 mL/mmol) at the same temperature, and the 

mixture was stirred at room temperature. The mixture was concentrated in vacuo, and the residue 

was purified by flash column chromatography on silica gel to give the cyclized product. 

 

Chapter 1, Section 1 

 

<Scheme 14> 

 

(3aR*,6aS*,E)-1-Ethylidene-6a-triethylsiloxyoctahydropentalene (81). Ni(cod)2 (13.7 mg, 

0.0498 mmol) and PPh3 (27.0 mg, 0.103 mmol) were weighed into a flame-dried flask, and THF 

(2.5 mL) was added to the flask at 0 °C for 10 min. After the mixture was stirred at the same 

temperature for 10 min, Et3SiH (0.4 mL, 2.5 mmol) was added to the mixture. After stirring for 10 

min, a solution of 80
25)

 (74.3 mg, 0.495 mmol) in THF (2.5 mL) was added to the mixture at the 

same temperature, and the mixture was stirred at room temperature for 72 h. The mixture was 

concentrated in vacuo, and the residue was purified by flash column chromatography on silica gel 

(hexane/Et2O = 500/1) to give 81 (58.5 mg, 44%) as a colorless oil. IR (neat) 1681, 1175, 1093, 

1060, 1012 cm
-1

; 
1
H NMR (500 MHz, CDCl3) ! 0.53 (q, J = 8.0 Hz, 6 H), 0.91 (t, J = 8.0 Hz, 9 H), 

1.17-1.30 (m, 2 H), 1.54 (m, 1 H), 1.58-1.62 (m, 3 H), 1.67-1.78 (m, 3 H), 1.87-1.96 (m, 2 H), 

2.24-2.36 (m, 3 H), 5.48 (m, 1 H); 
13

C NMR (125 MHz, CDCl3) ! 6.3, 7.1, 14.5, 24.7, 28.0, 29.5, 

31.0, 41.2, 52.0, 91.9, 116.3, 148.3; EI-LRMS m/z 266 (M
+
), 251 [(M-Me)

+
], 237 [(M-

t
Bu)

+
]; 

EI-HRMS calcd for C17H27O3Si 266.2069, found 266.2065. 

 

(3aR*,6aS*)-6a-Hydroxyhexahydropentalen-1(2H)-one (82)
16)

. A solution of 81 (43.9 mg, 0.165 

mmol) in CH2Cl2 (2 mL) was cooled to -78 °C. Ozone gas was bubbled into the reaction mixture 

until color of the solution turned to blue. After argon gas was bubbled into the reaction mixture 

until the blue color disappeared, PPh3 (50.7 mg, 0.193 mmol) was added to the mixture. The 
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reaction mixture was slowly allowed to warm to room temperature. The mixture was concentrated 

in vacuo, and the residue was roughly purified by short column chromatography on silica gel 

(AcOEt) to give the crude ketone. To a solution of the ketone in CH3CN (1 mL) was added a 10% 

solution of HF (46% aqueous solution, commercially available) in CH3CN (1 mL) at room 

temperature, and the resulting mixture was stirred 2 h the same temperature. To the mixture was 

added saturated NaHCO3 aqueous solution at 0 °C, and the aqueous layer was extracted with AcOEt. 

The organic layer was washed with brine, dried over Na2SO4, and concentrated. The residue was 

purified by column chromatography on silica gel (hexane/AcOEt = 1/1) to give 82 (16.9 mg, 73%) 

as a colorless oil. 
1
H NMR (500 MHz, CDCl3) ! 1.45 (m, 1 H), 1.63 (m, 1 H), 1.70 (m, 1 H), 

1.75-2.00 (m, 3 H), 2.06-2.21 (m, 2 H), 2.34 (m, 1 H), 2.47-2.56 (m, 2 H), 2.55 (s, 1 H); 
13

C NMR 

(125 MHz, CDCl3) ! 24.0, 24.4, 32.0, 35.0, 37.4, 48.2, 88.2, 220.0. 

 

<Table 1> 

 

<run 1> 

 Ni(cod)2 (13.5 mg, 0.0491 mmol) was weighed into a flame-dried flask, and THF (2.5 mL) and 

PBu3 (25 mL, 0.100 mmol) were added to the flask at 0 °C for 10 min. After the mixture was stirred 

at the same temperature for 10 min, Et3SiH (0.4 mL, 2.5 mmol) was added to the mixture. After 

stirring for 10 min, to the mixture was added a solution of 80 (74.8 mg, 0.498 mmol) in THF (2.5 

mL) at the same temperature, and the mixture was stirred at the room temperature for 48 h. The 

mixture was concentrated in vacuo, and the residue was purified by flash column chromatography 

on silica gel (hexane/Et2O = 500/1) to give 81 (95.6 mg, 72%) as a colorless oil. 

 

<run 2> 

 According to the general procedure, a crude product, which was obtained from 80 (74.7 mg, 0.497 

mmol), Ni(cod)2 (13.8 mg, 0.0502 mmol), IMes·HCl (16.8 mg, 0.0493 mmol), 
t
BuOK (6.4 mg, 

0.0570 mmol), and Et3SiH (0.40 mL, 2.50 mmol) in THF (5.0 mL) for 30 min, was purified by flash 

column chromatography on silica gel (hexane/Et2O = 500/1) to give 81 (111.2 mg, 84%) as a 

colorless oil. 

 

<run 3> 

According to the general procedure, a crude product, which was obtained from 80 (74.6 mg, 0.497 

mmol), Ni(cod)2 (13.7 mg, 0.0498 mmol), SIMes·HBF4 (20.0 mg, 0.0506 mmol), 
t
BuOK (6.8 mg, 
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0.0606 mmol), and Et3SiH (0.40 mL, 2.50 mmol) in THF (5.0 mL) for 30 min, was purified by flash 

column chromatography on silica gel (hexane/Et2O = 500/1) to give 81 (104.2 mg, 79%) as a 

colorless oil. 

 

<run 4> 

According to the general procedure, a crude product, which was obtained from 80 (75.4 mg, 0.502 

mmol), Ni(cod)2 (13.7 mg, 0.0498 mmol), IPr·HCl (21.8 mg, 0.0513 mmol), 
t
BuOK (6.9 mg, 

0.0615 mmol), and Et3SiH (0.40 mL, 2.50 mmol) in THF (5.0 mL) for 30 min, was purified by flash 

column chromatography on silica gel (hexane/Et2O = 500/1) to give 81 (135.1 mg, quant) as a 

colorless oil. 

 

<run 5> 

According to the general procedure, a crude product, which was obtained from 80 (74.8 mg, 0.498 

mmol), Ni(cod)2 (13.9 mg, 0.0505 mmol), SIPr·HCl (21.7 mg, 0.0508 mmol), 
t
BuOK (6.6 mg, 

0.0588 mmol), and Et3SiH (0.40 mL, 2.50 mmol) in THF (5.0 mL) for 30 min, was purified by flash 

column chromatography on silica gel (hexane/Et2O = 500/1) to give 81 (123.2 mg, 93%) as a 

colorless oil. 

 

Chapter 1, Section 2 

 

<Table 2> 

 

<run 1> 

 (3aR*,6aS*)-1-Methylene-6a-triethylsiloxyoctahydropentalene (96). According to the general 

procedure, a crude product, which was obtained from 91 (67.5 mg, 0.496 mmol), Ni(cod)2 (13.5 mg, 

0.0491 mmol), IPr·HCl (21.2 mg, 0.0499 mmol), 
t
BuOK (6.7 mg, 0.0597 mmol), and Et3SiH (0.40 

mL, 2.50 mmol) in THF (5.0 mL) for 30 min, was purified by flash column chromatography on 

silica gel (hexane/Et2O = 500/1) to give 96 (103.8 mg, 83%) as a colorless oil. IR (neat) 3075, 2359, 

1659, 1458, 1098 cm
-1

; 
1
H NMR (500 MHz, CDCl3) ! 0.57 (q, J = 8.3 Hz, 6 H), 0.93 (t, J = 8.3 Hz, 

9 H), 1.18 (m, 1 H), 1.30 (m, 1 H), 1.56 (m, 1 H), 1.67-1.73 (m, 3 H), 1.88-2.01 (m, 2 H), 2.27-2.39 

(m, 2 H), 2.45 (m, 1 H), 4.88 (d, J = 1.7 Hz, 1 H), 5.02 (d, J = 1.7 Hz, 1 H); 
13

C NMR (125 MHz, 

CDCl3) ! 6.3, 7.1, 25.2, 29.8, 32.2, 32.4, 41.8, 51.7, 91.4, 105.6, 157.9; EI-LRMS m/z 252 (M
+
), 

237 [(M-Me)
+
], 223 [(M-Et)

+
]; EI-HRMS calcd for C15H28OSi 252.1916, found 252.1908. 
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<run 2> 

(3aR*,6aS*,E)-1-(2-tert-Buthyldimethylsilyoxyethylidene)-6a-triethylsiloxyoctahydropentalen

e (97). According to the general procedure, a crude product, which was obtained from 114 (136.3 

mg, 0.486 mmol), Ni(cod)2 (13.5 mg, 0.0491 mmol), IPr·HCl (21.3 mg, 0.0501 mmol), 
t
BuOK (6.7 

mg, 0.0597 mmol), and Et3SiH (0.40 mL, 2.50 mmol) in THF (5.0 mL) for 30 min, was purified by 

flash column chromatography on silica gel (hexane/Et2O = 500/1) to give 92 (190.9 mg, 99%) as a 

colorless oil. IR (neat) 1462, 1254, 1097 cm
-1

; 
1
H NMR (500 MHz, CDCl3) ! 0.06 (s, 6 H), 0.55 (q, 

J = 7.9 Hz, 6 H), 0.90 (s, 9 H), 0.92 (t, J = 7.9 Hz, 9 H), 1.15-1.32 (m, 2 H), 1.57 (m, 1 H), 

1.69-1.71 (m, 3 H), 1.88-1.97 (m, 2 H), 2.23-2.40 (m, 3 H), 4.13-4.24 (m, 2 H), 5.56 (m, 1 H); 
13

C 

NMR (125 MHz, CDCl3) ! -5.2, -5.1, 6.3, 7.1, 18.3, 24.7, 25.9, 28.1, 29.7, 31.1, 41.2, 51.4, 61.5, 

92.0, 121.7, 148.4; EI-LRMS m/z 396 (M)
+
, 381 [(M-Me)

+
], 367 [(M-Et)

+
], 339 [(M-

t
Bu)

+
]; 

EI-HRMS calcd for C22H44O2Si2 396.28799 found 396.28752. 

 

<run 3> 

(3aR*,6aS*,E)-1-Benzylidene-6a-triethylsiloxyoctahydropentalene (98). According to the 

general procedure, a crude product, which was obtained from 93 (108.1 mg, 0.510 mmol), Ni(cod)2 

(13.5 mg, 0.0491 mmol), IPr·HCl (21.2 mg, 0.0499 mmol), 
t
BuOK (6.5 mg, 0.0579 mmol), and 

Et3SiH (0.40 mL, 2.50 mmol) in THF (5.0 mL) for 30 min, was purified by flash column 

chromatography on silica gel (hexane/Et2O = 500/1) to give 98 (162.5 mg, 97%) as a colorless oil. 

IR (neat) 1457, 1237, 1094 cm
-1

;
 1
H NMR (500 MHz, CDCl3) ! 0.59 (q, J = 7.9 Hz, 6 H), 0.95 (t, J 

= 7.9 Hz, 9 H), 1.30 (m, 1 H), 1.38 (m, 1 H), 1.66 (m, 1 H), 1.73-1.83 (m, 3 H), 1.97-2.06 (m, 2 H), 

2.37 (m, 1 H), 2.65-2.79 (m, 2 H), 6.50 (m, 1 H), 7.20 (m, 1 H), 7.30-7.37 (m, 4 H); 
13

C NMR (125 

MHz, CDCl3) ! 6.4, 7.1, 25.0, 30.4, 30.5, 31.3, 42.1, 50.8, 93.6, 121.8, 126.1, 128.2, 128.4, 138.4, 

150.8; EI-LRMS m/z 328 (M)
+
, 313 [(M-Me)

+
], 299 [(M-Et)

+
]; EI-HRMS calcd for C21H32OSi 

328.22225 found 328.22239. 

 

<run 4> 

(3aR*,6aS*,E)-1-(2-Methoxy-2-oxoethylidene)-6a-tryethylsiloxyoctahydropentalene (99).  

According to the general procedure, a crude product, which was obtained from 94 (97.6 mg, 0.502 

mmol), Ni(cod)2 (14.1 mg, 0.0513 mmol), IPr·HCl (20.9 mg, 0.0492 mmol), 
t
BuOK (6.4 mg, 

0.0570 mmol), and Et3SiH (0.40 mL, 2.50 mmol) in THF (5.0 mL) for 48 h, was purified by flash 

column chromatography on silica gel (hexane/AcOEt = 20/1) to give 99 (41.1 mg, 0.132 mmol) as a 

colorless oil. IR (neat) 1719, 1661, 1434, 1353, 1099 cm
-1

; 
1
H NMR (500 MHz, CDCl3) ! 0.56 (q, J 
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= 8.0 Hz, 6 H), 0.92 (t, J = 8.0 Hz, 9 H), 1.28 (m, 1 H), 1.46 (m, 1 H), 1.76-1.93 (m, 4 H), 1.96-2.05 

(m, 2 H), 2.36 (m, 1 H), 2.89-2.95 (m, 2 H), 3.71 (s, 3 H), 5.91 (m, 1 H);
 13

C NMR (125 MHz, 

CDCl3) ! 6.3, 7.0, 24.6, 30.0, 30.6, 30.9, 42.0, 50.5, 51.0, 93.4, 111.6, 167.8, 172.3; ESI-LRMS m/z 

333 [(M+Na)
+
]; ESI-HRMS calcd for C17H30O3NaSi 333.18564 found 333.18594. 

 

<Run 5> 

(3aR*,6aS*,E)-1-(Trimethylsilylmethylidene)-6a-triethylsiloxyoctahydropentalene (100).

According to the general procedure, a crude product, which was obtained from 95 (105.7 mg, 0.507 

mmol), Ni(cod)2 (13.7 mg, 0.0498 mmol), IPr·HCl (20.3 mg, 0.0478 mmol), 
t
BuOK (6.7 mg, 

0.0597 mmol), and Et3SiH (0.40 mL, 2.50 mmol) in THF (5.0 mL) for 30 min, was purified by flash 

column chromatography on silica gel (hexane/Et2O = 500/1) to give 100 (42.7 mg, 26%) as a 

colorless oil. IR (neat), 1630, 1458, 1247, 1060 cm
-1

; 
1
H NMR (500 MHz, CDCl3) ! 0.09 (s, 9 H), 

0.54 (q, J = 7.9 Hz, 6 H), 0.92 (t, J = 7.9 Hz, 9 H), 1.19 (m, 1 H), 1.33 (m, 1 H), 1.53-1.80 (m, 5 H), 

1.85-2.01 (m, 2 H), 2.25 (m, 1 H), 2.35-2.50 (m, 2 H), 5.55 (m, 1 H);
 13

C NMR (125 MHz, CDCl3) 

! -0.4, 6.4, 7.1, 24.9, 29.8, 31.4, 31.7, 42.0, 50.6, 91.4, 118.2, 166.4; ESI-LRMS m/z 347 [(M+Na)
+
], 

193 [(M-OTBS)
+
]; ESI-HRMS calcd for C18H36ONaSi2 347.22024 found 347.21971. 

 

<Scheme 16> 

 

(Eq 1) 

(3aR*,6aS*,E)-1-Ethylidene-6a-triethylsiloxy-3a-methyloctahydropentalene (102). According 

to the general procedure, a crude product, which was obtained from 101 (80.3 mg, 0.489 mmol), 

Ni(cod)2 (13.5 mg, 0.0491 mmol), IPr·HCl (21.0 mg, 0.0494 mmol), 
t
BuOK (6.4 mg, 0.0570 mmol), 

and Et3SiH (0.40 mL, 2.50 mmol) in THF (5.0 mL) for 30 min, was purified by flash column 

chromatography on silica gel (hexane/Et2O = 500/1) to give 102 (138.6 mg, quant) as a colorless oil. 

IR (neat) 1676, 1458, 1237, 1069 cm
-1

; 
1
H NMR (500 MHz, CDCl3) ! 0.51 (q, J = 7.1 Hz, 6 H), 

0.90 (t, J = 7.1 Hz, 9 H), 0.95 (s, 3 H), 1.24-1.40 (m, 3 H), 1.47-1.63 (m, 6 H), 1.72 (m, 1 H), 2.01 

(m, 1 H), 2.20-2.34 (m, 2 H), 5.50 (m, 1 H); 
13

C NMR (125 MHz, CDCl3) ! 6.3, 7.1, 14.4, 19.8, 

21.1, 25.9, 34.1, 35.26, 35.30, 52.7, 89.7, 117.7, 147.9; EI-LRMS m/z 280 (M)
+
, 265 [(M-Me)

+
], 

251 [(M-Et)
+
]; EI-HRMS calcd for C17H32OSi 280.22225 found 280.22252. 

 

(Eq 2) 

(3aR*,6aR*,E)-3a-tert-Butyldimethylsilyloxymethyl-1-ethylidene-6a-triethylsilyloxyoctahydro
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pentalene (104). According to the general procedure, a crude product, which was obtained from 

103 (108.1 mg, 0.510 mmol), Ni(cod)2 (5.4 mg, 0.0196 mmol), IPr·HCl (8.7 mg, 0.0205 mmol), 

t
BuOK (2.8 mg, 0.0250 mmol), and Et3SiH (0.17 mL, 1.06 mmol) in THF (5.0 mL) for 30 min, was 

purified by flash column chromatography on silica gel (hexane/Et2O = 500/1) to give 104 (82.5 mg, 

96%) as a colorless oil. IR (neat) 1676, 1462, 1254, 1105, 1089 cm
-1

; 
1
H NMR (500 MHz, CDCl3) ! 

0.03 (s, 6 H), 0.50 (q, J = 7.8 Hz, 6 H), 0.89 (s, 9 H), 0.90 (t, J = 7.8 Hz, 9 H), 1.19 (m, 1 H), 

1.55-1.67 (m, 5 H), 1.75-1.85 (m, 2 H), 2.01 (m, 1 H), 2.24-2.35 (m, 2 H), 3.47 (d, J = 9.5 Hz, 1 H), 

3.61 (d, J = 9.5 Hz, 1 H), 5.49 (m, 1 H); 
13

C NMR (125 MHz, CDCl3) ! -5.5, -5.4, 6.3, 7.1, 14.4, 

18.3, 20.7, 26.0, 26.1, 30.9, 31.3, 36.9, 52.6, 66.9, 90.0, 117.3, 148.2; EI-LRMS m/z 410 (M
+
), 395 

[(M-Me)
+
], 381 [(M-Et)

+
], 353 [(M-t-Bu)

+
], 265 [(M-CH2OTBS)

+
]; EI-HRMS calcd for 

C23H46O2Si2 410.30363 found 410.30397. 

 

<Scheme 17> 

 

Synthesis of 82 from 96 

 Similar to synthesis of 82 from 81, a crude product, which was obtained from ozonization of 96 

(34.2 mg, 0.135 mmol) in CH2Cl2 (2 mL) followed by reduction using PPh3 (40.4 mg, 0.154 mmol), 

was treated with a 5% solution of HF in CH3CN (4 mL). After usual work up, a crude product was 

purified by column chromatography on silica gel (hexane/AcOEt = 1/1) to give 82 (7.6 mg, 2 steps 

40%) as a colorless oil. 

 

Synthesis of 82 from 97 

 Similar to synthesis of 82 from 81, a crude product, which was obtained from ozonization of 97 

(59.0 mg, 0.149 mmol) in CH2Cl2 (2 mL) followed by reduction using PPh3 (60.1 mg, 0.229 mmol), 

was treated with a 5% solution of HF in CH3CN (4 mL). After usual work up, a crude product was 

purified by column chromatography on silica gel (hexane/AcOEt = 3/2) to give 82 (20.2 mg, 2 steps 

97%) as a colorless oil. 

 

Synthesis of 82 from 98 

 Similar to synthesis of 82 from 81, a crude product, which was obtained from ozonization of 98 

(57.4 mg, 0.175 mmol) in CH2Cl2 (4 mL) followed by reduction using PPh3 (53.2 mg, 0.203 mmol), 

was treated with a 5% solution of HF in CH3CN (4 mL). After usual work up, a crude product 

purified by column chromatography on silica gel (hexane/AcOEt = 1/1) to give 82 (19.8 mg, 2 steps 



Experimental Section  - Chapter 1 - 

 45 

81%) as a colorless oil. 

 

Synthesis of 82 from 99 

 Similar to synthesis of 82 from 81, a crude product, which was obtained from ozonization of 99 

(26.7 mg, 0.0860 mmol) in CH2Cl2 (8 mL) followed by reduction using PPh3 (33.5 mg, 0.128 

mmol), was treated with a 5% solution of HF in CH3CN (4 mL). After usual work up, a crude 

product was purified by column chromatography on silica gel (hexane/AcOEt = 1/1) to give 82 (0.8 

mg, 2 steps 7%) as a colorless oil. 

 

<Scheme 18> 

 

2-(4,4-Dibromobut-3-enyl)cyclopentanone. To a solution of PPh3 (152 g, 597 mmol) in CH2Cl2 

(120 mL) was added a solution of CBr4 (94.8 g, 286 mmol) in CH2Cl2 (120 mL) over a period of 15 

min at 0 °C, and the mixture was stirred at the same temperature for 30 min. To the mixture was 

added a solution of 105
18)

 (26.4 g, 143 mmol) in CH2Cl2 (60 mL) at 0 °C, and the mixture was 

stirred at the same temperature for 1.5 h. To the mixture was added hexane at room temperature. 

The mixture was filtered through Celite
®

 pad, and the filtrate was concentrated. The residue was 

purified by flash column chromatography on silica gel (hexane/AcOEt = 10/1) to give 

dibromoolefin (27.2 g, 64%) as a yellow oil. 
1
H NMR (500 MHz, CDCl3) ! 1.39 (m, 1 H), 1.52 (m, 

1 H), 1.79 (m, 1 H), 1.90 (m, 1 H), 1.99-2.21 (m, 5 H), 2.23-2.36 (m, 2 H), 6.37 (m, 1 H). 

 

6-(4,4-Dibromobut-3-enyl)-1,4-dioxaspiro[4.4]nonane. To a suspension of ethylene glycol (54 

mL, 968 mmol) in benzene (180 mL) was added the above dibromoolefin (27.2 g, 91.8 mmol) and 

PPTS (2.25 g, 8.95 mmol) at room temperature, and the mixture was refluxed with a Dean-Stark 

system for 5 h. To the mixture was added saturated NaHCO3 aqueous solution at 0 °C, and the 

aqueous layer was extracted with AcOEt. The organic layer was washed with brine, dried over 

Na2SO4, and concentrated. The residue was purified by column chromatography on silica gel 

(hexane/AcOEt = 20/1) to give acetal (29.0 g, 93%) as a yellow oil.
 1
H NMR (500 MHz, CDCl3) ! 

1.28-1.40 (m, 2 H), 1.57-1.80 (m, 5 H), 1.86-1.95 (m, 2 H), 2.03-2.18 (m, 2 H), 3.84-3.96 (m, 4 H), 

6.39 (m, 1 H). 

 

5-(1,4-Dioxaspiro[4.4]nonan-6-yl)pent-2-yn-1-ol (106). To a solution of the above acetal (1.71g, 

5.04 mmol) in THF (15 mL) was added a solution of BuLi in hexane (1.61 M, 7 mL, 11.3 mmol) at 
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-78 °C, and the mixture was stirred at the same temperature for 1 h. After additional stirring for 1 h 

at room temperature, the reaction mixture was recooled to -78 °C. To the mixture was added 

paraformaldehyde (1.48 g, 49.3 mmol), and the reaction mixture was slowly warmed to room 

temperature overnight. To the mixture was added saturated NH4Cl aqueous solution at 0 °C, and the 

aqueous layer was extracted with Et2O. The organic layer was washed with brine, dried over 

Na2SO4, and concentrated. The residue was purified by column chromatography on silica gel 

(hexane/AcOEt = 4/1) to give 106 (746 mg, 70%) as a colorless oil. 
1
H NMR (500 MHz, CDCl3) ! 

1.32 (m, 1 H), 1.45 (m, 1 H), 1.52-1.81 (m, 6 H), 1.92 (m, 1 H), 2.03 (m, 1 H), 2.19 (m, 1 H), 2.31 

(m, 1 H), 3.85-3.96 (m, 4 H), 4.23-4.27 (m, 2 H). 

 

2-(5-Hydroxypent-3-ynyl)cyclopentanone. To a solution of 106 (679 mg, 3.23 mmol) in acetone 

(65 mL) was added p-TsOH·H2O (1.26 g, 6.62 mmol) at room temperature, and the mixture was 

stirred at the same temperature for 12.5 h. To the mixture was added saturated NaHCO3 aqueous 

solution at 0 °C, and the aqueous layer was extracted with Et2O. The organic layer was washed with 

brine, dried over Na2SO4, and concentrated. The residue was purified by column chromatography 

on silica gel (hexane/AcOEt = 1/1) to ketone (521 mg, 95%) as a yellow oil.
 1
H NMR (500 MHz, 

CDCl3) ! 1.43-1.62 (m, 3 H), 1.80 (m, 1 H), 1.96-2.43 (m, 8 H), 4.21-4.26 (m, 2 H). 

 

2-[5-(tert-Butyldimethylsilyloxy)pent-3-ynyl]cyclopentanone (92). To a solution of the above 

ketone (476 mg, 2.86 mmol) and imidazole (598 mg, 8.78 mmol) in DMF (2.8 mL) was added 

TBSCl (655 mg, 4.34 mmol) at 0 °C, and the mixture was stirred at room temperature for 1 h. To 

the mixture was added saturated NH4Cl aqueous solution at 0 °C, and the aqueous layer was 

extracted with Et2O. The organic layer was washed with brine, dried over Na2SO4, and concentrated. 

The residue was purified by column chromatography on silica gel (hexane/AcOEt = 20/1) to give 

92 (675 mg, 84%) as a colorless oil. IR (neat) 1739, 1463, 1078 cm
-1

; 
1
H NMR (500 MHz, CDCl3) 

! 0.10 (s, 6 H), 0.90 (s, 9 H), 1.49-1.55 (m, 2 H), 1.73-1.83 (m, 1 H), 1.95-2.05 (m, 2 H), 2.07-2.16 

(m, 1 H), 2.18-2.40 (m, 5 H), 4.26-4.28 (m, 2 H); 
13

C NMR (125 MHz, CDCl3) ! -5.1, 17.1, 18.3, 

20.7, 25.8, 28.5, 29.5, 38.0, 48.1, 51.9, 79.4, 84.3, 220.8; EI-LRMS m/z 223 [(M-
t
Bu)

+
], 181, 167, 

143; EI-HRMS calcd for C12H19O2Si 223.11543 found 223.11493. 

 

<Scheme 19> 

 

3-(6-Methyl-1,4-dioxaspiro[4.4]nonan-6-yl)propanal (108). To a solution of 107
19)

 (685 mg, 3.42 
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mmol) in CH2Cl2 (17 mL) was added PCC (1.21 g, 5.14 mmol) at 0 °C, and the mixture was stirred 

at room temperature for 4 h. To the mixture was added hexane at room temperature. The reaction 

mixture was filtered through Florisil
®

 column (hexane), and the filtrate was concentrated. The 

residue was purified by short column chromatography on silica gel (AcOEt) to give 108 (390 mg) 

as a yellow oil. IR (neat) 1725, 1465, 1417, 1313, 950 cm
-1

; 
1
H NMR (500 MHz, CDCl3) ! 0.96 (s, 

3 H), 1.49 (m, 1 H), 1.56-1.88 (m, 7 H), 2.35-2.52 (m, 2 H), 3.87-3.93 (m, 4 H), 9.77 (t, J = 1.9, 1 

H); 
13

C NMR (125 MHz, CDCl3) ! 17.8, 20.2, 27.2, 33.3, 35.7, 40.0, 45.1, 64.4, 64.7, 119.3, 203.3; 

EI-LRMS m/z 198 (M)
+
, 169 [(M-CHO)

+
], 155 [(M-CH2CHO)

+
], 141 [(M-CH2CH2CHO)

+
]; 

EI-HRMS calcd for C11H18O3 198.1255 found 198.1250. 

 

6-(4,4-Dibromobut-3-enyl)-6-methyl-1,4-dioxaspiro[4.4]nonane. To a solution of PPh3 (1.06 g, 

4.04 mmol) in CH2Cl2 (4 mL) was added a solution of CBr4 (993 mg, 2.99 mmol) in CH2Cl2 (4 mL) 

at 0 °C, and the mixture was stirred at the same temperature for 30 min. To the mixture was added a 

solution of 108 (26.4 g, 143 mmol) in CH2Cl2 (2 mL) at 0 °C, and the mixture was stirred at same 

temperature for 10 min. To the mixture was added hexane at room temperature. The mixture was 

filtered through Celite
®

 pad, and the filtrate was concentrated. The residue was purified by flash 

column chromatography on silica gel (hexane/AcOEt = 10/1) and purified by flash column 

chromatography on silica gel (toluene) to dibromoolefin (436 mg, 2 steps 36%) as a yellow oil. IR 

(neat) 1627, 1463, 1376, 1313, 948 cm
-1

; 
1
H NMR (500 MHz, CDCl3) ! 0.98 (s, 3 H), 1.43-1.54 (m, 

3 H), 1.59-1.62 (m, 3 H), 1.75-1.90 (m, 2 H), 1.99-2.17 (m, 2 H), 3.87-3.93 (m, 4 H), 6.39 (t, J = 

7.3, 1 H); 
13

C NMR (125 MHz, CDCl3) ! 17.9, 20.0, 28.9, 32.9, 33.3, 35.3, 45.6, 64.5, 64.8, 88.2, 

119.4, 139.5; EI-LRMS m/z 354 (M)
+
, 273 [(M-Br)

+
]; EI-HRMS calcd for C12H18Br2O2 351.96731 

found 351.96710. 

 

6-Methyl-6-(pent-3-ynyl)-1,4-dioxaspiro[4.4]nonane (109). To a solution of the above 

dibromoolefin (436 mg, 1.23 mmol) in THF (6 mL) was added a solution of BuLi in hexane (1.61 

M, 1.6 mL, 2.58 mmol) at -78 °C, and the mixture was stirred at the same temperature for 30 min. 

To the mixture was added MeI (0.4 mL, 6.43 mmol) at -78 °C, the mixture was stirred at the same 

temperature for 1.5 h, and was slowly warmed to room temperature overnight. To the mixture was 

added saturated NH4Cl aqueous solution at 0 °C, and the aqueous layer was extracted with Et2O. 

The organic layer was washed with brine, dried over Na2SO4, and concentrated. The residue was 

roughly purified by short column chromatography on silica gel (AcOEt) to give 109 (260 mg) as a 

yellow oil. 
1
H NMR (500 MHz, CDCl3) ! 0.94 (s, 3 H), 1.49 (m, 1 H), 1.58-1.68 (m, 5 H), 
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1.75-1.87 (m, 5 H), 2.02-2.20 (m, 2 H), 3.86-3.95 (m, 4 H). 

 

2-Methyl-2-(pent-3-ynyl)cyclopentanone (101). To a solution of 109 (260 mg) in acetone (12 mL) 

was added TsOH·H2O (487 mg, 2.56 mmol) at room temperature, and the mixture was stirred at the 

same temperature for 12.5 h. To the mixture was added saturated NaHCO3 aqueous solution at 0 °C, 

and the aqueous layer was extracted with Et2O. The organic layer was washed with brine, dried over 

Na2SO4, and concentrated. The residue was purified by column chromatography on silica gel 

(hexane/AcOEt = 20/1) to give 101 (168.7 mg, 2 steps 84%) as a yellow oil. IR (neat) 1736, 1457, 

1409, 1374, 948 cm
-1

; 
1
H NMR (500 MHz, CDCl3) ! 0.99 (s, 3 H), 1.65 (m, 1 H), 1.70-1.77 (m, 4 

H), 1.80-1.97 (m, 3 H), 2.02-2.33 (m, 4 H); 
13

C NMR (125 MHz, CDCl3) ! 3.4, 14.2, 18.6, 21.5, 

35.5, 35.8, 37.5, 47.9, 75.9, 78.8, 222.8; EI-LRMS m/z 164 (M)
+
, 149 [(M-Me)

+
], 98 

[(M-CH2CCMe)
+
]; EI-HRMS calcd for C11H16O 164.1196 found 164.1199. 

 

<Scheme 20> 

 

6-(tert-Butyldimethylsilyloxy)methyl-1,4-dioxaspiro[4.4]nonane-6-carbaldehyde (111). To a 

solution of 110
20)

 (172 mg, 0.747 mmol) and imidazole (157 mg, 2.31 mmol) in DMF (0.75 mL) 

were added TBSCl (168 mg, 1.11 mmol) at 0 °C, and the mixture was stirred at room temperature 

for 30 min. To the mixture was added saturated NH4Cl aqueous solution at 0 °C, and the aqueous 

layer was extracted with Et2O. The organic layer was washed with brine, dried over Na2SO4, and 

concentrated. The residue was roughly purified by short column chromatography on silica gel 

(AcOEt) to give a crude TBS ether (286 mg) as a colorless oil. To the TBS ether (286 mg) in 

toluene (3.7 mL) was added a solution of DIBAL-H in toluene (0.99 M, 1.6 mL, 1.58 mmol) at 

-78 °C, and the mixture was stirred at the same temperature for 30 min. After the mixture was 

diluted with Et2O, to the mixture was added saturated potassium sodium tartrate aqueous solution at 

-78 °C, and the resulting mixture was stirred at room temperature overnight. The aqueous layer was 

extracted with Et2O. The organic layer was washed with brine, dried over Na2SO4, and concentrated. 

The residue was purified by column chromatography on silica gel (hexane/AcOEt = 4/1) to give 

111 (133 mg, 2 steps 59%) as a colorless oil.
 
IR (neat) 1731, 1472, 1254, 1092 cm

-1
; 

1
H NMR (500 

MHz, CDCl3) ! -0.029 (s, 3 H), 0.032 (s, 3 H), 0.84 (s, 9 H), 1.61-1.81 (m, 5 H), 2.27 (m, 1 H), 3.63 

(d, J = 10.2 Hz, 1 H), 3.80-3.94 (m, 4 H), 4.12 (d, J = 10.2 Hz, 1 H), 9.62 (s, 1 H); 
13

C NMR (125 

MHz, CDCl3) ! -5.62, -5.58, 18.2, 20.0, 25.8, 27.3, 36.8, 62.6, 63.1, 64.5, 65.1, 118.7, 203.3. 
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(E)-Ethyl 3-[6-(tert-butyldimethylsilyloxy)methyl-1,4-dioxaspiro[4.4]nonan-6-yl]acrylate. To a 

suspension of NaH (60% dispersion in mineral oil, 36.4 mg, 0.910 mmol) in THF (1.5 mL) was 

added a solution of diethylphosphonoacetic acid ethyl ester (0.2 mL, 1.01 mmol) in THF (1 mL) at 

0 °C, and the mixture was stirred at the same temperature for 10 min. To the mixture was added a 

solution of 111 (133 mg, 0.444 mmol) in THF (2 mL) at 0 °C, and the mixture was stirred at room 

temperature for 2 h. To the mixture was added saturated NH4Cl aqueous solution at 0 °C, and the 

aqueous layer was extracted with Et2O. The organic layer was washed with brine, dried over 

Na2SO4, and concentrated. The residue was roughly purified by column chromatography on silica 

gel (hexane/AcOEt = 10/1) to give acrylate (175 mg) as a colorless oil.
 1
H NMR (500 MHz, CDCl3) 

! 0.01 (s, 3 H), 0.02 (s, 3 H), 0.86 (s, 9 H), 1.27 (dd, J = 7.0, 7.0 Hz, 3 H), 1.65-1.73 (m, 2 H), 

1.79-1.87 (m, 3 H), 1.96 (m, 1 H), 3.59 (d, J = 10.0 Hz, 1 H), 3.66 (d, J = 10.0 Hz, 1 H), 3.85-3.95 

(m, 4 H), 4.18 (dq, J = 2.9, 7.0 Hz, 1 H), 4.19 (dq, J = 2.9, 7.0 Hz, 1 H), 5.87 (d, J = 16.6 Hz, 1 H), 

7.05 (d, J = 16.6 Hz, 1 H). 

 

Ethyl 3-[6-(tert-butyldimethylsilyloxy)methyl-1,4-dioxaspiro[4.4]nonan-6-yl]propanoate. To a 

solution of the above acrylate (175 mg) in AcOEt (4.4 mL) was added Pd-C (10% Pd, 3.5 mg, 0.74 

mmol) at room temperature, and the mixture was stirred at same temperature under H2 atmosphere 

for 6 h. The mixture was roughly purified by short column chromatography on silica gel (AcOEt) to 

give crude ester (162 mg) as a colorless oil.
 1
H NMR (500 MHz, CDCl3) ! 0.04 (s, 6 H), 0.89 (s, 9 

H), 1.24 (t, J = 7.2 Hz, 3 H), 1.47 (m, 1 H), 1.56-1.64 (m, 2 H), 1.70-1.92 (m, 5 H), 2.29 (m, 1 H), 

2.42 (m, 1 H), 3.43 (d, J = 9.7 Hz, 1 H), 3.61 (d, J = 9.7 Hz, 1 H), 3.81-3.95 (m, 4 H), 4.11 (q, J = 

7.2 Hz, 2 H), 5.87 (d, J = 16.6 Hz, 1 H), 7.05 (d, J = 16.6 Hz, 1 H). 

 

3-[6-(tert-Butyldimethylsilyloxy)methyl-1,4-dioxaspiro[4.4]nonan-6-yl]propanal (112). To a 

solution of the above crude ester (162 mg) in toluene (2.2 mL) a solution of DIBAL-H in toluene 

(0.99 M, 0.45 mL, 0.446 mmol) at -78 °C, and the mixture was stirred at the same temperature for 

30 min. After the mixture was diluted with Et2O, saturated potassium sodium tartrate aqueous 

solution was added to the mixture at -78 °C, and the resulting mixture was stirred at room 

temperature overnight. The aqueous layer was extracted with Et2O. The organic layer was washed 

with brine, dried over Na2SO4, and concentrated. The residue was roughly purified by short column 

chromatography on silica gel (hexane/AcOEt = 10/1) to give crude 112 (137 mg) as a colorless oil.
 

1
H NMR (500 MHz, CDCl3) ! 0.036 (s, 3 H), 0.041 (s, 3 H), 0.88 (s, 9 H), 1.47 (m, 1 H), 1.57-1.65 

(m, 2 H), 1.73-1.92 (m, 5 H), 2.52 (m, 1 H), 2.54 (m, 1 H), 3.44 (d, J = 9.7 Hz, 1 H), 3.62 (d, J = 9.7 

Hz, 1 H), 3.81-3.93 (m, 4 H), 9.74 (m, 1 H). 
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6-(4,4-Dibromobut-3-enyl)-6-(tert-butyldimethylsiloxy)methyl-1,4-dioxaspiro[4.4]nonane. To a 

solution of PPh3 (445 mg, 1.70 mmol) and CBr4 (278 mg, 0.837 mmol) in CH2Cl2 (3.1 mL) was 

Et3N (0.46 mL, 3.30 mmol) at room temperature, and the mixture was stirred at the same 

temperature for 15 min. To the mixture was added a solution of 112 (137 mg) in CH2Cl2 (1 mL) at 

-78 °C, and the mixture was stirred at room temperature for 4 h. The mixture was filtered through 

silica gel pad, and the filtrate was concentrated. The residue was roughly purified by flash column 

chromatography on silica gel (hexane/AcOEt = 4/1) to give crude dibromoolefin (191 mg) as a 

colorless oil. 
1
H NMR (500 MHz, CDCl3) ! 0.05 (s, 6 H), 0.89 (s, 9 H), 1.43-1.87 (m, 8 H), 

2.03-2.21 (m, 2 H), 3.43 (d, J = 10.0 Hz, 1 H), 3.65 (d, J = 10.0 Hz, 1 H), 3.82-3.95 (m, 4 H), 6.38 

(m, 1 H). 

 

6-(tert-Butyldimethylsiloxy)methyl-6-(pent-3-ynyl)-1,4-dioxaspiro[4.4]nonane (113). Similar to 

synthesis of 136 from 6-(4,4-dibromobut-3-enyl)-6-methyl-1,4-dioxaspiro[4.4]nonane, a crude 

product, which was obtained from above dibromoolefin (191 mg), BuLi in hexane solution (1.55 M, 

0.55 mL, 0.835 mmol), MeI (0.12 mL, 1.93 mmol) in THF (4 mL) at -78 °C to 0 °C for 2 h, was 

roughly purified by flash column chromatography on silica gel (AcOEt) to give crude 113 (123 mg) 

as a colorless oil. 
1
H NMR (500 MHz, CDCl3) ! 0.04 (s, 6 H), 0.89 (s, 9 H), 1.48 (m, 1 H), 

1.56-1.86 (m, 9 H), 2.04-2.25 (m, 2 H), 3.41 (d, J = 10.3 Hz, 1 H), 3.59 (d, J = 10.3 Hz, 1 H), 

3.80-3.95 (m, 4 H). 

 

2-(tert-Butyldimethylsilyloxy)methyl-2-(pent-3-ynyl)cyclopentanone (103). Similar to synthesis 

of 101 from 109, a crude product, which was obtained from 113 (123 mg), TsOH·H2O (137 mg, 

0.721 mmol) in acetone (8 mL) at room temperature for 30 min, was purified by flash column 

chromatography on silica gel (hexane/AcOEt = 10/1) to give 103 (75.9 mg, 6 steps 58%) as a 

colorless oil. IR (neat) 1739, 1471, 1256, 1097, 839, 778 cm
-1

; 
1
H NMR (500 MHz, CDCl3) ! -0.01 

(s, 3 H), 0.01 (s, 3 H), 0.85 (s, 9 H), 1.53-1.68 (m, 2 H), 1.74 (t, J = 2.6 Hz, 3 H), 1.79-1.99 (m, 3 

H), 2.01-2.27 (m, 5 H), 3.40 (d, J = 9.2 Hz, 1 H), 3.63 (d, J = 9.2 Hz, 1 H); 
13

C NMR (125 MHz, 

CDCl3) ! -5.72, -5.68, 3.4, 14.2, 18.2, 19.3, 25.8, 30.5, 32.8, 39.3, 53.6, 67.1, 222.2; EI-LRMS m/z 

279 [(M-Me)
+
], 237 [(M-t-Bu)

+
]; EI-HRMS calcd for C13H21O2Si 237.13108 found 237.13143. 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       

Chapter 1, Section 3 
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<Table 3> 

 

<run 1> 

(3aS*,7aS*,E)-4-Ethylidene-3a-triethylsiloxyoctahydro-1H-indene (118). According to the 

general procedure, a crude product, which was obtained from 114 (80.4 mg, 0.490 mmol), Ni(cod)2 

(13.7 mg, 0.0498 mmol), IPr·HCl (21.3 mg, 0.0501 mmol), 
t
BuOK (6.9 mg, 0.0615 mmol), and 

Et3SiH (0.40 mL, 2.50 mmol) in THF (5.0 mL) for 30 min, was purified by flash column 

chromatography on silica gel (hexane/Et2O = 500/1) to give 118 (143.3 mg, quant) as a colorless oil. 

IR (neat) 1665, 1457, 1237, 1114, 1075, 894 cm
-1

; 
1
H NMR (500 MHz, CDCl3) ! 0.55 (q, J = 8.0 

Hz, 6 H), 0.92 (t, J = 8.0 Hz, 9 H), 1.24-1.37 (m, 2 H), 1.38-1.57 (m, 4 H), 1.61 (m, J = 6.7 Hz, 3 H), 

1.63-1.80 (m, 3 H), 1.94 (m, 1 H), 2.05 (m, 1 H), 2.13 (m, 1 H), 2.26 (m, 1 H), 5.46 (q, J = 6.7 Hz, 

1 H); 
13

C NMR (125 MHz, CDCl3) ! 6.4, 7.2, 12.9, 20.1, 23.7, 25.0, 26.6, 27.2, 36.9, 48.6, 84.0, 

116.1, 140.3; EI-LRMS m/z 280 (M
+
), 265, 251, 224, 209, 147, 115; EI-HRMS calcd for C17H32OSi 

280.22225, found 280.22229. 

 

<run 2> 

(3aR*,7aS*,E)-1-Ethylidene-7a-methoxyoctahydro-1H-indene (119). According to the general 

procedure, a crude product, which was obtained from 115 (81.8 mg, 0.498 mmol), Ni(cod)2 (13.7 

mg, 0.0498 mmol), IPr·HCl (21.1 mg, 0.0496 mmol), 
t
BuOK (6.6 mg, 0.0588 mmol), and Et3SiH 

(0.40 mL, 2.50 mmol) in THF (5.0 mL) for 30 min, was purified by flash column chromatography 

on silica gel (hexane/Et2O/Et3N = 500/1/5) to give 119 (140.6 mg, quant) as a colorless oil. IR 

(neat) 1679, 1448, 1260, 1237, 1078, 1009 cm
-1

; 
1
H NMR (500 MHz, CDCl3) ! 0.51 (q, J = 7.8 Hz, 

6 H), 0.90 (t, J = 7.8 Hz, 9 H), 1.10-1.30 (m, 3 H), 1.43-1.62 (m, 8 H), 1.83 (m, 1 H), 1.93-2.01 (m, 

2 H), 2.23-2.28 (m, 2 H), 5.38 (m, 1 H); 
13

C NMR (125 MHz, CDCl3) ! 6.4, 7.1, 14.3, 23.7, 24.5, 

25.7, 26.6, 28.5, 34.4, 48.5, 82.1, 116.9, 144.8; EI-LRMS m/z 280 (M
+
), 251 [(M-Et)

+
]; EI-HRMS 

calcd for C17H32OSi 280.22225, found 280.22235. 

 

<run 3> 

(4aR*,8aS*,E)-1-Ethylidene-8a-triethylsiloxydecahydronaphthalene (120). According to the 

general procedure, a crude product, which was obtained from 116 (89.0 mg, 0.499 mmol), Ni(cod)2 

(13.9 mg, 0.0505 mmol), IPr·HCl (21.7 mg, 0.0511 mmol), 
t
BuOK (6.9 mg, 0.0615 mmol), and 

Et3SiH (0.40 mL, 2.50 mmol) in THF (5.0 mL) for 30 min, was purified by flash column 
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chromatography on silica gel (hexane/Et2O = 500/1) to give 120 (147.4 mg, quant) as a colorless oil. 

IR (neat) 1663, 1457, 1237, 1071 cm
-1

;
 1

H NMR (500 MHz, CDCl3) ! 0.54 (q, J = 8.0 Hz, 6 H), 

0.92 (t, J = 8.0 Hz, 9 H), 1.20-1.50 (m, 8 H), 1.57-1.68 (m, 6 H), 2.07-2.23 (m, 3 H), 2.35 (m, 1 H), 

5.39 (m, 1 H); 
13

C NMR (125 MHz, CDCl3) ! 6.8, 7.3, 12.9, 21.8, 24.6, 24.9, 26.3, 27.9, 28.5, 37.7, 

46.2, 77.3, 117.6, 139.6; EI-LRMS m/z 294 (M
+
), 279, 265, 251, 237, 223, 209, 161, 103; 

EI-HRMS calcd for C18H34OSi 294.2383, found 294.2377. 

 

<run 4> 

(4aS*,8aR*,E)-1-Ethylidene-4a-ethoxycarbonyl-8a-triethylsiloxydecahydronaphthalene (121). 

According to the general procedure, a crude product, which was obtained from 117 (131.0 mg, 

0.523 mmol), Ni(cod)2 (13.8 mg, 0.0502 mmol), IPr·HCl (21.2 mg, 0.0502 mmol), 
t
BuOK (6.8 mg, 

0.0606 mmol), and Et3SiH (0.40 mL, 2.50 mmol) in THF (5.0 mL) for 30 min, was purified by flash 

column chromatography on silica gel (hexane/AcOEt = 20/1) to give 121 (145.1 mg, 76%) as a 

colorless oil. IR (neat) 1737, 1723, 1458, 1239, 1181, 1131, 1074 cm
-1

; 
1
H NMR (500 MHz, 

CDCl3) ! 0.55 (dq, J = 3.2, 7.9 Hz, 3 H), 0.55 (dq, J = 3.2, 7.9 Hz, 3 H), 0.91 (t, J = 7.9 Hz, 9 H), 

1.23-1.26 (m, 3 H), 1.35-1.68 (m, 13 H), 2.02 (m, 1 H), 2.10-2.50 (m, 4 H), 4.05-4.15 (m, 2 H), 

5.53 (m, 1 H); 
13

C NMR (125 MHz, CDCl3) d 6.8, 7.1, 13.2, 14.2, 21.3, 21.9, 23.9, 24.3, 30.1, 31.5, 

32.4, 53.4, 59.5, 78.3, 118.5, 139.6; EI-LRMS m/z 366 (M
+
), 337 [(M-Et)

+
]; EI-HRMS calcd for 

C21H38O3Si 366.25902, found 366.25902. 

 

<Table 4> 

 

<run 1> 

(4aS*,10aS*,E)-4-Ethylidene-4a-triethylsiloxy-1,2,3,4,4a,9,10,10a-octahydrophenanthrene 

(126). According to the general procedure, a crude product, which was obtained from 122 (109.6 

mg, 0.484 mmol), Ni(cod)2 (13.6 mg, 0.0494 mmol), IPr·HCl (21.6 mg, 0.0508 mmol), 
t
BuOK (6.6 

mg, 0.0588 mmol), and Et3SiH (0.40 mL, 2.50 mmol) in THF (5.0 mL) for 30 min, was purified by 

flash column chromatography on silica gel (hexane) to give 126 (121.3 mg, 73%) as a colorless oil. 

IR (neat) 1920, 1603, 1578, 1455, 1235, 1087 cm
-1

; 
1
H NMR (500 MHz, CDCl3) ! 0.12-0.33 (m, 6 

H), 0.71 (t, J = 8.0 Hz, 9 H), 1.57-1.75 (m, 3 H), 1.60 (d, J = 6.9 Hz, 3 H), 1.90-2.08 (m, 3 H), 2.41 

(s, 3 H), 3.65 (dd, J = 3.4, 7.4 Hz, 1 H), 3.78 (dt, J = 13.7, 2.3 Hz, 1 H), 4.18 (d, J = 13.2 Hz, 1 H), 

5.55 (ddq, J = 2.3, 2.3, 6.9 Hz, 1 H), 7.32 (d, J = 8.3 Hz, 2 H), 7.74 (d, J = 8.3 Hz, 2 H); 
13

C NMR 

(125 MHz, CDCl3) ! 5.8, 6.8, 14.6, 21.5, 24.2, 32.8, 39.4, 51.0, 73.0, 90.2, 119.0, 127.9, 129.5, 
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133.4, 140.3, 143.4; EI-LRMS m/z 342 (M
+
), 313, 273, 285, 273, 259, 211; EI-HRMS calcd for 

C22H34OSi 342.23789, found 342.23727. 

 

<run 2> 

(4aS*,10aR*,E)-4-Ethylidene-10a-ethoxycarbonyl-4a-triethylsiloxy- 1,2,3,4,4a,9,10,10a-octa 

hydrophenanthrene (127). According to the general procedure, a crude product, which was 

obtained from 123 (149.0 mg, 0.499 mmol), Ni(cod)2 (13.5 mg, 0.0491 mmol), IPr·HCl (21.6 mg, 

0.0508 mmol), 
t
BuOK (6.3 mg, 0.0561 mmol), and Et3SiH (0.40 mL, 2.50 mmol) in THF (5.0 mL) 

for 3 h, was purified by flash column chromatography on silica gel (hexane/AcOEt = 20/1) to give 

127 (163.9 mg, 79%) as a colorless oil. IR (neat) 1725, 1602, 1455, 1251, 1096 cm
-1

; 
1
H NMR (500 

MHz, CDCl3) ! 0.18 (dq, J = 15.8, 7.7 Hz, 3 H), 0.25 (dq, J = 15.8, 7.7 Hz, 3 H), 0.76 (dd, J = 7.7, 

7.7 Hz, 9 H), 1.21-1.24 (m, 3 H), 1.33-1.45 (m, 2 H), 1.58-1.68 (m, 2 H), 1.73-1.97 (m, 5 H), 

2.50-2.64 (m, 2 H), 2.81-2.96 (m, 2 H), 3.98-4.15 (m, 2 H), 5.82 (m, 1 H), 7.05-7.13 (m, 2 H), 7.12 

(m, 1 H), 7.31 (m, 1 H); 
13

C NMR (125 MHz, CDCl3) ! 6.1, 7.1, 12.9, 14.1, 22.7, 25.4, 25.5, 26.0, 

29.2, 52.6, 59.7, 79.5, 117.6, 126.0, 127.7, 129.0, 129.4, 135.9, 138.1, 139.6, 174.7; EI-LRMS m/z 

414 (M
+
), 385 [(M-Et)

+
]; EI-HRMS calcd for C25H38O3Si 414.25902, found 414.25902. 

 

<run 3> 

(4aS*,8aR*,E)-5-Ethylidene-4a-triethylsiloxy-2,2-dimethylhexahydro-4H-benzo[d][1,3]dioxine 

(128). According to the general procedure, a crude product, which was obtained from 124 (103.0 

mg, 0.490 mmol), Ni(cod)2 (13.8 mg, 0.0502 mmol), IPr·HCl (21.6 mg, 0.0508 mmol), 
t
BuOK (7.0 

mg, 0.0624 mmol), and Et3SiH (0.40 mL, 2.50 mmol) in THF (5.0 mL) for 30 min, was purified by 

flash column chromatography on silica gel (hexane/Et2O = 500/1) to give 128 (158.3 mg, 99%) as a 

colorless oil. IR (neat) 1459, 1376, 1098, 1083 cm
-1

;
 1
H NMR (500 MHz, CDCl3) ! 0.52 (q, J = 7.8 

Hz, 6 H), 0.91 (t, J = 7.8 Hz, 9 H), 1.33 (s, 3 H), 1.45 (s, 3 H), 1.47-1.60 (m, 3 H), 1.67 (d, J = 6.7 

Hz, 3 H), 1.93-2.08 (m, 2 H), 2.47 (m, 1 H), 3.62 (d, J = 11.2 Hz, 1 H), 3.84 (t, J = 2.3 Hz, 1 H), 

4.05 (d, J = 11.2 Hz, 1 H), 5.66 (dq, J = 2.3, 6.7 Hz, 1 H); 
13

C NMR (125 MHz, CDCl3) ! 6.5, 7.0, 

13.1, 18.9, 21.2, 24.1, 26.9, 29.4, 66.3, 70.4, 74.3, 98.4, 120.2, 136.4; EI-LRMS m/z 311 [(M-Me)
+
], 

268 [(M-C3H6O)
+
]. 

  

<run 4> 

(E)-2-Ethylidene-4,4-diethoxycarbonyl-1-triethylsiloxybicyclo[3.3.1]nonane (129).  According 

to the general procedure, a crude product, which was obtained from 125 (147.2 mg, 0.525 mmol), 
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Ni(cod)2 (13.7 mg, 0.0498 mmol), IPr·HCl (22.0 mg, 0.0518 mmol), 
t
BuOK (6.4 mg, 0.0570 mmol), 

and Et3SiH (0.40 mL, 2.50 mmol) in THF (5.0 mL) for 30 min, was purified by flash column 

chromatography on silica gel (hexane/AcOEt = 4/1) to give 129 (205.2 mg, 99%) as a colorless oil. 

IR (neat) 1737, 1461, 1240, 1122 cm
-1

; 
1
H NMR (500 MHz, C6D6) ! 0.65 (q, J = 7.9 Hz, 6 H), 1.03 

(t, J = 7.9 Hz, 9 H), 1.35-1.50 (m, 2 H), 1.57-1.73 (m, 6 H), 1.82-1.94 (m, 2 H), 2.36 (d, J = 12.0 Hz, 

1 H), 3.14 (s, 1 H), 3.299 (s, 3 H), 3.304 (s, 3 H), 3.33 (s, 1 H), 3.60 (d, J = 17.2 Hz, 1 H), 6.07 (m, 

1 H); 
13

C NMR (125 MHz, C6D6) ! 5.46, 5.51, 10.7, 20.2, 25.5, 29.8, 34.8, 39.8, 40.1, 50.15, 50.21, 

57.0, 63.9, 72.5, 115.7, 137.9, 169.2, 169.6; EI-LRMS m/z 396 (M
+
), 353 [(M-Et)

+
]; EI-HRMS 

calcd for C21H36O5Si 396.23320, found 396.23334. 

 

<Table 5> 

<run 1> 

(3aR*,6aS*,E)-3-Ethylidene-3a-triethylsiloxyhexahydro-2H-cyclopenta[b]furan (134).

According to the general procedure, a crude product, which was obtained from 130 (52.2 mg, 0.343 

mmol), Ni(cod)2 (9.0 mg, 0.0498 mmol), IPr·HCl (14.4 mg, 0.0339 mmol), 
t
BuOK (4.6 mg, 0.0410 

mmol), and Et3SiH (0.28 mL, 1.75 mmol) in THF (3.4 mL) for 30 min, was purified by flash 

column chromatography on silica gel (hexane/AcOEt = 40/1) to give 134 (83.8 mg, 90%) as a 

colorless oil. IR (neat) 1692, 1460, 1241, 1106, 1058 cm
-1

; 
1
H NMR (500 MHz, CDCl3) ! 0.55 (q, J 

= 7.9 Hz, 6 H), 0.92 (t, J = 7.9 Hz, 9 H), 1.59 (m, 1 H), 1.60 (dt, J = 6.9, 1.6 Hz, 3 H), 1.67-1.89 (m, 

4 H), 1.96 (m, 1 H), 4.20 (d, J = 5.7 Hz, 1 H), 4.45 (dq, J = 2.9, 1.6 Hz, 2 H), 5.55 (td, J = 2.9, 6.9 

Hz, 1 H); 
13

C NMR (125 MHz, CDCl3) ! 6.2, 7.0, 14.6, 24.1, 32.2, 41.8, 69.5, 89.6, 90.9, 116.3, 

145.6; EI-LRMS m/z 268 (M
+
), 253, 239, 225, 197, 115; EI-HRMS calcd for C15H28O2Si 268.18586 

found 268.18478. 

 

<run 2> 

(3aR*,7aS*,E)-3-Ethylidene-3a-triethylsiloxyoctahydrobenzofuran (135). According to the 

general procedure, a crude product, which was obtained from 131 (82.5 mg, 0.496 mmol), Ni(cod)2 

(13.8 mg, 0.0502 mmol), IPr·HCl (21.6 mg, 0.0508 mmol), 
t
BuOK (6.9 mg, 0.0615 mmol), and 

Et3SiH (0.40 mL, 2.50 mmol) in THF (5.0 mL) for 30 min, was purified by flash column 

chromatography on silica gel (hexane/AcOEt = 40/1) to give 135 (121.7 mg, 87%) as a colorless oil. 

IR (neat) 1697, 1459, 1223, 1089 cm
-1

;
 1

H NMR (500 MHz, CDCl3) ! 0.55 (q, J = 8.0 Hz, 6 H), 

0.93 (t, J = 8.0 Hz, 9 H), 1.22-1.36 (m, 2 H), 1.45-1.54 (m, 3 H), 1.58 (m, 1 H), 1.57 (dt, J = 7.0, 1.6 

Hz, 3 H), 1.71 (m, 1 H), 1.79 (m, 1 H), 3.75 (dd, J = 5.3, 5.3 Hz, 1 H), 4.43 (q, J = 6.9 Hz, 2 H), 
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5.41 (ddq, J = 5.3, 5.3, 7.0 Hz, 1 H); 
13

C NMR (125 MHz, CDCl3) ! 6.5, 7.1, 14.1, 21.6, 22.5, 27.1, 

35.4, 67.4, 78.9, 83.0, 114.7, 143.8; EI-LRMS m/z 282 (M
+
), 253 [(M-Et)

+
]; EI-HRMS calcd for 

C16H30O2Si 282.20151, found 282.20154. 

 

<run 3> 

(3aR*,6aS*,E)-3-Ethylidene-3a-triethylsiloxy-1-tosyloctahydrocyclopenta[b]pyrrole (136).  

According to the general procedure, a crude product, which was obtained from 132 (152.4 mg, 

0.499 mmol), Ni(cod)2 (14.0 mg, 0.0509 mmol), IPr·HCl (21.8 mg, 0.0513 mmol), 
t
BuOK (6.7 mg, 

0.0597 mmol), and Et3SiH (0.40 mL, 2.50 mmol) in THF (5.0 mL) for 30 min, was purified by flash 

column chromatography on silica gel (hexane/AcOEt = 10/1) to give 136 (191.7 mg, 91%) as a 

colorless oil. IR (neat) 1919, 1689, 1459, 1350, 1239, 1163, 1093 cm
-1

; 
1
H NMR (500 MHz, 

CDCl3) ! 0.22 (dt, J = 14.4, 8.0 Hz, 3 H), 0.28 (dt, J = 14.4, 8.0 Hz, 3 H), 0.71 (dd, J = 8.0, 8.0 Hz, 

9 H), 1.57-1.75 (m, 3 H), 1.60 (d, J = 6.9 Hz, 3 H), 1.90-2.08 (m, 3 H), 2.41 (s, 3 H), 3.65 (m, 1 H), 

3.78 (dt, J = 13.7, 2.3 Hz, 1 H), 4.18 (d, J = 13.2 Hz, 1 H), 5.55 (dqm, J = 2.3, 6.9 Hz, 1 H), 7.32 (d, 

J = 8.3 Hz, 2 H), 7.74 (d, J = 8.3 Hz, 2 H); 
13

C NMR (125 MHz, CDCl3) ! 5.8, 6.8, 14.6, 21.5, 24.2, 

32.8, 39.4, 51.0, 73.0, 90.3, 119.0, 127.9, 129.5, 133.4, 140.3, 143.4; 143.4; EI-LRMS m/z 392 

[(M-Et)
+
], 290, 266, 237, 223, 209, 115; EI-HRMS calcd for C20H30NO3SSi 392.17157, found 

392.17051. 

 

<run 4> 

(3aR*,7aS*,E)-3-Ethylidene-3a-triethylsiloxy-1-tosyloctahydro-1H-indole (137). According to 

the general procedure, a crude product, which was obtained from 133 (122.4 mg, 0.418 mmol), 

Ni(cod)2 (11.4 mg, 0.0414 mmol), IPr·HCl (17.9 mg, 0.0421 mmol), 
t
BuOK (5.9 mg, 0.0526 mmol), 

and Et3SiH (0.34 mL, 2.13 mmol) in THF (4.2 mL) for 30 min, was purified by flash column 

chromatography on silica gel (hexane/AcOEt = 10/1) to give 137 (173.2 mg, 95%) as a colorless oil. 

IR (neat) 1920, 1599, 1459, 1349, 1239, 1164, 1093 cm
-1

; 
1
H NMR (500 MHz, CDCl3) ! 0.27 (qm, 

J = 7.9 Hz, 6 H), 0.74 (t, J = 7.9 Hz, 9 H), 1.05-1.27 (m, 3 H), 1.51-1.60 (m, 3 H), 1.61 (d, J = 6.9 

Hz, 3 H), 2.07-2.20 (m, 2 H), 2.40 (s, 3 H), 3.59 (m, 1 H), 3.79 (dm, J = 13.5 Hz, 1 H), 4.06 (d, J = 

13.5 Hz, 1 H), 5.46 (qm, J = 6.9 Hz, 1 H), 7.27 (d, J = 7.4 Hz, 2 H), 7.75 (d, J = 7.4 Hz, 2 H); 
13

C 

NMR (125 MHz, CDCl3) ! 6.1, 7.0, 14.2, 21.4, 23.1, 23.4, 31.7, 33.4, 47.0, 68.8, 79.8, 118.2, 127.4, 

129.4, 136.6, 138.1, 142.7; EI-LRMS m/z 406 [(M-Et)
+
], 304, 280, 256, 148; EI-HRMS calcd for 

C21H32NO3SSi 406.18722, found 406.18662. 
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<Scheme 21> 

 

(3aS*,7aR*)-3a-Hydroxyhexahydro-1H-inden-4(2H)-one (138)
16)

. Similar to synthesis of 82 

from 81, a crude product, which was obtained from ozonization of 118 (55.7 mg, 0.199 mmol) in 

CH2Cl2 (5 mL) followed by reduction using PPh3 (52.1 mg, 0.199 mmol), was treated with a 5% 

solution of HF in CH3CN (4 mL). After usual work up, a crude product was purified by column 

chromatography on silica gel (hexane/AcOEt = 3/2) to give 138 (21.1 mg, 2 steps 69%) as colorless 

oil. 
1
H NMR (500 MHz, CDCl3) ! 1.37 (m, 1 H), 1.56 (m, 1 H), 1.62-1.77 (m, 3 H), 1.85-2.22 (m, 6 

H), 2.43-2.59 (m, 2 H), 3.92 (s, 1 H): 
13

C NMR (125 MHz, CDCl3) ! 21.4, 26.2, 30.1, 30.7, 37.3, 

37.4, 52.7, 86.5, 214.5. 

 

(3aR*,7aS*)-7a-Hydroxyoctahydro-1H-inden-1-one (139)
16)

. Similar to synthesis of 82 from 81, 

a crude product, which was obtained from ozonization of 119 (119.5 mg, 0.426 mmol) in CH2Cl2 (5 

mL) followed by reduction using PPh3 (112 mg, 0.427 mmol), was treated with a 5% solution of HF 

in CH3CN (8 mL). After usual work up, a crude product was purified by column chromatography 

on silica gel (hexane/AcOEt = 1/1) to give 139 (47.8 mg, 2 steps 73%) as colorless oil.
 1

H NMR 

(500 MHz, CDCl3) ! 1.30 (m, 1 H), 1.40-1.66 (m, 6 H), 1.74-1.93 (m, 3 H), 2.10 (m, 1 H), 

2.22-2.47 (m, 3 H); 
13

C NMR (125 MHz, CDCl3) ! 20.6, 20.7, 20.9, 24.3, 29.4, 33.2, 40.8, 77.8, 

219.8. 

 

(4aR*,8aS*)-8a-Hydroxyoctahydronaphthalen-1(2H)-one (140)
16)

. Similar to synthesis of 82 

from 81, a crude product, which was obtained from ozonization of 120 (68.0 mg, 0.231 mmol) in 

CH2Cl2 (5 mL) followed by reduction using PPh3 (60.6 mg, 0.231 mmol), was treated with a 5% 

solution of HF in CH3CN (8 mL). After usual work up, a crude product was purified by column 

chromatography on silica gel (hexane/AcOEt = 1/1) to give 140 (19.3 mg, 2 steps 50%) as colorless 

needle. 
1
H NMR (500 MHz, CDCl3) ! 1.25-2.13 (m, 13 H), 2.39-2,62 (m, 2 H), 3.87 (s, 1 H): 

13
C 

NMR (125 MHz, CDCl3) ! 20.1, 21.2, 26.1, 26.4, 27.5, 31.4, 37.3, 44.6, 78.1, 214.5. 

 

<Scheme 22> 

 

2-Ethoxycarbonyl-2-(hex-4-ynyl)cyclohexanone (117). To a suspension of NaH (60% dispersion 

in mineral oil, 1.96 g, 48.9 mmol) in DMF (40 mL) was added a solution of 6-iodohex-2-yne (9.10 

g, 43.7 mmol) in DMF (40 mL) at 0 °C, and the mixture was stirred at the room temperature for 1 h. 
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To the mixture was added a solution of 141 (6.5 mL, 40.6 mmol) in DMF (40 mL) at the same 

temperature, and the mixture was stirred at room temperature for 13 h. To the mixture was added 

10% HCl aqueous solution at 0 °C, and the aqueous layer was extracted with Et2O. The organic 

layer was washed with brine, dried over Na2SO4, and concentrated. The residue was roughly 

purified by column chromatography on silica gel (hexane/AcOEt = 10/1) and purified by column 

chromatography on silica gel (toluene) to give 117 (7.42 g, 77%) as a colorless oil. IR (neat) 1713, 

1450, 1182 cm
-1

; 
1
H NMR (500 MHz, CDCl3) ! 1.26 (t, J = 7.1 Hz, 3 H), 1.32-1.47 (m, 3 H), 

1.60-1.78 (m, 7 H), 1.91 (m, 1 H), 1.99 (m, 1 H), 2.09-2.14 (m, 2 H), 2.40-2.54 (m, 3 H), 4.20 (d, J 

= 7.1 Hz, 2 H); 
13

C NMR (125 MHz, CDCl3) ! 3.5, 14.1, 19.1, 22.5, 23.9, 27.6, 34.0, 36.0, 41.1, 

60.7, 61.2, 75.8, 78.6, 171.9, 207.9; EI-LRMS m/z 205 [(M-Et)
+
], 177, 159, 141; EI-HRMS calcd 

for C13H17O2 205.12285, found 205.12263. 

 

<Scheme 23> 

 

2-Ethoxycarbonyl-2-(hex-4-ynyl)-3,4-dihydronaphthalen-1(2H)-one (123). Similar to synthesis 

of 117 from 141, a crude product, which was obtained from 142
22)

 (1.19 g, 5.26 mmol), NaH (60% 

dispersion in mineral oil, 319 mg, 7.99 mmol), 6-iodohex-2-yne (1.36 g, 6.55 mmol) in DMF (26 

mL) at room temperature for 2 h, was purified by flash column chromatography on silica gel 

(hexane/AcOEt = 10/1) to give 123 (540 mg, 34%) as a yellow oil. IR (neat) 1730, 1688, 1455, 

1235, 1095 cm
-1

; 
1
H NMR (500 MHz, CDCl3) ! 1.16 (t, J = 10.4 Hz, 3 H), 1.46-1.66 (m, 2 H), 1.77 

(t, J = 2.6, 3 H), 1.91-2.20 (m, 5 H), 2.57 (dt, J = 13.7, 5.2, 1 H), 2.90-3.11 (m, 2 H), 4.14 (dq, J = 

1.7, 10.4, 2 H), 7.21 (d, J = 7.4 Hz, 1 H), 7.30 (dd, J = 7.4, 7.4 Hz, 1 H), 7.46 (dd, J = 7.7, 7.7 Hz, 1 

H), 8.04 (d, J = 8.0 Hz, 1 H); EI-LRMS m/z 298 (M
+
), 252, 225; EI-HRMS calcd for C19H22O3 

298.15689, found 298.15690. 

 

2-(Hex-4-ynyl)-3,4-dihydronaphthalen-1(2H)-one (122). To a solution of 123 (347 mg, 1.16 

mmol) in DMF (2.4 mL) was added LiI (806 mg, 6.02 mmol) at room temperature, and the mixture 

was refluxed for 2 h. After the mixture was diluted with H2O, and the aqueous layer was extracted 

with Et2O. The organic layer was washed with brine, dried over Na2SO4, and concentrated. The 

residue was purified by column chromatography on silica gel (hexane/AcOEt = 15/1) to give 122 

(229 mg, 87%) as a colorless oil. IR (neat) 1946, 1683, 1455, 1290 cm
-1

; 
1
H NMR (500 MHz, 

CDCl3) ! 1.55-1.67 (m, 3 H), 1.77 (t, J = 2.6 Hz, 3 H), 1.90 (m, 1 H), 2.12 (m, 1 H), 2.12-2.28 (m, 3 

H), 2.49 (m, 1 H), 2.94-3.05 (m, 2 H), 7.23 (d, J = 7.4 Hz, 1 H), 7.30 (dd, J = 7.8, 7.8 Hz, 1 H), 7.46 
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(dd, J = 7.4, 7.4 Hz, 1 H), 8.02 (d, J = 8.6 Hz, 1 H); EI-LRMS m/z 226 (M
+
), 211, 159, 145, 118; 

EI-HRMS calcd for C16H18O 226.13576, found 226.13578. 

 

<Scheme 24> 

 

4-(Hex-4-ynyl)-2,2-dimethyl-1,3-dioxan-5-one (124). To a suspension of 143
23)

 (486.3 mg, 3.74 

mmol) in benzene (12.5 mL) were added MS4A (988 mg) and cyclohexylamine  (0.86 mL, 7.52 

mmol) at room temperature, and the mixture was stirred at the same temperature over night. The 

mixture was filtered, and the filtrate was concentrated to give crude 144 as a colorless oil. To a 

solution of diethylamine (0.46 mL, 4.45 mmol) in THF (2.5 mL) was added BuLi in hexane (1.65 

M, 2.5 mL, 4.13 mmol) at -35 °C, and stirred at the same temperature for 10 min. To the mixture 

was added a solution of 144 in THF (2.5 mL) at -78 °C, and the reaction mixture was slowly 

warmed to -20 °C for 2 h. To the reaction mixture was added a solution of 6-iodo-2-hexyne (867.5 

mg, 4.17 mmol) in THF (2.5 mL) at -78 °C, and the reaction mixture was warmed to room 

temperature over a period of 3 h. To the mixture was added saturated NH4Cl aqueous solution at 

0 °C, and the aqueous layer was extracted with AcOEt. The organic layer was washed with brine, 

dried over Na2SO4, and concentrated. The residue was purified by column chromatography on silica 

gel (hexane/AcOEt = 10/1) to give 124 (340 mg, 43%) as a colorless oil. IR (neat) 1748, 1436, 1225 

cm-1;
 1
H NMR (500 MHz, CDCl3) ! 1.43 (s, 3 H), 1.45 (s, 3 H), 1.53-1.68 (m, 3 H), 1.77 (t, J = 2.6, 

3 H), 1.99 (m, 1 H), 2.13-2.19 (m, 2 H), 3.99 (d, J = 16.2, 1 H), 4.24 (m, 1 H), 4.25 (d, J = 16.2 Hz, 

1 H); EI-LRMS m/z 195 [(M-Me)
+
], 152, 110; EI-HRMS calcd for C11H15O3 195.10212, found 

195.10171. 

<Scheme 25> 

 

Dimethyl 2-(but-2-ynyl)-2-(3-oxocyclohexyl)malonate (125). To a solution of 145
24)

 (301 mg, 

1.64 mmol) in THF (3.3 mL) were added cyclohex-2-enone (146) (0.18 mL, 1.86 mmol) and DBU 

(0.28 mL, 1.87 mmol) at room temperature, and the reaction mixture was stirred over night. After 

the mixture was concentrated, the residue was purified by flash column chromatography on silica 

gel (hexane/AcOEt = 2/1) to give 125 (242.6 mg, 53%) as a colorless oil. IR (neat) 2236, 1731, 

1714, 1435 cm
-1

; 
1
H NMR (500 MHz, CDCl3) ! 1.35 (m, 1 H), 1.64 (m, 1 H), 1.73 (t, J = 2.6 Hz, 3 

H), 2.04-2.12 (m, 2 H), 2.16-2.26 (m, 2 H), 2.40 (m, 1 H), 2.54-2.68 (m, 2 H), 2.79 (m, 2 H), 3.737 

(s, 3 H), 3.741 (s, 3 H); 
13

C NMR (125 MHz, CDCl3) ! 3.5, 23.3, 24.7, 27.0, 40.6, 41.1, 43.4, 52.5, 

52.6, 60.2, 73.0, 79.3, 169.9, 170.0, 210.3; EI-LRMS m/z 249 [(M-OMe)
+
], 221, 183; EI-HRMS 
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calcd for C14H17O4 249.11268, found 249.11259. 

 

<Scheme 26> 

 

2-(But-2-ynyloxy)cyclopentanone (130). To a suspension of NaH (60% dispersion in mineral oil, 

186 mg, 4.66 mmol) in THF (3 mL) was added a solution of compound 148 (579 mg, 3.11 mmol, 

prepared from cis-cyclopentane-1,2-diol and 3,4-dihydoro-2H-pyrane by using standard procedure) 

in THF (3 mL) at 0 °C, and the mixture was stirred at the room temperature for 30 min. To the 

mixture were added a solution of 147 (668 mg, 2.98 mmol, prepared by standard tosylation of 

but-2-yn-1-ol with TsCl) in THF (3 mL) and NaI (35.4 mg, 0.236 mmol) at 0 °C, and the mixture 

was stirred at the room temperature for 13 h. To the mixture was added saturated NH4Cl aqueous 

solution at 0 °C, and the aqueous layer was extracted with AcOEt. The organic layer was washed 

with brine, dried over Na2SO4, and concentrated. The residue was roughly purified by column 

chromatography on silica gel to give crude THP ester (735 mg) as a colorless oil. To a solution of 

the above crude THP ester (735 mg) in MeOH (3 mL) was added a 10% aqueous solution of 

hydrochloric acid (3 mL) at 0 °C, and stirred at room temperature for 30 min. To the mixture was 

added saturated Na2CO3 aqueous solution, at 0°C, and the aqueous layer was extracted with AcOEt. 

The organic layer was washed with brine, dried over Na2SO4, and concentrated. The residue was 

roughly purified by column chromatography on silica gel to give an alcohol 149 (339 mg) as a 

colorless oil. To a solution of the crude the alcohol 149 (339 mg) in CH2Cl2 (11 mL) were added 

PCC (983 mg, 4.56 mmol) and MS4A (2.13 g) at 0 °C, and the mixture was stirred at room 

temperature for 13 h. The mixture was diluted with AcOEt and filtered through silica gel pad. After 

the filtrate was concentrated, the residue was purified by column chromatography on silica gel 

(hexane/AcOEt = 10/1) to give 130 (261 mg, 3 steps 55%) as a colorless oil. IR (neat) 1749, 1451, 

1050 cm
-1

; 
1
H NMR (500 MHz, CDCl3) ! 1.75-1.86 (m, 2 H), 1.85 (t, J = 2.2 Hz, 3 H), 2.05 (m, 1 

H), 2.18-2.39 (m, 3 H), 3.97 (m, 1 H), 4.59 (q, J = 2.2 Hz, 2 H); 
13

C NMR (125 MHz, CDCl3) ! 3.6, 

17.2, 29.3, 35.3, 57.9, 74.5, 79.3, 83.0, 216.1; EI-LRMS m/z 124, 99, 84; EI-HRMS calcd for 

C8H12O 124.08881 found 128.08824. 

 

2-(But-2-ynyloxy)cyclohexanone (131). To a solution of FeCl3 (82.4 mg, 0.508 mmol) in 

but-2-yn-1-ol (0.75 mL) was added cyclohexene oxide (0.50 mL, 5.04 mmol) at 0 °C, and the 

mixture was stirred at room temperature for 2 h. To the mixture was added H2O, at same 

temperature, and the aqueous layer was extracted with Et2O. The organic layer was washed with 
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brine, dried over Na2SO4, and concentrated. The residue was roughly purified by column 

chromatography on silica gel (hexane/AcOEt 4/1) to give crude 151 (500 mg) as a colorless oil. To 

a solution of the above 151 (500 mg) in CH2Cl2 (25 mL) were added PCC (3.26 g, 1.51 mmol) and 

MS4A (6.60 g) at 0 °C, and stirred at same temperature over night. The mixture was diluted with 

AcOEt, filtered, and the filtrate was concentrated. The residue was purified by column 

chromatography on silica gel (hexane/AcOEt = 10/1) to give 131 (255 mg, 2 steps 30%) as a 

colorless oil. IR (neat) 2296, 2240, 1721, 1052, 1143, 1110 cm
-1

;
 1

H NMR (500 MHz, CDCl3) ! 

1.62-1.77 (m, 3 H), 1.85 (dd, J = 2.2, 2.2 Hz, 3 H), 1.90-2.02 (m, 2 H), 2.20-2.35 (m, 2 H), 2.53 (m, 

1 H), 4.07 (m, 1H), 4.18 (dq, J = 15.4, 2.2 Hz, 2 H), 4.32 (dq, J = 15.4, 2.2 Hz, 2 H); 
13

C NMR (125 

MHz, CDCl3) ! 3.6, 23.3, 27.6, 34.4, 40.7, 57.5, 74.7, 80.7, 82.8, 209.7; EI-LRMS m/z 166 (M
+
), 

122, 98; EI-HRMS calcd for C10H14O2 166.09938, found 166.09979. 

 

N-(But-2-ynyl)-4-methyl-N-(2-oxocyclopentyl)benzenesulfonamide (132). To a solution of 

152
26)

 (742.6 mg, 3.99 mmol), 148 (228.1 mg, 1.02 mmol) and PPh3 (1.34 g, 5.13 mmol) in THF (5 

mL) was added DIAD (1 mL, 5.08 mmol) at 0 °C. The resulting reaction mixture was stirred at 

50 °C for 20 h and concentrated. The residue was roughly purified by column chromatography on 

silica gel (hexane/AcOEt = 5/1) to give crude tosylamide (480 mg) as a yellow oil. To a solution of 

the above crude tosylamide (480 mg) in MeOH (5 mL) were added 10% HCl aqueous solution at 

room temperature, and stirred at same temperature for 30 min. To the mixture was added saturated 

NaHCO3 aqueous solution at 0 °C, and the aqueous layer was extracted with AcOEt. The organic 

layer was washed with brine, dried over Na2SO4, and concentrated. The residue was roughly 

purified by short column chromatography on silica gel (AcOEt) to give crude 153 (400 mg) as a 

yellow oil. To a solution of the above 153 (400 mg) in CH2Cl2 (10 mL) were added PCC (334 mg, 

1.55 mmol) and MS4A (702 mg) at 0 °C, and stirred at same temperature over night. After usual 

work up, a crude product was purified by column chromatography on silica gel (toluene/AcOEt = 

10/1) to give 132 (190 mg, 3 steps 61%) as a colorless oil. IR (neat) 1923, 1754, 1598, 1451, 1092 

cm
-1

; 
1
H NMR (500 MHz, CDCl3) ! 1.71 (dd, J = 2.3, 2.3 Hz, 3 H), 1.82 (m, 1 H), 2.07 (m, 1 H), 

2.17-2.35 (m, 4 H), 2.42 (s, 3 H), 3.81 (dq, J = 18.3, 2.3 Hz, 1 H), 4.07 (dq, J = 18.3, 2.3 Hz, 1 H), 

4.21 (m, 1 H), 7.30 (d, J = 8.0 Hz, 2 H), 7.81 (d, J = 8.0 Hz, 2 H); 
13

C NMR (125 MHz, CDCl3) ! 

3.5, 18.4, 21.5, 27.7, 35.6, 35.8, 64.2, 73.8, 81.9, 127.6, 129.5, 136.8, 143.5, 213.2; ESI-LRMS m/z 

633 [(2M+Na)
+
], 328 [(M-Na)

+
]; ESI-HRMS calcd for C16H19NO3NaS 328.09779, found 

328.09720. 



Experimental Section  - Chapter 2 - 

 

 61 

- Chapter 2 - 

 

General Procedure for the Carboxylation of Allenamide 

  Ni(cod)2 (1 eq to a substrate) was weighed into a flame-dried flask. To this were added THF (8 

mL/mmol) and ligand at 0 °C, and the flask was immersed in a liquid nitrogen bath.  After the 

mixture had been frozen, the flask was evacuated to 0.05 mmHg.  The flask was backfilled with 

CO2 in a plastic balloon and the frozen mixture was slowly thawed at 0 °C.  To this suspension 

was added a solution of the substrate in THF (8 mL/mmol) at 0 °C, and the resulting mixture was 

stirred at the same temperature.  To the mixture wad added 10% aqueous HCl at 0 °C, and the 

aqueous layer was extracted with AcOEt.  The organic layer was washed with brine, dried over 

Na2SO4, and concentrated in vacuo. The residue was treated with diazomethane in Et2O or MeOH 

according to the standard procedure.  After the usual work-up, the crude product was purified by 

flash column chromatography on silica gel to give the corresponding ester. 

 

Chapter 2, Section 1 

 

<Scheme 35> 

 

 

 

(E)-Methyl 2-methyl-3-(N-methyl-N-tosylamino)acrylate (196). According to the general 

procedure, a crude product, which was obtained from 195
42)

 (80.8 mg, 0.362 mmol), Ni(cod)2 (99.8 

mg, 0.363 mmol), and DBU (0.11 mL, 0.736 mmol) in THF (5.8 mL) for 2 h, was purified by flash 

column chromatography on silica gel (hexane/AcOEt = 4/1) to give 196 (78.1 mg, 76%) as a 

colorless oil. IR (film, CH2Cl2) 2952, 2361, 2342, 1710, 1637, 1356, 1164 cm-1; 
1
H NMR (500 

MHz, CDCl3) ! 1.91 (d, J = 1.3 Hz, 3 H), 2.42 (s, 3 H), 3.08 (s, 3 H), 3.72 (s, 3 H), 7.33 (d, J = 8.0 

Hz, 2 H), 7.53 (d, J = 1.3 Hz, 1 H), 7.69 (d, J = 8.0 Hz, 2 H); 
13

C NMR (125 MHz, CDCl3) ! 12.5, 

21.5, 36.0, 51.9, 115.4, 127.2, 129.9, 134.2, 137.9, 144.4, 168.6; EI-LRMS m/z 283 (M
+
), 252, 178, 

155, 146, 128, 96, 91; EI-HRMS calcd for C13H17NO4S 283.08783, found 283.08826. 
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<Table 6> 

<run 2> 

According to the general procedure, a crude product, which was obtained from 195 (81.2 mg, 0.364 

mmol), Ni(cod)2 (99.7 mg, 0.362 mmol), and DBU (0.22 mL, 1.47 mmol) in THF (5.8 mL) for 1 h, 

was purified by flash column chromatography on silica gel (hexane/AcOEt = 4/1) to give 196 (90.8 

mg, 89%) as a colorless oil. 

 

<run 3> 

  Ni(cod)2 (99.2 mg, 0.361 mmol) and 1,10-phenanthlorine (65.7 mg, 0.363 mmol) were weighed 

into a flame-dried flask. To this was added THF (2.9 mL) at 0 °C, and the flask was immersed in a 

liquid nitrogen bath.  After the mixture had been frozen, the flask was evacuated to 0.05 mmHg.  

The flask was backfilled with CO2 in a plastic balloon and the frozen mixture was slowly thawed at 

0 °C.  To this suspension was added a solution of 195 (81.3 mg, 0.364 mmol) in THF (2.9 mL) at 

0 °C, and the resulting mixture was stirred at the same temperature.  To the mixture wad added 

10% aqueous HCl at 0 °C, and the aqueous layer was extracted with AcOEt.  The organic layer 

was washed with brine, dried over Na2SO4, and concentrated in vacuo. The residue was treated with 

diazomethane in MeOH according to the standard procedure.  After the usual work-up, the crude 

product was purified by flash column chromatography on silica gel (hexane/AcOEt = 4/1) to give 

196 (4.6 mg, 4%) as a colorless oil. 

 

<run 4> 

  Ni(cod)2 (99.7 mg, 0.365 mmol) and DCPE (154.5 mg, 0.366 mmol) were weighed into a 

flame-dried flask. To this was added THF (2.9 mL) at 0 °C, and the flask was immersed in a liquid 

nitrogen bath.  After the mixture had been frozen, the flask was evacuated to 0.05 mmHg.  The 

flask was backfilled with CO2 in a plastic balloon and the frozen mixture was slowly thawed at 0 °C.  

To this suspension was added a solution of 195 (81.4 mg, 0.365 mmol) in THF (2.9 mL) at 0 °C, 

and the resulting mixture was stirred at the same temperature.  To the mixture wad added 10% 

aqueous HCl at 0 °C, and the aqueous layer was extracted with AcOEt.  The organic layer was 

washed with brine, dried over Na2SO4, and concentrated in vacuo. The residue was treated with 

diazomethane in MeOH according to the standard procedure.  After the usual work-up, the crude 

product was purified by flash column chromatography on silica gel (hexane/AcOEt = 4/1) to give 

only trace amount of 196. 
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<run 5> 

According to the general procedure, a crude product, which was obtained from 195 (79.3 mg, 0.355 

mmol), Ni(cod)2 (99.6 mg, 0.362 mmol), and TMEDA (55 µL, 0364. mmol) in THF (5.8 mL) for 1 

h, was purified by flash column chromatography on silica gel (hexane/AcOEt = 4/1) to give 196 

(83.8 mg, 82%) as a colorless oil. 

 

<run 6> 

According to the general procedure, a crude product, which was obtained from 195 (81.1 mg, 0.363 

mmol), Ni(cod)2 (99.9 mg, 0.363 mmol), and TMEDA (0.11 mL, 0.729 mmol) in THF (5.8 mL) for 

1 h, was purified by flash column chromatography on silica gel (hexane/AcOEt = 4/1) to give 196 

(90.4 mg, 88%) as a colorless oil. 

 

Chapter 2, Section 2 

 

<Scheme 36> 

 

<Eq. 11> 

 

 

(E)-Methyl 2-methyl-3-(2-oxazolidon-3-yl)acrylate (198). According to the general procedure, a 

crude product, which was obtained from 197
43)

 (45.5 mg, 0.364 mmol), Ni(cod)2 (99.3 mg, 0.361 

mmol), and DBU (0.22 mL, 1.47 mmol) in THF (5.8 mL) for 1 h, was purified by flash column 

chromatography on silica gel (hexane/AcOEt = 1/1 ~ AcOEt) to give 198 (33.9 mg, 51%) as a 

colorless solid. mp 139-140 °C (recrystallized from CH2Cl2/hexane); IR (film CH2Cl2) 2954, 1772, 

1703, 1657, 1408, 1203, 748 cm
-1

; 
1
H NMR (500 MHz, CDCl3) ! 2.02 (s, 3 H), 3.75 (s, 3 H), 4.18 

(t, J = 8.0 Hz, 2 H), 4.47 (t, J = 8.0 Hz, 2 H), 7.80 (s, 1 H); 
13

C NMR (125 MHz, CDCl3) ! 11.2, 

44.3, 51.7, 62.2, 108.5, 133.4, 155.9, 168.7; EI-LRMS m/z 185 (M
+
), 154, 153, 125, 109, 81; 

EI-HRMS calcd for C8H11NO4 185.06881, found 185.06883. 

  

<Eq. 12> 
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  According to the general procedure, a crude product, which was obtained from 199 (73.7 mg, 

0.363 mmol), Ni(cod)2 (98.8 mg, 0.359 mmol), and DBU (0.11 mL, 0. mmol) in THF (5.8 mL) for 

1 h, was purified by flash column chromatography on silica gel (hexane/AcOEt = 4/1~2/1) to give 

200 (20.2 mg, 21%) and 201 (5.7 mg, 6%). (E)-Methyl 

3-{N-benzyl-N-(methoxycarbonyl)amino}-2-methylacrylate (200).  colorless oil; IR (film 

CH2Cl2) 2952, 2361, 2342, 1710, 1637, 1356, 1164 cm
-1

; 
1
H NMR (500 MHz, CDCl3) ! 1.78-1.80 

(m, 3 H), 3.73 (s, 3 H), 3.79 (s, 1 H), 4.12 (s, 1 H), 7.16-7.35 (m, 5 H), 7.69 (s, 1 H); 
13

C NMR (125 

MHz, CDCl3) ! 12.7, 51.1, 51.9, 53.7, 115.7, 126.5, 127.4, 128.6, 137.3, 137.9, 155.3, 168.9; 

EI-LRMS m/z 263 (M
+
), 231, 204, 172, 91; EI-HRMS calcd for C14H17NO4 263.11576, found 

263.11511. Methyl 2-[{N-benzyl-N-(methoxycarbonyl)amino}methyl]acrylate (201). colorless 

oil; IR (film, CH2Cl2) 2953, 1707, 1472, 1246, 1141, 956, 737 cm
-1

; 
1
H NMR (500 MHz, DMSO-d6, 

at 100 °C) ! 3.66 (s, 3 H), 3.69 (s, 3 H), 4.05 (s, 2 H), 4.45 (s, 2 H), 5.61 (s, 1 H), 6.16 (m, 1 H), 

7.21-7.36 (m, 5 H); 
13

C NMR (125 MHz, DMSO-d6, at 100 °C) ! 46.5, 49.7, 51.1, 51.9, 124.8, 

126.6, 126.9, 127.9, 135.7, 137.3, 155.9, 165.4; EI-LRMS m/z 263 (M
+
), 232, 204, 172, 164, 91; 

EI-HRMS calcd for C14H17NO4 263.11576, found 263.11518. 

 

<Scheme 37> 

 

 

 

Methyl 2-[{N-benzyl-N-(methoxycarbonyl)amino}methyl]-4,4-dimethylpent-2-enoate (203). 

According to the general procedure, a crude product, which was obtained from 202 (94.5 mg, 0.364 

mmol), Ni(cod)2 (98.4 mg, 0.358 mmol), and DBU (0.22 mL, 1.47 mmol) in THF (5.8 mL) for 13 h, 

was purified by flash column chromatography on silica gel (hexane/AcOEt = 10/1) to give 203 
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(100.5 mg, 88%, E:Z = 91:9) as a colorless oil. E-203.  
1
H NMR (500 MHz, DMSO-d6, at 100 °C) 

! 1.09 (s, 9 H), 3.60 (s, 3 H), 3.64 (s, 3 H), 4.35 (s, 2 H), 4.41 (s, 2 H), 6.63 (s, 1 H), 7.14-7.35 (m, 5 

H). Z-203. 
1
H NMR (500 MHz, DMSO-d6, at 100 °C) ! 1.04 (s, 9 H), 3.64 (s, 3 H), 3.66 (s, 3 H), 

3.93 (s, 2 H), 4.39 (s, 2 H), 5.49 (s, 1 H), 7.14-7.35 (m, 5 H). 

 

 

 

<Table 7> 

 

<run 1> 

 

 

Methyl 2-[{N-benzyl-N-(tert-butoxycarbonyl)amino}methyl]-4,4-dimethylpent-2-enoate (213). 

According to the general procedure, a crude product, which was obtained from 205 (109.1 mg, 

0.362 mmol), Ni(cod)2 (99.0 mg, 0.360 mmol), and DBU (0.22 mL, 1.47 mmol) in THF (5.8 mL) 

for 15 h, was purified by flash column chromatography on silica gel (hexane/AcOEt = 10/1) to give 

213 (118.3 mg, 91%, E:Z = 89:11) as a colorless oil. E-213.  colorless oil; IR (neat) 2959, 1721, 

1698, 1454, 1249, 1168, 881, 699 cm
-1

; 
1
H NMR (500 MHz, DMSO-d6, at 100 °C) ! 1.09 (s, 9 H), 

1.40 (s, 9 H), 3.60 (s, 3 H), 4.33 (s, 2 H), 4.35 (s, 2 H), 6.63 (s, 1 H), 7.13-7.34 (m, 5 H); 
13

C NMR 

(125 MHz, DMSO-d6, at 100 °C) ! 27.6, 29.5, 32.9, 41.8, 48.4, 50.9, 78.7, 126.10, 126.13, 126.9, 

127.8, 138.2, 152.3, 154.5, 167.6; EI-LRMS m/z 305 [(M-
t
Bu+H)

+
], 260, 237, 228, 214, 204, 170, 

138, 106, 91; EI-HRMS calcd for C17H23NO4 305.16271, found 305.16200. Z-213.  colorless oil; 

IR (film, CH2Cl2) 2956, 1733, 1698, 1454, 1244, 1167, 873, 700 cm
-1

; 
1
H NMR (500 MHz, 

DMSO-d6, 100 °C) ! 1.05 (s, 9 H), 1.41 (s, 9 H), 3.67 (s, 3 H), 3.90 (s, 2 H), 4.34 (s, 2 H), 5.48 (s, 1 

H), 7.20-7.35 (m, 5 H); 
13

C NMR (125 MHz, DMSO-d6 at 100 °C) ! 27.5, 29.0, 32.3, 48.5, 50.3, 

50.7, 78.8, 126.2, 126.4, 126.9, 127.8, 137.6, 143.2, 154.2, 168.4; EI-LRMS m/z 305 [(M-
t
Bu+H)

+
], 

274, 260, 248, 214, 204, 182, 170, 150, 138, 106, 91; EI-HRMS calcd for C17H23NO4 305.16271, 

found 305.16224. 
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<run 2> 

 

 

(E)-Methyl 4,4-dimethyl-2-{(2-oxazolidon-3-yl)methyl}pent-2-enoate (214). According to the 

general procedure, a crude product, which was obtained from 206 (64.8 mg, 0.358 mmol), Ni(cod)2 

(99.4 mg, 0.361 mmol), and DBU (0.22 mL, 1.47 mmol) in THF (5.8 mL) for 16 h, was purified by 

flash column chromatography on silica gel (hexane/AcOEt = 4/1~1/1) to give 214 (76.7 mg, 88%) 

as a colorless oil. IR (film, CH2Cl2) 2964, 1752, 1714, 1435, 1266, 739 cm
-1

; 
1
H NMR (500 MHz, 

CDCl3) ! 1.23 (s, 9 H), 3.47-3.52 (m, 2 H), 3.76 (s, 3 H), 4.24-4.28 (m, 2 H), 4.32 (s, 2 H), 7.07 (s, 

1 H); 
13

C NMR (125 MHz, CDCl3) ! 30.5, 34.0, 39.8, 44.4, 52.2, 61.9, 124.7, 157.4, 158.1, 168.5; 

EI-LRMS m/z 241 (M
+
), 209, 184, 166, 140, 122, 100; EI-HRMS calcd for C12H19NO4 241.13141, 

found 241.13139. 

  

<run 3> 

 

 

(E)-Methyl 4,4-dimethyl-2-{(2-pyridon-1-yl)methyl}pent-2-enoate (215). According to the 

general procedure, a crude product, which was obtained from 207 (38.7 mg, 0.204 mmol), Ni(cod)2 

(53.6 mg, 0.195 mmol), and DBU (0.12 mL, 0.802 mmol) in THF (3.2 mL) for 17 h, was purified 

by flash column chromatography on silica gel (hexane/AcOEt = 4/1~1/1) to give 215 (29.3 mg, 

60%) as a brown oil. IR (neat) 3429, 2958, 1714, 1662, 1588, 1537, 1436, 1235, 767 cm
-1

; 
1
H NMR 

(500 MHz, CDCl3) ! 1.19 (s, 9 H), 3.67 (s, 3 H), 4.91 (s, 2 H), 6.11 (m, 1 H), 6.53 (m, 1 H), 7.20 (s, 

1 H), 7.22 (m, 1 H), 7.28 (m, 1 H); 
13

C NMR (125 MHz, CDCl3) ! 30.0, 34.3, 44.0, 52.2, 105.6, 

120.4, 123.9, 135.6, 139.1, 159.0, 162.8, 167.7; EI-LRMS m/z 249 (M
+
), 218, 202, 192, 139, 96; 

EI-HRMS calcd for C14H19NO3 249.13649, found 249.13616 

  

<run 4> 
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(E)-Methyl 6-tert-butyldiphenylsilyloxy-4,4-dimethyl-2-{(2-oxazolidon-3-yl)methyl}hex- 

2-enoate (216). According to the general procedure, a crude product, which was obtained from 208 

(162.8 mg, 0.362 mmol), Ni(cod)2 (100.0 mg, 0.364 mmol), and DBU (0.22 mL, 1.47 mmol) in 

THF (5.8 mL) for 16 h, was purified by flash column chromatography on silica gel (hexane/AcOEt 

= 2/1) to give 216 (126.1 mg, 68%) as a colorless oil. IR (neat) 2954, 2248, 1760, 1719, 1422, 1256, 

1038, 775 cm
-1

; 
1
H NMR (500 MHz, CDCl3) ! 0.13 (s, 6 H), 0.87 (s, 9 H), 1.47 (s, 6 H), 3.47-3.51 

(m, 2 H), 3.74 (s, 3 H), 4.22-4.26 (m, 2 H), 4.51 (s, 2 H), 6.93 (s, 1 H); 
13

C NMR (125 MHz, 

CDCl3) ! -1.9, 18.1, 25.9, 30.9, 39.4, 44.4, 52.2, 61.7, 74.4, 125.2, 153.7, 158.0, 168.0; EI-LRMS 

m/z 342 [(M-Me)
+
], 300, 225, 213, 144, 100; EI-HRMS calcd for C16H28NO5Si 342.17367, found 

342.17322. 

  

<run 5> 

 

 

According to the general procedure, a crude product, which was obtained from 209 (99.5 mg, 0.361 

mmol), Ni(cod)2 (98.1 mg, 0.357 mmol), and DBU (0.22 mL, 1.47 mmol) in THF (5.8 mL) for 15 h, 

was purified by flash column chromatography on silica gel (hexane/AcOEt = 4/1~1/1) to give 217 

(32.0 mg, 27%), E-221 (28.4 mg, 35%), and Z-221 (4.8 mg, 6%). (E)-Methyl 

4-benzyloxy-4-methyl-2-{(2-oxazolidon-3-yl)methyl}pent-2-enoate (217). colorless oil. IR (neat) 

2978, 2248, 1754, 1719, 1435, 1266, 916, 767 cm
-1

; 
1
H NMR (500 MHz, CDCl3) ! 1.52 (s, 6 H), 

3.27-3.32 (m, 2 H), 3.76 (s, 3 H), 4.07-4.11 (m, 2 H), 4.45 (s, 2 H), 4.47 (s, 2 H), 6.95 (s, 1 H), 

7.24-7.36 (m, 5 H); 
13

C NMR (125 MHz, CDCl3) ! 27.0, 40.0, 44.4, 52.2, 61.7, 65.0, 75.8, 127.5, 

127.7, 128.4, 138.4, 150.6, 158.0, 167.7; EI-LRMS m/z 318 [(M-Me)
+
], 225, 195, 140, 108, 91; 
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EI-HRMS calcd for C17H20NO5 318.13415, found 318.13436. (E)-Methyl 

4-methyl-2-{(2-oxazolidon-3-yl)methylidene}pent-3-enoate (E-221).  colorless solid; mp. 

107-109 °C (recrystallized from CH2Cl2/hexane); IR (film, CH2Cl2) 2985, 1775, 1704, 1627, 1400, 

1201, 740 cm
-1

; 
1
H NMR (500 MHz, CDCl3) ! 1.52 (m, 3 H), 1.86 (m, 3 H), 3.72-3.77 (m, 2 H), 

3.74 (s, 3 H), 4.37-4.43 (m, 2 H), 5.81 (s, 1 H), 7.88 (s, 1 H); 
13

C NMR (125 MHz, CDCl3) ! 19.7, 

25.2, 43.9, 51.9, 63.0, 111.1, 117.1, 134.0, 140.0, 156.2, 168.1; EI-LRMS m/z 225 (M
+
), 225, 193, 

166, 149, 138, 120, 106; EI-HRMS calcd for C11H15NO4 225.10011, found 225.10009. (Z)-Methyl 

4-methyl-2-{(2-oxazolidon-3-yl)methylidene}pent-3-enoate (Z-221). colorless oil; IR (film, 

CH2Cl2) 2917, 1767, 1712, 1624, 1401, 1158, 738 cm
-1

; 
1
H NMR (500 MHz, CDCl3) ! 1.72 (m, 3 

H), 1.82 (m, 3 H), 3.75 (s, 3 H), 3.94-3.98 (m, 2 H), 4.40-4.46 (m, 2 H), 5.78 (m, 1 H), 6.84 (s, 1 

H); 
13

C NMR (125 MHz, CDCl3) ! 19.1, 26.4, 44.5, 51.9, 62.8, 111.6, 120.5, 131.9, 136.7, 156.5, 

167.5; EI-LRMS m/z 225 (M)
+
, 225, 193, 166, 149, 138, 120, 106; EI-HRMS calcd for C11H15NO4 

225.10011, found 225.09994. 

  

<run 6> 

 

 

According to the general procedure, a crude product, which was obtained from 210 (107.5 mg, 

0.361 mmol), Ni(cod)2 (99.5 mg, 0.362 mmol), and DBU (0.22 mL, 1.47 mmol) in THF (5.8 mL) 

for 18 h, was purified by flash column chromatography on silica gel (hexane/AcOEt = 4/1~1/1) to 

give 218 (37.6 mg, 27%) and E-221 (11.0 mg, 13%). (E)-Methyl 

4-tert-butyldimethylsilyloxy-4-methyl-2-{(2-oxazolidon-3-yl)methyl}pent-2-enoate (218).  

colorless oil; IR (neat) 2956, 1755, 1714, 1428, 1258, 1109, 704 cm
-1

; 
1
H NMR (500 MHz, CDCl3) 

! 1.02 (s, 9 H), 1.21 (s, 9 H), 1.78 (t, J = 6.9 Hz, 2 H), 3.35-3.40 (m, 2 H), 3.67 (t, J = 6.9 Hz, 2 H), 

3.72 (s, 3 H), 4.13-4.17 (m, 2 H), 4.23 (s, 2 H), 7.05 (s, 1 H), 7.36-7.45 (m, 6 H), 7.62-7.66 (m, 4 

H); 
13

C NMR (125 MHz, CDCl3) ! 19.0, 26.7, 28.5, 36.3, 39.9, 44.4, 46.2, 52.1, 60.9, 61.8, 124.9, 

127.6, 129.6, 133.6, 135.5, 156.6, 158.1, 168.3; EI-LRMS m/z 494 [(M-Me)
+
], 452, 365, 268, 213, 

183, 135, 107; EI-HRMS calcd for C28H36NO5Si 494.23627, found 464.23636. 

 

<run 7> 
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(E)-Methyl 2-{(2-oxazolidon-3-yl)methyl}but-2-enoate (219). According to the general procedure, 

a crude product, which was obtained from 211 (50.2 mg, 0.361 mmol), Ni(cod)2 (99.4 mg, 0.361 

mmol), and DBU (0.22 mL, 1.47 mmol) in THF (5.8 mL) for 1 h, was purified by flash column 

chromatography on silica gel (hexane/AcOEt = 1/1) to give 219 (32.0 mg, 44%) as a colorless oil. 

IR (neat) 2952, 1752, 1714, 1650, 1436, 1273, 1053, 761 cm
-1

; 
1
H NMR (500 MHz, CDCl3) ! 1.99 

(d, J = 7.3 Hz, 3 H), 3.53-3.57 (m, 2 H), 3.76 (s, 3 H), 4.17 (s, 2 H), 4.25-4.30 (m, 2 H), 7.17 (q, J = 

7.3 Hz, 1 H); 
13

C NMR (125 MHz, CDCl3) ! 14.8, 39.3, 44.8, 52.0, 61.9, 127.7, 144.5, 158.1, 

167.5; EI-LRMS m/z 200, 199 (M)
+
, 184 [(M-Me)

+
], 167, 155, 140, 123, 111, 100, 96; EI-HRMS 

calcd for C9H13NO4 199.08446, found 199.08402. 

 

<run 8> 

Methyl 3-methyl-2-{(2-oxazolidon-3-yl)methyl}but-2-enoate (220). According to the general 

procedure, a crude product, which was obtained from 212 (55.0 mg, 0.359 mmol), Ni(cod)2 (99.4 

mg, 0.361 mmol), and DBU (0.22 mL, 1.47 mmol) in THF (5.8 mL) for 1 h, was purified by flash 

column chromatography on silica gel (hexane/AcOEt = 1/1) to give 220 (45.3 mg, 59%) as a 

colorless oil. IR (neat) 2951, 1753, 1716, 1635, 1432, 1222, 1093, 1060, 762 cm
-1

; 
1
H NMR (500 

MHz, CDCl3) ! 1.97 (s, 3 H), 2.08 (s, 3 H), 3.47-3.51 (m, 2 H), 3.75 (s, 3 H), 4.17 (s, 2 H), 

4.25-4.30 (m, 2 H); 
13

C NMR (125 MHz, CDCl3) ! 22.7, 23.5, 42.7, 44.2, 51.6, 61.8, 122.3, 151.6, 

158.1, 167.5; EI-LRMS m/z 213 (M)
+
, 181 [(M-MeO-H)

+
], 153, 125, 110, 100, 95; EI-HRMS calcd 

for C10H15NO4 213.10011, found 213.10018. 

 

<Scheme 38> 

 

Methyl N-benzyl-N-(propa-1,2-dien-1-yl)carbamate (199).  To a solution of 222 (1.44 g, 9.91 

mmol) in CH2Cl2 (40 mL) were added NaHCO3 (2.54 g, 30.2 mmol) and ClCO2Me (1.15 mL, 14.9 

mmol), and the mixture was stirred at room temperature for 24 h.  To the mixture was added H2O, 

and the aqueous layer was extracted with CH2Cl2.  The organic layer was dried over Na2SO4 and 

concentrated.  The residue was roughly purified by short column chromatography on silica gel 

(CH2Cl2) to give crude 16 (1.92 g), which was dissolved in DMF (40 mL).  To the DMF solution 
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was added 
t
BuOK (339.3 mg, 3.02 mmol) at room temperature, and the mixture was stirred at the 

same temperature for 30 min.  To the mixture was added saturated NH4Cl aqueous solution, and 

the aqueous layer was extracted with Et2O.  The organic layer was washed with brine, dried over 

Na2SO4 and concentrated.  The residue was purified flash column chromatography on silica gel 

(hexane/AcOEt = 20/1) to give 199 (832.3 mg, 2 steps 41%) as a colorless oil.  IR (neat) 2955, 

1962, 1711, 1465, 1311, 1228 cm
-1

; 
1
H NMR (500 MHz, DMSO-d6, 100 °C) ! 3.73 (s, 3 H), 4.56 (s, 

2 H), 5.35 (d, J = 6.3 Hz, 2 H), 7.09 (t, J = 6.3 Hz, 1 H), 7.20-7.26 (m, 3 H), 7.29-7.34 (m, 2 H); 
13

C 

NMR (125 MHz, DMSO-d6, 100 °C) ! 47.8, 52.5, 87.1, 99.7, 126.6, 126.7, 127.8, 137.1, 153.4, 

200.6; EI-LRMS m/z 203 (M)
+
, 202, 188, 158, 144, 115, 91; EI-HRMS calcd for C12H12NO2 

202.08680, found 202.08649. 

 

<Scheme 39> 

 

N-Benzyl-4,4-dimethylpent-2-yn-1-amine (225). A solution of 224
57)

  (7.00 g, 36.8 mmol) in 

hexane (6 mL) was added to neat BnNH2 (24 mL, 220 mmol) at 0 °C, and mixture was stirred at 

room temperature for 18 h.  After the mixture was concentrated in vacuo, the residue was purified 

by flash column chromatography on silica gel (hexane/AcOEt = 4/1) to give 225 (4.65 g, 63%) as a 

colorless oil.  IR (neat) 3322, 2968, 2226, 1742, 1455, 1362, 1263, 737, 698 cm
-1

; 
1
H NMR (500 

MHz, CDCl3) ! 1.24 (s, 9 H), 3.40 (s, 2 H), 3.86 (s, 2 H), 7.24-7.36 (m, 5 H); 
13

C NMR (125 MHz, 

CDCl3) ! 27.4, 31.2, 37.8, 52.3, 76.2, 92.5, 127.0, 128.36, 128.42, 139.7; EI-LRMS m/z 200 

[(M-H)
+
], 186, 158, 144, 110, 91; EI-HRMS calcd for C14H18N 200.14392, found 200.14332. 

 

Methyl N-benzyl-N-(4,4-dimethylpenta-1,2-dien-1-yl)carbamate (202). Similar to the synthesis 

of 199 from 222, a crude product, which was obtained from 225 (5.20 g, 25.8 mmol), ClCO2Me (3 

mL, 38.9 mmol), NaHCO3 (6.51g, 77.5 mmol), CH2Cl2 (50 mL) for 14 h, was roughly purified by 

short column chromatography on silica gel (CH2Cl2) to give crude 226 (6.55 g), which was 

dissolved in DMF (50 mL).  To the DMF solution was added 
t
BuOK (2.13 g, 19.0 mmol) at room 

temperature, and the mixture was stirred at the same temperature for 3 h.  After the usual work-up, 

a crude product was purified flash column chromatography on silica gel (hexane/AcOEt = 20/1) to 

give 202 (3.09 g, 2 steps 46%) as a colorless solid.  mp. 49-50 °C (recrystallized from hexane); IR 

(neat) 2960, 1963, 1704, 1340, 1265, 739 cm
-1

; 
1
H NMR (500 MHz, DMSO-d6, at 100 °C) ! 0.88 (s, 

9 H), 3.74 (s, 3 H), 4.57 (s, 2 H), 5.68 (d, J = 5.7 Hz, 1 H), 7.08 (d, J = 5.7 Hz, 1 H), 7.15-7.25 (m, 

3 H), 7.27-7.33 (m, 2 H); 
13

C NMR (125 MHz, DMSO-d6, at 100 °C) ! 28.6, 31.9, 47.6, 52.5, 100.9, 
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114.2, 126.0, 126.3, 127.7, 137.1, 153.6, 190.4; EI-LRMS m/z 259 (M
+
), 244, 216, 202, 170, 144, 

91; EI-HRMS calcd for C16H21NO2 259.15723, found 259.15748. 

 

<Scheme 40> 

 

Methyl 2-[{N-benzyl-N-(methoxycarbonyl)amino}methyl]-4,4-dimethylpentanoate (227). To a 

solution of 203 (E:Z = 91:9, 31.9 mg, 99.9 µmol) in AcOEt (2 mL) was added Pd(OH)2/C (20 

w/w% on charcoal, 10.0 g, 7.12 mmol), and the mixture was stirred at room temperature for 8 h.  

After the Pd catalyst was removed by filtration through silica gel pad, the filtrate was concentrated.  

The residue was purified by flash column chromatography on silica gel (hexane/AcOEt = 10/1~4/1) 

to give 227 (30.8 mg, 96%) as colorless oil.  IR (neat) 2953, 1736, 1708, 1475, 1237, 1119, 701 

cm
-1

; 
1
H NMR (500 MHz, DMSO-d6, at 100 °C) ! 0.83 (s, 9 H), 1.16 (dd, J = 3.0, 14.3 Hz, 1 H), 

1.62 (dd, J = 9.1, 14.3 Hz, 1 H), 2.77 (dddd, J = 3.0, 5.8, 9.1, 9.1 Hz, 1 H), 3.25 (dd, J = 5.8, 14.0 

Hz, 1 H), 3.26 (dd, J = 9.1, 14.0 Hz, 1 H), 3.60 (s, 3 H), 3.65 (s, 3 H), 4.31 (d, J = 15.5 Hz, 1 H), 

4.53 (d, J = 15.5, 1 H), 7.20-7.36 (m, 5 H); 
13

C NMR (125 MHz, DMSO-d6, at 100 °C) ! 28.5, 29.7, 

40.4, 42.6, 50.1, 50.2, 50.8, 51.8, 126.6, 126.8, 127.9, 137.3, 155.9, 174.6; EI-LRMS m/z 321 (M)
+
, 

290, 274, 262, 230, 178, 91; EI-HRMS calcd for C18H27NO2 321.19401, found 321.19357. 

 

<Scheme 41> 

 

tert-Butyl N-benzyl-N-(4,4-dimethylpenta-1,2-dien-1-yl)carbamate (205). To a solution of 225 

(780 mg, 3.88 mmol) in CH2Cl2 (16 mL) was added (Boc)2O (1.27 g, 5.82 mmol), and the mixture 

was stirred at room temperature for 22 h.  To the mixture was added saturated Na2CO3 aqueous 

solution was added, and the aqueous layer was extracted with CH2Cl2.  The organic layer was 

washed with brine, dried over Na2SO4, and concentrated.  The residue was roughly purified by 

short column chromatography on silica gel (hexane/AcOEt = 10/1) to give crude 228 (1.29 g), 

which was dissolved in DMF (20 mL).  To the DMF solution was added 
t
BuOK (646.0 mg, 5.76 

mmol) at room temperature, and the mixture was stirred at the same temperature for 7 h.  After the 

usual work-up, a crude product was purified flash column chromatography on silica gel 

(hexane/AcOEt = 20/1) to give 205 (767.1 mg, 2 steps 65%) as a colorless oil.  IR (neat) 2961, 

1962, 1704, 1445, 1165, 894 cm
-1

; 
1
H NMR (500 MHz, DMSO-d6, at 100 °C) ! 0.89 (s, 9 H), 1.44 

(s, 9 H), 4.52 (s, 2 H), 5.67 (d, J = 6.0 Hz, 1 H), 7.09 (d, J = 6.0 Hz, 1 H), 7.15-7.25 (m, 3 H), 

7.27-7.33 (m, 2 H); 
13

C NMR (125 MHz, DMSO-d6, at 100 °C) ! 27.4, 28.6, 31.9, 47.4, 80.2, 101.2, 



Experimental Section  - Chapter 2 - 

 

 72 

114.0, 125.9, 126.1, 127.6, 137.5, 152.0, 190.2; EI-LRMS m/z 301 (M
+
), 245, 230, 200, 188, 144, 

91; EI-HRMS calcd for C19H27NO2 301.20418, found 301.20405. 

 

<Scheme 42> 

 

3-(4,4-Dimethylpenta-1,2-dien-1-yl)oxazolidin-2-one (206). To a suspension of NaH (60% in 

mineral oil, 358.7 mg, 8.97 mmol) in DMF (30 mL) was added 229 (764 mg, 8.77 mmol) at 0 °C, 

and the mixture was stirred at room temperature for 30 min.  To the mixture was added a solution 

of 224 (1.51g, 7.96 mmol) in DMF (10 mL) at 0 °C, and the resulting mixture was stirred at room 

temperature for 16 h.  To the mixture was added saturated NH4Cl aqueous solution, and the 

organic layer was extracted with Et2O.  The organic layer was washed with brine, dried over 

Na2SO4 dry, and concentrated.  The residue was roughly purified by short column chromatography 

on silica gel (AcOEt) to give crude 230 (1.52 g), which was dissolved in DMF (15 mL).  To the 

DMF solution was added 
t
BuOK (499.4 mg, 4.45 mmo) at room temperature, and the mixture was 

stirred at the same temperature for 41 h.  After the usual work-up, a crude product was purified 

flash column chromatography on silica gel (hexane/AcOEt = 4/1) to give 206 (609 mg, 2 steps 

42%) as a colorless solid.  mp 51-52 °C (recrystallized from hexane); IR (film, CH2Cl2) 2962, 

1966, 1753, 1450, 1236, 1056, 738 cm
-1

; 
1
H NMR (500 MHz, CDCl3) ! 1.05 (s, 9 H), 3.50-3.62 (m, 

2 H), 4.37-4.46 (m, 2 H), 5.82 (d, J = 5.7 Hz, 1 H), 6.86 (d, J = 5.7 Hz, 1 H); 
13

C NMR (125 MHz, 

CDCl3) ! 29.7, 32.9, 43.1, 62.1, 98.1, 115.5, 155.3, 191.5; EI-LRMS m/z 181 (M
+
), 166, 122, 94, 

81; EI-HRMS calcd for C10H15NO2 181.11028, found 181.10978. 

 

1-(4,4-Dimethylpenta-1,2-dien-1-yl)-2-pyridone (207). To a solution of 231 (1.05 g, 5.53 mmol) 

in DMF (25 mL) were added 224 (491.3 mg, 5.17 mmol) and K2CO3 (1.38 g, 9.99 mmol) at room 

temperature, and the mixture was stirred at 60 °C for 4 days.  To the mixture was added saturated 

NH4Cl aqueous solution, and the aqueous layer was extracted with Et2O.  The organic layer was 

washed with brine dried over Na2SO4, and concentrated.  The residue was roughly purified by 

short column chromatography on silica gel (hexane/AcOEt = 2/1~1/1) to give crude 232 (400 mg), 

which was dissolved in DMF (8 mL).  To the DMF solution was added 
t
BuOK (150 mg, 1.36 

mmol), and the mixture was stirred at room temperature for 5 h.  After the usual work-up, a crude 

product was purified flash column chromatography on silica gel (hexane/AcOEt = 2/1~1/1) to give 

207 (49.9 mg, 2 steps 5% yield) as a black oil. IR (neat) 3476, 2961, 1962, 1666, 1591, 1537, 1260, 

1067 cm
-1

; 
1
H NMR (500 MHz, CDCl3) ! 1.12 (s, 9 H), 6.01 (d, J = 6.3 Hz, 1 H), 6.19 (m, 1 H), 
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6.59 (m, 1 H), 7.26 (m, 1 H), 7.46 (m, 1 H) 7.71 (d, J = 6.3 Hz, 1 H); 
13

C NMR (125 MHz, CDCl3) 

! 29.8, 33.6, 47.6, 98.9, 106.6, 117.0, 121.2, 132.7, 138.9, 160.9, 193.2; EI-LRMS m/z 189 (M
+
), 

174, 130, 96; EI-HRMS calcd for C12H15NO 189.11536, found 189.11552. 

 

<Scheme 43> 

 

6-tert-Butyldiphenylsilyloxy-4,4-dimethylhex-2-yn-1-ol (236). To a solution of 233 (6.69 g, 18.8 

mmol) in CH2Cl2 (40 mL) were added MS4A (10.6 g) and NMO (3.21 g, 27.4 mmol), and the 

mixture was stirred at room temperature for 10 min. To the suspension were added TPAP (202.2 mg, 

0.573 mmol), and the mixture was stirred at same temperature for 1.5 h. After filtration through 

Celite® pad, and the filtrate was concentrated.  The residue was roughly purified by short column 

chromatography on silica gel (CH2Cl2) to give crude 234 (6.63 g).  To a solution of PPh3 (19.4 g, 

74.9 mmol) in CH2Cl2 (36 mL) was added a solution of CBr4 (12.2 g, 36.8 mmol) in CH2Cl2 (20 

mL) at 0 °C, and the mixture was stirred at the same temperature for 15 min.  To the mixture was 

added a solution of 234 (6.63 g) in CH2Cl2 (20 mL) at 0 °C, and the mixture was stirred at the same 

temperature for 30 min.  After additional stirring at room temperature for 2 h, the mixture was 

diluted with AcOEt.  After the mixture was filtered through short column packed with a mixture of 

Celite® and silica gel (1/1), and the filtrate was concentrated.  The residue was purified by short 

column chromatography on silica (hexane/AcOEt = 10/1) to give 235 (8.18 g), which was dissolved 

in THF (80 mL).  To the THF solution was added a solution of BuLi (1.58 M, 22.5 mL, 35.6 

mmol) in hexane at -78 °C, and the mixture was stirred at the same temperature for 1 h, then 

warmed to room temperature over 30 min.  To the mixture was added paraformaldehyde (4.74 g, 

158 mmol) at -78 °C, and the mixture was stirred at an ambient temperature for 15 h.  To the 

mixture was added saturated NH4Cl aqueous solution, and the aqueous layer was extracted with 

Et2O.  The organic layer was washed with brine, dried over Na2SO4, and concentrated.  The 

residue was purified by flash column chromatography on silica gel (hexane/AcOEt = 10/1) to give 

236 (2.65 g, 3 steps 37%) as colorless oil.  IR (neat) 3343, 2931, 1960, 1890, 1824, 1589, 1428, 

1110, 702 cm
-1

; 
1
H NMR (500 MHz, CDCl3) ! 1.04 (s, 9 H), 1.17 (s, 6 H), 1.72 (t, J = 7.3 Hz, 2 H), 

3.85 (t, J = 7.3 Hz, 2 H), 4.12-4.15 (m, 2 H), 7.36-7.45 (m, 6 H), 7.66-7.70 (m, 4 H); 
13

C NMR (125 

MHz, CDCl3) ! 19.1, 26.8, 29.6, 29.8, 45.1, 51.3, 61.6, 92.8, 127.6, 129.5 133.9, 135.6; EI-LRMS 

m/z 323 [(M-
t
Bu)

+
], 305, 237, 199, 139, 91; EI-HRMS calcd for C20H23O2Si 323.14673, found 

323.14659. 
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3-(6-tert-Butyldiphenylsilyloxy-4,4-dimethylhexa-1,2-dien-1-yl)oxazolidin-2-one (208).  

To a solution of 236 (1.45 g, 3.80 mmol) in CH2Cl2 (19 mL) were successively added Et3N (0.64 

mL, 4.59 mmol) and MsCl (0.35 mL, 4.52 mmol), and the mixture was stirred at 0 °C for 30 min.  

To the mixture was added H2O, and the aqueous layer was extracted with CH2Cl2.  The organic 

layer was dried over Na2SO4 and concentrated.  The residue was roughly purified by short column 

chromatography on silica gel (CH2Cl2) to give crude 237 (1.80 g).  To a suspension of NaH (60% 

dispersion in mineral oil, 206.9 mg, 5.17 mmol) in DMF (7.5 mL) was added 229 (340.3 mg, 3.91 

mmol), and the mixture was stirred at 1 h.  To the mixture was added a solution of 237 (1.80 g) in 

DMF (7.5 mL), and the mixture was stirred at room temperature for 3 h.  To the mixture was 

added saturated NH4Cl aqueous solution, and the aqueous layer was extracted with Et2O.  The 

organic layer was washed with brine, dried over Na2SO4, and concentrated.  The residue was 

roughly purified by short column chromatography on silica gel to give crude 238 (1.70 g), which 

was dissolved in DMF (19 mL).  To the DMF solution was added 
t
BuOK (120.4 mg, 1.07 mmol) 

at room temperature, and the mixture was stirred at room temperature for 1 min.  After the usual 

work-up, a crude product was purified by flash column chromatography on silica gel 

(hexane/AcOEt= 2/1) to give 208 (1.04 g, 3 steps 61% yield) as a colorless oil.  IR (film CH2Cl2) 

2960, 1965, 1760, 1446, 1112, 704 cm
-1

; 
1
H NMR (500 MHz, CDCl3) ! 0.97 (s, 3 H), 1.00 (s, 3 H), 

1.03 (s, 9 H), 1.58-1.61 (m, 2 H), 3.20-3.33 (m, 2 H), 3.63-3.73 (m, 2 H), 4.20-4.30 (m, 2 H), 5.70 

(d, J = 6.0 Hz, 1 H), 6.78 (d, J = 6.0 Hz, 1 H), 7.36-7.46 (m, 6 H), 7.62-7.69 (m, 4 H); 
13

C NMR 

(125 MHz, CDCl3) ! 19.0, 26.7, 27.3, 28.3, 34.9, 43.0, 44.7, 61.1, 62.1, 98.2, 114.1, 127.61, 127.63, 

129.6, 133.8, 135.50, 135.53, 155.2, 192.1; EI-LRMS m/z 434 [(M-Me)
+
], 392, 362, 314, 268, 224, 

199, 167; EI-HRMS calcd for C26H32NO3Si 434.21514, found 434.21429. 

 

<Scheme 44> 

 

4-Benzyloxy-4-methylpent-2-yn-1-ol (241). To a suspension of NaH (2.02 g, 50.5 mmol) in THF 

(100 mL) was added 239 (4 mL, 41.3 mmol) at 0 °C, and the mixture was stirred at room 

temperature for 30 min.  To the mixture were successively added Bu4NI (760.3 mg, 2.06 mmol) 

and BnBr (6 mL, 50.4 mmol) at room temperature, and the resulting mixture was stirred at the same 

temperature for 4 h.  To the mixture was added saturated NH4Cl aqueous solution, and the aqueous 

layer was extracted with Et2O. The organic layer was washed with brine, dried over Na2SO4, and 

concentrated. The residue was purified by short column chromatography on silica gel 

(hexane/AcOEt = 20/1) to give crude 240 (7.87 g), which was dissolved in THF (80 mL).  To the 
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THF solution was added a solution of BuLi (1.64 M, 28 mL, 45.9 mmol) at -78 °C, and the mixture 

was stirred at the same temperature for 30 min.  To the mixture was added paraformaldehyde (1.47 

g, 49.0 mmol) at -78 °C, and the mixture was stirred at an room temperature for 19 h.  To the 

mixture was added saturated NH4Cl aqueous solution, and the aqueous layer was extracted with 

Et2O.  The organic layer was washed with brine, dried over Na2SO4, and concentrated.  The 

residue was purified by flash column (hexane/AcOEt = 4/1) to give 241 (5.01 g, 2 steps 59%) as 

colorless oil.  IR (neat) 3390, 2984, 1953, 1246, 1156, 1058, 699 cm
-1

; 
1
H NMR (500 MHz, 

CDCl3) ! 1.55 (s, 3 H), 4.28-4.31 (m, 2 H), 4.63 (s, 2 H), 7.24-7.39 (m, 5 H); 
13

C NMR (125 MHz, 

CDCl3) ! 28.8, 51.1, 66.4, 70.5, 82.4, 88.0, 127.3, 127.6 128.3, 139.0; EI-LRMS m/z 189 

[(M-Me)
+
], 173, 159, 145, 91; EI-HRMS calcd for C12H13O2 189.09155, found 189.09148. 

 

3-(4-Benzyloxy-4-methylpenta-1,2-dien-1-yl)oxazolidin-2-one (209). To a solution of 241 (1.02 g, 

4.99 mmol) in CH2Cl2 (20 mL) were successively added Et3N (0.8 mL, 5.74 mmol) and MsCl (0.45 

mL, 5.81 mmol), and the mixture was stirred at 0 °C for 30 min.  To the mixture was added H2O, 

and the aqueous layer was extracted with CH2Cl2.  The organic layer was dried over Na2SO4 and 

concentrated.  The residue was roughly purified by short column chromatography on silica gel 

(CH2Cl2) to give crude 242 (1.50 g).  To a suspension of NaH (60% dispersion in mineral oil, 

246.7 mg, 6.17 mmol) in DMF (10 mL) was added 229 (431 mg, 4.95 mmol), and the mixture was 

stirred at 30 min.  To the mixture was added a solution of 242 (1.50 g) in DMF (10 mL), and the 

mixture was stirred at room temperature for 15 h.  To the mixture was added saturated NH4Cl 

aqueous solution, and the aqueous layer was extracted with Et2O.  The organic layer was washed 

with brine, dried over Na2SO4, and concentrated.  The residue was roughly purified by short 

column chromatography on silica gel to give crude 243 (1.75 g), which was dissolved in DMF (20 

mL).  To the DMF solution was added 
t
BuOK (153 mg, 1.36 mmol) at room temperature, and the 

mixture was stirred at room temperature for 30 min.  After the usual work-up, a crude product was 

purified by flash column chromatography on silica gel (hexane/AcOEt= 2/1) to give 209 (877 mg, 3 

steps 64% yield) as a colorless solid.  mp 73-75 °C (recrystallized from CH2Cl2/Hex); IR (film, 

CH2Cl2) 2979, 1968, 1758, 1449, 1230, 1056, 737 cm
-1

; 
1
H NMR (500 MHz, CDCl3) ! 1.40 (s, 3 H), 

1.41 (s, 3 H), 3.52-3.65 (m, 2 H), 4.39-4.48 (m, 4 H), 5.97 (d, J = 5.7 Hz, 1 H), 6.99 (d, J = 5.7 Hz, 

1 H), 7.24-7.36 (m, 5 H); 
13

C NMR (125 MHz, CDCl3) ! 26.5, 26.7, 43.1, 62.2, 65.4, 98.9, 110.8, 

127.4 (2 C), 128.4, 139.0, 155.2, 193.9; ESI-LRMS m/z 296 [(M+Na)
+
], 166; ESI-HRMS calcd for 

C16H19NNaO3 269.12571, found 296.12558. 
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<Scheme 45> 

 

3-(4-tert-Butyldimethylsilyloxy-4-methylpenta-1,2-dien-1-yl)oxazolidin-2-one (210). Similar to 

that of the synthesis of 241 to 209, a crude product, which was obtained from 244
47)

  (1.27 g, 5.56 

mmol), MsCl (0.52 mL, 6.72 mmol), and Et3N (0.95 mL, 6.82 mmol) in CH2Cl2 (11 mL), was 

roughly purified by short column chromatography on silica gel (CH2Cl2) to give crude 245 (1.78 g).  

To a suspension of NaH (283.8 mg, 7.10 mmol) in DMF (11 mL) was added 229 (493 mg, 5.67 

mmol), and the mixture was stirred at room temperature for 30 min.  To the mixture was added a 

solution of 245 (1.78 g) in DMF (22 mL), and the mixture was stirred at room temperature for 3 h.  

To the mixture was added saturated NH4Cl aqueous solution, and the aqueous layer was extracted 

with Et2O.  The organic layer was washed with brine, dried over Na2SO4, and concentrated.  The 

residue was roughly purified by short column chromatography on silica gel (AcOEt) to give crude 

246 (2.02 g), which was dissolved in DMF (22 mL).  To the DMF solution was added 
t
BuOK 

(172.7 mg, 1.54 mmol), and the mixture was stirred at room temperature for 3 h.  After the usual 

work-up, a crude product was purified by flash column chromatography on silica gel 

(hexane/AcOEt = 4/1) to give 210 (908 mg, 3 steps 55% yield) as a colorless solid.  mp 49-50 °C 

(recrystallized from heane); IR (film, CH2Cl2) 2929, 1970, 1761, 1450, 1229, 1055, 835, 739 cm
-1

; 

1
H NMR (500 MHz, CDCl3) ! 0.06 (s, 6 H), 0.84 (s, 9 H), 1.31 (s, 3 H), 1.32 (s, 3 H), 3.48-3.61 (m, 

2 H), 4.37-4.45 (m, 2 H), 5.93 (d, J = 6.3 Hz, 1 H), 6.88 (d, J = 6.3 Hz, 1 H); 
13

C NMR (125 MHz, 

CDCl3) ! -2.27, -2.25, 17.9, 25.6, 30.3, 30.5, 43.2, 62.1, 72.5, 98.6, 113.9, 155.2, 191.2; ESI-LRMS 

m/z 320 [(M+Na)
+
], 298, 173; ESI-HRMS calcd for C15H27NNaO3Si 320.16524, found 320.16538. 

 

Chapter 2, Section 3 

 

<Scheme 47> 

 

<Eq. 15> 

  Ni(cod)2 (98.7 mg, 0.359 mmol) was weighed into a flame-dried flask. To this was added THF 

(2.9 mL) and DBU (0.22 mL, 1.47 mmol) at 0 °C, and the flask was immersed in a liquid nitrogen 

bath.  After the mixture had been frozen, the flask was evacuated to 0.05 mmHg.  The flask was 

backfilled with CO2 in a plastic balloon and the frozen mixture was slowly thawed at 0 °C.  To this 

suspension was added a solution of 195 (81.4 mg, 0.365 mmol) in THF (2.9 mL) at 0 °C, and the 

resulting mixture was stirred for 1 h at the same temperature.  To the mixture wad added 10% 

DCl/D2O at 0 °C, and the aqueous layer was extracted with AcOEt.  The organic layer was washed 
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with brine, dried over Na2SO4, and concentrated in vacuo. The residue was treated with 

diazomethane in MeOH according to the standard procedure.  After the usual work-up, the crude 

product was purified by flash column chromatography on silica gel (hexane/AcOEt = 10/1~4/1) to 

give 196-D (91.5 mg, 90%) as a colorless oil. 
1
H NMR (400 MHz, CDCl3) ! 1.89-1.92 (m, 2 H), 

2.42 (s, 3 H), 3.07 (s, 3 H), 3.71 (s, 3 H), 7.27 (d, J = 8.2 Hz, 2 H), 7.46 (m, 1 H), 7.63 (d, J = 8.2 

Hz, 2 H). 

 

<Eq. 16> 

  Ni(cod)2 (99.6 mg, 0.362 mmol) was weighed into a flame-dried flask. To this was added THF 

(2.9 mL) and DBU (0.22 mL, 1.47 mmol) at 0 °C, and the flask was immersed in a liquid nitrogen 

bath.  After the mixture had been frozen, the flask was evacuated to 0.05 mmHg.  The flask was 

backfilled with CO2 in a plastic balloon and the frozen mixture was slowly thawed at 0 °C.  To this 

suspension was added a solution of 202 (93.3 mg, 0.360 mmol) in THF (2.9 mL) at 0 °C, and the 

resulting mixture was stirred for 21 h at the same temperature.  To the mixture wad added 10% 

DCl/D2O at 0 °C, and the aqueous layer was extracted with AcOEt.  The organic layer was washed 

with brine, dried over Na2SO4, and concentrated in vacuo. The residue was treated with 

diazomethane in MeOH according to the standard procedure.  After the usual work-up, the crude 

product was purified by flash column chromatography on silica gel (hexane/AcOEt = 20/1~4/1) to 

give 203-D (111.2 mg, 84%, E:Z = 87:13). E-203-D: 
1
H NMR (500 MHz, DMSO-d6, at 100 °C) ! 

1.09 (s, 9 H), 3.60 (s, 3 H), 3.64 (s, 3 H), 4.33 (s, 1 H), 4.41 (s, 2 H), 6.63 (s, 1 H), 7.14-7.35 (m, 5 

H). Z-203-D: 
1
H NMR (500 MHz, DMSO-d6, at 100 °C) ! 1.04 (s, 9 H), 3.64 (s, 3 H), 3.66 (s, 3 H), 

3.91 (s, 1 H), 4.39 (s, 2 H), 5.49 (s, 1 H), 7.14-7.35 (m, 5 H). 
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