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General.

NMR spectra were recorded on a Varian Gemini 2000 spectrometer, operating at 300 MHz for *H
NMR, 75.4 MHz for *C NMR and 121.4 MHz for *'P NMR. Chemical shift values for 'H, **C and *'P
NMR are reference to Me,Si, the residual solvent resonances and external aqueous 85% H3;POq
respectively. Mass spectrometry (JEOL JMS-FABmate for EI-MS, JEOL JMS-700TZ for ESI-MS) and
elemental analysis were performed at the Center for Instrument Analysis, Hokkaido University.
Triethynylphosphine ligands 1a, 1b, and 1c were prepared according to the reported procedure.’
AgNTf, was prepared from Ag,O and HN(SO,CF3),.> Phosphine ligands, PPh; and P(OPh); were
commercially available. Gold complexes {AuCl(ligand)} were synthesized by the reported method.
Anhydrous solvents used in synthesis of materials were purchased from Kanto Chemical Co. and used
without further purifications. Anhydrous CH,Cl, used in Au-catalyzed cyclizations was purchased from
Kanto Chemical Co. and degassed before use. Gel permeation chromatography (GPC) was performed
by LC-908 (Japan Analytical Industry Ltd., two in-line JAIGEL-2H, CHCl3, 3.5 mL/min, UV and RI
detectors). TLC analyses were performed on commercial glass plates bearing 0.25-mm layer of Merck
Silica gel 60F;s4. Silica gel (Kanto Chemical Co., Silica gel 60 N, spherical, neutral) was used for
column chromatography. PTLC purification was performed on commercial glass plates bearing 1-mm
layer of Merck Silica gel 60Fz4. All reactions were carried out under argon atmosphere unless
otherwise noted.

General Procedure for Alkyne Cyclizations.

{AuCl(ligand)} (1 mol%) was placed in an open vial tube, and was dissolved in CH,Cl; (ca. 0.5
mL). AgNTf; (3.2 mg) was added, and a mixture was stirred at 25 °C for 10 min. The resulting white
suspension was filtered through celite to a screw vial. The resulting colorless solution was first
concentrated with a stream of Ar gas, and then was dried in vacuo. The tube was brought into a glove
box. A magnetic stirring bar was placed in the tube, and the gold complex was dissolved in degassed
CH.CI,. A substrate (0.4 mmol) was added to the catalyst solution. The tube was sealed with a cap
equipped with a Teflon-coated silicon rubber septum. The vial tube was brought out of the glove box,
and set into a water bath adjusted at 25 °C. After stirring for a given time, the reaction mixture was
passed through a pad of silica gel and concentrated to dryness. Purification by flash chromatography on
silica gel gave cyclization products.
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Preparation of Substrates

Methyl 2-Acetyl-6-octynoate (2a) (keto/enol = 89/11)
O O

OMe

X
2a Me

To a suspension of NaH (60 wt. %, 910 mg, 22.8 mmol) in THF (11 mL) and DMF (11 mL) was
added dropwise methyl acetoacetate (2.50 mL, 22.8 mmol) at 0 °C. The mixture was stirred at this
temperature for 10 min and at room temperature for 1 h. Then, 6-iodo-2-pentyne (4.65 g, 22.4 mmol)
was added, and the reaction mixture was stirred overnight (monitored by TLC). The resulting
suspension was diluted with ether, and quenched with saturated aqueous NH4CI. The organic layer was
washed with saturated aqueous NH4Cl (3 x 10 mL), and separated. The combined aqueous layer was
extracted with ether (3 x 10 mL). The organic layers were combined, dried over MgSQ,, filtered and
concentrated under reduced pressure. The residue was purified by flash chromatography on silica gel
(hexanes/EtOAc: 99/1 to 90/10) to afford 2a as a colorless oil (1.91 g, 44%, keto/enol = 89/11). *H
NMR (CDCl3) 8 1.38-1.61 (m, 2H), 1.77 (t, J = 2.4 Hz, 3H), 1.90-2.00 (q, J = 7.8 Hz, 2H), 2.04 (s,
0.11x3H), 2.10-2.20 (m, 2H), 2.24 (s, 0.89x3H), 3.47 (t, J = 7.5 Hz, 0.89x1H), 3.75 (s, 0.89x3H), 3.78
(s, 0.11Hx3H), 12.72 (s, 0.11x1H). *C NMR of 2a-keto (CDCls) & 3.21, 18.28, 26.49, 27.16, 28.65,
52.30, 59.09, 76.18, 78.04, 170.28, 203.18. Anal. Calcd for C1;H1603: C, 67.32; H, 8.22%. Found: C,
67.19; H, 8.17%. HRMS (EI") Calcd for C1;H1603 [M]": m/z 196.1099. Found: m/z 196.1102.

Methyl 2-Acetyl-6-undecynoate (2b) (keto/enol = 87/13)
O O

OMe

X
2b Bu

2b was prepared according to the procedure for the preparation of 2a, employing methyl
acetoacetate (2.0 mL, 18.0 mmol), NaH (804 mg, 20.1 mmol), 9-iodo-5-nonyne (4.72 g, 18.6 mmol)
and hexanes/EtOAc (99/1 to 90/10) as the eluent. Colorless oil (1.69 g, 37%, keto/enol = 87/13). 'H
NMR (CDCl3) 8 0.90 (t, J = 7.2 Hz, 3H), 1.33-1.54 (m, 6H), 1.91-2.00 (q, J = 7.8 Hz, 2H), 2.04 (s,
0.13x3H), 2.10-2.22 (m, 4H), 2.24 (s, 0.87x3H), 3.47 (t, J = 7.5 Hz, 0.87x1H), 3.75 (s, 0.87x3H), 3.75
(s, 0.13x3H), 12.72 (s, 0.13x1H). *C NMR of 2b-keto (CDCls) & 13.45, 18.23, 18.33, 21.77, 26.59,
27.16, 28.63, 31.00, 52.31, 59.11, 78.84, 81.03, 170.31, 203.23. Anal. Calcd for C14H2,03: C, 70.56; H,
9.30%. Found: C, 70.20; H, 9.24%. HRMS (EI") Calcd for C14H,,03 [M]": m/z 238.1569. Found: m/z
238.1570.

Methyl 2-Acetyl-8-methyl-6-nonynoate (2c) (keto/enol = 97/3)
O O

OMe

X
2c 'Pr
2c was prepared according to the procedure for the preparation of 2a, employing methyl
acetoacetate (1.10 mL, 9.91 mmol), NaH (425 mg, 10.6 mmol), 7-iodo-2-methyl-3-heptyne (2.03 g,
8.60 mmol) for 14 h at 50 °C and hexanes/EtOAc (99/1 to 90/10) as the eluent. Colorless oil (983 mg,
51%, keto/enol = 97/3). *H NMR (CDCls) & 1.13 (d, J = 6.9 Hz, 6H), 1.41-1.53 (m, 2H), 1.95 (g, J =
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7.5 Hz, 2H), 2.18 (td, J = 7.5 Hz, 2.4 Hz, 2H), 2.24 (s, 3H), 2.25 (m, 1H), 3.47 (t, J = 7.5 Hz, 1H), 3.74
(s, 3H) (enol: 12.71 (m, 1H)). *C NMR of 2c-keto (CDCls) & 18.46, 20.52, 23.41, 26.78, 27.32, 28.81,
52.51, 59.31, 78.22, 87.04, 170.51, 203.44. HRMS (EI") Calcd for Ci3H1003 [M=H]": m/z 223.1334.
Found: m/z 223.1325.

Methyl 2-Acetyl-7-phenyl-6-heptynoate (2d) (keto/enol = 90/10)
O O

OMe

A
2d Ph

The 2d was prepared according to the procedure for the preparation of 2a, employing methyl
acetoacetate (1.22 mL, 11.0 mmol), NaH (492 mg, 12.3 mmol), 5-iodo-1-phenyl-1-pentyne® (2.86 g,
12.4 mmol) for 15 h and hexanes/EtOAc (99/1 to 90/10) as the eluent. Colorless oil (1.65 g, 58%,
keto/enol = 90/10). *H NMR (CDCls) & 1.54-1.74 (m, 2H), 1.99-2.09 (m, 0.90x2H, 0.10x2H), 2.07 (s,
0.10x3H), 2.25 (s, 0.90x3H), 2.45 (t, J = 7.2 Hz, 2H), 3.49 (t, J = 7.2 Hz, 0.90x1H), 3.75 (s, 0.90x3H),
3.77 (s, 0.10x3H), 7.23-7.32 (m, 3H), 7.34-7.43 (m, 2H), 12.75 (s, 0.10x1H). *C NMR of 2d-keto
(CDCl3) 619.04, 26.29, 27.23, 28.77, 52.41, 59.12, 81.27, 89.00, 123.76, 127.76, 128.29, 131.62,
17029, 203.12. Anal. Calcd for C15H1803Z C, 7439, H, 7.02%. HRMS (E|+) Calcd for C16H1803 [M]+:
m/z 258.1256. Found: m/z 258.1257.

Scheme 2. Preparation of 2e.
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6

To a solution of TBSCI (2.63 g, 17.1 mmol) in THF (8 mL) was added 3,3-dimethyl-4-pentyn-1-ol
(5)* (1.83 g) in THF (8 mL) at 0 °C. Then imidazole was added and stirred at this temperature for 20
min (monitored by TLC). The resulting white suspension was quenched with saturated aqueous
NaHCO3; at 0 °C. The organic layer was washed with water (3 x 10 mL), and separated. The combined
aqueous layer was extracted with ether (3 x 10 mL). The organic layers were combined, dried over
MgSO,, filtered and concentrated under reduced pressure to afford the silylated compound as a crude
product (colorless oil, 3.81 g). This crude product was used in the next step without further purification.

To a solution of the silylated compound (3.81 g 16.3 mmol) in THF (16 mL) was added dropwise
n-BuLi (11.3 mL of 1.52 M in hexane, 17.2 mmol) at 0 °C under Ar atmosphere. The reaction mixture
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was stirred at this temperature for 30 min (white suspension was observed). Then Mel (2.16 mL, 32.7
mmol) was added and the mixture was stirred at —78 °C for 30 min. The reaction mixture was allowed
to warm to room temperature and stirred for 90 min (consumption of starting material was checked by
'H NMR) before being quenched with saturated aqueous NH,CI. The organic layer was washed with
water (3 x 10 mL), and separated. The combined aqueous layer was extracted with ether (3 x 10 mL).
The organic layers were combined, dried over MgSO,, filtered and concentrated under reduced
pressure to afford the methylated compound as a crude product (colorless oil, 3.84 g). This crude
product was used in the next step without further purification.

To a solution of the methylated compound (3.84 g) in THF (48 mL) was added TBAF (17.9 mL of
1.0 M in THF, 17.9 mmol) at 0 °C under Ar atmosphere. After stirring at this temperature for 2 h and at
rt for 18 h, the reaction mixture was quenched with water. The organic layer was washed with water (3
x 20 mL), and separated. The combined aqueous layer was extracted with ether (3 x 20 mL). The
organic layers were combined, dried over MgSQy, filtered and concentrated under reduced pressure to
afford a mixture of 6 and a small amount of siloxane as a colorless oil (1.71g, 3 steps over all 83%).
This mixture was used in the next step without further purification. *H NMR (CDCls) & 1.21 (s, 6H),
1.67 (t, J = 6.6 Hz, 2H), 1.78 (s, 3H), 2.14-2.24 (br s, 1H), 3.84 (br g, J = 6.0 Hz, 2H). *C NMR
(CDCls) 6 3.26, 29.19, 29.83, 45.43, 60.55, 76.42, 86.33.

4,4-Dimethyl-6-iodo-2-hexyne (7)
Me Me
X
Me
7

Tosylation of alcohol was conducted by using the reported method®. To a solution of MesN-HCI
(112 mg, 1.11 mmol), Et;N (3.08 mL, 22.1 mmol) and 6 (1.39 g, 11.0 mmol, containing trace amount
of siloxane) was added TsCl (3.18 g, 16.5 mmol) in two portions at 0 °C under Ar atmosphere. The
resulting orange suspension was stirred at this temperature for 5 min (monitored by TLC), and then
quenched with water. The organic layer was washed with water (3 x 10 mL), and separated. The
combined aqueous layer was extracted with CH,Cl, (3 x 10 mL). The organic layers were combined,
dried over MgSO,, filtered and concentrated under reduced pressure to afford the desired tosylated
product as a crude product (yellow oil, 3.17 g, >100%). This mixture was used in the next step without
further purification.

To a 200 mL-three-necked, round-bottomed flask equipped with a condenser was added Nal (8.40 g,
55.8 mmol), and the mixture was vigorously stirred at 150 °C for 6 h in vacuo. After that, a flask was
cooled to rt and charged with Ar. Acetone (55 mL) and the crude tosylated product (3.17 g, 11.0 mmol)
was added to a flask, and the mixture was stirred at 80 °C overnight. The resulting orange suspension
was cooled to rt, a half of acetone was removed by the evaporator, and water was added. The organic
layer was washed with water (3 x 30 mL), and separated. The combined aqueous layer was extracted
with pentane (3 x 30 mL). The organic layer was combined, dried over MgSQO,, filtered and
concentrated under reduced pressure. Flash silica gel column purification (pentane) of the crude
product afforded 7 as a colorless oil (2.25 g, 2 steps overall 86%). *H NMR (CDCls) 8 1.17 (s, 6H),
1.77 (s, 3H), 1.97-2.05 (m, 2H), 3.25-3.33 (m, 2H). *C NMR (CDCls) § 0.76, 3.30, 28.92, 33.18,
48.11, 76.22, 84.30. HRMS (EI") Calcd for CgHysl [M]": m/z 236.0062. Found: m/z 236.0057.
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Methyl 2-Acetyl-5,5-dimethy-6-octynoate (2e) (keto/enol = 93/7)
O O

OMe

Me
Me \\

Me
2e

2e was prepared according to the procedure for the preparation of 2a, employing methyl
acetoacetate (1.11 mL, 10.0 mmol), NaH (225 mg, 5.62 mmol), 7 (1.18 g, 5.00 mmol) for 38 h and the
eluent (hexanes/EtOAc: 99/1 to 85/15) afforded 2e as a colorless oil (792 mg, 71%, keto/enol = 93/7).
'H NMR (CDCls) & 1.16 (s, 0.93x6H), 1.17 (s, 0.07x6H), 1.26-1.45 (m, 2H), 1.78 (s, 0.93x3H), 1.80 (s,
0.07x3H), 1.95-2.06 (m, 2H, 0.07x3H), 2.25 (s, 0.93x3H), 3.43 (t, J = 7.5 Hz, 0.93x1H), 3.75 (s,
0.93x3H), 3.76 (s, 0.07x3H), 12.65 (s, 0.07x1H). *C NMR of 2e-keto (CDCls) & 3.14, 24.12, 28.47,
28.89, 29.24, 30.59, 40.61, 52.11, 59.64, 75.51, 85.52, 170.26, 203.26. Anal. Calcd for C;3H2003: C,
69.61; H, 8.99%. HRMS (EI") Calcd for C13H2003 [M]": m/z 224.1412. Found: m/z 224.1410.

Scheme 2. Preparation of 2f°.

o o 1) NaH, n-BuLi, THF, rt o MsNs, EtsN

MOMe 2) Me MeCN, rt
M
I/\/\/ °

o}
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Methyl 3-Ox0-9-undecynoate (8) (keto/enol = 96/4)
O O
OMe
Me
Z

8

To a solution of NaH (60 wt. %, 884 mg, 22.1 mmol) in THF (40 mL) was added dropwise methyl
acetoacetate (2.22 mL, 20.0 mmol) at 0 °C under Ar atmosphere. The mixture was stirred at this
temperature for 10 min and at room temperature for 2 h. Then, the solution was cooled to —78 °C,
n-BuLi (12.7 mL of 1.65 M in hexane, 20.0 mmol) was added dropwise, and the mixture was stirred at
this temperature for 30 min and at 0 °C for 2 h. 7-lodo-2-heptyne (4.62 g, 20.8 mmol) was added, and
the reaction mixture was stirred at 0 °C overnight. The resulting suspension was diluted with ether, and
guenched with saturated aqueous NH4CI. The organic layer was washed with saturated aqueous NH,CI
(3 x 30 mL), and separated. The combined aqueous layer was extracted with ether (3 x 30 mL). The
organic layers were combined, dried over MgSO,, filtered and concentrated under reduced pressure.
Purification by flash chromatography on silica gel (hexanes/EtOAc: 99/1 to 93/7) provided 8 as a
colorless oil (3.04 g, 72%, keto/enol = 96/4). *H NMR of 8-keto (CDCls) & 1.32-1.54 (m, 4H), 1.61
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(quint, J = 7.5 Hz, 2H), 1.77 (t, J = 2.4 Hz, 3H), 2.12 (m, 2H), 2.56 (t, J = 7.2 Hz, 2H), 3.63 (s, 3H),
3.74 (s, 3H) (8-enol: 2.21 (t, J = 7.5 Hz, 2H), 3.73 (s, 3H), 5.00 (s, 1H), 12.03 (s, 1H)). *C NMR of
8-keto (CDCls) & 3.34, 18.43, 22.86, 28.05, 28.61, 42.82, 48.91, 52.24, 75.54, 78.85, 167.61, 202.63.
HRMS (EI") Calcd for C1,H1903 [M+H]": m/z 211.1334. Found: m/z 211.1351.

Methyl 2-Diazo-3-0x0-9-undecynoate (9)
O O

OMe

N
2 Me

=

9

To a suspension of 8 (2.44 g, 11.6 mmol) and MsNs; (1.47 g, 12.2 mmol) in MeCN (23 mL) was
added Et;N (3.23 mL, 23.2 mmol) at room temperature under Ar atmosphere. After stirring for 7 h, the
reaction mixture was diluted with 1 M NaOH (20 mL), and extracted with EtOAc (3 x 20 mL). The
organic layers were combined, dried over MgSO,, filtered and concentrated under reduced pressure.
The crude product was purified by flash chromatography on silica gel (hexanes/EtOAc: 99/1 to 93/7) to
give 9 as a pale yellow oil (2.61 g, 95%): *H NMR (CDCls) 6 1.37-1.57 (m, 4H), 1.65 (quint, J = 7.5
Hz, 2H), 1.78 (t, J = 2.4 Hz, 3H), 2.13 (m, 2H), 2.86 (t, J = 7.5 Hz, 2H), 3.86 (s, 3H). **C NMR
(CDCls) 0 3.24, 18.47, 23.67, 28.23, 28.58, 39.91, 52.01, 75.42, 78.97, 161.86, 192.88, 192.90. Anal.
Calcd for Cy12H16N203: C, 61.00; H, 6.83; N, 11.86%. Found: C, 61.00; H, 6.76; N 11.75%. HRMS
(EI") Calcd for C1,H16N,03 [M]": m/z 236.1161. Found: m/z 236.1153.

Methyl 2-Oxo0-5-(3-pentynyl)cyclopentanecarboxylate (2f) (keto/enol = 97/3)
o 0
OMe

A
Me

2f

To a suspension of Rhy(OAc), (88.8 mg, 0.201 mmol) in CH,Cl, (33 mL) was added dropwise 9
(1.19 g, 5.03 mmol) in CH.ClI; (33 mL) by a syringe pump (at the rate of 30 mL/h) at room temperature
under Ar atmosphere. After stirring for 3.5 h, the mixture was filtered through a suction funnel to
recover the catalyst (61.8 mg). The filtrate was concentrated under reduced pressure, and purified by
flash chromatography on silica gel (hexanes/EtOAc: 70/30) to afford 2f as a colorless oil (895 mg, 75%,
keto/enol = 97/3). 'H NMR of 2f-keto (CDCls) & 1.41-1.84 (m, 3H), 1.77 (t, J = 2.4 Hz, 3H),
2.10-2.50 (m, 5H), 2.64-2.80 (m, 1H), 2.89 (d, J = 11.4 Hz, 1H), 3.77 (s, 3H) (2f-enol: 3.71 (s, 3H),
10.61 (s, 1H)). *C NMR of 2f-keto (CDCls) & 3.27, 16.57, 26.88, 33.96, 38.28, 40.44, 52.40, 61.36,
76.24, 77.96, 169.86, 211.78. Anal. Calcd for Ci,H1603: C, 69.21; H 7.74%. Found: C, 68.87; H,
7.73%. HRMS (EI") Calcd for C12H1603 [M]*: m/z 208.1099. Found: m/z 208.1086.
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Scheme 3. Preparation of 2g’.

1) BrMg
O O v\ O O

Me
@)LOB HMPA, CuCN, LiCl, THF, =78 °C OEt

3) TMSCI, THF, —78 °C X
10 4) Et3N, hexane 29 Me
5) TBAF, THF, rt

Ethyl 2-Oxo0-6-(3-pentynyl)cyclohexanecarboxylate (2g) (keto/enol = 78/22).
O O

OEt

X
Me
29

To a 100 mL of two-necked, round-bottomed flask equipped with a condenser and a dropping funnel
was added Mg (295 mg, 12.3 mmol), and heated by a heat gun and vigorously stirred for 10 min in
vacuo. After that, a flask was cooled to rt, and charged with Ar. THF (10 mL) was then added. To
this mixture, a solution of 5-bromo-2-pentyne (2.16 mL, 14.8 mmol) in THF (10 mL) was added
dropwise over 10 min, and stirred for 20 min. The mixture was cooled to —78 °C. A dropping funnel
was replaced to a septum, CuCN (50.2 mg, 0.50 mmol), LiCl (21.7 mg, 0.50 mmol) and HMPA (3.87
mL, 22.0 mmol) was added to the flask, and the mixture was stirred for 20 min. A solution of 10° (1.54
g, 10.0 mmol) and TMSCI (2.53 mL, 20.0 mmol) in THF (10 mL) was added dropwise over 40 min,
and additionally stirred for 3.5 h. EtsN (10 mL) and hexane (50 mL) were added to the reaction mixture
at —78 °C. The organic layer was washed with water (3 x 20 mL), and separated. The combined
aqueous layer was extracted with ether (3 x 20 mL). The organic layers were combined, dried over
MgSQ,, filtered and concentrated under reduced pressure. The crude product was treated with TBAF
(12.0 mL of 1.0 M in THF, 12.0 mmol) in THF (30 mL) at room temperature for 9 h, and then purified
by flash chromatography on silica gel followed by GPC to afford 2g as a colorless oil (573 mg, 24%,
keto/enol = 78/22). *H NMR (CDCls) 8 1.29 (t, J = 7.2 Hz, 0.78Hx3H), 1.33 (t, J = 7.2 Hz, 0.22x3H),
1.34-1.75 (m, 4H), 1.77 (t, J = 2.4 Hz, 0.78x3H), 1.78 (t, J = 2.4 Hz, 0.22x3H), 2.07-2.43 (m, 6H),
2.50 (br dt, J = 14.1 Hz, 9.3 Hz, 0.78x1H), 2.62 (m, 0.22x1H), 3.13 (dd, J = 10.8 Hz, 0.81 Hz, 0.78x1
H), 4.17-4.31 (m, 2H), 12.44 (s, 0.22Hx1H). *C NMR of 2g-keto (CDCls) & 3.10, 13.86, 15.79, 24.31,
28.14, 33.67, 39.89, 40.81, 60.72, 63.18, 75.92, 77.80, 169.58, 205.94. Anal. Calcd for C14H2003: C,
71.16; H, 8.53%. Found: C, 70.87; H, 8.56%. HRMS (EI") Calcd for Ci14H2003 [M]": m/z 236.1412.
Found: m/z 236.1406.

Scheme 6. Preparation of 2h.°

O o O o
——Bu
OMe bicl,(PPhs), OMe
—_—
Cul, EtsN
| reflux AN
11 2h Bu
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Methyl 2-[2-(1-Hexynyl)benzyl]-3-oxobutanoate (2h) (keto/enol = 98/2)
O O

OMe

X
2h Bu

To a solution of methyl 2-(2-iodobenzyl)-3-oxobutanoate (11)° (1.36 g, 4.08 mmol) and 1-hexyne
(0.557 mL, 4.80 mmol) in EtsN (16 mL) was added PdCl(PPhs), (57.7 mg, 0.0797 mmol). The
mixture was stirred for 10 min and Cul (7.9 mg, 0.041 mmol) was added. The resulting mixture was
then stirred at room temperature under Ar atmosphere for 18 h. The ammonium salt was removed by
filtration, and the solvent was removed under reduced pressure. The crude product was purified by
flash chromatography on silica gel (hexanes/EtOAc: 99/1 to 91/9), followed by GPC to afford 2h as a
pale yellow oil (402 mg, 34%, keto/enol = 98/2). The same product could be prepared from
2-(2-bromobenzyl)-3-oxobutanoate, PdCl,(PPhs), (5 mol %), Cul (2 mol %) and 1-hexyne (1.5 eq) at
100 °C for 18 h (31%). *H NMR of 2h-keto (CDCls) 8 0.95 (t, J = 7.2 Hz, 3H), 1.40-1.66 (m, 4H), 2.19
(s, 3H), 2.45 (t, J = 6.9 Hz, 2H), 3.29 (qd, J = 13.5 Hz, 7.5 Hz, 2H), 3.68 (s, 3H), 4.05 (t, J = 7.5 Hz,
1H), 7.13-7.19 (m, 3H), 7.37 (m, 1H) (2h-enol: 12.97 (s, 1H)). *C NMR of 2h-keto (CDCls) & 13.37,
19.00, 21.83, 29.43, 30.59, 32.90, 52.13, 59.23, 78.54, 95.15, 123.48, 126.66, 127.70, 129.72, 132.36,
139.61, 169.68, 202.74. Anal. Calcd for C1gH2,03: C, 75.50; H, 7.74%. Found: C, 75.51; H, 7.85%.
HRMS (EI") Calcd for C1gH2203 [M]": m/z 286.1569. Found: m/z 286.1557.

Scheme 4. Preparation of 2i.

Q 1) L-Selectride® O 1)LDA, THF O O
THF, =78 °Cto rt -78 °C OMe
> —_—
2) sat. NH,Cl aq 2) HMPA
sat. Rochelle’s salt aq NCCO,Me
A X -78°C A
12 Me 13 Me 2i Me

4-(2-Butynyl)cyclohexanone (13)

(0]
X
13 Me

To a solution of 4-(2-butynyl)-2-cyclohexenone (12)* (3.57 g, 24.1 mmol) in Et,0 (96 mL) was
added dropwise L-selectride® (25.3 mL of 1.0 M in THF, 25.3 mL) at —78 °C under Ar atmosphere.
After stirring for 1 h at this temperature, the reaction mixture was allowed to warm slowly to room
temperature (over 1 h) and stirred for 1 h. The reaction mixture was quenched with sat. NH4Cl aq and
sat. Rochell’s salt solution, and stirred for 30 min. The organic layer was washed with sat. Rochell’s
salt solution (3 x 50 mL), and separated. The combined aqueous layer was extracted with ether (3 x 50
mL). The organic layers were combined, dried over MgSO,, filtered and concentrated under reduced
pressure. The residue was purified by flash chromatography on silica gel (hexanes/EtOAc: 99/1 to
90/10) to afford 13 as a colorless oil (1.36 g, 38%). *"H NMR (CDCls) & 1.52 (br dg, J = 10.5 Hz, 6.6
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Hz, 2H), 1.79 (t, J = 2.7 Hz, 3H), 1.93 (m, 1H), 2.08-2.21 (m, 4H), 2.29-2.46 (m, 4H). **C NMR
(CDCls) §3.39, 24.98, 31.92, 35.80, 40.54, 76.89, 77.07, 211.90. HRMS (EI") Calcd for CioH140
[M]*: m/z 150.1045. Found: m/z 150.1043.

Methyl 5-(2-Butynyl)-2-oxocyclohexanecarboxylate (2i) (keto/enol = 0/100)
O O

OMe

A
Me
2i

2i was synthesized by the reported method.** n-Butyl lithium (6.36 ml of 1.65 M in hexane, 10.5
mmol) was added to a stirred solution of diisopropylamine (1.48 mL, 10.5 mmol) in THF (22 ml) at
—20 °C under Ar atmosphere. After 30 min the temperature was lowered to —78 °C, a solution of 13
(1.31 g, 8.74 mmol) in THF (9 ml) was added through a cannula-tube, and then stirring was continued
at 0 °C for 1 h. The mixture was cooled again to —78 °C, HMPA (1.55 mL, 8.73 mmol) was added, and
methyl cyanoformate (0.840 mL, 10.5 mmol) was added. After stirring for 2 h, the mixture was poured
into cold water (20 ml). The organic layer was washed with saturated aqueous NH4ClI (3 x 20 mL), and
separated. The combined aqueous layer was extracted with ether (3 x 20 mL). The organic layers were
combined, dried over MgSOsy, filtered and concentrated under reduced pressure. Flash chromatography
on silica gel (hexanes/EtOAc: 99/1 to 90/10) of the residue gave 2i as a colorless oil (200 mg, 11%,
keto/enol = 0/100). *H NMR of 2i-enol (CDCls) & 1.42 (m, 1H), 1.70 (m, 1H), 1.80 (t, J = 2.7 Hz, 3H),
1.85-1.98 (m, 2H), 2.07-2.26 (m, 2H), 2.31-2.38 (m, 2H), 2.45 (br dd, J = 15.3 Hz, 4.8 Hz, 1H), 3.76
(s, 3H), 12.16 (s, 1H). *C NMR of 2i-enol (CDCls) & 3.49, 25.09, 27.07, 28.24, 28.71, 33.41, 51.39,
76.84,77.12,96.73, 171.82, 172.94; Anal. Calcd for C1,H1603: C, 69.21; H, 7.74%. Found: C, 69.27; H,
7.99%. HRMS (EI") Calcd for C12H1603 [M]*: m/z 208.1099. Found: m/z 208.1089.

Scheme 5. Preparation of 2j.

Me Me Me Me Me Me

MeO<_ O 1) Bu———MgBr MeO<_O 1) NaH, THF, DMF MeO~_O
Mejjj THF,-78°C Me 0°Ct040°C Me
o) 2) 1 M HCl 2) BnBr, rt
) Bu Z oH ) Bu Z OBn
14 15 16
. 0 " O O
e e
p-TsOH-H,0 1) LDA, THF, -78 °C
Me - Me OMe
acetone, rt 2) HMPA, NCCO-,Me
Z opn 2 HMP 2N Z oen
Bu —78°C Bu X
17 2j
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8-(1-Hexynyl)-3,3,7,7-tetramethyl-1,5-dioxaspiro[5.5]Jundecan-8-ol (15)
Me Me

MeO._ O
Me

o2 OH
15

To a solution of 1-hexyne (16.2 mL, 140 mmol) in THF (40 mL) was added n-BuLi (87.0 mL of
1.61 M in hexane, 140 mmol) dropwise at —78 °C. After stirring for 30 min at this temperature, a
solution of 3,3,7,7-tetramethyl-1,5-dioxaspiro[5.5]undecan-8-one (14)** (15.8 g, 69.9 mmol) and
HMPA (12.4 mL, 69.8 mmol) in THF (30 mL) was added dropwise by a cannula-tube over 30 min. The
resulting mixture was allowed to warm to room temperature and stirred overnight. The reaction mixture
was diluted with ether and quenched with saturated aqueous NH4Cl. The organic layer was washed
with saturated aqueous NH4Cl (3 x 50 mL), and separated. The combined aqueous layer was extracted
with ether (3 x 50 mL). The organic layers were combined, dried over MgSO,, filtered and
concentrated under reduced pressure. The crude product was purified by flash chromatography on silica
gel (hexanes/EtOAc: 99/1 to 90/10) to afford a 17.1 g of mixture of 15 (10.1 g, 32.8 mmol, 47% *H
NMR vyield) and unreacted 14 (7.04 g, 31.1 mmol). This mixture was used in the next step without
further purification.

3-(Benzyloxy)-3-(1-hexynyl)-2,2-dimethylcyclohexanone (17)

(@]
Me
Me
B Z OBn
17

To a suspension of NaH (60 wt. %, 469 mg, 11.7 mmol) in DMF (8 mL) was added dropwise a
solution of 15 (2.38 mL, 7.72 mmol) in THF (4 mL) and DMF (4 mL) at room temperature. The
mixture was stirred at this temperature for 10 min and at 40 °C for 1 h. The mixture was cooled to room
temperature, and then benzyl chloride (1.87 mL, 15.4 mmol) was added. The resulting mixture was
stirred for 1 h (monitored by TLC), diluted with ether, and quenched with saturated aqueous NH,4CI.
The organic layer was washed with saturated aqueous NH;Cl (3 x 15 mL), and separated. The
combined aqueous layer was extracted with ether (3 x 15 mL). The organic layers were combined,
dried over MgSO,, filtered and concentrated under reduced pressure. Purification by flash
chromatography on silica gel (hexanes/EtOAc: 100/0 to 95/5) afforded 16 as a colorless viscous oil
(1.81 g, 59%).

To a solution of 16 (5.29 g, 13.3 mmol) in acetone (130 mL) was added one portion of TsOH- H,O
(3.78 g, 14.8 mmol) at room temperature. After stirring for 9 h, the reaction mixture was concentrated
by rotator evaporator to remove a half of acetone, diluted with ether, and quenched with saturated
aqueous NaHCOs. The organic layer was washed with saturated aqueous NaHCO3; (3 x 40 mL), and
separated. The combined aqueous layer was extracted with ether (3 x 40 mL). The organic layers were
combined, dried over MgSQ,, filtered and concentrated under reduced pressure. The residue was
purified by flash chromatography on silica gel (hexanes/EtOAc: 99/1 to 96/4) to afford 17 as a
colorless viscous oil (3.26 g, 79%). *H NMR (CDCls) § 0.91 (t, J = 7.2 Hz, 3H), 1.26 (s, 3H), 1.31 (s,
3H), 1.34-1.56 (m, 4H), 1.74-1.95 (m, 2H), 2.18 (dd, J = 5.1 Hz, 8.4 Hz, 2H), 2.25 (t, J = 6.9 Hz, 2H),
2.33 (dt, J = 15.0 Hz, 5.1 Hz, 1H), 2.52 (ddd, J = 15.0 Hz, 10.5 Hz, 7.2 Hz, 1H), 4.42 (d, J = 11.7 Hz,
1H), 4.75 (d, J = 11.7 Hz, 1H), 7.20-7.35 (m, 5H). **C NMR (CDCls) & 13.23, 17.96, 18.87, 19.66,
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21.59, 23.09, 29.62, 30.47, 36.25, 53.68, 65.13, 77.80, 81.59, 88.59, 126.78, 126.89, 127.99, 139.04,
213.83. Anal. Calcd for Cy1H250,: C, 80.37; H, 9.03%. Found: C, 80.74; H, 9.05%. HRMS (EI") Calcd
for Co1H230, [M]": m/z 312.2089. Found: m/z 312.2089.

Methyl 4-(Benzyloxy)-4-(1-hexynyl)-3,3-dimethyl-2-oxocyclohexanecarboxylate (2j) (keto/enol
=12/88)

(@] (@]
Me
Me OMe
é OBn
Bu
2]

2j was synthesized by the known method.** n-Butyl lithium (3.90 ml of 1.54M in hexane, 6.01
mmol) was added to a stirred solution of diisopropylamine (0.846 mL, 5.99 mmol) in THF (12.5 ml) at
—20 °C under Ar atmosphere. After 30 min the temperature was lowered to —78 °C. A solution of 17
(1.58 g, 5.05 mmol) in THF (5 ml) was added through a canula-tube. Stirring was continued at 0 °C for
I h. The mixture was cooled again to —78 °C, HMPA (0.887 mL, 5.00 mmol) was added, and methyl
cyanoformate (0.480 mL, 5.99 mmol) was added. After stirring for 20 min at —78 °C and for 40 min at
room temperature, the mixture was poured into cold water (20 ml). The organic layer was washed with
saturated aqueous NH,4CI (3 x 15 mL), and separated. The combined aqueous layer was extracted with
ether (3 x 15 mL). The organic layers were combined, dried over MgSQ,, filtered and concentrated
under reduced pressure. The residue was purified by flash chromatography on silica gel
(hexanes/EtOAc: 99/1 to 94/6) and PTLC to afford 2j as a colorless viscous oil (409 mg, 22%,
keto/enol = 12/88). *H NMR (CDCls) & 0.89 (t, J = 7.2 Hz, 0.88x3H), 0.91 (t, J = 6.9 Hz, 0.12x3H),
1.27 (s, 0.12x3H), 1.34 (s, 0.88x3H), 1.35 (s, 0.12x3H), 1.39 (s, 0.88x3H), 1.37-1.58 (m, 4H),
1.85-2.19 (m, 2H), 2.19-2.33 (m, 4H), 3.59 (m, 0.12x1H), 3.73 (s, 0.88x3H), 3.74 (s, 0.12x3H), 4.43
(d, J=11.4 Hz, 0.12x1H), 4.49 (d, J = 11.4 Hz, 0.88x1H), 4.72 (d, J = 11.7 Hz, 0.12x1H), 4.84 (d, J =
11.4 Hz, 0.88x1H), 7.18-7.42 (m, 5H), 12.49 (s, 1H). *C NMR of 2j-enol (CDCls) & 13.40, 18.18,
19.18, 20.44, 21.77, 24.95, 27.24, 30.68, 44.51, 51.38, 65.75, 78.28, 78.52, 88.26, 94.63, 127.07,
127.13, 128.19, 139.67, 173.40, 176.49. Anal. Calcd for Cy3H3004: C, 74.56; H, 8.16%. Found: C,
74.55; H, 8.17%. HRMS (EI") Calcd for C3Hz00,4 [M]": m/z 370.2144. Found: m/z 370.2154.

Cyclization Products.

Mixture of (Z)-Methyl 1-Acetyl-2-ethylidenecyclopentanecarboxylate (3a) and Methyl
1-Acetyl-2-methyl-2-cyclohexenecarboxylate (4a) (3a/4a = 80/20)

0% ome 0O
Me OMe
- Me

3a 4a

Colorless oil. *H NMR (CDCl3) 6 1.54-1.64 (m, 0.20x3H), 1.60 (dt, J = 7.5 Hz, 1.8 Hz, 0.80x3H),
1.66-1.79 (m, 0.80x2H, 0.20x2H), 1.94 (m, 0.20x1H), 2.03-2.15 (m, 0.20x2H), 2.09 (dt, J = 13.2 Hz,
7.5 Hz, 0.80x1H), 2.19 (s, 0.20x3H), 2.23 (s, 0.80x3H), 2.34 (m, 0.20x1H), 2.40-2.55 (m, 0.80x3H),
3.75 (s, 0.80x3H), 3.78 (s, 0.20x3H), 5.71 (qt, J = 7.2 Hz, 2.1 Hz, 0.80x1H), 5.78 (m, 0.20x1H). B3¢
NMR (CDCl;3) 615.28 (0.80x1C), 18.43 (0.20x1C), 21.55 (0.20x1C), 24.38 (0.80x1C), 24.90
(0.20x1C), 26.19 (0.80x1C), 26.49 (0.20x1C), 29.71 (0.20x1C), 35.03 (0.80 x1C), 37.03 (0.80x1C),
52.11 (0.20x1C), 52.27 (0.80x1C), 65.45 (0.20x1C), 69.08 (0.80x1C), 123.03 (0.80x1C), 128.37
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(0.20x1C), 129.62 (0.20x1C), 140.03 (0.80x1C), 172.40 (0.80x1C), 172.53 (0.20x1C), 205.24
(0.80x1C), 206.58 (0.20x1C). HRMS (EI*) Calcd for CyHiOs [M]*: m/z 196.1099. Found: m/z
196.1104.

Mixture of (Z)-Methyl 1-Acetyl-2-pentylidenecyclopentanecarboxylate (3b) and Methyl
1-Acetyl-2-butyl-2-cyclohexenecarboxylate (4b) (3b/4b = 91/9)

09 ome 00O
Bu OMe
_— Bu

3b 4b

Colorless oil. *H NMR of 3b (CDCl3) & 0.85-0.93 (m, 3H), 1.26-1.36 (m, 4H), 1.66-1.77 (m, 2H),
1.82-2.13 (m, 3H), 2.23 (s, 3H), 2.41-2.54 (m, 3H), 3.74 (s, 3H), 5.61 (br t, J = 7.5 Hz, 1H) (4b: 2.18
(s, 3H), 3.75 (s, 3H), 5.791 (m, 1H)). **C NMR of 3b (CDCls) & 13.83, 22.36, 24.35, 26.23, 29.72,
31.19, 35.06, 37.15, 52.28, 69.11, 129.04, 138.54, 172.46, 205.28. HRMS (EI") Calcd for C14H2,03
[M]*: m/z 238.1569. Found: m/z 238.1568.

Mixture of (Z)-Methyl 1-Acetyl-2-(2-methylpropylidene)cyclopentanecarboxylate (3c) and
Methyl 1-Acetyl-2-isopropyl-2-cyclohexenecarboxylate (4c) (3c/4c = 92/8)

0% ome O Q
_ 'Pr

3c 4c
Colorless oil. *H NMR of 3c (CDCls) & 0.90 (d, J = 6.6 Hz, 3H), 0.92 (d, J = 6.6 Hz, 3H), 1.66-1.79
(m, 2H), 2.05 (dt, J = 12.9 Hz, 7.5 Hz, 1H), 2.25 (s, 3H), 2.33 (m, 1H), 2.39-2.54 (m, 3H), 3.75 (s, 3H),
5.36 (dt, J = 1.8 Hz, 10.8 Hz, 1H) (4c: 1.00 (d, J = 6.6 Hz, 3H), 1.10 (d, J = 6.6 Hz, 3H), 2.21 (s, 3H),
3.76 (s, 3H), 5.87 (t, J = 3.9 Hz, 1H)). **C NMR of 3c (CDCls) & 21.85, 22.12, 24.39, 26.42, 29.24,
35.18, 37.45, 52.43, 68.98, 135.86, 135.89, 172.73, 205.32. HRMS (EI*) Calcd for C13H2003 [M]*: m/z
224.1412. Found: m/z 224.1406.

Mixture of (Z2)-Methyl 1-Acetyl-2-benzylidenecyclopentanecarboxylate (3d) and Methyl
1-Acetyl-2-phenyl-2-cyclohexenecarboxylate (4d) (3d/4d = 45/55)

0Q ovMe O OQ
Ph OMe
B Ph

3d 4d

Colorless oil. *H NMR (CDCls) & 1.60-1.88 (m, 2H), 2.02 (s, 0.45x3H), 2.04 (s, 0.55x3H),

2.14-2.53 (m, 4H), 3.43 (s, 0.45x3H), 3.61 (s, 0.55x3H), 6.13 (t, J = 3.9 Hz, 0.55x1H), 6.73 (br s, 0.45

x1H), 7.14-7.28 (m, 5H). All the signal observed were shown; **C NMR (CDCl5) & 17.97, 22.96, 25.18,

26.68, 27.27, 30.75, 35.29, 38.30, 52.17 (x2C), 66.33, 70.08, 126.98, 127.05, 127.14, 127.94, 128.00,

128.12, 128.49, 131.05, 135.99, 136.68, 141.16, 142.24, 171.97, 172.78, 205.29, 206.23. HRMS (EI*)
Calcd for CisH1503 [M]+Z m/z 258.1256. Found: m/z 258.1256.
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Mixture of (Z)-Methyl 1-Acetyl-2-ethylidene-3,3-dimethylcyclopentanecarboxylate (3e) and
Methyl 1-Acetyl-2,4,4-trimethyl-2-cyclohexenecarboxylate (4e) (3e/de = 23/77)
09 oMe O Q

Me OMe
/ Me

Me
Me Me Me
3e 4e

Colorless oil. *H NMR (CDCl3) 6 0.98 (s, 0.77x3H), 0.99 (s, 0.77x3H), 1.08 (s, 0.23x3H), 1.11 (s,
0.23x3H), 1.36-1.42 (m, 0.77x2H), 1.51-1.68 (m, 0.23x2H), 1.61 (d, J = 7.5 Hz, 0.23x3H), 1.73 (d, J =
1.5 Hz, 0.77x3H), 2.00 (m, 0.77x1H), 2.08 (m, 0.23x1H), 2.19 (s, 0.77x3H), 2.22 (s, 0.23x3H), 2.32 (m,
0.77x1H), 2.45 (sextet, J = 6.3 Hz, 0.23x1H), 3.74 (s, 0.23x3H), 3.76 (s, 0.77x3H), 5.49 (distorted q, J
= 1.5 Hz, 0.77x1H), 5.49 (g, J = 7.2 Hz, 0.23x1H). *C NMR (CDCls) & 15.27 (0.23x1C), 21.50
(0.77x1C), 25.99 (0.23x1C), 26.50 (0.77x1C), 27.08 (0.77x1C), 28.74 (0.77x1C), 29.49 (0.23x1C),
29.52 (0.77x1C), 29.60 (0.23x1C), 31.89 (0.77x1C), 32.82 (0.23x1C), 33.06 (0.77x1C), 39.76
(0.23x1C), 43.76 (0.77x1C), 52.15 (0.77x1C), 52.29 (0.23x1C), 65.58 (0.77x1C), 70.71 (0.23x1C),
121.87 (0.23x1C), 127.16 (0.77x1C), 138.85 (0.77x1C), 148.70 (0.23x1C), 172.48 (0.77x1C), 172.61
(0.23x1C), 205.5 (0.23x1C), 206.49 (0.77x1C). HRMS (EI*) Calcd for Ci3H2003 [M]": m/z 224.1412.
Found: m/z 224.1415.

Mixture of (Z)-Methyl 3-Ethylidene-4-oxooctahydropentalene-3a-carboxylate (3f) and Methyl
4-Methyl-3-0x0-2,3,3a,6,7,7a-hexahydro-1H-indene-3a-carboxylate (4f) (3f/4f = 49/51)

Me
H H
3f a4f
E= COzMe

Colorless oil. *H NMR (CDCls) 6 1.52 (m, 1H), 1.63-2.20 (m, 7H), 2.39-2.58 (m, 3H), 2.77 (m,
0.51x1H), 3.05 (quint, J = 6.6 Hz, 0.49 x 1H), 3.73 (s, 3H), 5.71 (qt, J = 7.2 Hz, 1.8 Hz, 0.49x1H), 5.76
(m, 0.51x1H). All the signal observed were shown; *C NMR (CDCls) & 15.50, 20.07, 21.71, 21.91,
23.33, 23.74, 29.85, 33.71, 36.67, 37.61, 41.50, 51.44, 52.44, 64.22, 68.14, 123.75, 127.10, 127.80,
138.37, 172.48, 172.52, 212.71, 213.00. Anal. Calcd for C1,H1603: C, 69.21; H, 7.74%. Found: C,
69.02; H, 7.69%. HRMS (EI*) Calcd for C12H1603 [M]*: m/z 208.1099. Found: m/z 208.1103.

Mixture of (Z2)-Ethyl 3-Ethylidene-4-oxooctahydro-1H-indene-3a-carboxylate (3g) and Ethyl
5-Methyl-4-0x0-1,2,3,4,4a,7,8,8a-octahydronaphthalene-4a-carboxylate (49) (3g/4g = 67/33)

Me
o p O _ Me
H H
39 49
E = COzEt

Colorless oil. *H NMR (CDCls) § 1.28 (t, J = 7.2 Hz, 0.67x3H), 1.29 (t, J = 7.2 Hz, 0.33x3H),
1.37-2.78 (m, 13H, 0.33x1H), 3.01 (quint, J = 6.6 Hz, 0.67x1H), 4.15-4.33 (m, 2H), 5.69 (aprox. qt, J
= 7.2 Hz, 2.1 Hz, 0.67x1H), 5.71 (m, 0.33x1H). All the signal observed were shown; *C NMR of 3g
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(CDCl3) 613.94, 13.96, 14.15, 21.28, 23.31, 23.45, 23.80, 24.18, 25.76, 27.07, 28.27, 31.63, 40.05,
40.23, 40.33, 50.50, 61.16, 61.32, 66.59, 69.90, 123.26, 126.09, 129.52, 139.39, 172.38, 172.40, 207.89,
208.98. Anal. Calcd for C14H2003: C, 71.16; H, 8.53%. Found: C, 69.78; H, 8.44%. HRMS (EI") Calcd
for C14H2003 [M]": m/z 238.1569. Found: m/z 236.1409.

Mixture of (Z)-Methyl 2-Acetyl-1-pentylidene-2,3-dihydro-1H-indene-2-carboxylate (3h) and
Methyl 2-Acetyl-3-butyl-1,2-dihydronaphthalene-2-carboxylate (4h) (3h/4h = 63/37)
0

O
COzMe
CO,Me
\ Bu

Bu
3h 4h

Colorless oil. *H NMR (CDCls) § 0.93 (t, J = 7.2 Hz, 0.63x3H), 0.97 (t, J = 7.5 Hz, 0.37x3H),
1.31-1.51 (m, 3H), 1.55-1.66 (m, 1H), 2.07-2.33 (m, 2H), 2.19 (s, 0.37x3H), 2.21 (s, 0.63x3H), 3.41
(td, J = 19.5 Hz, 15.9 Hz, 0.63x2H), 3.73 (t, J = 16.3 Hz, 0.37x2H), 3.74 (s, 0.37x3H), 3.75 (5,
0.37x3H), 6.29 (t, J = 7.8 Hz, 0.63x1H), 6.48 (m, 0.37x1H), 7.01-7.45 (m, 4H). All the signal observed
were shown; *C NMR of 3h (CDCls) & 13.89, 22.49, 25.69, 27.93, 29.47, 29.80, 31.33, 33.25, 35.67,
39.94, 52.45, 52.59, 64.95, 69.44, 120.19, 124.90, 125.55, 126.02, 127.13, 127.28, 127.32, 127.37,
127.79, 128.22, 131.66, 132.91, 137.72, 138.15, 140.43, 140.62, 171.72, 172.32, 203.81, 205.25.
HRMS (EI™) Calcd for C1gH2,03 [M]": m/z 286.1569. Found: m/z 286.1564.

Methyl 2-Methyl-8-0x0-2-bicyclo[3.3.1]nonene-1-carboxylate (4i)

Colorless oil. *H NMR (CDCls) 6 1.77 (m, 3H), 1.87 (m, 1H), 2.00-2.20 (m, 3H), 2.24-2.37 (m,
3H), 2.51-2.72 (m, 2H), 2.75 (s, 3H), 5.81 (br s, 1H). *C NMR (CDCl;) & 19.86, 24.69, 31.49, 31.74,
34.12, 35.93, 51.96, 61.77, 129.72, 132.17, 171.82, 205.13. Anal. Calcd for Ci2H1603: C, 69.21; H,
7.74%. Found: C, 69.27; H, 7.99%. HRMS (EI") Calcd for C1,H1603 [M]": m/z 208.1099. Found: m/z
208.1090.

Methyl 4-(Benzyloxy)-2-butyl-5,5-dimethyl-6-0x0-2-bicyclo[2.2.2]octene-1-carboxylate (4})
CO,M
O 283
Me
Me OCHzPh
4
Colorless oil. *H NMR (CDCls) 8 0.89 (brt, J = 6.9 Hz, 3H), 1.17 (s, 3H), 1.18 (s, 3H), 1.23-1.40
(m, 4H), 1.80-1.95 (m, 2H), 1.95-2.10 (m, 2H), 2.17-2.36 (m, 2H), 3.83 (s, 3H), 4.67 (q, J = 11.7 Hz,
2H), 6.29 (br s, 1H), 7.24-7.43 (m, 5H). **C NMR (CDCl5) & 13.76, 20.81, 22.29, 23.83, 24.27, 24.77,

29.76, 32.01, 49.17, 52.01, 63.03, 65.06, 81.44, 126.62, 127.32, 128.39, 131.84, 136.69, 139.48, 170.46,
209.63. HRMS (EI") Calcd for Ca3H3004 [M]" m/z 370.2144. Found m/z 370.2140.
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X
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File C:¥DOCUMENTS AND SETTINGSY¥ILIE:ES¥MY DOCUMENTS¥DELL MMR 5"—2 06QI¥BHIDETO¥HID-4¥HID-4-104F-GPC-FR4-13C. FID¥FID. ALS
Original File:

Date

Comment

€13 Statdard Observe
Stick=none Tune=6.4 Match=0.4

Mar 11 08

ObsNuc 15C

Extode NON

DbsFreq 75.43 WHz

ObsSet -1.0 kHz

ObsFine 996. 3672 Hz

Point 32768

Frequecy {Span} 18761.73 Hz

Sean 448

Acqlime 1.4992 s

PD 1.501 s

Pulsel 6.0 s

Temperature 29.0 %

Selvent DCLy

Reference 77,0 ppm

Broad. Factor 0.2863 Hz

RGain 30

Printed 2008/Aug/26 21:29:11

Oparator
Cco 2M e

SOMe

Bu

2h
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| | 1 i |
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£ g g gdndd g BEES g o g =& 9
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File €:¥DOCUMENTS AND SETTINGS¥L{%:E A 3¥MY DOCUMENTSY¥DELL NMR 7—2 O06Q1¥SHIDETO¥HID-3¥HID-3-57-58B-FR3- 1H. FIDEFID. ALS

Original File:

Date Aug 30 07
Coment

STANDARD 1H OBSERVE
ObsNuc 1H
Exlfode NON
ObsFreq 299 95 MHz
Obslet 1.0 kHz
ObsFine 995 0047 Hz
Point 16!
Frequecy (Span} 4500 45 Hz
Scan
AcqTime 3 4983 s
PD 1.502 s
Pulsel 8.0 ps
Teftpatature 29.0 16
Selvent CDCLy
Reference

0.0 ppm
Broad. Factor 0.1373 Hz
RGain

[}
Printed 2008/Aug/18 12:10:51
Operator

13

Vi

Me

3.0

703783

\\\\‘0.2345

1, 8893

0.321

7. 284¢

o

3/ ppm

.
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File €:¥DOCUMENTS AND SETTINGS¥L{%:E A 3£¥MY DOCUMENTSY¥DELL NMR 7—2 O06Q1¥SHIDETO¥HID-3¥HID-3-57-58C-FR3-13C. FID¥FID. ALS
Original File:

Date Aug 30 07

Coment

€13 Statdard Observe
Stick=none Tune=6.4 Match=0.4d

ObsNue 15

Extfode NON
ObsFreq 75.43 WHz
ObsSet -1.0 kHz
ObsFine 996. 3672 Hz
Point 65536

Frequecy (8pan) 22629.23 Hz
Scan 24

AcqTime 1.4989 s
PD 1.501 s
Pulsel 6.0 ps
Tenperature 20.0 C
Solvent CDCLs
Reference T7.0 ppm
Broad. Factor 0.1726 Hz
RGain 30 O
Printed 2008/Aug/18 12:13:03
Dperator

4

Me

-
w

—77.4212
——17.0733
—71. 0000
™~76. 8947
—-76.5742

775 71 165
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211.8979—
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°
S
E4
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40. 5355
36.7972 ——
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24,9838 ——
3.3935 ——
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File C:¥DOCUMENTS AND SETTINGSEJLEEkZ£¥MY DOCUMENTS¥DELL MMR 5°—2Z O06Q1¥SHIDETOY¥HID-3¥HID-3-59B-FR1-1H. FID¥FID. ALS
Original File:

Date Sep 107
Coment
STANDARD 1H OBSERVE
ObsNuc 1H
Exlfode NON
ObsFreq 299. 95 MHz
Obslet -1.0 kHz
ObsFine 995. 0047 Hz
Point 16384
Frequecy (Span} 4500. 45 Hz
Scan 64
AcqTime 3.4983 s
PD 1.502 s
Pulsel 8.0 ps
Teftpatature 29.0 16
Selvent CDCLy
Reference 0.0 ppm O
Broad. Factor 0.1373 Hz
RGain 18
Printed 2008/Aug/18 20:65:45
Operator
<
—
<
~
F’
.
L . kl i

3.0
2. 8902

OMe

Me

_. //
1.8177
1 6708

1. 5874

5225255 Y |
04541
—_— o.
0. 2336
0. 4017

7.2702
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File C:¥DOCUMENTS AND SETTINGS¥JL{@iE A 22¥MY DOCUMENTS¥DELL NMR 57— O0BQ1¥EHIDET O¥HID-3¥HID-3-59C-13C. FID¥FID. ALS
Original File:

Date Sep 10T

Coment

€13 Statdard Observe
Stick=none Tune=6.4 Match=0.4d

ObsNue 15
Extfode NON
ObsFreq 75.43 WHz
ObsSet -1.0 kHz
ObsFine 996. 3672 Hz
Point 65536
Frequecy (8pan) 22629.23 Hz
Scan
AcqTime 1.4989 s
PD 1.501 s
Pulsel 6.0 ps
’éet{uperature CDC%QV 0
clvent 3
Reference T7.0 ppm O O
Broad. Factor 0.1726 Hz

RGain 30
Printed 2008/Aug/18 20:58:43

Dperator O M e
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5 Me
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File C:¥DOCUMENTS AND SETTINGSY¥JLIEEA2£¥MY DOCUMENTS¥DELL MMR 5°—2F O6Q1¥SHIDETOY¥HID-3¥HID-3-107A-FR1. FID¥FID. ALS

Original File:

Date Nov 12 07
Coment

STANDARD 1H OBSERVE
ObsNuc 1H
Exlfode NON
ObsFreq 299. 95 MHz
Obslet -1.0 kHz
ObsFine 995. 0047 Hz
Point 16384
Frequecy (Span} 4500. 45 Hz
Scan 32
AcqTime 3.4983 s
FD 1.502 s
Pulsel 8.0 ps
Teftpatature 29.0 16
Selvent CDCLy
Reference 0.0 ppm
Broad. Factor 0. 1372 Hz

RGain 18
Printed 2008/Aug/26 21:46:20
Operator

L. 021
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File C:¥DOCUMENTS AND SETTINGSYJL{GE A 22¥MY DOCUMENTS¥DELL NMR 57— O0BQ1¥EHIDET O¥HID-3¥HID-3-107B-FR1-13C. FID¥FID. ALS
Original File:

Date Nov 12 07
Coment

€13 Statdard Observe
Stick=none Tune=6.4 Match=0.4d

ObsNue 15
Extfode NON
ObsFreq 75.43 WHz
ObsSet -1.0 kHz
ObsFine 996. 3672 Hz
Point 32768
Frequecy (8pan) 18761.73 Hz
Scan 640
AcqTime 1.4992 s
PD 1.501 s
Pulsel 6.0 ps
Tenperature 20.0 C
Solvent €ICL
Reference T7.0 ppm
Broad. Factor 0.2863 Hz
RGain 30 Me
Printed  2008/Sep/01 11:10:21
Dperator
Me

4 OBn
17

Bu
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File C:¥DOCUMENTS AND SETTINGS¥LIGE<3¥MY DOCUMENTSY¥DELL NMR 5°—2 O06Q1¥@HIDETOY¥HID-3¥HID-3-108B-FR6- 1K FID¥FID. ALS
Original File:
Date Nav 20 07
Comment.
STANDARD 1H OBSERVE
ObsMuc 1H
ExMode NON
ObsFreq 299, 96 MHz P
ObsSet -1.0 kHz [+
ObsFine 995. 0047 Hz ]
Point 16384 @
Frequecy (Span} 4500. 45 Hz «
Scan 64
Acqlime 3.4083 s
FD 1.502 5
Pulsel 6.0 ys
Tetiperature 29.0 !(f‘,
Solvent €DCly
Referetce 0.0 ppm O O 0
Broad. Factor 0.1573 Hz S
RGain 6 Me ~
Printed  2008/Aug/26 21:41:35 .
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File C:¥DOCUMENTS AND SETTINGSY¥ALG:E A<3£¥MY DOCUMENTS¥DELL NMR 5°—2Z 06Q1¥@HIDETO¥HID-3¥HID-3-108C-FR6-13C-BS8. FIDEFID. ALS
Original File:
Date Nov 20 07
Comment
€13 Statdard Observe
Stick=none Tune=6.4 Match=0.4

ObsNuc 150
Extfode NON
ObsFreg 75. 43 WHz
ObsSet -1.0 kHz
ObsFine 996. 3672 Hz
Point 32768
Frequecy (Span} 18761.73 Hz
Scan 512
AosTine 1.4992 5
PD 1.501 s
Pulsel 6.0 gs
Temperature 29.0 °C
Solvent CDCL
Reference 7.0 ppm
E{;m'ld- Factor 300. 2883 Hz
0
g;?étsa 2008/Aug/26 21:43:44 Me
erator
Me OMe
Z OBn
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File €:¥DOCUMENTS AND SETTINGSYJLIGEAZ£¥MY DOCUMENTS¥DELL NMR 5°—2F OBQ1¥SHIDETOY¥HID-5-42C-FR1-1H FID¥FID. ALS
Original File:

Date Jul 30 08
Coment
STANDARD 1H OBSERVE
ObsNuc 1H
Exlfode NON
ObsFreq 299. 95 MHz
Obslet -1.0 kHz
ObsFine 995. 0047 Hz
Point 16384
Frequecy (Span} 4500. 45 Hz
Scan 32
AcqTime 3.4983 s
PD 1.502 s
Pulsel 8.0 ps
Teftpatature 29.0 16
Solvent CDCLy O O OMe O O
Reference 0.0 ppm O M
Broad. Factor 0.1373 Hz
RGain [} M e €
Printed 2008/Aug/18 11:11:36
Operator — M e
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File C:¥DOCUMENTS AND SETTINGSYEJLIEEkZ£¥MY DOCUMENTS¥DELL MMR 5°—2Z O6Q1¥SHIDETO¥HID-5-42D-13C. FID¥FID. ALS
Original File:

Date Jul 30 08

Coment

€13 Statdard Observe
Stick=none Tune=6.4 Match=0.4d

Ghshue 15

Exblode NN

haFraq 75.43 Wiz

(bsSet 1.0 klz

GbsFine 996. 3672 Hz

Point 32768

Frequacy (Span) 18761.73 He

Sean 10048

llggq‘fime 12(9)?2 s

501 5

Pulssl 5.0 g3 (@) o] OM o O
’éemperature CDC%QVO c e

clvent 3

Referance .0 ppn Me OMe
Broad. Factor 0.2863 Hz M
RGain 30 — e
Printed  2008/Aug/18 11:16:59

Dperator

3a 4a

—52.2675.
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File C:¥DOCUMENTS AND SETTINGS¥
Ab¥BB ALY DOCUMENT S¥DELL
NMR 7—% 06Q1 ¥GHIDETO¥HID
-5-59C-1H. FID¥FID. ALS

Original File:

Date

Comment

STANDARD 1H OBSERVE

Aug 1 08

DbsNuc 1H

Exlfode NON
ObsFrag 299.96 IHz
ObsBet -1.Q0 kHz
QbsFine 996.0047 Hz
Point 16384

Frequecy (Span} 4500. 45 Hz
Scan 32

AcqTime 3.4983 s
PD 1.502 s
Pulsel 6.0 ps
Temperature 29.0 C
Solvent €DCls
Reference 0.0 ppm
Broad. Factor 0.1373 Hz

RGain 1
Printed 2008/Aug/18 11:20:22
Opetator

Bu OMe
_— Bu

3b 4b

3.2665

3.3945

4.2168

4. 6499

13,3009
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File C:¥DOCUMENTS AND SETTINGS¥
Ab¥BB ALY DOCUMENT S¥DELL
NMR 7—% 06Q1¥EHIDETO¥HID
-5-59D-13C. FID¥FID. ALS

Original File:

ate Jul 31 08

Comment
€13 Statdard Observe
Stick=none Tune=6.4 Match=0.
4

CbsNuc 15C

Exlfode NON
QbsFreq 75.43 MHz
ObsSet

-1.0 kHz
ObsFine 906, 3672 Hz

Point 32768
Frequecy (Span) 18761.73 Hz
Scan 10944

Acqlime 1.4992 s
PD 1501 s
Pulsel 6.0 ps
Temperature 29.0 Jé
Solvent €DCLy
Refarance

T7.0 ppm
Broad. Factor 0.2863 Hz

RGain 30
Printed  2008/Aug/18 11:23:47
Operator
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OMe
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File C:¥DOCUMENIS AND SETTINGS¥ALMEM K*¥MY DOCUMENTS¥DELL MMR ¥ — % 06 1¥8HLDETOYHID-6-0TA-FR1. FID¥FL

Original File: C:¥DOCUMENT

Date Sep
Comnent

STANDARD 1H OBSERVE
ObsNuc i1
EaMode
ObsFreq 299.
ObsSet -1
ObsFine 995,
Point 16384
Fraquecy (Span} 4500.
Scan 32
AcqTine 3
PD 1
Pulsel 6.
Tenperature 29.
Solvent CDCls
Reference 0.
Broad. Factor 0.

RGain

i 6
Printed 2008/8ep/01 09:

Operator

3c

H0. 0921

ID¥FID
S AND SETT INGS¥L3% &< ¥MY DOCIMENTS¥DELL NMR 7 —# O06QI¥@HIDETO¥HID-6-07A-FR1, FID¥fid

OMe 0 Q
'Pr OMe
_ 'Pr
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3.

4.53M

3. 1849

3.1798

6. 8646

7. 2757
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S

5. 878.

5. 8645 =
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File C:¥DOCUMENTS AND SETTINGS¥LME:E X¥¥m
¥ DOCUMENTS¥DELL NMR 7*—7 O061¥BHIDETO

¥HID-6-07D-GPC- 13C. FID¥FID, ALS
Original File: C:¥DOCUMENTS AND SETTINGS¥db
JEAEEEMY DOCIMENTSY¥DELL NMR 57— 2% 08
Q1¥BHIDET O¥HID- 6-07D-GPC-13C. FID¥fid
Date Sep 2 08
Connent
€13 Statdard Ubsarve
Stick=none Tune=6.4 Match=0.4
ObsNuc 15€
Extode NON
QbsFreq 75. 43 MHz
ObsSet -1.0 kHz
ObsFine 996. 3672 Hz
Point Soni 327
Frequecy {Span 18761. 73 Hz
Sean 1408
AcqTine 1.4992 5 (0] 0 OMe (0] 0]
FD 1.501 s j OMe
Pulsel 6.0 ps
Ten{\paratura CDCZQ. [} % P r I
S nt Ls
Reforanos 77.0 ppn — Pr
Broad. Factor 0.25 Hz
RGain 30
Printed  2008/Sep/0Z 18:17:04
Operator
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File €:¥DOCUMENTS AND SETTINGSYJLIGEAZ£¥MY DOCUMENTS¥DELL NMR 5°—2F OBQ1¥SHIDETOY¥HID-5-86D-GPC-1H FID¥FID. ALS
Original File:

Date Jul 29 08
Coment
STANDARD 1H OBSERVE
ObsNuc 1H
Exlfode NON
ObsFreq 299. 95 MHz
Obslet -1.0 kHz
ObsFine 995. 0047 Hz
Point 16384
Frequecy (Span} 4500. 45 Hz <@
Scan 32 ©
AcqTine 3.4983 5 s
PD 1.502 s -
Pulsel 8.0 ps -
Teftpatature 29.0 16
Selvent CDCLy
Reference 0.0 ppm
Broad. Factor 0.1373 Hz

RGain

Printed ZUUB/SEp/OZI?BZIBZIG 0] Q OMe 0] O
Operator
Ph OMe

3d 4d

o, 154

€.1128

1.2146
1.0
2.9859
37115
2.3769
\6
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File C:¥DOCUMENTS AND SETTINGS¥{LIgiE-<3£¥MY DOCUMENTS¥DELL NMR 5—# O6Q1¥GHIDETO¥HID-5-86E-GPC-13C. FIDEFID. ALS
Original File:
Date Jul 29 08
Comnent
€13 Statdard Observe
Stick=none Tune=6.4 Match=0.4

ObsNuc 1s¢

ExMode NON
ObsFreq 75.43 WHz
ObsSet -1.0 kHz
ObsFine 996. 3672 Hz
Point 32768

Freguecy (Span) 18761. 73 Hz
Scan 12800

AcqTime 1.4992 s
PD 1.501 s
Pulsel 6.0 ys
Temperature 29.0
Solvant CDCLs
Reference 77.0 ppm
Broad. Factor 0. 2863 Hz

RGain 30
Printed 2008/Aug/18 10:44:19

Operator O O OMe O O
Ph OMe
_ Ph

3d 4d
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il 1\ ULy, * [0 AV
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File_ C:¥DOCUMENTS AND SETTINGS®:ILi%
SEF MY DOCIMENTS¥DELL NMR 7 —
% 06Q1¥BHIDETO¥HID-5-32B-FR1-1H.
FID¥FID. ALS

Original File:

Date Jul 17 08

Comment

STANDARD 1H OBSERVE

ObsNuc 1H

Exlfode NON

ObsFrag 299.96 IHz
ObsBet -1.Q0 kHz
QbsFine 995. 0047 Hz
Point 16384

Frequecy (Span} 4500. 45 Hz
Scan 32

Acqlime 3.4983 s
PD 1.502 s
Pulsel 8.0 us
Temperature 29.0 C
Solvent CDCly
Refarance 0.0 ppm
Broad. Factor 0. 1373 Hz
RGai

n
Printed 2008/Aug/18 11:26:46
Operator
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File C:¥DOCUMENTS AND SETTINGS¥dLiE
JEA MY DOCUMENTS¥DELL NMR 77—
2 06Q1¥@HIDETO¥HID-5-82C-FR1-13C
.FID¥FID. ALS

Original File:

Date Jul 17 08

Comment
€13 Statdard Observe
Stick=none Tune=6.4 Match=0.4

Obshuc 15C

Extlode NON
ObsFreq 75.43 WHz
ObsSet -1.0 kHz
ObsFine 996. 3672 Hz
Point 32768
Frequecy (Span} 18761.73 Hz
Scan 12864

AcqTime 1.4992 s
PD 1.501 s
Pulsel 6.0 ys
Temperature 29.0 °C
Solvent CDCls
Reference 77.0 ppm
Broad. Factor 0. 2863 Hz

RGain 30
Printed  2008/Aug/18 11:29:36
Operator

0 Q_oMme o Q

Me OMe

Me Me Me

3e 4e

205.5210——

206. 4927——

138.8540——O

127. 1634

121.8723

70.7068 ——
85. 5827

52. 2003

82 1536 —
43,7576 ——
39,7646 —— S
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File C:¥DOCUMENTS AND SETTINGSYJL{EEZ2¥MY DOCUMENTS¥DELL NMR 5°—2 O0BQ1¥EHIDET O¥HID-3¥HID-3-68D-FRIPTLC-1H
. FID¥FID. ALS
Original File:

Date Sep 18 0T
Comment
STANDARD 1H OBSERVE
ObsNue 1H
Extfode NON
ObsFreq 299. 96 WHz
ObsSet -1.0 kHz
ObsFine 995. 0047 Hz
Point 16384
Frequecy (Span) 4500. 45 Hz ~
Scan ©
AcqTime 3.4083 s w0
PD 1.502 s e
Pulsel 6.0 ys o3
Tenperature 20.0 C
Solvent CDCLs <o
Reference 0.0 ppm o
Broad. Factor 0.1373 Hz Me
ISGain d 2008/, /812
rinte Aug/18 11:41:44 M
~
(> ]
H o
—
3f 4f o
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~
R k] 3
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w
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S
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File C:¥DOCUMENTS AND SETTINGSY¥JL{GE & 2£¥MY DOCUMENTS¥DELL NMR 5°—2 O0BQ1¥GHIDETO¥HID-3¥HID-3-68E-FRIPTLC-13
C.FID¥FID. ALS

Original File:

Date Sep 18 0T

Comment
€13 Statdard Observe
Stick=none Tune=6.4¢ Match=0.4

ObsNuc 1

Extlade NON

ObsFreq 75.43 WHz
ObsSet -1.0 kHz
ObsFine 996. 3672 Hz

Peint 32768
Frequecy (Span} 20000.0 Hz
Scan 14912

AcqTime 1.4992 s
PD 1.501 s
Pulsel 6.0 ps
Temperature 20.0 °C
Eo}vent (Il]G'l,s7 o
eference .0 ppm
Broad. Factor 0.305Z Hz M e
RGain 29
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8292 'S

299. 95 MHz
-1.0 kHz

995. 0047 Hz

1H
16384
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4500. 45 Hz
32

Mar 21 08

File C:¥DOCUMENTS AND SETTINGSYJL{@E A 22¥MY DOCUMENTS¥DELL NMR 5°—2 O0BQ1¥GHIDETO¥HID-4-116B-FR1-1H. FID¥FID. ALS
STANDARD 1H OBSERVE

Original File:

Date

Coment
ObsNuc

Exlfode
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ObsFine
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File C:¥DOCUMENTS AND SETTINGSYJL{@E A 22¥MY DOCUMENTS¥DELL NMR 5°—2® O0BQ1¥EHIDETO¥HID-4-116C-F1-13C. FID¥FID. ALS
Original File:

Date Mar 21 08

Coment

€13 Statdard Observe
Stick=none Tune=6.4 Match=0.4d

ObsNue 15¢
Exffode NON
ObsFreq 75.43 WHz
ObsSet -1.0 kHz
CbsFine 995. 3672 Hz
Point 32768
Frequecy (Span} 18761.73 Hz
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