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General: Al reactions involving organonetallic species were
carried out wunder an atnosphere of dry N, using oven-dried
gl assware and syringes. THF and CHPh were distilled from sodium
benzophenone ketyl under N, imrediately prior to use. The solvents
used in colum chromatography, hexane, EtQAc, CHCO , and EtzN were

obtained from conmmercial suppliers and wused wthout further

distillation. TLC was perforned on alum num backed plates coated
with silica gel 60 with Fys4 indicator (Scharlau). Flash colum
chromat ography was carried out on silica gel 60, 230-240 nesh.

Deactivated Silica gel was obtained by previous treatnent with a
m xture of hexane and EtsN (10%. *H NMR (200, 300, 400 M) and 3C
NVR (50.5, 75. 5, 100 MHz) spectra were neasured at room
tenperature on a Bruker AC-200, AC- 300 and AMX-400 instrunents,

respectively, with tetranmethylsilane (6= 0.0, 4 NVR) or CDCl 3 (0=

77.00, Bc NVR) as internal standard. Carbon nmultiplicities were

assigned by DEPT techniques. Lowresolution electron inpact nmass
spectra (ElI-LRM5) were obtained at 70 eV on a HP 5987 A, and the
intensities are reported as a percentage relative to the base peak
after the corresponding mz value. Hi gh-resolution mass spectra
(HRM5) were determined on a Finnigan MAT 95 spectroneter.
El emrental analyses were carried out on a Perkin-El nmer 2400 and
Carlo FErba 1108 microanal yzers. Enantioneric excesses were

determ ned by HPLC analysis (in conparison with the correspondi ng
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racemc mxtures) carried out with either a Shimdzu (SPD MAG,
U/ Vis detector) or a Waters (LC Module 1 Plus, UV/Vis detector)
on a Chiralcel Q) or OB-H (Daicel Chem 1Ind.) colum (25 x 0.46
cnm). Optical rotations were determned at room tenperature with a
Per ki n El mer 241  polarineter using a Na lanp; sanpl e
concentrations ¢ are reported in g cm?® of CHO ,.

Mat eri al s: 2,6-di-tert-Butyl -4-met hyphenol (BHT), 1, 3-
but adi ene, isoprene, nyrcene, 2,3-dinethyl-1, 3-butadiene, (E)-2-
met hyl - 1, 3- pent adi ene, 2, 4-di et hyl - 1, 3- pent adi ene and comon
reagents were obtained from commercial suppliers and used w thout
further purification unless otherw se indicated. Carbene conpl exes
la, b, e, f, 022 1¢ [ 14,121 19, h,i[* and (-)-8-phenyl ment hol [24
were prepared as previously descri bed.

General Procedure for the Synthesis of Conpounds 3. A mxture
of the appropriate carbene conplex 1 (1 mmol), the corresponding
1,3-diene 2 (5 mmol) and BHT (0.5 mmol, 10 mmol % with regard to
diene) in toluene (15 nlL) introduced in a sealed flask was heated
at 80 °C (oil bath tenperature) until disappearance of the color
of the starting carbene conplex (reaction tinmes are given in
Tables 1 and 2). The initial dark red solution turned brown. The
reaction mxture was cooled to room tenperature, toluene was
renoved under reduced pressure, and the remaining residue was
di ssolved in hexane and exposed to sunlight and air during 0.5-1 h
to renove coordinated netal species. The resulting mxture was

filtered through a short pad of Celite and the volatiles were
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evapor at ed. The remai ni ng oi | was purified by col um
chromat ography (deactivated silica gel, hexane:EtQAc, 95:5) to
gi ve conpounds 3a-f each one as a single diastereoisoner. Conpound
3d was not pure and hence submitted to acid hydrolysis wthout
further purification. Conpounds 3g-i were not subjected to colum
chromat ography purification and were characterized as crude
products. Yields and ratio of diastereoisoners are listed in Table
1 and 3.
(3R*, 5R*) - 1- Met hoxy- 5- net hyl - 3- phenyl - 5- vi nyl cycl opent ene
(3a). This conpound could not be separated from BHT by colum
chromat ography. The followng data were taken from a 2:1 mxture
of compound 3a and BHT, respectively. Colorless oil. R = 0.48
(Hexane: Et OAc, 95:5). H NMR (300 MHz, CDOl3): &=1.28 (s, 3H), 1.86
(dd, J = 12.5, 7.4 Hz, 1H), 2.24 (dd, J = 12.8, 8.0 Hz, 1H), 3.66
(s, 3H), 3.90 (td, J =7.7, 1.7 Hz, 1H), 4.56 (d, J = 1.7 Hz, 1H),
5.01-5.10 (m 2H), 5.59 (dd, J = 17.4, 10.9 Hz, 1H), 7.18-7.35 (m
5H). BC NWR (75 MHz, CDCl3): 8=22.9, 44.5, 47.7, 49.4, 57.2, 96.7,
112.1, 126.0, 128.2, 128.4, 144.9, 147.1, 165.7.
(3R*,5R*)-3-(2-Furyl)-1-met hoxy-5-net hyl - 5-vi nyl cycl opent ene

(3b). Colorless oil. R = 0.50 (Hexane: EtOAc, 95.5). 'H NWR (200
MHz, CDCO3): 6=1.30 (s, 3H, 2.09 (dd, J = 12.8, 6.8 Hz, 1H), 2.20
(dd, J = 12.8, 8.0 Hz, 1H), 3.67 (s, 3H, 3.96 (td, J = 7.7, 2.1

Hz, 1H), 4.60 (d, J = 2.1 Hz, 1H), 5.01-5.04 (m 1H), 5.10 (dd, J

[

= 7.7, 1.3 Hz, 1H), 6.00 (dd, J = 17.1, 10.8 Hz, 1H), 6.04 (dt,

= 3.1, 0.8 Hz, 1H), 6.31 (dd, J = 3.1, 1.9 Hz, 1H), 7.35 (dd, J
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1.9, 0.8 Hz, 1H). 'C NWR (50 MHz, CDd3): &=22.6, 37.7, 43.3,
48.9, 57.0, 94.1, 103.6, 109.9, 112.0, 140.8, 144.6, 159.6, 165.7.
LRVS (70 eV, ElI): mz (%: 204 (M, 34), 161 (33), 135 (22), 129
(23), 123 (100), 91 (17). HRVS (70 eV, El) calcd for CisHigO (M):
204. 1150; found: 204.1148.

(3R*,5R*) - 3- Ferrocenyl - 1- net hoxy- 5- met hyl - 5- vi nyl cycl opent ene
(3c). Orange solid. R = 0.17 (Hexane:CHdO,, 9:1). Mp. 52-53 °C.
'H NMR (300 MHz, GsDg): 8=1.44 (s, 3H), 2.09 (qd, J = 12.8, 7.1 Hz,
1H, 2.18 (dd, J = 12.8, 8.0 Hz, 1H), 3.36 (m 3H), 3.68 (td, J =
7.7, 2.0 Hz, 1H), 4.06-4.22 (mwith s at 4.17, 9H), 4.60 (t, J =
2.0 Hz, 1H), 5.13 (dd, J = 10.5, 1.4 Hz, 1H), 5.30 (dd, J = 17.7,
1.4 Hz, 1H), 6.22 (dd, J = 17.4, 10.5 Hz, 1H). '¥C NWR (75 Mz,
CDs): 0=24.4, 39.6, 47.1, 50.4, 57.3, 67.8, 67.9, 68.1, 68.5,
69.3, 95.6, 98.2, 112.7, 146.2, 165.6. LRV5S (70 eV, ElI): mz (%:
323 (M+1, 22), 322 (M, 100), 228 (16), 201 (12), 129 (11), 128
(14), 121 (65). HRMS (70 eV, El) calcd for CyHhFeO (M): 322.1020;
found: 322.1015. Elenental analysis calcd (%9 for CpthoFeO C
70.82; H, 6.88; found: C 70.71;, H, 7.21.

(3R*, 5R*) - 1- Met hoxy- 3- phenyl - 5- vi nyl cycl opent ene (3e).
Colorless oil. R = 0.48 (Hexane:EtOAc, 95.5). 'H NWR (300 MHz,
CDCl 3): 8=1.59 (dt, J = 12.8, 8.0 Hz, 1H), 2.66 (dt, J = 13.0, 8.1
Hz, 1H), 3.39-3.47 (m 1H), 3.71 (s, 3H), 3.88 (apparent tt, J =
7.7, 2.0 Hz, 1H), 4.67 (s, 1H), 5.08-5.22 (m 2H), 5.86 (ddd, J =

17.1, 10.3, 8.3 Hz, 1H), 7.22-7.50 (m 5H. 23C NWVR (75 M,
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CDCl3): 6=39.9, 46.1, 48.7, 57.1, 98.5, 115.3, 126.0, 127.1,
128.2, 139.9, 147.1, 162.1. LRVB (70 eV, El): mz (%: 220 (M,
31), 205 (100), 133 (29), 115 (48), 91 (63), 77 (62). HRVS (70 eV,
El) calcd for Ci4HisO (M): 200.1201; found: 200.1200.

(3R*, 5R*) - 1- Met hoxy- 5- (4- net hyl - 3- pent enyl ) - 3- phenyl - 5-
vi nyl cycl opentene (3f). Colorless oil. R = 0.77 (Hexane: EtQAc,
95:5). 'H NWR (300 MHz, CDO3): 6=1.67 (s, 3H), 1.55-1.79 (mwth s
at 1.74, 4H), 1.91 (dd, J = 13.4, 6.8 Hz, 1H), 1.98-2.15 (s, 3H),
2.42 (dd, J = 13.1, 8.5 Hz, 1H), 3.69 (s, 3H), 3.89 (ddd, J = 8.5,
6.8, 1.9 Hz, 1H), 4.62 (d, J = 2.0 Hz, 1H), 5.04 (dd, J = 10.3,
1.1 Hz, 1H), 5.09 (dd, J = 3.8, 1.2 Hz, 1H), 5.17-5.24 (m 1H),
6.05 (dd, J = 17.5, 11.0 Hz, 1H), 7.20-7.36 (m 5H). ¥C NWR (75
MHz, CDC3): 6=17.5, 23.4, 25.7, 37.2, 43.7, 45.0, 53.1, 56.9,
97.8, 112.2, 124.6, 125.9, 127.2, 128.2, 131.2, 144.1, 147.5,
164.0. LRMS (70 eV, El): mz (%: 282 (M, 45), 211 (100), 198
(77), 167 (28), 91 (32). HRWMB (70 eV, El) calcd for CyHeO (M):
282.1984; found: 282.1975.

(3R*, 5R*) - 5- Met hyl - 3- phenyl - 1- [( 1R, 2S, 5R) - 8- phenyl nent hyl oxy]-
5-vinyl cycl opentene (3g). Data taken from a 87:13 mixture of

di astereoi sonmers in the crude reaction m xture. Colorless oil. R

0.80 (Hexane: EtQAc, 95:5). H NMR (200 MHz, GsDs): 8=0.93 (d, J

6.7 Hz, 3H), 1.38 (s, 3H), 1.49 (s, 3H), 1.50-1.98 (mwith s at
1.61, 11H), 2.05-2.20 (m 2H), 3.81 (td, J = 10.1, 4.0 Hz, 1H),

3.94 (td, J = 8.0, 1.8 Hz, 1H), 4.44 (d, J = 1.8 Hz, 1H), 5.05-
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5.20 (m 2H), 6.20 (dd, J = 17.4, 10.8 Hz, 1H), 7.12-7.45 (m
10H). ¥C NWR (50 MHz, CDO3): 8=21.6, 22.2, 24.4, 27.0, 30.0,
31.0, 34.5, 39.1, 40.2, 44.5, 46.4, 49.3, 51.0, 78.8, 96.0, 111.4,
124.5, 125.3, 125.6, 126.8, 127.4, 127.9, 144.6, 147.0, 149.6,
162.2. Resolvable resonances of ninor isomer: *H NVMR (200 MHz,
CDs): 8=4.55 (d, J = 2.1 Hz, 1H), 4.94-5.55 (m 2H). 3C NWVR (50
MHz, CDCg3): 6=21.4, 23.1, 23.9, 26.1, 28.1, 30.8, 39.2, 41.2
47.1, 49.8, 50.9, 79.1, 96.5, 111.2, 128.5, 144.6, 147.2, 150.3,
162. 0.
(3R*, 5R*) - 3- Phenyl - 1- [( 1R 2S, 5R) - 8- phenyl nent hyl oxy]- 5-
vi nyl cycl opentene (3h). Data for the single diastereoi soner taken
in the crude reaction mxture. Colorless oil. R = 0.82 (Hexane:
Et OAc, 95:5). 'H NMR (300 MHz, GsDg): & = 0.84 (d, J = 6.7 Hz, 3H),
1.34-1.75 (mwith two s at 1.52, 1.64, 13H), 1.82-1.95 (m 1H),
2.12-2.27 (m 1H), 2.41-2.60 (m 1H), 3.31-3.45 (m 1H), 3.80-3.95
(m 2H), 4.51 (s, 1H), 5.02-5.20 (m 2H), 5.95-6.10 (m 1H), 7.05-
7.45 (m 10H). 3C NWR (75 MHz, CDCl3): & = 21.2, 24.6, 27.4, 31.0,
31.4, 34.8, 39.4, 39.6, 40.6, 46.3, 49.6, 51.3, 79.6, 98.3, 115.0,
124.5, 125.4, 125.9, 127.1, 128.1, 128.2, 128.9, 140.2, 147.5,
150. 0, 158.9.
(3R*, 5R*)-3-Ferrocenyl - 1- [(1R, 2S, 5R) - 8- phenyl nent hyl oxy]- 5-

vi nyl cycl opentene (3i). Data taken from a 90:10 mxture of

di astereoi sonmers in the crude reaction nixture. Colorless oil. R

0.71 (Hexane: Et OAc, 95:5). 'H NWR (200 MHz, GsDg): & = 0.84 (d, J
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6.2 Hz, 3H), 1.25-1.71 (mwith tw s at 1.48, 1.63, 13H), 1.75-
2.01 (m 2H), 2.39-2.58 (m 1H), 3.32-3.50 (m 1H), 3.66 (tt, J =
7.6, 1.9 Hz, 1H), 3.84-4.02 (m 1H), 4.05-4.21 (mwith s at 4.17,
9H), 4.74-7.78 (m 1H), 5.03-5.28 (m 2H), 6.03 (dd, J = 16.9, 8.2
Hz, 1H), 7.15-7.43 (m 5H). ¥C NWR (75 MHz, GDg): & = 22.9, 25.3,
28.5, 32.3, 35.8, 38.5, 41.0, 41.2, 41.7, 50.8, 52.4, 67.6, 67.8,
68.1, 68.5, 69.3, 80.4, 95.9, 99.9, 115.8, 126.3, 127.2, 128.9,
130.0, 141.6, 151.0, 158.7. Resol vable resonances of mnor isomner:
'H NMR (200 MHz, GiDg): & = 4.58-4.72 (m 1H). ¥C NWR (75 Mz,
GbDs): 6=26.3, 32.7, 35.5, 38.3, 49.7, 96.0, 99.0, 115.1, 152.1
General Procedure for the Synthesis of Conpounds 4: A mxture
of the appropriate carbene conplex 1 (1 nmol), the corresponding
1,3-diene 2 (5 mmol) and BHT (0.5 mmol, 10 mmol % with regard to
diene) in THF (15 nmL) introduced in a sealed flask was heated at
120 °C (oil bath tenperature) until disappearance of the col or of
the starting carbene conplex (reaction tines are given in Schenes
1 and 2). The initial dark red solution turned yellow The
reaction mxture was cooled to room tenperature, solvent was
renmoved under reduced pressure, and the remaining residue was
di ssolved in hexane and exposed to sunlight and air during 0.5-1 h
to renove coordinated netal species. The resulting mxture was
filtered through a short pad of Celite and the volatiles were
evaporated. The remaining pale yellow oil was purified by colum
chromat ography (silica gel, hexane:EtOAc, 95:5) to vyield pure

conpounds 4. Yields are reported in Schenes 1 and 2.
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4- Met hoxy- 1- net hyl - 4- [(E) - 2- phenyl et henyl Jcycl opent ene (4a).
Colorless oil. R = 0.16 (Hexane: EtOAc, 95:5). H NMR (200 MHz,
CDCl3): 6=1.75-1.82 (m 3H), 2.55-2.70 (m 4H), 3.26 (s, 3H), 5.33
(dd, J = 3.7, 1.9 Hz, 1H), 6.37 (d, J = 16.4 Hz, 1H), 6.54 (d, J =
16.4 Hz, 1H), 7.20-7.45 (m 5H). C NMR (50 Mz, CDO3): &=16.7,
43.1, 47.1, 51.4, 86.7, 121.5, 126.3, 127.4, 128.5, 128.6, 133.7,
136.8, 137.7. LRVB (70 eV, El): mz (%: 214 (M, 20), 182 (90),
167 (100), 123 (26), 91 (22). HRM5 (70 eV, ElI) calcd for GCisHsO
(M): 214.1357; found: 214.1349. Elenental analysis calcd (% for
CistHisO C, 84.07; H, 8.47; found: C, 83.47; H, 8.67.

4- Met hoxy- 1- (4- net hyl - 3- pentenyl ) -4-[(E) - 2-
phenyl et henyl Jcycl opentene (4b). Colorless oil. R = 0.28 (Hexane:
Et OAc, 95:5). 'H NWVR (200 MHz, CDO3): 8=1.62 (s, 3H), 1.69 (s,
3H), 2.10-2.25 (m 4H), 2.45-2.70 (m 4H), 3.24 (s, 3H), 5.05-5.18
(m 1H), 5.33 (bs, 1H), 6.35 (d, J = 16.1 Hz, 1H), 6.52 (d, J =
16.1 Hz, 1H), 7.20-7.45 (m 5H). ¥C NWR (50 MHz, CDd3): &=16.7,
25.6, 26.1, 31.4, 43.0, 45.4, 51.5, 86.4, 120.5, 124.1, 126.3,
127. 4, 128.5, 128.6, 131.6, 133.7, 136.9, 142.0. LRVs (70 eV, El):
mz (%: 282 (M, 31), 213 (36), 165 (39), 115 (43), 103 (55), 91
(100), 69 (99). HRVS (70 eV, El) calcd for CythsO (M): 282.1984;
found: 282.1975. Elenental analysis calcd (%9 for GCoH:sO C, 85.06;
H 9.28. found: C, 85.43; H, 8.90.

4-[(E) - 2- (2- Furyl) et henyl ]- 4- met hoxy- 1- net hyl cycl opentene (4c).

Colorless oil. R = 0.22 (Hexane: EtOAc, 95:5). 'H NWR (300 MHz,

S9



CDCl3): 6 =1.75 (bs, 3H), 2.40-2.72 (m 4H), 3.21 (s, 3H), 5.28
(bs, 1H), 6.24 (d, J = 3.1 Hz, 1H), 6.27 (d, J = 19.6 Hz, 1H),
6.35 (d, J = 20.0 Hz, 1H), 6.38 (dd, J = 3.5, 1.6 Hz, 1H), 7.35
(d, J = 1.7 Hz, 1H. ¥C NWR (75 MHz, CDd3): & =16.7, 43.1, 47.2,
51.5, 86.5, 107.6, 111.2, 117.2, 121.5, 132.5, 137.7, 141.7.
General Procedure for the Synthesis of Conpounds 5 and 6. To a
solution of the corresponding alkyl enol ether 3a-f (methyl) or
3g-i ((-)-8-phenylnmenthyl) (1 mmol) in THF (10 nlL) was added at
room tenperature a solution of HJ 2N (0.5 nL, 1 mmol) and the
m xture was stirred at this tenperature until consunption of
starting material, 10-15 mn for conmpounds 3a-f and 1 h for 3g-i
(the reaction was nonitored by TLC). This procedure was al so used
to hydrolyze the crude product obtained in the first step of each
one of the reactions shown in Table 2. The solvent was renoved
under reduced pressure and the residue extracted with Et,O The
organi ¢ phase was dried with Na,SO, and concentrated in vacuo. The
resulting oil was purified by colum chromatography (silica gel,
hexane: Et OAc, 95:5) to give the correspondi ng cycl opentanone 5a-h,
6a, (+)-5a and (+)-6a,b as pure conpounds and each one as a single
di astereoisoner. Yields are listed in Table 1, 2 and 3. After

colum chromatography the quiral auxiliary group was recovered

(60-759% .
(2R, 4R) - 2- Met hyl - 4- phenyl - 2-vi nyl cycl opent anone ((+)-5a).
Colorless oil. R = 0.33 (Hexane:EtOAc, 95:5). [a]p® = +19.00
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(0.40x10°2, CH,CO,). H NWR (300 MHz, CDCl3): &=1.28 (s, 3H), 2.20
(t, J = 12.6 Hz, 1H), 2.29 (ddd, J = 12.6, 6.5, 2.2 Hz, 1H), 2.46
(dd, J = 18.5, 12.6 Hz, 1H), 2.81 (ddd, J = 18.3, 7.4, 2.2 Hz,
1H), 3.50 (apparent septet , J = 7.0 Hz, 1H), 5.13 (dd, J = 6.5,
0.9 Hz, 1H), 5.18 (s, 1H), 6.02 (dd, J = 17.9, 10.0 Hz, 1H), 7.23-
7.41 (m 5H).C NWR (75 MHz, CDCl3): &=22.6, 38.0, 43.8, 45.1,
53.1, 113.8, 126.7, 128.6, 141.0, 142.8, 218.4. LRM5 (70 eV, El):
mz (%: 200 (M, 84), 143 (92), 128 (35), 104 (100), 91 (17), 77
(16). HRMS (70 eV, EI) calcd for CyyHgO (M): 200.1201; found:
200. 1205. Elenmental analysis calcd (% for CuHeO C, 83.96; H,
8.05; found: C, 84.19; H, 8.35. The enantioneric excess of (+)-5a
was determ ned using a Chiralcel Q) colum, hexane as eluant and a
flow rate of 0.8 nmL min?' retention tines (min): 54.3 (ninor),
60.3 (major), 70% ee.

(2R*, 4R*)-4-(2- Furyl)-2-met hyl - 2- vi nyl cycl opent anone (5b).
Colorless oil. R = 0.23 (Hexane: EtOAc, 95:5). H NMR (200 MHz,
CDCl 3): 8=1.23 (s, 3H), 2.26 (t, J = 9.0 Hz, 2H), 2.48 (dd, J =
18.5, 11.3 Hz, 1H), 2.76 (ddd, J = 8.2, 7.2, 1.0 Hz, 1H), 3.43-
3.64 (m 1H), 5.09 (dd, J = 6.5, 0.8 Hz, 1H), 5.13 (s, 1H), 5.96

(dd, J

18.0, 10.3 Hz, 1H), 6.10 (dt, J = 3.1, 0.8 Hz, 1H), 6.32

(dd, J

3.1, 1.8 Hz, 1H), 7.36 (dd, J = 1.8, 0.8 Hz, 1H.3C NM\R
(50 MHz, CDOl3): &=22.4, 31.7, 41.2, 42.6, 52.5, 104.6, 110.1,

113.9, 140.6, 141.4, 156.2, 218.0. LRVB (70 eV, El): mz (%: 190
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(M, 62), 162 (40), 133 (61), 105 (35), 94 (100). HRVS (70 eV, El)
calcd for CpHisQO (M): 190.0994; found: 190.0992.

(2R*, 4R*) - 4- Ferr ocenyl - 2- net hyl - 2-vi nyl cycl opent anone (5c).
Orange solid: R = 0.27 (Hexane: EtOAc, 95:5). Mp. 74-75 °C. H
NVR (300 MHz, CDO3): 6=1.22 (s, 3H, 2.08 (t, J = 12.6 Hz, 1H),
2.19 (ddd, J = 12.8, 6.6, 2.0 Hz, 1H), 2.39 (dd, J = 18.2, 11.7
Hz, 1H), 2.75 (ddd, J = 18.2, 7.7, 1.7 Hz, 1H), 3.09-3.22 (m 1H),
4.05-4.21 (mwith s at 4.17, 9H), 5.10 (dd, J = 8.0, 0.9 Hz, 1H),
5.15 (s, 1H), 5.98 (dd, J = 17.1, 11.1 Hz, 1H). *3C NWR (75 Mz,

CDCl 3): 6=22.7, 32.0, 43.8, 45.4, 53.1, 65.9, 66.7, 67.3, 67.4,

68.2, 91.6, 113.7, 141.1, 219.1. LRVMs (70 eV, E): mz (%: 309
(M+1, 22), 308 (M, 100), 212 (24), 186 (9), 121 (14). HRVs (70
eV, ElI) calcd for CigthoFeO (M): 308.0864; found: 308.0872.
El emrental analysis calcd (% for CigHoFeO C, 70.15; H, 6.54;
found: C, 70.19; H, 6.16.

(2R*, 4R*) - 4- But yl - 2- net hyl - 2- vi nyl cycl opent anone (5d).
Colorless oil. R = 0.47 (Hexane:EtOAc, 95:5). 'H NWR (300 MHz,
CDCl 3): 8=0.80-1.00 (m 3H), 1.19-1.45 (m 6H), 1.41 (s, 3H), 1.65
(t, J = 12.0 Hz, 1H), 1.85 (dd, J = 18.2, 11.1 Hz, 1H), 1.99 (ddd,
J = 12.5, 6.0, 2.3 Hz, 1H), 2.19-2.28 (m 1H), 2.51 (ddd, J =
18.2, 7.1, 2.3 Hz, 1H), 5.02-5.12 (m 2H), 5.92 (dd, J = 17.1,
11.1 Hz, 1H). ¥C NWR (50 MHz, CDO3): &=14.0, 22.7, 30.1, 30.3,

32.8, 35.8, 42.6, 44.6, 52.9, 113.4, 141.5, 220.2. LRV (70 eV,
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El): mz (%: 180 (M, 35), 123 (22), 95 (39), 81 (35), 68 (93).
HRVE (70 eV, El) calcd for CioH,O (M): 180.1514; found: 180.1512
(2R*, 4R*) - 2- (4- Met hyl - 3- pent enyl ) - 4- phenyl - 2-

vi nyl cycl opent anone (5e). Colorless oil. R = 0.29 (Hexane: EtCQAc,
95:5). H NMR (200 MHz, CDd3): 5=58-1.66 (mwith s at 1.64, 4H),
1.70 (s, 3H), 1.85-2.05 (m 3H), 2.14 (t, J = 12.4 Hz, 1H), 2.45
(dd, J = 18.3, 12.0 Hz, 1H), 2.46 (dd, J = 19.4, 2.2 Hz, 1H), 2.80
(ddd, J = 18.3, 7.6, 2.2 Hz, 1H), 3.47 (apparent septet, J = 7.0
Hz, 1H), 5.03-5.15 (mwith d at 5.09, J = 17.4 Hz, 2H), 5.19 (d, J

= 10.8 Hz, 1H), 6.05 (dd, J

17.4, 10.8 Hz, 1H), 7.24-7.45 (m
5H). °C NMR (50 MHz, CDd3): & =7.6, 22.6, 25.6, 35.3, 37.9, 39.8,
45.0, 57.0, 114.5, 123.4, 126.8, 128.6, 132.3, 139.7, 143.0, 218.0.
LRV (70 eV, El): mz (%: 268 (M, 5), 186 (100), 104 (10), 91
(16), 69 (14). HRVS (70 eV, EI) calcd for CigHaO (M): 268.1827;
found: 268.1825.
(2R*, 4R*) - 2- Met hyl - 2- ( 1- et hyl et henyl ) - 4- phenyl cycl opent anone

(5f). Colorless oil. R = 0.28 (Hexane:EtOAc, 95:5). 'H NMR (400

Mz, CDOl3): &=1.31 (s, 3H), 1.78 (s, 3H), 2.20 (ddd, J

12.8,
6.6, 2.2 Hz, 1H), 2.30 (t, J = 12.7 Hz, 1H), 2.47 (dd, J = 18.0,
12.7 Hz, 1H), 2.81 (ddd, J = 12.0, 7.2, 2.2 Hz, 1H), 3.46 (m 1H),
4.94-4.96 (m 2H), 7.12-7.41 (m 5H). ¥C NWR (100 Mz, CDd 3):
5=20.1, 21.5, 38.1, 44.5, 46.3, 55.5, 112.0, 126.7, 128.7, 142.8,
145.9, 219.2. LRVB (70 eV, El): mz (%: 214 (M, 70), 157 (75),

131 (75), 104 81009, 82 (90). HRVS (FAB") calcd for CisHhigO (M+1):
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215.1436; found: 215.1435. Elenental analysis calcd (% for CisHisO
C, 84.07, H, 8.47; found: C, 84.38, H, 8.37.

(2R*, 4R*, E) - 2- Met hyl - 2- ( 1- propenyl ) - 4- phenyl cycl opent anone
(59). Colorless oil. R = 0.39 (Hexane:EtOAc, 95:5). 'H NMR (300
Mz, CDO3): 8=1.24 (s, 3H), 1.72 (d, J = 6.0 Hz, 3H), 2.12-2.30
(m 2H), 2.44 (dd, J = 18.2, 12.2 Hz, 1H), 2.79 (ddd, J = 18.2,
7.4, 2.0 Hz, 1H), 3.47 (m 1H), 5.51-5.67 (m 2H), 7.20-7.41 (m
5H). 3C NWR (300 MHz, CDOl ;) 6=18.1, 23.0, 38.0, 44.6, 45.1, 52.3,
124.5, 126.6, 126.7, 128.6, 133.9, 142.9, 219.4. LRV5 (70 eV, El):
mz (%: 214 (M, 100), 171 (73), 157 (100), 143 (89), 129 (69),
104 (100), 91 (67). HRVB (FAB') calcd for CisHieO (M+1): 215.1436;
found: 215.1428. Elenental analysis calcd (%9 for CsHsO C, 84.07,
H 8.47;, found: C, 83.80, H 8.36.

(2R*, 4R*) - 2- Met hyl - 2- (2- met hyl - 1- pr openyl ) - 4-
phenyl cycl opent anone (5h). Colorless oil. R = 0.26 (Hexane: Et CAc,
95:5). 'H NMR (300 MHz, CDCl3): &=1.29 (s, 3H), 1.65 (d, J = 1.3
Hz, 3H), 1.75 (d, J = 1.3 Hz, 3H), 2.20 (t, J = 12.6 Hz, 1H), 2.48
(dd, J = 18.5, 12.1 Hz, 1H), 2.53 (ddd, J = 18.5, 12.8, 2.1 Hz,
1H), 2.84 (ddd, J = 18.5, 7.7, 2.1 Hz, 1H), 3.35-3.57 (m 1H),
5.41 (g, J = 1.3 Hz, 1H), 7.25-7.43 (m 5H). *C NWR (300 Mz,
CDCl3): 6=19.8, 24.1, 26.6, 38.3, 44.9, 46.2, 51.4, 126.6, 126.8,
128.4, 128.6, 134.0, 143.1, 221.0. LRVB (70 eV, El): mz (%: 229
(M+1, 56), 219 (97), 208 (63), 192 (27), 166 (15), 154 (100). HRVB

(FAB") calcd for CiHiO (M+1): 229.1592; found: 229. 1586.
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El enental analysis calcd (%9 for CgeHoO C, 84.16, H, 8.83; found:
C, 84.50, H 9.02.

(R, E) - 2- Et hyl i dene- 4- phenyl cycl opentanone ((+)-6a). Colorless
oil. R = 0.34 (Hexane: EtOAc, 95:5): [a]p® = +16.94 (0.77x10°2
CH,C ). 'H NVR (300 MHz, CDCl3): 85=1.83 (ddd, J = 7.1, 2.3, 1.4
Hz, 3H), 2.52 (dd, J = 17.7, 10.4 Hz, 1H), 2.58-2.66 (m 1H), 2.78
(dd, J = 17.7, 7.7 Hz, 1H), 3.12 (dd, J = 16.4, 7.6 Hz, 1H), 3.41
(apparent quintet, J = 8.6 Hz, 1H), 6.65-6.81 (m 1H), 7.20-7.49
(m 5H).C NWVR (75 MHz, CDOl3): &5=15.1, 34.9, 38.9, 46.0, 126.5,
128.5, 131.4, 138.1, 143.6, 205.0. LRVMs (70 eV, EI): mz (%: 186
(M, 94), 115 (17), 104 (29), 91 (17), 82 (100), 77 (23). HRVS (70
eV, El) calcd for Ci3H4O (M): 186.1045; found: 186.1038. The
enantioneric excess of (+)-6a was determined using a Chiralcel Q
colum, hexane as eluant and a flow rate of 1 nmL nin', retention
times (mn): 80.2 (major), 103.2 (mnor), >99% ee.

(R E)-2-Ethylidene-4-ferrocenyl cycl opentanone ((+)-6b). O ange
solid. R = 0.19 (Hexane: EtOAc, 95:5). Mp. 69-70° C. [a]p® = +
15.13 (0.08x10°2, CH,O,). H NWR (300 MHz, CDCl3): 6=1.81 (d, J =
7.1 Hz, 3H), 2.40-2.57 (mwith a dd at 2.46, J = 17.8, 9.3 Hz,
2H), 2.70 (dd, J = 17.7, 7.7 Hz, 1H), 2.93-3.14 (mwth a dd at
2.97, J = 16.1, 7.6 Hz, 2H), 4.04 (s, 2H), 4.10-4.11 (m 2H), 4.12
(s, 5H), 6.56-6.68 (m 1H).3C NWVR (75 MHz, CDO3): &=15.1, 32.7,
34.7, 46.3, 66.0, 66.5, 67.3, 68.1, 92.4, 131.1, 138.2, 205.3.

HRMG (70 eV, ElI) calcd for C7HgoFeO (M+1): 295.0785; found
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295.0774. Elenental analysis calcd (% for Cy/HigFeO C, 69.41; H,
6.17; found: C, 69.45; H, 6.20. The enantionmeric excess of (+)-6b
was determned using a Chiralcel OB-H colum, hexane: 2-propanol
(150:1) as eluant and a flow rate of 1 nL min?! retention tines
(mn): 41.0 (mjor), 52.4 (mnor), 79% ee. The absol ute
configuration was determned by X-Ray analysis of a cristal
corresponding to the maj or enanti oner.

Met hyl (1R*, 6R*) - 3, 4- di net hyl - 6- phenyl - 3-
cycl ohexenecar boxylate (7). Yellow solid. R = 0.56 (Hexane: EtOAc,
95:5). Mp. 96-98° C. *H NWR (300 MHz, CiDs): &=1.55 (s, 3H), 1.63
(s, 3H), 1.72-1.98 (m 2H), 2.17-2.46 (m 2H), 2.84 (td, J = 11.4,
5.1 Hz, 1H), 3.89 (s, 3H), 4.50 (td, J = 11.1, 4.8 Hz, 1H), 7.05-
7.27 (m 5H). C NWR (75 Mz, GsDs): 8=18.6, 18.7, 36.4, 40.2,
44.6, 70.0, 74.4, 123.8, 125.7, 126.4, 127.7, 128.2, 143.2, 197.0.
LRV (70 eV, El): mz (%: 244 (M, 21), 184 (100), 169 (42), 91

(45).
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Figure 1. The arrows stand for the observed significant NOE

enhacenents (NOESY experinents) of conpounds 3a,e,f,5f and (+)-6a.
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