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General Methods:

All reactions were carried out under an atmosphere of nitrogen in oven-dried glassware with
magnetic stirring. Tetrahydrofuran (THF) and toluene were purchased from JT Baker and
purified by a Cycle-Tainer Solvent Delivery System. Dry chlorobenzene was obtained from
Fluka. o-Xylene was obtained from ABCR and was dried by filtering through a short column of
aluminium oxide. All other reagents were used as obtained unless otherwise noted. Flash
Chromatography was performed with Fluka silica gel 60 (0.040-0.063 um grade). Analytical thin-
layer chromatography was performed with commercial glass plates coated with 0.25 mm silica
gel (E. Merck, Kieselgel 60 F254). Compounds were visualized by UV-light at 254 nm and by
dipping the plates in an ethanolic vanillin/sulfuric acid solution or an aqueous potassium
permanganate solution followed by heating. Melting points were obtained on a Blichi B-540
apparatus in open capillary tubes and are uncorrected. Proton nuclear magnetic resonance ('H-
NMR) data were acquired on a Varian VXR 300 (300 MHz) or on a Bruker AV400 (400 MHz)
spectrometer. Chemical shifts are reported in delta (3) units, in parts per million (ppm) relative to
the singlet at 7.26 ppm for chloroform-d. Splitting patterns are designated as s, singlet; d,
doublet; t, triplet; g, quartet; m, multiplet; br, broad. Proton decoupled carbon-13 nuclear
magnetic resonance ("*C-NMR) data were acquired at 75 MHz on a Varian VXR 300 or at 101
MHz on a Bruker AV400 spectrometer. Chemical shifts are reported in ppm relative to the
center line of a triplet at 77.0 ppm for chloroform-d. Infrared (IR) data were recorded on a Perkin
Elmer, Spectrum 100, FT-IR Spectrometer. Absorbance frequencies are reported in reciprocal
centimeters (cm™). High resolution mass spectra were performed by the MS-service at the
Laboratory of Organic Chemistry, ETH Zurich, and are given in m/z. Optical rotations were
measured on a Jasco P-1000 polarimeter using a 10 cm cell with a Na 589 nm filter. The
specific solvents and concentrations (in g/100 mL) are indicated.
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Experimental Section

Norbornenols 4 and 15:

The required 7-norbornenone intermediates were prepared according to: R. Snajdrova, |. Braun,
T. Bach, K. Mereiter, M. D. Mihovilovic J. Org. Chem. 2007, 72, 9597-9603.

Syntheses of the 7-norbornenols: To a 0°C cold solution of 7-norbornenone in dry THF (0.2
M) was added phenyl lithium (3.0 equiv., 2 M in dibutyl ether), methyl lithium (3.0 equiv., 1.6 M
in diethyl ether), or butyl lithium (3.0 equiv., 1.6 M in hexane). The reaction mixture was stirred
for 1 h at 0°C and was quenched with sat. ag. NH,Cl and extracted with EtOAc. The organic
layer was washed with water and brine, dried (MgSO,) and concentrated in vacuo. The required
pure cis-isomers were isolated by flash chromatography on silica gel. In case of 7-nornornenols
4b-e and 15b-d, the aryl lithium species was generated by adding butyl lithium (3.0 equiv., 1.6
M in hexane) to a solution of aryl bromide (3.0 equiv.) in dry THF (0.2 M) at - 78°C. After stirring
for 1 h, the mixture was warmed to 0°C and 7-norbornenone in dry THF (0.2 M) was added. The
reaction mixture was stirred for 1 h at 0°C and was quenched with sat. ag. NH,Cl. Reaction
work-up and purification were performed as described above.

General Method for the Synthesis of Ketones 8:

Norbornenol 4 (0.05 mmol), [{Rh(cod)(OH)},] (0.57 mg, 2.50 umol), Cs,CO; (16.3 mg, 0.05
mmol) and (S)-(+)-1-[(R)-2-(Diphenylphosphino)ferrocenyl]ethyldi-tert-butylphosphine ((S)-L6) or
(R)-(-)-1-[(S)-2-(Diphenylphosphino)ferrocenyl]ethyldi-tert-butylphosphine ((R)-L6) (1.63 mg,
6.00 ymol) were weighed into an oven-dried vial equipped with a magnetic stir bar, capped with
a septum and purged with nitrogen. Dry chlorobenzene (0.33 mL) was added. The mixture was
degassed with three freeze-pump-thaw cycles and immersed into a preheated oil bath at 115°C.
After 12 h, the reaction mixture was cooled to 23°C and directly purified on a silica gel column to
give 65-88% yield of ketone 8.

General Method for the Synthesis of Alcohols 18:

Norbornenol 15 (0.05 mmol), [{Rh(cod)(OH)}.] (1.14 mg, 5.00 pmol), Cs,CO; (16.3 mg, 0.05
mmol) and ( ) (+)-1-[(R)-2-(Diphenylphosphino)ferrocenyl]ethyldi-tert-butylphosphine ((S)-L6) or
(R)-(-)-1-[(S)-2-(Diphenylphosphino)ferrocenyl]ethyldi-tert-butylphosphine ((R)-L6) (3.26 mg,
12.00 pymol) were weighed into an oven-dried vial equipped with a magnetic stir bar, capped
with a septum and purged with nitrogen. Dry chlorobenzene (0.33 mL) was added. The mixture
was degassed with three freeze-pump-thaw cycles and immersed into a preheated oil bath at
120°C. After 12 h, the reaction mixture was cooled to 23°C and directly purified on a silica gel
column to give 72-76% yield of alcohol 18.

General Method for the Synthesis of Ketones 20:

Norbornenol 15 (0.05 mmol), [{Rh(CzH,)2(OAc)}2] (1.23 mg, 5.00 pmol), powdered Molecular
Sieves (4 A, 20 mg) and (R)-(-)-1-[(S)-2-(Diphenylphosphino)ferrocenyl]ethyldi-tert-
butylphosphine ((R)-L6) (3.26 mg, 12.00 ymol) were weighed into an oven-dried vial equipped
with a magnetic stir bar, capped with a septum and purged with nitrogen. Dry chlorobenzene
(0.33 mL) was added. The mixture was degassed with three freeze-pump-thaw cycles and
immersed into a preheated oil bath at 120°C. After 12 h, the reaction mixture was cooled to
23°C and directly purified on a silica gel column to give 68—82% yield of ketone 20.
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Synthesis of Ketone 11:

Norbornenol 4a (11.4 mg, 0.05 mmol), [{Rh(CzH4)2(OAc)},] (0.62 mg, 2.50 pmol), powdered
Molecular Sieves (4 A, 20 mg) and (S)-(+)-1-[(R)-2-(Diphenylphosphino)ferrocenyl]ethyldi-tert-
butylphosphine ((S)-L6) (1.63 mg, 6.00 umol) were weighed into an oven-dried vial equipped
with a magnetic stir bar, capped with a septum and purged with nitrogen. Dry chlorobenzene
(0.33 mL) was added. The mixture was degassed with three freeze-pump-thaw cycles and
immersed into a preheated oil bath at 115°C. After 12 h, the reaction mixture was cooled to
23°C and directly purified on a silica gel column to give ketone 11 (8.7 mg, 77%) as a colorless
oil.

Ph._O (-)-Phenyl-((3aR,4S)-3,3a,4,5-tetrahydroisobenzofuran-4-yl)-methanone

?/H (11): "TH-NMR (300 MHz, CDCl3) & = 7.99 — 7.89 (m, 2H), 7.64 — 7.54 (m, 1H),

G 7.54 — 7.44 (m, 2H), 6.37 (s, 1H), 6.32 (dd, J = 9.5, 2.3 Hz, 1H), 5.66 — 5.54

Ej:\o (m, 1H), 4.75 — 4.63 (m, 1H), 3.75 — 3.59 (m, 3H), 2.63 — 2.47 (m, 1H), 2.39 —

= 2.24 (m, 1H) ppm; *C-NMR (101 MHz, CDCl;) & = 202.4, 140.3, 136.2, 133.4,

11 128.8, 128.4, 123.9, 119.6, 115.6, 75.4, 47.7, 42.9, 30.6 ppm; IR (ATR): vV =

2928, 2876, 1678, 1597, 1448, 1394, 1448, 1289, 1203, 1172, 1073, 1007,

869, 839, 785, 697, 658 cm™; HRMS (EI) calc’d. for [C1sH1402]": 226.0989, found: 226.0987;

[a]o® = -15 (c = 0.24, CHCIy); Ry: 0.2 (2 % Et,0 in pentane); HPLC separation (Chiralpak IC, 4.6

x 250 mm; 2.5% i-PrOH / hexane, 1.0 mL/min, 254 nm; t, (major) = 12.39 min, t, (minor) = 10.85
min), 78:22 er.

Reten. Time Area Height Area
[min] [mv.s] [rmiv] [%:]
1 10,852; 3072627 234,965} 21,7
z 12,388:  11084,967: §92,273; 78,3
Total H 14157,594; 927,239; 100,0
2 4 5 8 10
Time
Reten. Time Area Height Area
[min] [mv.s] [mv] [%%6] (-
i 10,924 2884,295 ; 229,665 49,31
2 12,316; 2964,438 ; 199,706 ; 50,7 ;
Toal 5848,732 ; 429,371 100,0; ot
40
F20
T 0
0 2 4 [ 8 10 12
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Synthesis of Ketone 13:

Norbornenol 4a (8.9 mg, 0.05 mmol), [{Rh(cod)(OH)}.] (0.57 mg, 2.50 umol), cyclohexene (51
puL, 0.5 mmol) and (R)-(+)-1-[(R)-2-(Diphenylphosphino)ferrocenyl]ethyldi-tert-butylphosphine
((R)-L6) (1.63 mg, 6.00 umol) were weighed into an oven-dried vial equipped with a magnetic
stir bar, capped with a septum and purged with nitrogen. Dry xylene (0.33 mL) was added. The
mixture was degassed with three freeze-pump-thaw cycles and immersed into a preheated oil
bath at 115°C. After 12 h, the reaction mixture was cooled to 23°C and directly purified on a
silica gel column to give ketone 13 (6.0 mg, 67 %) and aromatic compound 14 (1.7 mg, 19 %)
as colorless oils.

@) (-)-1-((3aR,7aR)-1,3,3a,7a-tetrahydroisobenzofuran-4-yl)-propan-1-one

H (13): '"H-NMR (300 MHz, CDCl3) & = 6.88 (d, J = 5.7 Hz, 1H), 6.07 (ddd, J =

9.5, 5.7, 2.0 Hz, 1H), 5.99 (dd, J = 9.5, 3.4 Hz, 1H), 4.41 — 4.29 (m, 1H), 4.23

O (dd, J= 8.4, 7.3 Hz, 1H), 3.71 (dd, J = 8.4, 4.7 Hz, 1H), 3.38 — 3.27 (m, 2H),

3.21 — 3.11 (m, 1H), 2.75 — 2.65 (m, 2H), 1.11 (t, J = 7.2 Hz, 3H) ppm; *C-

13 H NMR (101 MHz, CDCl;) & = 201.6, 135.8, 135.1, 130.6, 121.9, 75.5, 75.4,

39.5, 35.6, 30.1, 8.7 ppm; IR (ATR): v = 2973, 2937, 2856, 1727, 1659, 1573,

1460, 1406, 1378, 1210, 1177, 1073, 1049, 1007, 931, 909, 736 cm™; HRMS (El) calc’d. for

[C11H140,]": 178.0989, found: 178.0987; [a]p®® = -43 (¢ = 0.10, CHCI5), Ry: 0.2 (15 % EtOAc in

pentane); HPLC separation (Chiralpak As-H, 4.6 x 250 mm; 10% i-PrOH / hexane, 1.0 mL/min,
254 nm; t, (major) = 10.74 min, t, (minor) = 9.15 min), 92:8 er.

it
Reten. Time Area Height Area
[rmin] [mV.s] [mv] [=e] Leo
1 9,1523 176,630 1 10,964 ; 7,81
2 10,7403 2083,235; 68,138 92,2
Total T 2258,865 " 79,102 100,07 e

10,74

I A - -
0 2 4 6
Reten. Time Area Height
[min] [mV.s] [miv]
1 9,052: 1438,315 74,4881
2 10,672: 1386,640 ; 48,880;
Total 2824,955 ; 123,368
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1-(1,3-dihydroisobenzofuran-4-yl)propan-1-one (14): 'H NMR (300 MHz,

O CDCl;) 6 = 7.83 (d, J = 6.3 Hz, 1H), 7.47 — 7.36 (m, 2H), 5.46 — 5.39 (m, 2H),

5.15—5.07 (m, 2H), 3.02 (q, J = 7.2 Hz, 2H), 1.22 (t, J = 7.2 Hz, 3H) ppm; *C-

NMR (101 MHz, CDClz) & = 201.0, 141.1, 140.9, 131.4, 127.7, 125.3, 75.4,

72.4,32.1, 8.0 ppm; IR (ATR): v = 2974, 2934, 2860, 1675, 1594, 1407, 1378,

14 1352, 1247, 1169, 1113, 1060, 1035, 903, 875, 777 cm™; HRMS (EI) calc’d. for
[C11H1202]": 176.0832, found: 176.0830; Ry: 0.3 (10 % EtOAc in pentane).

Synthesis of Diels-Alder adduct 21:

Alcohol 18a (8.5 mg, 0.03 mmol) and 4-phenyl-3H-1,2,4-triazole-3,5(4H)-dione (21,7 mg, 0.12
mmol) were stirred in toluene (1.5 mL) for 30 min at 23°C. After evaporation of the solvent, the
mixture was directly purified on a silica gel column to give Diels-Alder adduct 21 (10.4 mg, 75
%) as a colorless solid .

Ph Diels-Alder adduct (21): "H-NMR (300 MHz, CDCly) & = 7.49 — 7.28
NS (m, 10H), 6.36 (dd, J = 8.1, 6.0 Hz, 1H), 6.07 (d, J = 8.1 Hz, 1H), 4.82 —
o{ 4 4.71 (m, 2H), 4.43 — 4.37 (m, 1H), 4.10 (d, J = 3.6 Hz, 1H), 3.79 (d, J =
N 11.0 Hz, 1H), 3.75 — 3.65 (m, 1H), 3.55 (s, 3H), 3.46 (s, 3H), 3.09 —

2.99 (m, 2H) ppm; *C-NMR (101 MHz, CDCls) 5 = 154.9, 153.5, 142.9,
131.3, 130.3, 130.2, 129.1, 128.7, 128.3, 128.1, 126.9, 125.8, 75.5,
72.7, 68.8, 64.6, 59.3, 59.1, 52.0, 47.3, 41.7 ppm; IR (ATR): V = 3426,
2983, 2923, 1765, 1611, 1503, 1455, 1405, 1251, 1198, 1115, 1047,
972, 916, 773, 733, 703, 646, 620 cm’'; HRMS (ESI) calc’d. for
[C2sH2sN350s]*: 450.2004, found: 450.2005; [a]p®® = -2.5 (¢ = 0.60, MeOH); R: 0.3 (33 % EtOAc
in pentane); m.p.: 186—188°C.

(R)- and (S)-a-methoxy-a-trifluoromethyl-phenylacetic acid (MPTA) esters of 18d (22):
The (R)- and (S)-MPTA esters of 18d were synthesized from the corresponding acid chlorides,
and the absolute configuration of 22 was assigned using the 'H NMR shift differences A =

0 ((R)-22) - & ((S)-22) according to: T. R. Hoye, C. S. Jeffrey, F. Shao Nature Protocols 2007,
10, 2451-2458.

(R)-22: 'H NMR (300 MHz, CDCly) & = 7.42 — 7.28 (m, 5H), 6.96
— 6.92 (m, 3H), 5.99 — 5.96 (m, 1H), 5.90 (dd, J = 9.4, 5.3 Hz,
1H), 5.60 (d, J = 10.7 Hz, 1H), 4.96 (dd, J = 9.4, 6.1 Hz, 1H), 3.93
(d, J = 13.3 Hz, 1H), 3.80 (d, J = 13.3 Hz, 1H), 3.41 — 3.38 (m,
3H), 3.37 (s, 3H), 3.28 — 3.24 (m, 1H), 3.22 — 3.16 (m, 1H), 3.07
(s, 3H), 2.99 — 2.93 (m, 1H), 2.61 — 2.55 (m, 1H), 2.29 (s, 6H)
ppm.

(S)-22: '"H NMR (300 MHz, CDCl3) & = 7.41 — 7.27 (m, 5H), 6.90
— 6.87 (m, 1H), 6.78 — 6.73 (m, 2H), 6.02 — 5.97 (m, 1H), 5.93
(dd, J=9.3, 5.3 Hz, 1H), 5.54 (d, J = 10.4 Hz, 1H), 4.99 (dd, J =
9.3, 6.3 Hz, 1H), 4.00 (d, J = 12.6 Hz, 1H), 3.80 (d, J = 12.6 Hz,
1H), 3.60 — 3.56 (m, 3H), 3.32 (s, 3H), 3.31 —3.30 (m, 1H), 3.30 —
3.28 (m, 1H), 3.25 (s, 3H), 2.96 — 2.90 (m, 1H), 2.89 — 2.82 (m,
1H), 2.23 (s, 6H) ppm.
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A8 =3 ((R)-22) - § ((S)-22) in ppm
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found: 228.1145; R;: 0.2 (33 % EtOAc in pentane); m.p.: 164—165°C; colorless solid.
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10-Phenyl-4-oxa-tricyclo-[5.2.1.0%°]-dec-8-en-10-ol (4a): '"H-NMR (400 MHz,
CDCl3) & = 7.47 — 7.28 (m, 5H), 6.47 (dd, J = 2.1, 2.1 Hz, 2H), 3.52 — 3.46 (m,
4H), 3.44 — 3.39 (m, 2H), 3.14 (s, 1H), 2.81 — 2.67 (m, 2H) ppm; *C-NMR (101
MHz, CDCl;) 5 = 140.2, 134.0, 128.8, 127.9, 126.8, 97.7, 69.6, 53.2, 44.3 ppm;
IR (ATR): ' = 3381, 3069, 2973, 2919, 2858, 1334, 1378, 1235, 1070, 1038,
997, 900, 792, 768, 698, 660 cm™'; HRMS (EI) calc’d. for [C1sH1602]": 228.1145,

OMe 10-(4-Methoxyphenyl)-4-oxa-tricyclo-[5.2.1.0°°]-dec-8-en-10-0l  (4b):

O
Q_n

4c

HO

colorl

o

4d 0O
ess oil.

g A
@)

i
A

'H-NMR (400 MHz, CDCl5) 8 = 7.41 — 7.33 (m, 2H), 6.99 — 6.91 (m, 2H),
6.47 (dd, J = 2.1, 2.1 Hz, 2H), 3.84 (s, 3H), 3.53 — 3.47 (m, 4H), 3.42 —
3.38 (m, 2H), 3.13 (s, 1H), 2.85 — 2.68 (m, 2H) ppm; *C-NMR (101 MHz,
CDCl3) 6 = 159.2, 134.1, 132.4, 128.1, 114.2, 97.3, 69.6, 55.3, 53.4, 44.4
ppm; IR (ATR): V = 3425, 3062, 2960, 2858, 1611, 1515, 1464, 1360,
1296, 1250, 1189, 1138, 1100, 1033, 908, 836, 792, 761, 706 cm;
HRMS (El) calc’d. for [C1H1503]": 258.1251, found: 258.1249; Ry: 0.2 (50
% EtOAc in pentane); m.p.: 112—113°C; colorless solid.

10-(4-Fluorophenyl)-4-oxa-tricyclo-[5.2.1.0%°]-dec-8-en-10-ol (4c): 'H-NMR
(300 MHz, CDCl3) & = 7.46 — 7.34 (m, 2H), 7.14 — 7.02 (m, 2H), 6.46 (dd, J =
2.0, 2.0 Hz, 2H), 3.51 — 3.46 (m, 4H), 3.41 — 3.35 (m, 2H), 3.20 (s, 1H), 2.76 —
2.66 (m, 2H) ppm; *C-NMR (101 MHz, CDCl;) & = 162.3 (d, J = 247 Hz),
136.1 (d, J = 3.4 Hz), 134.0, 128.7 (d, J = 8.2 Hz), 115.7 (d, J = 21.4 Hz),
97.1, 69.6 , 53.4, 44.2 ppm; IR (ATR): v = 3066, 2962, 2861, 1607, 1514,
1360, 1221, 1185, 1161, 1137, 1099, 1047, 1014, 932, 908, 841, 809, 761,
705 cm™; HRMS (El) calc’d. for [CisHisFO,)": 246.1051, found: 246.1053; Ry:
0.2 (50 % EtOAc in pentane); m.p.: 128—129°C; colorless solid.

10-(o-tolyl)-4-oxa-tricyclo-[5.2.1.07°]-dec-8-en-10-ol (4d): 'H-NMR (400
MHz, CDCl3) & = 7.45 — 7.38 (m, 1H), 7.27 — 7.16 (m, 3H), 6.52 — 6.44 (m, 2H),
3.75 — 3.64 (m, 1H), 3.58 — 3.46 (m, 5H), 3.16 (s, 1H), 3.12 — 3.01 (m, 1H),
2.54 (s, 3H), 2.53 — 2.43 (m, 1H) ppm; *C-NMR & = 137.7, 137.4, 134.2,
133.5, 132.3, 128.0, 128.0, 125.8, 99.0, 69.8, 54.0, 53.3, 44.1, 43.6, 21.5. ppm;
IR (ATR): v = 3401, 3061, 2961, 2860, 1643, 1599, 1463, 1349, 1250, 1174,
1099, 1046, 1010, 908, 793, 765, 733, 705, 653 cm™’; HRMS (EIl) calc’d. for
[CieH1802]": 242.1302, found: 242.1303; R:: 0.3 (50 % EtOAc in pentane);

10-(Naphtalen-1yl)-4-oxa-tricyclo-[5.2.1.0°°]-dec-8-en-10-ol ~ (4e): ‘H-
NMR (400 MHz, CDCl;) 5 = 8.49 — 8.39 (m, 1H), 7.93 — 7.81 (m, 2H), 7.62
(dd, J = 7.2, 0.9 Hz, 1H), 7.54 — 7.43 (m, 3H), 6.63 — 6.50 (m, 2H), 4.01 —
3.96 (m, 1H), 3.66 — 3.62 (m, 1H), 3.58 — 3.46 (m, 4H), 3.42 — 3.35 (m,
1H), 3.35 — 3.27 (m, 1H), 2.31 — 2.21 (m, 1H) ppm; *C-NMR (101 MHz,
CDCl;) 3 = 135.2, 134.7, 134.3, 133.5, 131.5, 129.1, 128.9, 126.1, 125.9,
125.6, 125.5, 124.6, 98.8, 69.8, 69.8, 54.7, 54.3, 43.8, 43.6 ppm; IR (ATR):
V = 3401, 3050, 2963, 2858, 2237, 1643, 1598, 1508, 1476, 1344, 1253,

1169, 1098, 1045, 998, 908, 804, 780, 730, 705, 646 cm™'; HRMS (EI) calc’d. for [C1gH1505]":
278.1302, found: 278.1303; R;: 0.3 (50 % EtOAc in pentane); colorless oil.
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10-Methyl-4-oxa-tricyclo-[5.2.1.0%°]-dec-8-en-10-ol (4f): "H-NMR (400 MHz,
CDCl3) 8 = 6.23 (dd, J = 1.9, 1.9 Hz, 2H), 3.57 = 3.51 (m, 2H), 3.36 (dd, J = 9.0,
2.6 Hz, 2H), 2.94 — 2.88 (m, 3H), 2.62 — 2.55 (m, 2H), 1.29 (s, 3H) ppm; *C-
NMR (101 MHz, CDCl;) & = 134.4, 94.4, 69.7, 55.0, 44.9, 19.0 ppm; IR (ATR):
V =3425, 3060, 2961, 2864, 1720, 1657, 1458, 1349, 1259, 1165, 1091, 1002,
963, 938, 907, 874, 837, 793, 763, 707, 630 cm™; HRMS (El) calc’d. for

[C10H1402]": 166.0983, found: 166.0990; R;: 0.2 (50 % EtOAc in pentane); colorless oil.

HoO. Bu

S

49 O

10-Butyl-4-oxa-tricyclo-[5.2.1.0°°]-dec-8-en-10-ol (4g): '"H-NMR (400 MHz,
CDCl3) & = 6.32 (dd, J = 2.0, 2.0 Hz, 2H), 3.66 — 3.60 (m, 2H), 3.45 (dd, J =
8.9, 2.8 Hz, 2H), 3.02 — 2.93 (m, 2H), 2.93 — 2.88 (m, 1H), 2.79 — 2.72 (m, 2H),
1.73 — 1.66 (m, 2H), 1.45 — 1.33 (m, 4H), 0.95 (t, J = 7.1 Hz, 3H) ppm; *C-
NMR (101 MHz, CDCl3) & = 134.3, 97.1, 69.7, 53.4, 44.7, 31.9, 26.2, 23.3, 14.1
ppm; IR (ATR): 7 = 3444, 3063, 2960, 2928, 2860, 1467, 1351, 1322, 1260,
1161, 1098, 1046, 1013, 910, 794, 764, 733, 705 cm™'; HRMS (EI) calc’d. for

[C13H2002]": 208.1458, found: 208.1455; Ry: 0.25 (33 % EtOAc in pentane); colorless oil.

s, O
Sig

h o

10-Vinyl-4-oxa-tricyclo-[5.2.1.0%°]-dec-8-en-10-o0l (4h): 'H-NMR (300 MHz,
CDCl3) & = 6.34 (dd, J = 2.0, 2.0 Hz, 2H), 6.16 (dd, J = 17.4, 10.9 Hz, 1H), 5.50
(dd, J = 17.4, 1.7 Hz, 1H), 5.33 (dd, J = 10.9, 1.7 Hz, 1H), 3.64 — 3.57 (m, 2H),
3.48 — 3.44 (m, 2H), 3.01 — 2.94 (m, 2H), 2.94 (s, 1H), 2.89 — 2.85 (m, 2H)
ppm."*C-NMR (101 MHz, CDCl;) & = 136.6, 133.9, 117.8, 95.5, 69.7, 54.6, 44.5
ppm; IR (ATR): 7 = 3416, 3062, 2960, 2855, 1641, 1419, 1332, 1235, 1177,
1135, 1100, 1042, 1003, 909, 793, 761, 705 cm”; HRMS (El) calc’'d. for

[C11H1402]": 178.0989, found: 178.0987; Ry: 0.2 (50 % EtOAc in pentane); colorless oil.

HO. ,Ph

'

5,6-Bis(methoxymethyl)-7-phenylbicyclo-[2.2.1]-hept-2-en-7-0l  (15a):
'H-NMR (400 MHz, CDCl3) & = 7.43 — 7.36 (m, 2H), 7.32 — 7.25 (m, 2H),
7.25—-7.18 (m, 1H), 6.33 (dd, J = 2.0, 2.0 Hz, 2H), 3.35 (dd, J = 3.3, 1.7 Hz,
2H), 3.18 (s, 6H), 3.04 — 2.94 (m, 4H), 2.78 (s, 1H), 2.39 — 2.31 (m, 2H)

OMe PPm; ®C-NMR (101 MHz, CDCly) & = 139.7, 134.2, 128.7, 127.9, 126.8,

15a “Ope 942, 71.6, 58.7, 53.0, 38.6 ppm; IR (ATR): ¥ = 3431, 3059, 2976, 2926,

702, 667 cm™';

2873, 1448, 1361, 1245, 1188, 1132, 1099, 1044, 953, 911, 822, 771, 740,
HRMS (El) calc’d. for [Cy7H203]": 274.1564, found: 274.1567; Ry 0.25 (33 %

EtOAc in pentane); colorless oil.

OMe

I
Z\ O
O

5,6-Bis(methoxymethyl)-7-(4-methoxyphenyl)bicyclo[2.2.1]hept-2-en-
7-ol (15b): '"H-NMR (400 MHz, CDCl;) & = 7.45 — 7.37 (m, 2H), 6.95 —
6.87 (m, 2H), 6.41 (dd, J = 2.0, 2.0 Hz, 2H), 3.82 (s, 3H), 3.43 — 3.38 (m,
2H), 3.27 (s, 6H), 3.14 — 3.01 (m, 4H), 2.85 (s, 1H), 2.51 — 2.37 (m, 2H).
ppm; *C-NMR (101 MHz, CDCl;) & = 159.1, 134.3, 132.0, 128.0, 114.1,
93.8, 71.6, 58.7, 55.3, 53.2, 38.4 ppm; IR (ATR): V = 2977, 2929, 1611,
1516, 1461, 1361, 1296, 1249, 1181, 1098, 1034, 954, 834, 741, 698,

Me 684, 645 cm”; HRMS (El) calc’d. for [CigH24O4]*: 304.1669, found:

15b ~ome 304.1668; Ry: 0.2 (33 % EtOAc in pentane); colorless oil.
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7-(4-chlorophenyl)-5,6-bis(methoxymethyl)bicyclo[2.2.1]hept-2-en-7-ol
(15¢): "H-NMR (300 MHz, CDCl3) & = 7.43 — 7.29 (m, 4H), 6.39 (dd, J = 1.9,
1.9 Hz, 2H), 3.41 — 3.34 (m, 2H), 3.25 (s, 6H), 3.10 — 2.98 (m, 4H), 2.92 (br
s, 1H), 2.42 — 2.30 (m, 2H) ppm; *C-NMR (101 MHz, CDCl;) & = 138.3,
134.3, 133.7, 128.9, 128.4, 93.6, 71.4, 58.7, 53.0, 38.3 ppm; IR (ATR): V =
3453, 3423, 3059, 2926, 2893, 2361, 1492, 1359, 1197, 1095, 1045, 953,
833, 736, 636 cm™; HRMS (EIl) calc’d. for [C1,H,;CIO;]*: 308.1174, found:
308.1175; Ry: 0.2 (30 % EtOAc in pentane); colorless oil.

7-(3,5-dimethylphenyl)-5,6-bis(methoxymethyl)bicyclo[2.2.1]hept-2-en-

7-ol (15d): "H-NMR (400 MHz, CDCl3) 8 = 7.10 — 7.05 (m, 2H), 6.97 — 6.92
(m, 1H), 6.41 (dd, J = 2.0, 2.0 Hz, 2H), 3.44 — 3.39 (m, 2H), 3.28 (s, 6H),
3.14 — 3.04 (m, 4H), 2.85 (s, 1H), 2.51 — 2.44 (m, 2H), 2.33 (s, 6H) ppm;
3C-NMR (101 MHz, CDCl3) & = 139.6, 138.2, 134.2, 129.6, 124.3, 94.2,
71.7, 58.7, 53.0, 38.4, 21.4 ppm; IR (ATR): Vv = 3445, 2921, 2889, 2829,
1606, 1457, 1385, 1272, 1175, 1097, 1052, 957, 853, 734, 622 cm™'; HRMS
(El) calc’d. for [C19H2603]": 302.1877, found: 302.1876; R:: 0.3 (25 % EtOAc
in CH2Cl,); m.p.: 109—111°C; colorless solid.

(+)-((3aS,7aS)-1,3,3a,6,7,7a-hexahydroisobenzofuran-4-yl)(phenyl)-

methanone (8a): (S)-L6 was used; '"H-NMR (300 MHz, CDCl;) 5 = 7.66 — 7.58
(m, 2H), 7.55 — 7.48 (m, 1H), 7.47 — 7.38 (m, 2H), 6.72 (dd, J = 6.0, 2.4 Hz,
1H), 4.30 (dd, J = 8.3, 8.3 Hz, 1H), 4.00 (dd, J = 8.5, 6.2 Hz, 1H), 3.71 (dd, J =
8.5, 3.2 Hz, 1H), 3.56 — 3.46 (m, 1H), 3.40 — 3.27 (m, 1H), 2.47 — 2.20 (m, 3H),
1.84 — 1.70 (m, 1H), 1.69 — 1.51 (m, 1H) ppm; *C-NMR (101 MHz, CDCl;) & =

ga H 197.9, 144.5, 139.1, 138.6, 131.5, 129.1, 128.1, 73.1, 72.7, 37.8, 36.7, 24.6,
23.0 ppm; IR (ATR): v = 2928, 2860, 1640, 1597, 1577, 1446, 1425, 1382, 1316, 1266, 1124,
1076, 1058, 1013, 931, 902, 776, 720, 700, 667 cm'; HRMS (El) calc’d. for [CisH:605]":
228.1145, found: 228.1146; [a]p®® = +36 (c = 0.28, CHCI;); R:: 0.2 (10 % EtOAc in pentane);
colorless oil; HPLC separation (Chiralpak IA, 4.6 x 250 mm; 5% i-PrOH / hexane, 1.0 mL/min,
254 nm; t, (major) = 10.10 min, t, (minor) = 9.59 min), 91:9 er.

5t
Reten. Time Area Height Area
[min] [mv.s] [mv1] [%a] Lo
1 g 9,588 1070,672 ; 79,590 9,3}
2 10,104;  10446,627; 690,832} 90,7;
! Total 11517,300} 770,422 100,0} L g
B
z
Mo &
=20
N _ - -
T 0
0 2 4 6 8 10
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Reten. Time Area Height Area
[rmin] [mV.s] [mv] [%&]
i 5,544z 5689,026 1 410,538} 8,7
2 10,100z 50995,738 ; 399,285; 51,3;
Totl § 11684,764 809,823} 100,0}
— — e W - S ———ee ].
T T 0
0 2 q 6 8 10
Time LCu]

MeO (-)-((3aR,7aR)-1,3,3a,6,7,7a-hexahydroisobenzofuran-4-yl)(4-

methoxyphenyl)methanone (8b): (R)-L6 was used; 'H-NMR (300

O 0 MHz, CDCl;) & = 7.74 — 7.62 (m, 2H), 6.97 — 6.85 (m, 2H), 6.68 —

H 6.58 (m, 1H), 4.25 (dd, J = 8.3, 8.3 Hz, 1H), 4.00 (dd, J = 8.5, 6.3 Hz,

1H), 3.87 (s, 3H), 3.70 (dd, J = 8.5, 3.2 Hz, 1H), 3.54 — 3.45 (m, 1H),

‘ O 3.39-3.28 (m, 1H), 2.46 —2.18 (m, 3H), 1.85-1.71 (m, 1H), 1.71 —

1.55 (m, 1H) ppm; *C-NMR (101 MHz, CDCls) & = 196.7, 162.7,

H 142.2, 138.9, 131.6, 130.9, 113.4, 73.1, 72.7, 55.4, 38.1, 36.7, 24.4,

23.1 ppm; IR (ATR): v = 2931, 1861, 1635, 1599, 1509, 1462, 1418,

1365, 1308, 1253, 1172, 1057, 1028, 902, 841, 761, 708, 620 cm”; HRMS (EIl) calc’d. for

[C16H1s03]": 258.1251, found: 258.1254; [a]p®® = -52 (¢ = 0.33, CHCIl5); Ry: 0.2 (15 % EtOAc in

pentane); colorless oil; HPLC separation (Chiralpak IC, 4.6 x 250 mm; 50% i-PrOH / hexane,
0.7 mL/min, 254 nm; t, (major) = 28.44 min, t, (minor) = 40.57 min), 91:9 er.

Std
Reten. Time Area Height Area
[min] [mv.s] [mv] [%a] -
1 28,440 4281,636 1 103,532} 91,0;
2 40,568 1 423,796 7,313; 9,01
Total 4705,431; 110,845; 100,0; 60
40
@ 20
A .
~Nn o Tl
T T T T 1]
0 10 20 30 40 .
Time [mn!:.]ﬁd
Reten. Time Area Height Area
[min] [miv.s] [mv] [%6] ¢
i 28,6761 3288,766 1 74,292} 50,21
2 40,9522 3258,213; 51,727, 49,8
Toml  ; 6546,979 ; 126,018 ; 100,0; 60
(=]
— 0
¥
A ”
I _L_,___________,_, — |
T T L 0
0 10 20 30 40
Tirme: Lol
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(+)-(4-Fluorophenyl)-((3aR,7aR)-1,3,3a,6,7,7a-
hexahydroisobenzofuran-4-yl)-methanone (8c): (S)-L6 was used; 'H-
NMR (300 MHz, CDCl) 6 = 7.72 — 7.62 (m, 2H), 7.16 — 7.05 (m, 2H),
6.71 — 6.64 (m, 1H), 4.28 (dd, J = 8.3, 8.3 Hz, 1H), 4.00 (dd, J= 8.5, 6.2
Hz, 1H), 3.70 (dd, J = 8.6, 3.2 Hz, 1H), 3.52 — 3.44 (m, 1H), 3.39 — 3.27
(m, 1Hg, 2.47 —2.20 (m, 3H), 1.82 — 1.71 (m, 1H), 1.68 — 1.53 (m, 1H)
ppm; “C-NMR (101 MHz, CDCl;) & = 196.4, 164.8 (d, J = 253 Hz),
144.1, 139.0, 134.6 (d, J = 3.2 Hz), 131.6 (d, J = 8.9 Hz), 115.3 (d, J =
21.7 Hz), 73.1, 72.7, 37.9, 36.67, 24.5, 23.0 ppm; HRMS (EI) calc’d. for
[C1sH1sFO]": 246.1051, found: 246.1054; [a]p®® = +23 (¢ = 0.28, CHCI5); R:: 0.2 (10 % EtOAc in
pentane); colorless oil; HPLC separation (Chiralpak 1A, 4.6 x 250 mm; 5% i-PrOH / hexane, 1.0
mL/min, 254 nm; t, (major) = 11.49 min, t. (minor) = 9.64 min), 91:9 er.

Reten. Time Area Height Area
[min] [mv.s] [mv] [%a]
9,644: 1936,721 ; 145,411} 9,1
11,4925 19369,824 ; 1089,069 ; 90,9
Total 21306,546 ; 1234,481; 100,0
T T T T
2 4 6 8
Time
Reten. Time Area Height Area
[min] [mv.s] [rmiv] [%a]
9,548: 5576,467 | 426,066 § 48,6
11,4245 588,360 ; 374,568 ; 51,4;
Total 11464,827 ; 800,634, 100,0;
—— ‘/\‘_‘———_———_ —
0 2 ) 6 8
Time

(+)-((3aS,7aS)-1,3,3a,6,7,7a-hexahydroisobenzofuran-4-yl)(o-
tolyl)methanone (8d): (S)-L6 was used; 'H-NMR (400 MHz, CDCl;) 5 =
7.35—-7.29 (m, 1H), 7.24 — 7.14 (m, 3H), 6.64 — 6.59 (m, 1H), 4.38 (dd, J
= 8.5, 8.5 Hz, 1H), 4.00 (dd, J = 8.5, 6.1 Hz, 1H), 3.76 — 3.66 (m, 1H),
3.58 — 3.47 (m, 1H), 3.39 — 3.24 (m, 1H), 2.46 — 2.38 (m, 1H), 2.36 — 2.17
(m, 2H), 2.26 (s, 3H), 1.82 — 1.70 (m, 1H), 1.61 — 1.51 (m, 1H) ppm; *C-
NMR (101 MHz, CDCl;) & = 200.1, 146.7, 140.8, 139.3, 135.6, 130.6,
129.4, 127.4, 125.0, 73.1, 72.8, 37.2, 36.7, 24.8, 23.0, 19.5 ppm; IR
(ATR): 7 = 2929, 2862, 1648, 1452, 1382, 1261, 1139, 1083, 1059, 1014, 903, 739, 658 cm™";
HRMS (El) calc’'d. for [C1sH1s0,]": 242.1302, found: 242.1305; [a].32° = +48 (¢ = 0.28, CHCl,); R:
0.3 (10 % EtOAc in pentane); colorless oil; HPLC separation (Chiralpak IC, 4.6 x 250 mm; 50%
i-PrOH / hexane, 0.7 mL/min, 254 nm; t, (major) = 30.15 min, t; (minor) = 17.19 min), 88:12 er.
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1%
Reten. Time Area Height Arsa
[min] [mv.s] [mv] %]
1} 17,1923 1598,456 1 67,592} 11,9}
2 30,148 116854,446 264,376 88,1
Total  § 13452903} 331,568} 100,0}
a
~
—
S J\ B
T T T T
1] 5 10 15 20 25
Time
Reten. Time Area Height Area
[min] [mV.s] [mv] [%]
1 17,1203 724,406 | 186,263 1 48,7
FI 30,0002 4779422 ; 106,714 ; 50,3
Totl ¢ 9505,827 | 392,577 | 100,0
_ i . R |
——— T
T T T T T
0 5 10 15 20 25
Time:

(+)-((3aS,7aS)-1,3,3a,6,7,7a-hexahydroisobenzofuran-4-
yl)(naphthalen-1-yl)methanone (8e): (S)-L6 was used; 'H-NMR (400
MHz, CDClg) 6 = 7.96 — 7.85 (m, 3H), 7.55 — 7.41 (m, 4H), 6.72 — 6.64 (m,
1H), 4.47 (dd, J = 8.5, 8.5 Hz, 1H), 4.03 (dd, J = 8.5, 6.1 Hz, 1H), 3.76 —
3.71 (m, 1H), 3.68 — 3.61 (m, 1H), 3.51 — 3.40 (m, 1H), 2.53 — 2.41 (m,
1H), 2.31 — 2.14 (m, 2H), 1.80 — 1.72 (m, 1H), 1.65 — 1.53 (m, 1H) ppm;
BC-NMR (101 MHz, CDCl3) & = 199.4, 147.2, 141.3, 137.1, 133.6, 130.8,
130.1, 128.3, 126.9, 126.3, 126.1, 125.3, 124.3, 73.1, 72.9, 37.4, 36.7,
24.8, 23.0 ppm; IR (ATR): v = 3055, 2929, 2861, 1643, 1508, 1450,
1381, 1280, 1249, 1194, 1144, 1086, 1059, 1001, 908, 732, 782, 674 cm’
' HRMS (EI) calc’d. for [C1gH150,]": 278.1302, found: 278.1304; [a]p®® = +23 (¢ = 0.37, CHCl,);
R:: 0.2 (15 % EtOAc in pentane); colorless oil; HPLC separation (Chiralpak IC, 4.6 x 250 mm;
50% i-PrOH / hexane, 0.7 mL/min, 254 nm; t, (major) = 25.51 min, t, (minor) = 21.40 min), 90:10
er.

itd
Reten. Time Area Height Area
[min] [mv.s] [mv] [%a] ¢
i 21,3963 959,619 28,461 9,8;
2 25,5083 B870,300 ; 227,145 90,2;
Total 929,919 255,606} 100,0} =
40
o
-
=
_./N\i -
S e~ _ (s :
T T T T (1]
(1] 5 10 15 20 25
e [min.]
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5t
Reten. Time Area Height Area
[min] [m\.s] [miv] [26] 80
1 21,336: 10058,420 ; 292,874 49,4
2 25,4082 10294,392 ; 258,350 ; 50,61 L
Total 20352,812; 551,224 100,0 ;
40
20
- oA oA . -
T T T T T 0
0 5 10 15 20 25
- [min.]

(+)-1-((3aS,7aS)-1,3,3a,6,7,7a-hexahydroisobenzofuran-4-yl)-ethanone (8f):
(S)-L6 was used; '"H-NMR (300 MHz, CDCl;) 5 = 7.01 (dd, J = 6.1, 2.4 Hz, 1H),
4.32 — 418 (m, 1H), 3.92 (dd, J = 8.5, 6.0 Hz, 1H), 3.64 (dd, J = 8.5, 2.9 Hz,
1H), 3.37 — 3.27 (m, 1H), 3.17 — 3.02 (m, 1H), 2.37 — 2.18 (m, 3H), 2.30 (s,
L 3H), 1.78 — 1.64 (m, 1H), 1.57 — 1.45 (m, 1H) ppm; "*C-NMR (101 MHz, CDCl3)
8f H 0 =199.1,141.7, 140.4, 73.1, 72.8, 37.1, 36.7, 25.3, 24.7, 23.0 ppm; IR (ATR):

V = 2956, 2861, 1626, 1474, 1441, 1393, 1275, 1251, 1175, 1097, 1048, 909,
858, 812, 734, 649 cm™'; HRMS (EI) calc’d. for [C1oH1,0,]": 166.0989, found: 166.0989; [a]p® =
+10 (¢ = 0.12, CHCI,); R:: 0.3 (20 % EtOAc in pentane); colorless oil; HPLC separation
(Chiralpak IC, 4.6 x 250 mm; 50% i-PrOH / hexane, 0.75 mL/min, 210 nm; t, (major) = 33.59
min, t, (minor) = 20.91 min), 80:20 er.

Me

0
H

St
Reten. Time Area Height Area
[min] [mv.s] [mv] [%]
11 20,9123 4540,704 1 160,881 1 20,0 il
2 i 33,592 18179,901 ; 367,193 ; 80,0
Total 22720,605 ; 528,074 ; 100,0 ;
- - - - o0
[=:%
=
40
20
oo e N L ;
T T T T T T T 0
0 5 10 15 20 25 30 33
T [min.]
£t
Reten. Time Area Height
[min] [mv.s] [mv]
1 20,8402 41664,039 1 1242,470 2 80
2 33,680: 45769,991 ; 851,879; o
=
Total 87434,030; 2094,350;
60
40
F20
— e — ARt
T T T (1]
0 5 10 15 20 25 30 35
[min.]
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(+)-1-((3aS,7aS)-1,3,3a,6,7,7a-hexahydroisobenzofuran-4-yl)-pentanone
(89): (S)-L6 was used; 'H-NMR (400 MHz, CDCl;) & = 7.06 — 6.99 (m, 1H),
4.26 (dd, J = 8.5, 8.5 Hz, 1H), 3.93 (dd, J = 8.5, 6.0 Hz, 1H), 3.65 (dd, J = 8.5,
2.8 Hz, 1H), 3.36 — 3.27 (m, 1H), 3.17 — 3.04 (m, 1H), 2.68 — 2.60 (m, 2H),
2.37 -2.18 (m, 3H), 1.75 - 1.66 (m, 1H), 1.63 — 1.47 (m, 3H), 1.37 — 1.30 (m,
2H), 0.92 (t, J = 7.2 Hz, 3H) ppm; *C-NMR (101 MHz, CDCl3) & = 201.6,

140.1, 140.0, 73.1, 72.9, 37.3, 36.7, 26.9, 24.7, 23.0, 22.5, 13.9 ppm; IR
(ATR): v = 3053, 2930, 1663, 1451, 1428, 1249, 1186, 1059, 1030, 903, 784, 734 cm™; HRMS
(EI) calc’d. for [CysH20,]": 208.1458, found: 208.1461; [a]p®® = +1.8 (¢ = 0.98, CHCI3); R:: 0.2
(10 % EtOAc in pentane); colorless oil; HPLC separation (Chiralpak IC, 4.6 x 250 mm; 50% i-
PrOH / hexane, 0.7 mL/min, 254 nm; t, (major) = 17.04 min, t, (minor) = 21.02 min), 85:15 er.

i
Reten. Time Area Height Area
[min] [mv.s] [mv] [=a] Lt
1 17,040 3012,452 § 118,385} 84,91
2 21,0163 537,821 17,795i 151
Totl 3550,273 | 136,179 100,0°} i
40
,! 20
T T T T 0
0 5 10 15 20
Time [min.]
S
Reten. Time Area Height Area -
[rmin] [mv.s] [mv] [%6] = e
1 17,132: 1708,966 : 69,102} 48,9; 3
2 21,128 1785,969 ; 56,112, 51,1;
Total 3404,935 125,215} 100,0 =
40
f'L’ 20
T~ o -
T T T T 1]
[i] 5 10 15 20

HO

\

Ph

\\\\\

18a

OMe
OMe

(+)-(R)-((1R,6S)-5,6-bis(methoxymethyl)cyclohexa-2,4-dienyl)-(phenyl)-
methanol (18a): (R)-L6 was used; '"H-NMR (300 MHz, CDCl;) 5 = 7.36 —
7.31 (m, 4H), 7.27 — 7.26 (m, 1H), 6.00 — 5.90 (m, 2H), 5.24 — 5.14 (dd, J =
9.0, 6.2 Hz, 1H 1H), 4.46 (dd, J = 8.5, 3.8 Hz, 1H), 4.01 (d, J = 12.5 Hz,
1H), 3.88 (d, J = 12.5 Hz, 1H), 3.39 (s, 3H), 3.37 — 3.27 (m, 2H), 3.25 (s,
3H), 3.02 — 2.96 (m, 1H), 2.70 — 2.64 (m, 1H), 2.18 (d, J = 3.8 Hz, 1H)
ppm; *C-NMR (101 MHz, CDCl;) & = 143.2, 134.9, 128.2, 127.5, 126.8,

125.8, 124.4, 121.5, 75.3, 73.7, 71.6, 58.3, 58.3, 42.2, 34.6 ppm; IR (ATR): v = 3432, 3032,
2979, 2923, 2823, 1679, 1453, 1376, 1310, 1196, 1114, 1090, 1039, 961, 913, 765, 726, 701
cm™; HRMS (ESI) calc’d. for [C17H2NaOs]*: 297.1461, found: 297.1452; [a]p®® = +65 (¢ = 0.21,
CHCIy); Ry: 0.3 (33 % EtOAc in pentane); colorless oil; HPLC separation (Chiralpak 1A, 4.6 x 250
mm; 10% i-PrOH / hexane, 1.0 mL/min, 254 nm; t, (major) = 8.93 min, t, (minor) = 11.72 min),

78:22

er.
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1u
Reten. Time Area Height Area
[min] [mV.s] [mv] [%%] Lz
7 i 8,932: 2560,653 1 178,456 1 78,21
2 11,724 711,860 ; 33,639, 21,8:
| Toal 3272,513; 212,095; 100,0; oL

0 2 4 [+ 8 10 12
Time [min. ]
o 1
Reten. Time Area Height Area "
| [min] [mVv.s] [rmv] [%] @
1 8,8573 1302,500 90,831 48,9: - 80
2 11,6535 1362,895 ; 71,835;
Toml 2665,396 ; 162,666 ; 60
40
20
— . e =
T T T — 0
0 2 4 [ 8 10 12 14
[min. ]

Time

(-)-(S)-((1S,6R)-5,6-bis(methoxymethyl)cyclohexa-2,4-dienyl)-(4-
methoxyphenyl)-methanol (18b): (S)-L6 was used; '"H-NMR (300 MHz,
CDClg) 6 = 7.29 — 7.21 (m, 2H), 6.89 — 6.84 (m, 2H), 5.98 — 5.87 (m,
2H), 5.17 (dd, J = 9.1, 6.1 Hz, 1H), 4.40 (dd, J = 8.7, 3.8 Hz, 1H), 4.01
(d, J=12.5Hz, 1H), 3.88 (d, J = 12.5 Hz, 1H), 3.80 (s, 3H), 3.38 (s, 3H),
3.38 — 3.27 (m, 2H), 3.27 (s, 3H), 3.03 — 2.97 (m, 1H), 2.70 — 2.59 (m,
1H), 2.14 (d, J = 3.8 Hz, 1H); *C-NMR (101 MHz, CDCl;) & = 159.0,
135.5, 134.9, 127.9, 125.9, 124.2, 121.5, 113.6, 75.3, 73.1, 71.7, 58.3,
58.2, 55.3, 42.2, 34.8 ppm; IR (ATR): Vv = 3427, 2923, 2834, 1611,
1512, 1459, 1378, 1303, 1246, 1177, 1112, 1034, 959, 836, 735 cm'; HRMS (ESI) calc’d. for
[C1sH2sNaO,]*: 327.1567, found: 327.1572; [a]p®® = -165 (¢ = 0.63, CHCIs); Ry: 0.2 (33 % EtOAc
in pentane); colorless oil; HPLC separation (Chiralpak IA, 4.6 x 250 mm; 10% i-PrOH / hexane,
1.0 mL/min, 254 nm; t, (major) = 17.91 min, t, (minor) = 13.29 min), 88:12 er.

oL
Reten. Time Area Height
[min] [mv.s] [mv]
! 13,290 509,351 ; 26,324 Lo
2 17,9135 3689,414 ; 142,477

f Total 4198, 764 | 168,801 ; Lo
40
20

‘ 0

g 5 10 15 &
[min.]
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el
Reten., Time Area Height
[min] [mV.s] [mv]
i 13,280} 2813,453 133,359} 0
2 17,940 2631,723: 90,146 ;
Toal  ; 545,176 ; 223,505 ; l6o
40
/‘L_JL [
T 0
5 10 15 20
[min.]

Time

(+)-(R)-((1R,6S)-5,6-bis(methoxymethyl)cyclohexa-2,4-dienyl)-(4-
chlorophenyl)-methanol (18c): (R)-L6 was used; 'H-NMR (300 MHz,
CDCl3) & = 7.33 = 7.23 (m, 4H), 6.01 — 5.91 (m, 2H), 5.20 (dd, J = 9.5, 5.8
Hz, 1H), 4.45 (dd, J = 8.4, 3.7 Hz, 1H), 4.00 (d, J= 12.2 Hz, 1H), 3.87 (d, J
= 12.2 Hz, 1H), 3.39 (s, 3H), 3.36 — 3.27 (m, 2H), 3.26 (s, 3Hz, 3.00 — 2.92
(m, 1H), 2.67 — 2.58 (m, 1H), 2.30 (d, J = 3.7 Hz, 1H) ppm; *C-NMR (101
MHz, CDCl;) 6 = 141.7, 135.0, 133.1, 128.3, 128.1, 125.5, 124.7, 121.6,
75.3, 73.2, 71.5, 58.3, 58.3, 42.2, 34.7 ppm; IR (ATR): v = 3430, 3042,
2982, 2927, 2890, 2821, 1597, 1489, 1449, 1379, 1195, 1114, 1089, 1041,
1014, 915, 841, 732 cm™; HRMS (ESI) calc’d. for [C17H2CINaO3]*: 331.1071, found: 331.1072;
[a]p®® = +200 (c=0.40, CHCIy); R;: 0.3 (33 % EtOAc in pentane); colorless oil; HPLC separation
(Chiralpak 1A, 4.6 x 250 mm; 5% i-PrOH / hexane, 1.0 mL/min, 254 nm; t, (major) = 13.98 min, t,

(minor) = 24.08 min), 89:11 er.

o 1t
Reten. Time Area Height Area
[min] [mv.s] [mv] [%]
1 13,983: 2890,409 1 137,561 88,6 80
i 2 24,083; 372,928: 11,368 11,4;
Total  ; 3263,337; 148,929; 100,0;
60
. 40
o — Y, ~
T T T
1] 5 10 15
Time:
Reten, Time Area Height Area
[min] [mV.5] [mv] [%=] £
1 13,983: 2229,948 1 99,761: EEHEE
I 24,1503 4894,311: 126,761 ; 68,7 ;
Total 7124,259; 226,522} 100,0;
N _ :
T T T T T 0
0 5 10 15 20 25
[min.]

Time
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(-)-(R)-((1S,6R)-5,6-bis(methoxymethyl)cyclohexa-2,4-dienyl)-(3,5-
dimethylphenyl)-methanol (18d): (S)-L6 was used; 'H-NMR (400 MHz,
CDCl3) 8 = 7.00 — 6.95 (m, 2H), 6.94 — 6.91 (m, 1H), 6.01 — 5.91 (m, 2H),
5.22 (dd, J = 9.3, 6.0 Hz, 1H), 4.39 (dd, J = 8.8, 3.5 Hz, 1H), 4.06 (d, J =
12.6 Hz, 1H), 3.91 (d, J = 12.6 Hz, 1H), 3.41 (s, 3H), 3.39 — 3.31 (m, 2H),
3.30 (s, 3H), 3.08 — 3.00 (m, 1H), 2.74 — 2.66 (m, 1H), 2.33 (s, 6H), 2.17 (d,
J = 3.5 Hz, 1H) ppm; *C-NMR (101 MHz, CDCl;) & = 143.2, 137.7, 134.8,
129.2, 126.0, 124.6, 124.2, 121.5, 75.3, 73.6, 71.7, 58.3, 58.2, 42.0, 34.7,
21.3 ppm; IR (ATR): vV = 3411, 2920, 1606, 1455, 1378, 1296, 1194,
1111, 1054, 959, 853, 730 cm'; HRMS (ESI) calc’d. for [C19H6NaO3]*:

325.1774, found: 325.1774; [a]p®® = -150 (¢ = 0.43, CHCls); R:: 0.3 (33 % EtOAc in pentane);
colorless oil; HPLC separation (Chiralpak 1A, 4.6 x 250 mm; 10% i-PrOH / hexane, 1.0 mL/min,

254 nm; t, (major)

= 8.93 min, t, (minor) = 7.03 min), 88:12 er.

I S0
Reten. Time Area Height Area
N [min] [mv.s] [mv] [%&] e
1 7,030% 387,627 § 40,815} 11,9;
W 2 8,927 1 2882,754 228,242 ; 88,11
Total 3270,382 ; 268,057 ; 100,0} oL
o
40
20
H — — |/\| i |
T T 0
0 2 4 6 8 10
T [min.]
1t
Reten. Time Area Height Area
_ [rmin] [mV.s] [miv] [%] 8o
1 7,003} 2317,426 ; 244,024 50,4
i 2 8,867 2276,565 ; 182,665 49,6 ; L
: Total 4593,995; 426,689 100,0}
- 40
i —20
4 - @@ JA , _I 0
(1] 2 4 7] 8 10
Time [min.]
(-)-((1R,6S)-6-(methoxymethyl)-5-methylenecyclohex-3-enyl)-(phenyl)-
Oy Ph methanone (20a): "H-NMR (300 MHz, CDCl) 5 = 7.99 — 7.91 (m, 2H), 7.59
N —7.50 (m, J=7.3 Hz, 1H), 7.50 — 7.40 (m, 2H), 6.15 (d, J = 9.9 Hz, 1H), 5.85
" OMe -5.76 (m, 1H), 4.96 (br s, 1H), 4.85 (br s, 1H), 4.01 — 3.95 (m, 1H), 3.58 —
3.51 (m, 1H), 3.40 (dd, J = 9.8, 4.9 Hz, 1H), 3.30 (s, 3H), 3.10 — 3.04 (m,
20a 1H), 2.51 — 2.35 (m, 2H) ppm; *C-NMR (101 MHz, CDCl;) & = 202.6, 140.8,

136.5, 132.7, 128.6, 128.4, 127.0, 113.5, 73.8, 58.8, 41.9, 41.5, 25.3, 1.0

ppm; IR (ATR): v = 3029, 2925, 2360, 1683, 1597, 1448, 1363, 1219, 1196, 1115, 1021, 886,
786, 698 cm™; HRMS (El) calc’d. for [CigH1505]": 242.1302, found: 242.1301; [a]p® = -4.8 (c =
0.10, CHCl3); Ry: 0.2 (5 % Et,0 in pentane); colorless oil; HPLC separation (Chiralpak 1A, 4.6 x
250 mm; 1% i-PrOH / hexane, 1.0 mL/min, 254 nm; t, (major) = 8.31 min, t, (minor) = 12.61

min), 95:5 er.
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it
Reten. Time Area Height Area
[rmin] [mv.s] [mv] [%e]
1 : 8,307: 8697,996 1 601,003 ; 95,2 e
2 12,6073 434,264 25,192; 4,8i
Total 9132,212; 626,196 100,0; Lso
40
-
=2 20
I
_ [ .- _/\-_-_4%\.‘_._]_
T T T T T T 0
0 2 4 6 8 10 12
Time [min.]
't
Reten. Time Area Height
[l [min] [mv.s] [mv]
i 8,270; 1618,686 1 127,022} - 80
7 2 12,603; 1530,507 86,038} =
| Total  ; 3149,193} 213,060} N
< : : 60
40
7 20
|/ : |
T T T 0
0 2 4 6 8 10 12 14
[min.]

(-)-((1R,6S)-6-(methoxymethyl)-5-methylenecyclohex-3-enyl)-(4-

OMe methoxyphenyl)-methanone (20b): "H-NMR (300 MHz, CDCl;) & 7.99 —

7.92 (m, 2H), 6.98 — 6.91 (m, 2H), 6.16 (d, J= 9.9 Hz, 1H), 5.87 - 5.75 (m,

1H), 4.96 (br s, 1H), 4.87 (br s, 1H), 3.97 — 3.91 (m, 1H), 3.87 (s, 3H),

RN 3.56 (dd, J=9.7, 7.9 Hz, 1H), 3.39 (dd, J= 9.7, 4.7 Hz, 1H), 3.29 (s, 3H),

- OMe 3.07 — 2.99 (m, 1H), 2.52 — 2.32 (m, 2H) ppm; "*C-NMR (101 MHz, CDCl5)

o = 201.2, 163.3, 141.1, 130.7, 129.4, 128.6, 127.2, 113.7, 113.3, 73.7,

20b 58.9, 55.4, 42.0, 41.1, 25.8 ppm; IR (ATR): v = 2925, 1675, 1600, 1511,

1460, 1362, 1311, 1259, 1171, 1116, 1027, 887, 842, 785 cm”'; HRMS

(El) calc’d. for [Cy7H200s]": 272.1407, found: 272.1407; [a]p?® = -15 (¢ = 0.43, CHCI;); R:: 0.3 (10

% Et,0 in pentane); colorless oil; HPLC separation (Chiralpak IC, 4.6 x 250 mm; 10% /i-PrOH /
hexane, 1.0 mL/min, 254 nm; t, (major) = 13.65 min, t, (minor) = 15.33 min), 98:2 er.

it
Reten. Time Area Height Area
[min] [mVv.s] [mv] [%a] Lso
1 13,648 2755,122; 148,144 97,81
2 15,332; 61,272 ; 2,827, 2,2;
T Toll 2816304 150,672} 100,01 e
40
E_ F20
—— — N AR | I _1 |
T T T 0
0 5 10 15
[min.]
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Reten. Time Area Height Area
[min] [mv.s] [rmiv] [%&]
1 13,624: 4063,368 ¢ 219,281 51,2:
2 15,252 3865,461; 183,938; 48,8
Total 7928,829 ; 403,219, 100,0}
I5 lll]
Time

20c

(-)-(4-chlorophenyl)-((SR,6S)-6-(methoxymethyl)-5-methylenecyclohex-
3-enyl)-methanone (20c): '"H-NMR (300 MHz, CDCl;) & = 7.93 — 7.87 (m,
2H), 7.46 — 7.40 (m, 2H), 6.15 (d, J = 9.9 Hz, 1H), 5.85 — 5.76 (m, 1H), 4.96
(brs, 1H), 4.85 (br s, 1H), 3.96 — 3.90 (m, 1H), 3.53 (dd, J = 9.7, 8.5 Hz, 1H),
3.40 (dd, J=9.7, 4.9 Hz, 1H), 3.30 (s, 3H), 3.07 — 2.99 (m, 1H), 2.53 — 2.32
(m, 2H) ppm; *C-NMR (101 MHz, CDCl;) & = 201.4, 140.5, 139.1, 134.7,
129.9, 128.9, 128.5, 126.9, 113.6, 73.7, 58.9, 42.0, 41.5, 25.1 ppm; IR
(ATR): v = 2926, 1684, 1589, 1487, 1400, 1362, 1281, 1215, 1115, 1012,
887, 840, 784 cm';: HRMS (El) calc’d. for [CygH47CIO,]": 276.0912, found:

276.0915; [a]p®® = -16 (c = 0.19, CHCIls); R:: 0.3 (5 % Et,O in pentane); colorless oil; HPLC
separation (Chiralpak 1A, 4.6 x 250 mm; 1% i-PrOH / hexane, 1.0 mL/min, 254 nm; t, (major) =
15.99 min, t, (minor) = 8.80 min), 99:1 er.

i
Reten. Time Area Height Area
[min] [mv.s] [mv] [%:]
1 8,800+ 79,047 1 7,138 L1i reo
2 15,990 6991,826 310,976 ; 98,9,
Total 7070,873; 318,114, 100,0;
60
40
-] 20
&
L - N e~ _
T 0
) 3 10 15 7
- [min. ]
o 1t
Reten. Time Area Height
_ [min] [mV.s] [mVv]
1 8,790% 3199,715: 275,416} 80
2 15,2175 3319,101; 155,358;
T Total 6518,816 ] 430,774} o
n 60
- 40
i 20
. . — T — Pt
T (1]
v} 5 10 15
[min.]

Time
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(-)-(3,5-dimethylphenyl)-((1R,6S)-6-(methoxymethyl)-5-
methylenecyclohex-3-enyl)-methanone (20d): '"H-NMR (400 MHz, CDCls)
d=7.62—-7.55(m, 2H), 7.25 - 7.17 (m, 1H), 6.18 (d, J = 9.9 Hz, 1H), 5.86 —
5.77 (m, 1H), 5.00 (br s, 1H), 4.92 (br s, 1H), 3.98 — 3.92 (m, 1H), 3.61 (dd, J
= 9.9, 7.7 Hz, 1H), 3.42 (dd, J = 9.9, 4.8 Hz, 1H), 3.32 (s, 3H), 3.11 — 3.03
(m, 1H), 2.58 — 2.40 (m, 2H), 2.37 (s, 6H) ppm; "*C-NMR (101 MHz, CDCls)
5 =203.2,141.2, 138.1, 136.7, 134.4, 128.8, 127.0, 126.2, 113.3, 73.5, 58.7,
41.7, 41.6, 25.9, 21.3 ppm; IR (ATR): ¥ = 2921, 1681, 1603, 1451, 1380,
1307, 1191, 1117, 987, 884, 776 cm™'; HRMS (El) calc’d. for [CigH2.02]":
270.1615, found: 270.1617; [a]p® = -34 (c = 0.49, CHCl;); R:: 0.3 (10 %

Et,O in pentane); colorless oil; HPLC separation (Chiralpak 1A, 4.6 x 250 mm; 1% i-PrOH /
hexane, 1.0 mL/min, 254 nm; t, (major) = 8.38 min, t; (minor) = 6.56 min), 98:2 er.

AT

4 Reten. Time Area Height Area
[min] [mv.s] [mv] 3] Lao
| 1 6,557 1 113,455 9,273; 1,8;
2 8,377: 6331,674; 521,436: 98,2 ;
7 Tomi &445,129" 530,700 100,0° o0
H 30
i 2 20
o
1l IV N
I’"’_H'L
T T 1]
(i 2 4 6 8
Time [min.]
AT
i Reten. Time Area Height Area
[rmin] [mV.s] [mv] [%e] Loe
| 1 6,5572 90,009 ; 8,560 1,4:
2 8,377: 6331,674: 521,4361 98,6:
| Total 421,683 | 539,506 100,0} =
4 40
) 20
T T i
(1] 2 4 6 8
[min. ]

Time
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