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1. General details

General information: Unless otherwise noted, all reagents, catalysts and ligands were purchased from
commercial suppliers and used without further purification. All the acetophenones, indanones, tetralones and
symmetrical ketones were purchased from commercial suppliers and used without further purification. All
reactions were performed under nitrogen atmosphere and in a flame-dried or oven-dried glassware with
magnetic stirring. All solvents were dried before use following the standard procedures. Reactions were
monitored using thin-layer chromatography (SiOz). TLC plates were visualized with UV light (254 nm), iodine
treatment or using p-anisaldehyde stain or S-naphthol stain. Column chromatography was carried out using
100-200 mesh silica gel packed in glass columns. NMR spectra were recorded at 300, 400, 500 MHz (H) and
at 75, 101, 126 MHz (C), respectively. Chemical shifts () are reported in ppm, using the residual solvent peak
in CDCls (H: 6= 7.26 and C: 6 = 77.16 ppm) as internal standard. Data are reported as follows: chemical shift,
multiplicity (s = singlet, d = doublet, t = triplet, dd = doublet of doublets, m = multiplet), coupling constants (Hz)
and integration. HRMS were recorded using ESI-TOF techniques. Enantiomeric ratio (er) values were
determined by chiral HPLC (Shimadzu LC-20AD) of the purified product and diastereomer ratio (dr) values were
determined by *H NMR analysis. HRMS were recorded using ESI-TOF techniques. Optical rotations of all chiral

compounds were measured on Horiba SEPA-300.

2. Experimental Procedures and Analytical Data

2a. General procedure for synthesis of allene ethers 2:1

KO'Bu
0 (30 mol%) 9)\%
R THF, t R

30 min 2

S1

An oven-dried round-bottomed flask equipped with a magnetic stir bar under an argon atmosphere was charged
with alkyl propargyl ether S1 (500 mg), and dissolved in dry THF (10 mL). To this was added KIOBu (30 mol%)
and the reaction mixture was allowed to stir for 30 mins. The reaction mixture was diluted with hexanes (50 mL),
filtered through a pad of silica gel with the aid of hexanes. The filtrate was concentrated in vacuo and the residue
was subjected to flash column chromatography (neat hexanes) to furnish the mono-substituted alkoxyallenes 2

as a colourless oil.
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Compound 2aa was prepared according to a previously reported procedure.?
Compounds 2ab was prepared according to a previously reported procedure.®

Compounds 2ac was prepared according to a previously reported procedure.*
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Compounds 2ad, 2ae and 2a were prepared according to a previously reported procedure.!

2b. Preparation of 4,4-disubstituted cyclohexanone substrates*:

OH

BAIB (1.1 equiv) Pd/C (0.1 equiv)
MeOH, 0°C - rt, 1-4 h CHxCl, 1 h
R R OCHj; R OCHj;
S2 s3 4

The general experimental procedures for the preparation of p-quinol methyl ether were followed as reported
in literature.®> (Diacetoxyiodo)benzene (BAIB, 1.1 equiv) was added portion wise to a stirred solution of 4-
substituted phenol S2 (2.0-10 mmol) in methanol (5 mL/mmol) at 0 °C. The solution was allowed to warm to
room temperature for 1-4 h. Reaction was quenched with saturated aqueous NaHCOz3 solution to neutralize the
acidic reaction mixture and extracted with EtOAc three times. The combined organic phase was washed with
brine, dried over Na2SOg, filtered and concentrated under reduced pressure. The residue was purified by column
chromatography (5-10% EtOAc in hexane) to give pure p-quinol S3 and used in the next step.

The obtained p-quinol S3 was dissolved in CH2Clz under nitrogen atmosphere and 10% Pd/C (0.1 equiv)
was added to it. The reaction mixture was then stirred under hydrogen atmosphere for 1 h. Then, the reaction
mixture was filtered on celite, concentrated under reduced pressure. The crude product was purified using flash
column chromatography (5% EtOAc/Hexanes) to obtain the 4,4-disubstituted cyclohexanone substrate 4 as

o o 2
Me OMe Me Ph g{)
af

4a de

colourless oil.

Compounds 4a was prepared according to a previously reported procedure.®
Compounds 4e and 4f were prepared according to a previously reported procedure.®

4-Ethyl-4-methoxycyclohexan-1-one (4b):

MeO Et

Prepared according to the general procedure as described above in 85% yield (174 mg): It was purified by flash
chromatography (10% EtOAc/hexanes; R = 0.3) to afford a colourless oil; H NMR (400 MHz, CDCls) & 3.23 (s,
3H), 2.58 (td, J = 14.3, 6.2 Hz, 2H), 2.28 — 2.07 (m, 3H), 1.64 — 1.55 (m, 5H), 0.90 (t, J = 7.5 Hz, 3H); 13C NMR
(126 MHz, CDCls) 6 213.0, 74.0, 49.0, 37.0, 33.2, 28.3, 7.5; HRMS (ESI) m/z: [M+H]* calcd for CoH17O2*,
157.1228; found: 157.1225.



4-Methoxy-4-propylcyclohexan-1-one (4c):

MeO n-Pr

Prepared according to the general procedure as described above in 80 % yield (164 mg): It was purified by flash
chromatography (10% EtOAc/hexanes; R = 0.3) to afford a colourless oil; H NMR (400 MHz, CDCl3) 6 3.22 (s,
3H), 2.56 (td, J = 14.2, 6.1 Hz, 2H), 2.19 — 2.09 (m, 4H), 1.61 (td, J = 13.7, 4.7 Hz, 2H), 1.51 — 1.42 (m, 2H),
1.39 - 1.30 (m, 2H), 0.93 (t, J = 7.2 Hz, 3H); *C NMR (101 MHz, CDCl3) 6 212.5, 74.0, 49.0, 38.3, 37.0, 33.6,
16.4, 14.7; HRMS (ESI) m/z: [M+H]* calcd for C1o0H1002*, 171.1385; found: 171.1378.

4-iso-Propyl-4-methoxycyclohexan-1-one (4d):

MeO i-Pr
Prepared according to the general procedure as described above in 86% yield (176 mg): It was purified by flash
chromatography (10% EtOAc/hexanes; R; = 0.3) to afford a colourless oil; H NMR (400 MHz, CDCI3) 8 3.23 (s,
3H), 2.58 (td, J = 14.3, 6.4 Hz, 2H), 2.26 — 2.17 (m, 2H), 2.12 — 1.93 (m, 3H), 1.79 (dt, J = 13.7, 6.9 Hz, 2H),
0.91 (d, J = 6.9 Hz, 6H); 3C NMR (126 MHz, CDClsz) 6 212.6, 76.3, 48.1, 36.7, 31.1, 29.2, 17.1; HRMS (ESI)
m/z: [M+H]* calcd for C10H1902*, 171.1385; found: 171.1379.

2c. CuH-Catalysed coupling of alkoxyallenes with acetophenone:

CU(CH3CN)4PF6

o _ (2.5 mol%) HO, Me
y . H\(-/ (S)-BINAP (5.0 mol%) N
e >
OR PMHS (2.0 equiv) OR
LiO'Bu (2.0 equiv)
1a 2 THF, -78°C, 1 h 3

A solution of Cu(CHsCN)4PFs (6.2 mg, 2.5 mol%), (S)-BINAP (21.0 mg, 5 mol%), PMHS (178 pl, 1.33 mmol)
and LiO'Bu (1.3 ml, 1.33 mmol, 1 M in THF) in dry THF (2.0 mL) was stirred at room temperature for 10 min and
then maintained at the temperature of -78 °C under inert atmosphere. A solution of acetophenone 1a (80 mg,
0.67 mmol) and corresponding allene ether 2 (0.67 mmol, 1.0 equiv) in dry THF (1.0 mL) was added via syringe
and the resulting mixture was stirred at -78 °C for 1 h. The reaction mixture was quenched with saturated NH4Cl
(10 mL) solution and extracted with EtOAc (3 x 15 mL) and dried over anhydrous Na:SOs, filtered and

concentrated in vacuo. The resultant crude product was purified by column chromatography (hexanes/EtOAc).
(2R,3R)-3-Phenoxy-2-phenylpent-4-en-2-ol (3aa):

HQ, Me

X
OPh

Prepared according to the general procedure as described above in 85% combined yield (143 mg) with 2:1 dr.

It was purified by flash chromatography (10% EtOAc/hexanes; Rs = 0.3) to afford a colourless oil; Major
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isomer:*H NMR (400 MHz, CDCl3) & 7.61 — 7.56 (m, 2H), 7.41 (t, J = 7.2 Hz, 2H), 7.31 — 7.27 (m, 2H), 7.01 —
6.96 (m, 2H), 6.95 — 6.89 (m, 2H), 5.81 (ddd, J = 17.3, 10.7, 6.3 Hz, 1H), 5.33 (d, J = 10.7 Hz, 1H), 5.28 (dd, J
= 8.5, 1.0 Hz, 1H), 4.76 (dd, J = 6.3, 0.8 Hz, 1H), 1.69 (s, 3H); 3C NMR (101 MHz, CDCls) 6 158.1, 144.5,
133.5, 129.4, 128.1, 127.3, 126.0, 121.6, 119.9, 116.6, 86.4, 76.3, 24.3; HRMS (ESI) m/z: [M+Na]* calcd for
Ci17H1802Na*, 277.1204; found: 277.1196; [a]?°p = -18.80° (c 1.0, CHCIs); major/minor isomers: 74:26/73:27 er;
Chiral HPLC analysis of the product: Daicel Chiralpak AD-H 250X4.6 mm 5pu column; hexane/2-propanol =
99/01, detected at 210 nm, Flow rate = 1 mL/min, Retention times: 9.499 min (minor), 10.581 min (major);
17.760 min (minor), 19.278 min (major).

mAU
2 o o PDA Multi 1 210nm.4nm
= =+ ™~ o
] = 3 = &
20 =
15
107
5
0
I‘IUII_DI o |12|.5I o |1€;_GI o I1?I_5I o IQOI_OI o I22I_5| o éS_G
min
<Peak Table>
PDA Ch1 210nm
Peak# Ret. Time| Area | Height | Area% | Height%
1] 9.489 | 841060 | 24246 | 20.179| 27.680
2 10.594 726085 | 19187 | 17.421| 21.904
3, 17.769| 1276330 22110 | 30.622 | 26.242
4| 19.292] 1324497 22050 | 31.778 | 25173
Total 4167973 87594 100.000 100.000
mAU
] -1 PDA Multi 1 210nm,4nm
50 =
40 =
1 o
1 2
30 2
1 =
: =]
20 o
- 2
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10
0
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<Peak Table>

PDA Ch1 210nm

Peak# Ret. Time | Area Height | Area% | Height%
1 9.499 | 671321 20271 13.449 18.266
2| 10.581| 1832953 51454 | 38.724 | 46.366
3| 17.760 547558 9099 | 10.969 8.199
. 4| 19.278| 1839812 30150 36.858 | 27.169
Total 4991644 110974 100.000 100.000

(2R,3R)-3-(Naphthalen-2-yloxy)-2-phenylpent-4-en-2-ol (3ab):

HO Me
X A
O
S
Prepared according to the general procedure as described above in 73% combined yield (148 mg) with 2:1 dr.
It was purified by flash chromatography (10% EtOAc/hexanes; Rt = 0.3) to afford a colourless oil; major isomer;
1H NMR (500 MHz, CDCl3) & 7.81 — 7.70 (m, 3H), 7.64 — 7.58 (m, 2H), 7.49 — 7.10 (m, 7H), 5.87 (ddd, J = 17.1,
11.5, 7.5 Hz, 1H), 5.36 (d, J = 11.2 Hz, 1H), 4.93 (s, 2H), 2.70 (s, 1H), 1.73 (s, 3H); 13C NMR (101 MHz, CDCls)
0 156.0, 145.0, 134.4, 133.3, 130.1, 129.4, 128.2, 128.0, 127.4, 127.1, 127.0, 126.1, 126.0, 124.1, 120.0, 119.4,
110.2, 86.4,76.3, 24.4; HRMS (ESI) m/z: [M+Na]* calcd for C21H2002Na*, 327.1361; found: 327.1361; [a]?%> = -
27.76° (c 1.0, CHCIs); major/minor isomers: 69:31/73:27 er; Chiral HPLC analysis of the product: Daicel

Chiralpak AD-H 250X4.6 mm 5u column ; hexane/2-propanol = 99/01, detected at 210 nm, Flow rate = 1 mL/min,
Retention times: 5.608 min (minor), 6.089 min (major); 8.979 min (minor), 9.907 min (major).

mAU
200- 5 § PDA Multi 1 210nm,4nm
1l @ - : :
@
150
100—_
50
0]
| | | ol I o |
5 6 7 8 9 10 1 12
min
<Peak Table>
PDACh1 210nm
Peak# Ret. Time | Area Height | Area% | Height%
1] 5640 2959066 175265 | 17.256 | 24.220
2| 6.124| 3005650 157906 | 17.528 | 21.821
3| 9.000| 5564918 194365 | 32.452 | 26.860
4| 9.888 5618286 196100 | 32.764 | 27.099
Total 17147920 723635 100.000 100.000
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<Peak Table>

PDA Ch1 210nm

Peak# Ret. Time| Area | Height | Area% | Height%
1 5608 6085647 299654  24.753  26.329
2 6.089 13855257 669439  56.355  58.820
3 8979 1240206 47987 5.044 4.216
4 9007 3404498 121038 13.848 _ 10.635
Total 24585607 1138118 100.000 100.000

(2R,3R)-3-(Nonyloxy)-2-phenylpent-4-en-2-ol (3ac):

HO, Me

e
OCoH19

Prepared according to the general procedure as described above in 86% yield (173 mg) with >20:1 dr. It was
purified by flash chromatography (5% EtOAc/hexanes; R = 0.3) to afford a colourless oil; 1H NMR (400 MHz,
CDCl3) 6 7.41 — 7.36 (m, 2H), 7.30 — 7.21 (m, 2H), 7.21 — 7.13 (m, 1H), 5.62 (ddd, J = 17.4, 10.4, 7.6 Hz, 1H),
5.07 (dd, J = 1.8, 0.9 Hz, 1H), 5.03 (dd, J = 1.8, 0.9 Hz, 1H), 3.66 (d, J = 7.6 Hz, 1H), 3.42 (dt, J = 9.3, 6.5 Hz,
1H), 3.11 (dt, J = 9.3, 6.5 Hz, 1H), 1.38 (s, 3H), 1.27 — 1.09 (m, 14H), 0.81 (t, J = 7.0 Hz, 3H); 3C NMR (101
MHz, CDCl3)  145.7, 134.7, 128.0, 127.1, 126.0, 119.6, 88.1, 76.1, 69.4, 32.0, 29.8, 29.7, 29.5, 29.4, 26.2,
24.4,22.8, 14.3; HRMS (ESI) m/z: [M+Na]* calcd for C20H3202Na*, 327.2272; found: 327.2300; [a]?°p = -11.65°
(c 1.0, CHCIs); 88:12 er; Chiral HPLC analysis of the product: Daicel Chiralpak IC 250X4.6 mm 5pu column;
hexane/2-propanol = 98/02, detected at 254 nm, Flow rate = 1 mL/min, Retention times: 5.758 min (major),
5.369 min (minor).
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= P2 hlulti 3
100 -
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# 1
4.0 4.IE E.ID E.IE- 8. E-.IE ?.ID 7.5
PDA Ch3 254nm Inm
Peak# Ret. Time Area Height Area % Height %
1 5.266 1036733 111853 50.544 58.366
2 5.806 1014423 T9T87 49.456 41.634
Totall 2051156 191640 100.000 100,000
= — =1
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4.0 4.IE E.ID E.IE- 8.0 E-.IE ?.ID 7.5
= - ryin -
PDA Ch3 254nm Inm
Peak# Ret. Time Area Height Area % Height %
| 5.369 223854 28658 12.010 20.593
2 5.758 1640065 110507 87.990 79.407
Totall 1863919 139165 100.000 100.000




(2R,3R)-3-(Benzyloxy)-2-phenylpent-4-en-2-ol (3ad):

HO, Me

N
OCH,Ph

Prepared according to the general procedure as described above in 91% combined yield (163 mg) with 4:1 dr.

It was purified by flash chromatography (10% EtOAc/hexanes; Rs = 0.3) to afford a colourless oil; Major isomer;
H NMR (500 MHz, CDClz) 8 7.35 — 7.30 (m, 2H), 7.25 — 7.14 (m, 6H), 7.00 — 6.97 (m, 2H), 5.71 (ddd, J = 17.4,
10.4, 8.0 Hz, 1H), 5.27 (ddd, J = 10.5, 1.7, 0.6 Hz, 1H), 5.11 (ddd, J = 17.3, 1.7, 0.8 Hz, 1H), 4.48 (d, J = 11.9
Hz, 1H), 4.19 (d, J = 11.9 Hz, 1H), 3.79 (d, J = 8.0 Hz, 1H), 2.85 (s, 1H), 1.37 (s, 3H); ¥C NMR (101 MHz,
CDClz) 6 145.8, 138.0, 134.2, 128.4, 128.0, 127.8, 127.6, 126.8, 125.7, 120.6, 87.1, 76.0, 70.6, 25.0; HRMS
(ESI) m/z: [M+Na]* calcd for CisH2002Na*, 291.1361; found: 291.1365; [a]?°> = -3.20° (c 1.0, CHClg);
major/minor isomers: 83:17/84:16 er; Chiral HPLC analysis of the product: Daicel Chiralpak AD-H 250X4.6 mm

5u column connected; hexane/2-propanol = 99/01, detected at 254 nm, Flow rate = 1 mL/min, Retention times:
7.913 min (major), 12.451 min (minor); 8.782 min (minor); 11.698 min (major).

mAU
i ™~ 3 PDAMulti 1 254nm, 4nm;
] 2 A
1000—_ =
I‘-l
750-] 2
. o
500-]
250-]
T T T T T T T T
5.0 7.5 10.0 12.5 15.0
min
<Peak Table>
PDA Ch1 254nm
Peak# Ret. Time  Area | Height | Area% | Height%
1 7.917 35502972 1095639 | 31.071)| 30.150
2| 8.794 21501738 664060 | 18.818 | 18.274
3| 11734 20558026 804774 | 17.993| 22.146
4| 12447 36700014 1069492 32.119| 29.430
Total 114263751 3633965 100.000 100.000
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<Peak Table>
PDA Ch1 254nm ) :
Peak# Ret. Time |  Area | Height | Area% @ Height%
1) 7.913 22832809 805091 58.398 59.621
2 8782 1946263 67121 4978 4971
3 11.698 10118149 346539 25.879 25.663
4 12451 4201287 131586 10.745 9.745
Total 39098509 1350338 100.000 100.000
2d. Enantioselective CuH-catalysed reductive coupling allene ether 2a:
Cu(CH3CN),PFg
0 HY/ (2.5 mol%) HO &R
Xy R+ O. _Ph (S)-BINAP (5.0 mol%) n’\)\‘/\
sAr h PMHS (2.0 equiv), L’é»y' OCHPh,
< Ph LiO%Bu (2.0 equiv)
THF, -78°C, 1 h
1 2a 3

A solution of Cu(CHsCN)4PFs (3.4 mg, 2.5 mol%), (S)-BINAP (11.2 mg, 5 mol%), PMHS (97 ul, 0.72 mmol)
and LiOBu (0.7 ml, 0.72 mmol, 1 M in THF) in dry THF (2.0 mL) was stirred at room temperature for 10 min and
then maintained at the temperature of -78 °C under inert atmosphere. A solution of corresponding acetophenone
1 (0.36 mmol, 1.0 equiv) and O-benzhydryl allene 2a (80 mg, 0.36 mmol) in dry THF (1.0 mL) was added via
syringe and the resulting mixture was stirred at -78 °C for 1 h. The reaction mixture was quenched with saturated
NH4ClI (10 mL) solution and extracted with EtOAc (3 x 15 mL) and dried over anhydrous Na2SOj4, filtered and

concentrated in vacuo. The resultant crude product was purified by column chromatography (hexanes/EtOAc).
(2R,3R)-3-(Benzhydryloxy)-2-phenylpent-4-en-2-ol (3a):

HO, Me

N
OCHPh,

Prepared according to the general procedure as described above in 93% yield (115 mg) with 11:1 dr. It was
purified by flash chromatography (10% EtOAc/hexanes; Rt = 0.3) to afford a colourless oil; 'TH NMR (400 MHz,
CDCl3) 6 7.30 — 7.14 (m, 8H), 7.13 — 7.07 (m, 5H), 6.83 — 6.79 (m, 2H), 5.78 (ddd, J = 17.4, 10.3, 8.5 Hz, 1H),
5.33 (dd, J =10.3, 1.7 Hz, 1H), 5.33 (s, 1H), 5.08 (ddd, J =17.3, 1.7, 0.6 Hz, 1H), 3.77 (d, J = 8.5 Hz, 1H), 1.37
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(s, 3H); 3C NMR (101 MHz, CDCls) & 146.4, 142.9, 140.8, 134.2, 128.5, 128.3, 128.0, 127.8, 127.3, 126.8,
126.6, 125.7,121.5, 84.9, 80.0, 76.1, 25.5; HRMS (ESI) m/z: [M+Na]* calcd for C24H2402Na*, 367.1674; found:
367.1666; [0]*°p = -41.99° (c 1.0, CHCIs); 98:2 er; Chiral HPLC analysis of the product: Daicel Chiralpak
EUROCEL-01 250X4.6 mm 5u column; hexane/2-propanol = 98/02, detected at 225 nm, Flow rate = 1 mL/min,

Retention times: 5.975 min (major), 9.694 min (minor).

mAL
| ] PDA Multi 2
750
500 =
250
0 L T/L k T =
T T T T T T T T T T
4 5 6 7 8 9 10 11 12
min
1 PDA Multi 2/225nm 4nm
PeakTable
PDA Ch2 225nm 4nm
Peakd# Ret. Time Area Height Area % Height %
1 5.601 1268455 137158 5.929 8.834
2 6.010 9796900 836005 45.795 53.843
3 7514 1102237 77367 5.152 4.983
4 9.672 9225196 502133 43.123 32.340
Totall 21392788 1552663 100.000 100.000
mAU
] 3 PDA Multi 2|
b @
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1500+
12504
1000+
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1 PDA Multi 2/225nm 4nm

PeakTable
PDA Ch2 225nm 4nm
Peak# Ret. Time Area Height Area % Height %
1 5.975 24577670 1587953 97.594 97.308
2 9.694 605858 43925 2.406 2.692
Total 25183528 1631878 100.000 100.000

(2R,3R)-3-(Benzhydryloxy)-2-(p-tolyl)pent-4-en-2-ol (3b):

Prepared according to the general procedure as described above in 72% yield (93 mg) with 9:1 dr. It was purified
by flash chromatography (10% EtOAc/hexanes; R; = 0.3) to afford a colourless oil; H NMR (400 MHz, CDCls)
057.28—-7.22 (m, 5H), 7.22 — 7.10 (m, 7H), 6.95 — 6.88 (m, 2H), 5.83 (ddd, J = 17.4, 10.3, 8.5 Hz, 1H), 5.41 (s,
1H), 5.38 (dd, J = 10.4, 1.7 Hz, 1H), 5.14 (dd, J = 17.3, 1.6 Hz, 1H), 3.82 (d, J = 8.5 Hz, 1H), 3.06 (s, 1H), 2.36
(s, 3H), 1.43 (s, 3H); 1°C NMR (126 MHz, CDCls) 6 143.3, 142.9, 140.9, 136.2, 134.3, 128.6, 128.5, 128.3,
127.8, 127.7, 127.2, 126.6, 125.6, 121.3, 84.9, 80.0, 76.0, 25.5, 21.2; HRMS (ESI) m/z: [M+Na]* calcd for
C2sH2602Na*, 381.1830; found: 381.1823; [a]?% = -32.77° (c 1.0, CHCIz); 93:7 er; Chiral HPLC analysis of the
product: Daicel Chiralpak IC-3 250X4.6 mm 5u column; hexane/2-propanol = 98/02, detected at 225 nm, Flow

HO, Me

/@)\‘/\
Me OCHPh,

rate = 1 mL/min, Retention times: 5.006 min (minor), 6.127 min (major).
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1 PDA Multi 2/225nm 4nm

PeakTable
PDA Ch2 225nm 4nm
Peak# Ret. Time Area Height Area % Height %
1 4.589 255053 40257 6.623 7.614
2 4.983 1719519 247920 44.653 46.889
3 6.114 1618521 210463 42.030 39.805
4 6.556 257752 30099 6.693 5.693
Total 3850846 528739 100.000 100.000
mAU
_ 5 PDA Multi 2
500 ©
400+
300+
200+
100+ o
2
W\NA‘AL\ -
_""|""|""|""|""|"-'|----|----
4.0 4.5 5.0 55 6.0 6.5 7.0 7.5 8.0
min
1 PDA Multi 2/225nm 4nm
PeakTable
PDA Ch2 225nm 4nm
Peak# Ret. Time Area Height Area % Height %
1 5.006 302730 51923 7.214 9.334
2 6.127 3893538 504327 92.786 90.666
Total 4196269 556250 100.000 100.000

(2R,3R)-3-(Benzhydryloxy)-2-(4-ethylphenyl)pent-4-en-2-ol (3c):

HO, Me
X

Et OCHPh,

Prepared according to the general procedure as described above in 82% yield (110 mg) with 11:1 dr. It was
purified by flash chromatography (10% EtOAc/hexanes; Rt = 0.25) to afford a colourless oil; *H NMR (400 MHz,
CDCl3) 6 7.24 — 7.03 (m, 12H), 6.81 (d, J = 7.4 Hz, 2H), 5.82 (ddd, J = 17.4, 10.3, 8.5 Hz, 1H), 5.36 (s, 1H),
5.29 (dd, J =10.3,1.7 Hz, 1H), 5.07 (d, J = 17.3 Hz, 1H), 3.74 (d, J = 8.5 Hz, 1H), 2.58 (q, J = 7.7 Hz, 2H), 1.36
(s, 3H), 1.18 (t, J = 7.6 Hz, 3H); *3C NMR (126 MHz, CDCl3) 6 143.5, 143.0, 142.6, 141.0, 134.3, 128.5, 128.3,
127.7,127.7, 127.4, 127.2, 126.6, 125.6, 121.3, 85.0, 80.0, 76.0, 28.6, 25.5, 15.8; HRMS (ESI) m/z: [M+Na]*
calcd for C2sH2802Na*, 395.1987; found: 395.1982; [a]2%b = -29.25° (¢ 1.0, CHClz); 92:8 er; Chiral HPLC analysis
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of the product: Daicel Chiralpak IC 250X4.6 mm 5pu column; hexane/2-propanol = 99/01, detected at 220 nm,
Flow rate = 1 mL/min, Retention times: 7.174 min (minor), 11.268 min (major).

mAU
] o 2 PDA Multi 1 220nm,4nm|
1500 -
1000
500
04
7!5 10.0 12;5 I15|.0 17.5 20.0
min
<Peak Table>
PDA Ch1 220nm
Peak# Ret. Time, Area | Height | Area% | Height%
1) 7.335 94516816 1500367 47.897 42.161
2| 11.286 88838869 1564321 45.019 43.958
3 11986 7514671 334018 3.808 9.386
[ 4 21265 6464397 | 159993 | 3.276 | 4.496
Total | 197334753| 3558699 100.000 | 100.000
mAU
2 PDA Multi 1 220nm 4nm
1500—-
1000—-
500+
| N
- =
s0 75 100 125 150 175 200 225
min
<Peak Table>
PDA Ch1 220nm
Peak# Ret. Time| Area | Height | Area% = Height%
1] 7174 11740988 181220 | 8.409 9.099
2| 11.268 127887488 1810325 | 91.591 90.901
Total 139628476 1991545 100.000 100.000
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(2R,3R)-3-(Benzhydryloxy)-2-(4-methoxyphenyl)pent-4-en-2-ol (3d):

HO, Me

)@)\A
MeO OCHPh,

Prepared according to the general procedure as described above in 91% yield (124 mg) with 13:1 dr. It was
purified by flash chromatography (10% EtOAc/hexanes; Rt = 0.4) to afford a brown solid; mp = 200-202 °C; H
NMR (400 MHz, CDCls3) & 7.34 — 7.16 (m, 10H), 7.00 — 6.94 (m, 2H), 6.88 — 6.81 (m, 2H), 5.81 (ddd, J = 17.4,
10.3, 8.4 Hz, 1H), 5.42 (s, 1H), 5.37 (dd, J = 10.4, 1.7 Hz, 1H), 5.12 (dd, J = 17.3, 1.1 Hz, 1H), 3.82 (s, 3H),
3.05 (s, 1H), 1.44 (s, 3H); 13C NMR (101 MHz, CDCls) & 158.5, 143.0, 141.0, 138.3, 134.3, 128.5, 128.3, 127.8,
127.6, 127.2, 127.0, 126.6, 121.3, 113.3, 85.1, 80.1, 75.8, 55.4, 25.4; HRMS (ESI) m/z: [M+Na]* calcd for
C2sH2603Na*, 397.1780; found: 397.1772; [a]?% = -21.70° (c 1.0, CHCIz); 97:3 er; Chiral HPLC analysis of the
product: Daicel Chiralpak IC 250X4.6 mm 5u column; hexane/2-propanol = 99/01, detected at 230 nm, Flow
rate = 1 mL/min, Retention times: 12.769 min (minor), 23.828 min (major).

mAU
2 PDA Multi 1 230nm,4nm
:
200—_
150
1001
50- N
1 3
] &
5
°© 15 2 25 3% 35
min
<Peak Table>
PDA Ch1 230nm
Peak# Ret. Time  Area | Height | Area%  Height%
1, 11.781)] 896441 21432 | 3.841 4.441
2| 12.728 10778097 | 227950 | 46.180 47.233
3| 23.800 10948751 | 220103 | 46.911 45.607
4 27445| 716208 | 13123 3.069 2.719
Total 23339498 | 482608 | 100.000 100.000
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mAU

b PDA Multi 1 230nm. 4nm)
1 oo
300+
200+
100
' e
] o
D_
A - - - T T T 1 T 1 -
10 15 20 25 30 35

min
<Peak Table>
PDA Ch1 230nm

Peak# Ret. Time | Area . Height | Area% | Height%
1] 12769 534039 | 11593 | 2.823 | 3.180
2| 23.828| 18384382 353021 97.177 | 96.820
Total 18918421 364614 100.000 100.000

(2R,3R)-3-(Benzhydryloxy)-2-(4-((tert-butyldimethylsilyl)oxy)phenyl)pent-4-en-2-ol (3e):

HO, Me
X

TBSO OCHPh,

Prepared according to the general procedure as described above in 95% vyield (162 mg) with >20:1 dr. It was
purified by flash chromatography (10% EtOAc/hexanes; Rt = 0.4) to afford a colourless oil; '"H NMR (400 MHz,
CDClI3) 8 7.34 — 7.19 (m, 10H), 7.06 — 6.99 (m, 2H), 6.85 — 6.81 (m, 2H), 5.84 (ddd, J = 17.4, 10.3, 8.4 Hz, 1H),
5.46 (s, 1H), 5.40 (dd, J = 10.4, 1.8 Hz, 1H), 5.14 (ddd, J = 17.3, 2.1, 0.6 Hz, 1H), 3.85 (d, J = 8.4 Hz, 1H), 1.47
(s, 3H), 1.04 (s, 9H), 0.25 (s, 6H); 1°C NMR (101 MHz, CDClz) & 154.5, 143.0, 141.0, 139.0, 134.3, 128.5, 128.3,
127.8, 127.2, 126.8, 126.58, 121.3, 119.4, 85.0, 80.0, 76.0, 26.0, 25.3, 18.4, -4.2; HRMS (ESI) m/z: [M+Na]*
calcd for CsoH3sOsSiNa*, 497.2487; found: 497.2481; [a]®°p = -17.83° (c 1.0, CHCIs); 97:3 er; Chiral HPLC
analysis of the product: Daicel Chiralpak OD-H 250X4.6 mm 5u column connected to Daicel Chiralpak IA
250X4.6 mm 5pu column in tandem; hexane/2-propanol = 98/02, detected at 254 nm, Flow rate = 1 mL/min,

Retention times: 13.472 min (major), 18.620 min (minor).
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mall

3358

TPDA Multi 1 254nm, 4nm
1 s
30 =

20

10—

10.0 Z20.0 )
|¢:Peak Tahle:-|
& Chl 254nm
Feald Eet Time Area Height Aread Height%
1 13.358 1464303 31531 49767 52.547
2 18.536 1478015 28474 50.233 47.453
Total 2942318 G006 100.000 100.000
mall
b PO Kulti 1 254nm,4nm|
S0
25
L =
1 DI.IZI 2I.E- 1 E!. o 1 TI 5 ZEII.EI )
<Peak Table>
4 Chl 2R4nm
Peak#d Het. Time Area Height Area% Height%
1 13472 3271758 62960 06,663 95.582
2 18.620 112837 2228 3.337 3418
Total 3384685 65188 100.000 100.000

(2R,3R)-3-(Benzhydryloxy)-2-(4-phenoxyphenyl)pent-4-en-2-ol (3f):

HO, Me
X

PhO OCHPh,

Prepared according to the general procedure as described above in 81% yield (127 mg) with 12:1 dr. It was
purified by flash chromatography (10% EtOAc/hexanes; Rt = 0.25) to afford a colourless oil; *H NMR (400 MHz,
CDCl3) 6 7.28 — 7.10 (m, 13H), 7.05 — 6.99 (m, 1H), 6.98 — 6.85 (m, 5H), 5.77 (ddd, J = 17.4, 10.3, 8.6 Hz, 1H),
5.36 (s, 1H), 5.33 (d, 3 = 10.4 Hz, 1H), 5.08 (d, J = 17.3 Hz, 1H), 3.76 (d, J = 8.5 Hz, 1H), 1.38 (s, 3H); 13C NMR
(101 MHz, CDCls) 6 157.7, 155.9, 142.8, 141.3, 141.0, 134.1, 130.0, 128.6, 128.3, 128.0, 127.8, 127.3, 127.2,
126.6, 123.2, 121.6, 118.7, 118.5, 85.0, 80.0, 76.0, 25.5; HRMS (ESI) m/z: [M+Na]* calcd for CsoH2s80sNa*,
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459.1936; found: 459.1930; [a]?°> = -50.59° (c 1.0, CHCIs); 97:3 er; Chiral HPLC analysis of the product: Daicel
Chiralpak AD-H 250X4.6 250X4.6 mm 5p column; hexane/2-propanol = 98/02, detected at 254 nm, Flow rate
= 0.6 mL/min, Retention times: 40.613 min (major), 64.149 min (minor).

mAU
@ PDA Multi 1 254nm.4nm|
©
] &
20
T =
S
1 3
157
10
5]
| o N
o A\
20 o 3|CI 4|0 SIO GIO ?IO
min
<Peak Table>
PDACh1 254nm
Peak# Ret. Time| Area | Height | Area% | Height%
1, 29.310| 142002 | 2275 3.666 5.243
2| 37.453| 147383 | 2600 | 3.805 | 5.993
3| 40.633| 1798475 23389 46.426 | 53.909
.4 64.424| 1785973 15122 | 46.104 | 34.855
Total 3873833 | 43386 100.000 100.000
mAU
40 i PDA Multi 1 254nm.4nm)|
1 @
g
30-
20-
101
- 3
] 3
04
20 3% 4 s e 70
min
<Peak Table>
PDA Ch1 254nm
Peak# Ret. Time,  Area | Height | Area% | Height%
1/ 40.613] 2998828 | 39307 | 97.103 97.985
2|  64.149| 809464 | 808 | 2.897 | 2.015
Total 3088292 40115 100.000 100.000
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(2R,3R)-3-(Benzhydryloxy)-2-(4-fluorophenyl)pent-4-en-2-ol (39):

HO, Me

J@M
E OCHPh,

Prepared according to the general procedure as described above in 85% vyield (111 mg) with >20:1. It was
purified by flash chromatography (20% EtOAc/hexanes; R = 0.3) to afford a white semi solid; *H NMR (400
MHz, CDCls) & 7.27 — 7.09 (m, 10H), 6.96 — 6.83 (m, 4H), 5.75 (ddd, J = 17.3, 10.3, 8.5 Hz, 1H), 5.34 (s, 1H),
5.32 (d, J = 1.7 Hz, 1H), 5.07 (ddd, J = 17.3, 1.1, 0.5Hz, 1H), 3.72 (d, J = 8.5 Hz, 1H), 1.35 (s, 3H); 13C NMR
(101 MHz, CDCl3) 6 161.9 (d, Jcr = 244.5 Hz), 142.7, 142.0 (d, Jcr = 2.7 Hz), 140.7, 134.0, 128.6, 128.3, 127.9,
127.8,127.4, 127.3, 126.5, 121.8, 114.6 (d, Jcr = 21.1 Hz), 84.8, 79.9, 75.9, 25.6; 1°F NMR (376 MHz, CDCl3)
0 -116.98 (s); HRMS (ESI) m/z: [M+Na]* calcd for C24H23FO2Na*, 385.1580; found: 385.1564; [a]*°p = -32.83°
(c 1.0, CHCI3); 95:5 er; Chiral HPLC analysis of the product: Daicel Chiralpak IC 250X4.6 mm 5u column;
hexane/2-propanol = 98/02, detected at 250 nm, Flow rate = 1 mL/min, Retention times: 12.585 min (major),
13.960 min (minor).

mal
y = = PDuA Multi 1 250nm, 4nm)
400 p =
300—5
200—5
100—5
o ]
?'.IE- 1 IJI.D 12|.E- 1 E!.D 1 TI.E )
|-=:Peak. Table> |
(& Ch1 250nm
Feakd# Fet Time Area Height Area%h Height%

1 12.358 9093507 421008 50.552 52.946

2 13.470 3894843 374153 49.448 47.054

Total 17988351 795162 100.000 100.000

ma
B POeA Multi 1 250nm,4nm)
2000
1IJDD—-
0 &i,_
75 10.0 125 150 75 _
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|::Peak Table> |

04 Ch1 250nm
Peal# Ret Time Area Height Arealh Height%
1 12.585| G5072544 2638244 95.081 94,502
2 13.960 33RAR238 153485 4.919 5498
Total 438782 271729 100.000 100.000

(2R,3R)-3-(Benzhydryloxy)-2-(4-iodophenyl)pent-4-en-2-ol (3h):

HO Me

o0
| OCHPh,

Prepared according to the general procedure as described above in 81% yield (137 mg) with 10:1 dr. It was
purified by flash chromatography (20% EtOAc/hexanes; Rt = 0.3) to afford a colourless oil; 'TH NMR (400 MHz,
CDCl3) 8 7.64 — 7.58 (m, 2H), 7.32 — 7.14 (m, 8H), 7.11 — 7.06 (m, 2H), 6.91 — 6.85 (m, 2H), 5.84 (ddd, J = 17 .4,
10.3, 8.6 Hz, 1H) 5.43 (dd, J = 10.3, 1.6 Hz, 1H), 5.40 (s, 1H), 5.18 (dd, J = 17.3, 1.5 Hz, 1H), 3.78 (d, J = 8.6
Hz, 1H), 3.07 (s, 1H), 1.39 (s, 3H); 13C NMR (126 MHz, CDCIs) 5 146.3, 142.6, 140.6, 137.0, 133.8, 128.6,
128.3, 128.0, 127.8, 127.8, 127.3, 126.5, 122.0, 92.3, 84.6, 80.0, 76.0, 25.6; HRMS (ESI) m/z: [M+Na]* calcd
for C2aH23102Nat, 493.0640; found: 493.0638; [a]?°p = -109.96° (c 2.0, CHCIs); 94:6 er; Chiral HPLC analysis of
the product: Daicel Chiralpak OD-H 250X4.6 mm 5u column; hexane/2-propanol = 99/01, detected at 275 nm,

Flow rate = 1 mL/min, Retention times: 10.934 min (major), 24.191 min (minor).

mAU

1 PDA Multi 1 275nm 4nm
25
- uwy
: 2
20 &
153
104
5
0
5 10 15 20 25 30 35
min
<Peak Table>
PDA Ch1 275nm
Peak# Ret. Time| Area | Height | Area% | Height%
1) 10977 1052825 26548 | 42.599 | 50.884
2, 12.825| 187866 | 4494 7.601 | 8.612
3| 14660 177584 | 2980 | 7.185 5.711
4| 23885 1053226/ 18153 | 42615 34.792
Total 2471502 52175 100.000 100.000
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mAU

PDA Multi 1 275nm,4nm

10.934

5 10 15 20 25 30 35
min

<Peak Table>
PDA Ch1 275nm

Peak# Ret. Time |  Area | Height | Area% | Height%
1, 10.934 571254 15454 | 94.345 | 95.131
2 24191 34240 791 5.655 | 4.869
Total 605494 16245 100.000 100.000

(2R,3R)-2-([1,1'-Biphenyl]-4-yI)-3-(benzhydryloxy)pent-4-en-2-ol (3i):

HQ, Me

X

Ph OCHPh,

Prepared according to the general procedure as described above in 86% yield (130 mg) with 15:1 dr. It was
purified by flash chromatography (10% EtOAc/hexanes; Rt = 0.5) to afford a colourless oil; *H NMR (400 MHz,
CDCl3) 6 7.59 — 7.46 (m, 3H), 7.42 — 7.05 (m, 14H), 6.85 — 6.82 (m, 2H), 5.82 (ddd, J = 17.4, 10.3, 8.5 Hz, 1H),
5.38 (d, J = 1.7 Hz, 1H), 5.36 (s, 1H), 5.13 (dd, J = 17.4, 1.2 Hz, 1H), 3.80 (d, J = 8.5 Hz, 1H), 1.40 (s, 3H); 3C
NMR (101 MHz, CDClz) & 145.6, 142.8, 141.1, 140.8, 139.6, 134.2, 129.0, 128.5, 128.3, 127.8, 127.3, 127.2,
126.7, 126.6, 126.1, 121.6, 85.0, 80.0, 76.1, 25.6; HRMS (ESI) m/z: [M+Na]* calcd for CzoH2802Na*, 443.1987;
found: 443.1980; [a]?°b = -24.60° (c 1.0, CHCIls); 98:2 er; Chiral HPLC analysis of the product: Daicel Chiralpak
OD-H 250X4.6 mm 5p column; hexane/2-propanol = 99/01, detected at 254 nm, Flow rate = 1 mL/min, Retention
times: 18.108 min (major), 26.158 min (minor).
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mAU

Qg 3 PDA Multi 1 254nm, 4nm|
| A S
150 e &
100+
] ~
50 S
| o™
- g
1 ]
—,_A \
0
|| — 1 T — 1 T L — 1 T
5 10 15 20 25 30 35 40
min
<Peak Table>
PDA Ch1 254nm
Peak#| Ret. Time Area Height Area% Height%
1 12.227 1682443 35336 7.217 9.074
2| 18.426 9947222 168079 42 668 43.160
3| 26.064 9960790 168883 42.726 43.366
4 29.506 1722657 17136 7.389 4.400
Total 23313113 389434 100.000 100.000
mAU
1 2 PDA Multi 1 254nm . 4nm|
=
500+
250
E B
1 ]
0
5 I1ID |1I5| IZIDI |25I .BUI |3|5I I4D
min
<Peak Table>
PDA Ch1 254nm
Peak# Ret. Time Area Height Area% Height%
1 18.108 38788653 685745 97.795 97.707
2 26.158 874494 16093 2.205 2.293
Total 39663147 701839 100.000 100.000
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(2R,3R)-3-(Benzhydryloxy)-2-(4-(trifluoromethyl)phenyl)pent-4-en-2-ol (3j):

HQ, Me
X

FiC OCHPh,

Prepared according to the general procedure as described above in 98% vyield (146 mg) with >20:1 dr. It was
purified by flash chromatography (20% EtOAc/hexanes; Rt = 0.3) to afford a white semi solid; *H NMR (400
MHz, CDCls) & 7.47 (d, J = 8.2 Hz, 2H), 7.38 (d, J = 8.2 Hz, 2H), 7.23 — 6.98 (m, 8H), 6.82 — 6.65 (m, 2H), 5.81
(ddd, J =17.3, 10.3, 8.6 Hz, 1H), 5.40 (dd, J = 10.3, 1.6 Hz, 1H), 5.33 (s, 1H), 5.15 (ddd, J = 17.3, 1.6, 0.6 Hz,
1H), 3.76 (d, J = 8.6 Hz, 1H), 3.07 (s, 1H), 1.35 (s, 3H); **C NMR (101 MHz, CDCIs) 5 150.7, 142.5, 140.4,
133.7, 129.0 (q, Jcr = 32.1 Hz), 128.6, 128.3, 127.9, 127.8, 127.4, 126.5, 126.0, 124.9 (q, Jcr = 3.5 Hz), 124.5
(d, Jcr = 271.9 Hz), 122.2, 84.6, 79.9, 76.2, 25.7; °F NMR (376 MHz, CDCIs3) d -62.24 (s); HRMS (ESI) m/z:
[M+Na]* calcd for C2sH23F302Na*, 435.1547; found: 435.1542; [a]?°p = -46.00° (c 1.0, CHCIz); 97:3 er; Chiral
HPLC analysis of the product: Daicel Chiralpak OD-H 250X4.6 mm 5u column in tandem; hexane/2-propanol
=99/01, detected at 230 nm, Flow rate = 1 mL/min, Retention times: 14.486 min (major), 21.531 min (minor).

mAU

PDA Multi 1 230nm 4nm

15.124

200}
150
100}

50

5 15.0 17.5 20.0 225 25.0 27.5 30.0
min

<Peak Table>
PDA Ch1 230nm

Peak# Ret. Time, Area | Height | Area% | Height%
1) 12.206 | 683773 | 17783 | 3.110| 3.561
2| 15124 10469220 | 221592 | 47.620 44.349
3| 21306 10115016 232635 | 46.009 | 46.559
4| 22128 717008 | 27635 | 3.261 | 5.531
Total | 21985017 | 499656 | 100.000 | 100.000
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mAU

e PDA Multi 1 230nm,4nm|
<
300
200+
1004
B
~
T
) LA L R s B S R I S EL L S R R R S R B R L
10.0 12.5 15.0 17.5 20.0 225 25.0 27.5 30.0

min

<Peak Table>
PDA Ch1 230nm

Peak# Ret. Time |  Area | Height | Area% | Height%
1, 14.486| 18854966 354657 | 96.654 | 95.895
2| 21.531) 652650 | 15180 | 3.346 4105
Total 19507616 369837 100.000 100.000

(2R,3R)-3-(Benzhydryloxy)-2-(3-chlorophenyl)pent-4-en-2-ol (3k):

HO, Me
o] N

OCHPh,
Prepared according to the general procedure as described above in 89% yield (122 mg) with 13:1 dr. It was
purified by flash chromatography (10% EtOAc/hexanes; Rt = 0.3) to afford a colourless oil; '"H NMR (400 MHz,
CDCls) 8 7.24 — 7.23 (m, 1H), 7.20 — 7.068 (m, 11H), 6.84 — 6.78 (m, 2H), 5.78 (ddd, J = 17.3, 10.3, 8.6 Hz,
1H), 5.37 (dd, J = 10.3, 1.6 Hz, 1H), 5.33 (s, 1H), 5.11 (dd, J = 17.3, 1.1 Hz, 1H), 3.72 (d, J = 8.6 Hz, 1H), 1.31
(s, 3H); C NMR (101 MHz, CDClz) 5 148.8, 142.6, 140.5, 134.1, 133.8, 129.3, 128.6, 128.3, 128.0, 127.8,
127.3, 127.0, 126.5, 126.0, 124.0, 122.1, 84.5, 80.0, 76.0, 25.8; HRMS (ESI) m/z: [M+Na]* calcd for
C24H23ClO2Na*, 401.1284; found: 401.1275; [a]?°p = -36.33° (c 1.0, CHCIs); 93:7 er; Chiral HPLC analysis of the
product: Daicel Chiralpak 1C-3 250X4.6 mm 5p column; hexane/2-propanol = 98/02, detected at 210 nm, Flow

rate = 0.7 mL/min, Retention times: 7.319 min (minor), 8.224 min (major).
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mAU

§ § PDA Multi 1
750
500
250
«
2 2
©o
/\\l’ ')
0 3 ] U
T ot o 1T 5T o 7 I | LTS S I PR
6.0 6.5 3 7.5 8.0 8.5 9.0 9.5 10.0
min
1 PDA Multi 1/210nm 4nm
PeakTable
PDA Chl 210nm 4nm
Peak# Ret. Time Area Height Area % Height %
1 6.560 1765424 90881 6.024 5.329
2 7.205 12902590 753921 44.026 44.205
3 8.062 13124754 747885 44784 43.851
4 8.363 1514092 112839 5.166 6.616
Total 29306859 1705526 100.000 100.000
mAU }
] ﬁ PDA Multi 1
4004
3004
2004
1004
T @
7 e
0— T ¥
Y T T L 1 1 L 1 T T
6.0 6.5 7.0 7.5 8.0 85 9.0 9.5 10.0
min
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1 PDA Multi 1/210nm 4nm

PeakTable
PDA Chl 210nm 4nm
Peakd# Ret. Time Area Height Area % Height %
1 7.319 588048 33249 7.086 6.991
2 8.224 7710953 442358 92914 93.009
Total 8299001 475607 100.000 100.000

(2R,3R)-3-(Benzhydryloxy)-2-(3-bromophenyl)pent-4-en-2-ol (3I):

HO, Me

Br: N

OCHPh,

Prepared according to the general procedure as described above in 85% yield (129 mg) with 12:1 dr. It was
purified by flash chromatography (10% EtOAc/hexanes; R = 0.3) to afford a colourless oil; 'TH NMR (400 MHz,
CDCl3) 6 7.41 (t, J = 1.8 Hz, 1H), 7.35 - 7.32 (m, 1H), 7.26 — 7.24 (m, 1H), 7.21 — 7.08 (m, 9H), 6.84 — 6.81 (m,
2H), 5.79 (ddd, J = 17.3, 10.3, 8.7 Hz, 1H), 5.39 (dd, J = 10.4, 1.7 Hz, 1H), 5.34 (s, 1H), 5.13 (dd, J =17.3,1.1
Hz, 1H), 3.73 (d, J = 8.6 Hz, 1H), 1.32 (s, 3H); 13C NMR (101 MHz, CDClz) d 149.1, 142.6, 140.5, 133.8, 130.0,
129.6, 129.0, 128.6, 128.4, 128.0, 127.8, 127.3, 126.5, 124.1, 122.4, 122.1, 84.5, 79.9, 76.0, 25.8; HRMS (ESI)
m/z: [M+Na]* calcd for C24H23BrOz2Na*, 445.0779; found: 445.0770; [a]?°> = -37.83° (c 1.0, CHCIs); 95:5 er;
Chiral HPLC analysis of the product: Daicel Chiralpak IC-3 250X4.6 mm 5p column; hexane/2-propanol = 98/02,

detected at 225 nm, Flow rate = 0.7 mL/min, Retention times: 5.284 min (minor), 5.793 min (major).

mAU

600

5.361
.801

4,835

PDA Multi 2

-
. —
g > 6,352
i —

5.0 5.5 6.0 6.5

S-26

7.0 7.5
min



1 PDA Multi 2/225nm 4nm

PeakTable
PDA Ch2 225nm 4nim
Peak# Ret. Time Area Height Area % Height %
1 4.835 364622 26103 2.453 2.105
2 5.361 7143621 588417 48.065 47.455
3 5.901 7049045 599389 47.429 48.340
4 6.352 305097 26044 2.053 2.100
Total 14862386 1239953 100.000 100.000
mAU
400+ 2 PDA Multi 2
300+
200+
100
1 3
| 3
0 L
i i F
T T T L 1 — T J
45 5.0 5.5 6.0 6.5 7.0 7.5
min
1 PDA Multi 2/225nm 4nm
PeakTable
PDA Ch2 225nm 4nm
Peakd# Ret. Time Area Height Area % Height %
1 5.284 199241 19353 4.664 4.737
2 5.793 4072843 389224 95.336 95.263
Total 4272084 408578 100.000 100.000

(2R,3R)-3-(Benzhydryloxy)-2-(3-iodophenyl)pent-4-en-2-ol (3m):

HO, Me
S X
OCHPh,
Prepared according to the general procedure as described above in 86% yield (146 mg) with >20:1 dr. It was
purified by flash chromatography (20% EtOAc/hexanes; Rt = 0.3) to afford a colourless oil; 'TH NMR (400 MHz,
CDCl3) 6 7.61 — 7.53 (m, 2H), 7.31 — 7.27 (m, 1H), 7.21 — 7.05 (m, 8H), 7.00 — 6.98 (m, 1H), 6.85 — 6.74 (m,
2H), 5.78 (ddd, J = 17.4, 10.3, 8.7 Hz, 1H), 5.38 (dd, J = 10.3, 1.6 Hz, 1H), 5.33 (s, 1H), 5.12 (dd, J =17.3, 1.0
Hz, 1H), 3.71 (d, J = 8.6 Hz, 1H), 1.30 (s, 3H); *C NMR (101 MHz, CDClz) d 149.2, 142.6, 140.5, 135.8, 134.8,
133.8, 129.8, 128.7, 128.4, 128.0, 127.7, 127.3, 126.5, 125.0, 122.1, 94.3, 84.4, 80.0, 75.8, 25.8; HRMS (ESI)
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m/z: [M+Na]* calcd for C24H23102Na*, 493.0640; found: 493.0635; [a]?%b = -41.58° (¢ 1.0, CHCIs); 98:2 er; Chiral
HPLC analysis of the product: Daicel Chiralpak AD-H 250X4.6 mm 5u column; hexane/2-propanol = 98/02,
detected at 254 nm, Flow rate = 1 mL/min, Retention times: 10.675 min (major), 12.612 min (minor).

maU
500 [ [ PO Muhli 1 254nm,4nm
250
o
8 Eli ‘1ID ‘1|1 1|2 1|3 1I4 1_E
<Peak Table>
[ Chl 254nm
Peak# Ret. Time Area Height Area% Height%
1 10672 15843489 462786 49.853 49122
2 12.476[ 15937037 479323 50.147 50.878
Total 31780526 942108 100.000 100.000
mal :
= PO Multi 1 254nm,4nmf
100—: ;
75—
cg-]
25 .
0 =
T T T T T T
] O 10 11 12 13 14 1_._
<Peak Table>
b Chd 254nm
Peak#| Ret Time Area Height Area% Height%
1 10.675 3763241 108198 93.056 a7 607
2 12,612 74615 2652 1.844 2.383
Total 3837856 110851 100.000 100.000

(2R,3R)-3-(Benzhydryloxy)-2-(2-methoxyphenyl)pent-4-en-2-ol (3n):

MeO HO, Me

A
OCHPh,

Prepared according to the general procedure as described above in 88% yield (119 mg) with >20:1 dr. It was
purified by flash chromatography (10% EtOAc/hexanes; R; = 0.3) to afford a white solid; mp = 160-164 °C; 1H
NMR (400 MHz, CDClz) & 7.49 (dd, J = 7.7, 1.6 Hz, 1H), 7.26 — 6.91 (m, 10H), 6.74 — 6.66 (m, 3H), 5.87 (ddd,
J =17.6, 10.2, 8.5 Hz, 1H), 5.32 (dd, J = 10.3, 2.0 Hz, 1H), 5.29 (s, 1H), 5.12 (dd, J = 17.3, 2.0 Hz, 1H), 4.24
(d, J = 8.4 Hz, 1H), 3.37 (s, 3H), 1.39 (s, 3H); **C NMR (101 MHz, CDCI3) 5 156.3, 143.1, 141.6, 134.8, 134.5,
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128.3,128.2,128.1, 127.7,127.5,127.28, 127.1, 126.6, 120.7, 120.5, 111.2, 81.8, 79.8, 76.5, 54.5, 23.4; HRMS
(ESI) m/z: [M+Na]* calcd for C2sH2603Na*, 397.1779; found: 397.1771; [a]?% = -52.43° (c 1.0, CHCI3); 97:3 er;
Chiral HPLC analysis of the product: Daicel Chiralpak 1A 250X4.6 mm 5u column; hexane/2-propanol = 98/02,

detected at 254 nm, Flow rate = 1 mL/min, Retention times: 13.359 min (minor), 17.742 min (major).

ma
TE—D—- g § POuA Multi 1 254nm,-4nm)
E-DD—-
250
|:|_
12I S 15!.0 ‘1?’|E ZUI.D )
|-:Peak Table> |
L8 Ch 2R4Anm
Peald Het Time Area Height Area% Height%
1 13.730] 32507941 743456 50.0749 52181
2 18.026[ 32405583 Ga35901 49,821 47.819
Total 54913534 1434357 100.000 100.000
ma
o PDA Multi 1 254nm,4nm
1IIIIII—-
=0
o =
12|.E ‘15!.0 1TI 5 ZEII.D )
|¢:Peak Table> |
& Ch ?R4dnm
Pealkdl Eet Time Area Height Areas Height%
1 13.359 217352 5320 3.378 3.614
2 17742 6217920 141871 96.6522 96.386
Total 6435272 147191 100.000 100.000

(2R,3R)-3-(Benzhydryloxy)-2-(2,4-dichlorophenyl)pent-4-en-2-ol (30):

cl HO, Me
A

cl OCHPh,

Prepared according to the general procedure as described above in 95% yield (141 mg) with >20:1 dr. It was
purified by flash chromatography (20% EtOAc/hexanes; Rt = 0.3) to afford a colourless oil; *H NMR (400 MHz,
CDCl3) 8 7.79 (d, J = 8.6 Hz, 1H), 7.31 (dd, J = 8.6, 2.2 Hz, 1H), 7.28 — 7.09 (m, 9H), 6.75 — 6.71 (m, 2H), 5.99
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(ddd, J =17.4, 10.2, 8.6 Hz, 1H), 5.50 (dd, J = 10.3, 1.7 Hz, 1H), 5.36 (s, 1H), 5.32 (dd, J = 17.3, 1.6 Hz, 1H),
4.60 (d, J = 8.6 Hz, 1H), 3.53 (s, 1H), 1.52 (s, 3H); 13C NMR (101 MHz, CDCIs) & 142.6, 142.5, 140.6, 133.6,
133.3,131.6,131.0,129.8, 128.5, 128.3, 127.8, 127.5, 127.4, 127.0, 126.5, 122.0, 80.2, 80.0, 76.5, 23.2; HRMS
(ESI) m/z: [M+Na]* calcd for C24H22Cl202Na*, 435.0895; found: 435.0877; [a]?°b = -52.66° (c 1.0, CHCIlz); 97:3
er; Chiral HPLC analysis of the product: Daicel Chiralpak AD-H 250X4.6 mm 5p column; hexane/2-propanol =
99/01, detected at 254 nm, Flow rate = 1 mL/min, Retention times: 9.189 min (major), 10.594 min (minor).

ma L
ZEIIZI—_ o = PO KMuhlti 1 254nm,4nm
150+
100}
S0
D_
% EI$ EI? ‘1ID 1|1 ‘1|2 13
min
<Peak Table>
& Ch 2Rdnm
Pealkd Bet Time Area Height Area% Height%
1 9542 708212 168069 49.794 47 494
2 10.881 7a70207 185804 50.206 h2.506
Taotal 150784189 353873 100.000 100.000
mall
= PO Multi 1 254nm, 4nm)
75
50
25 -
|:|_
[ } EIB Eli ‘1ID ‘1|1 12 1_3
|-:Peah Table>
[ Che 254nm
Peal# Ret Time Area Height Area% Height%
1 9185 3720518 239286 96.805 96.180
2 10.594 122784 3537 3.185 3.810
Total 3343302 92823 100.000 100.000

(2R,3R)-3-(benzhydryloxy)-2-(benzo[d][1,3]dioxol-5-yl)pent-4-en-2-ol (3p):

HQ, Me

>

¢ h
o OCHPh,

Prepared according to the general procedure as described above in 86% yield (120 mg) with 12:1 dr. It was

purified by flash chromatography (10% EtOAc/hexanes; Rt = 0.3) to afford a colourless oil; *H NMR (500 MHz,
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CDClz) 6 7.30 — 7.07 (m, 9H), 6.95 — 6.91 (m, 2H), 6.79 — 6.73 (m, 1H), 6.67 (d, J = 8.1 Hz, 1H), 5.88 (s, 2H),
5.74 (ddd, J = 17.4, 10.3, 8.5 Hz, 1H), 5.35 (s, 1H), 5.31 (dd, J = 10.3, 1.6 Hz, 1H), 5.07 (dd, J = 17.3, 1.0 z,
1H), 3.72 (d, J = 8.4 Hz, 1H), 2.96 (s, 1H), 1.34 (s, 3H); *C NMR (126 MHz, CDCl3) 5 147.4, 146.3, 142.8,
141.0, 140.4, 134.2, 128.5, 128.3, 128.0, 127.3, 126.7, 126.6, 121.4, 119.0, 107.6, 106.8, 101.0, 85.0, 80.020,
76.0, 25.6; HRMS (ESI) m/z: [M+Na]* calcd for C2sH2404Na*, 411.1572; found: 411.1569; [a]?°p = -68.02° (c
1.0, CHCIs); 94:6 er; Chiral HPLC analysis of the product: Daicel Chiralpak AD-H 250X4.6 mm 5u column;
hexane/2-propanol = 95/05, detected at 240 nm, Flow rate = 1 mL/min, Retention times: 43.492 min (major),
46.441 min (minor).

mAU
5 PDA Multi 1 240nm,4nm
- 3
20 2
10
g E
& 8
N e AN
% 3 4 4 50 5 60
min
<Peak Table>
PDA Ch1 240nm
Peak# Ret. Time |  Area | Height | Area% | Height%
1] 39.330] 150749 1989 | 3.948 | 3.968
2| 43541 1750045 19050 | 45.829 37.993
3| 46127 1777670 26915 | 46.552 53.677
| 4] 50.187] 140201 | 2187 | 3.671] 4.362
Total 3818665 50141 100.000 100.000
mAU
e PDA Multi 1 240nm,4nm
-+
1501
100
50
1 3
] s
D_
% 3% 4 4 s 5 60

min



<Peak Table>
PDA Ch1 240nm

Peak# Ret. Time | Area | Height | Area% | Height%
1| 43.492| 13590728 177815 | 93.885| 93.259
2| 46.441 885216 | 12853 | 6.115 6.741
Total 14475944 190668 100.000 100.000

(3R,4R)-4-(Benzhydryloxy)-3-phenylhex-5-en-3-ol (3q):

Ho —Me

< A

OCHPh,

Prepared according to the general procedure as described above in 95% vyield (123 mg) with >20:1 dr. It was
purified by flash chromatography (5% EtOAc/hexanes; R; = 0.3) to afford a colourless oil; 'H NMR (500 MHz,
CDCls) 8 7.27 — 7.14 (m, 7H), 7.12 — 7.05 (m, 6H), 6.78 (d, J = 7.6 Hz, 2H), 5.84 (ddd, J = 17.3, 10.3, 8.6 Hz,
1H), 5.35 (d, J = 10.3 Hz, 1H), 5.32 (s, 1H), 5.10 (d, J = 17.3 Hz, 1H), 3.77 (d, J = 8.7 Hz, 1H), 2.75 (s, 1H),
1.78 — 1.62 (m, 2H), 0.58 (t, J = 7.4 Hz, 3H); 3C NMR (101 MHz, CDClz) & 144.3, 143.0, 140.8, 134.4, 128.5,
128.3, 128.1, 128.0, 127.7, 127.2, 126.6, 126.5, 126.3, 121.5, 84.8, 79.8, 78.8, 30.5, 7.4; HRMS (ESI) m/z:
[M+Na]* calcd for C2sH2602Na*, 381.1830; found: 381.1830; [a]?°b =-22.90° (¢ 1.0, CHCIs); 97:3 er; Chiral HPLC
analysis of the product: Daicel Chiralpak AD-H 250X4.6 mm 5pu column; hexane/2-propanol = 96/04, detected
at 254 nm, Flow rate = 1 mL/min, Retention times: 6.651 min (major), 9.904 min (minor).

mall

PDwA Multi 1 254nm,-4nm

=

[=]
o
B.542
0,778

S 5 Il 8 =] 10 11 12
[<Peak Table> |
D& Ch1 ?54nm
Peal# Eet Time Area Height Areat Height%
1 G.642 2008180 102214 52.107 50.243
2 0776 1845763 101224 47.893 49 757
Total 3853943 203438 100.000 100.000
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maL

f.651

PO Multi 1 254nm,4nm

12
min

[<Peak Table> |
& Ch 2R4nm
Peak# Ret. Time Area Height Area% Height%
1 G.651 1596274 86176 97.4710 97.160
2 9.904 41438 2519 2.530 2.840
Total 1637711 8695 100.000 100.000

(3R,4R)-4-(Benzhydryloxy)-3-(4-bromophenyl)hex-5-en-3-ol (3r):

HO <Me

/@)Y\
Br OCHPh,

Prepared according to the general procedure as described above in 94% yield (148 mg) with >20:1 dr. It was
purified by flash chromatography (5% EtOAc/hexanes; Rt = 0.3) to afford a colourless oil; 1H NMR (400 MHz,
CDCl3) 8 7.36 — 7.32 (m, 2H), 7.21 — 7.05 (m, 10H), 6.81 (dd, J = 7.7, 1.6 Hz, 2H), 5.78 (ddd, J = 17.4, 10.2,
8.8 Hz, 1H), 5.37 (dd, J = 10.3, 1.6 Hz, 1H), 5.32 (s, 1H), 5.12 (dd, J = 17.3, 1.1 Hz, 1H), 3.72 (d, J = 8.7 Hz,
1H), 2.49 (s, 1H), 1.78 — 1.54 (m, 2H), 0.56 (t, J = 7.4 Hz, 3H); 13C NMR (126 MHz, CDCls) & 143.5, 142.7,
140.6, 134.0, 131.0, 128.5, 128.3, 128.2, 128.0, 129.0, 127.3, 126.5, 122.0, 120.5, 84.6, 79.8, 78.6, 30.5, 7.3;
HRMS (ESI) m/z: [M+Na]* calcd for C2sH2sBrO2Na*, 459.0935; found: 459.0929; [a]?°> = -40.59° (c 1.0, CHClz3);
96:4 er; Chiral HPLC analysis of the product: Daicel Chiralpak AD-H 250X4.6 mm 5pu column connected to
Daicel Chiralpak AD-H 250X4.6 mm 5pu column in tandem; hexane/2-propanol = 98/02, detected at 254 nm,
Flow rate = 1 mL/min, Retention times: 20.171 min (major), 21.489 min (minor).

mA L

PDA Multi 1 254nm,4nm|
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4
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|<Peak Tahle::-|

L8 Chd 254nm
Pealkd| Ret. Time Area Height Areat Height%
1 20.220 1073910 33064 50.097 50011
2 21.450 1069762 33049 49903 49 9549
Total 2143671 66114 100.000 100.000
s L
E PDA Multi 1 254nm,4nm)
ZDD—-
1DD—-
g
D_ oy
17 1 IS 1 IEi' ZIEI 2|1 ZIZ 2|3 2|4 2_5
[<Peak Table> |
4 Ch1 254nm
Peald#l Bet Time Area Height Areah Height%
1 20171 7707132 242542 96.206 95.144
2 21.489 203911 123749 3794 4 856
Total 2011042 254921 100.000 100.000

(3R,4R)-3-(Benzhydryloxy)-4-(4-bromophenyl)dec-1-en-4-ol (3s):

HO ‘/_>
X Me
X
Br OCHPh,

Prepared according to the general procedure as described above in 91% vyield (166 mg) with >20:1 dr. It was
purified by flash chromatography (10% EtOAc/hexanes; Rt = 0.4) to afford a colourless oil; '"H NMR (500 MHz,
CDCl3) 6 7.36 — 7.32 (m, 2H), 7.20 — 7.06 (m, 10H), 6.80 — 6.78 (m, 2H), 5.78 (ddd, J = 17.4, 10.2, 8.8 Hz, 1H),
5.38 (dd, J = 10.3, 1.6 Hz, 1H), 5.31 (s, 1H), 5.13 (dd, J = 17.3, 1.2 Hz, 1H), 3.70 (d, J = 8.8 Hz, 1H), 2.72 (s,
1H), 1.67 — 1.53 (m, 2H), 1.23 — 0.99 (m, 8H), 0.73 (t, J = 7.1 Hz, 3H); 3C NMR (75 MHz, CDCIs) & 144.0,
142.7, 140.5, 134.1, 131.0, 128.5, 128.3, 128.0, 128.1, 127.3, 126.5, 122.1, 120.4, 84.6, 79.7, 78.4, 38.4, 31.8,
29.8, 23.0, 22.7, 14.2; HRMS (ESI) m/z: [M+Na]* calcd for C29Hs3BrO2Na*, 515.1562; found: 515.1562; [a]*%b =
-59.59° (c 1.0, CHCIs); 97:3 er; Chiral HPLC analysis of the product: Daicel Chiralpak AD-H 250X4.6 mm 5u
column connected to Daicel Chiralpak AD-H 250X4.6 mm 5u column in tandem ; hexane/2-propanol = 98/02,

‘,

detected at 254 nm, Flow rate = 1 mL/min, Retention times: 17.944 min (minor), 19.014 min (major).

S-34
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PDa Multi 1 254nm,4nm|
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<Peak Table>
s Chl 254nm
Fealk#{ Fet Time Area Height Area% Height%
1 17.886 1402785 39281 50.306 43.695
2 19.189 1385710 41386 49.694 51.305
Total 2788495 a0aEaET 100.000 100.000
me L
= PO Multi 1 254nm,<nmy
150+ 1
100—-
50—
3
. =
15 1I?' 1IS 1|9 ZID 2I1 22
|-:Peak Tahle:-|
4 CGhl 254nm
Fealk# Fet Time Area Height Area% Height%
1 17.944 136698 5027 2504 3.0148
2 19.014 5321616 161464 97 495 96.931
Total 5458315 166491 100.000 100.000

(2R,3R)-3-(Benzhydryloxy)-2-(pyridin-2-yl)pent-4-en-2-ol (3u):

HO, Me

o
2N OCHPh,

Prepared according to the general procedure as described above in 81% yield (101 mg) with 11:1 dr. It was
purified by flash chromatography (20% EtOAc/hexanes; R = 0.3) to afford a white solid; mp = 146-148 °C; 1H
NMR (400 MHz, CDCls) 6 8.49 (ddd, J = 4.9, 1.7, 0.9 Hz, 1H), 7.71 — 7.65 (m, 1H), 7.54 — 7.51 (m, 1H), 7.28 —
7.14 (m, 9H), 6.92 — 6.89 (m, 2H), 5.73 (ddd, J = 17.3, 10.3, 8.6 Hz, 1H), 5.39 (s, 1H), 5.36 (d, J = 1.8 Hz, 1H),
5.22 (ddd, J = 17.3, 1.9, 0.6 Hz, 1H), 4.89 (s, 1H), 3.99 (d, J = 8.6 Hz, 1H), 1.46 (s, 3H); 3C NMR (126 MHz,
CDCl3) 6 163.6,147.5,143.1,141.2,136.5, 134.3, 128.4,128.2,127.9,127.7,127.1, 126.5, 122.0, 121.4, 120.7,
84.2, 79.8, 76.0, 25.6; HRMS (ESI) m/z: [M+H]* calcd for C23H24NO2*, 346.1807; found: 346.1805; [a]*% = -
59.59° (c 1.0, CHCI3); 95:5 er; Chiral HPLC analysis of the product: Daicel Chiralpak 1A-3 250X4.6 mm 5p
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column; hexane/2-propanol = 95/05, detected at 210 nm, Flow rate = 1 mL/min, Retention times: 6.460 min

(major), 7.051 min (minor).

mAU
1 = = PDA Multi 1
g < o
B w -
500
400
300+
200—_
100 B
] 0 =+
~ o
] 2
0~ — 1 '/\ 4
————Y— 77T T
5 6 7 8 9 10 11 12 13
min
1 PDA Multi 1/210nm 4nm
PeakTable
PDA Chl 210nm 4nm
Peak# Ret. Time Area Height Area % Height %
1 6.467 5674996 533857 46.729 46.779
2 7.014 5567605 516249 45.845 45.236
3 7.867 452196 53052 3.723 4.649
4 10.864 449599 38068 3.702 3.336
Totall 12144397 1141226 100.000 100.000
mAU
= -
] g PDA Multi 1
N w
300
250+
200}
150
100
50 o
. S
ol
5 6 7 8 9 10 11 12 13
min
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1 PDA Multi 1/210nm 4nm

PeakTable
PDA Chl 210nm 4nm
Peak# Ret. Time Area Height Area % Height %
| 6.460 3325890 311362 95.392 94.340
2 7.051 160645 18682 4.608 5.660
Totall 3486535 330044 100.000 100.000

(2S,3R)-3-(Benzhydryloxy)-2-(furan-2-yl)pent-4-en-2-ol (3v):

Prepared according to the general procedure as described above in 96% yield (116 mg) with >20:1 dr. It was
purified by flash chromatography (20% EtOAc/hexanes; R = 0.3) to afford a colourless oil; 'TH NMR (400 MHz,
CDCl3) 6 7.33 — 7.17 (m, 9H), 7.06 — 6.99 (m, 2H), 6.35 (dd, J = 3.2, 1.8 Hz, 1H), 6.28 (dd, J = 3.2, 0.8 Hz, 1H),
5.82 (ddd, J = 17.3, 10.3, 8.6 Hz, 1H), 5.43 (s, 1H), 5.38 (dd, J = 10.4, 1.7 Hz, 1H), 5.17 (dd, J = 17.3, 1.7 Hz,
1H), 3.98 (d, J = 8.6 Hz, 1H), 3.14 (s, 1H), 1.43 (s, 3H); *3C NMR (126 MHz, CDCl3) 5 158.4, 142.8, 141.3,
141.1, 133.8, 128.6, 128.3, 127.8, 127.7, 127.3, 126.7, 121.5, 110.4, 106.0, 83.0, 80.1, 73.7, 23.1; HRMS (ESI)
m/z: [M+Na]* calcd for C22H2203Na*, 357.1466; found: 357.1463; [a]*°> = -52.83° (¢ 1.0, CHCIz); 98:2 er; Chiral
HPLC analysis of the product: Daicel Chiralpak AD-H 250X4.6 mm 5u column; hexane/2-propanol = 98/02,

HO

Me

0 SN
\ |
OCHPh,

detected at 254 nm, Flow rate = 1 mL/min, Retention times: 11.893 min (major), 16.477 min (minor).

mald

20+

10

66

@I}A Kuki 1 254nm,4nmy

10 11 12 13 14 15 18 17 1_3
|¢:Peak Table> |
& Chl 254nm
Feal® Fet Time Area Height Area Height%
1 11.866 918861 27263 50.325 49.982
2 16.141 907010 272383 49.675 50.018
Total 1825870 54546 100.000 100.000
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<Peak Table>
D& Che 2540m
Peal# Bet Time Area Height Arealh Height%
1 11.893 6347216 280870 95.1549 95.344
2 16.477 118015 4599 1.841 1.656
Total G466231 2053649 100.000 100.000

(2S,3R)-3-(Benzhydryloxy)-2-(thiophen-2-yl)pent-4-en-2-ol (3w):

times: 26.300 min (minor), 34.234 min (major).

HO, Me
S SN
\ |
OCHPh,

Prepared according to the general procedure as described above in 81% yield (102 mg) with 11:1 dr. It was
purified by flash chromatography (10% EtOAc/hexanes; R = 0.3) to afford a colourless oil; '"H NMR (500 MHz,
CDCl3) 6 7.23 —7.11 (m, 9H), 7.04 — 7.00 (m, 2H), 6.87 (dd, J = 5.0, 3.6 Hz, 1H), 6.76 (dd, J = 3.6, 1.2 Hz, 1H),
5.71 (ddd, J = 17.3, 10.4, 8.5 Hz, 1H), 5.40 (s, 1H), 5.32 (dd, J = 10.4, 1.6 Hz, 1H), 5.09 (ddd, J = 17.3, 1.7, 0.7
Hz, 1H), 3.76 (d, J = 8.5 Hz, 1H), 1.48 (s, 3H); 3C NMR (101 MHz, CDCI3) 8 151.0, 142.7, 141.0, 134.0, 128.6,
128.3, 128.0, 127.8, 127.3, 126.6, 124.0, 123.3, 122.0, 85.4, 80.4, 75.5, 26; HRMS (ESI) m/z: [M+Na]* calcd
for C22H2202SNa*, 373.1239; found: 373.1229; [a]*°b = -48.33° (c 1.0, CHCIs3); 96:4 er Daicel Chiralpak AD-H
250X4.6 mm 5p column; hexane/2-propanol = 99/01, detected at 225 nm, Flow rate = 0.8 mL/min, Retention
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<Chromatogram>

mAU
200 5 PDA Multi 1 225nm,4nm
il 2 -
3
| 3
150
100
50+
32
] I ¢
0_
1 T T ‘ T T T T | T T T | T T T T | T T T T T T ‘ T T T | T T T | T T T
5 10 15 20 25 30 35 40 45 50
min
<Peak Table>
PDA Ch1 225nm
Peak# Ret. Time Area Height Area% Height%
1 14.524 452833 5793 | 1.068 1.617
2 16.618 431572 5196 1.018 1.451
3| 26.361 20500528 190537 | 48.337 53.202
4 34.393| 21026683 156615 49.578 43.730
Total 42411617 358141 100.000 100.000
mAU
250_: PDAMulti 1 225nm,4nm)
200
150
100
50-] 8
] @
] &
o
10 S 1|5 I ZID I 2|5 3|0 3I5 o I4D
min
<Peak Table>
PDA Ch1 225nm
Peak# Ret. Time| Area | Height | Area% | Height%
1/ 26.300, 1460900 | 14530 | 4.202 | 5.517
. 2 34.234| 33302052 248842 95.798 | 94.483
Total 34762952 | 263372 100.000 | 100.000
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(3R,4R,E)-4-(Benzhydryloxy)-1-(3-bromophenyl)-3-methylhexa-1,5-dien-3-ol (3x):

Prepared according to the general procedure as described above in 88% vyield (142 mg) with >20:1 dr. It was
purified by flash chromatography (20% EtOAc/hexanes; R = 0.2) to afford a semi solid; *H NMR (400 MHz,
CDClz) 6 7.44 (s, 1H), 7.30 — 7.17 (m, 11H), 7.17 — 7.08 (m, 2H), 6.53 (d, J = 16.0 Hz, 1H), 6.14 (d, J = 16.0
Hz, 1H), 5.80 (ddd, J = 17.5, 10.1, 8.9 Hz, 1H), 5.43 (s, 1H), 5.38 (dd, J = 10.3, 1.6 Hz, 1H), 5.18 (dd, J = 17.3,
1.5 Hz, 1H), 3.56 (d, J = 8.7 Hz, 1H), 2.52 (s, 1H), 1.21 (s, 3H); 13C NMR (101 MHz, CDClz) 5 142.7, 141.1,
139.4, 137.1, 134.2, 130.3, 130.2, 129.2, 128.8, 128.3, 128.2, 128.2, 127.3, 127.0, 126.7, 125.4, 123.0, 122.0,
84.2, 80.0, 74.7, 24.3; HRMS (ESI) m/z: [M+Na]* calcd for C2sH25BrO2Na*, 471.0935; found: 471.0928; [a]%% =
-81.65° (c 1.0, CHCIz); 91:9 er; Chiral HPLC analysis of the product: Daicel Chiralpak AD-H 250X4.6 mm 5u

column; hexane/2-propanol = 95/05, detected at 240 nm, Flow rate = 1 mL/min, Retention times: 9.159 min

(minor), 10.715 min (major).

Br

A

HO, Me

mAU
1500 = = POA MUl 1 Z40nm, 4nm
1000
so0]
o
7 & 3 10 11 12 13
|<:Peak. Tahle> |
[d Chd 240nm
Fealdt Ret Time Area Height Areats Height%
1 9116( 24638380 1469733 50462 52.409
2 10.758 [ 24187591 1334625 49538 47 591
Total 43825981 2804359 100.000 100.000
mAaL
4000 =] PDA MUl 1 220nm, 2nm
3000—5
20004
1000 &
o] /\\
7 & 5 10 1 12 13

min
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|-:Peak. Tahle::-|

DA CR1 240nm
Peald Bet Time Area Height Area% Height%
1 9.159 7303852 469637 8.976 10.564
2 10.715] 74071516 3976197 91.024 89.436
Total 81375369 4445835 100.000 100.000

(3R,4R,E)-4-(Benzhydryloxy)-1-(4-methoxyphenyl)-3-methylhexa-1,5-dien-3-ol (3y):

Prepared according to the general procedure as described above in 83% vyield (120 mg) with >20:1 dr. It was
purified by flash chromatography (20% EtOAc/hexanes; R; = 0.2) to afford a white solid; mp = 70-73 °C; H NMR
(400 MHz, CDCI3) 6 7.32 — 7.19 (m, 9H), 7.19 — 7.10 (m, 3H), 6.80 — 6.76 (m, 2H), 6.52 (d, J = 16.1 Hz, 1H),
6.04 (d, J = 16.1 Hz, 1H), 5.78 (ddd, J = 17.3, 10.3, 8.6 Hz, 1H), 5.43 (s, 1H), 5.34 (dd, J = 10.3, 1.8 Hz, 1H),
5.15 (dd, J = 17.3, 1.2 Hz, 1H), 3.72 (s, 3H), 3.56 (d, J = 8.6 Hz, 1H), 2.50 (s, 1H), 1.23 (s, 3H); 1°C NMR (126
MHz, CDClz) & 159.2, 143.0, 141.3, 134.6, 132.8, 130.0, 128.7, 128.3, 128.2, 128.0, 127.7, 127.6, 127.3, 126.7,
121.6, 114.1, 84.5, 80.1, 74.7, 55.4, 24.4; HRMS (ESI) m/z: [M+Na]* calcd for C27H2803Na*, 423.1936; found:
423.1932; [a]?% = -87.23° (c 2.0, CHCIs3); 90:10 er; Chiral HPLC analysis of the product: Daicel Chiralpak AD-
H 250X4.6 mm 5p column; hexane/2-propanol = 95/05, detected at 240 nm, Flow rate = 1 mL/min, Retention

MeO

times: 13.139 min (major), 21.002 min (minor).

HO, Me
\ >

OCHPh,

ma Ll

1000+

500

13.151

PDA Multi 1 Z240nm,-4nmf

20463

-
=
(44

10.0 20.0 ZE-..D
|-:Peak Table> |
[ Ch 240nm
FPeal# Ret. Time Area Height Area%h Height%
1 13.151| 276R3082 1228327 49958 F5.578
Z 20463 27714871 44756 50.042 34422
Total 55382853 1873084 100.000 100.000
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maLl

1

1

S00—
ooo—

SO0

13.139

PO Multi 1 240nm,4nm

o] AN
o EI 1 IIZI 1 IE- ZID 2|E- 3|EI .
[<Peak Table>]
& Che 240nm
Peakdl Het Time Area Height Area% Height%

1 13.139| 35851182 1546304 90.002 92623
2 21.002 3982577 123162 5.998 7.377

Total 395833759 1669467 100.000 100.000

(3R,4R,E)-4-(Benzhydryloxy)-1-(3-bromophenyl)-2,3-dimethylhexa-1,5-dien-3-ol (3z) :

HO, Me

Me OCHPh,

Br

Prepared according to the general procedure as described above in 86% vyield (143 mg) with 5:2 dr. It was
purified by flash chromatography (10% EtOAc/hexanes; Rt = 0.3) to afford a colourless oil; Major isomer; 1H
NMR (400 MHz, CDClz) 8 7.29 — 7.23 (m, 5H), 7.22 — 7.18 (m, 9H), 6.60 (s, 1H), 5.86 (ddd, J = 17.3, 10.3, 8.7
Hz, 1H), 5.42 (s, 1H), 5.39 (dd, J = 10.3, 1.7 Hz, 1H), 5.18 (dd, J = 17.4, 1.2 Hz, 1H), 3.74 (d, J = 8.7 Hz, 1H),
2.38 (s, 1H), 1.48 (d, J = 1.2 Hz, 3H), 1.16 (s, 3H); 13C NMR (126 MHz, CDCI3) d 144.0, 142.8, 134.4, 129.7,
129.2,128.7,128.3,128.2,127.8,127.3,126.5, 123.3, 121.5, 81.9, 79.74, 23.3, 14.9; HRMS (ESI) m/z: [M+Na]*
calcd for C27H27BrO2Nat, 485.1092; found: 485.1083; [a]?°p = -57.76° (¢ 1.0, CHCIz); 80:20/96:4 er; Chiral HPLC
analysis of the product: Daicel Chiralpak AD-H 250X4.6 mm 5u column; hexane/2-propanol = 98/02, detected
at 254 nm, Flow rate = 1 mL/min, Retention times: 10.407 min (minor), 15.986 min (major) ; 18.626 min (minor),
20.392 min (major).

mald

PDA Multi 1 254nm,4nm|

10.423
16.308

18 667
18.757

S00—

250

25.0
min
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|-:Peak Tahle:-|

DA CH1 254nm
Peald Bet Time Area Height Area% Height%
1 10.423] 19074311 24154 20.380 20.448
2 16.308]| 18982308 618724 20.239 29.190
3 18.567| 13369318 439052 20.593 20714
4| 19757 13495974 437710 20.788 20.650
Total 64922411 2119639 100.000 100.000

mal

PDA Multi 1 254nm,4nm)
2000

2000

1000

(=]
> 10.407

[
n

10.0 1

min

[<Peak Table> |

L8 Ch 2R4Anm
Peald Het Time Area Height Area% Height%

1 10,407 | 30155451 979926 10.630 13.122
2| 15986[119922145) 3351693 42272 44852

2] 18 636] 5B557334 206255 1.959 2762
4] 20.392)128058962( 2929979 45.140 30.235
Total 2083693892 T467853 100.000 100.000

(R)-1-(1-(Benzyloxy)allyl)cyclobutan-1-ol (3aa):

OH
X

OCHPh,

Prepared according to the general procedure as described above in 80% yield (85 mg). It was purified by flash
chromatography (10% EtOAc/hexanes; R = 0.3) to afford a colourless oil; *H NMR (400 MHz, CDCls) & 7.32 —
7.17 (m, 9H), 7.17 — 7.06 (m, 1H), 5.80 (ddd, J = 17.4, 10.3, 8.6 Hz, 1H), 5.44 (s, 1H), 5.34 (dd, J = 10.3, 1.8
Hz, 1H), 5.17 (dd, J = 17.3, 1.8 Hz, 1H), 3.62 (d, J = 8.6 Hz, 1H), 2.40 (s, 1H), 2.14 — 1.85 (m, 4H), 1.73 — 1.61
(m, 1H), 1.41 — 1.27 (m, 1H); 3C NMR (101 MHz, CDCls) & 142.9, 141.2, 134.1, 129.0, 128.3, 128.0, 127.2,
127.0, 121.3, 83.0, 80.0, 76.1, 33.3, 32.0, 12.3; HRMS (ESI) m/z: [M+Na]* calcd for C20H2202Na*, 317.1517;
found: 317.1513; [a]?%p = -77.65° (c 2.23, CHCIz); 85:15 er; Chiral HPLC analysis of the product: Daicel
Chiralpak AD-H 250X4.6 mm 5u column; hexane/2-propanol = 98/02, detected at 254 nm, Flow rate = 1 mL/min,
Retention times: 6.595 min (major), 7.869 min (minor).

S-43



mal

200+

100

06

773

PDA Multi 1 Z254nm,4nm

5.0 5.5 g.0 6.5 7.0 7.5 2.0 8.5 9._0
<Peak Table>
& Chl 254nm
Feald Eet Time Area Height Aread Height%
1 f.596 4417083 248550 49.994 50.890
2 7.773 4413149 239858 50.006 49.110
Total 8835232 433409 100.000 100.000
L
i B PDA KMulti 1 254nm,4nm|
1000 &
?'E-D—E
E-IJD—f
250 %
o
5.0 E.IE- E.ID E.IE ?'.ID ?'.IE B.ID B.IE- 9:0
<Peak Tahle:-|
[ Che 254nm
Peal# Ret Time Area Height Area%h Height%
1 6.595| 18048792 1031122 234516 84919
2 7.869 3306803 183114 15.484 15.081
Total 21355585 1214236 100.000 100.000
(R)-1-(1-(Benzyloxy)allyl)cyclopentan-1-ol (3ab):
OH
X
OCHPh,

Prepared according to the general procedure as described above in 80% vyield (89 mg). It was purified by flash
chromatography (10% EtOAc/hexanes; R = 0.4) to afford a colourless oil; *H NMR (400 MHz, CDCls3) & 7.30 —
7.18 (m, 9H), 7.17 — 7.11 (m, 1H), 5.83 (ddd, J = 17.5, 10.0, 9.0 Hz, 1H), 5.44 (s, 1H), 5.30 (dd, J = 10.3, 1.8
Hz, 1H), 5.12 (dd, J = 17.3, 1.7 Hz, 1H), 3.54 (d, J = 8.7 Hz, 1H), 2.00 (s, 1H), 1.81 — 1.65 (m, 3H), 1.60 — 1.42
(m, 5H); ¥C NMR (101 MHz, CDClz) & 143.1, 141.4, 135.2, 128.7, 128.3, 128.1, 128.1, 127.2, 126.6, 120.8,
84.1, 83.8, 79.6, 38.4, 36.1, 24.1, 24.1; HRMS (ESI) m/z: [M+Na]* calcd for C21H2402Na*, 331.1674; found:
331.1678; [a]*°p = -135.18° (c 2.0, CHCIz); 93:7 er; Chiral HPLC analysis of the product: Daicel Chiralpak AD-
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H 250X4.6 mm 5 column; hexane/2-propanol = 98/02, detected at 254 nm, Flow rate = 1 mL/min, Retention
times: 9.415 min (major), 14.465 min (minor).

ma L
= PDuA F@urti 1 Z254nm,4nm)
150—: o
100{
50—
s
8 EIP 1ID 1!1 1|2 1|3 ‘1|4 1IE ‘1_&
<Peak Tahle::-|
A Ch1 254nm
Peal# et Time Area Height Area Height%
1 9.577 5810671 177228 50.101 52476
2 14.537 ETET234 160503 49399 47 524
Total 11587904 3377 100.000 100.000
mes L
L] PDOA KMulti 1 254nm,4nm|
ZIJIJ—-
100—-
g
o
8 EIP 1ID 1I1 1|2 1|3 1I4 1IE- 1_6
[<Peak Table> |
s Chl 254nm
Fealk#{ Fet Time Area Height Area% Height%s
1 9.415 7726048 239223 92.510 91.855
2 14.465 25527 21212 7.490 3.145
Total 8351576 260434 100.000 100.000
(R)-1-(1-(Benzyloxy)allyl)cyclohexan-1-ol (3ac):
OH
X
OCHPh,

Prepared according to the general procedure as described above in 83% yield (96 mg). It was purified by flash
chromatography (10% EtOAc/hexanes; R = 0.3) to afford a colourless oil; 'H NMR (400 MHz, CDCls) & 7.30 —
7.02 (m, 10H), 5.83 (ddd, J = 17.5, 10.0, 9.0 Hz, 1H), 5.43 (s, 1H), 5.31 (dd, J = 10.3, 1.8 Hz, 1H), 5.08 (dd, J
=17.4,1.7 Hz, 1H), 3.45 (d, J = 8.8 Hz, 1H), 2.03 (s, 1H), 1.70 — 1.43 (m, 5H), 1.40 — 1.16 (m, 4H), 1.15 - 1.02
(m, 1H); **C NMR (101 MHz, CDCI3) 6 143.1, 141.4, 134.7, 128.7, 128.3, 128.1, 128.0, 127.2, 126.6, 121.0,
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84.3,79.5,73.0,34.7,33.2, 26.1, 21.8, 21.5; HRMS (ESI) m/z: [M+Na]* calcd for C22H2602Na*, 345.1830; found:
345.1833; [a]?°p = -101.92° (c 2.0, CHCIz); 90:10 er; Chiral HPLC analysis of the product: Daicel Chiralpak AD-
H 250X4.6 mm 5u column; hexane/2-propanol = 98/02, detected at 254 nm, Flow rate = 1 mL/min, Retention

times: 7.801 min (major), 15.944 min (minor).

meaL)
= P Multi 1 254nm,4nmi
1004 o =
75
cp]
25
o—
5.0 T.IE- '1IJI.EI '12|.E- '1':|.EI '1?'| 5 ZD:D
<Peak Table>
0aCGhl 254nm
Feal#] Eet Time Area Height Arealh Height%
1 7.828 34434783 106737 50.474 53174
2 16.316 3378829 93993 49 526 46.826
Total 6322307 200730 100.000 100.000
mes L
S PO Muhlti 1 254nm,4nm
ZDD—- "~
1l2|l2|—-
] 3
. AN
5.0 T.IE- 1 DI.D 1 ZI.E- 1 E!.D 1 TI S ZEI._EI
|-:Peak Tahle:-|
[ Che 254nm
Peal# Ret Time Area Height Area% Height%
1 7.801 7543467 234913 29.565 28.566
2 15.944 278884 30327 10.435 11.434
Total 8422351 265239 100.000 100.000

(R)-1-(1-(Benzyloxy)allyl)cycloheptan-1-ol (3ad):

OH
Oﬂ/\
OCHPh,
Prepared according to the general procedure as described above in 71% vyield (86 mg). It was purified by flash

chromatography (10% EtOAc/hexanes; R = 0.3) to afford a colourless oil; 'H NMR (400 MHz, CDCI3) & 7.29 —
7.20 (m, 8H), 7.19 — 7.10 (m, 2H), 5.76 (ddd, J = 17.4, 10.3, 8.7 Hz, 1H), 5.42 (s, 1H), 5.30 (dd, J = 10.3, 1.9
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Hz, 1H), 5.10 (dd, J = 17.3, 1.8 Hz, 1H), 3.44 (d, J = 8.7 Hz, 1H), 2.12 (s, 1H), 1.79 — 1.70 (m, 1H), 1.68 — 1.26
(m, 10H), 1.24 — 1.13 (m, 1H); 3C NMR (126 MHz, CDCIls) 6 143.1, 141.3, 134.8, 128.7, 128.3, 128.1, 128.1,
127.2, 126.6, 121.1, 85.1, 79.6, 76.7, 38.0, 37.1, 30.1, 30.0, 22.4, 22.3; HRMS (ESI) m/z: [M+Na]* calcd for
C23H2802Na*, 359.1987; found: 359.1990; [a]?%b = -127.79° (c 2.0, CHCIs); 93:7 er; Chiral HPLC analysis of the
product: Daicel Chiralpak AD-H 250X4.6 mm 5u column; hexane/2-propanol = 95/05, detected at 254 nm, Flow
rate = 1 mL/min, Retention times: 6.223 min (major), 9.726 min (minor).

mal
% = PDA Multi 1 254nm, £nm
so] o =1
25—
D_
5 t'li T:’ EIB é 1IIZ| 1!1 12
min
|-=:Peak. Table> |
s Ch1 2R4nm
Peald Ret Time Area Height Arealh Height%s
1 f.243 54480 5ER32 49.981 51.900
2 9.716 855128 52671 50.0149 43.100
Total 1709608 109503 100.000 100.000
me Ll
200 ] FDA Mult 1 254nm,4nm
150-]
100{
50— o
o]
5 'EI'} T!' Eli 9 1IIJ 1|1 1_2
|<Peah Table> |
8 Chl 2R4nm
Peal# Bet Time Area Height Arealh Height%
1 f.223 3180895 199821 92.970 92.857
2 §9.726 240510 15372 7.030 7.143
Total 3421408 215193 100.000 100.000

(R)-1-(1-(Benzyloxy)allyl)cyclododecan-1-ol (3ae):

OH
X

OCHPh,

Prepared according to the general procedure as described above in 67% yield (98 mg). It was purified by flash

chromatography (10% EtOAc/hexanes; Ri = 0.3) to afford a white semi solid; *H NMR (400 MHz, CDClz) & 7.33
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—7.22 (m, 7H), 7.22 — 7.10 (m, 3H), 5.86 (ddd, J = 17.4, 10.2, 9.2 Hz, 1H), 5.44 (s, 1H), 5.34 (dd, J = 10.3, 1.9
Hz, 1H), 5.08 (dd, J = 17.4, 1.8 Hz, 1H), 3.41 (d, J = 9.1 Hz, 1H), 2.16 (s, 1H), 1.72 (ddd, J = 13.8, 11.4, 4.9 Hz,
1H), 1.49 — 1.40 (m, 2H), 1.32 — 1.07 (m, 19H); 3C NMR (101 MHz, CDCIs) d 143.2, 141.3, 134.6, 128.6, 128.4,
128.3, 128.1, 127.2, 126.7, 121.1, 82.4, 79.2, 32.3, 31.0, 26.8, 26.8, 26.2, 23.1, 22.5, 22.4, 19.5, 18.8; HRMS
(ESI) m/z: [M+Na]* calcd for C2sHssO2Na*, 429.2769; found: 429.2768; [a]?°p = -123.89° (c 2.0, CHCIs); 92:8 er;
Chiral HPLC analysis of the product: Daicel Chiralpak AD-H 250X4.6 mm 5pu column; hexane/2-propanol =
98/02, detected at 254 nm, Flow rate = 1 mL/min, Retention times: 11.334 min (major), 13.326 min (minor).

mall
40—_ o] § PDA Multi 1 Z254nm,2nmy
30—:
20—:
10—:
0]
'1DI.IZI '12|.E- 15.0 1?’I 5 )
|-::Peak Table> |
[ Chd 254nm
Feal#] Bet Time Area Height Area% Height%
1 11.243 1146869 38450 50.374 51.355
2 13.483 11295828 36420 49.626 43.645
Total 22TREET 74870 100.000 100.000
sl
= PDA Multi 1 254nm, 2nm
S50
25 o
D_
& Eli 10 ‘1|1 ‘1|2 ‘1|3 1|4 ‘1.E-
|-:Peak Tahle:-|
& Ch ?R4dnm
Peakd Eet Time Area Height Area% Height%s
1 11.334 2198702 64750 91.601 88.533
2 13.326 201593 5386 5.389 11.467
Total 2400295 73136 100.000 100.000
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(R)-1-((R)-1-(Benzhydryloxy)allyl)-1,2,3,4-tetrahydronaphthalen-1-ol (3af):




Prepared according to the general procedure as described above in 81% yield (108 mg) with 9:1 dr. It was
purified by flash chromatography (10% EtOAc/hexanes; Rt = 0.2) to afford a colourless oil; 'H NMR (400 MHz,
CDCl3) 6 7.43 — 7.22 (m, 9H), 7.20 — 7.02 (m, 5H), 5.64 (ddd, J = 17.7, 10.5, 7.4 Hz, 1H), 5.53 (s, 1H), 5.20 (d,
J =10.5 Hz, 1H), 5.05 (dd, J = 17.4, 0.7 Hz, 1H), 4.19 (d, J = 7.4 Hz, 1H), 2.78 — 2.72 (m, 1H), 2.63 — 2.53 (m,
1H), 2.17 — 2.08 (m, 1H), 2.04 — 1.95 (m, 1H), 1.83 — 1.73 (m, 2H); 13C NMR (126 MHz, CDClz) 5 143.0, 141.4,
139.0, 138.0, 134.0, 129.0, 128.8, 128.4, 128.0, 127.7, 127.52, 127.3, 126.7, 125.8, 120.1, 84.2, 80.6, 74.1,
32.7,29.7, 19.0; HRMS (ESI) m/z: [M+Na]* calcd for C2sH2602Na*, 393.1830; found: 393.1827; [a]?%p = -36.91°
(c 1.0, CHCI3); 96:4 er; Chiral HPLC analysis of the product: Daicel Chiralpak I1C-3 250X4.6 mm 5u column;

hexane/2-propanol = 98/02, detected at 210 nm, Flow rate = 1 mL/min, Retention times: 6.230 min (minor),

6.981 min (major).

mAU
g = PDA Multi 1
] s o
350 23
: w
300
250
200
150
100
50
] 8 2
p i 3
T | | | !
4 5 7 8 9 10
min
1 PDA Multi 1/210nm 4nm
PeakTable
PDA Chl 210nm 4nm
Peak# Ret. Time Area Height Area % Height %
1 5.735 34222 5511 0.560 0.763
2 6.117 3034324 373583 49.636 51.700
3 6.578 25075 4575 0410 0.633
4 6.833 3019495 338935 49.394 46.905
Total| 6113115 722604 100.000 100.000
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mAU

10004 = PDA Multi 1
] @
750
500
250
(=]
&
Li=]
f\}ﬁ/\ i
T — 1 v T T 1 T T T
L) 5 6 7 8 9 10
min
1 PDA Multi 1/210nm 4nm
PeakTable
PDA Chl 210nm 4nm
Peak# Ret. Time Area Height Area % Height %
1 6.230 347143 51170 3.651 5.014
2 6.981 9160366 969317 096.349 94.986
Totall 9507509 1020487 100.000 100.000

(R)-1-((R)-1-(Benzhydryloxy)allyl)-7-methoxy-1,2,3,4-tetrahydronaphthalen-1-ol (3ag):

OMe

Prepared according to the general procedure as described above in 91% yield (121 mg) with >20:1 dr. It was
purified by flash chromatography (20% EtOAc/hexanes; Rt = 0.4) to afford a colourless oil; *H NMR (300 MHz,
CDClz) 8 7.33 — 7.12 (m, 8H), 7.11 — 7.03 (m, 2H), 6.93 — 6.87 (m, 2H), 6.68 (dd, J = 8.3, 2.8 Hz, 1H), 5.59
(ddd, J = 17.6, 10.5, 7.3 Hz, 1H), 5.44 (s, 1H), 5.14 (dd, J = 10.5, 0.9 Hz, 1H), 5.00 (dd, J = 17.3,1.4 Hz, 1H),
4.08 (d, J = 7.3 Hz, 1H), 3.65 (s, 3H), 2.67 — 2.58 (m, 1H), 2.51 — 2.38 (m, 1H), 2.09 — 1.97 (m, 1H), 1.94 — 1.83
(m, 1H), 1.75 — 1.60 (m, 2H); 3C NMR (101 MHz, CDCIs) 8 157.7, 143.0, 141.4, 140.1, 134.0, 130.2, 129.7,
128.7, 128.3, 128.0, 127.7, 127.3, 126.7, 120.0, 113.8, 112.4, 84.2, 80.8, 74.2, 55.4, 32.7, 28.8, 19.1; HRMS
(ESI) m/z: [M+Na]* calcd for C27H2803Na* , 423.1936; found: 423.1933; [a]®%b = -29.25° (c 1.0, CHCl3); 93:7 er;
Daicel Chiralpak AD-H 250X4.6 mm 5p column connected to Daicel Chiralpak OD-H 250X4.6 mm 5pu column

in tandem; hexane/2-propanol = 98/02, detected at 254 nm, Flow rate = 1 mL/min, Retention times: 18.535 min

(major), 32.890 min (minor).
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] = PO Multi 1 254nm,4nm
1000 =
-
] @
750 &
500
250
I:I_- e e __|
| T | | T T | | T T
15 20 25 30 35 40
min
|-:Peak Table=> |
& Chl 2R4dnm
Fealdl Eet Time Area Height Areal Height%s
1 18.599| 47878966 1072532 48.635 60772
2 32604 43582883 G92316 50.365 39.228
Total 96461848 1764848 100.000 100.000
mésll
| 2 PDA Multi 1 254nm,4nm
1000 o
750
500
250 2
] @
1 [}
4 ™
0 1 . ,/_l\.._._
k T ] T T ] T
15 20 25 30 35 40
min
|-:Peak Table>
4 Ch1 254nm
Peak# Ret. Time Area Height Area% Height%
1 18.535| 48693367 1086351 93.106 94,740
2 32.890 3605251 G0320 6.894 5.260
Total h2298618 1146671 100.000 100.000
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(R)-1-((R)-1-(Benzhydryloxy)allyl)-5,8-dimethoxy-1,2,3,4-tetrahydronaphthalen-1-ol (3ah):

MeO.

onfCHPh2

Prepared according to the general procedure as described above in 90% yield (140 mg) with >20:1 dr. It was
purified by flash chromatography (20% EtOAc/hexanes; Rt = 0.3) to afford a colourless oil; 'H NMR (400 MHz,
CDClz) 6 7.28 — 6.93 (m, 8H), 6.67 — 6.57 (m, 3H), 6.39 (d, J = 8.9 Hz, 1H), 6.00 (ddd, J = 17.2, 10.5, 6.6 Hz,
1H), 5.32 (dd, J = 10.5, 1.0 Hz, 1H), 5.23 (ddd, J =17.4, 3.5,0.8 Hz, 1H), 5.13 (s, 1H), 4.37 (d, J = 6.6 Hz, 1H),
3.74 (s, 3H), 3.25 (s, 3H), 2.76 — 2.70 (m, 1H), 2.57 — 2.50 (m, 1H), 2.32 — 2.24 (m, 1H), 2.13 — 2.03 (m, 1H),
1.74 - 1.64 (m, 1H), 1.62 — 1.51 (m, 1H); 3C NMR (126 MHz, CDCls) 5 151.7, 151.6, 143.5, 142.2, 135.2, 130.6,
129.5, 128.3, 128.1, 127.8, 127.0, 126.8, 126.2, 119.0, 108.8, 108.2, 81.7, 80.4, 74.4, 56.1, 54.6, 32.2, 24.1,
19.0; HRMS (ESI) m/z: [M+Na]* calcd for C2sHsz00sNat, 453.2041; found: 453.2036; [a]®%> = -49.89° (c 1.0,
CHCIz); 94:6 er; Chiral HPLC analysis of the product: Daicel Chiralpak AD-H 250X4.6 mm 5 column connected
to Daicel Chiralpak OD-H 250X4.6 mm 5u column in tandem; hexane/2-propanol = 98/02, detected at 254 nm,

Flow rate = 1 mL/min, Retention times: 23.368 min (major), 26.305 min (minor).

mal
et = PDA Multi 1 254nm,4nm)
100
S0
0
20.0 225 250 275 30.0 _
<Peak Tahle:-|
DA ChY 2R4nm
Feakd# Ret Time Area Height Area% Height%
1 23.853 6050847 112453 50.470 45 497
2 26.937 5938117 134713 49.530 54 503
Total 11938964 247165 100.000 100.000
mal
3 PDA Multi 1 254nm, 4nmi
100-] o
75—2
E-IJ—:
25- 5
20.0 22 25.0 375 300 _
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|<:Peak Table> |

NACHT 254nm

Peak# Ret. Time Area Height Area% Height%
1 23.368 BETH209 109125 93.822 91.859
2 26.305 IT3I6TT 9671 6.178 g.141
Total 6048886 118796 100.000 100.000

(S)-2-((R)-1-(Benzhydryloxy)allyl)-1,2,3,4-tetrahydronaphthalen-2-ol (3ai):

t OH
X
OCHPh,

Prepared according to the general procedure as described above in 85% yield (113 mg) with 7:1 dr. It was
purified by flash chromatography (10% EtOAc/hexanes; Rt = 0.3) to afford a colourless oil; *H NMR (400 MHz,
CDCl3) 6 7.28 — 7.19 (m, 8H), 7.18 — 7.12 (m, 2H), 7.02 — 6.95 (m, 4H), 5.88 (ddd, J = 17.4, 10.3, 8.9 Hz, 1H),
5.46 (s, 1H), 5.37 (dd, J = 10.3, 1.6 Hz, 1H), 5.15 (ddd, J = 17.3, 1.6,1.0 Hz, 1H), 3.57 (d, J = 8.8 Hz, 1H), 3.00
—2.86 (m, 2H), 2.76 — 2.70 (m, 1H), 2.65 — 2.58 (m, 1H), 1.85 — 1.79 (m, 1H), 1.74 — 1.61 (m, 1H); 13C NMR
(126 MHz, CDCIs) 6 143.0, 141.0, 136.1, 134.4, 134.4, 129.7, 128.7, 128.6, 128.3, 128.0, 128.1, 127.3, 126.7,
125.8, 121.7, 83.6, 79.8, 72.6, 39.0, 30.1, 25.6; HRMS (ESI) m/z: [M+Na]* calcd for C2sH2602Na*, 393.1830;
found: 393.1827; [a]?%b = -75.89° (c 1.0, CHCIs); 96:4 er; Chiral HPLC analysis of the product: Daicel Chiralpak
AD-H 250X4.6 mm 5u column connected to Daicel Chiralpak IF 250X4.6 mm 5u column in tandem; hexane/2-

propanol = 97/03, detected at 210 nm, Flow rate = 1 mL/min, Retention times: 12.100 min (minor), 14.874 min

(major).
mAL
1 = PDA Muli 1
250-] - g
200+
150+
100
1 5
504
0H
-50-
—— 77— — , .
10.0 125 15.0 17.5 20.0 225 25.0
min
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1 PDA Multi 1/210nm 4nm

PeakTable
PDA Chl 210nm 4nm
Peak# Ret. Time Area Height Area % Height %
1 12.282 4809285 253733 38.298 42816
2 15.093 4876349 225046 38.832 37975
3 16.155 1390923 58463 11.076 9.865
4 18.468 1481027 55372 11.794 9344
Total 12557584 592614 100.000 100.000
mALT
] E PDA Multi 1
=
400
3004
200+
100+
] g
o /\
T T T T T T T
10.0 12.5 15.0 17.5 20.0 225 250
min
1 PDA Multi 1/210nm 4nm
PeakTable
PDA Chl 210nm 4nm
Peak# Ret. Time Area Height Area % Height %
1 12.100 408927 23307 4.231 5.133
2 14.874 9257016 430750 95.769 94.867
Total 9665943 454057 100.000 100.000

(R)-1-((R)-1-(Benzhydryloxy)allyl)-5-chloro-2,3-dihydro-1H-inden-1-ol (3aj):

OH
Jegn
ol OCHPh,

Prepared according to the general procedure as described above in 92% yield (129 mg) with >20:1 dr. It was
purified by flash chromatography (10% EtOAc/hexanes; R = 0.3) to afford a colourless oil; 'TH NMR (400 MHz,
CDCl3) 0 7.44 — 7.23 (m, 11H), 7.20 (d, J = 7.5 Hz, 2H), 5.84 — 5.72 (m, 1H), 5.57 (s, 1H), 5.31 (d, J = 10.4 Hz,
1H), 5.14 (dd, J = 17.3, 0.5 Hz, 1H), 3.96 (d, J = 8.0 Hz, 1H), 3.17 (s, 1H), 2.95 (ddd, J = 16.2, 9.2, 3.4 Hz, 1H),
2.78-2.70 (m, 1H), 2.56 — 2.48 (m, 1H), 2.18 — 2.05 (m, 1H); 3C NMR (126 MHz, CDClz) 6 146.0, 143.6, 142.7,
141.0,134.2,133.5,128.8, 128.4,128.1, 128.0, 127.3, 126.7, 126.6, 125.7, 125.0, 121.2, 84.5, 83.6, 80.3, 36.6,
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30.0; HRMS (ESI) m/z: [M+Na]* calcd for C2sH23CIO2Na*, 413.1284; found: 413.1277; [a]*°> = -33.66° (c 1.0,
CHCI3); 99:1 er; Chiral HPLC analysis of the product: Daicel Chiralpak IC 250X4.6 mm 5u column; hexane/2-

propanol = 98/02, detected at 254 nm, Flow rate = 1 mL/min, Retention times: 8.874 min (minor), 9.540 min
(major).

mAU
P~ = PDA Multi 1 254nm, 4nm
g =
300
200-]
100}
o]
T T T
5.0 7.5 10.0 12.5 15.0
min
<Peak Table>
L8 Chd 2E00Mm
Pealkd| Ret. Time Area Height Areat Height%
1 8427 27394 368519 47 138 50.881
2 9874 G759351 354341 52862 49.0149
Total 12787745 722860 100.000 100.000
maLl
1000 7 =] P& Multi 1 254nm,<4nm|
TE-EI—:
E.nn—:
250
] =
0] =7
T T T T T
5.0 7.5 10.0 2.5 15.0 7.5
min
|-:Peah Table> |
L8 Ch 2R4nm
Peak# Het. Time Area Height Area% Height%
1 8.874 297381 22265 1.328 22096
2 9.540( 22101547 947268 93.672 97704
Total 22398929 959533 100.000 100.000
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(1s,4S)-1-((R)-1-(Benzhydryloxy)allyl)-4-methoxy-4-methylcyclohexan-1-ol (5a):

Ph;HCO,,
Me OH

OMe

Prepared according to the general procedure as described above in 81% yield (107 mg) with >20:1 dr. It was
purified by flash chromatography (20% EtOAc/hexanes; Rt = 0.3) to afford a colourless oil; *H NMR (500 MHz,
CDCl3) 8 7.33 - 7.17 (m, 9H), 7.16 — 7.11 (m, 1H), 5.83 (ddd, J = 17.5, 10.2, 8.7 Hz, 1H), 5.44 (s, 1H), 5.31 (dd,
J=10.3, 1.8 Hz, 1H), 5.08 (dd, J = 17.4, 1.5 Hz, 1H), 3.43 (d, J = 8.8 Hz, 1H), 3.04 (s, 3H), 1.58 — 1.54 (m, 5H),
1.51 -1.34 (m, 3H), 1.04 (s, 3H); 13C NMR (101 MHz, CDCI3) 5 143.1, 141.3, 134.6, 128.8, 128.3, 128.0, 128.0,
127.2, 126.7, 121.3, 85.1, 79.5, 72.8, 72.3, 48.8, 30.9, 30.4, 30.2, 28.3, 24.7; HRMS (ESI) m/z: [M+Na]* calcd
for C24H3003Na* , 389.2093; found: 389.2089; [a]*° = -101.87° (c 1.0, CHCIz); 90:10 er; Chiral HPLC analysis
of the product: Daicel Chiralpak IC 250X4.6 mm 5u column; hexane/2-propanol = 98/02, detected at 254 nm,
Flow rate = 1 mL/min, Retention times: 5.199 min (minor), 6.536 min (major).

mal
E % PDa Multi 1 254nm,4nm|
2IZI—-
1IZ|—-
|:|_
T T T T T T T T
3.5 4.0 4.5 5.0 5.5 8.0 8.5 7.0 7.5 3.0
min
<Peak Tahle::-|
s Ch1 2R4nm
Peald Ret Time Area Height Arealh Height%s
1 5174 715746 23663 50.346 46.811
2 G.436 705908 20887 49 654 53.189
Total 1421654 50550 100.000 100.000
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mal

5198

haE

PDA Multi 1 254nm,4nm)

4.0 4.5 5.0 5.5 5.0 6.5 7.0 7.5 8.0
min
[cPeak Table> |
8 Chl 2R4nm
Peal# Bet Time Area Height Arealh Height%

1 5.1849 199375 7298 10.072 10.151

2 G.536 1780127 64593 89.8928 89.849

Total 1979502 71891 100.000 100.000

(1s5,4S)-1-((R)-1-(Benzhydryloxy)allyl)-4-ethyl-4-methoxycyclohexan-1-ol (5b):

PhaHCO,, A
Et OH

OMe

Prepared according to the general procedure as described above in 82% vyield (112 mg) with >20:1 dr. It was
purified by flash chromatography (20% EtOAc/hexanes; Rt = 0.3) to afford a colourless oil; '"H NMR (500 MHz,
CDCl3) 5 7.16 —7.11 (m, 9H), 6.67 — 6.60 (m, 1H), 5.82 (ddd, J = 17.4, 10.3, 8.9 Hz, 1H), 5.43 (s, 1H), 5.34 (dd,
J=10.3, 1.8 Hz, 1H), 5.10 (dd, J = 17.4, 1.5 Hz, 1H), 3.53 (d, J = 8.9 Hz, 1H), 3.05 (s, 3H), 1.69 — 1.51 (m, 5H),
141 -1.26 (m, 3H), 1.24 — 1.15 (m, 1H), 1.08 — 1.00 (m, 1H), 0.68 (t, J = 7.4 Hz, 3H); 13C NMR (101 MHz,
CDCls) 6 143.0,141.2,134.5, 129.0, 128., 128.2, 1238.0, 127.2, 127.0, 121.1, 82.1,79.5, 75.1, 73.0, 48.1, 31.1,
30.0, 29.1, 29.0, 26.0, 7.1; HRMS (ESI) m/z: [M+Na]* calcd for C2sH3203Na*, 403.2249; found: 403.2240; [a]?°b
=-94.12° (c 1.0, CHCIz3); 95:5 er; Chiral HPLC analysis of the product: Daicel Chiralpak AD-H 250X4.6 mm 5u
column; hexane/2-propanol = 96/04, detected at 254 nm, Flow rate = 1 mL/min, Retention times: 10.559 min

(minor), 12.087 min (major).

mal

PDwA Multi 1 254nm,-4nm

48,
12126

min
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|-:Peak Tahle::-|

[ Chl 2R4nm
Peak#{ Fet Time Area Height Area% Height%
1 10.434 2142720 59836 50170 52073
2 12125 2128170 2682 49 830 47 827
Tatal 4270890 172518 100.000 100.000
ma U
= PO Multi 1 254nm, 4nm)
ZUD—-
‘1IZIIZ|—-
o
T EIL EIP 1ID 1|1 1|2 1|3 1|4 1.E-
<Peak Table>
s Ched 284nm
FPeal# Fet. Time Area Height Area%h Height%
1 10.554 358880 17079 4 888 6.454
2 12.087 6983851 247561 95112 93546
Total 7342731 264641 100.000 100.000

(1r,4S)-1-((R)-1-(Benzhydryloxy)allyl)-4-methoxy-4-propylcyclohexan-1-ol (5c):

Ph,HCO,
2 L
n-Pr OH

OMe

Prepared according to the general procedure as described above in 85% yield (121 mg) with >20:1 dr. It was
purified by flash chromatography (20% EtOAc/hexanes; Rt = 0.3) to afford a colourless oil; *H NMR (500 MHz,
CDClI3) 8 7.17 — 7.06 (m, 9H), 7.06 — 6.98 (m, 1H), 5.68 (ddd, J = 17.4, 10.3, 8.9 Hz, 1H), 5.29 (s, 1H), 5.21 (dd,
J=10.3, 1.8 Hz, 1H), 4.96 (dd, J = 17.4, 1.5 Hz, 1H), 3.40 (d, J = 8.9 Hz, 1H), 2.92 (s, 3H), 1.55 — 1.37 (m, 6H),
1.20 (ddd, J = 13.5, 9.1, 4.0 Hz, 1H), 1.16 — 0.96 (m, 5H), 0.67 (t, J = 7.2 Hz, 3H); 33C NMR (101 MHz, CDCls)
0 143.0, 141.2, 134.5, 128.7, 128.3, 128.2, 128.0, 127.2, 126.6, 121.1, 82.0, 79.6, 75.0, 72.7, 48.1, 31.1, 29.7,
29.1, 29.0, 25.7, 7.1; HRMS (ESI) m/z: [M+Na]* calcd for C26H3s03Na*, 417.2406; found: 417.2397; [a]?*%> = -
132.10° (c 1.0, CHCls); 93:7 er; Chiral HPLC analysis of the product: Daicel Chiralpak AD-H 250X4.6 mm 5u

column; hexane/2-propanol = 96/04, detected at 254 nm, Flow rate = 1 mL/min, Retention times: 10.272 min
(minor), 11.673 min (major).
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mald

PDA Multi 1 254nm,4nmy

20

10

& 2] 10 11 12 13 1.4
|<Peak Tahle::-|
8 Chv 2R4Anm
Peak#| Ret Time Area Height Area% Height%
1 10.592 433066 20392 49,830 51.939
2 12.053 436361 18869 50170 43.061
Total 959427 39260 100.000 100.000
L
fay FPDA KMokl 1 254nm,4nm)
50—
25—
d o INC
= EIP 1ID 1|1 1|2 1|3 ‘1_4
|-=:Peak. Tahle>|
[ Chl 254nm
Peak# Ret. Time Area Height Area% Height%
1 10.272 124495 G714 G.517 5.045
2 11.673 1785815 G350 93483 91.055
Total 1910310 75064 100.000 100.000

(1s,4S)-1-((R)-1-(Benzhydryloxy)allyl)-4-isopropyl-4-methoxycyclohexan-1-ol (5d):

PhoHCO,,, A
i-Pr: OH

OMe

Prepared according to the general procedure as described above in 89% yield (126 mg) with >20:1 dr. It was
purified by flash chromatography (20% EtOAc/hexanes; R¢ = 0.3) to afford a white solid; mp= 150-152°C; 1H
MR (400 MHz, CDCl3) & 7.30 — 7.19 (m, 9H), 7.19 — 7.12 (m, 1H), 5.88 (ddd, J = 17.4, 10.2, 9.0 Hz, 1H), 5.42
(s, 1H), 5.36 (dd, J = 10.2, 1.9 Hz, 1H), 5.10 (dd, J = 17.4, 1.7 Hz, 1H), 3.61 (d, J = 8.9 Hz, 1H), 3.00 (s, 3H),
1.91-1.84 (m, 1H), 1.72-1.65 (m, 1H), 1.62 — 1.50 (m, 2H), 1.46 — 1.26 (m, 3H), 1.06 — 0.97 (m, 1H), 0.76-0.69
(m, 1H), 0.57 (t, J = 7.1 Hz, 6H); 3*C NMR (101 MHz, CDCls3) 6 142.8, 141.2, 134.3, 128.7, 128.6, 128.3, 128.1,
127.2, 126.6, 120.8, 79.5, 78.6, 76.3, 73.2, 47.6, 30.7, 30.5, 29.3, 25.4, 25.0, 17.1, 17.0; HRMS (ESI) m/z:
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[M+Na]* calcd for C26H3403Na*, 417.2406; found: 417.2408; [a]?%> = -126.43° (c 1.0, CHCIs); 96:4 er; Chiral
HPLC analysis of the product: Daicel Chiralpak IC 250X4.6 mm 5p column; hexane/2-propanol = 98/02,
detected at 254 nm, Flow rate = 1 mL/min, Retention times: 12.290 min (minor), 14.457 min (major).

e L
= o PDOwA Multi 1 254nm,4nm)
5 =
20—-
‘1l2|—-
o
10 1|1 ‘1|2 ‘1|3 1|4 1IE- 1I6 1_?
|-:Peak Tahle:-|
L& Ch1 254nm
Peald Ret Time Area Height Areah Height%
1 12.168 954910 27336 a0.232 51.815
2 14.382 946075 25420 49.768 43.185
Total 1900885 52756 100.000 100.000
L
ZIJ—_ - PDuA Multi 1 254nm,4nm)
15—
10—:
g o
10 1I1 '1|2 '1|3 1|4 1IE 1!5 1_?'
|-:Peah Table> |
s Che 284nm
Peald# Ret Time Area Height Areal% Height%
1 12.280 27466 946 3621 4574
2 14.457 731050 19740 96.379 95 426
Total 758516 20686 100.000 100.000

(1r,4R)-1-((R)-1-(Benzhydryloxy)allyl)-4-methyl-4-phenylcyclohexan-1-ol (5e):

Ph2HCO,,
Ph OH

Me

Prepared according to the general procedure as described above in 85% yield (126 mg) with >20:1 dr. It was
purified by flash chromatography (10% EtOAc/hexanes; Rt = 0.3) to afford a colourless oil; *H NMR (400 MHz,
CDClz) 6 7.36 — 7.20 (m, 13H), 7.18 — 7.07 (m, 2H), 5.83 (ddd, J = 17.4, 10.3, 8.8 Hz, 1H), 5.46 (s, 1H), 5.36
(dd, J=10.3, 1.8 Hz, 1H), 5.14 (dd, J = 17.4, 1.5 Hz, 1H), 3.52 (d, J = 8.7 Hz, 1H), 2.08 — 1.86 (m, 2H), 1.67 —
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1.58 (m, 2H), 1.58 — 1.41 (m, 4H), 1.11 (s, 3H); 13C NMR (75 MHz, CDCIs) & 151.5, 143.1, 141.3, 135.1, 129.0,
128.3, 128.3, 128.1, 127.3, 127.0, 125.6, 126.0, 121.3, 84.5, 79.6, 72.4, 37.0, 33.0, 32.6, 31.0, 29.3, 25.0;
HRMS (ESI) m/z: [M+Na]* calcd for C2gHs202Nat, 435.2300; found: 435.2292; [a]?% = -133.95° (c 1.0, CHClz3);
95:5 er; Chiral HPLC analysis of the product: Daicel Chiralpak OD-H 250X4.6 mm 5u column; hexane/2-
propanol = 98/02, detected at 260 nm, Flow rate = 1 mL/min, Retention times: 13.000 min (major), 14.117 min

(minor).
maU
PDA Multi 1 280nm, 2nmy
ZDD—-
1IIIIII—-
|:|_
1TI.E ZEI:EI
|-=:Peak Table> |
[ Ch1 2R00m
Peak# Ret. Time Area Height Area% Height%
1 12.220 ha24872 218899 49.029 43.152
2 14.088 G055543 235703 50.871 51.848
Total 11880415 454602 100.000 100.000
ma
=] POuA Multi 1 250nm,4nm)
E-IJD—- ;
ZE-III—-
. FAN
T.IE 1DI.IZI 12|.E 15!.0 1TI.E- ZEI:EI
|¢:Peak Table> |
L& Ch 2R0nm
Peal# Eet Time Area Height Area Height%
1 13.000( 30786983 623042 05 244 90.4383
2 14117 1537176 65492 4756 9512
Total 32324159 G38534 100.000 100.000
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(1R,4s)-4-((R)-1-(Benzhydryloxy)allyl)-3',4'-dihydro-2'H-spiro[cyclohexane-1,1'-naphthalen]-4-ol (5f) :

PhzHCO,, A

OH

Prepared according to the general procedure as described above in 81% yield (128 mg) with >20:1
dr. It was purified by flash chromatography (20% EtOAc/hexanes; Rs = 0.3) to afford a colourless oll;
H NMR (400 MHz, CDCl3) & 7.36 — 7.20 (m, 9H), 7.20 — 7.11 (m, 1H), 6.99 — 6.89 (m, 3H), 6.53 —
6.48 (m, 1H), 5.93 (ddd, J =17.4, 10.1, 8.8 Hz, 1H), 5.52 (s, 1H), 5.42 (dd, J = 10.3, 1.7 Hz, 1H), 5.22
(dd, J=17.4, 1.4 Hz, 1H), 4.00 (d, J = 8.9 Hz, 1H), 2.62 (t, J = 6.1 Hz, 2H), 2.46 (s, 1H), 2.13(d, J =
13.1 Hz, 1H), 1.88 — 1.76 (m, 1H), 1.72 — 1.48 (m, 6H), 1.41 — 1.29 (m, 2H), 1.28 — 1.15 (m, 2H); 3C
NMR (101 MHz, CDCls) 6 145.4, 143.0, 141.1, 137.5, 134.0, 129.1, 129.0, 129.1, 128.3, 127.3, 127 1,
126.5, 126.1, 125.3, 121.2, 80.0, 78.0, 73.5, 36.1, 35.3, 35.0, 32.1, 31.2, 31.1, 30.2, 19.4; HRMS
(ESI) m/z: [M+Na]* calcd for C31Hz402Na*, 461.2457; found: 461.2449; [a]*’ = -98.89° (¢ 1.0, CHCIs);
98:2 er; Chiral HPLC analysis of the product: Daicel Chiralpak AD-H 250X4.6 mm 5p column;
hexane/2-propanol = 95/05, detected at 254 nm, Flow rate = 1 mL/min, Retention times: 7.965 min

(major), 9.531 min (minor).

mal

PO Multi 1 254nm, 4nm

in

(=]

|
7960
aA01

[+ T a8 - ] 10 11 12
min
<Peak Table>
b Chl 2R4nm
Pealkd Het Time Area Height Area% Height%

1 7.869 2539523 147885 49932 49 851

2 9.501 2546385 148772 a0.068 a0.144

Total 5085918 206656 100.000 100.000
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200

100

7 965

PO Multi 1 254nm,4nm|

o =1
(=7 } Eli Eli 1ID 1|1 1_2
|-:Peak Table> |
DA Che 254nm . .
Peak#| Ret Time Area Height Area% Height%
1 7. 965 4177225 233381 97.934 a7 624
2 9.531 28134 5681 2 066 2376
Total 4265358 239061 100.000 100.000
2e. Gram-scale synthesis
Cu(CH3CN)4PFg
Q HY/ 51.0 mol‘)’Aa) HQ, Me
@*rvm . o _Ph (S)-BINAP (1.5 mol%) )
L PMHS, LiO'Bu GCHPh,
THF, -78°C, 1 h
1a 2a 3a; 93% (1.43 g)
(1.0 g; 4.5 mmol) 99:1 er, 10:1 dr

A solution of Cu(CH3CN)4PFs (16 mg, 1.0 mol%), (S)-BINAP (42 mg, 1.5 mol%), PMHS (1.2 ml, 9.0 mmol)
and LiO'Bu (9 ml, 9.0 mmol, 1 M in THF) in dry THF (5.0 mL) was stirred at room temperature for 10 min and
then maintained the temperature at -78 °C. A solution of acetophenone 1a (0.54 g, 4.5 mmol, 1.0 equiv) and
allene 2a (1.0 g, 4.5 mmol, 1.0 equiv) in dry THF (10.0 mL) was added via syringe and the resulting mixture
was stirred at -78 °C for 1 h. The reaction mixture was quenched with saturated NH4CI (20 mL) solution and
extracted with EtOAc (3 x 30 mL) and dried over anhydrous Na2SOy4, filtered, and concentrated in vacuo. The
resultant crude product was purified by column chromatography (10% EtOAc/hexanes; Rt = 0.3) to afford syn-
diol product as a colourless oil in 93% yield (2.66 g) with 10:1 dr; 97:3 er; Chiral HPLC analysis of the product:
Daicel Chiralpak IC-3 250X4.6 mm 5pu column connected to Daicel Chiralpak AD-H 250X4.6 mm 5 column in

tandem; hexane/2-propanol = 95/05, detected at 230 nm, Flow rate = 1 mL/min, Retention times: 5.061 min

(minor), 5.779 min (major).
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mAU

4 E PDA Multi 3
] I 2
1254 =
1 DO—_
?S—_
50
259 = ~
1 g g
AN )
0_
-25-
3.'II-'5 4.|[)0 4_I25 4.50 4.|?5 5.00 5.|25 5.!50 575 6.60 6_|25 6.50
min
1 PDA Multi 3 /230nm 4nm
PeakTable
PDA Ch3 230nm 4nm
Peak# Ret. Time Area Height Area % Height %
1 4.059 85691 11861 3.447 4.345
2 4.567 97719 11400 3.930 4.176
3 5.030 1165568 128347 46.880 47.014
4 5.760 1137285 121387 45.743 44.465
Total 2486264 272996 100.000 100.000
mATL
12504 g PDA Multi 3
1000
750
500
250
] =
D_
3.'|?5 4.60 4.I25 4_1‘;0 4.'|?5 5.00 S.IZS 5_150 5.75 6.60 6_|25 6.50
min
1 PDA Multi 3/ 230nm 4nm
PeakTable
PDA Ch3 230nm 4nm
Peakd# Ret. Time Area Height Area % Height %
1 5.061 418435 67651 3.122 5.233
2 5.799 12984763 1225082 96.878 94.767
Total 13403198 1292733 100.000 100.000
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2f. Synthetic Utility:

I. Synthesis of g-lactone:”
(2R,3R)-2-phenylpent-4-ene-2,3-diol (6):

M
HQ, :\Me Li (10 equiv) HO < ©
_—
Q)\‘/\ Naphthalene w
OCHPh, (10 equiv) OH
3a, 93%, dr=10:1 ,er=99:1 dry THF, 1h, 6, 96%
-25°C

Naphthalene (1.3 g, 10.02 mmol) was dissolved in THF (8 mL), to which was added finely cut pieces of lithium
metal (71.0 mg, 10.14 mmol). The reaction mixture was stirred for 1.5 h at rt under an argon atmosphere at
which point the lithium metal was completely dissolved. This resulting greenish black solution was cooled to —
25 °C, and a solution of 3a (350.0 mg, 1.02 mmol) in THF (4 mL) was added to this solution dropwise. The
resulting mixture was then stirred at —25 °C until the reaction mixture turned into a colourless solution, after
which it was quenched with saturated aq. NH4Cl (10 mL) and water (10 mL). The resulting solution was extracted
with EtOAc (3 x 15 mL), the combined organic layer was washed with brine, dried over anhydrous Na>SO4 and
concentrated under reduced pressure. The crude product (20% EtOAc/hexanes; Rs = 0.2) was purified by
column chromatography using hexanes/EtOAc (4:1) to afford 6 (172 mg, 96%) as a pale liquid; *H NMR (400
MHz, CDClz) 8 7.51 — 7.45 (m, 2H), 7.37 (ddd, J = 7.8, 5.3, 1.2 Hz, 2H), 7.28 (ddd, J = 7.6, 4.0, 1.4 Hz, 1H),
5.87 (ddd, J = 17.0, 10.5, 6.3 Hz, 1H), 5.27 (ddt, J = 15.6, 10.6, 1.4 Hz, 2H), 4.28 (d, J = 6.2 Hz, 1H), 2.69 (s,
1H), 2.14 (s, 1H), 1.48 (s, 3H); 3C NMR (101 MHz, CDCIs3) 6 145.2, 135.6, 128.4, 127.4, 125.7, 118.24, 79.6,
76.4, 24.3; HRMS (ESI) m/z: [M+H]* calcd for C11H1s02*, 179.1072; found: 179.1073; [a]?°p = +28.37° (¢ 0.12,
CHCla).

Methyl (4R,5R, E)-4,5-dihydroxy-5-phenylhex-2-enoate (8):8

HO Me o HO, Me 0
N \)l\ : X
X OMe OMe
—_—mm
OH OH

Hoveyda-Grubbs I
(7 mol%)

6 CH,Cl,, 45°C, 1 h

8,91%

The diol 6 (100.0 mg, 0.56 mmol) was dissolved in dry CH2Cl2 (12.0 mL; degassed 10 min with Ar) in round-
bottom flask, and methyl acrylate (76 uL, 73 mg, 0.84 mmol) was added followed by Hoveyda-Grubbs Il catalyst
(17.6 mg, 0.028 mmol). The reaction mixture was heated to 45 °C for 1h. The completion of reaction was then
monitored by TLC, after which the reaction mixture was concentrated under reduced pressure and purified using
flash column chromatography (20% EtOAc/hexanes Ry = 0.2) providing a,B-unsaturated ester 8 (120.6 mg,
91%) as a clear oil; *H NMR (400 MHz, CDCl3) & 7.47 (ddd, J = 4.4, 3.4, 1.9 Hz, 2H), 7.41 - 7.35 (m, 2H), 7.33
—7.28 (m, 1H), 6.86 (dd, J = 15.7, 4.8 Hz, 1H), 6.09 (dd, J = 15.7, 1.7 Hz, 1H), 4.57 — 4.36 (m, 1H), 3.73 (s,
3H), 2.53 (d, J = 40.1 Hz, 2H), 1.53 (s, 3H); 3C NMR (101 MHz, CDCl3) 6 166.7, 144.9, 144.3, 128.6, 127.7,
125.6, 122.7, 51.7, 23.6; HRMS (ESI) m/z: [M+Na]* calcd for C1sH1604Na*, 259.0946; found: 259.0935; [a]*°p =
+63.33° (c 0.15, CHCls).
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(R)-5-((R)-1-Hydroxy-1-phenylethyl)dihydrofuran-2(3H)-one (9):

HO Me 0 1. Pd/C, H, HO Me
3 EtOAc, 1 h <
X OMe ——m8 ——
OH 2. p-TSA, DCM o)
rt, 24 h )
8 9,93%

The a, B-unsaturated ester 8 (75.0 mg, 0.32 mmol) was dissolved in 3 mL of ethyl acetate in a round-bottom
flask and Pd/C (3.4 mg, 0.1 equiv) was added to mixture under argon atmosphere. The argon atmosphere was
then replaced with hydrogen-filled bladder and the reaction mixture was stirred for 1 h. The reaction was
monitored by TLC analysis, after which, the reaction mixture was filtered through a pad of celite and
concentrated under reduced pressure. The crude reduction product was dissolved in 3 mL of CH2Cl2 and a
catalytic amount of p-TSA was added to the reaction mixture and was left to stir for another 24 h under nitrogen
atmosphere. Later, a saturated aqueous solution of NH4CI (10 mL) was added to the reaction mixture, combined
organic layer washed with brine and concentrated under reduced pressure. The crude product was purified by
column chromatography using hexanes/EtOAc (4 : 1) to afford 9 in 93% yield (61.0 mg) as a colourless oil;
(20% EtOAc/hexanes, Ri= 0.2); *H NMR (500 MHz, CDCl3) 6 7.52 — 7.44 (m, 2H), 7.40 — 7.33 (m, 2H), 7.33 —
7.27 (m, 1H), 4.71 (dd, J = 8.3, 6.0 Hz, 1H), 2.44 — 2.34 (m, 1H), 2.28 (s, 1H), 2.24 — 2.10 (m, 3H), 1.60 (s, 3H);
13C NMR (101 MHz, CDCIs) 6 177.2, 143.2, 128.6, 127.8, 125.6, 85.5, 74.8, 28.6, 25.6, 22.6; HRMS (ESI) m/z:
[M+Na]* calcd for C12H1403Na*, 229.0841; found: 229.0834; [a]?°p = +12.72° (c 0.12, CHCl3).

Il. Ozonolysis of product 3a:
(2S,3R)-2-(Benzhydryloxy)-3-hydroxy-3-phenylbutanal (10):

HO, Me O3 HO Me

_—
@)\(\ dry DCM, @)Y\O
then
OCHPh2  ppp, (1.2 equiv) OCHPh,
3a, 93%, dr=10:1 ,er =99:1 10, 72%

The diol 3a (100 mg, 0.29 mmol) was dissolved in 3 mL of dry CH2Cl2 under nitrogen atmosphere and subjected
to ozone atmosphere for 5 mins. The completion of the reaction was indicated by persistent blue colour of
reaction mixture after which PPhs (92.3 mg, 0.35 mmol) was added and stirred for 4 h. To the reaction mixture
was then added 5 mL of saturated aqueous NH4Cl solution and extracted with CH2Cl2 (3 x 10 mL), combined
organic layer was washed with brine (10 mL) and concentrated under reduced pressure. The crude product was
purified by column chromatography using hexanes/EtOAc (5 : 1) to afford compound 10 (72.4 mg, 72 %) as a
colourless oil; *H NMR (500 MHz, CDCls3) & 9.66 (dd, J = 2.9, 0.8 Hz, 1H), 7.38 (dt, J = 15.1, 4.5 Hz, 4H), 7.33
—7.27 (m, 3H), 7.27 — 7.20 (m, 6H), 6.96 (d, J = 7.6 Hz, 2H), 5.33 (s, 1H), 3.92 (dd, J = 2.8, 0.9 Hz, 1H), 3.19
(s, 1H), 1.54 (s, 3H); 3C NMR (101 MHz, CDCls) & 203.1, 144.6, 141.1, 139.8, 128.5, 128.5, 128.4, 128.0,
128.0, 127.5,127.4,127.1, 125.2, 87.1, 83.8, 25.8; HRMS (ESI) m/z: [M+Na]* calcd for C2sH2203Na*, 369.1467;
found: 369.1450; [a]?°p = +90.91° (c 0.19, CHCl3).
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lll. Barbier-allylation reaction:®

(2R,3R)-3-(Benzhydryloxy)-2-phenylhept-6-ene-2,4-diol (11):

Br N\

HO Me : HO, Me
q (1.0 equiv) %
= OH
Zn, NH4CI (aq)
OCHPh, “M OCHPh,
10 reflux to rt 11, 44%, dr =10:1

The aldehyde 10 (50 mg, 0.15 mmol) and activated zinc powder (14 mg, 0.22 mmol) were dissolved in a
saturated agueous NH4Cl solution (2 mL) and THF (1 mL). The reaction mixture was refluxed and allyl bromide
(19 pL, 26 mg, 0.22 mmol) was added dropwise and reaction was stirred at rt for 1 h followed by quenching of
the reaction using 10% aqueous HCI (5 mL). The reaction mixture was extracted with ether (3 x 10 mL), washed
with brine (10 mL), dried over Na2SOa, and concentrated under reduced pressure. The crude product was
purified by column chromatography using hexanes/EtOAc (4 : 1) to afford 11 in 44 % yield (25 mg) as a white
semi-solid; *H NMR (400 MHz, CDCl3) 6 7.45 — 7.35 (m, 2H), 7.35 — 7.12 (m, 13H), 5.43 — 5.29 (m, 1H), 5.13
(s, 1H), 4.95 — 4.79 (m, 1H), 4.75 — 4.61 (m, 1H), 3.81 — 3.70 (m, 1H), 3.68 (d, J = 1.7 Hz, 1H), 3.10 (s, 1H),
2.76 (s, 1H), 2.05 — 1.67 (m, 2H), 1.65 (s, 3H); 13C NMR (101 MHz, CDCls) 5 146.0, 142.3, 141.7, 134.8, 128.6,
128.4, 128.4, 128.3, 128.2, 127.4, 127.3, 126.6, 125.7, 117.4, 84.3, 82.7, 70.5, 39.8, 29.9, 26.1; HRMS (ESI)
m/z: [M+Na]* calcd for C2sH280sNa*, 411.1936; found: 411.1928; [a]?% = +48.87° (c 0.21, CHCIs).

2g. Determination of absolute stereochemistry via Mosher ester analysis:

4 (0] 4 0 4
HO .?M,; 5 1 CI)Ls%CFs HO. ;M3e ) CI)J>(S%CF3 HO :MBG 5 1
X MeO Ph \1 pr! OMe B
O#° DMAP (2.0 equiv) OH DMAP (2.0 equiv) 00
I Pyridine (4.0 equiv) 6 Pyridine (4.0 equiv) :/_ER)
MeO"5 "CFs  CH,CI, 0°C, 1h CHCl, 0°C, 1h N

7a
(S)-MTPA ester

84%

80%
(R)-MTPA ester

Entry 5(S)-MTPA Ester(ppm) 8(R)-MTPA Ester(ppm) SASR(=8S-8R (ppm)

1 5.37 5.36 0.01
2 5.84 5.78 0.06

3 5.71 5.71 0
4 1.37 1.40 -0.03

1.37 5.84 1.40 5.78
‘\Me, OH / ‘\Me,’ OH /
S Ph )
Ph OCHjs HaCO Ph
Il Il
o]
CFs CF3

7a; (S)-MTPA ester

7b; (R)-MTPA ester

Table Sa: AS (= 3S - OR) data (in ppm) for the (S)- and (R)-MTBA-Mosher esters 7a and 7b.



(3R,4R)-4-Hydroxy-4-phenylpent-1-en-3-yl (S)-3,3,3-trifluoro-2-methoxy-2-phenylpropanoate (7a):
HO Me
I3 21
X
Q)EAO
)8
Ph" L NCFs

oM

To a solution of alcohol 6 (30 mg, 0.17 mmol) in dry CH2Cl> (2.0 mL) was added 4-(Dimethylamino)pyridine (41
mg, 0.33 mmol) under nitrogen atmosphere. The mixture was cooled to 0 °C, and pyridine (59 pl, 0.67 mmol)
and (R)-(-)-MTPA-CI (131 pL, 0.25 mmol) were added via syringe and the resulting mixture was stirred at
ambient temperature for 1h. The mixture was diluted with EtOAc (5 mL) and washed with 1M HCI (10 mL),
saturated Na2COs solution and extracted with EtOAc (3 x 15 mL) and dried over anhydrous Na2SOa, filtered,
and concentrated in vacuo. The resultant crude product was purified by flash chromatography (5%
EtOAc/hexanes; Rt = 0.3) to afford ester 7a in 84% yield (55 mg) as a colourless oil; 'H NMR (400 MHz, CDCls)
0 7.33 -7.25 (m, 2H), 7.24 — 7.17 (m, 3H), 5.90 — 5.78 (m, 1H), 5.71 (d, J = 7.9 Hz, 1H), 5.37 (dd, J = 16.4,
14.1 Hz, 1H), 3.27 (d, J = 0.9 Hz, 1H), 1.75 (s, 1H), 1.37 (s, 2H); HRMS (ESI) m/z: [M+Na]* calcd for
C21H2104F3Na*, 417.1289; found: 417.1290; [a]?%p = +12.70° (¢ 1.0, CHCI3).

(3R,4R)-4-Hydroxy-4-phenylpent-1-en-3-yl (S)-3,3,3-trifluoro-2-methoxy-2-phenylpropanoate (7b):

3
3
3
3
3
2
2
2
2
2!
2
2
2
1
1
1
Bi
B
B
B:
8.
7
7
.Z'
3
3
3
3
3.%7
175

<!

I
o

L A T T T

[k L T i o PR

00
t(S)
Pht I ~CF
OMe °

"H NMR (400 MHz, CDCls)

3.00-¢
7361
1,.00-]
1,004
2,011
2
1,041
3.00-=

T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0
1 (ppm)
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(3R,4R)-4-Hydroxy-4-phenylpent-1-en-3-yl (R)-3,3,3-trifluoro-2-methoxy-2-phenylpropanoate (7b):

The ester 7b was obtained with (S)-(-)MTPA-CI using above procedure in 80% yield (53 mg) as a colourless oil;
1H NMR (400 MHz, CDClz) 6 7.44 — 7.37 (m, 2H), 7.34 — 7.14 (m, 7H), 7.09 (d, J = 7.8 Hz, 1H), 5.82 — 5.73 (m,
1H), 5.71 (d, J = 7.6 Hz, 1H), 5.38 — 5.30 (m, 1H), 3.13 (d, J = 1.2 Hz, 1H), 1.94 (s, 1H), 1.40 (s, 3H); HRMS

(ESI) m/z: [M+Na]* calcd for C21H2104FsNa*,417.1289; found: 417.1290; [a]2% = -20.24° (¢ 1.0, CHCls).

41
a1
a0
39
32
30
29
28
28
26
25
24
24
3
1
0
8
8
B
b
0
i
2

0

9

7

(]

3

2

1
ar

3

3

23

32

3.13

3.13

AR i U A R A A

TLLILIS L ELELLPE S L Y
Ho, Me
N
00
To
Ph (:)M%FS

"H NMR (400 MHz, CDCly)

194

1.01
0.97
1,994

140

3,00

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

2h. Synthesis of Fostrecin C3-C11 fragment:*©
(R)-3-Hydroxy-4-methoxy-4-oxobutanoic acid (Al):

OH 1. TFAA, 40 min OH
HoOC ———————— HOOC
\/'\COOH 2. MeOH, 1.5 h \/hCOOMe

82%

In a round-bottom flask, D-malic acid (2.0 g, 7.5 mmol) was dissolved in trifluoroacetic anhydride (4.3 mL) under

nitrogen atmosphere and the reaction mixture was stirred for 40 min after which the trifluoroacetic anhydride

was removed from the reaction mixture under reduced pressure. The crude solid obtained was dissolved in

MeOH (5.7 mL) and stirred for another 1.5 h at room temperature. The volatile impurities were removed from
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the reaction mixture under reduced pressure to provide ester Al in 82% yield (1.8 g) and used for next step

without further purification.

Methyl (R)-2,4-Dihydroxybutanoate (A2):

3-Mez
HOOC
\/'\COOMe THF, 241 COOMe
-15°Ctort A2

72 %

BH3.Me2S (22.3 mmol, 23 mL) (1.0 M solution in THF) was added dropwise to a solution of ester A1 (1.65 g,
11.15 mmol) in 50 mL of dry THF at -15 °C under argon atmosphere. The mixture was allowed to warm to room
temperature and stirred for 24 h. The reaction was quenched by dropwise addition of 22 mL of MeOH and the
reaction mixture was concentrated under reduced pressure and again co-evaporated three times with MeOH.
The residue was diluted with EtOAc and filtered through a pad of Celite. Organic solution was concentrated
under reduced pressure to give the crude diol A2, which was purified using flash column chromatography on
silica gel in EtOAc/hexanes (3:2) to provide 1.08 g (72%) of pure diol A2.

Methyl (R)-2,2-dimethyl-1,3-dioxane-4-carboxylate (A3):

Me Me
2,2-dimethoxypropane
OH OH PPTS . 0 O
K/'\COOMe CH,Cl,, 40 °C COOMe
A2 30 min, 62% 12

The diol A2 (1.08 g, 8.1 mmol) was dissolved in 30 mL of dry CH2Cl> and 30 mL of 2,2-dimethoxypropane, and
PPTS (605 mg, 2.4 mmol) was added. The mixture was stirred for 30 min at 40 °C and washed with saturated
agueous NaHCOs (20 mL), extracted with of CH2Cl> (2x15 mL), dried over Na.SO4 and evaporated in vacuo
followed by chromatography on silica gel (hexane/ EtOAc 3 : 1 + 5% EtsN) which provided 860 mg (62%) of 12
as a yellow oil.

(R,E)-4-(2,2-dimethyl-1,3-dioxan-4-yl)but-3-en-2-one (14):

Me Me 1. DIBAL-H, CH,CI Me)iVle
2Ll
u 78 °C,1h
COOMe . Ph Py\[rMe M
12
CH,Cl,, rt 4n

67 % in 2 steps

Ester 12 (0.86 g, 4.9 mmol) was dissolved in 20 mL of dry CH2Cl2 the reaction mixture was cooled to -
78 °C. Then a 1.0 M solution of DIBAL-H in toluene (4.9 mmol, 4.9 mL) was added dropwise and reaction was
stirred at -78 °C for 1h. After consumption of ester (as monitored by TLC analysis), reaction was quenched by
addition of 20 mL saturated aqueous solution of sodium potassium tartrate, stirred for additional 30 min and
extracted with CH2Clz (2 x 20 mL). Combined organic solvent was dried over anhydrous NazSO4 followed by

removal of solvent under reduced pressure and immediately used for next step without further purification.
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The crude aldehyde was dissolved in dry CH2Cl2 (20 ml) and methyl ester Wittig reagent A3 (2.3 g, 7.2
mmol) was added to the reaction mixture under nitrogen atmosphere and reaction was stirred at rt for 4h. The
solvent was removed under reduced pressure and the residue was purified using flash column chromatography
on silica gel (EtOAc/hexane 1 : 5) to afford 0.6 g of ketone 14 (67% in two steps) as a yellow oil; 'H NMR (400
MHz, CDCls) 6 6.69 (dd, J = 16.1, 4.6 Hz, 1H), 6.27 (dd, J = 16.1, 1.6 Hz, 1H), 4.58 (dddd, J = 11.7, 4.5, 2.9,
1.7 Hz, 1H), 4.04 (td, J = 12.1, 2.9 Hz, 1H), 3.89 (ddd, J = 11.8, 5.4, 1.6 Hz, 1H), 2.28 (s, 3H), 1.71 (ddd, J =
17.3, 12.5, 5.4 Hz, 1H), 1.58 (dtd, J = 13.1, 2.9, 1.8 Hz, 1H), 1.50 (s, 3H), 1.44 (s, 3H); 13C NMR (101 MHz,
CDClz) 6 198.7, 146.0, 129.4, 98.8, 68.3, 59.7, 30.7, 29.9, 27.5, 19.3; HRMS (ESI) m/z: [M+Na]* calcd for
Ci1o0H1603Na*, 207.0997; found: 207.0992; [a]*°> = +22.85° (c 0.19, CHCl3).

(3R,4R, E)-4-(benzyloxy)-1-((R)-2,2-dimethyl-1,3-dioxan-4-yl)-3-methylhexa-1,5-dien-3-ol (15):

2a, Cu(CH3CN),PFg Me Me

(2.5 mol%)
(@) (0] (S)-BINAP (5 mol%)‘ O (0] QCHth
I\/'\/\I(Me PMHS, LiO'Bu o W
remeh S
14 (565 mg) 15; >20:1 dr

According to the general procedure described in section 2d, compound 15 was prepared by using methyl ketone
14 (300 mg, 1.63 mmol, 1.0 equiv) and allene 2a (1.63 mmol) in 85% vyield (565 mg) with >20:1 dr. It was purified
by flash chromatography (20% EtOAc/hexanes; Rt = 0.3) to afford a colourless oil; *H NMR (400 MHz, CDClz)
57.27 —7.21 (m, 8H), 7.20 — 7.12 (m, 2H), 5.79 — 5.71 (m, 1H), 5.71 — 5.62 (m, 2H), 5.41 (s, 1H), 5.70 (d, 1H),
5.68 (d, J = 5.1 Hz, 1H) 5.33 (dd, J = 10.4, 1.8 Hz, 1H), 5.11 (ddd, J = 17.3, 1.8, 0.6 Hz, 1H), 4.35 (ddd, J =
11.5,5.1, 2.7 Hz, 1H), 3.94 (td, J =12.2, 2.8 Hz, 1H), 3.78 (ddd, J = 11.7, 5.4, 1.6 Hz, 1H), 3.49 (d, J = 8.7 Hz,
1H), 2.39 (s, 1H), 1.72 — 1.59 (m, 1H), 1.44 (s, 3H), 1.42 — 1.37 (m, 1H), 1.36 (s, 3H), 1.14 (s, 3H); 3C NMR
(101 MHz, CDCls) 5 143.0, 141.3, 136.1, 134.4, 129.5, 128.7, 128.3, 128.1,128.0, 127.3, 126.7, 121.7, 98.5,
84.0, 80.0, 74.1, 69.6, 59.9, 31.7, 30.2, 24.0, 19.4; HRMS (ESI) m/z: [M+H]* calcd for C2eH3304*, 409.2378;
found: 409.2369; [a]?°p = +36.50° (c 1.0, CHCls).
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3. Single Crystal X-ray Analysis:

3a. X-ray crystallographic data for compound 3n:

MeO HO, Me

A
OCHPh,

3n, CCDC - 2349832

The purified compound 3n was dissolved in a mixed solvent of CH2Cl2/n-hexane (1:1), and placed in a dark

cabinet for slowly evaporation. Orange crystals were collected after few days for X-ray analysis.

-
4

Jaic19

C20 03
3

C24
) 1
C21

Figure caption: ORTEP diagram of compound 3n (KB741) with the atom-numbering. Displacement ellipsoids

are drawn at the 50% probability level and H atoms are shown as small spheres of arbitrary radius.

Crystal data for compound 3n (KB741): C2sH2603, M = 374.46, Monoclinic, space group P21 (No.4), a =
8.0727(18)A, b = 17.381(3)A, ¢ = 8.2903(16)A, a = 90°, B = 117.903(5)°, y = 90°, V = 1028.0(4)A3, Z =2, Dc =
1.210 g/lcm3, Fooo = 400, Bruker D8 QUEST PHOTON-III C7 HPAD detector, Mo-Ka radiation, A = 0.71073 A,
T = 100(2)K, 20max = 55° p= 0.078 mm1, 14285 reflections collected, 4670 unique (Rint = 0.0457), 259
parameters, R1 = 0.0351, wR2 = 0.0820, R indices based on 4304 reflections with | > 2g(l) (refinement on F?),
Final GooF = 1.052, largest difference hole and peak = -0.195 and 0.214 e.A3. CCDC deposition number
2349832 contains the supplementary crystallographic data for this paper which can be obtained free of charge

at https://www.ccdc.cam.ac.uk/structures/
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3b. X-ray crystallographic data for compound 3u:

HO, Me

| A X
zN  OCHPh,

3u, CCDC - 2349831

The purified compound 3u was dissolved in a mixed solvent of CHClz/n-hexane (1:1), and placed in a dark

cabinet for slowly evaporation. Orange crystals were collected after few days for X-ray analysis.

Br2

Figure caption: ORTEP diagram of compound 3u (KB378) with the atom-numbering. Displacement ellipsoids

are drawn at the 35% probability level and H atoms are shown as small spheres of arbitrary radius.

Crystal data for compound 3u (KB378): C2sH21Br.NO2, M = 503.23, Triclinic, space group P1 (No.2), a =
8.759(2)A, b = 8.907(3)A, ¢ = 15.126(5)A, a = 73.632(7)°, B = 82.000(11)°, y = 75.587(7)°, V = 1093.6(6)A3, Z
= 2, D¢ = 1.528 g/cm?, Fooo = 504, Bruker D8 QUEST PHOTON-III C7 HPAD detector, Mo-Ka radiation, A =
0.71073 A, T = 294(2)K, 26max = 55°, u= 3.724 mm-1, 18857 reflections collected, 4431 unique (Rint = 0.0725),
257 parameters, R1 = 0.0484, wR2 = 0.0940, R indices based on 2743 reflections with | > 20(l) (refinement on
F2), Final GooF = 1.004, largest difference hole and peak = -0.524 and 0.722 e.A-3. CCDC deposition number
2349831 contains the supplementary crystallographic data for this paper which can be obtained free of charge

at https://www.ccdc.cam.ac.uk/structures/.
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3c. X-ray crystallographic data for compound 5d:

Ph2HCO,, A

i-Pr. OH

OMe
5d, CCDC - 2349833

The purified compound 5d was dissolved in a mixed solvent of CHClz/n-hexane (1:1), and placed in a dark

cabinet for slowly evaporation. Orange crystals were collected after few days for X-ray analysis.

1C12
4 O

Figure caption: ORTEP diagram of compound 5d (KB1077) with the atom-numbering. Displacement ellipsoids

are drawn at the 35% probability level and H atoms are shown as small spheres of arbitrary radius.

Crystal data for compound 5d (KB1077): C2sH3403, M = 394.53, Monoclinic, space group P2:/n (No.14), a =
12.9997(8)A, b = 10.7801(6)A, ¢ = 16.7201(11)A, a =90°, B =97.231(2)°, y = 90°, V = 2324.5(2)A3,Z =4, Dc =
1.127 glcm3, Fooo = 856, Bruker D8 QUEST PHOTON-III C7 HPAD detector, Mo-Ka radiation, A = 0.71073 A,
T = 294(2)K, 20max = 55° p= 0.072 mm1, 27035 reflections collected, 5306 unique (Rint = 0.0388), 330
parameters, R1 = 0.0506, wR2 = 0.1249, R indices based on 3734 reflections with | > 2g(l) (refinement on F?),
Final GooF = 1.032, largest difference hole and peak = -0.142 and 0.214 e.A3. CCDC deposition number
2349833 contains the supplementary crystallographic data for this paper which can be obtained free of charge

at https://www.ccdc.cam.ac.uk/structures/

Data collection and Structure solution details: Single crystal X-ray data were collected at room temperature
on a Bruker D8 QUEST equipped with a four-circle kappa diffractometer and PHOTON-III C7 HPAD detector.

An lus microfocus Mo source (A=0.71073A) supplied the multi-mirror monochromated incident beam. A
combination of Phi and Omega scans were used to collect the necessary data. Integration and scaling of
intensity data were accomplished using SAINT program.! The structures were solved by Direct Methods using

SHELXS97 and refinement was carried out by full-matrix least-squares technique using SHELXL-2018/3.11-13
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Anisotropic displacement parameters were included for all non-hydrogen atoms. All H atoms were positioned
geometrically and treated as riding on their parent C atoms, with C-H distances of 0.93--0.97 A, and with Uiso(H)
= 1.2Ueq (C) or 1.5Ueq for methyl atoms. The O bound H atom was located in the difference Fourier map and
its positional coordinates and isotropic displacement parameters were refined. In KB1077 compound, the two
phenyl rings attached to C1 atom were disordered over two sites, with site occupancy factor of 0.650(11) for the
major component of the disordered atoms (C2/C3/C4/C5/C6/C7 and C8/C9/C10/C11/C12/C13) and 0.350(11)
for the minor component of the disordered atoms (C2D/C3D/C4D/C5D/C6D/C7D  and
C8D/C9D/C10D/C11D/C12D/C13D). PART, FVAR, DELU, and SIMU instructions were utilized for modelling
the structural disorder and structural refinement.?* CCDC deposition numbers 2349831-2349833 contains the
supplementary crystallographic data for this paper which can be obtained free of charge at
https://www.ccdc.cam.ac.uk/structures/.

4. Computational studies:

4a. Computational Details: All reported calculations were performed using the ORCA 5.0.3 software.'> Images
of the 3D structures were rendered using CYLView20.1® The geometry of all reactants, intermediates and
transition states were optimized using the B3LYP functional in the gas phase,” with a mixed basis set consisting
of triple-C quality def2-TZVPP basis set on Cu and P and double-C split valence def2-SVP basis set for all other
atoms.!8 Intermediates and transition state geometries were validated by vibrational analysis at the same level
of theory, showing all real normal modes for the former and one imaginary mode for the later, respectively.
Single point energies were calculated at B3LYP/def2-TZVPP together with the SMD solvation model with
tetrahydrofuran (dielectric constant, € = 7.25) as the solvent.’® Grimme’s D3BJ dispersion correction was
employed all through.2° Further, energies were verified at MO6L/ def2-TZVPP and TPSSh/ def2-TZVPP level of
theory. The results are summarized in Table S1The reported Gibbs free energies and enthalpies include zero-
point and thermal corrections calculated at 298.15 K and 195.15 K temperatures. To reduce the huge
computational cost associated with the linearly extended alkyl chains, PMHS was modelled by truncation of the
polymeric alkoxy groups with -OMe terminals and employing Me(OMe)2SiH during calculations. Steric plots
were obtained from sambVca 2.1 web tool.?-22 Non-covalent interactions were confirmed by using Multiwfn

program.23
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4b. Relative Gibbs free energy profile for complete catalytic cycle of CuH-BINAP Catalysed allylation of
ketone

T$1 trans

Bzalrans
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(kcal/mol)
L, = S-BINAP h ﬁziicfs
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— 181 B2b,
N\ -22.7 B2ds
-23.1 B2,
-25.0 f f
BuOLi , 'Y'e
MeO—Si—OMe
F{ Ph P\ Me R Me F{ ]
pP—Cu OA_M P—Cu«..o-:/l—_ —Ph \p_t, OSL Roh p—tu H
OR =\ ~OR = T\OT.\ H
si| R S L,CuH
H
TS2byrans H TS2ayans TS2a, RO TS2bss RO _ -50.4
(“ R Ph (\ R Me P\C Me PP\C PhM ; .
P-Cu;-., Me P—Cu;-., Ph P—Cu;-., Ph —Cli-g e \ ]
\QOR NS OR 2\ H R L e P PO LimmQCHPh, | "
H ! B2a,;  OR cls OR Ph P Me Loy P 3a fle
B2byyans B2ayans Bcgjs cis MeO—?I—OMe
O'Bu
! = i =
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Figure S1. Relative Gibbs free energy profile for enantioselective copper catalysed reductive coupling of alkoxy
allenes to access syn-diols, Gibbs free energies are reported in kcal/mol at B3LYP/def2TZVPP/D3BJ/SMD level
of theory.

Figure S1 depicts the complete catalytic cycle of copper catalysed allylation of acetophenone. The optimized
transition state structures of the key rate determining and enantio-diastereoselectivity determining transition
states are shown in Figure S4. The catalytic cycle begins with hydrocupration of alkoxy allene. Since the reaction
is completed within 1 h in the experimental setup, the kinetic factors become more prominent rather than the
thermodynamics. Since the activation energy barrier of TS1tans is 3.9 kcal higher than TS1cis, there is high Z-
selectivity in the hydrocupration event to proceed via TS1cis to reach a highly exergonic hydrocupration product
Acis at -22.6 kcal/mol. Thereafter, the scope of trans mode channelling of the reaction has been discarded.
Subsequent ketone allylation proceeds from Acis via a six membered (TS2acis, AG* = 8.0 kcal/mol) transition
state affords intermediate B2acis with excellent enantio- and diastereo selective control. Next, an active
participation 'BuOLi release out lithiated product 3a' and PMHS transfer its hydride to generate LnCuH. At the
end, the desired product 3a is obtained by acidic work up. Finally, hydrosilane helps in the regeneration of the
active catalyst and completes the catalytic cycle. All DFT methods are consistent with the predominance of

TS1cis and TS2acis over their competitive partners.
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Table S1. Computed activation free energies (AG?) of the key transition states (TS1ans, TS1cis, TS2acis,
and TS2bcis) at different levels of theories.

MethOd fOI’ TSltrans Tslc|s AAGi TSZbc|5 Tszaqs AAGi
Single point energy calculations AGH AGH (TS1trans - AGH AGH (TS2bgis -
TSlcis)
Tszacis)
B3LYP/def2TZVPP/D3BJ/SMD 19.8 15.9 3.9 13.8 8.0 5.8
MO6L/def2TZVPP/SMD 19.5 15.0 4.5 16.5 9.5 7.0
TPSSh/def2TZVPP/D3BJ/SMD 11.7 7.4 4.3 10.2 4.8 54

4c. Temperature dependence in computational studies

Figure 1 (main text) and S2 depicts the effect of temperature on free energy profile. The trend in the free energy
remains unchanged at both 298.15 K and 195.15 K temperatures as Gibbs free energy is linearly dependent on
temperature (Equation 1). At 195.15 K temperature TS1.is is favourable by 3.9 kcal/mol closer to the value at
298.15 K (Table S2). The rate determining transition state (hydrocupration step, TS1cis) and the stereoselectivity
determining transition state (allylation step, TS2acis) are consistent irrespective of the temperature (Figure S2,
and Table S2).

G=H-T*S ............... (Equation 1)

Where, G is the Gibbs free energy, H is the enthalpy, T is the temperature, and S is the entropy

TS1¢rans
19.8

TS1.s
15.9

AG | — 298.15 K:
(kcal/mol) 1 = 195.15 K
TS2a.;s
Afrans -14.6
B2a;s
(-27.0) -25.0 'BuOLi , Me
MeO—S8i—OMe
(-37.5) i
1
L,CuH

-50.4

Q Me
Ph-i X
LivOCHPh, |
3a’ Me
MeO—?i—OMe
O'Bu

Figure S2. Relative Gibbs free energy profile for enantioselective copper catalysed reductive coupling of alkoxy
allenes to access syn-diols, at different temperatures. (Black path at 298.15 K and Grey path at 195.15 K).
Gibbs free energies are reported in kcal/mol at B3LYP/def2TZVPP/D3BJ/SMD level of theory.
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Table S2. A comparison of effect of temperature on computed activation free energies (AG*) of the

enantio- and diastereo-selectivity determining transition states (TS21trans, TS1cis, TS2acis, and TS2bcis).

Temperature for TS1lirans  TSleis AAGH TS2bcis  TS2acis AAG*
calculation of thermodynamic AGH AGH (TS1trans - AGH AGH (TS2becis -
parameters TSLeis)
TS2acis)
298.15K 19.8 15.9 3.9 13.8 8.0 5.8
195.15K 13.3 9.6 3.7 7.5 2.0 55

4d. Hydrocupration involving transition state structures

TS1 trans

TS1is
AG* =15.9 kcal/mol AG¢ =19.8 kcal/mol

Figure S3. Activation free energies and optimized transition state structures of the hydrocupration of alkoxy
allene. Bond distances are in units of A.

S-78



4e. Ketone allylation involving transition state structures

TS2ag;s
AG* = 8.0 kcal/mol

Figure S4. Activation free energies and optimized transition state structures of the allylation of ketone.
Chemdraw structures highlighted in dotted lined boxes are Newman projections of the six membered transition
state conformations to depict dihedral angle strain. Bond distances are in units of A.

4f. Energy decompaosition analysis

Energy decomposition analysis has been performed at B3LYP/def2TZVPP/D3BJ/SMD level of theory to
examine the source of enantio- and diastereo-selectivity. The activation energy (AE*) required to overcome the
potential barrier can be decomposed in terms of reorganization/distortion energy and interaction energy as the
following equation:

AE* = AEoorg + DEimp  oooeoneee, (Equation 2)

AE,.org Is the total expenditure in energy when the reacting species gets reorganized into the transition state
configuration and AE;,; is the interaction energy between the reacting species in the activated complex. Table
S3 and Table S4 summarise the activation energy, total reorganization energy and interaction energy for the
hydrocupration and allylation transition states respectively. Figure S5 and Figure S6 depict the observation in
the form of bar plot. The total demand in reorganization energy required for the separated copper hydride and
alkoxy allene to overcome the activation barrier is more prominent for a trans-mode hydrocupration compared
to cis-mode (Table S3 and Figure S5). Mainly, the alkoxy allene must distort at the expense of 4.4 kcal/mol

energy higher than in cis phase attack. Hence, hydrocupration via trans mode is discarded. The system follows
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TS1eis to reach at Acis intermediate. The decomposition of activation energy for the ketone allylation transition
state is in support of the TS2ais transition state arrangement which undergoes minimum distortion in its

configuration ultimately leading to the product (Table S4 and Figure S6).

Table S3. Decomposition of activation energy in kcal/mol for transition states participating in hydrocupration of
alkoxyallene

AEt AEreorg' AEreorg'Za TOta' AEreorg AEint
L,CuH
TS1cis -1.8 9.8 16.8 26.6 -28.4
TSlirans 14 11.3 19.2 30.6 -29.2
40 ©
8 =
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2 20
g
x 10] «
= D AEint
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Figure S5. Energy decomposition analysis of hydrocupration transition state at B3LYP/def2TzZVPP/D3BJ/SMD
level of theory. Energies are reported in kcal/mol.

Table S4. Decomposition of activation energy in kcal/mol for transition states participating in allylation of
ketone

AE# AEreorg-A AE eorg-1a Total AEint

AEreorg
TS2acis -8.8 13.0 6.3 19.3 -28.1
TS2bcis -4.2 18.7 10.7 294 -33.6
TS2cCcis -4.6 17.7 9.4 27.1 -31.7
TS2dcis -6.0 15.1 8.9 24.0 -30.0
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Figure S6. Energy decomposition analysis of allylation of ketone at B3LYP/def2TZVPP/D3BJ/SMD level of
theory. Energies are reported in kcal/mol.

4g. Steric mapping analysis of hydrocupration of alkoxy allene.

Topographic steric maps of the transition states involved in the hydrocupration step are furnished w.r.t the %
Veuried. The total space of the catalytic pocket is defined by a sphere consisting of buried and free volume. The
percentage buried volume of a complex gives the qualitative measure of the space occupied by the ligands
coordinated to the metal centre in the first coordination sphere.® On the other hand, the % VFreeis the free volume

available for the reacting species in the catalytic pocket.
%Vrotar = YVpuriea ¥ YoViree — covveveeeenenenennn (Equation 3)

In this study, copper is defined as the centre of the sphere with a radius set to 3.5 A. The z-axis passes through
the metal centre and is perpendicular to both the phosphorus atoms (which define the xy plane representing the
topographic steric map) coordinated to the metal. We have adopted the bond radii scaled by 1.17 A for the
atoms, and a mesh of 0.1 A was used to scan the sphere for buried voxels. A first coordination sphere of radius
3.5 A is ideal for the metal complexes where the groups directly bound to the metal contribute to the steric
encumbrance. In the case of our Cu-BINAP complex, the metal-phosphine ligand and metal-substrate bond
distances are within 2.1-2.4 A. A first coordination sphere of 3.5 A is expected to also account for the van der
Waals space occupied by the atoms coordinated to the metal. These insights have been put forth by Cavallo
group after successfully utilizing topographic steric maps to validate many unusual regioselective and

stereoselective reactions.22. 24-26

The steric mapping data are shown in Table S4 and Table S5. The TS1.s has 15.4 % of free space available
as opposed to 14.1 % in TS1wans. TO have a better understanding, we have divided the coordination space into
four quadrants (Figure S6a). The hydrocupration event occurs at the interface of quadrants Il and Il and
becomes our quadrant of interest. The TS1cis configuration in these quadrants is less sterically congested,
facilitating better catalyst-substrate interaction. Further inspection of the transition state geometries for

hydrocupration of alkoxy allene reveals that the -OCHPh2 groups of allene substrate are near the hydrocupration
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centre in the transition state for the trans addition, resulting in repulsive energetic contributions. The cis mode

does not sterically interfere as severely as the trans transition state. This steric clash is alleviated in the transition

state for cis addition making the -OCHPh: group to rotate away from the reacting centre, resulting in a sterically

less hindered geometry as evident from the yellow-green contours at the interface of quadrant Il and Il in the

steric map of TS1s (Figure S7c).

1

[N

1]

TS1,;s - favored
AAG?* = 0.0 kcal/mol

TS14aps - disfavored

AAG?* = 3.9 kcal/mol

v

TS1gis  %Viee = 15.4

TS1 trans

%Viree = 14.1

Figure S7. (a) Orientation of complex taken for topography, (b) quadrant diagram and (c) steric maps. In (b),
roman numerals denote the four quadrants of the coordination space with corresponding %Viee; green indicates
the alkoxyallene substrate. In (c), the isocontour curves of the steric maps are given in A within a range of 3.0
A) along with total %Viee is shown within a radius of 3.5 A from the copper centre (see Figure 1 in main text)

Table S5. Topographic steric mapping data for cis mode hydrocupration through TS1cis

%V Free %V Buried % V total
154 84.6 100
Quadrant VFree (AS) VBuried (AB) VTotal (AB) %VFree %VBuried
SW 10.8 34 44.9 24.2 75.8
NW 54 39.5 44.9 12 88
NE 10.8 34 44.9 24.2 75.8
SE 0.6 44.3 44.9 1.3 98.7

Table S6. Topographic steric mapping data for trans mode hydrocupration through TS1trans

%V Free %V Buried % V total
14.1 85.9 100
Quadrant VEree (AS) VBuried (AB) V7otal (AB) %Vrree %Vsuried
SW 6.6 38.3 44.9 14.6 85.4
NW 5.1 39.8 44.9 11.3 88.7
NE 11.7 33.2 44.9 26 74
SE 1.9 42.9 44.9 4.3 95.7
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4h. Optimized geometries of possible intermediates formed after hydrocupration of alkoxy allene.

[
Acis f' \
AG = - 20.3 kcal/mol AG = - 22.6 kcal/mol AG = - 20.8 kcal/mol
alkoxy allene copper complex alkoxy allene copper complex alkoxy allene copper complex
in internally chelated cis form in open cis form in open trans form

Figure S8. Gibbs free energies and optimized structures of intermediates formed after the hydrocupration of
alkoxy allene. Distances from copper centre to oxygen are highlighted in red dotted lines and are in units of A.

4i. Defining the stereochemistry of the four transition states in cis-allylation
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Figure S9. Model portraying absolute configuration of stereocisomers.
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4j. Analysis of non-covalent interactions in TS2agis.

T ..... n stacking

Figure S10. Non-covalent interaction analysis of stereoselective transition state TS2acis. Blue regions denote
strongly attractive, green regions denote weakly attractive and red regions denote strongly repulsive positions.
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4k. XYZ Coordinates

LnCuH (BINAP-CuH)

1
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-0.010569000
1.685909000
-1.689453000
0.096376000
-0.795393000
-1.376066000
-1.097535000
-0.195695000
0.390453000
-1.012259000
-2.050994000
-0.086725000
0.801266000
1.377646000
1.098364000
0.199697000
-0.381821000
1.018906000
2.050032000
5.589679000
5.407021000
4.234138000
3.226642000
3.411789000
4.591883000
6.510543000
6.183358000
4.096585000
2.618258000
4.726198000
3.137924000
3.599136000
3.174096000
2.278892000
1.825166000
2.252355000
3.465983000
4.278396000
3.522357000
1.126224000
1.885184000
-3.137993000
-3.595430000
-3.171925000
-2.282008000
-1.832320000
-2.258122000
-3.464601000

-4.249934000
-1.135775000
-1.124276000
2.214427000
1.230716000
0.313682000
0.308247000
1.241146000
2.228757000
1.208371000
-0.437969000
2.151837000
1.154170000
0.252723000
0.277968000
1.224970000
2.196664000
1.108516000
-0.509958000
-2.700219000
-1.316466000
-0.810429000
-1.682736000
-3.067763000
-3.573243000
-3.094461000
-0.630295000
0.270025000
-3.741049000
-4.653760000
0.460331000
1.077959000
0.622751000
-0.454228000
-1.071454000
-0.615937000
0.824867000
1.930974000
1.126460000
-1.908747000
-1.100296000
0.397696000
1.039940000
0.606681000
-0.472620000
-1.114887000
-0.681480000
0.745183000

-0.037463000
0.234526000
-0.255586000
-2.970617000
-3.470687000
-2.629004000
-1.230603000
-0.708050000
-1.568376000
-4.541852000
-3.038947000
3.020111000
3.498794000
2.637535000
1.239486000
0.737319000
1.618710000
4.569060000
3.030953000
2.173934000
2.058335000
1.498591000
1.049997000
1.179694000
1.735536000
2.611539000
2.406717000
1.426361000
0.841636000
1.829282000
-3.861814000
-2.694173000
-1.447319000
-1.351594000
-2.526874000
-3.776636000
-4.838357000
-2.757562000
-0.545185000
-2.455661000
-4.684609000
3.870003000
2.714232000
1.459080000
1.343126000
2.506502000
3.764533000
4.853222000
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1
1
1
1
6
6
6
6
6
6
1
1
1
1
6
6
1
1
6
6
1
1
6
6
1
1
6
6
1
1
1
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-4.270391000
-3.517317000
-1.137537000
-1.894180000
-5.595036000
-5.408565000
-4.235041000
-3.230687000
-3.419749000
-4.600495000
-6.516341000
-6.182334000
-4.094697000
-4.737819000
-1.852238000
-1.280474000
-2.538628000
-1.519215000
-1.565647000
-0.700601000
-2.031868000
-0.472907000
1.870006000
1.293263000
2.559536000
1.531040000
1.584359000
0.715371000
2.054496000
0.488510000
-2.628853000
-0.006006000

1.895024000
1.129199000
-1.954149000
-1.185344000
-2.639184000
-1.258512000
-0.767017000
-1.650876000
-3.032515000
-3.523504000
-3.022083000
-0.563312000
0.311445000
-4.601591000
4.101874000
3.198480000
4.862453000
3.241878000
4.046834000
3.088893000
4.762953000
3.033044000
4.135189000
3.216465000
4.884446000
3.236742000
4.110372000
3.166686000
4.838341000
3.134142000
-3.714625000
-2.694733000

Alkoxyallene (2a)

6
1
1
6
6
1
8
6
6
6
6
6
6
6
1
1

-0.744259000
-0.160605000
-1.705064000
-0.319944000
0.143905000
0.755671000
-0.057049000
0.031648000
-1.228794000
-1.300658000
-2.356818000
-2.469014000
-3.525992000
-3.586770000
-0.430842000
-2.320833000

4.579331000
5.463319000
4.770054000
3.363411000
2.151926000
1.643832000
1.487630000
0.055989000
-0.599680000
-1.998580000
0.160457000
-2.622283000
-0.464808000
-1.855417000
-2.604736000
1.245134000

2.793670000
0.566568000
2.419515000
4.663152000
-2.230922000
-2.087848000
-1.516597000
-1.083678000
-1.240687000
-1.808077000
-2.677577000
-2.423833000
-1.423156000
-1.923075000
2.024484000
1.153808000
1.643907000
0.091195000
3.410089000
3.893892000
4.091277000
4.961699000
-1.933019000
-1.081876000
-1.535989000
-0.018362000
-3.319722000
-3.824073000
-3.985478000
-4.893017000
-0.914355000
-0.024312000

0.607577000
0.317491000
1.104026000
0.369407000
0.154268000
0.908938000
-1.025367000
-1.020188000
-0.476095000
-0.375891000
-0.143590000
0.063730000
0.302798000
0.410034000
-0.641466000
-0.240172000
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TS1eis (BINAP-CuH + Allene Hydrocupration

-2.507158000
-4.396191000
-4.501331000
1.334630000
1.412020000
2.516350000
2.644255000
3.747894000
3.814364000
0.501192000
2.465674000
2.688759000
4.658538000
4.776905000
0.082191000

TS)

v =-630.0 cm™?

15 0.032908000

15  0.158720000
4.539186000
4.022983000

6
6
6
6
6
6
1
1
6
6
6
6
6
6
1
1
6
6
6
6
6
6
1
1
1
1
1
6

2.753909000
1.904670000
2.353549000
3.698370000
4.654607000
2.376904000
0.834238000
-0.161359000
-0.330190000
0.469459000
1.463571000
1.670970000
-0.793127000
-1.096692000
-2.738697000
-1.394677000
-0.525018000
-0.993011000
-2.353808000
-3.217010000
-3.415420000
-1.016200000
0.518456000
-2.730935000
-4.270120000
4.021847000

-3.712274000

0.143156000
-2.342214000
-0.425016000
-0.909272000
-0.307400000
-1.271772000
-0.669697000
-1.154350000
-1.009048000
0.079687000
-1.647050000
-0.576072000
-1.440734000
-0.177213000

-2.619266000
0.480046000
-1.041984000
-0.611896000
-0.097776000
0.004066000
-0.470054000
-0.962473000
-0.693028000
0.223570000
0.436161000
-0.568195000
-1.503746000
-1.490894000
-0.514484000
0.451919000
-0.594306000
-2.269144000
-5.860695000
-6.170552000
-5.211822000
-3.928338000
-3.633539000
-4.586433000
-6.613241000
-7.168000000
-5.474190000
-2.648784000
-4.338658000
-4.649865000

0.136828000
0.563530000
0.758034000
-0.394959000
0.918773000
-1.141708000
1.470913000
-0.593920000
0.716400000
1.512644000
-2.163191000
2.496458000
-1.190968000
1.147725000
-2.096208000

-0.155030000
-1.622903000
-1.135686000
-2.386700000
-2.485779000
-1.344919000
-0.109686000
0.021310000
-3.275292000
-3.456949000
3.299019000
3.406733000
2.414196000
1.236977000
1.095267000
2.136671000
4.298582000
2.529003000
1.676068000
1.454640000
0.925481000
0.606126000
0.811217000
1.352654000
2.088626000
1.692822000
0.750567000
0.528616000
1.508024000
-1.314313000
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3.683571000
2.482429000
1.602957000
1.945794000
3.151703000
4.971418000
4.370984000
2.237038000
1.264505000
3.417002000
-1.074389000
0.058847000
0.448594000
-0.289243000
-1.431260000
-1.820530000
-1.369354000
0.653851000
1.349064000
-1.996063000
-2.703163000
0.040702000
1.061478000
1.135698000
0.190341000
-0.822739000
-0.898833000
-0.015520000
1.804021000
1.947820000
-1.696377000
2.846353000
2.677791000
3.626155000
3.318172000
2.008543000
1.022320000
2.146554000
0.368914000
5.520886000
4.231279000
5.906687000
3.604554000
6.343739000
5.856644000
7.360884000
6.480264000
-1.547890000
-0.988777000
-3.956728000

-4.531379000
-3.926571000
-3.439948000
-3.565350000
-4.168033000
-5.108966000
-4.888132000
-3.805956000
-3.163290000
-4.248733000
3.185436000
3.523746000
2.731524000
1.589318000
1.262506000
2.055482000
3.800211000
4.397970000
2.992689000
0.367044000
1.781726000
3.273678000
3.450925000
2.616319000
1.592079000
1.414964000
2.255319000
3.927666000
4.241300000
2.751095000
2.102995000
2.385671000
1.455242000
3.146008000
1.485215000
2.372982000
1.417389000
3.120828000
1.395780000
-1.880614000
-1.401562000
-2.206772000
-1.357436000
-1.966255000
-1.557950000
-2.356506000
-1.621444000
0.607454000
-1.483625000
-2.245390000

0.037843000
0.406085000
-0.575312000
-1.929090000
-2.295246000
-1.600036000
0.807951000
1.463432000
-2.683618000
-3.352320000
1.932481000
1.186199000
0.106958000
-0.239160000
0.507026000
1.588718000
2.786365000
1.460087000
-0.449575000
0.238139000
2.172087000
-5.314079000
-4.372024000
-3.256576000
-3.069430000
-4.025018000
-5.140053000
-6.188312000
-4.509937000
-2.539776000
-5.868324000
3.051856000
2.048890000
2.961094000
1.167496000
4.193444000
4.309768000
4.978299000
5.186023000
1.362704000
1.266559000
2.331866000
2.156559000
0.214662000
-1.008772000
0.300550000
-1.904557000
-3.903962000
-1.825808000
-4.990401000



-5.015374000
-6.318011000
-6.368453000
-7.503010000
-7.583119000
-8.715140000
-8.759892000
-5.448172000
-7.473934000
-7.606514000
-9.629107000
-9.708031000
-4.769630000
-4.916852000
-4.438350000
-4.749607000
-4.273453000
-4.432636000
-5.162293000
-4.319021000
-4.861526000
-4.021781000
-4.300180000
-5.077138000
-3.084998000
-3.315807000
-3.652029000
-2.503662000
-0.771664000
-2.750065000
-1.972085000

-1.408581000
-1.946560000
-3.173849000
-1.213403000
-3.658818000
-1.700327000
-2.927085000
-3.742906000
-0.247123000
-4.617304000
-1.116509000
-3.307495000
0.034976000
1.085813000
0.326055000
2.412985000
1.648175000
2.696868000
0.862939000
-0.497193000
3.224847000
1.864918000
3.732412000
-1.449502000
-1.213719000
-0.144596000
-1.859060000
-1.763822000
-2.085184000
-2.213743000
-2.643027000

Acis (BINAP-Cu-alkoxyallyl)
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-0.327869000
-0.480251000
3.893928000
3.134832000
1.879920000
1.285762000
1.977009000
3.314074000
3.565040000
1.315523000
1.147246000
0.199243000
-0.147384000
0.417996000
1.355766000
1.747791000
-0.258069000

-1.691287000

1.689430000
0.321774000
1.061599000
1.520944000
1.251629000
0.472020000
0.033977000
1.263980000
2.089326000
0.319083000
-0.735772000
-1.377849000
-1.003271000
0.036121000
0.698113000
-1.031262000

-4.543179000
-5.118563000
-5.790098000
-4.953212000
-6.286805000
-5.443772000
-6.114962000
-5.920532000
-4.443647000
-6.812431000
-5.306258000
-6.503727000
-4.956949000
-4.046469000
-6.287959000
-4.457685000
-6.701900000
-5.787285000
-3.005272000
-6.995928000
-3.734685000
-7.743566000
-6.110587000
-3.443363000
-1.961775000
-1.915560000
-1.282733000
-3.114421000
-3.260637000
-4.347898000
-4.981192000

-1.450444000
-1.998798000
-2.822163000
-3.765987000
-3.452320000
-2.183332000
-1.251989000
-1.543935000
-4.750236000
-4.192371000
2.495198000
2.500501000
1.335890000
0.082897000
0.040616000
1.250385000
3.448590000
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-0.882862000
-2.614673000
-1.216332000
-0.495885000
-1.166222000
-2.568964000
-3.289613000
-3.177125000
-0.682620000
0.593404000
-3.089624000
-4.379607000
3.212372000
3.252223000
2.197777000
1.084381000
1.052656000
2.111059000
4.043719000
4.121024000
2.262176000
0.186761000
2.068870000
-1.268794000
-0.279236000
-0.019165000
-0.742217000
-1.739886000
-2.000899000
-1.463250000
0.305401000
0.765772000
-2.301357000
-2.771757000
-1.187600000
0.010129000
0.266336000
-0.672262000
-1.862936000
-2.122541000
-1.386242000
0.747710000
1.210514000
-3.054480000
3.032669000
2.699541000
3.764439000
3.162043000
2.427934000
1.504518000

-2.181962000
-5.504236000
-5.510453000
-4.370217000
-3.210039000
-3.211351000
-4.350598000
-6.403028000
-6.411602000
-4.396878000
-2.323497000
-4.347046000
-3.035335000
-3.314962000
-2.920546000
-2.254212000
-1.979123000
-2.368120000
-3.334151000
-3.815418000
-3.095519000
-1.473026000
-2.153784000
2.952071000
3.620721000
3.260979000
2.223505000
1.564940000
1.925349000
3.229600000
4.414026000
3.779206000
0.754420000
1.395407000
5.611294000
5.464153000
4.287811000
3.241444000
3.390612000
4.573553000
6.534295000
6.270911000
4.175946000
4.679186000
2.406622000
1.757523000
3.218205000
2.058367000
2.035936000
1.012989000

1.365164000
-0.138061000
-0.088743000
-0.453568000
-0.873421000
-0.909725000
-0.545139000

0.125791000

0.224041000
-0.426525000
-1.271891000
-0.612215000
-4.110484000
-2.741090000
-1.916667000
-2.453882000
-3.829811000
-4.651719000
-4.753607000
-2.307953000
-0.841581000
-4.260523000
-5.721991000

2.384825000

1.656725000
0.335226000
-0.273508000
0.460599000

1.784325000
3.423676000
2.127705000
-0.216093000
-0.010733000
2.348829000
-4.356659000
-3.646620000
-2.941634000
-2.941570000
-3.669075000
-4.367866000
-4.907428000
-3.644289000
-2.404912000
-4.928798000
2.428799000
1.259104000
2.409729000
0.318854000
3.654901000
3.682708000
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2.695058000
1.029571000
5.363912000
4.090675000
5.939948000
3.663919000
5.927400000
5.201851000
6.934033000
5.622546000
-2.577781000
-1.673819000
-1.864004000
-1.897394000
-0.931640000
-1.345820000
0.430556000
-0.415238000
1.362262000
0.941143000
-2.405563000
0.762455000
-0.750983000
2.420488000
1.668595000
-3.311597000
-4.426946000
-3.511841000
-5.718909000
-4.800035000
-5.911907000
-4.283619000
-2.645363000
-6.580554000
-4.937987000
-6.922344000
-1.509068000
-3.177980000
-3.758750000
-3.839037000
-2.566879000
-2.000033000
-1.532981000
-2.517881000

2.561914000
0.718103000
-1.136542000
-0.708249000
-1.702011000
-0.941899000
-0.859515000
-0.146707000
-1.211927000
0.073015000
2.563399000
-0.141287000
-3.307900000
-4.729423000
-5.321784000
-5.753763000
-5.379631000
-6.236367000
-5.862944000
-6.293976000
-5.711976000
-5.027969000
-6.569390000
-5.897516000
-6.674546000
-5.282086000
-4.442694000
-6.665693000
-4.980454000
-7.201991000
-6.358309000
-3.366001000
-7.327821000
-4.312326000
-8.282113000
-6.775179000
-4.992596000
-0.713236000
-1.426784000
0.112812000
-1.373185000
-2.596479000
-3.030241000
-0.812958000

4.574744000
4.622275000
-0.919756000
-0.609152000
-0.182936000
0.365733000
-2.188662000
-3.119004000
-2.426722000
-4.103795000
-3.686256000

-2.600016000
-3.831158000
-3.840695000
-4.856921000
-6.124224000
-4.531744000
-7.048548000
-5.452161000
-6.713824000
-6.384867000
-3.551943000
-8.034206000
-5.182417000
-7.435751000
-3.908921000
-4.006275000
-3.786715000
-3.988251000
-3.762961000
-3.864967000
-4.089547000
-3.705627000
-4.068885000
-3.663480000
-3.848428000
-2.846555000
-3.801110000
-3.192123000
-4.102238000
-4.973659000
-5.007170000
-5.894695000
-5.915422000

Acis_chelated (BINAP-Cu-alkoxyallyl)

15
15
6

0.913830000
-0.096311000
3.909040000

-1.724861000
1.576646000
0.842995000

-0.010461000
-0.558038000
-2.804599000
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2.837329000
1.702368000
1.568209000
2.610661000
3.798038000
2.922821000
0.878575000
3.201384000
2.478573000
1.844539000
1.859984000
2.557552000
3.270514000
2.440244000
1.311002000
-1.520803000
-0.536225000
0.254678000
0.065717000
-0.941452000
-1.722457000
-2.144327000
-0.380127000
1.014548000
-1.119677000
-2.512954000
4.383527000
4.321577000
3.268517000
2.256643000
2.321648000
3.387059000
5.219037000
5.106651000
3.234800000
1.539858000
3.442702000
0.561433000
1.204562000
1.028345000
0.195438000
-0.434117000
-0.255244000
0.711825000
1.869130000
1.570076000
-1.051196000
-0.744646000
-2.586735000
-1.753085000

1.559220000
1.852296000
1.464475000
0.774952000
0.451275000
1.866074000
2.380628000
0.903162000
-0.244307000
-1.048072000
-0.735447000
0.388594000
1.205868000
-0.487277000
-1.935335000
-4.883109000
-5.311453000
-4.380791000
-3.005829000
-2.586661000
-3.513306000
-5.610884000
-6.379552000
-4.728016000
-1.519338000
-3.168150000
-3.691543000
-3.849457000
-3.284059000
-2.574705000
-2.423807000
-2.976555000
-4.118475000
-4.400321000
-3.383572000
-1.852582000
-2.837588000
3.324002000
3.922515000
3.410365000
2.300334000
1.702203000
2.208750000
3.718020000
4.774621000
3.854516000
0.815655000
1.722861000
4.714686000
5.164002000

-3.401216000
-2.685546000
-1.321314000
-0.689109000
-1.430058000
-4.447098000
-3.166304000
3.100662000
3.517557000
2.600226000
1.212867000
0.761649000
1.701181000
4.582897000
2.940804000
2.338788000
1.446031000
0.762869000
0.966674000
1.856738000
2.542962000
2.863526000
1.273351000
0.061483000
1.999965000
3.212984000
-2.341737000
-0.952052000
-0.233200000
-0.901429000
-2.293426000
-3.009549000
-2.902381000
-0.427466000
0.854536000
-2.799602000
-4.091665000
3.689569000
2.601762000
1.316424000
1.096218000
2.197520000
3.486775000
4.697551000
2.759843000
0.479769000
2.038752000
4.334305000
-2.904548000
-1.875435000
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-0.964643000
-0.998870000
-1.852788000
-2.633465000
-3.206922000
-1.717321000
-0.336419000
-3.297028000
4.665456000
4.028994000
5.241593000
4.096710000
4.574528000
3.857578000
5.077157000
3.784779000
5.990912000
4.874362000
6.795435000
4.797614000
6.098620000
5.077010000
6.989382000
5.145946000
-1.913684000
-0.550842000
-2.824751000
-3.594829000
-4.378585000
-5.156877000
-4.270646000
-5.815071000
-4.941060000
-5.711750000
-5.245628000
-3.640434000
-6.414545000
-4.844550000
-6.230565000
-4.404596000
-5.722745000
-3.788099000
-6.397903000
-4.457185000
-5.763836000
-6.226492000
-2.767809000
-7.423655000
-3.947429000
-6.290116000

4.258104000
2.888196000
2.444798000
3.352347000
5.425140000
6.227035000
4.627193000
2.985745000
3.139944000
2.341345000
4.006110000
2.579251000
2.850526000
1.752833000
3.495107000
1.514513000
-0.606547000
-0.278732000
-1.183276000
-0.597786000
-0.214171000
0.497316000
-0.480268000
0.803348000
1.376226000
-0.563754000
-0.950839000
-0.538771000
-1.695226000
-1.477624000
-2.993170000
-2.538222000
-4.053952000
-3.832901000
-0.466232000
-3.176815000
-2.354327000
-5.062354000
-4.663861000
0.716165000
0.663521000
1.966014000
1.835633000
3.140141000
3.076086000
-0.301589000
2.021664000
1.780063000
4.100905000
3.991907000

-1.161072000
-1.468332000
-2.493658000
-3.211352000
-3.457410000
-1.622471000
-0.351184000
-3.998153000
2.223008000
1.296757000
1.887821000
0.235250000
3.606537000
4.031883000
4.331934000
5.096455000
-1.589093000
-0.850879000
-1.126546000
0.188177000
-2.945274000
-3.536818000
-3.519848000
-4.584290000
-2.705251000
-1.275753000
-0.710231000
0.420058000
1.020410000
2.168012000
0.509548000
2.792410000
1.126942000
2.269776000
2.573708000
-0.360303000
3.687877000
0.716939000
2.754650000
0.137686000
-0.337267000
0.278908000
-0.685520000
-0.069977000
-0.559807000
-0.427801000
0.658696000
-1.059076000
0.027155000
-0.841000000

S-89

-2.819905000
-1.215664000
-0.900480000
-0.824256000
-2.714216000
-3.305198000
-3.443461000
-4.530705000
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TS1trans (BINAP-CuH + Allene Hydrocupration

TS)
v =-622.1cm*

15 0.062996000
15 0.397207000
4.382843000
3.689677000
2.567268000
2.037749000
2.692616000
3.892320000
4.070275000
2.074755000
2.494876000
1.367934000
0.715249000
1.120418000
2.214425000
2.938067000
1.029452000
-0.136110000
-2.482850000
-1.391125000
-0.605973000
-0.912429000
-2.043772000
-2.807626000
-3.098716000
-1.146708000
0.242869000
-2.335010000
-3.681388000
3.035542000
3.119965000
2.227841000
1.233520000
1.152478000
2.050994000
3.748391000
3.903346000
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-0.262649000
-1.038119000
-0.372622000
-2.036089000
-1.115423000
-1.237614000
-1.074951000
-1.164467000

-1.106375000
2.295334000
0.325892000
1.283820000
1.911684000
1.606592000
0.663309000
0.029106000
1.530593000
2.661454000
0.578092000
-0.263785000
-0.811794000
-0.532867000
0.310752000
0.853095000
-0.483850000
-1.468522000
-4.438743000
-4.810252000
-3.836678000
-2.474408000
-2.112302000
-3.087127000
-5.201092000
-5.867292000
-4.144761000
-1.061763000
-2.789588000
-2.923857000
-3.313519000
-2.792662000
-1.884353000
-1.501107000
-2.016737000
-3.318260000
-4.004007000

1.151778000
-3.112911000
-3.939180000
-3.396435000
-3.067976000
-3.989540000
-1.944595000
-1.920663000

-0.336318000
-0.838386000
-2.320872000
-3.103747000
-2.619615000
-1.333547000
-0.533336000
-1.008832000
-4.098604000
-3.236260000
3.294627000
3.476142000
2.398634000
1.062195000
0.842938000
1.960958000
4.492213000
2.570648000
1.647697000
0.858759000
0.235289000
0.384783000
1.138681000
1.781686000
2.129560000
0.724863000
-0.375075000
1.194887000
2.364760000
-3.377252000
-2.037027000
-1.099416000
-1.495514000
-2.843018000
-3.778963000
-4.105463000
-1.716675000
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2.324372000
0.394221000
1.990304000
1.077489000
1.989331000
1.795729000
0.682982000
-0.233765000
-0.033832000
1.241099000
2.867854000
2.523916000
-1.090818000
-0.744843000
-0.414384000
-0.119221000
0.162275000
0.147538000
-0.178264000
-0.442589000
-0.633338000
-0.108169000
0.382897000
-0.686889000
4.757415000
4.087583000
5.639245000
4.437995000
4.304910000
3.192784000
4.838009000
2.831676000
5.762730000
4.620623000
6.303224000
4.260033000
6.233167000
5.551856000
7.134491000
5.904883000
-0.238097000
-1.179604000
-4.510613000
-5.658810000
-5.387319000
-6.141517000
-4.410824000
-5.936115000
-4.201972000
-4.964078000

-3.067319000
-0.770403000
-1.697999000
3.927576000
4.253807000
3.776521000
2.974360000
2.659714000
3.133187000
4.287127000
4.860410000
4.009022000
2.026476000
2.870657000
5.945906000
6.160713000
5.081611000
3.767564000
3.560859000
4.639654000
6.791226000
7.176375000
5.268549000
4.458078000
2.195820000
1.678085000
2.822648000
1.903924000
1.933457000
1.143319000
2.357216000
0.931319000
-1.510485000
-0.906552000
-2.223528000
-1.148481000
-1.225910000
-0.327573000
-1.718048000
-0.095451000
2.541983000
0.702729000
-0.476273000
-1.299277000
-2.773953000
-3.724757000
-3.221293000
-5.091726000
-4.588381000
-5.528650000

-0.047062000
-3.135037000
-4.822508000
3.432254000
2.422902000
1.127060000
0.826594000
1.839501000
3.138380000
4.451096000
2.653613000
0.346780000
1.594702000
3.925641000
-3.593929000
-2.246071000
-1.402342000
-1.895588000
-3.249949000
-4.094047000
-4.251174000
-1.842135000
-0.351670000
-5.143808000
2.884640000
1.796607000
2.729916000
0.790223000
4.200030000
4.396098000
5.054776000
5.406065000
-0.700060000
-0.219773000
-0.072478000
0.779263000
-2.004712000
-2.797165000
-2.378619000
-3.805558000
-3.634803000
-1.035179000
-0.145859000
0.046169000
-0.208206000
0.494781000
-1.107625000
0.297566000
-1.304088000
-0.607409000
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Atrans (BINAP-Cu-alkoxyallyl)
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-6.900343000
-3.786837000
-6.533057000
-3.423371000
-4.793970000
-6.881624000
-7.648794000
-7.233603000
-8.751927000
-8.330574000
-9.096280000
-7.382666000
-6.623473000
-9.341030000
-8.590419000
-9.956623000
-5.858318000
-2.210731000
-2.189926000
-1.926497000
-3.002488000
-4.160629000
-4.914176000
-2.445324000

0.795235000
0.398469000
4.779667000
4.475179000
3.173275000
2.087457000
2.350435000
3.699750000
5.294904000
2.965307000
-0.292460000
-1.018383000
-0.612201000
0.533335000
1.233758000
0.854666000
-1.906727000
-1.181523000
-0.199112000
0.416998000
0.710026000
0.386789000
-0.248587000
-0.532586000

-3.388060000
-2.502889000
-5.817468000
-4.917767000
-6.597530000
-0.746737000
-1.509149000
0.594534000
-0.943478000
1.159596000
0.389501000
-2.550424000
1.198182000
-1.550701000
2.205713000
0.831034000
-1.192932000
0.627302000
1.620111000
-0.211559000
0.386516000
-0.164518000
-0.376007000
0.893301000

-2.586386000
0.508341000
0.471703000
0.958167000
1.049318000
0.651360000
0.191068000
0.106459000
1.260040000
1.424472000
0.527732000
-0.678027000
-1.605452000
-1.382276000
-0.179266000
0.776924000
-0.862005000
-2.527609000
-6.774418000
-5.836566000
-4.558425000
-4.201066000
-5.140892000
-6.424582000

1.207670000
-1.638131000

0.856266000
-1.996024000
-0.759419000
-0.687141000
-1.575123000
-0.463408000
-2.225114000
-1.112074000
-1.995722000
-1.763612000

0.213345000
-2.917300000
-0.930438000
-2.505217000

1.125056000
-2.906995000
-3.367082000
-3.551983000
-1.781689000
-1.430851000
-2.196208000
-0.112333000

-0.256863000
-1.728830000
-0.115803000
-1.412915000
-1.845683000
-1.015756000
0.279906000
0.752526000
-2.070355000
-2.847602000
3.034008000
2.846376000
1.919521000
1.097066000
1.207040000
2.213146000
3.456099000
1.796133000
1.453588000
2.290559000
1.813579000
0.492868000
-0.332699000
0.142863000
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-0.426946000
0.668903000
1.175171000

-0.527447000

-1.024517000
5.336091000
4.864468000
3.501859000
2.593342000
3.073425000
4.438053000
6.405769000
5.564320000
3.148824000
2.368851000
4.800224000

-2.295408000

-1.055144000

-0.230712000

-0.640097000

-1.884316000

-2.708744000

-2.936518000

-0.720704000
0.747637000

-2.194841000

-3.673743000
0.537663000
0.039996000
0.020834000
0.490860000
0.973862000
1.009598000
0.542456000

-0.362107000

-0.400681000
1.385540000
1.180848000
1.571783000
1.750960000
2.442308000
0.040197000
-0.681593000
-0.266189000
-1.566668000
5.323879000
4.015240000
5.542872000
3.202251000
6.389077000

-7.775399000
-6.103126000
-3.828001000
-4.851286000
-7.149069000
-2.889681000
-3.216475000
-3.136318000
-2.722712000
-2.412056000
-2.490940000
-2.942467000
-3.517902000
-3.381870000
-2.090972000
-2.231461000
2.974249000
3.494597000
2.770624000
1.520582000
1.003350000
1.728884000
3.538292000
4.458347000
3.166689000
0.025972000
1.315216000
2.621392000
3.321899000
2.725454000
1.417705000
0.712531000
1.312818000
3.085857000
4.330456000
3.276721000
0.752733000
2.898227000
1.990282000
3.820365000
2.200373000
2.651975000
1.490602000
3.383367000
1.289130000
-0.482103000
-0.365767000
-0.849992000
-0.645265000
-0.134514000

1.828783000
3.320258000
2.478659000
-1.349504000
-0.510823000
-1.117171000
0.158029000
0.442000000
-0.544482000
-1.825477000
-2.110227000
-1.333637000
0.940519000
1.443550000
-2.595827000
-3.107795000
1.099855000
0.716525000
-0.144764000
-0.633762000
-0.244155000
0.617988000
1.781552000
1.106928000
-0.423922000
-0.616121000
0.920606000
-5.843392000
-4.742607000
-3.479343000
-3.304694000
-4.422061000
-5.680644000
-6.832730000
-4.862620000
-2.641816000
-6.540537000
3.376578000
2.415132000
3.514403000
1.794648000
4.177283000
4.003193000
4.929181000
4.612446000
2.475739000
2.058331000
3.481362000
2.729130000
1.608990000

S-91

6 6.118305000

1 7.422470000

1 6.932011000

1 1.301678000

29  -0.483251000
8 -2.823356000
6 -3.891678000
6 -4.226264000
6 -3.210619000
6 -5.531444000
6 -3.497965000
6 -5.820540000
6 -4.802954000
1 -2.197047000
1 -6.329906000
1 -2.698435000
1 -6.844159000
1 -5.027371000
6 -3.461563000
6 -3.485204000
6 -2.981860000
6 -3.031589000
6 -2.527397000
6 -2.548104000
1 -3.847928000
1 -2.942251000
1 -3.051824000
1 -2.149196000
1 -2.189346000
1 -4.794312000
6 -2.123777000
1 -1.944392000
1 -2.982051000
6 -2.281746000
1 -1.557904000
6 -3.096012000
1 -3.892623000

TS2acis
v =-118.9 cm?

15 0.579046000
15 0.554286000
5.030320000
4.536717000
3.239387000
2.336152000
2.782377000
4.148763000
5.209213000
2.891729000
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0.334043000
-0.236272000
0.608216000
-0.324412000
-1.730719000
1.741728000
2.553776000
2.286979000
1.915173000
2.443066000
1.709528000
2.242687000
1.874764000
1.788195000
2.726598000
1.415008000
2.367662000
1.711351000
3.989063000
5.004495000
4.282045000
6.291426000
5.561743000
6.573344000
4.787737000
3.488870000
7.074042000
5.766787000
7.576808000
2.337907000
-1.908142000
-2.675679000
-2.220859000
-0.559122000
-0.261005000
0.427514000
0.297965000

-1.826996000
1.584916000
0.257498000
1.055894000
1.509682000
1.170207000
0.370022000
-0.069640000
1.318058000
2.137138000

0.341152000

1.949561000
-0.335618000
-4.305352000

-1.918684000
-3.569068000
-4.016665000
-5.471165000
-6.362184000
-5.951273000
-7.712816000
-7.304556000
-8.189431000
-5.980000000
-5.258878000
-8.398032000
-7.667609000
-9.246789000
-3.727695000
-4.688823000
-2.440481000
-4.373036000
-2.125447000
-3.093933000
-5.694914000
-1.692553000
-5.136216000
-1.120612000
-2.849977000
-3.407605000
-3.077775000
-3.848395000
-2.457893000
-3.647145000
-4.414080000
-3.231166000
-2.484904000

-0.460387000
-1.087921000
-0.879076000
-1.942665000
-1.940473000
-0.893551000
0.166674000
0.201679000
-2.763776000
-2.760832000
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1.092452000
0.090042000
0.012541000
0.916133000
1.877200000
2.006068000
-0.621276000
-0.764813000
-1.901360000
-0.674872000
0.100409000
-0.341313000
-1.572255000
-2.348010000
-2.507208000
-0.323867000
1.044919000
-1.933036000
-3.296709000
4.660062000
4.349371000
3.125818000
2.194459000
2.512280000
3.739036000
5.625947000
5.075655000
2.912634000
1.794316000
3.979559000
-0.765688000
0.426202000
0.843396000
0.068137000
-1.124607000
-1.537898000
-1.082643000
1.045588000
1.791347000
-1.707696000
-2.460742000
0.253397000
0.201058000
0.323306000
0.495778000
0.521495000
0.415655000
0.155947000
0.060920000
0.267917000

0.382213000
-0.602065000
-1.294524000
-1.034432000
-0.027077000

0.666691000
-0.808001000
-2.046885000
-5.629939000
-5.464447000
-4.330704000
-3.349416000
-3.522903000
-4.658983000
-6.520366000
-6.221144000
-4.203603000
-2.765240000
-4.780781000
-3.119898000
-3.482717000
-3.113825000
-2.379801000
-2.024467000
-2.390734000
-3.397618000
-4.034035000
-3.368786000
-1.438838000
-2.094355000

3.430555000

3.866015000

3.323928000

2.344411000

1.907357000

2.451654000

3.846692000

4.611565000

3.640955000

1.120846000

2.095448000

4.890089000

5.263532000

4.301172000

2.947253000

2.579299000

3.541954000

5.644833000

6.312943000

4.609517000

3.613326000
3.409434000
2.226018000
1.154617000
1.295334000
2.546523000
4.213671000
2.091188000
0.430274000
1.086743000
0.843084000
-0.062171000
-0.714894000
-0.466840000
0.617693000
1.793453000
1.374220000
-1.412327000
-0.990738000
-2.222823000
-0.908619000
-0.350596000
-1.101001000
-2.421235000
-2.978948000
-2.651801000
-0.307238000
0.688079000
-2.997836000
-4.002884000
2.937722000
2.348982000
1.133804000
0.491248000
1.088740000
2.307405000
3.897148000
2.852494000
0.693985000
0.604843000
2.771816000
-4.333285000
-2.988185000
-1.981006000
-2.307584000
-3.666389000
-4.670594000
-5.117736000
-2.716167000
-0.937059000
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0.442348000
3.103600000
3.007938000
3.884815000
3.708153000
2.191255000
1.204260000
2.270834000
0.490821000
5.976441000
4.666611000
6.350160000
4.008111000
6.838743000
6.370441000
7.872836000
7.026286000
0.609076000
-0.571216000
-3.553095000
-3.819951000
-5.219345000
-5.491893000
-6.261324000
-6.786265000
-7.555358000
-7.823159000
-4.681667000
-6.047499000
-6.985546000
-8.353923000
-8.835098000
-3.551279000
-4.562166000
-2.243258000
-4.270202000
-1.947843000
-2.963639000
-5.585391000
-1.448534000
-5.069840000
-0.921477000
-2.736060000
-3.095999000
-0.913691000
-0.019623000
-0.945310000
-2.128728000
-2.076916000
-3.397695000

3.236680000
2.314128000
1.654056000
3.064314000
1.888994000
2.037463000
1.092741000
2.573249000
0.870308000
-1.275558000
-0.846569000
-1.869199000
-1.104354000
-0.964237000
-0.215128000
-1.317584000
0.033817000
1.524016000
-0.299537000
-2.018532000
-2.896363000
-2.701708000
-2.982733000
-2.271318000
-2.842719000
-2.126010000
-2.412727000
-3.315236000
-2.046000000
-3.063799000
-1.783822000
-2.297005000
-4.315603000
-5.131291000
-4.816812000
-6.423982000
-6.105490000
-6.915205000
-4.755455000
-4.182265000
-7.051013000
-6.477206000
-7.925695000
-2.671443000
-0.890751000
-0.513695000
-1.978525000
-0.226331000
0.803318000
-0.686346000

-5.719678000
3.976838000
2.769959000
4.123580000
1.968706000
5.023080000
4.838454000
5.972196000
5.636541000
1.281429000
1.277341000
2.119463000
2.106473000
0.202236000

-0.855580000
0.211774000

-1.694122000

-3.930493000
-1.713674000
-3.339099000
-4.436660000
-4.991916000
-6.336633000
-4.161365000
-6.843710000
-4.666955000
-6.008796000
-6.992446000
-3.118475000
-7.895710000
-4.003643000
-6.405890000
-3.962377000
-3.436481000
-4.024706000
-2.989970000
-3.577526000
-3.060904000
-3.386122000
-4.426237000
-2.586815000
-3.627949000
-2.711952000
-5.240839000
-3.743744000
-4.251745000
-3.631904000
-4.010888000

-4.383949000
-3.699552000
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-4.295285000
-3.485788000
-2.484948000
-4.831550000
-6.028289000
-4.908820000
-7.265695000
-5.999544000
-6.144019000
-3.979366000
-7.329939000
-8.185425000
-6.183885000
-8.298916000
-3.376558000
-2.351827000
-4.073890000
-3.582628000

TSZbcis

v =-184.9cm?
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0.387097000
0.149244000
4.518556000
3.737621000
2.489757000
1.916911000
2.644650000
3.976298000
4.149835000
1.921459000
1.991386000
1.016200000
0.623790000
1.152121000
2.088213000
2.552243000
0.587885000
-0.116029000
-1.841462000
-0.516604000
0.200500000
-0.403230000
-1.741192000
-2.448790000
-2.402326000
-0.039529000
1.225000000
-2.233357000
-3.490361000

-0.181571000
0.219336000
-0.355760000
-0.365173000
0.309282000
-1.643312000
-0.280086000
1.300820000
-2.233692000
-2.156036000
-1.555587000
0.258421000
-3.231892000
-2.019225000
1.686451000
1.904845000
1.995791000
2.295326000

-1.609238000
1.849645000
0.668022000
1.541080000
1.943857000
1.471303000
0.583887000
0.203939000
1.904221000
2.633814000
0.057244000
-0.972608000
-1.510512000
-1.031446000
0.009474000
0.539744000
-1.343924000
-2.310997000
-5.554802000
-5.629542000
-4.461525000
-3.204107000
-3.134938000
-4.305827000
-6.469947000
-6.602798000
-4.536768000
-2.161540000
-4.239107000

-4.068142000
-1.495947000
-0.983038000
-1.236841000
-1.538415000
-0.652253000
-1.270753000
-1.992667000
-0.392410000
-0.412047000
-0.700232000
-1.513700000

0.051856000
-0.498357000
-1.859179000
-2.184672000
-2.648450000
-0.960121000

-0.616742000
-0.786745000
-1.942003000
-2.742215000
-2.333239000
-1.117575000
-0.314496000
-0.700107000
-3.687403000
-2.956421000
3.433157000
3.380141000
2.178811000
0.945829000
0.954910000
2.206077000
4.314958000
2.162839000
0.340594000
-0.102666000
-0.373460000
-0.209041000
0.219295000
0.501692000
0.547557000
-0.244232000
-0.737479000
0.289619000
0.826078000

S-93
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3.869240000
3.933723000
2.897611000
1.778267000
1.723021000
2.762886000
4.688861000
4.807535000
2.970811000
0.864361000
2.709030000
-0.107228000
0.899840000
0.994191000
0.075290000
-0.937020000
-1.022594000
-0.169293000
1.631368000
1.806087000
-1.646674000
-1.805163000
-0.931607000
-0.587461000
-0.225410000
-0.207975000
-0.585025000
-0.929592000
-1.216889000
-0.603512000
0.025751000
-1.220273000
3.966763000
3.550539000
4.737364000
3.987324000
3.396028000
2.426035000
3.726822000
1.978561000
6.052459000
4.785950000
6.653741000
4.388989000
6.575825000
5.818946000
7.577294000
6.211010000
-0.630417000
-1.106248000

-2.618256000
-3.059076000
-2.763887000
-2.032164000
-1.592803000
-1.884930000
-2.837886000
-3.611792000
-3.078096000
-1.013229000
-1.530450000
3.037330000
3.594731000
3.251616000
2.355722000
1.801615000
2.142616000
3.294369000
4.276041000
3.656881000
1.094930000
1.697832000
5.577209000
5.759237000
4.664867000
3.370515000
3.195755000
4.289410000
6.434239000
6.760185000
4.823789000
4.132519000
2.058689000
1.552952000
2.833241000
1.932889000
1.591570000
0.612652000
2.006182000
0.240598000
-1.016351000
-0.646764000
-1.667768000
-1.011363000
-0.569468000
0.253240000
-0.876800000
0.607685000
2.186287000
0.029019000

-3.492891000
-2.167179000
-1.281517000
-1.711961000
-3.043539000
-3.928701000
-4.181418000
-1.815305000
-0.238642000
-3.380256000
-4.960879000
3.671675000
2.877538000
1.529451000
0.958481000
1.759170000
3.111484000
4.731980000
3.317174000
0.922152000
1.320643000
3.731022000
-3.334259000
-1.992153000
-1.200122000
-1.741269000
-3.085519000
-3.879816000
-3.949436000
-1.553258000
-0.151623000
-4.921433000
3.492790000
2.279624000
3.521534000
1.356425000
4.701216000
4.666725000
5.656680000
5.592286000
-0.293864000
0.105867000
0.345421000
1.052669000
-1.531027000
-2.337136000
-1.842253000
-3.294214000
-3.497404000
-1.329252000



-3.699810000
-3.784746000
-2.734374000
-1.464864000
-2.938758000
-0.409784000
-1.887465000
-0.619100000
-1.296538000
-3.919573000

0.579813000
-2.055317000

0.206345000
-5.207536000
-6.291053000
-5.468355000
-7.599919000
-6.777796000
-7.850188000
-6.099117000
-4.639894000
-8.429594000
-6.958558000
-8.874528000
-3.488101000
-1.744128000
-1.189059000
-1.346099000
-3.128515000
-3.548862000
-4.063831000
-5.126194000
-4.046930000
-2.842236000
-4.486921000
-3.581805000
-5.763231000
-3.920765000
-2.602125000
-6.107103000
-6.489030000
-5.184878000
-3.189687000
-7.100735000
-5.454183000
-5.076189000
-6.075705000
-4.728495000
-5.155451000

-2.365228000
-3.578590000
-3.593067000
-4.103877000
-2.988401000
-3.990788000
-2.880254000
-3.372030000
-4.564062000
-2.578594000
-4.370521000
-2.395002000
-3.273851000
-3.911440000
-3.472381000
-4.739681000
-3.830853000
-5.103925000
-4.646242000
-2.847849000
-5.106534000
-3.473144000
-5.748633000
-4.925989000
-4.338366000
-0.497079000

0.178529000
-1.509354000
-0.336413000

0.600376000
-1.145373000
-1.025273000
-0.006113000
-0.154003000

1.329808000

2.402177000

1.555083000

3.651680000

2.238486000

2.802568000

0.740762000

3.856847000

4.462600000

2.953462000

4.831879000
-0.873616000
-0.820245000
-1.914414000
-0.535724000

-2.071440000
-2.839272000
-3.929745000
-3.623357000
-5.177548000
-4.530270000
-6.090565000
-5.766596000
-2.648049000
-5.425040000
-4.265820000
-7.055604000
-6.476767000
-3.267916000
-2.491636000
-4.369516000
-2.820343000
-4.697304000
-3.928074000
-1.619935000
-4.977819000
-2.204683000
-5.561575000
-4.187317000
-2.098094000
-3.322009000
-3.979857000
-3.260617000
-3.270914000
-3.653488000
-2.618111000
-2.851717000
-0.650630000
-0.262389000
-1.170581000
-1.139368000
-1.719583000
-1.660637000
-0.698572000
-2.239743000
-1.765608000
-2.218669000
-1.632768000
-2.670381000
-2.633063000

0.046515000
-0.404132000

0.038190000

1.094882000

S-94
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0.292281000
-0.003251000
4.584234000
3.978545000
2.644310000
1.821135000
2.390668000
3.783449000
4.588817000
2.204136000
0.792162000

-0.199513000
-0.262083000
0.643999000
1.567363000
1.693700000
-0.912430000
-1.033303000
-0.605016000
0.113277000
0.380484000
-0.081178000
-0.813041000
-1.065118000
-0.809625000
0.473862000
0.949137000
-1.195795000
-1.640105000
4.246937000
4.106716000
2.925430000
1.874518000
2.015668000
3.198186000
5.176380000
4.927525000
2.824441000
1.194517000
3.301521000
-1.157140000
0.046198000
0.409071000
-0.430418000
-1.640912000
-1.997625000
-1.433276000

-2.046424000
0.989085000
0.117463000
0.567473000
0.897227000
0.790761000
0.368426000
0.037208000
0.645387000
1.236778000
1.403767000
0.394078000
-0.645974000
-0.736049000
0.288690000
1.347688000
0.454415000
-1.408770000
-5.994938000
-4.998924000
-3.780632000
-3.539439000
-4.539799000
-5.763404000
-6.948655000
-5.174449000
-3.013987000
-4.346382000
-6.529934000
-3.364996000
-3.500335000
-3.104009000
-2.555829000
-2.438542000
-2.838201000
-3.670300000
-3.905000000
-3.213023000
-2.019262000
-2.729859000
4.177441000
4.312619000
3.361329000
2.266877000
2.139042000
3.093498000
4.915649000

-0.056566000
-1.683361000
-1.427730000
-2.628506000
-2.665845000
-1.509770000
-0.301744000
-0.242583000
-3.532279000
-3.603151000
3.025040000
3.154293000
2.262739000
1.162294000
0.947350000
1.913196000
3.980580000
2.380699000
2.189980000
2.860732000
2.232034000
0.927383000
0.267090000
0.890598000
2.683017000
3.877656000
2.761637000
-0.737326000
0.365659000
-2.074947000
-0.689897000
-0.064703000
-0.816269000
-2.206321000
-2.832600000
-2.561794000
-0.093511000
1.016194000
-2.789966000
-3.914893000
1.463956000
0.763656000
-0.189049000
-0.456485000
0.242606000
1.199499000
2.221201000



0.715976000
1.363894000
-2.295914000
-2.937480000
-0.611666000
-0.512509000
-0.304391000
-0.196232000
-0.301610000
-0.500473000
-0.795023000
-0.611680000
-0.248238000
-0.601863000
2.777434000
2.681308000
3.550205000
3.372635000
1.876302000
0.900511000
1.954212000
0.195397000
5.733633000
4.401673000
6.186463000
3.799906000
6.519134000
5.952778000
7.572580000
6.548237000
-0.250851000
-1.185772000
-3.578253000
-4.350597000
-3.590796000
-3.622391000
-2.838487000
-2.914839000
-2.130750000
-2.163760000
-4.189326000
-2.795617000
-2.945318000
-1.545957000
-1.606255000
-4.684158000
-3.738334000
-5.921974000
-4.028712000
-6.213309000

5.148097000
3.452515000
1.292161000
2.981205000
2.965564000
3.784328000
3.223913000
1.832050000
1.019239000
1.579067000
3.402813000
4.868257000
3.873576000
0.930901000
3.373654000
2.366847000
4.139394000
2.346980000
3.431216000
2.465734000
4.240179000
2.498913000
-0.763838000
-0.410113000
-1.108467000
-0.479788000
-0.693944000
-0.261578000
-0.983041000
-0.204970000
-0.064554000
-1.078611000
-0.392786000
0.204548000
0.088579000
1.099033000
-1.068687000
0.959491000
-1.207898000
-0.192558000
2.011836000
-1.856812000
1.761786000
-2.114141000
-0.300029000
1.634855000
2.414560000
2.195636000
3.735135000
3.521994000

0.978954000
-0.710719000
0.025632000
1.746194000
-5.836753000
-4.708780000
-3.445548000
-3.295782000
-4.438398000
-5.700447000
-6.821063000
-4.808405000
-2.571956000
-6.572326000
2.739741000
1.801590000
2.634728000
0.959778000
3.828589000
3.961057000
4.559108000
4.795850000
0.985313000
0.959499000
1.918387000
1.866111000
-0.191495000
-1.371358000
-0.160035000
-2.286493000
-4.332242000
-1.482759000
-3.929529000
-4.958677000
-6.282494000
-7.251414000
-6.535987000
-8.450055000
-7.731213000
-8.694034000
-7.062600000
-5.783504000
-9.192113000
-7.909993000
-9.628090000
-4.585564000
-3.908010000
-4.917843000
-3.565891000
-4.580920000

S-95

6 -5.266693000
1 -2.785758000
1 -6.667994000
1 -3.282907000
1 -7.185516000
1 -5.495356000
1 -5.300182000
6 -1.685004000
1 -1.059141000
1 -1.324869000
6 -3.075875000
1 -3.469554000
6 -4.020906000
1 -5.083342000
6 -4.182405000
8 -3.008851000
6 -4.589809000
6 -5.837021000
6 -3.706251000
6 -6.179328000
1 -6.545142000
6 -4.052838000
1 -2.744494000
6 -5.289237000
1 -7.149881000
1 -3.350953000
1 -5.561405000
6 -5.260776000
1 -4.858763000
1 -6.170981000
1 -5.546066000

TS2dcis
v=-172.4cm*

15 3.718888000
3.205235000
7.790094000
7.311875000
5.965887000
4.998933000
5.434466000
6.840005000
8.032305000
5.635110000
3.461721000
2.740201000
2.895909000
3.763242000
4.483273000
4.359226000
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4.294267000
1.967130000
1.589667000
4.326386000
3.948687000
5.328113000
-0.353685000
-2.369034000
-3.256142000
-1.650067000
-2.539769000
-3.445955000
-1.558730000
-1.789299000
-0.828032000
-0.380851000
-2.103280000
-2.718365000
-2.702476000
-3.898230000
-2.277248000
-3.875518000
-2.222789000
-4.482831000
-4.364061000
-4.317575000
-5.403622000
0.200313000
0.983317000
-0.216063000
0.664722000

-1.989102000
0.291378000
0.397247000
0.310128000
0.361999000
0.472168000
0.567280000
0.558730000
0.212788000
0.319240000
2.277303000
1.173439000
-0.085238000
-0.332567000
0.734831000
2.052195000

-3.902262000
-3.631105000
-5.440848000
-3.029257000
-4.841214000
-3.630541000
-5.066042000
-3.159439000
-3.028231000
-3.901043000
-3.072500000
-2.602081000
-3.340693000
-3.457704000
-1.145223000
-0.960722000
-0.478242000
-0.698720000

0.435419000
-0.038382000
-1.403145000

1.107539000

0.613743000

0.871095000
-0.229800000

1.817761000

1.393579000
-1.416776000
-2.067631000
-1.868653000
-0.455142000

0.927736000

-1.657628000
-0.712864000
-2.044780000
-2.316181000
-1.276252000
0.049142000
0.346286000
-2.861413000
-3.351975000
2.851577000
3.373319000
2.845758000
1.742731000
1.194705000
1.758997000
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2.062564000
2.341292000
2.061540000
3.417868000
3.956468000
3.140762000
1.767563000
1.237890000
1.644251000
4.066434000
5.015255000
1.117816000
0.171194000
8.126828000
7.767734000
6.443657000
5.461188000
5.828614000
7.156127000
9.168296000
8.528412000
6.173347000
5.063803000
7.434589000
1.187893000
2.286359000
2.904951000
2.425443000
1.321072000
0.705312000
0.714051000
2.675510000
3.778084000
0.953381000
-0.150898000
2.807951000
2.313148000
2.465783000
3.100734000
3.576577000
3.446476000
2.682943000
1.792972000
2.066464000
3.824649000
4.958402000
5.097770000
5.538996000
5.780063000
4.060347000

1.333714000
-0.911609000
-4.896923000
-4.959548000
-4.084336000
-3.135118000
-3.104278000
-3.966857000
-5.578845000
-5.694606000
-4.153651000
-2.410674000
-3.924073000
-3.092088000
-2.680089000
-2.345942000
-2.430446000
-2.851568000
-3.177392000
-3.335361000
-2.591893000
-1.992309000
-2.899713000
-3.488355000

3.894982000

4.124203000

3.055940000

1.748450000

1.523705000

2.595703000

4.732244000

5.137040000

3.233016000

0.504731000

2.409743000

0.725808000

1.736914000

1.655226000

0.551343000
-0.473409000
-0.380145000

0.789238000

2.595439000

2.451649000
-1.186123000

4.419077000

3.164505000

5.254734000

3.016143000

4.637332000

4.216123000
3.285413000
4.141657000
3.812418000
2.864528000
2.228189000
2.538993000
3.499284000
4.886925000
4.296213000
2.616096000
2.002061000
3.733775000
0.079305000
1.366459000
1.649452000
0.649521000
-0.637242000
-0.922477000
-0.144488000
2.145109000
2.646260000
-1.415889000
-1.932260000
0.408805000
-0.427009000
-1.077051000
-0.899138000
-0.061670000
0.587315000
0.926937000
-0.553687000
-1.708819000
0.082148000
1.240031000
-6.262960000
-5.437199000
-4.050406000
-3.462847000
-4.305463000
-5.691208000
-7.346578000
-5.868438000
-3.426136000
-6.324913000
1.816613000
1.262450000
1.417948000
0.426177000
2.888775000
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3.325415000
3.953080000
2.628259000
8.688355000
7.335896000
9.042904000
6.628008000
9.621816000
9.177140000
10.690921000
9.886278000
4.049721000
2.337725000
-0.402062000
-1.481449000
-1.344554000
-2.399287000
-0.130498000
-2.251754000
0.020789000
-1.041446000
-3.343068000
0.694938000
-3.082516000
0.972926000
-0.922155000
-1.533243000
-0.612981000
-2.552226000
-0.721989000
-2.659773000
-1.746265000
0.169783000
-3.270638000
-0.009320000
-3.462990000
-1.834681000
-2.431114000
2.009093000
2.858531000
2.064244000
0.732275000
0.638580000
-0.457626000
-1.421071000
-0.597024000
0.410856000
-1.936220000
-2.011518000
-3.133384000

3.584933000
5.637907000
3.737590000
0.643713000
0.685487000
0.743004000
0.810295000
0.461990000
0.341223000
0.421509000
0.205356000
-1.355791000
-1.767348000
-1.538710000
-1.100226000
-1.636172000
-2.295292000
-1.465533000
-2.771715000
-1.943229000
-2.596030000
-2.442080000
-0.959625000
-3.287213000
-1.806146000
-2.970670000
0.417954000
1.158543000
1.090557000
2.549963000
2.480171000
3.215616000
0.627684000
0.519065000
3.111339000
2.991965000
4.303261000
-1.470484000
-2.997446000
-3.688305000
-2.151236000
-3.553049000
-4.586154000
-2.840733000
-3.345504000
-2.408007000
-1.650007000
-1.766500000
-0.368150000
-2.505152000

3.390891000
3.314950000
4.219176000
1.939760000
1.675602000
2.968778000
2.494538000
0.890605000
-0.408445000
1.113440000
-1.229498000
-3.871634000
-0.903235000
-3.000512000
-3.802312000
-5.218141000
-5.855379000
-5.898015000
-7.163781000
-7.198517000
-7.837516000
-5.321736000
-5.395963000
-7.652931000
-7.718498000
-8.857576000
-3.769931000
-3.024521000
-4.457956000
-2.942180000
-4.384457000
-3.619764000
-2.489511000
-5.051611000
-2.333241000
-4.921276000
-3.553736000
-3.371523000
-2.638401000
-2.666457000
-3.326904000
-2.474049000
-2.125368000
-2.553235000
-2.651517000
-0.304467000
-0.123858000
-0.470787000
-0.575969000
-0.562772000
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-3.227167000
-1.093113000
-4.351119000
-3.113589000
-4.403277000
-3.248051000
-5.267380000
-5.356353000
-0.559905000
-1.199350000

0.471200000
-0.909390000
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0.600672000
0.446634000
4.968900000
4.407262000
3.097263000
2.245796000
2.757854000
4.141469000
5.038688000
2.700665000
1.278500000
0.336216000
0.210384000
0.996426000
1.916748000
2.093085000
-0.285283000
-0.512921000
-1.876744000
-0.500239000
0.286367000
-0.299916000
-1.691468000
-2.469866000
-2.487880000
-0.032732000
1.357035000
-2.161095000
-3.547772000
4.679255000
4.405324000
3.177845000
2.205789000
2.486533000
3.717915000

0.273165000
0.205369000
-1.865137000
-3.592999000
-0.471679000
1.359564000
-2.456979000
0.026932000
-3.817435000
-4.520433000
-4.190969000
-3.804980000

-2.072959000
1.244541000
0.080856000
0.734948000
1.149357000
0.903885000
0.242225000
-0.144649000
0.922754000
1.674704000
0.560052000
-0.500452000
-1.313551000
-1.106390000
-0.051910000
0.776582000
-0.671693000
-2.128390000
-5.692667000
-5.856392000
-4.787051000
-3.541191000
-3.390208000
-4.456674000
-6.530790000
-6.823749000
-4.933600000
-2.437694000
-4.322377000
-3.503461000
-3.655468000
-3.241221000
-2.679105000
-2.534921000
-2.943951000

-0.813523000
-0.489557000
-0.790417000
-0.477495000
-0.929982000
-0.929858000
-0.866677000
-1.124149000

0.258499000
-0.292910000

0.250097000

1.306466000

-0.217906000
-1.223364000
-1.059454000
-2.185908000
-2.179929000
-1.065243000
0.057714000
0.088006000
-3.058436000
-3.048053000
3.584228000
3.565774000
2.465546000
1.295847000
1.265067000
2.425691000
4.448711000
2.483101000
1.276373000
1.096676000
0.658264000
0.388394000
0.544448000
0.999004000
1.621134000
1.298277000
0.514271000
0.285360000
1.122115000
-1.855212000
-0.492614000
0.024458000
-0.818490000
-2.185941000
-2.701422000
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5.648464000
5.162690000
2.984573000
1.736975000
3.930937000
-0.756766000
0.368984000
0.744822000
-0.005348000
-1.137071000
-1.508410000
-1.040319000
0.969530000
1.640952000
-1.708287000
-2.382699000
-0.239717000
-0.331085000
-0.077445000
0.275252000
0.350270000
0.103142000
-0.453078000
-0.611021000
-0.175491000
0.141400000
3.191823000
3.048726000
3.935755000
3.673068000
2.374623000
1.435158000
2.490526000
0.796827000
6.058696000
4.732430000
6.488057000
4.118027000
6.866197000
6.326954000
7.913978000
6.939391000
0.578689000
-0.639966000
-4.419332000
-4.596563000
-3.761906000
-2.880612000
-3.874693000
-2.134983000

-3.812235000
-4.072202000
-3.323257000
-2.079751000
-2.814362000
3.439129000
3.875744000
3.233794000
2.151541000
1.719766000
2.363396000
3.933329000
4.703227000
3.557101000
0.866663000
2.013138000
4.121350000
4.625317000
3.799043000
2.454279000
1.954441000
2.779729000
4.764020000
5.669110000
4.203291000
2.369111000
2.621053000
1.831905000
3.421706000
2.015401000
2.411535000
1.402849000
3.049407000
1.229785000
-1.140453000
-0.764834000
-1.611422000
-0.944301000
-0.933409000
-0.337352000
-1.243794000
-0.167457000
0.899193000
-0.734983000
-0.016438000
-0.075319000
0.989008000
0.666453000
2.327467000
1.664907000

-2.254195000
0.174853000
1.095778000

-2.835468000

-3.765278000
2.659001000
1.953158000
0.773598000
0.285799000
0.995776000
2.178593000
3.591415000
2.337403000
0.239856000
0.622831000
2.732617000

-4.791678000

-3.493124000

-2.393003000

-2.581323000

-3.896705000

-4.991998000

-5.648513000

-3.328400000

-1.385431000

-6.002962000
3.589644000
2.468395000
3.597110000
1.594591000
4.726495000
4.717714000
5.606227000
5.588265000
1.226796000
1.226014000
2.114648000
2.107742000
0.082363000

-1.037129000
0.090958000

-1.926728000

-4.056122000
-1.602963000
-4.307065000
-5.721887000
-6.409331000
-7.445662000
-6.003504000
-8.084434000



-3.131166000
-2.262080000
-2.777466000
-4.556728000
-1.453950000
-3.226811000
-1.682070000
-6.086436000
-6.550889000
-7.017112000
-7.920599000
-8.385545000
-8.843428000
-5.837398000
-6.660014000
-8.267616000
-9.096859000
-9.914824000
-4.252714000
-1.043215000
-0.066079000
-1.269389000
-2.097920000
-1.839120000
-3.448283000
-3.536875000
-2.582579000
-4.914557000
-6.062659000
-5.081244000
-7.338203000
-5.964838000
-6.352446000
-4.189472000
-7.490754000
-8.218330000
-6.461636000
-8.489025000
-3.370428000
-2.320159000
-3.989517000
-3.645081000
-3.809071000

TS2btrans

v =-155.6 cm™

15  0.507164000
15  0.827070000
6  5.147674000
6  4.760525000

3.323773000
2.995788000
-0.376690000
2.578178000
1.399835000
4.362080000
3.777655000
0.039786000
0.550948000
-0.424925000
0.594129000
-0.375933000
0.132845000
0.923149000
-0.809549000
0.997153000
-0.736897000
0.172617000
-1.064945000
-1.458790000
-1.284164000
-2.515727000
-0.621391000
0.345733000
-0.838545000
-0.081035000
-0.699563000
-0.626475000
0.144405000
-1.961674000
-0.404126000
1.176717000
-2.510170000
-2.561693000
-1.732565000
0.210376000
-3.552248000
-2.162285000
1.382673000
1.582191000
1.681077000
1.999911000
-1.830455000

-2.024618000

1.241060000
-0.413647000
0.225898000

-6.633733000
-7.681872000
-7.757284000
-5.188349000
-8.897468000
-6.306665000
-8.179477000
-6.023364000
-7.243218000
-5.083262000
-7.519678000
-5.357510000
-6.576828000
-7.981469000
-4.128919000
-8.474918000
-4.609634000
-6.790648000
-6.076965000
-3.564356000
-4.028758000
-3.384301000
-3.981931000
-4.427265000
-3.754452000
-1.526171000
-0.963805000
-1.361321000
-1.611208000
-0.943952000
-1.452993000
-1.945807000
-0.795414000
-0.760423000
-1.048612000
-1.659428000
-0.482338000
-0.932165000
-1.867766000
-2.109945000
-2.722364000
-0.993609000
-3.461054000

-0.099415000

-1.233427000
-0.597794000
-1.803535000
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3.509445000
2.546956000
2.881572000
4.205071000
5.479734000
3.245035000
1.112743000
0.058711000
-0.048154000
0.870758000
1.904830000
2.062012000
-0.665254000
-0.857692000
-2.417055000
-1.047191000
-0.130897000
-0.577410000
-1.959837000
-2.869829000
-3.130782000
-0.687149000
0.932824000
-2.313998000
-3.940367000
4.524389000
4.142077000
2.932721000
2.085248000
2.475625000
3.689283000
5.480132000
4.802646000
2.660565000
1.826841000
3.987702000
-0.465139000
0.791784000
1.201090000
0.352819000
-0.910000000
-1.313208000
-0.777993000
1.465873000
2.198189000
-1.565400000
-2.293585000
0.968803000
0.992542000
0.989602000

0.777588000
0.696739000
0.049732000
-0.481862000
0.288304000
1.283685000
0.695230000
-0.251421000
-1.098897000
-1.037360000
-0.093849000
0.760415000
-0.306965000
-1.827814000
-5.332777000
-5.612434000
-4.640397000
-3.375985000
-3.108686000
-4.079613000
-6.095178000
-6.594907000
-4.878502000
-2.141318000
-3.858254000
-3.940091000
-3.988548000
-3.423200000
-2.810754000
-2.769301000
-3.330113000
-4.368625000
-4.443248000
-3.425917000
-2.275558000
-3.280614000
3.777720000
4.001726000
3.250736000
2.274617000
2.055730000
2.806399000
4.356274000
4.744516000
3.400866000
1.288642000
2.624771000
4.009188000
4.592327000
3.791263000

-1.937712000
-0.891094000
0.304286000
0.478824000
-2.624540000
-2.865890000
3.649160000
3.569517000
2.493917000
1.406989000
1.434037000
2.578393000
4.386743000
2.464635000
1.306555000
1.301798000
0.891370000
0.476875000
0.457824000
0.882417000
1.629443000
1.618259000
0.883252000
0.089427000
0.867485000
-1.357264000
-0.013298000
0.390776000
-0.546732000
-1.894215000
-2.297201000
-1.668482000
0.727991000
1.447861000
-2.619463000
-3.347205000
2.403703000
1.833091000
0.731736000
0.184552000
0.758600000
1.865340000
3.276378000
2.265197000
0.312809000
0.339741000
2.312303000
-4.953374000
-3.684278000
-2.537240000
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0.965160000
0.934524000
0.942701000
0.953045000
1.002218000
0.980867000
0.892987000
3.252066000
3.130313000
4.083677000
3.859554000
2.300983000
1.252206000
2.401702000
0.510957000
5.890177000
4.620806000
6.184801000
3.916455000
6.811920000
6.442661000
7.812779000
7.144905000
0.879326000
-0.480384000
-4.187943000
-4.174942000
-3.198893000
-3.180590000
-2.333083000
-2.311832000
-1.468527000
-1.458985000
-3.838836000
-2.327364000
-2.294916000
-0.797676000
-0.781106000
-5.581000000
-5.904488000
-6.554742000
-7.178651000
-7.830811000
-8.148393000
-5.147572000
-6.299321000
-7.416566000
-8.582819000
-9.146715000
-3.867936000

2.393349000
1.818237000
2.616239000
4.637054000
5.680568000
4.263304000
2.151193000
2.514635000
1.696029000
3.221200000
1.762933000
2.458069000
1.566915000
3.119098000
1.510352000
-1.618977000
-1.099890000
-2.085334000
-1.163944000
-1.563919000
-0.975282000
-1.986234000
-0.923041000
0.732948000
-0.606843000
-0.146446000
-0.164875000
0.861714000
2.156874000
0.544642000
3.118942000
1.513037000
2.803076000
2.397859000
-0.470332000
4.118472000
1.255301000
3.559795000
0.118115000
-0.148190000
0.675733000
0.135225000
0.961729000
0.693182000
-0.575973000
0.882765000
-0.081153000
1.397644000
0.916701000
-1.166733000

-2.648704000
-3.932936000
-5.075790000
-5.847592000
-3.581033000
-1.554866000
-6.061803000
3.791514000
2.689053000
3.852503000
1.882432000
4.838487000
4.762697000
5.702857000
5.564323000
1.831966000
1.692977000
2.775483000
2.521628000
0.758750000
-0.431574000
0.877684000
-1.267922000
-4.029399000
-1.634622000
-4.582109000
-6.001861000
-6.562256000
-6.025583000
-7.613131000
-6.537365000
-8.137491000
-7.602205000
-5.191007000
-8.020762000
-6.096189000
-8.961462000
-8.006371000
-6.507464000
-7.845320000
-5.670667000
-8.339712000
-6.166133000
-7.499741000
-8.508785000
-4.632809000
-9.384553000
-5.502710000
-7.884797000
-6.355723000
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-0.828968000
0.173610000
-1.066373000
-1.856834000
-1.571655000
-3.215753000
-3.504469000
-2.451325000
-3.681315000
-4.949382000
-2.555159000
-5.082664000
-5.845888000
-2.681255000
-1.570712000
-3.950674000
-6.078871000
-1.783509000
-4.056094000
-4.747647000
-4.449526000
-5.256067000
-5.462999000
-3.552694000
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3.627407000
3.765041000
8.177354000
7.767688000
6.486583000
5.518738000
5.880321000
7.230064000
8.492670000
6.204419000
4.068880000
3.065125000
3.008627000
3.935324000
4.907260000
5.008405000
2.339726000
2.235487000
0.919648000
2.306614000
3.159850000
2.630317000
1.232850000
0.387211000

-1.452549000
-1.307331000
-2.496779000
-0.646080000
0.299729000
-0.881934000
-0.043516000
-0.375535000
1.369330000
1.928639000
2.189225000
3.261568000
1.322995000
3.516065000
1.756978000
4.062586000
3.674513000
4.119543000
5.103660000
-0.877065000
-1.920451000
-0.513264000
-0.836822000
-1.877769000

-2.844165000
0.619860000
-0.877069000
-0.020091000
0.475630000
0.121863000
-0.733331000
-1.216256000
0.254357000
1.150716000
-0.854364000
-1.819085000
-2.446852000
-2.134302000
-1.148986000
-0.520535000
-2.067275000
-3.191340000
-6.561160000
-6.741266000
-5.642145000
-4.350464000
-4.175110000
-5.279091000

-3.551063000
-3.969367000
-3.317759000
-4.076130000
-4.547323000
-3.919851000
-1.750088000
-1.124871000
-2.197940000
-2.432774000
-2.380579000
-2.830858000
-2.299554000
-2.781552000
-2.227182000
-3.005873000
-3.009949000
-2.929121000
-3.321743000
-1.501054000
-1.331162000
-0.589076000
-2.333344000
-3.607625000

0.479673000
0.014489000
0.359133000
-0.694385000
-0.741521000
0.240331000
1.289745000
1.379263000
-1.465374000
-1.549110000
4.674336000
4.397681000
3.177409000
2.142625000
2.356020000
3.645097000
5.176923000
2.986897000
0.975635000
1.004815000
0.882053000
0.724537000
0.678190000
0.814820000
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0.251406000
2.729070000
4.238373000
0.812362000
-0.692500000
7.752279000
7.381956000
6.142501000
5.251530000
5.633046000
6.877263000
8.731106000
8.074716000
5.879258000
4.953454000
7.169514000
2.627842000
3.811818000
4.161349000
3.322698000
2.130003000
1.791111000
2.365927000
4.476538000
5.104256000
1.486209000
0.870751000
3.593550000
3.463682000
3.555154000
3.773981000
3.878474000
3.803807000
3.520675000
3.287322000
3.441933000
3.893631000
6.100994000
6.017905000
6.888863000
6.734670000
5.164294000
4.166572000
5.233713000
3.434500000
8.962321000
7.668399000
9.273745000
6.961466000
9.888518000

-7.421887000
-7.743358000
-5.799691000
-3.174930000
-5.134987000
-4.141903000
-4.531594000
-4.154086000
-3.392849000
-3.005508000
-3.375494000
-4.424037000
-5.107359000
-4.421571000
-2.386821000
-3.052761000
2.548556000
2.942264000
2.387373000
1.439631000
1.049438000
1.607324000
2.970706000
3.663950000
2.666899000
0.298381000
1.290046000
3.761155000
4.190880000
3.275957000
1.914940000
1.488390000
2.403693000
4.478770000
5.247449000
3.622681000
2.056399000
1.019299000
0.437738000
1.747926000
0.711536000
0.692888000
-0.221490000
1.166977000
-0.481527000
-2.520686000
-2.048540000
-3.155707000
-2.313842000
-2.198977000

1.062220000
1.117493000
0.890086000
0.518261000
0.765802000
-1.159242000
0.131141000
0.647619000
-0.126205000
-1.419690000
-1.933754000
-1.554411000
0.748600000
1.672534000
-2.008651000
-2.935992000
4.044516000
3.411418000
2.180843000
1.571489000
2.203586000
3.439227000
5.017997000
3.892002000
1.704793000
1.728280000
3.935879000
-3.386056000
-2.063392000
-1.009288000
-1.268247000
-2.606621000
-3.656038000
-4.207028000
-1.846030000
0.018431000
-4.688502000
5.194345000
3.947314000
5.401243000
3.173785000
6.204065000
5.942883000
7.186253000
6.712135000
2.502421000
2.449197000
3.335573000
3.234638000
1.480709000
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9.499080000
10.909245000
10.204893000
4.011168000

2.449221000
1.978197000
2.917003000
1.754816000
1.068776000
1.296999000

-0.285585000
-1.025638000
-0.342490000
0.654867000
-1.724556000
-2.921482000
-1.797516000
-4.159353000
-2.896230000
-3.033256000
-0.856151000
-4.221167000
-5.080275000
-3.069440000
-5.188443000
-0.209007000
-0.981157000
-0.290377000
0.780351000
-0.633970000
-1.028362000
-1.891119000
-1.360126000
-3.201455000
-3.958276000
-3.626167000
-4.977251000
-1.731921000
-1.588094000
-2.545103000
-2.245932000
-3.207842000
-3.059606000
-0.946703000
-2.628102000
-2.117504000
-3.834194000
-3.573072000
-0.134077000
-2.118555000

-1.394795000
-2.586411000
-1.135522000
0.424678000
-1.158490000

-2.046128000

-1.889218000

-3.060995000

-1.052772000

-0.061770000

-1.209814000

-0.722566000

-0.517066000

-1.021094000

-0.841053000

-0.477805000

-1.553804000

-0.837354000
0.074260000

-1.910664000

-1.829185000

-1.560136000

-0.554371000

-2.473733000

-1.845019000
1.014241000
1.443460000
1.494144000
1.265424000

-2.558785000

-3.391949000

-2.672878000

-2.363576000

-2.270950000

-1.568832000

-2.504773000

-1.259893000

-4.585479000

-5.860431000

-4.422768000

-6.960034000

-5.519494000

-6.792289000

-5.996269000

-3.440069000

-7.952029000

-5.376396000

-7.651564000

-3.758478000

-1.667143000

0.431455000
1.528588000
-0.362216000
-2.820246000
-0.448778000
-2.634522000
-3.171253000
-2.300800000
-2.506473000
-2.912705000
-1.868986000
-2.527998000
-0.446064000
0.349381000
0.152112000
-0.482346000
1.354753000
0.057784000
-1.424932000
1.903019000
1.830967000
1.253961000
-0.459954000
2.840211000
1.676395000
-0.624269000
-1.282543000
0.361496000
-1.035877000
-1.647367000
-2.728362000
-3.757628000
-5.015758000
-3.458158000
-4.397016000
-2.481713000
-4.149496000
-2.110919000
-2.669307000
-0.979641000
-2.110825000
-0.425077000
-0.986435000
-3.544968000
-0.516863000
-2.551822000
0.459357000
-0.546998000
-3.264916000
-5.962243000
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1 -0.335448000
1 -4.016176000
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15 3.480483000
15 3.368534000

6
6
6
6
6
6
1
1
6
6
6
6
6
6
1
1
6
6
6
6
6
6
1
1
1
1
1
6
6
6
6
6
6
1
1
1
1
1
6
6
6
6

7.759962000
7.058083000
5.799293000
5.138683000
5.783429000
7.123644000
7.542518000
5.290135000
4.877906000
3.867681000
3.529014000
4.152139000
5.128633000
5.534250000
3.365454000
2.758855000
0.937546000
2.278020000
3.088628000
2.563375000
1.210818000
0.410277000
0.303643000
2.693823000
4.125327000
0.779202000
-0.641033000
7.190610000
7.077049000
5.964612000
4.944793000
5.068370000
6.184288000
8.071252000
7.872957000
5.902517000
4.295379000
6.272478000
2.824696000
3.908926000
4.091382000
3.185550000

-1.265844000
-2.664751000
-0.719958000
-1.435479000

-2.610897000
0.867959000
-0.440184000
0.461566000
0.900540000
0.440592000
-0.479870000
-0.900183000
0.819006000
1.612736000
-0.963252000
-1.953432000
-2.483034000
-2.033319000
-1.032397000
-0.512571000
-2.299314000
-3.252054000
-6.377797000
-6.551363000
-5.439299000
-4.141875000
-3.970118000
-5.087471000
-7.249226000
-7.557261000
-5.589875000
-2.961752000
-4.943421000
-3.831977000
-4.276047000
-3.923567000
-3.130534000
-2.689316000
-3.036879000
-4.095134000
-4.877470000
-4.239544000
-2.050943000
-2.673005000
2.043070000
2.566275000
2.225543000
1.365979000

-5.653196000
-5.250722000
-6.389097000
-6.940950000

0.518668000
0.342020000
-0.547215000
-1.389047000
-1.056599000
0.119021000
0.955708000
0.651278000
-2.301695000
-1.706630000
4.655188000
4.546309000
3.324894000
2.126759000
2.187938000
3.464010000
5.453582000
3.266390000
1.384571000
1.022301000
0.780852000
0.895803000
1.246196000
1.496982000
1.568812000
0.921192000
0.479529000
1.273572000
1.759147000
-1.965394000
-0.644439000
0.119986000
-0.430556000
-1.756542000
-2.519733000
-2.556230000
-0.199659000
1.163213000
-2.180495000
-3.546273000
4.775033000
4.063377000
2.723760000
2.080332000
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2.096304000
1.923453000
2.690923000
4.629901000
4.961795000
1.390007000
1.080198000
2.440388000
2.825941000
3.152049000
3.092749000
2.687220000
2.374699000
2.177477000
2.867099000
3.430001000
2.054340000
6.920435000
6.563828000
7.716018000
7.072781000
6.255997000
5.253816000
6.539993000
4.732855000
9.137341000
7.855305000
9.677829000
7.385692000
9.754269000
9.073826000
10.767238000
9.538656000
2.593289000
2.079536000
1.739498000
2.461925000
1.992280000
0.531167000
0.322967000
-0.620771000
-1.521609000
-0.820616000
0.311197000
-1.136748000
-0.331914000
-2.199963000
-0.551040000
0.475890000
-2.427944000

0.841043000
1.183139000
2.299546000
3.217914000
2.601461000
0.164641000
0.765661000
4.602655000
4.787565000
3.688780000
2.387746000
2.212839000
3.309800000
5.463086000
5.794459000
3.849349000
3.153515000
0.962608000
0.462844000
1.708401000
0.819490000
0.527253000
-0.414473000
0.937674000
-0.760760000
-2.174817000
-1.778620000
-2.845768000
-2.140297000
-1.731411000
-0.884225000
-2.060324000
-0.531031000
1.201127000
-0.918130000
-1.578541000
-1.003008000
-2.611693000
-1.055723000
-0.029139000
-1.682916000
-1.569946000
-0.857974000
-0.971183000
0.600806000
1.640913000
0.927396000
2.964486000
1.386742000
2.249152000

2.797905000
4.142108000
5.828964000
4.561659000
2.182312000
2.302740000
4.697760000
-2.244611000
-0.914182000
-0.113882000
-0.635003000
-1.970083000
-2.772935000
-2.864924000
-0.490756000
0.927652000
-3.805852000
4.830068000
3.595776000
4.903483000
2.700759000
6.002085000
5.911142000
6.974275000
6.807730000
1.185315000
1.500786000
1.857779000
2.414812000
-0.009166000
-0.857304000
-0.254099000
-1.781743000
-2.368287000
-0.152009000
-2.452083000
-3.036956000
-2.231801000
-2.166254000
-2.483806000
-1.422335000
-2.050843000
-0.065884000
0.700304000
-0.472056000
0.004806000
-1.330769000
-0.386195000
0.686208000
-1.723440000
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-2.860694000
-1.596610000
0.109585000
-3.257369000
-1.766447000
-2.012192000
-2.982842000
-1.852201000
-2.040868000
-0.448755000
-0.729179000
0.393076000
1.520776000
0.411443000
1.539005000
-0.451510000
1.542320000
-2.143437000
-3.201460000
-2.446499000
-4.515339000
-3.761666000
-4.802253000
-2.993058000
-1.649608000
-5.319936000
-3.971246000
-5.829806000
-0.671721000
2.657385000
2.669376000
1.520240000
3.557803000
3.537080000
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1
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0.236331000
0.026511000
4.594143000
4.101488000
2.767755000
1.834184000
2.290228000
3.678912000
4.799743000
2.417824000
0.410679000
-0.546739000
-0.516844000
0.459059000

0.141489000

3.274400000
3.752195000

2.479341000

4.307441000
-1.403475000
-1.269893000
-2.468939000
-0.853543000
-3.036664000
-4.144688000
-4.367555000
-5.081100000
-3.782619000
-3.896003000
-3.210561000
-3.427050000
-4.177417000
-3.571755000
-4.916971000
-3.667087000
-5.021140000
-4.388600000
-3.029576000
-5.426766000
-3.179283000
-5.602142000
-4.464752000
-4.985990000
-5.181029000
-4.585423000
-5.529440000
-4.658119000
-5.716199000

-2.157219000
0.883207000
0.137358000
0.568698000
0.854693000
0.720464000
0.325694000
0.036229000
0.671724000
1.186352000
1.375878000
0.330453000
-0.726001000
-0.803437000

-1.707225000
-1.258724000
-0.016164000
-2.398213000
-1.573873000

0.745519000

0.243507000

0.961878000

1.696985000
-1.048844000
-1.908786000
-2.910284000
-2.479587000
-4.183467000
-5.000379000
-4.529747000
-5.987863000
-2.480610000
-1.786797000
-3.635126000
-2.251061000
-4.097002000
-3.412884000
-0.868184000
-4.178001000
-1.694456000
-4.999055000
-3.777489000
-1.197329000
-3.284677000
-4.549808000
-1.484651000
-5.182448000
-2.919104000

-0.259512000
-1.979190000
-1.287911000
-2.545763000
-2.721497000
-1.656539000
-0.393221000
-0.190363000
-3.380815000
-3.698393000
2.777417000
2.866879000
1.992533000
0.953555000

S-102

1.357133000
1.375784000
-1.310597000
-1.263800000
-0.860628000
-0.134813000
0.196715000
-0.204894000
-0.946139000
-1.264704000
-1.119152000
0.178785000
0.763161000
-1.290275000
-1.852626000
4.394365000
4.134707000
2.889956000
1.892722000
2.156247000
3.401512000
5.373492000
4.911621000
2.697695000
1.381069000
3.599012000
-1.295065000
-0.116581000
0.285321000
-0.491450000
-1.678970000
-2.071444000
-1.601095000
0.500666000
1.219459000
-2.294487000
-2.991973000
-0.352503000
-0.586192000
-0.446343000
-0.071651000
0.150461000
0.017682000
-0.475617000
-0.892994000
-0.647054000
0.174060000
2.325071000
2.322056000
3.066821000

0.250584000
1.338122000
0.375880000
-1.515128000
-6.022915000
-5.032098000
-3.842031000
-3.624487000
-4.618129000
-5.813842000
-6.953143000
-5.188657000
-3.075508000
-4.440578000
-6.571687000
-3.360492000
-3.506444000
-3.149986000
-2.633278000
-2.504277000
-2.863150000
-3.632311000
-3.885639000
-3.263457000
-2.098775000
-2.743916000
4.208242000
4.370633000
3.380781000
2.222149000
2.062343000
3.059855000
4.977763000
5.261096000
3.494669000
1.163831000
2.928690000
2.491154000
3.357379000
2.908948000
1.584031000
0.716924000
1.165514000
2.838828000
4.389603000
3.592615000
0.474833000
3.423521000
2.398759000
4.222130000

0.776765000
1.719711000
3.647161000
2.077631000
2.042385000
2.712972000
2.061663000
0.733058000
0.075652000
0.721505000
2.554560000
3.748407000
2.593993000
-0.945372000
0.199037000
-1.910670000
-0.544307000
-0.026565000
-0.867826000
-2.238933000
-2.758654000
-2.312390000
0.123333000
1.041144000
-2.891234000
-3.826638000
0.939999000
0.202594000
-0.692888000
-0.861865000
-0.128604000
0.769142000
1.653325000
0.343167000
-1.247499000
-0.267864000
1.343485000
-6.309548000
-5.240745000
-3.924108000
-3.661189000
-4.747417000
-6.060117000
-7.337173000
-5.427083000
-3.099990000
-6.891687000
2.563517000
1.640570000
2.483409000
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3.054900000
1.365779000
0.424807000
1.370172000
-0.327289000
5.518626000
4.185299000
5.884712000
3.497521000
6.418134000
5.961899000
7.472232000
6.647034000
0.427322000
-1.207172000
-3.414084000
-4.320184000
-3.786342000
-3.589090000
-3.457097000
-3.084991000
-2.944542000
-2.757287000
-3.816509000
-3.590923000
-2.938198000
-2.692532000
-2.360009000
-4.525225000
-3.627737000
-5.607521000
-3.798175000
-5.778518000
-4.870486000
-2.826728000
-6.322843000
-3.096648000
-6.628242000
-5.008188000
-5.300423000
-1.545695000
-0.764423000
-1.437717000
-2.671134000
-2.807197000
-3.806023000
-4.706476000
-4.093418000
-2.985599000
-4.423972000

2.395658000
3.458429000
2.455481000
4.281445000
2.472565000
-0.689368000
-0.381711000
-1.010870000
-0.463553000
-0.599714000
-0.193729000
-0.850491000
-0.118551000
-0.321686000
-1.032603000
-0.323742000
0.380187000
0.326883000
1.463749000
-0.928959000
1.350273000
-1.044119000
0.099819000
2.450267000
-1.825670000
2.251503000
-2.030621000
0.012380000
1.793733000
2.341544000
2.566829000
3.646882000
3.874849000
4.419954000
1.711331000
2.143386000
4.049456000
4.467532000
5.440209000
-0.134583000
-2.282662000
-3.046184000
-1.396701000
-2.472066000
-3.387676000
-1.483386000
-1.923978000
-1.160329000
-0.542363000
-2.475586000

0.834557000
3.602714000
3.699992000
4.321659000
4.493173000
1.238514000
1.073006000
2.216785000
1.914960000
0.147723000
-1.087920000
0.290249000
-1.936616000
-4.558139000
-1.597060000
-3.671474000
-4.496584000
-5.933464000
-6.723810000
-6.471072000
-8.024627000
-7.762747000
-8.548409000
-6.319985000
-5.862780000
-8.625821000
-8.161040000
-9.563068000
-3.978834000
-3.057091000
-4.420010000
-2.590639000
-3.958805000
-3.044281000
-2.679789000
-5.131470000
-1.856082000
-4.307918000
-2.676454000
-4.485138000
-3.765099000
-3.794804000
-4.390137000
-3.050144000
-2.469064000
-2.964282000
-3.435567000
-1.443974000
-0.921591000
-0.701929000

S-103
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-5.376541000
-3.764725000
-5.642832000
-5.925036000
-4.034441000
-3.036117000
-4.970542000
-6.383216000
-3.498503000
-5.178459000
-5.327465000
-5.144673000
-6.241061000
-5.496721000

Bchis
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3.715392000
2.994990000
7.548588000
7.106727000
5.766750000
4.774393000
5.172102000
6.566711000
5.462482000
7.848353000
3.002099000
2.372195000
2.654239000
3.576785000
4.189989000
3.925422000
1.661133000
2.159119000
2.289126000
3.659453000
4.134973000
3.238367000
1.855552000
1.390214000
1.922110000
4.367256000
5.206028000
1.160065000
0.314973000
8.204757000
7.811010000
6.463029000
5.491029000
5.895297000

-3.402854000
-2.736140000
-4.567995000
-3.221112000
-3.891996000
-1.996095000
-4.818293000
-5.282098000
-4.079243000
-5.728915000
-0.243898000

0.717450000
-0.699509000
-0.052211000

-2.240285000
0.178464000
0.601113000
0.549668000
0.493054000
0.447729000
0.512086000
0.617289000
0.484558000
0.569600000
1.861153000
0.666071000
-0.538391000
-0.634495000
0.527093000
1.791983000
0.712020000
-1.437733000
-5.522353000
-5.395901000
-4.403094000
-3.524585000
-3.673877000
-4.659852000
-6.298995000
-6.075602000
-4.327455000
-3.013492000
-4.763272000
-2.895397000
-2.584194000
-2.379229000
-2.493152000
-2.809529000

-1.153919000
0.504590000
-0.428135000
-2.082484000
1.240287000
0.834772000
0.773106000
-0.799836000
2.174479000
1.341404000
-1.308145000
-1.800699000
-1.724279000
-0.238119000

0.656457000
-1.823795000
-0.778144000
-2.123822000
-2.424235000
-1.404847000
-0.064819000
0.264257000
-3.468871000
-2.926999000
2.793588000
3.227413000
2.631477000
1.550228000
1.068606000
1.700821000
4.056524000
2.992400000
3.596436000
3.352699000
2.490583000
1.862099000
2.088328000
2.959803000
4.272605000
3.834680000
2.303165000
1.555201000
3.128277000
-0.231473000
1.073618000
1.367175000
0.359879000
-0.945612000
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7.245544000
9.263088000
8.560682000
6.162991000
5.139301000
7.550313000
0.968126000
2.021183000
2.636242000
2.188990000
1.127401000
0.522643000
0.501982000
2.377359000
3.478285000
0.792864000
-0.299008000
2.807819000
2.133658000
2.191367000
2.923642000
3.561731000
3.519966000
2.760954000
1.543576000
1.644045000
4.031881000
4.296055000
4.553573000
4.793384000
5.247154000
3.380576000
2.744237000
3.179685000
2.030824000
8.368132000
7.022933000
8.691946000
6.290364000
9.334966000
8.928985000
10.398745000
9.663624000
4.100720000
2.140884000
-0.323180000
-1.273370000
-1.018870000
-1.933955000
0.172157000

-3.007095000
-3.038684000
-2.473525000
-2.105065000
-2.877825000
-3.238599000
3.821406000
4.036147000
2.952723000
1.647427000
1.434252000
2.522671000
4.670924000
5.051154000
3.117788000
0.410504000
2.350511000
0.549591000
1.482243000
1.402826000
0.382268000
-0.580326000
-0.488343000
0.615452000
2.275866000
2.130352000
-1.238258000
4.195958000
2.999127000
5.107184000
2.970986000
4.258127000
3.111522000
5.214061000
3.143828000
0.775401000
0.714199000
0.847758000
0.731223000
0.735311000
0.650297000
0.775625000
0.624635000
-1.407819000
-1.766873000
-1.386979000
-1.085799000
-1.915975000
-2.888528000
-1.752732000

-1.241733000
-0.462407000
1.860000000
2.380213000
-1.731529000
-2.265237000
0.140072000
-0.756833000
-1.382669000
-1.125084000
-0.235380000
0.396966000
0.645283000
-0.949173000
-2.058976000
-0.040118000
1.095148000
-6.447396000
-5.656319000
-4.261452000
-3.636253000
-4.443735000
-5.835181000
-7.537088000
-6.118542000
-3.664582000
-6.443498000
1.914666000
1.280969000
1.573193000
0.441217000
2.992099000
3.416569000
3.482148000
4.244440000
1.905116000
1.610222000
2.946431000
2.416583000
0.871245000
-0.442989000
1.118361000
-1.252397000
-3.976988000
-0.941771000
-2.715164000
-3.733190000
-4.975409000
-5.390906000
-5.697476000

S-104

-1.667949000
0.442085000
-0.478221000
-2.867156000
0.881184000
-2.391885000
1.374582000
-0.267502000
-1.228837000
-1.025847000
-1.422880000
-0.989936000
-1.392664000
-1.167633000
-0.882941000
-1.586132000
-0.808560000
-1.539808000
-1.133699000
-2.283273000
1.825055000
2.689691000
1.777949000
0.790902000
0.832525000
-0.466251000
-1.306089000
-0.720913000
0.412579000
-1.931403000
-1.835785000
-3.153597000
-2.907108000
-0.896395000
-4.225718000
-3.280158000
-4.103247000
-2.807080000
-5.161810000
-4.938132000
-1.106495000
-2.001578000
-0.277270000
-1.324795000

B2atrans

15 3.545372000
15 3.288371000
6 7.829791000
6 7.182706000

-3.688549000
-2.546126000
-3.519549000
-3.019433000
-0.987489000
-4.445183000
-2.402987000
-4.143062000
0.419349000
1.250374000
1.004331000
2.637280000
2.394945000
3.215759000
0.797293000
0.371986000
3.263426000
2.836767000
4.302166000
-1.331048000
-3.130654000
-3.794801000
-2.267947000
-3.436430000
-4.348301000
-2.614077000
-3.196387000
-2.324205000
-1.769556000
-1.378734000
-0.281716000
-1.599420000
0.599809000
-0.148259000
-0.716332000
-2.474248000
0.396314000
1.454371000
-0.898929000
1.091818000
-3.645929000
-4.119527000
-4.367737000
-3.415772000

-2.856310000
0.564938000
-0.470835000
0.319713000

-6.508772000
-6.810692000
-7.219755000
-4.835126000
-5.386761000
-6.822217000
-7.362917000
-8.092569000
-3.947291000
-2.836155000
-5.204758000
-2.982514000
-5.352471000
-4.243930000
-1.857965000
-6.079165000
-2.106318000
-6.341785000
-4.361671000
-3.360479000
-2.974569000
-3.052625000
-3.635476000
-2.168006000
-1.566413000
-2.018944000
-2.441448000
-0.494450000

0.061220000
-0.349538000

0.514768000
-1.002624000

0.683020000

1.050312000
-0.847412000
-1.645670000
-0.009793000

1.358699000
-1.382360000

0.108671000

0.223455000
-0.212081000

0.204612000

1.276963000

0.499841000

-0.067914000
-0.387394000
-1.371952000
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5.866566000
5.096993000
5.695836000
7.084052000
7.753522000
5.404454000
4.470466000
3.531998000
3.330541000
4.035416000
4.945837000
5.197586000
2.970201000
2.607077000
1.175442000
2.527281000
3.283853000
2.688977000
1.319223000
0.575616000
0.588396000
2.998523000
4.334291000
0.836788000
-0.483929000
7.548527000
7.339907000
6.133708000
5.115934000
5.331672000
6.542532000
8.502356000
8.132973000
5.993133000
4.549356000
6.706764000
2.443164000
3.470863000
3.730692000
2.960749000
1.924321000
1.672555000
2.251612000
4.085037000
4.549796000
1.328040000
0.873878000
1.935972000
1.861363000
2.348247000

0.688788000
0.265131000
-0.529057000
-0.879608000
0.652060000
1.323319000
-0.648290000
-1.709223000
-2.392243000
-2.045948000
-0.982819000
-0.287427000
-1.983786000
-3.206236000
-6.651748000
-6.787508000
-5.664301000
-4.393477000
-4.261624000
-5.388294000
-7.532520000
-7.773878000
-5.787639000
-3.275472000
-5.270623000
-3.944377000
-4.315568000
-4.011090000
-3.343137000
-2.979707000
-3.275113000
-4.165227000
-4.817949000
-4.262398000
-2.436129000
-2.968709000
2.370869000
2.911380000
2.388861000
1.323180000
0.784314000
1.314068000
2.771917000
3.726365000
2.791834000
-0.049228000
0.885308000
3.578161000
3.940923000
3.084951000

-1.226708000
-0.106628000
0.879783000
0.765872000
-2.243294000
-1.982474000
4.512630000
4.438336000
3.263570000
2.076543000
2.098882000
3.332088000
5.334923000
3.234201000
1.680801000
1.350898000
1.003470000
0.979408000
1.288769000
1.647608000
1.954373000
1.361886000
0.738060000
1.224345000
1.889925000
-1.536617000
-0.205010000
0.426187000
-0.273089000
-1.611078000
-2.239174000
-2.021453000
0.353040000
1.479363000
-2.143033000
-3.275089000
4.087783000
3.307028000
2.040668000
1.546748000
2.327368000
3.595949000
5.086313000
3.697014000
1.440323000
1.934734000
4.206508000
-3.303865000
-1.957788000
-0.964449000

S-105
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2.915506000
2.978052000
2.504871000
1.536429000
1.410590000
2.263220000
2.549453000
6.361980000
6.143985000
7.096104000
6.700469000
5.632690000
4.703290000
5.806924000
4.129531000
9.092486000
7.760916000
9.589105000
7.208683000
9.819274000
9.195591000
10.872292000
9.745835000
3.377058000
2.126810000
1.673584000
2.520487000
1.530803000
0.735810000
0.848810000
-0.558697000
-0.666687000
0.451901000
-1.905602000
-2.237903000
-2.665219000
-3.290008000
-1.662839000
-3.714825000
-2.450438000
-4.036087000
-3.528107000
-4.292151000
-4.859820000
-0.595806000
-1.442186000
-0.544695000
0.324915000
-1.669368000
-2.498594000

1.847399000
1.489268000
2.349564000
4.238559000
4.894769000
3.371367000
2.048774000
1.429516000
0.772840000
2.237812000
1.069813000
1.075731000
0.060034000
1.609566000
-0.221658000
-1.964742000
-1.634547000
-2.541163000
-1.954968000
-1.574839000
-0.845551000
-1.850012000
-0.532617000
0.512429000
-1.380099000
-2.044593000
-1.723939000
-3.122180000
-1.154519000
-0.102049000
-1.582221000
-0.915452000
-1.394822000
-1.420346000
-2.786217000
-0.591553000
-3.299566000
-3.467699000
-1.101019000
0.475219000
-2.457170000
-4.365762000
-0.424695000
-2.856176000
0.618086000
1.068153000
1.043335000
0.921298000
-1.641364000
-0.600516000

-1.306419000
-2.668454000
-3.657317000
-4.076736000
-1.671855000
0.084162000
-4.705716000
4.620816000
3.428661000
4.667558000
2.540513000
5.781344000
5.722549000
6.718846000
6.609462000
1.632843000
1.766175000
2.417395000
2.649024000
0.482019000
-0.507423000
0.383474000
-1.398926000
-2.950997000
-0.463527000
-2.603598000
-3.216185000
-2.482008000
-2.174052000
-2.440967000
-1.500522000
-0.079680000
0.607896000
0.676916000
0.640884000
1.511764000
1.398695000
0.013009000
2.282495000
1.562363000
2.230458000
1.342329000
2.918754000
2.828415000
-0.159951000
-0.683572000
0.851004000
-0.672637000
-2.412416000
-2.933805000
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-1.775209000
-2.230615000
-0.695412000
-0.048375000
-0.376963000
0.790540000
-3.527118000
-4.448184000
-3.643309000
-5.453844000
-4.655380000
-5.567327000
-4.353133000
-2.937435000
-6.144025000
-4.721419000
-6.354566000
-3.115135000
-1.581837000
-0.478775000
-3.118198000
0.027470000
-1.954902000
-0.427761000

B2btrans
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3.218046000
2.940142000
7.253418000
6.415723000
5.181133000
4.685203000
5.467760000
6.781013000
6.774014000
4.565469000
5.072690000
4.102727000
3.627625000
4.064637000
4.997257000
5.543529000
3.741783000
2.891509000
1.040232000
2.258225000
2.950557000
2.425245000
1.175090000

0.380585000
1.675575000
-0.114243000
0.674392000
-1.142602000
0.258202000
-0.096300000
-1.059126000
1.203829000
-0.737425000
1.535291000
0.569846000
-2.085134000
1.978032000
-1.511673000
2.558307000
0.828551000
-1.188018000
2.471331000
1.982661000
2.070857000
2.606104000
3.479732000
-2.647614000

-2.049492000
1.254672000
0.749692000
1.829488000
2.001962000
1.091915000
-0.006630000
-0.171010000
2.537812000
2.852134000
-1.820307000
-2.796464000
-2.896587000
-2.006919000
-1.008185000
-0.928089000
-3.479442000
-3.662331000
-6.133652000
-6.011988000
-4.797584000
-3.690657000
-3.804525000

-3.858347000
-4.151765000
-4.611935000
-5.562054000
-4.451951000
-6.126614000
-1.916915000
-1.467908000
-1.409550000
-0.560718000
-0.501543000
-0.078088000
-1.830409000
-1.702880000
-0.218981000
-0.121977000

0.634453000
-3.638115000
-5.103425000
-5.803209000
-3.662923000
-6.544822000
-5.301128000
-1.271723000

0.089618000
1.177065000
-0.540930000
-0.922841000
-0.344836000
0.632110000
1.011032000
0.450249000
-1.674738000
-0.639649000
4.370138000
4.026952000
2.742051000
1.720951000
2.026053000
3.352948000
4.800350000
2.501244000
-0.023913000
-0.697652000
-0.687736000
-0.003470000
0.638950000

S-106
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0.498816000
0.504834000
2.677017000
3.897112000
0.730702000
-0.467348000
6.686718000
6.719789000
5.676413000
4.579572000
4.554863000
5.602421000
7.515279000
7.577726000
5.727843000
3.724240000
5.580460000
2.981788000
3.915732000
3.916604000
2.976735000
2.037483000
2.047431000
2.992004000
4.662986000
4.673579000
1.303951000
1.321410000
1.497803000
2.004354000
2.484984000
2.462842000
1.937547000
1.468010000
1.114995000
2.019479000
2.855687000
1.057735000
7.030218000
6.535249000
7.793059000
6.903061000
6.549154000
5.587148000
6.941700000
5.206447000
8.902634000
7.646863000
9.548338000
7.304308000

-5.025875000
-7.086800000
-6.867923000
-4.716806000
-2.920863000
-5.104382000
-1.953005000
-2.885585000
-2.940496000
-2.070911000
-1.139190000
-1.079667000
-1.897343000
-3.552634000
-3.640827000
-0.436577000
-0.335860000
0.806325000
1.651354000
1.803985000
1.120509000
0.272412000
0.121181000
0.675391000
2.169723000
2.431170000
-0.266430000
-0.545658000
5.535509000
5.290521000
4.022310000
2.980585000
3.235134000
4.503052000
6.525851000
6.090095000
3.841538000
4.679695000
0.099156000
0.029609000
0.841810000
0.720100000
-0.774276000
-1.710820000
-0.703238000
-2.392465000
-1.370343000
-1.232235000
-2.191396000
-1.944649000

0.635820000
-0.028850000
-1.233746000
-1.222451000

1.117564000

1.140966000
-2.967461000
-1.926347000
-1.002145000
-1.116061000
-2.164577000
-3.085047000
-3.677343000
-1.816540000
-0.166003000
-2.230811000
-3.885138000

5.772045000

5.163984000

3.778037000

2.988774000

3.601873000

4.991234000

6.857023000

5.768825000

3.302478000

2.990294000

5.462733000

0.136332000

1.415276000

1.754472000

0.815509000
-0.464037000
-0.806308000
-0.122415000

2.160412000

2.763260000
-1.803566000

4.996079000

3.711483000

5.243186000

2.953359000

6.001036000

5.690453000

7.018435000

6.455686000

0.289619000

0.841388000

0.611088000

1.591288000



9.357950000
8.544409000
10.351866000
8.883094000
1.881388000
1.673405000
1.012999000
1.631321000
1.244901000
-0.072434000
-0.320077000
-1.031918000
-1.146952000

0.111573000
-1.635132000
-2.895774000
-0.782093000
-3.268840000
-3.580976000
-1.147348000

0.181113000
-2.392303000
-4.251641000
-0.448976000
-2.681439000
-2.141774000
-2.110242000
-3.173680000
-1.833227000
-2.329797000
-2.535781000
-1.697573000
-0.563210000
-2.022570000
-1.225056000
-2.898242000
-1.483466000
-2.469815000
-2.540537000
-2.449665000
-2.547915000
-2.454268000
-2.495456000
-2.589138000
-2.446999000
-2.596309000
-2.434066000
-2.498462000
-3.589021000

0.237311000

-0.466281000
0.569141000
-0.590818000
1.276280000
2.420504000
-0.371720000

-0.246396000
0.523499000

-1.284901000
0.080672000
1.135263000

-0.918149000

-0.678899000

-0.910569000
0.766751000
1.223198000
1.686072000
2.560323000
0.530763000
3.025275000
1.329288000
3.471659000
2.892973000
3.720469000
4.519339000

-1.687289000

-1.594659000

-1.532969000

-2.709863000

-0.870618000

-1.338176000

-2.575250000

-2.563289000

-3.760888000

-4.898449000

-3.775387000

-5.806521000

-0.207987000

-0.477631000
1.128342000
0.561503000
2.169079000
1.891494000

-1.512489000
1.349618000
0.330247000
3.204844000
2.705767000

-1.672074000

-3.702989000

-0.699888000
-1.106921000
-1.136823000
-1.868948000
-1.188383000
0.228540000
-2.115277000
-2.585742000
-2.356736000
-1.380803000
-1.228832000
-0.767792000
0.778522000
1.306962000
1.028672000
0.603811000
1.651243000
0.768496000
0.116137000
1.815561000
2.003917000
1.367534000
0.422099000
2.287805000
1.487922000
1.378022000
2.473954000
1.032840000
1.106502000
-1.356102000
-2.688620000
-2.988856000
-3.809128000
-2.311626000
-2.433563000
-1.656911000
-1.884690000
-3.709478000
-5.085458000
-3.288461000
-6.018711000
-4.221609000
-5.590163000
-5.432335000
-2.221598000
-7.086164000
-3.872034000
-6.319483000
-2.671712000
-3.936833000

S-107

-0.086266000
-0.291651000
0.550139000
1.126532000
-0.609590000

1.872038000
2.878962000
1.593083000
1.023877000
1.346107000
-0.354925000
-1.042785000
-0.438223000
-1.937759000
-2.666345000
-2.605470000
-4.028091000
-2.172760000
-3.970753000
-2.013815000
-4.690723000
-4.577471000
-4.474755000
-5.757991000
0.364968000
0.071190000
0.208092000
1.435891000
-0.832985000
-1.243925000
-2.608321000
-2.917609000
-3.578206000
-4.840718000
-3.339158000
-5.578672000
-1.200238000
-0.334060000
-1.987895000
-0.253781000
-1.897768000
-1.030938000
0.288135000
-2.691665000
0.424661000
-2.517075000
-0.966601000
-0.507770000

-4.871217000
-1.649997000
-5.754731000
-3.671453000
-1.929279000

-2.032578000
-1.940318000
-3.011781000
-0.999023000
-0.041753000
-0.990364000
-0.485675000
-0.314710000

0.013516000

0.861594000
-0.570196000

1.092757000

1.343677000
-0.349441000
-1.193972000

0.478754000

1.747777000
-0.820973000

0.653217000

1.004524000

1.710147000

1.491143000

0.774152000
-2.330720000
-3.111974000
-2.698327000
-2.906517000
-2.148001000
-1.816370000
-1.948916000
-1.372938000
-4.548448000
-5.482106000
-4.938644000
-6.786014000
-6.236261000
-7.164439000
-5.183236000
-4.227545000
-7.505604000
-6.529406000
-8.181398000
-2.999503000

-3.244211000
-4.338960000
-3.326518000
-4.571911000
-0.877722000

-2.649678000
-3.064545000
-2.248464000
-2.640604000
-3.064062000
-2.058626000
-2.756366000
-0.601685000
-0.375481000
-1.223783000

0.707233000
-1.016701000
-2.072221000

0.917598000

1.379714000

0.051644000
-1.698346000

1.766387000

0.212377000
-0.592555000
-1.387982000
0.381293000
-0.688246000
-1.828846000
-2.949303000
-3.470875000
-4.821974000
-2.623119000
-3.121906000
-1.578494000
-2.449922000
-2.457671000
-3.038151000
-1.360190000
-2.536931000
-0.850675000
-1.439680000
-3.885990000
-0.919652000
-3.002030000

0.000875000
-1.045142000
-3.761538000



w 0 P kO O

-4.181170000
-5.147336000
-2.160488000
-6.134517000
-4.409767000
0.042716000
-0.192276000

(MeO),MeSiO'Bu

P P P O PR P R O PR P P O 0 ®

0.331003000
2.667602000
1.505856000
2.064543000
2.080226000
0.544299000
0.805494000
0.067312000
0.936428000
1.771241000
3.735757000
3.429414000
4.537067000
4.160791000
1.223695000
0.343256000
-0.342307000
1.372093000
0.383369000
-0.210019000
-1.748317000
-0.389973000
-2.220461000
-2.383616000
-1.690544000
-0.988389000
-0.835899000
0.627737000
0.414815000

-2.581069000
-2.034938000
-3.326657000
-1.771903000
-2.746020000
-1.186296000
-2.817279000

0.947377000
0.464490000
-1.718016000
-2.515185000
-1.421053000
-2.141131000
1.877252000
2.689044000
1.412808000
2.314642000
-0.164065000
-0.567621000
0.573629000
-0.997950000
-0.263888000
1.153369000
-0.158175000
0.964810000
1.847313000
1.641977000
0.108591000
-1.125890000
-0.839268000
0.588042000
0.763609000
-0.710497000
-2.082443000
-1.326338000
-0.830991000

-5.319102000
-4.467550000
-5.490867000
-4.856070000
-6.375137000
0.318923000
-0.135300000

2.163882000
1.057861000
2.589246000
2.072887000
3.481571000
2.919741000
3.111289000
3.211370000
4.107104000
2.803778000
0.394056000
-0.589199000
0.226610000
0.985154000
1.462524000
-1.276513000
-0.875618000
-1.619098000
-0.424005000
-2.093890000
-0.327523000
-2.058769000
-0.025770000
-1.089195000
0.554016000
-2.884699000
-1.746360000
-2.428454000
0.144775000

S-108

(MeO),MeSiH

L N = e T s e o 2 T < T < I S SN S )}

=
N

1

-0.957695000
-1.902477000
-0.349196000
-1.192915000
-0.969748000
1.316262000
-1.621259000
-2.048413000
-2.449376000
-0.928582000
2.327062000
3.099974000
2.811218000
1.935451000
-0.041500000
0.342203000

‘BuOLi

6
6
1
1
1
6
6
1
1
1
1
1
1
8
3

-1.666323000
-0.720156000
-1.168080000
-1.900959000
-2.613573000
-1.418668000
-0.392129000
-0.747597000
-2.358657000
-1.647855000
-1.292143000
0.294755000
0.112628000
0.444135000

1.765668000

1.921224000
2.137244000
2.839680000
1.664053000
-0.850923000
0.245257000
-1.480443000
-2.434000000
-0.863804000
-1.699643000
-0.676861000
-0.661981000
-0.421706000
-1.707740000
0.529168000
0.828511000

-2.611871000
-1.462936000
-3.580326000
-2.535714000
-2.602132000
-0.111858000
-1.580085000
0.716338000
-0.007090000
-0.013968000
-1.522284000
-0.769434000
-2.540232000
-1.540399000
-1.668236000

-0.350552000
0.174298000
-0.359164000
-1.395977000
0.607432000
-0.438357000
-0.471102000
-0.121312000
-0.869416000
-1.304953000
-0.099277000
-0.884256000
0.862735000
-0.018499000
0.486996000
1.892124000

4.210269000
4.617979000
4.380607000
3.135753000
4.775761000
4.354186000
6.121342000
4.635122000
4.922222000
3.280310000
6.756634000
6.414716000
6.317685000
3.882409000
3.038149000



5. 1H NMR, *3C NMR spectra:

4-Ethyl-4-methoxycyclohexan-1-one (4b):
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4-Methoxy-4-propylcyclohexan-1-one (4c):
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4-iso-Propyl-4-methoxycyclohexan-1-one (4d):
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(2R,3R)-3-Phenoxy-2-phenylpent-4-en-2-ol (3aa):
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ol (3ab):

(2R,3R)-3-(Naphthalen-2-yloxy)-2-phenylpent-4-en-2
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(2R,3R)-3-(Nonyloxy)-2-phenylpent-4-en-2-ol (3ac):
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(2R,3R)-3-(Benzyloxy)-2-phenylpent-4-en-2-ol (3ad):
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(2R,3R)-3-(Benzhydryloxy)-2-phenylpent-4-en-2-ol (3a):
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(2R,3R)-3-(Benzhydryloxy)-2-(p-tolyl)pent-4-en-2-ol (3b):
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(2R,3R)-3-(Benzhydryloxy)-2-(4-ethylphenyl)pent-4-en-2-ol (3c):
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(2R,3R)-3-(Benzhydryloxy)-2-(4-methoxyphenyl)pent-4-en-2-ol (3d):
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(2R,3R)-3-(Benzhydryloxy)-2-(4-((tert-butyldimethylsilyl)oxy)phenyl)pent-4-en-2-ol (3e):
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(2R,3R)-3-(Benzhydryloxy)-2-(4-phenoxyphenyl)pent-4-en-2-ol (3f):

EsTroEmnMTImMONSRS SRS 588 CELLOTRARSS ~n
NRNAATS SRS gt ol nanrahAMNIAMSS o
N N N N R T Y L T e &
B e e N N

PhO OCHPh,

"H NMR (400 MHz, CDCls)

1.38

—

gt Bx W, f "
84— ~ ocoo o o
w52 O o S oa o S
T T T '_"_‘ILn T T = Iv_"_"_‘\ T T = T ot
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0
1 (ppm)
E# SCsiZiEsRERRERIES = a
i W et AN i
HO Me
N
A
OCHPh
PhO 2

3C NMR (101 MHz, CDCl5)

a0 70

r T T T T T
200 190 180 170 160 150 140 130 120 110

S$-121



(2R,3R)-3-(Benzhydryloxy)-2-(4-fluorophenyl)pent-4-en-2-ol (39):
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(2R,3R)-3-(Benzhydryloxy)-2-(4-iodophenyl)pent-4-en-2-ol (3h):
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(2R,3R)-2-([1,1'-Biphenyl]-4-yI)-3-(benzhydryloxy)pent-4-en-2-ol (3i):
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(2R,3R)-3-(Benzhydryloxy)-2-(4-(trifluoromethyl)phenyl)pent-4-en-2-ol (3j):
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(2R,3R)-3-(Benzhydryloxy)-2-(3-chlorophenyl)pent-4-en-2-ol (3k):
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(2R,3R)-3-(Benzhydryloxy)-2-(3-bromophenyl)pent-4-en-2-ol (3I):
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(2R,3R)-3-(Benzhydryloxy)-2-(3-iodophenyl)pent-4-en-2-ol (3m):
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(2R,3R)-3-(Benzhydryloxy)-2-(2-methoxyphenyl)pent-4-en-2-ol (3n):
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(2R,3R)-3-(Benzhydryloxy)-2-(2,4-dichlorophenyl)pent-4-en-2-ol (30):
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(2R,3R)-3-(Benzhydryloxy)-2-(benzo[d][1,3]dioxol-5-yl)pent-4-en-2-ol (3p):
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(3R,4R)-4-(Benzhydryloxy)-3-phenylhex-5-en-3-ol (3q):
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(3R,4R)-4-(Benzhydryloxy)-3-(4-bromophenyl)hex-5-en-3-ol (3r):
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(3R,4R)-3-(Benzhydryloxy)-4-(4-bromophenyl)dec-1-en-4-ol (3s):
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(2R,3R)-3-(Benzhydryloxy)-2-(pyridin-2-yl)pent-4-en-2-ol (3u):
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(2S,3R)-3-(Benzhydryloxy)-2-(furan-2-yl)pent-4-en-2-ol (3v):
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(2S,3R)-3-(Benzhydryloxy)-2-(thiophen-2-yl)pent-4-en-2-ol (3w):
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(3R,4R, E)-4-(Benzhydryloxy)-1-(3-bromophenyl)-3-methylhexa-1,5-dien-3-ol (3x):
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(3R,4R, E)-4-(Benzhydryloxy)-1-(4-methoxyphenyl)-3-methylhexa-1,5-dien-3-ol (3y):
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(3R,4R, E)-4-(Benzhydryloxy)-1-(3-bromophenyl)-3-methylhexa-1,5-dien-3-ol (3z):
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(R)-1-(1-(Benzyloxy)allyl)cyclobutan-1-ol (3aa):
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(R)-1-(1-(Benzyloxy)allyl)cyclopentan-1-ol (3ab):
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(R)-1-(1-(Benzyloxy)allyl)cyclohexan-1-ol (3ac):
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(R)-1-(1-(Benzyloxy)allyl)cycloheptan-1-ol (3ad):
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(R)-1-(1-(Benzyloxy)allyl)cyclododecan-1-ol (3ae):
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(R)-1-((R)-1-(Benzhydryloxy)allyl)-1,2,3,4-tetrahydronaphthalen-1-ol (3af):
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(R)-1-((R)-1-(Benzhydryloxy)allyl)-7-methoxy-1,2,3,4-tetrahydronaphthalen-1-ol (3ag):
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(R)-1-((R)-1-(Benzhydryloxy)allyl)-5,8-dimethoxy-1,2,3,4-tetrahydronaphthalen-1-ol (3ah):
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(S)-2-((R)-1-Benzhydryloxy)allyl)-1,2,3,4-tetrahydronaphthalen-2-ol (3ai):
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(R)-1-((R)-1-(Benzhydryloxy)allyl)-5-chloro-2,3-dihydro-1H-inden-1-ol (3aj):
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(1s,4S)-1-((R)-1-(Benzhydryloxy)allyl)-4-methoxy-4-methylcyclohexan-1-ol (5a):

thnnnornoon :E:_r{_,:?E SR E_wﬁn\@ﬁﬁ
PhoHCO,,
Me OH
OMe

"H NMR (500 MHz, CDCl3)

—

@ .00
1.002
1.00~7

v oo
B.00-1

1343

4.5 4.0
f1 (ppm)

—B85.1

—795

128
723

w
=)
™
w

—48.8

-10

m M Z
Di[l 8.‘5 BI.EI 7.‘5 7.0 6‘.5 6.IEI 5‘
7T N
Ph,HCO,,, N
Me OH
OMe
3C NMR (101 MHz, CDCls)
|
] l
ZEIIEI lélil lélil 1I?IJ ll;IJ IEIEEI 1‘I1EI I;D

100

f1 (ppm)

5$-153

a0

80 70



(1s,4S)-1-((R)-1-(Benzhydryloxy)allyl)-4-ethyl-4-methoxycyclohexan-1-ol (5b):
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(1r,4S)-1-((R)-1-(Benzhydryloxy)allyl)-4-methoxy-4-propylcyclohexan-1-ol (5c):
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(1s,4S)-1-((R)-1-(Benzhydryloxy)allyl)-4-isopropyl-4-methoxycyclohexan-1-ol (5d):

95'0q
450
b5’ 0
oo
(4]
ZL0
ELD
ELD
S0
LTa)
b6 0
T
o H#
a0 ==
FoA
A

TE'T
EE'T
9E'T
4874

&1
wif
w1
1
1
s
151
LR
£51]
[Ehs
551
&1
&1
a5 1
0914

i

(6]

T a

/ 5 ©

N

< W

S ° 5

I =2

N O(
<

o / W

& Z

T

A

=009
F00'T

10T
Froe
00T
E10T
10T

=00'E

=00'T

00T

msco.ﬁ

=00'T

¥0'T
Wmﬁ.m

0.0

0.5

1.0

1.5

2.0

25

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

1 (ppm)

6ot

:Ev
B'bE

¥ mmM/l
m.@m/
S0E—
homkr

Iih—

TEi~
£~
LA
[

T

E'8er
1

s

EBEl=—

TTRE—
BEbI—"

.

Ph,HCO,,

OH

i-Pr

OMe
3C NMR (101 MHz, CDCl3)

g e nar

-10

190 180 170 160 150 140 130 120 110 100 a0 80 70 a0 50 40 30 20 10
f1 (ppm)

200

5-156



(1r,4R)-1-((R)-1-(Benzhydryloxy)allyl)-4-methyl-4-phenylcyclohexan-1-ol (5e):
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(1R,4s)-4-((R)-1-(Benzhydryloxy)allyl)-3',4'-dihydro-2'H-spiro[cyclohexane-1,1'-naphthalen]-4-ol (5f):
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(2R,3R)-2-Phenylpent-4-ene-2,3-diol (6):
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Methyl (4R,5R, E)-4,5-Dihydroxy-5-phenylhex-2-enoate (8):

ST—

8h'C~
85'C—

€Le—

1444
mI\W
%'y

L0°9
809
179
179

€89
98’9
(89
9/

9€'L-F
8E'L
8E'L
0b'L
0b'L
9L
9L
9L
8b'L
8b'L

OMe

OH
'H NMR (400 MHz, CDCls)

— HIO0T

— EI60

60
16'T

Roo'z

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)

9.0

9'€C—

LS —

L2~
9'5TI~
LT~
el

[ 224N
6'vpT "

L'99T —

OMe

OH
13C NMR (101 MHz, CDCl3)

Ay

-1(

190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

200

5-160



(R)-5-((R)-1-Hydroxy-1-phenylethyl)dihydrofuran-2(3H)-one (9):
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(2S,3R)-2-(Benzhydryloxy)-3-hydroxy-3-phenylbutanal (10):
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(2R,3R)-3-(Benzhydryloxy)-2-phenylhept-6-ene-2,4-diol (11):
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(R, E)-4-(2,2-Dimethyl-1,3-dioxan-4-yl)but-3-en-2-one (14):
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(3R,4R, E)-4-(Benzyloxy)-1-((R)-2,2-dimethyl-1,3-dioxan-4-yl)-3-methylhexa-1,5-dien-3-ol (15):

'
914
414
8T

881
8814
o' 14
1
W1

19
as
' 1
14
€97
[Z28 3
59'14
99 1
891

6E T
B £
05 £
[243
LLE
8ceq|
6Lyl
[74= b
03 £
19E
16 £
6'£
i £
56 £
£6'E
86'£
€ b

£E i
VEF
PE+
GE'
9E
9E -
£
605
60’5
605
605
£S5
€5
b's
PG

'S
'S
5 mw
sE5
W's
€95 m
195
895
695
0£5
1£5
(143
besd
bsd
(243
9£ 5]
95
arelg
12 ﬂ
ST
LS
914
[i¥s
[i¥s
(195
e
1764
i
£z 4
L
e
5744
el

——

—

——

"H NMR (400 MHz, CDCls)

JL “MMM

Feso

~00'T
H\avo,ﬁ
1woa

EEO'T

Fapr
0T
=207
0z
860

Q0'g
Q0'a

2.5 2.0 1.5 1.0

3.0

8.5 8.0 7.5 7.0 8.5 6.0 5.5 5.0 4.5 3.5
1 (ppm)

9.0

b or—

rpi—

e~
LIe—"

9 69—

Thé—

0og—
TH8—

5 B~

crn

£921 .,
geai\
sl
e

m.mu
,...mu%ﬁ
ETas
3&%
T'oEr

bl
st

3C NMR (101 MHz, CDCl5)

190 180 170 160 150 140 130 120 110 100 ag 80 70 60 50 40 30 20 10 0 -10
1 (ppm)

200

S$-165



10.

11.

12.
13.
14.

15.

16.

. References:

M. Xiang, D. E. Pfaffinger, E. Ortiz, Brito, G. A. and M. J. Krische, J. Am. Chem.
Soc., 2021, 143, 8849-8854.

|. Bernar, B. Fiser, D. Blanco-Ania, E. Gbmez-Bengoa and F. P. J. T. Rutjes, Org.
Lett., 2017, 19, 4211-4214.

R. Ocello, A. De Nisi, M. Jia, Q.-Q. Yang, M. Monari, P. Giacinto, A. Bottoni, G. P.
Miscione and M. Bandini, Chem. Eur. J., 2017, 21, 18445-18453.

Z.-W. Xu and S. Wang, Chem. Eur. J., 2023, 29, e202301883.

E. J. Corey, S. Barcza and G. Klotmann, J. Am. Chem. Soc., 1969, 91, 4782—-4786.
Y. Naganawa, M. Kawagishi, J.i. Ito and H. Nishiyama, Angew. Chem. Int. Ed., 2016,
55, 6873.

S. Pabbaraja, K. Satyanarayana, B. Ganganna and J. S. Yadav, A. J. Org. Chem.,
2011, 76, 1922-1925.

R. Chegondi, M. M. L. Tan, and P.R. Hanson, J. Org. Chem., 2011, 76, 3909-3916.
G. Wang, Y. Mao and L. Liu, Org. Lett., 2016, 18, 6476—6479.

A. Mames, S. Stecko, P. Mikotajczyk, M. Soluch, B. Furman and M. Chmielewski, J.
Org. Chem., 2010, 75, 7580-7587.

Bruker (2016). APEX3, SAINT and SADABS. Bruker AXS, Inc., Madison, Wisconsin,
USA.

G. M. Sheldrick, Acta Crystallogr., 2015, C71: 3-8.

C. B. Hubschle, G. M. Sheldrick and B. Dittrich, J. Appl. Cryst., 2010, 44, 1281-1284.
P. Muller, R. Herbst-Imer, A. L. Spek, T. R. Schneider and M. R. Sawaya, Crystal
Structure Refinement. A Crystallographer’s Guide to SHELXL. Muller, P. Ed. Oxford
University Press: Oxford, New York, pp. 2006, 57-91.

(a) F. Neese, Wiley Interdiscip. Rev. Comput. Mol. Sci., 2012, 2, 73-78. (b) F. Neese,
Software update: The ORCA program system—Version 5.0. WIREs Comput. Mol.
Sci., 2022, 12, e1606.

CYLview, 1.0b; Legault, C. Y. 2009. Université de Sherbrooke (http://www.cylview.org)

5-166


http://www.cylview.org/

17.

18.

19.

20.
21.

22.

23.
24.

25.

26.

(a) A. D. J. Becke, Chem. Phys., 1993, 98, 1372-1377. (b) A. D. Becke, J. Chem.
Phys., 1993, 98, 5648-5652.

(a) A. Schéfer, C. Huber and R. J. Ahlrichs, Chem. Phys., 1994, 100, 5829-5835. (b)
A. Schéfer, H. Horn, and R. J. Ahlrichs, Chem. Phys., 1992, 97, 2571-2577.

A. V. Marenich, C. J. Cramer and D. G. Truhlar, J. Phys. Chem. B. 2009, 113, 6378-
6396.

S. Grimme, J. Antony, S. Ehrlich and H. Krieg, J. Chem. Phys., 2010, 132, 154104.
L. Falive.ne, Z. Cao, A. Petta, L. Serra, A. Poater, R. Oliva, V. Scarano and L. Cavallo,
Nat. Chem., 2019, 11, 872-879.

A. Poater, B. Cosenza, A. Correa, S. Giudice, F. Ragone, V. Scarano and L. Cavallo,
Eur. J. Inorg. Chem., 2009, 13, 1759-1766.

T. Lu and F. J. Chen, Comput. Chem., 2012, 33, 580-592.

L. Falive, R. Credendino, A. Poater, A. Petta, L. Serra, R. Olivia, V. Scarano and L.
Cavallo, Organometallics. 2016, 35, 2286-2293.

C. D. Giovanni, A. Poater, J. B. Buchholz, L. Cavallo, M. Sola and A. Llobet, Chem.
Eur. J. 2014, 20, 3898 — 3902.

A. Lattanzi, C. D. Fusco, A. Russo, A. Poater and L. Cavallo, Chem. Commun. 2012,
48, 1650.

S$-167



