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Supplementary Figure 1. 'H and “C NMR spectrum for 3a.
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Supplementary Figure 2. '"H and C NMR spectrum for 3b.
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Supplementary Figure 3. "H and C NMR spectrum for 3c.
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Supplementary Figure 4. '"H and >C NMR spectrum for 3ca.
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Supplementary Figure 5. 'H and ®C NMR spectrum for 3cb.
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Supplementary Figure 6. "H and >C NMR spectrum for 3cc.
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Supplementary Figure 7. "H and C NMR spectrum for 3cd.
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Supplementary Figure 8. ' F NMR spectrum for 3cd.
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Supplementary Figure 9. '"H and >C NMR spectrum for 3ce.



2|se|‘92
243
I
&

L

h

My

i

PPM

1 o

-

-

ISLEEL ——;
E;n.l\\\l
0LLBEL

Lz 0Pl \

n.m-_.—
EIvi /

\l
LOGE0Z \

L0z —/

0
g

PPM

Supplementary Figure 10. 'H and “C NMR spectrum for 3e.
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Supplementary Figure 11. 'H and “C NMR spectrum for 3f
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Supplementary Figure 12. 'H and "C NMR spectrum for 3g.
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Supplementary Figure 13. 'H and ®C NMR spectrum for 3h.
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Supplementary Figure 14. 'H and “C NMR spectrum for 3i.
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Supplementary Figure 15. "H and *C NMR spectrum for 3
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Acq. Operator : (D
sample Operator : (i
Acq. Instrument : SFC Location : Vial 12
Injection Date : 1/15/2015 3:09:26 PM
Inj Volume : 5.000 pl

Acq. Method : C:\CHEM32\1\METHODS\AGILENT_SFC6.M
Last changed : 1/15/2015 2:03:31 PM by (D

(modified after loading)
Analysis Method : C:\CHEM32\1\METHODS\AGILENT_SFC6.M
Last changed : 1/16/2015 9:17:39 AM by (D

(modified after loading)
Additional Info : Peak(s) manually integrated

DAD1A, Sig=214,16 Ref=360,100 (2014-41445.D)
Norm. |
1200
1000
800 - o
4 (=]
- 3 I~
] c 2
600 - f o
400 '. '.
] t I
200 | |
0 R
1 l\\ll . I B N -
-200 T T T | P T T
2 4 5] 8 10 12
Area Percent Report
Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000
Do not use Multiplier & Dilution Factor with ISTDs
Signal 1: DAD1 A, Sig=214,16 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] %

1 8.1e2 BB ©.1530 5398.75391 533.79285 49.9239
2 9.047 BB 0.1726 5415.20703 480.24991 50.0761

Totals : 1.08140e4 1014.04276

Supplementary Figure 16. HPLC spectrum for (rac)-3j.
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Acq. Operator : (I

sample Operator : (D
Acq. Instrument : SFC Location : Vvial 14

Injection Date : 1/15/2015 2:48:31 PM
Inj Volume : 5.000 pl
Acq. Method : C:\CHEM32\1\METHODS\AGILENT_SFC6.M
Last changed : 1/15/2015 2:03:31 PM by (D
(modified after loading)
Analysis Method : C:\CHEM32\1\METHODS\AGILENT_SFC6.M
Last changed 1 1/16/2015 9:16:28 AM by (D
(modified after loading)
Additional Info : Peak(s) manually integrated

DAD1 A, Sig=214,16 Ref=360,100 (2014-41444 D)

3

(=]

P
- 8.085

o
1
19.040

Sorted By 4 Signal
Multiplier ; 1.0000
Dilution : 1.0000
Do not use Multiplier & Dilution Factor with ISTDs

Signal 1: DAD1 A, Sig=214,16 Ref=360,100
Peak RetTime Type Width Area Height Area

#  [min] [min] [mAU*s] [mAU] %
] s |-mmemeee |-mmmmeee |-mmneee |

1 8.085 EB ©.155@ 7258.21777 711.75519 97.9040
2 9.040 EB ©.1686 155.38846 14.21236 2.0960

Totals : 7413.60623 725.96755

Supplementary Figure 17. HPLC spectrum for (3R, 4S5, 55)-3j.
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Supplementary Figure 18. '"H and °C NMR spectrum for 3k.
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Supplementary Figure 19. "H and *C NMR spectrum for 31.
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Acq. operator : (D

sample Operator : (i

Acq. Instrument : SFC Location : Vial 12
Injection Date : 1/23/2015 9:50:50 AM

Inj Volume : 5.0€0 ul

Acq. Method : C:\CHEM32\1\METHODS\AGILENT SFC6.M
Last changed : 1/23/2015 9:27:42 AM by (I

(modified after loading)

Analysis Method : C:\CHEM32\1\METHODS\AGILENT SFC6.M
Last changed : 1/23/2015 3:36:50 PM by (I

(modified after loading)

Additional Info : Peak(s) manually integrated

DAD1 A, Sig=214,16 Ref=360,100 (2014-41467.D)
Morm. E
1750
: o =
1500 -
] Ph ﬁ
1 _z Si('Pr)a
1250 ] Ph =
1000
750
| 8
500 -
- | 3
250 E . o
0 '
] I T — T - = T = II —- T —
0 1 2 3 4 5 8 7
Area Percent Report
Sorted By 3 Signal
Multiplier : 1.0000
Dilution 1.0000

Do not use Multiplier & Dilution Factor with ISTDs

Signal 1: DAD1 A, Sig=214,16 Ref=360,1020
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 4.480 VB ©.0891 1389.57458 234.58810 45.8166
2 5.688 BV 0.1756 1399.80823 124.09475 50.1834

Totals :

2789.38281 358.68285

Supplementary Figure 20. HPLC spectrum for (rac)-3l.
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Acq. Operator

Sample Operator :

Acq. Instrument : SFC Location : vial 17
Injection Date : 1/23/2015 10:24:55 AM
Inj Volume : 5.000 pul
Acq. Method ¢ C:\CHEM32\1\METHODS\AGILENT_SFC6.M
Last changed : 1/23/2015 9:27:42 AM by (D
(modified after loading)
Analysis Method : C:\CHEM32\1\METHODS)\AGILENT_SFC6.M
Last changed : 1/23/2015 3:42:54 PM by (D
(modified after loading)
Additional Info : Peak(s) manually integrated
DAD1A, Sig=214,16 Ref=360,100 (2014-41469.D)
Norm. ] (o] -
1200 5
] PN N
1000 Si('Pr);
1 Ph7 N
800
600
400 8
] v
200 i
0- ) ' 3
| [Te]
1 N L T I.-'—‘
-200 T T T 1
0 2 4 6 8 mir
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution 1.0000

Do not use Multiplier & Dilution Factor with ISTDs

Signal 1: DAD1 A, Sig=214,16 Ref=360,100

Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] %
e R et |ooeeeness |-emeeeenes |-oeeeees |
1 4.586 VB 0.1024 1011.38470 154.49608 95.3492
2 5.804 BB 8.1614  49.33219 4.48283  4.6508
Totals 1060.71689 158.97891

Supplementary Figure 21. HPLC spectrum for (3R,4S,55)-3l.
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Supplementary Figure 22. 'H and ®C NMR spectrum for 3m.
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Supplementary Figure 23. 'H and 13’C NMR spectrum for 3n.
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Supplementary Figure 24. 'H and “C NMR spectrum for 3o.
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Supplementary Figure 25. 'H and “C NMR spectrum for 3p.
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Supplementary Figure 26. '’F NMR spectrum for 3p.
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Supplementary Figure 27. "H and °C NMR spectrum for 3q.
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Supplementary Figure 28. 'H and *C NMR spectrum for 3r.

28



=z
g\/ Si(Pria
E

Supplementary Figure 29. "°F spectrum for 3r.
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Supplementary Figure 30. '"H and *C NMR spectrum for 3s.
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Supplementary Figure 31. '"H and *C NMR spectrum for 3t.
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Supplementary Figure 36. "H and >C NMR spectrum for 3y.
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Supplementary Figure 37. '"H and *C NMR spectrum for 7.
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Supplementary Figure 38. 1H and 13C NMR spectrum for 8.
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Acquired by
Sample Name
method

Injection Volume
Data File Name
Method File Name
Report File Name
Data Acquired
Data Processed

Shimadzu LCsolution Analysis Report ====

C:\LabSolutions\Data\Project1\Project1\BDC\26\bdc-24-25--rac.led
- Admin
: bdc-24-25--rac
:AD-H, 95/5,1.0, 214
:1uL
: bde-24-25--rac.lcd
1 123.Icm
. Default.lcr
1 2015-4-23 11:57:20
1 2015-4-23 12:05:48

<Chromatogram>
C:\LabSolutions\Data\Project1\Project1\BDC\26\bdc-24-25--rac.lcd
mV
_ e Det.ACh1
|2 3
500 I ©
] | f
1| |
4 || | I.
- | | I. I
| |
/ 1 I
250 [ [
1 ' [
|
|
T | | | ',
o | : | :
- | I:I III !'!
0 S - Mo 1(’ L _
N B S B B e o e e o D B A ey e A e e e e e e S
0 1 2 3 4 5 6 T 8
min
1 Det.ACh1/214nm
PeakTable
Detector A Chl 214nm
Peak# Ret. Time Area Height Area %o
1 5.575 4009603 548039 49.897
2 6.508 4026098 478011 50.103
Total 8035702 1026050 100.000

Supplementary Figure 40. HPLC spectrum for rac-1j.
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Acquired by
Sample Name
method
Injection Volume
Data File Name

Method File Name
Report File Name

Data Acquired
Data Processed

Shimadzu LCsolution Analysis Report ====

C:\LabSolutions\Data\Project1\Project1\BDC\26\bdc-24-25-- lcd

- Admin

: bdc-24-25--

:AD-H, 95/5,1.0, 214
1 4ul

. bdc-24-25-- lcd
:123.lcm

- Default ler

1 2015-4-23 11:46:59
1 2015-4-23 11:56:15

C

<Chromatogram>
C:\LabSolutions\Data\Project1\Project1\BDC\26\bdc-24-25-- lcd
mV
| ’é Det.A Ch1
I uy
1 I
I
500+ (|
1 |
4 |
|
] |1
250~ [
- [
4 |
1 .' | -
1 [\ 2
|\ ©
01— ~ R
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 T T | T
0 1 2 3 4 6 7 8 9
min
1 Det.ACh1/214nm
PeakTable
Detector A Chl 214nm
Peak# Ret. Time Area Height Area %
1 5.564 4910943 663860 97.975
2 6.500 101480 12610 2.025
Total 5012423 676470 100.000

Supplementary Figure 41. HPLC spectrum for (S)-1j.
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Acq. Operator : (I
sample Operator : ([
Acg. Instrument : SFC Location : vial 74
Injection Date : 4/24/2015 3:58:09 PM
Inj Volume : 5.000 pl

Acq. Method : C:\CHEM32\1\METHODS\AGILENT_SFC6.M
Last changed : 4/24/2015 3:10:21 PH by (D
(modified after loading) o =
Analysis Method : C:\CHEM32\1\METHODS\AGILENT_SFC6.M :
= Ph =
Last changed : 4/27/2015 9:57:16 AM by (I 3 ol
(modified after loading) i(Pr)s

Additional Info : Peak(s) manually integrated

DAD1 A, Sig=230,16 Ref=360,100 (2014-41798.D)
Norm. |
800
600 -
| (]
o™
400 s i
200 |
| . .|
0 \
-"' el — e, -
T T T T T T T —]
0 2 4 6 8 10 min
Area Percent Report
Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000
Do not use Multiplier & Dilution Factor with ISTDs
Signal 1: DAD1 A, Sig=230,16 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

cemefemnnee- P P |- |--nnenneee |-wnnmnen |

1 6.943 BV 0.2601 4276.85596 266.66382 49.9585
2 7.522 VB ©.2809 4283.96484 247.54297 50.0415

Totals : 8560.82080 514.20679

Supplementary Figure 43. HPLC spectrum for rac-11.
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Acq. Operator

sample Operator : (D
Acq. Instrument : SFC Location : Vial 75
Injection Date : 4/24/2015 3:33:85 PM

Inj Volume : 5.000 ul
Acq. Method : C:\CHEM32\1\METHODS\AGILENT_SFC6.M
Last changed : 4/24/2015 3:10:21 PM by (I o

Analysis Method :

(modified after loading)
C:\CHEM32\1\METHODS\AGILENT_SFC6.M

Ph’JL\“/ﬁ\XQS;\

si(P
Last changed : 4/27/2015 9:58:43 AM by (D i(Pr)a
(modified after loading)
Additional Info : Peak(s) manually integrated
DAD1 A, Sig=230,16 Ref=360,100 (2014-41797.D)
Norm. 1
1750 -
1500
1250
1000 - §
] rd
750 |
500 - |
250 |
1 =
0 [ 13
] \ o~
] A
=0 T | | T T T o
0 2 4 8 8 10 12 14 min
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution 1.0000

Do not use Multiplier

& Dilution Factor with ISTDs

Signal 1: DAD1 A, Sig=230,16 Ref=360,100

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
Sl EE e Ee |-oeeeeees |=eemeeee |<ooeeee |
1 6.866 8V 0.2637 1.16703e4  714.10529 95.0300
2 7.539 VB 9.2943 610.35144  32.32950 4.9700@
Totals : 1.22806e4  746.43479

Supplementary Figure 44. HPLC spectrum for (S)-11.
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Supplementary Figure 45. 'H and “C NMR spectrum for 9.




Acq. Operator

sample Operator : (I
Acq. Instrument : SFC Location : Vvial 11
Injection Date : 1/23/2015 9:37:48 AM
Inj Volume : 5.000 pl
Acq. Method : C:\CHEM32\1\METHODS\AGILENT_SFC6.M
Last changed  : 1/23/2015 9:27:42 AM by ()
(modified after loading)
Analysis Method : C:\CHEM32\1\METHODS\AGILENT_SFC6.M
Last changed : 1/23/2015 3:35:00 PM by (H
(modified after loading)
Additional Info : Peak(s) manually integrated
DAD1 A, Sig=214,16 Ref=360,100 (2014-41466.D)
Norm. -
1?50—2
1500
1250%
1000
?50? 2
©
500 * 8
1 it @
250 I"
0 |
T ’_I - T I_‘_ T T -
0 2 4 6 8 miny
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution 1.0000

Do not use Multiplier & Dilution Factor with ISTDs

Signal 1: DAD1 A, Sig=214,16 Ref=360,100

Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] %
e ] P |-nmmmnnee |-nemmmeeee |-nmmmeee |
1 6.668 BB 9.1222 2539.32983 324.84845 49.7984
2 8.536 BB ©.1673 2559.88770 238.39680 50.2016
Totals 5099.21753 563.24525

Supplementary Figure 46. HPLC spectrum for rac-9.
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Acq. Operator

sample Operator : ()
Acq. Instrument : SFC Location : Vvial 16
Injection Date : 1/23/2015 10:03:10 AM
Inj Volume : 5.0800 pl
Acq. Method ¢ C:\CHEM32\1\METHODS\AGILENT_SFC6.M
Last changed : 1/23/2015 9:27:42 AM by (I
(modified after loading)
Analysis Method : C:\CHEM32\1\METHODS\AGILENT_SFC6.M
Last changed : 1/23/2015 3:39:51 PM by (N
(modified after loading)
Additional Info : Peak(s) manually integrated
DAD1 A, Sig=214,16 Ref=360,100 (2014-41468.D)
Norm. _
1200
1090—;
800
600
] S
400 =
200 [
1 |
0] B '
- ? .
-200 : T T T T T
0 2 4 6 8 10 m
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution 1.0000

Do not use Multiplier & Dilution Factor with ISTDs

Signal 1: DAD1 A, Sig=214,16 Ref=360,100

Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] %
Sl LR e P O R |-=eeee |
1 6.798 BB 9.1194 1208.47047 15.54183 5.2092
2 8.692 BB 0.1678 2192.16797 204.92938 94,7908
Totals : 2312.63844 2208.47121

Supplementary Figure 47. HPLC spectrum for 9.
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Supplementary Figure 48. 'H and “C NMR spectrum for 10.
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BDC-25-52-rac-2D

Sanple Name:
BDC-25-52-rac-1D
Data Collected om:
OMC-NMRE00 - vamraf00
Archive directory:
/home fome/vemzeys/data
Bample dirsctory:
BDC-25.52-rac-2D_20150413_01
PidPile: NOESY 01

Pulse Sequence: HOESY
Selvent: edelld
Data collected on: Apr 13 2015

Temp. 25.0 C / 298.1 K B
Operator: ome

Relax. delay 1.500 sec

Aeq. time 0.209 sec

Width 7352.9 Hz

2D Wideh 7352.9 Hx

§ repetitions

2 = 128 incremsnts

OBSERVE Hl, 599.7754542 wm:z
DATA PROCESSING

Line brosdening 3.0 Hz
Gauss apodization 0.04€ sec
Pl DATA PROCESSING

Gauss apodization 0.012 sec
PT size 4096 x 4096

Total time 1 hr, 17 min

[

L

h“l.

JJULL L

[ L |

8 7 6 5 4 3 2 1 0
Pl (ppm)

Supplementary Figure 49. NOESY spectrum for 10.

BDC-15-52-rac-2D

Sample Hame:
BDC-25-52-rac-20

Data Collected on:
OMC-EMRE00 -vomre b 00 (o]

Archive directory: §
Shome/ome fvnarsys/data Ph

Bazple directory: |
BDC-25-52-rac-20_20150413 81 P A

FidPile: gCOSY 01

Pulee Sequence: gCOSY
Solvent: edell
Data collected on: Apr 13 201§

Temp. 25.0 € / 298.1 K
Operator: ome

Relax. delay 1.000 wec
Acg. time 0.209 mec
Width 7351.9 H=

2D wideh 7352.9 Hs

2 repetitions

128 increments

OBSERVE H1. 599.7754542 MHz
DATA PROCESSING

8q. sine ball 0.080 sec
Pl DATA PROCESSING

$q. mine bell 0.017 mec
FT size 4096 x 4056
Total time 5 min 11 sec

I

Ll

|ill|||-

__J.LLLLL B U T I O 1

v

o .

8 7 6 5 4 3 2 1 0

Supplementary Figure 50. gCOSY spectrum for 10.
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Acq. Operator

sample Operator : (I
Acqg. Instrument : SFC Location : Vial 53
Injection Date : 4/16/2015 4:06:46 PM
Inj Volume : 5.000 ul
Acq. Method : C:\CHEM32\1\METHODS\AGILENT_SFC6.M
Last changed . 4/16/2015 3:44:43 PM by (D
(modified after loading)
Analysis Method : C:\CHEM32\1\METHODS\AGILENT_SFC6.M
Last changed : 4/16/2015 4:20:22 PM by (D
(modified after loading)
Additional Info : Peak(s) manually intg;rated
DAD1 A, Sig=230,16 Ref=360,100 (2014-41751.D)
Norm. |
1200—_
1000
800
L]
600: 3 §
- 1 o
400 f 7
200 ' I
] [ ||
0{ ' |
il A ) O i, 1
-200 | | | | I
0 2 4 [ 8 10 12 min
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution 1.0000

Do not use Multiplier & Dilution Factor with ISTDs

Signal 1: DAD1 A, Sig=230,16 Ref=360,100

Peak RetTime Type Width Area Height Area
i [min] [min] [mAU*s ] [mAU] %
o |--ee e |-nemmeeee |--mmmeeee |--eneee [
1 8.813 BV ©.1608 3785.69312 365.49261 49.8242
2 10.486 VB ©.1939 3812.40625 304.91330 50.1758
Totals : 7598.09937 670.48591

Supplementary Figure 51. HPLC spectrum for rac-10.
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Acq. Operator : (D

sample Operator : (i

Acq. Instrument : SFC Location : Vial 81
Injection Date : 4/16/2015 3:50:10 PM

Inj Volume : 5.800 pl

Acq. Method : C:\CHEM32\1\METHODS\AGILENT_SFC6.M
Last changed : 4/16/2015 3:44:43 PM by (D

(modified after loading)
Analysis Method : C:\CHEM32\1\METHODS\AGILENT_SFC6.M
Last changed : 4/16/2015 4:16:03 PM by (I

(modified after loading)
Additional Info : Peak(s) manually integrated

DAD1 A, Sig=230,16 Ref=360,100 (2014-41750.D)
Norm.
700
600
500
400 3
1 =
1 e
300 5
] il
200 |
] | |
100 [
i o |
1 2 |
0 | | \ ©
] —hl A A Y
-100 ’
71 T T [ T T T [ T T '| -T T T |' T T T T —
0 2 4 6 8 10 12 mir|
Area Percent Report
Sorted By : Signal
Multiplier 1 1.0000
Dilution : 1.0000

Do not use Multiplier & Dilution Factor with ISTDs

Signal 1: DAD1 A, Sig=230,16 Ref=360,100

Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] %
] R O |-nmmeenee |-nnmemmeee |--mmeee- !
1 8.832 BB ©.1601 153.88518 15.07950  5.0652
2 10.494 VB ©.1929 2884.20679 232.18825 94.9348

Totals : 3038.09196 247.26775

Supplementary Figure 52. HPLC spectrum for 10.
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Supplementary Figure 53. "H NMR spectrum for (S)-(Z)-5.
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Acquired by
Sample Name
method
Injection Volume
Data File Name

Method File Name
Report File Name

Data Acquired
Data Processed

Shimadzu LCsolution Analysis Report

C:\LabSolutions\Data\Project1\Project1\BDC\26\bdc-23-26-23s-RAC-.led
- Admin

. bdc-23-26-23s-RAC-

-0J-H, 95/5,0.7, 214

1uL

: bdc-23-26-23s-RAC-.Ied

:123.lem

: Default.ler

1 2015-4-23 12:48:41

1 2015-4-23 13:00:59

<Chromatogram>

C:\LabSolutions\Data\Project1\Project1\BDC\26\bdc-23-26-23s-RAC-.Icd

mV
aia DetA Chi
i OBOC?
150 =
il Ph
100 3
b : ~
] 3
] I _m'
50 ( N\
J I |
0 ~__ e S fll 3 \
; - | : o — . : - — — — - :
0.0 25 50 7.5 10.0
min
1 DetACh1/214nm
PeakTable
Detector A Chl 214nm
Peak# Ret. Time Area Height Area %
1 7.594 819833 83681 49.144
2 9.031 848387 57004 50.856
Total 1668220 140685 [00.000

Supplementary Figure 54. HPLC spectrum for rac-5.
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==== Shimadzu LCsolution Analysis Report ====

C:\LabSolutions\Data\Project1\Project1\BDC\26\bdc-23-26-23s-.lcd

Acquired by : Admin

Sample Name : bdc-23-26-23s-
method :0J-H, 95/5,0.7, 214
Injection Volume 1uL

Data File Name : bdc-23-26-23s-.Icd
Method File Name :123.lem

Report File Name : Default.ler

Data Acquired 1 2015-4-23 13:02:.03
Data Processed 12015-4-23 13:18:21
<Chromatogram>

C:\LabSolutions\Data\Project1\Project1\BDC\26\bdc-23-26-23s-.lcd

mV
1 © Det A Ch1
T =
- llm
1500+ I
J I
_ [l OBocD
1000 ', PR NF
I [
J |
500+ |
d - |
1 0 |
o — __I,._T f-'_\,}ﬁ - S
-—Y 7T T[T T
0.0 25 50 75 10.0 125 15.0
min
1 DetACh1/214nm
PeakTable
Detector A Chl 214nm
Peak# Ret. Time Area Height Area %
1 7.584 98562 10977 0.344
2 8.896 28532434 1721455 99 636
Total 28630996 1732432 100.000

Supplementary Figure 55. HPLC spectrum for (5)-(2)-5.
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Supplementary Figure 56. 'H and “C NMR spectrum for (R,R)-(E)-3a.
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==== Shimadzu LCsolution Analysis Report ====

D:LabSolutions\Data\bdc\26\bdc-26-99d-rac.lcd

Acquired by : Admin
Sample Name . bdc-26-99d-rac
method :0j-H,90/10,0.7,214
Injection Volume : 1500 uL )]
Data File Name : bde-26-99d-rac.lcd Ph .,
Method File Name 11234 .lcm
Report File Name : Default.lcr Ph =
Data Acquired : 2014-6-8 20:28:52
Data Processed 1 2014-6-8 21:17:48
<Chromatogram>
D:\LabSolutions\Data\bdc\26\bdc-26-99d-rac.lcd
mV
] e Det.A Ch1
1 I:I:lg é
300 M =]
] |
: |I I' :I
200 || |
i | |
] ' i
100+ [ :
) | I I\
1 .I \ I -'.: \
s N S VD S VI 0 N _
. . : : . : : . : . . . : : . : : - :
10.0 125 15.0 17.5
min
1 DetA Ch1/214nm
PeakTable
Detector A Chl 214nm
Peak# Ret. Time Area Height Area %
1 9.013 5056260 340225 49.508
2 10.054 5156726 283013 50.492
Tota 10212986 523238 100.000

Supplementary Figure 58. HPLC spectrum for rac-3a.
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Acquired by
Sample Name
method

Injection Volume
Data File Name
Method File Name
Report File Name
Data Acquired
Data Processed

Shimadzu LCsolution Analysis Report ====

D:\LabSolutions\Data\bdc\26\bdc-26-99d-1-hple.led

- Admin

: bdc-26-99d-1

:0j-H,90/10,0.7,214

11500 uL lo)
- bdc-26-99d-1-hplc.lcd )L

11234 Icm e,
: Default.ler Ph
1 2014-6-8 19:35:36 Ph == 0

:2014-6-8 19:57:59

<Chromatogram>
D:\LabSolutions\Data\bdc\26\bdc-26-99d-1-hplc.led
mV
150 8 DetA Chi
| &
] |
100+ '
p |
4 [ |
50~ :
] |I !'. @
1 [ &
b | I".\ ‘c—’-,
0_ - Tx_ - Y__...x S . S -
T T T | T T T T T T T | T T T | T T T
10.0 125 15.0 17.5 20.0
min
1 Det. A Ch1/214nm
PeakTable
Detector A Chl 214nm
Peaks# Ret. Time Area Height Area %
1 9.095 2113957 150329 99.119
2 10.228 18786 1308 0.881
Total 2132743 151637 100.000

Supplementary Figure 59. HPLC spectrum for (R,R)-(E)-3a.
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==== Shimadzu LCsolution Analysis Report ====

Acquired by
Sample Name
method

Injection Volume
Data File Name
Method File Name
Report File Name
Data Acquired
Data Processed

D:\LabSolutions\Data'bdc\26\bdc-26-99d-2-hplc.led

- Admin

. bdc-26-99d-2-hplc
:0j-H,90/10,0.7,214

- 1500 uL

- bdc-26-99d-2-hplc.led
: 1234 .lcm

. Default.ler

. 2014-6-8 20:00:38

. 2014-6-8 20:25:50

Ph

Ph""
(3,8)-(2)-3a

<Chromatogram>
D:\LabSolutions\Data\bdc\26\bdc-26-99d-2-hplc.lcd
mV
i 2 Det.A Ch1
- : 'I‘c_
50 [ |
25+ [ |
‘ 5 | |
L — N S -
L3 T T [ T T T T '| T T T [ T T T T T T
10.0 12.5 15.0 17.5 200
min
1 DetA Ch1/214nm
PeakTable
Detector A Chl 214nm
Peak# Ret. Time Area Height Area %
1 9.157 13722 1192 1.206
2 10.176 1124023 67464 98.794
Total 1137745 68636 100.000

Supplementary Figure 60. HPLC spectrum for (S8,5)-(£)-3a.
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Supplementary Figure 61. "H and *C NMR spectrum for (3R,4S,55)-(E)-31.
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Acq. Operator

Sample Operator :

Acq. Instrument
Injection Date

Acq. Method
Last changed

Analysis Method :
: 4/28/2015 2:28:48 PM by (D

Last changed

Additional Info :

: C:\CHEM32\1\METHODS\AGILENT_SFC6.M
: 4/24/2015 10:37:15 AM by (D

L]
: SFC Location : vial 72
1 4/24/2015 11:11:14 AM
Inj Volume : 5.000 pl

(modified after loading)
C:\CHEM32\1\METHODS\AGILENT_SFC6.M

(modified after loading)
Peak(s) manually integrated

DAD1 A, Sig=230,16 Ref=360,100 (2014-41789.D)
Norm.
700
500—2
soo—f
] 2
400 ©
] N
300 |
] -I| 8
200 I S
100 ([ '
] | 1 \
0- A \ :
E N o - J S L L SE—— N\ S
-100 4 N
-200 | | |
0 2 4 5] 8 min
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution 1.0000
Do not use Multiplier & Dilution Factor with ISTDs
Signal 1: DAD1 A, Sig=230,16 Ref=360,100
Peak RetTime Type MWidth Area Height Area
# [min] [min] [mAU*s] [mAU] %
e R P |<mmmeeeee |-mmmmeee |<eeneee [
1 4.659 VB 0.0956 1697.59399 269.25052 560.0299
2 5.809 BB 0.1750 1695.56311 151.01114 49.9701
Totals : 3393.15710 420.26166

Supplementary Figure 62. HPLC spectrum for rac-(E)-31.
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Acq. Operator : (D
Sample Operator : (i
Acq. Instrument : SFC Location : Vial 73
Injection Date : 4/24/2015 18:57:13 AM
Inj Volume : 5.000 pl

Acq. Method : C:\CHEM32\1\METHODS\AGILENT_SFC6.M
Last changed . 4/24/2015 10:37:15 AM by (D

(modified after loading)
Analysis Method : C:\CHEM32\1\METHODS\AGILENT_SFC6.M
Last changed : 4/28/2015 2:30:48 PM by (D

(modified after loading)
Additional Info : Peak(s) manually integrated

DAD1 A, Sig=230,16 Ref=360,100 (2014-41788.D)

Norm. -

700
600 -

500

== 4.633

400
300
200-]
100

0

15.793

-100 -

Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000
Do not use Multiplier & Dilution Factor with ISTDs

Signal 1: DAD1 A, Sig=230,16 Ref=360,100
Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s] [mAU] %
] R R |-==nmmee |-=mmeeee |-===nn |

1 4.633 VB 0.0994 2226.16846 344.66232 96.13089
2 5.793 BB 0.1727  89.59998 8.05881 3.8691

Totals : 2315.76843 352.72113

Supplementary Figure 63. HPLC spectrum for (3R,4S,55)-(E)-3l.
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Supplementary Figure 64. 'H and "C NMR spectrum for 12.
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Supplementary Figure 65. NOESY spectrum for 12.
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Supplementary Figure 66. gCOSY spectrum for 12.
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Ph
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\
Pd=—NHC

Supplementary Figure 67. The proposed process of reaction of 1b with 2a in the presence of
base, Pd and ligand, leading to the branched product.

th th
(0]

LIHMDS A H, JeN _SiMes
Ph)}\/\ — L L MesSi—N-=Li_  Li<—NZSiMe;
o o Me3Si o H

Z-type enolate dimer Amore plausible structure with two amine ligands

Supplementary Figure 68. Proposed dimer structure of the lithium enolated, generated from 1b
by LiIHMDS.
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T 1
ph ph T
allyl-Pd complex allyl-Pd complex-2
0.0 9.6
(b) NHC NHC NHC
N ¥ N /NHC N/ N/
Ph/\/ Ph/\/ Ph/\/ Ph/\/
OLi OLi OLi OLi
Ph)\/\ Ph A Ph Ph X
TS-outer-linear TS-outer-branched TS-outer-linear-2 TS-outer-branched-2
33.9 41.3 41.6 42.3

NHC NHC (0] O NHC NHC O
N ¥ N/ N e N/
Pd Pd P Pd
Ph/\'// Ph/\\'/ Ph/v pn N
IM1 IM2 IM1-etal IM2-stal
5.2 11 0.6 1.1

Supplementary Figure 69. Calculated relative free energies (in kcal/mol) of (a) Two
configurations of the allyl-Pd complex; (b) four transition states of the outer-sphere pathways
(linear and branched for each of allyl-Pd complex-1 and allyl-Pd complex-2); (c) four n'-allyl-

Pd complex intermediates in the inner-sphere pathways.
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Supplementary Figure 70. Conformations of cycloheptane.
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Supplementary Figure 71. Construction of transition state structures (TS-inner-branched) for
substrate 1b from cycloheptane. The number at the bottom of each transition state structure

show its energy (AGy,; in kcal/mol) relative to TS?2.
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substrate 1b

TS2a-Me TS4a-Me
2.0

\Me
S

H

substrate 1¢

TS4b-Me
optimization leads to TS4a-Me

TS2c-Me
5.0

Supplementary Figure 72. Calculated energies of transition state structures for 1b and Ic. The

number at the bottom of each transition state structure show its energy AGs, (in kcal/mol).
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TS4a-Ph
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TS2b-Ph - TS4b-Ph
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Supplementary Figure 73. Calculated energies of transition state structures for 1k. The number

at the bottom of each transition state structure show its energy (AGy,; in kcal/mol)
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Supplementary Tables

Supplementary Table 1. ORTEP Diagram of 3c.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [[>2sigma(])]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

3c

C21 H240
292.40
293(2) K
0.71073 A
Orthorhombic
Pbca
a=7.3682(5) A o=90°.
b=11.4357(8) A B=90°.
c=41.662(3) A v =90°.
3510.5(4) A3

8

1.106 Mg/m?

0.066 mm'!

1264

0.188 x 0.145 x 0.113 mm?

1.955 to 25.498°.

-8<=h<=7, -13<=k<=13, -42<=]<=50
19148

3262 [R(int) = 0.0729]

100.0 %

Semi-empirical from equivalents
0.7457 and 0.6260

Full-matrix least-squares on F2

3262 /28/223

1.021

R1=0.0633, wR2 =0.1666
R1=0.1250, wR2 = 0.1965

n/a

0.170 and -0.175 e.A3
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Supplementary Table 2. ORTEP Diagram of 3f.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

V4

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [[>2sigma(])]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

3f
C25 H24 0
340.44
293(2) K
0.71073 A

Triclinic
P-1
a=8.0107(13) A o= 90.066(4)°.
b=11.3987(18) A B=97.728(4)°.
c=21.6713) A y=91.878(4)°.
1959.8(5) A3

4

1.154 Mg/m3

0.068 mm'!

728

0.211 x 0.156 x 0.121 mm?

1.897 to 25.050°.

-9<=h<=9, -13<=k<=13, -23<=I<=25

11038

6946 [R(int) = 0.0389]

97.9 %

5, c38

Semi-empirical from equivalents
0.7457 and 0.5494

Full-matrix least-squares on F2
6946 /62 / 502

1.039

R1=0.0838, wR2 =0.2398
R1=0.1705, wR2 = 0.2985

n/a

0.666 and -0.428 e.A3
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Supplementary Table 3. ORTEP Diagram of 7.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(I)]
R indices (all data)

Absolute structure parameter

Largest diff. peak and hole

7

C28 H32 02
400.53
293(2) K
0.71073 A
Orthorhombic
P212121
a=6.6085(6) A o=90°.
b=10.5975(10) A B=90°.
c=31.7713) A v =90°.
2225.0(4) A3

4

1.196 Mg/m?

0.073 mm’!

864

0.211 x 0.165 x 0.123 mm?

2.026 to 25.999°.

-8<=h<=8, -13<=k<=12, -39<=I<=34
13581

4357 [R(int) = 0.0372]

100.0 %

Semi-empirical from equivalents
0.7457 and 0.6397

Full-matrix least-squares on F2
4357/0/274

0.991

R1=0.0438, wR2=0.1117
R1=0.0641, wR2 =0.1235

-1.6(9)

0.150 and -0.137 e.A3
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Supplementary Table 4. ORTEP Diagram of 8.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

4

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 26.000°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [[>2sigma(I)]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

8

C26 H28 O2
372.48
130K
0.71073 A

Monoclinic

P12l/c1

a=12.7892(10) A a=90°.
b=7.8407(6) A = 98.8890(10)°.
c=20.1647(16) A ¥ =90°.
1997.8(3) A3

4

1.238 Mg/m?

0.076 mm’!

800

0.25x 0.2 x 0.15 mm3

2.044 to 30.504°.

-18<=h<=18, -10<=k<=11, -28<=1<=26
19526

6076 [R(int) = 0.0275]

99.9 %

Semi-empirical from equivalents
0.7461 and 0.6898

Full-matrix least-squares on F?

6076 /0/255

1.024

R1=0.0448, wR2=0.1116
R1=0.0597, wR2 =0.1217

n/a

0.396 and -0.243 e.A
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Supplementary Table 5. Optimization of the reaction conditions of Pd-catalyzed allylic

alkylation reaction of ketone 1c¢

jj\)\
Ph

1c

la]

1. Base/solvent

2. 2.5 mol% [Pd(1-CsHs)Cll,
5.0 mol% L, 12 mol% 'BUOK
P "N 24h

2a: LG = OBoc (#)-3¢
2b: LG = OPO(OEt),

2¢: LG = OCO'Bu

2d: LG = OCO,Me

Pr
; \b /dN 2/ N\é d:\g_ Pr

L4

pu—

ipr BF4 ipr

— ; —
N/’/;\N N/’/;\N —~Ad Fr N/’—\N N/’/;\N
S Ad” N < w/ N
BF, cl” cl
L5 L8

entries

1 [d]

2

2a

2a

2a

2a

2a

2a

2a

2a

L6 L7

ligand base solvent T 3c/4ct drt™ yield!
L1 LiHMDS toluene 50 °C 95/5 89/11 55
L1 LiHMDS toluene 50 °C 98/2 85/15 83
L1 LiHMDS toluene RT 92/8 92/8 50
L4 LiHMDS toluene RT 99/1 92/8 >95
L4 LiHMDS toluene 50 °C 95/5 88/12 >95
L7 LiHMDS toluene 50 °C 95/5 88/12 >95
L2 LiHMDS toluene 50 °C 15/85 - 32
L5 LiHMDS toluene 50°C  <5/95 - 28
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9 2a L6 LiHMDS toluene 50 °C 82/18 69/31 77

10 2a L3 LiHMDS toluene 50 °C <5/95 - 33
11 2a LS8 LiHMDS toluene 50°C  <5/95 - 24
12 2b L4 LiHMDS toluene RT 93/7 89/11 >95
13 2¢ L4 LiHMDS toluene RT 97/3 90/10 >95
14 2d L4 LiHMDS toluene RT 96/4 90/10 >95
15 2a L4 NaHMDS toluene RT 96/4 91/9 97
16 2a L4 KHMDS toluene RT 61/39 84/16 74
17 2a L4 LiHMDS THF RT 98/2 90/10 96
18 2a L4 LiHMDS DME RT 92/8 89/11 86
19 2a L4 LiHMDS dioxane RT 94/6 90/10 84
20 2a L4 LiHMDS CH,Cl, RT NR

[2Reaction conditions: 1¢/LiHMDS/2a/[Pd(i°-C3H;)Cl]»/ligand = 200/200/100/2.5/5; 0.1 M of
ketone 1c. ™Determined by 'HNMR, dr is the syn/anti ratio of 3c. “Isolated yield. Ld]
1/LiHMDS/2a = 100/100/100.

Supplementary Table 6. Optimization of the reaction conditions of Pd-catalyzed allylic
alkylation reaction of ketone 111,

1. LIHMDS/solvent

o 2. 2.5 mol% [Pd(7°-C3Hs)Cl] o] : o
5.0 mol% L, 12 mol% BuOK -
M mer mor Ph)ﬁijh , Ph Ph
Ph Ph
= —
P "Nopoe 24N Ph o

(2)-1f 2a (£)-3f 4f
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entries ligand solvent T 31/411") ar’® yield'®!

1 L1 toluene 50°C 95/5 85/15 98
2 L4 toluene 50°C 95/5 86/14 97
3 L6 toluene 50°C -- - complex
4 L4 THF 50°C 95/5 86/14 95
5 L4 toluene RT >95/5 86/14 98
6 L1 toluene RT >95/5 86/14 70

[Reaction conditions: 1f/LiHMDS/2a/[Pd(n’-C3Hs)Cl]x/ligand = 200/200/100/2.5/5; 0.1 M of
ketone 1f. ’Determined by "HNMR, dr is the ratio of 3f/other diastereo isomers. “/Isolated yield.

Supplementary Table 7. Pd-catalyzed asymmetric allylic alkylation reaction of ketone 1b
with chrial NHCs .

1. LIHMDS, toluene

o} o)
o 2. 5.0 mol% [Pd(7*-C3Hs)Cll»
)J\/\ 10 mol% L, 24 mol% BuOK Ph , Ph
Ph
Ph Z = “Ph

Ph” "0poc 30°C, 24 h

1b 2a 3b 4b
[&’ N __N N_ AN
Fe X_ A
¢ ho
L9 L10 L11
F F
—N O N
N. 2N T
.
iy N N N F
BF. .
4 Fe F

B
L12 L13
entries  ligand  yield®™  3b/4b!Y @l ee(Bb, anti)  ee@b, syn) ! ee (4b)
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1 L9 55 60/40 67/33 6 16 8

2 L10 52 30/70 77/23 nd nd 10
3 L11 42 11/89 59/41 nd nd 0
4 L12 78 6/94 nd nd nd 12
6 L13 52 10/90 64/36 nd nd 4

[Reaction conditions: 1b/LiHMDS/2a/[Pd(n’-C3Hs)Cl]y/ligand = 200/200/100/5/10; 0.1 M of
ketone 1b. ™Determined by "HNMR with mesitylene (23 pL) as an internal standard.
Determined by GC. "'Determined by HPLC. nd was not determined.

Supplementary Table 8. Pd-catalyzed asymmetric allylic alkylation reaction of ketone 1c
with chrial NHCs 1.

1. LIHMDS, toluene 0 (0]
o 2. 5.0 mol% [Pd(7°-C3Hs)Cl],
M 10 mol% L, 24 mol% ‘BuOK Ph , Ph
Ph =
Ph =~ “Ph

Ph” "0Boc 30°C,24h
1c 2a 3c 4c

@7&& | 33
Fe \/_
Cl
L9

F
__N O”\>::N
\
.
NVNO @N\;N F
Bn _ -
BF, BF,4

L12 L13

entries ligand  yield™  3c/dc! dr! ee(3c, anti)!  ee(3c, syn)! Y ee (4¢)!¥
1 L9 23 29/71 14/86 nd nd 6

2 L10 47 25/75 24/76 nd nd 8
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3 L11 38 2/98 nd nd nd 2
4 L12 30 4/96 nd nd nd 1
6 L13 59 3/97 nd nd nd 10

[2Reaction conditions: 1¢/LiHMDS/2a/[Pd(n’-C5Hs)Cl]»/ligand = 200/200/100/5/10; 0.1 M of
ketone 1c. ™Determined by '"HNMR with mesitylene (23 pL) as an internal standard.
Determined by GC. "Determined by HPLC. nd was not determined.
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Supplementary Methods

Characterization of the products

Yield: 95%; B/L: 96/4; syn/anti: 20/80; "H NMR (400 MHz, CDCl;): (taken as a mixture of
diastereomers): 6 (major diastereomer) 7.72-7.70 (m, 2H), 7.52-7.07 (m, 8H), 6.08-5.97 (m, 1H),
5.08-5.03 (m, 2H), 3.97-3.91 (m, 1H), 3.72-3.68 (m, 1H), 1.20(d, J = 6.8Hz, 3H); & (minor
diastereomer) 4.90 (m, 2H), 0.90 (d, J = 6.8 Hz, 3H); *C NMR (101 MHz, CDCL): & (major
diastereomer) 203.4, 142.8, 139.0, 137.0, 132.7, 128.5, 128.4, 128.0, 127.6, 126.3, 116.6, 53.0,
45.2,16.5.

Yield: 98%; B/L: 95/5; syn/anti: 30/70;1H NMR (400 MHz, CDCI;): (taken as a mixture of
diastereomers): 6 (major diastereomer) 7.74 (d, J = 7.8 Hz, 2H), 7.56-7.01 (m, 8H), 6.10-5.98 (m,
1H), 5.14 (d, J = 17.1 Hz, 1H), 5.12 (d, J = 9.9 Hz, 1H), 3.90-3.82 (m, 1H), 3.77-3.71 (m, 1H),
1.87-1.75 (m, 2H), 0.84 (t, /= 7.5Hz, 3H); & (minor diastereomer ) 5.92-5.86 (m, 1H), 4.97-4.85
(m, 2H), 0.71 (t, J = 7.5 Hz, 3H); *C NMR (101 MHz, CDCls): & (taken as a mixture of
diastereomers) 204.2, 203.8, 142.6, 142.0, 139.6, 139.2, 138.9, 138.5, 132.9, 132.6, 128.7, 128.6,
128.4, 128.3, 128.2(2C), 127.9, 127.8, 126.4, 126.3, 116.4, 115.8, 52.7,52.5, 52.1, 51.8, 24.6,
24.1,11.5, 11.4.

Ph

Ph 3¢
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Yield: 95%; B/L: >98/2; syn/anti: 92/8; White solid, mp: 97-102°C; "H NMR (400 MHz, CDCl5):
o (major diastereomer) 7.88 (d, /= 7.2 Hz, 2H), 7.51 (t, J = 7.2 Hz, 1H), 7.41 (t, /= 7.6 Hz, 2H),
7.30-7.22 (m, 4H), 7.20-7.16 (m, 1H), 6.08-5.96 (m, 1H), 4.98 (d, /= 17.2 Hz, 1H), 4.92 (dd, J =
10.4, 1.2 Hz, 1H), 3.94-3.86 (m, 2H),1.90-1.80 (m, 1H), 0.85 (d, /= 6.8 Hz, 3H), 0.83 (d, /= 6.8
Hz, 3H); 6 (minor diastereomer ) 5.23 (d, J=17.2 Hz, 1H), 5.09 (dd, J=10.4, 1.6 Hz, 1H); B
NMR (101 MHz,CDCls):(major diastereomer) 203.6, 142.2, 140.0, 139.4, 132.6, 128.6, 128.4,
128.1, 128.0, 126.5, 116.1, 55.4, 50.8, 29.0, 22.0, 18.0; MS (EI) m/z (rel): 278 (M", 8), 235 (40),
161(15), 129 (12), 117 (100), 105 (99), 91 (49), 77 (90), 65 (8), 51 (21); IR (film): v 2957 (W),
2926 (m), 1729 (w), 1660 (m), 1205 (m), 992 (m), 799 (m), 700 (s) cm™; HRMS (EI) Calcd. for
C,oH2,0 (M+): 278.1671; Found: 278.1668.

Ph
=

3ca

Yield: 85%; B/L: = 93/7; syn/anti: 90/10; 'H NMR (400 MHz, CDCls): & (major diastereomer)
7.88 (d, J = 7.2 Hz, 2H), 7.51 (t, J = 7.2 Hz, 1H), 7.41 (t, J = 7.6 Hz, 2H), 7.22-7.08 (m, 4H),
6.08-5.96 (m, 1H), 4.92 (dd, J = 17.2, 10.0 Hz, 2H), 4.20 (t, J = 8.4 Hz, 1H), 3.94-3.86 (m,
1H),2.45 (s, 3H), 1.90-1.80 (m, 1H), 0.85 (d, J = 6.8 Hz, 3H), 0.83 (d, J = 6.8 Hz, 3H); 6 (minor
diastereomer ) 5.18 (d, J = 17.6 Hz, 1H), 5.06 (dd, J = 10.4, 1.6 Hz, 1H); *C NMR (101 MHz,
CDCl3): (major diastereomer) 203.9, 140.1, 139.8, 139.1, 136.0, 132.6, 130.8, 128.4, 128.0,
127.1, 126.2, 126.1, 116.0, 54.1, 46.0, 29.0, 22.0, 19.7, 18.3; MS (EI) m/z (rel): 292 (M", 6), 277
(6), 249 (31), 131 (100), 115 (31), 105 (87), 91 (44), 77 (68), 65 (5), 51 (13); IR (film): v 2961
(W), 2926 (w), 1728 (w), 1668 (m), 1455 (m), 1272 (m), 1207 (m), 992 (m), 760 (m), 697 (s) cm’
1; HRMS (EI) Calcd. for C,;H,40 (M+): 292.1827; Found: 292.1821.
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Ph

3cb

Yield: 98%; B/L: = 93/7; syn/anti: 91/9; "H NMR (400 MHz, CDCls): & (major diastereomer)
7.88 (d, J=7.2 Hz, 2H), 7.51 (t, J = 7.2 Hz, 1H), 7.41 (t, J = 7.6 Hz, 2H), 7.18 (t, J = 8.0 Hz,
1H), 7.08-6.95 (m, 3H), 6.08-5.96 (m, 1H), 4.98 (d, J = 16.8Hz, 1H), 4.90 (dd, /= 10.0, 1.6 Hz,
1H), 3.94-3.86 (m, 2H), 2.32 (s, 3H), 1.90-1.80 (m, 1H), 0.85 (d, /= 6.8 Hz, 3H), 0.83 (d, /= 6.8
Hz, 3H); 6 (minor diastereomer ) 5.20 (d, /= 17.6 Hz, 1H), 5.06 (dd, J=10.4, 1.6 Hz, 1H); B
NMR (101 MHz, CDCls): (major diastereomer) 203.6, 142.1, 140.0, 139.5, 138.2, 132.6, 128.9,
128.5, 128.4, 128.1, 127.3, 125.1, 116.0, 55.4, 50.8, 29.0, 22.0, 21.5, 18.0; MS (EI) m/z (rel):
292 (M", 12), 249 (51), 131 (100), 115 (48), 105 (99), 91 (66), 77 (94), 65 (8), 51 (20); IR (film):
v 2964 (w), 2925 (w), 1667 (m), 1454 (m), 1272 (m), 1200 (m), 993 (m), 784 (m), 702 (s) cm’’;
HRMS (EI) Calcd. for CHaO (M"): 292.1827; Found: 292.1825.

Ph
=

MeO 3ce

Yield: 97%; B/L: = 95/5; syn/anti: 90/10; '"H NMR (400 MHz,CDCls): & (major diastereomer)
7.88 (d, J=17.2 Hz, 2H), 7.51 (t, J = 7.2 Hz, 1H), 7.41 (t, J = 7.6 Hz, 2H), 7.18 (d, J = 8.4 Hz,
2H), 6.84 (d, J = 8.8 Hz, 2H), 6.08-5.96 (m, 1H), 4.98 (d, J = 17.2Hz, 1H), 4.90 (dd, J = 10.0,
1.6 Hz, 1H), 3.94-3.86 (m, 2H), 3.77 (s, 3H), 1.90-1.80 (m, 1H), 0.85 (d, J= 6.8 Hz, 3H), 0.83 (d,
J = 6.8 Hz, 3H); 6 (minor diastereomer ) 5.20 (d, J = 16.8 Hz, 1H), 5.06 (dd, J = 10.0, 1.6 Hz,
1H), 3.67 (s, 3H);13C NMR (101 MHz, CDCls): (major diastereomer) 203.7, 158.2, 140.0, 139.8,
134.2, 132.6, 129.0, 128.5, 128.1, 115.7, 114.0, 55.5, 55.2, 49.9, 29.0, 22.0, 17.9; MS (EI) m/z
(rel): 308 (M, 1), 265 (41), 147 (100), 105 (27), 91 (24), 77 (29), 65 (2), 51 (5); IR (film): v
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2960 (w), 1665 (m), 1510 (m), 1261 (m), 996 (m), 921 (m), 825 (m), 699 (s), 655 (m) em™:
HRMS (EI) Calcd. for C21H2402(M+): 308.1776; Found: 308.1778.

O

Ph
=

FsC 3cd

Yield: 95%; B/L: = 93/7; syn/anti: 93/7; "H NMR (400 MHz, CDCls): & (major diastereomer)
7.88 (d, J=17.2 Hz, 2H), 7.55-7.48 (m, 3H), 7.44-7.36 (m, 4H), 6.08-5.96 (m, 1H), 5.04-4.95 (m,
2H), 4.04-3.96 (m, 1H), 3.93-3.86 (m, 1H), 1.90-1.80 (m, 1H), 0.85 (d, /= 6.8 Hz, 3H), 0.83 (d,
J = 6.8 Hz, 3H); 6 (minor diastereomer ) 5.22 (d, J = 16.8 Hz, 1H), 5.16 (dd, J = 10.0, 1.6 Hz,
1H);"*C NMR (101 MHz, CDCl3): (major diastereomer) 202.9, 146.4, 146.3, 139.7, 138.4, 132.8,
128.5, 128.0, 125.6 (q, J = 3.8 Hz), 117.0, 55.2, 50.5, 29.0, 21.8, 18.0; "’F NMR (376 MHz,
CDCl3):5-62.4 (s); MS (EI) m/z (rel): 346 (M, 10), 303 (26), 185 (81), 161 (60), 105 (100), 91
(10), 77 (100), 51 (32); IR (film): v 2965 (w), 1670 (m), 1164 (m), 1123 (s), 842(m), 697 (m) cm’
' HRMS (EI) Calcd. for C51H,;OF3(M"): 346.1545; Found: 346.1541.

]

Ph
=

cl 3ce

Yield: 91%; B/L: = 95/5; syn/anti: 90/10; '"H NMR (400 MHz, CDCl3): & (major diastereomer)
7.88 (d, J = 7.2 Hz, 2H), 7.51 (t, J = 7.2 Hz, 1H), 7.41 (t, J = 7.6 Hz, 2H), 7.27-7.24 (m,
2H),7.21-7.18 (m, 2H), 6.08-5.96 (m, 1H), 4.98 (d, J = 16.8Hz, 1H), 4.90 (d, J = 9.6 Hz, 1H),
3.94-3.82 (m, 2H), 1.90-1.80 (m, 1H), 0.85 (d, J = 6.8 Hz, 3H), 0.83 (d, J = 6.8 Hz, 3H); &
(minor diastereomer ) 5.20 (d, J = 16.8 Hz, 1H), 5.06 (dd, J = 10.0, 1.6 Hz, 1H); >*C NMR (101
MHz, CDCls): (major diastereomer) 203.2, 140.7, 138.9, 132.3, 129.5, 128.8, 128.5, 128.1, 116.4,
55.3,50.1,29.0, 21.9, 17.9; MS (EI) m/z (rel): 312 (M", 6), 314 (2), 269 (49), 151 (99), 115 (95),
105 (100), 89 (12), 77 (99), 69 (6), 51 (33); IR (film): v 2964 (W), 1667 (s), 1488 (m), 1206 (m),
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1093 (m), 916 (m), 831(m), 697 (s) cm’'; HRMS (EI) Calcd. for CooH, OCI(MY): 312.1281;
Found: 312.1278.

Ph

P 7 3e

Yield: 98%; B/L: 98/2; dr: 62/38; "H NMR (400 MHz, CDCls):(mixture of diastereomers) &
(major diastereomer) 7.76 (d, J = 7.6 Hz, 2H), 7.51-7.08 (m, 8H), 6.06-5.96 (m, 1H), 4.98-4.80
(m, 2H), 3.96-3.80 (m, 2H), 1.20-1.15 (m, 1H), 0.90-0.80 (m, 2H), 0.75 (d, J = 6.8 Hz, 3H), 0.60
(t,J=7.2 Hz, 3H); 0 (minor diasterecomers) 7.80 (d, J= 7.6 Hz, 2H), 5.92 (m, 1H), 4.98-4.80 (m,
2H), 0.80 (d, J = 6.8 Hz, 3H), 0.65 (t, J = 7.2 Hz, 3H); >C NMR (101 MHz,CDCls): (mixture of
diastereomers) 203.8, 203.6, 142.4, 142.0, 140.2, 139.8, 139.7, 139.2, 132.6, 132.5, 128.7, 128.6,
128.5,128.4, 128.2(2C), 128.1, 128.0, 126.6, 126.5, 116.1, 116.0, 55.6, 53.6, 50.7, 50.3, 35.8,
35.7,28.5, 25.2, 17.7, 14.4, 12.0, 11.9; MS (EI) m/z (rel): 292 (M", 1), 236 (11), 175 (3), 117
(100), 105 (66), 91 (20), 77 (42), 65 (3), 51 (6); IR (film): v 2963 (m), 2874 (m), 1963 (w), 1674
(m), 1449 (m), 1209 (m), 917 (m), 700 (s) cm™'; HRMS (EI) Calcd. for Co;Hp40 (M"): 292.1827;
Found: 292.1828.

o
ph)i;Ph
P 7 3¢

Yield: 98%; B/L: > 95/5; dr: 88/12; White solid, mp: 57-60°C,; "H NMR (400 MHz, CDCl3): o
7.44 (d, J= 7.2 Hz, 2H), 7.35 (t, J = 7.2 Hz, 1H), 7.25-7.10 (m, 12H), 6.18-6.08 (m, 1H), 5.01
(dd, /=10.0, 1.6 Hz, 1H), 4.88 (d, /=17.6 Hz, 1H), 4.16 (t, J= 7.6 Hz, 1H), 3.70 (t, J = 8.4 Hz,
1H), 3.14-3.06 (m, 1H), 1.21 (d, J = 6.8 Hz, 3H); °C NMR (101 MHz, CDCls): 203.4, 144.7,
142.4, 140.0, 137.8, 132.3, 128.7, 128.4, 128.0 (2C), 127.9, 127.6, 126.6, 126.4, 117.0, 57.1,
50.9, 40.6, 17.2; MS (EI) m/z (rel): 340 (M", 7), 249 (21), 235 (99), 223 (68), 205 (7), 194 (36),
157 (11), 147 (31), 129 (27), 117 (100), 105 (99), 91 (85), 77 (100), 65 (15), 51 (36); IR (film): v
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3059 (w), 2964 (w), 1661 (m), 1449 (m), 1209 (m), 917 (m), 752 (m), 684 (s) cm™'; HRMS (EI)
Calcd. for Cy5H40 (M"): 340.1827; Found: 340.1823.

Yield: 98%; B/L: 93/7; dr: 77/23; 'H NMR (400 MHz, CDCl;):(mixture of diastereomers) &
(major diastereomer)7.76 (d, J = 7.2 Hz, 2H), 7.51-7.08 (m, 8H), 6.02-5.95 (m, 1H), 5.35-5.25
(m, 1H), 5.18-5.10 (m, 1H), 5.00-4.90 (m, 2H), 3.95-3.85 (m, 2H), 2.45-2.35 (m, 1H), 1.82-1.73
(m, 2H), 1.30-1.11 (m, 6H), 0.88 (d, J = 6.8 Hz, 3H), 0.77 (t, J = 7.6 Hz, 3H); >*C NMR (101
MHz,CDCls): (mixture of diastereomers) 203.3, 142.2, 139.7, 138.7, 133.7, 132.5, 130.6, 128.6,
128.3, 128.2, 128.1, 126.5, 116.2, 55.4, 50.7, 37.7, 32.3, 31.3, 28.9, 22.5, 16.2, 14.0; MS (EI)
m/z (rel): 360 (M", 2), 243 (16), 129 (6), 117 (4), 105 (100), 91 (21), 77 (38), 69 (17), 55 (19);
IR (film): v 2925 (m), 1960 (w), 1963 (w), 1674 (m), 1492 (m), 1205 (m), 916 (m), 700 (s) cm™;
HRMS (EI) Calcd. for CaH3,0 (M"): 360.2453; Found: 360.2447.

Yield: 56%; B/L: 88/12; dr: 86/14; "H NMR (400 MHz, CDCls):(mixture of diastereomers) &
(major diastereomer)7.76 (d, J = 7.2 Hz, 2H), 7.51-7.08 (m, 8H), 6.10-6.00 (m, 1H), 5.30-5.20
(m, 1H), 5.05-4.95 (m, 3H), 3.92-3.84 (m, 2H), 2.80-2.72 (m, 1H), 1.90-1.85 (m, 2H), 1.35-1.20
(m, 4H), 0.90-0.85 (m, 6H);"°C NMR (101 MHz,CDCls): (mixture of diastereomers) 203.3,
142.2, 139.6, 138.5, 133.7, 132.6, 130.0, 128.6, 128.4, 128.2, 128.0, 126.6, 116.4, 55.4, 50.9,
32.9,31.9, 27.2, 22.4, 16.9, 14.0; MS (EI) m/z (rel): 346 (M, 3), 229(12), 171(3), 117(47), 105
(100), 91 (19), 77 (40), 69 (17), 55(18); IR (film): v 2927 (m), 1960 (w), 1674 (m), 1449 (m),
1204 (m), 917 (m), 697 (s) cm™; HRMS (EI) Caled. for CosH300 (M"): 346.2297; Found:
346.2292.
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(@] =

PhJEC/\
(CH2)3CH3
PR N 3

i
Yield: 98%; B/L: 94/6; dr: 93/7, Yellow oil; 'H NMR (400 MHz, CDCIl;): (mixture of
diastereomers) o (major diastereomer)7.78 (d, J = 7.2 Hz, 2H), 7.45 (t, J = 7.2 Hz, 1H), 7.38-
7.30 (m, 2H), 7.25-7.20 (m, 4H), 7.16-7.10 (m, 1H), 6.17-6.05 (m, 1H), 5.12 (d, J = 16.4 Hz,
1H), 5.05 (dd, /= 10.0, 1.2 Hz, 1H), 4.09 (t, J = 8.0 Hz, 1H), 4.02 (t, /= 7.6 Hz, 1H), 2.80-2.70
(m, 1H), 2.05-2.01 (m, 2H), 1.34-1.25 (m, 4H), 1.01 (d, J= 7.2 Hz, 3H), 0.85 (m, 3H); °C NMR
(101 MHz,CDCls):0 (major diastereomer) 202.4, 141.7, 139.4, 137.6, 132.6, 128.6, 128.4, 128.3,
128.1, 128.0, 126.6, 83.2, 82.8, 54.9, 50.9, 30.9, 27.2, 21.9, 18.3, 17.6, 13.6; MS (EI) m/z (rel):
344 (M", 0.28), 287 (4), 239 (6), 227 (16), 220 (42), 209 (9), 183 (6), 171 (14), 155 (6), 129 (11),
117 (77), 105 (100), 91 (38), 77 (73), 67 (9), 51 (10); IR (film): v 3028 (W), 2932 (w), 1675 (s),
1449 (m), 1243 (m), 995 (m), 818 (m), 700 (s) cm™; HRMS (EI) Calcd. for CysHo0 (M):
344.2140; Found: 344.2146.

Yield: 98%; B/L: > 95/5; dr: 86/14; White solid, mp: 54-56°C; "H NMR (400 MHz, CDCls): o
7.48 (d, J = 8.4 Hz, 2H), 7.38 (t, J = 7.6 Hz, 1H), 7.34-7.26 (m, 2H), 7.24-7.15 (m, 7H), 7.10-
7.07 (m, 3H), 6.29-6.21 (m, 1H), 5.08 (dd, J = 10.0,1.6 Hz, 1H), 4.86 (d, J =16.0 Hz, 1H), 4.16
(dd, J = 8.4, 6.4 Hz, 1H), 3.62 (dd, J =8.8, 6.0 Hz, 1H), 2.96-2.90 (m, 1H), 1.81-1.71 (m, 1H),
1.60-1.48 (m, 1H), 0.58 (t, J = 7.2 Hz, 3H); °C NMR (101 MHz, CDCl5): 203.9, 142.7, 142.3,
139.6, 137.0, 132.4, 128.6, 128.5, 128.4, 128.1, 127.8, 126.5, 126.4, 117.3, 57.2, 50.9, 48.9, 25.3,
12.2; MS (EI) m/z (rel): 354 (M, 1.92), 263 (5), 235 (59), 194 (10), 129 (14), 117 (100), 105
(100), 91 (99), 77 (95), 65 (13), 51 (18); IR (film): v 3058 (W), 2954 (w), 1658 (m), 1206 (m),
919 (m), 759 (m), 687 (s) cm'; HRMS (EI) Caled. for CaHaO (M'): 354.1984; Found:
354.1979.
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Ph . S
T

Yield: 98%; B/L: 90/10; dr:92/8; Yellow oil; '"H NMR (400 MHz, CDCls): (mixture of
diastereomers) o 7.85 (d, J = 8.0 Hz, 2H), 7.48 (t, J = 7.2 Hz, 1H), 7.40-7.35 (m, 2H), 7.26-7.20
(m, 7H), 7.18-7.10 (m, 3H), 6.21-6.11 (m, 1H), 5.17 (d, J = 16.8 Hz, 1H), 5.09 (d, J = 10.8 Hz,
1H), 4.20-4.15 (m, 2H), 3.05-2.98 (m, 1H), 1.21 (d, J = 6.8 Hz, 3H); °C NMR (101 MHz,
CDCls): & (mixture of diastereomers) 202.0, 141.5, 139.3, 137.5, 132.7, 131.4, 128.7, 128.5,
128.3, 128.1, 128.0, 127.7, 126.8, 126.1, 123.4, 117.1, 92.6, 83.3, 54.4, 50.9, 27.7, 17.2; MS (EI)
m/z (rel): 364 (M", 1), 259 (13), 247 (49), 220 (11), 203 (6), 181 (4), 165 (4), 141 (9), 128 (35),
115 (51), 105 (99), 91 (61), 77 (100), 65 (6), 51 (20); IR (film): v 3059 (W), 2977(w), 1673 (m),
1240 (m), 918 (m), 755 (s), 688 (s) cm™; HRMS (EI) Calcd. for Co7H240 (M"): 364.1827; Found:
364.1823.

O =

Ph)ti/\ .
Si(Pr)
ph” NF °3

Yield: 99%; B/L: 97/3; dr: 96/4;White solid, mp: 49-56°C; 'H NMR (400 MHz, CDCls): 67.68
(d, J=17.2 Hz, 2H), 7.42 (t, J = 7.2 Hz, 1H), 7.27 (t, J = 8.0 Hz, 2H), 7.20-7.14 (m, 4H), 7.10-
7.07 (m, 1H), 6.25-6.15 (m, 1H), 5.20 (dd, J = 16.8, 0.8 Hz,1H), 5.10 (dd, J = 10.0, 1.6 Hz, 1H),
4.19 (dd, J=9.2, 6.4 Hz, 1H), 3.94 (dd, J = 6.8, 8.4 Hz, 1H), 2.94-2.86 (m, 1H), 1.13 (d, J=7.2
Hz, 3H), 1.10-1.00 (m, 21H); °C NMR (101 MHz, CDCl):  202.1, 141.9, 139.1, 136.6, 132.6,
128.6, 128.3, 128.2, 127.9, 126.6, 117.4, 111.3, 83.0, 55.2, 51.2, 28.6, 18.6 (2C), 18.3, 11.2; MS
(ED) m/z (rel): 444 (M", 2), 401 (20), 359 (11), 118 (10), 117 (100), 115 (18), 105 (11), 91 (8), 77
(8), 59 (1), 45 (1); IR (film): v 2941 (m), 2864 (m), 2162 (w), 1676 (m), 1206 (m), 882 (m), 675
(s) cm™'; HRMS (EI) Caled. for C30H40OSi (M"): 444.2848; Found: 444.2851.
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Ph A _
_ Si(Pr);

3m

Yield: 98%: B/L: 95/5; dr: 95/5; Yellow oil; '"H NMR (400 MHz,CDCls): 67.72 (d, J = 7.2 Hz,
2H), 7.43 (t, J= 7.2 Hz, 1H), 7.32-7.28 (m, 2H), 7.10-6.90 (m, 4H), 6.20-6.11 (m, 1H), 5.16 (d, J
=16.8 Hz, 1H), 5.06 (dd, J=10.4, 1.2 Hz, 1H), 4.12 (t, /= 8.0 Hz, 1H), 4.01 (t, /= 7.6 Hz, 1H),
2.92-2.85 (m, 1H), 2.25 (s, 3H), 1.12 (d, J = 6.8 Hz, 3H), 1.10-1.00 (m, 21H); *C NMR (101
MHz,CDCls): 202.2, 139.2, 138.7, 137.2, 136.2, 132.6, 129.3, 128.4, 128.2, 127.8, 117.0, 111.4,
82.8, 54.8, 50.7, 28.5, 20.9, 18.6 (2C), 18.0, 11.2; MS (EI) m/z (rel): 458 (M", 0.61), 415 (4),
131 (100), 105 (11), 91(15), 77 (9), 59 (5); IR (film): v 2941 (m), 2864 (m), 2161 (w), 1676 (m),
1243 (m), 993 (m), 918 (s), 674 (s) cm™; HRMS (EI) Calcd. for C3H4O0Si (MH): 458.3005;
Found: 458.3011.

Ph A ,
. si(Pr)

3n

Yield: 98%: B/L: 94/6; dr: 95/5; Yellow oil; '"H NMR (400 MHz, CDCls): 67.59 (d, J= 7.2 Hz,
2H), 7.38 (t, J = 7.2 Hz, 1H), 7.22 (m, 2H), 7.07-6.98 (m, 4H), 6.22-6.12 (m, 1H), 5.22 (dd, J =
17.2, 1.2 Hz, 1H), 5.10 (dd, /= 10.4, 1.6 Hz, 1H), 4.18 (dd, J/=9.6, 6.4 Hz, 1H), 3.88 (dd, J = 8.8,
6.4 Hz, 1H), 2.95-2.90 (m, 1H), 2.80-2.70(m, 1H), 1.14 (d, /= 7.2 Hz, 3H), 1.13 (d, J = 6.8 Hz,
3H), 1.05-0.97 (m, 21H); °C NMR (101 MHz, CDCl;): 202.3, 147.2, 139.2, 139.2, 136.5, 132.5,
128.3, 128.0, 127.7, 126.6, 117.3, 111.5, 82.9, 55.7, 50.8, 33.7, 28.6, 24.0, 23.9 18.7, 18.6, 18.4,
11.2; MS (EI) m/z (rel): 486 (M", 1.19), 443 (8), 277 (6), 159 (31), 131 (8), 117 (100), 105 (11),
91 (4), 77 (8), 59 (5); IR (film): v 2941 (m), 2864 (m), 2161 (w), 1675 (m), 1462 (m), 1206 (m),
881 (s), 675 (s) cm™'; HRMS (EI) Calcd. for Cs33H460Si (M"): 486.3318; Found: 486.3310.
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Ph A ,
_ Si('Pr)3

MeO 3o

Yield: 99%; B/L: 94/6; dr: 96/4; Yellow oil; 'H NMR (400 MHz, CDCls): 67.71 (d, J= 7.2 Hz,
2H), 7.43 (t, J = 7.2 Hz, 1H), 7.32-7.25 (m, 2H), 7.08 (d, J = 8.8 Hz, 2H), 6.73 (d, J = 8.8 Hz,
2H), 6.20-6.10 (m, 1H), 5.16 (d, J = 16.0 Hz, 1H), 5.07 (dd, J = 10.0, 2.0 Hz, 1H), 4.13 (dd, J =
9.2,7.2 Hz, 1H), 3.96 (dd, J = 8.0, 6.8 Hz, 1H), 3.72 (s, 3H), 2.92-2.86 (m, 1H), 1.14 (d, /= 6.8
Hz, 3H), 1.10-1.00 (m, 21H); *C NMR (101 MHz, CDCls): 202.3, 158.2, 139.1, 137.1, 134.0,
132.6, 128.8, 128.4, 128.2, 117.0, 114.0, 111.4, 82.9, 55.2, 55.2, 50.3, 28.5, 18.6 (2C), 18.2, 11.2;
MS (EI) m/z (rel): 474 (M", 0.76), 431 (1), 265 (17), 147 (100), 131 (7), 105 (10), 91 (21), 77
(9), 59 (5); IR (film): v 2941 (m), 2864 (m), 2161 (w), 1675 (m), 1511 (s), 1249 (s), 882 (s), 677
(s) cm™'; HRMS (EI) Calcd. for C3;H4,0,Si (M"): 474.2954; Found: 474.2952.

Ph A ,
_ Si(Pr);

F3C 3p

Yield: 95%; B/L: 96/4; dr: 97/3; Yellow oil; '"H NMR (400 MHz, CDCls): §7.64 (d, J=7.2 Hz,
2H), 7.43-7.40 (m, 3H), 7.30-7.20 (m, 4H), 6.25-6.15 (m, 1H), 5.24 (d, J = 16.8 Hz, 1H), 5.17
(dd, J =10.0, 2.0 Hz, 1H), 4.28 (dd, J = 9.2, 6.2 Hz, 1H), 3.88 (dd, J = 9.2, 6.4 Hz,1H), 2.98-
2.90 (m, 1H), 1.12 (d, J = 6.8 Hz, 3H), 1.10-1.00 (m, 21H); *C NMR (101 MHz, CDCl5): 201.5,
146.2, 138.8, 135.4, 132.9, 128.3, 128.2, 128.1, 125.5 (q, J = 3.8 Hz), 118.4, 110.9, 83.4, 55.2,
51.0, 28.6, 18.6, 18.6, 18.5, 11.2; ""F NMR (376 MHz, CDCl;):5-62.6 (s); MS (EI) m/z (rel):
512 (M7, 0.76), 469 (22), 427 (15), 284 (100), 185 (16), 165 (20), 115(15), 105(67), 77 (38), 59
(13); IR (film): v 2942 (w), 2865 (w), 2162 (w), 1676 (m), 1462 (w), 1325 (s), 1124(s), 882 (m),
674 (s) cm™; HRMS (EI) Calcd. for C3;H30OF5Si (M"): 512.2722; Found: 512.2717.
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"

Ph S ,
_ Si(Pr);

Cl 3q

Yield: 98%; B/L: 92/8; dr: 95/5; Yellow oil; 'H NMR (400 MHz, CDCly): §7.68 (d, J = 7.6 Hz,
2H), 7.45 (t, J= 7.6 Hz, 1H), 7.30 (t, J = 7.6 Hz, 2H),7.16-7.07 (m, 4H), 6.20-6.10 (m, 1H), 5.20
(d,J=17.2 Hz, 1H), 5.13 (dd, J= 10.4, 1.6 Hz, 1H), 4.17 (dd, J= 9.2, 6.4 Hz, 1H), 3.90 (dd, J =
8.4, 6.4 Hz, 1H), 2.95-2.85 (m, 1H), 1.13 (d, J = 6.8 Hz, 3H), 1.10-1.00 (m, 21H); '*C NMR
(101 MHz, CDCLy): 201.8, 140.4, 138.9, 136.1, 132.8, 132.3, 129.2, 128.7, 128.3, 117.8, 111.0,
83.2, 55.1, 50.0, 28.6, 18.6 (2C), 18.4, 11.2; MS (EI) m/z (rel): 478 (M", 0.81), 435 (16), 393
(13), 242 (9), 151 (100), 131 (13), 115 (45), 105 (19), 95 (5), 77 (22), 59 (12); IR (film): v 2941
(m), 2864 (m), 2162 (w), 1675 (m), 1207 (m), 881 (s), 676 (s) cm™'; HRMS (EI) Calcd. for
C30H300SiCl (M"): 478.2459; Found: 478.2453.

_ Si(PPr)s
F 3r

Yield: 94%; B/L: 94/6; dr: 95/5; Yellow oil; 'H NMR (400 MHz, CDCl;): 67.67 (d, J= 7.6 Hz,
2H), 7.43 (t, J = 7.6 Hz, 1H), 7.29 (t, J = 7.6 Hz, 2H), 7.12-7.08 (m, 2H), 6.89-6.81 (m, 2H),
6.22-6.12 (m, 1H), 5.20 (d, J = 17.2 Hz, 1H), 5.12 (dd, J = 10.0, 1.2 Hz, 1H), 4.20 (dd, J = 9.2,
6.4 Hz, 1H), 3.88 (dd, J = 8.8, 6.4 Hz, 1H), 2.95-2.85 (m, 1H), 1.12 (d, J = 6.8 Hz, 3H), 1.10-
1.00 (m, 21H); *C NMR (101 MHz, CDCl;): 202.0, 161.5 (d, J = 246.1 Hz), 138.9, 137.7 (d, J =
3.0 Hz), 136.2, 132.8, 129.3 (d, J = 7.7 Hz), 128.3, 117.6, 115.3 (d, J = 21.4 Hz), 111.1, 83.1,
55.4,50.4, 28.7, 18.6 (2C), 18.5, 11.2; ’F NMR (376 MHz, CDCl3):5-116.2 (m); MS (EI) m/z
(rel): 462 (M, 0.54), 419 (11), 377 (9), 135 (100), 109 (14), 77 (12), 59 (6); IR (film): v 2941
(W), 2864 (w), 2162 (w), 1675 (m), 1508 (m), 1205 (m), 882 (s), 675 (s) cm™; HRMS (EI) Calcd.
for C30H39OFSi (M"): 462.2754; Found: 462.2761.
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3s

Yield: 98%; B/L: 97/3; dr: 97/3; Yellow oil; '"H NMR (400 MHz, CDCls): 67.72 (d, J= 7.2 Hz,
2H), 7.43 (t, J=7.2 Hz, 1H), 7.30-7.27 (m, 2H), 7.07-7.05 (m, 1H), 7.00-6.85 (m, 3H), 6.21-6.11
(m, 1H), 5.20 (d, J=17.2 Hz, 1H), 5.10 (dd, J = 10.0, 1.6 Hz, 1H), 4.16 (dd, J= 8.8, 6.4 Hz, 1H),
3.96 (dd, J =8.4, 6.4 Hz, 1H), 2.95-2.85 (m, 1H), 2.21 (s, 3H), 1.14 (d, J= 7.2 Hz, 3H), 1.10-1.00
(m, 21H); >C NMR (101 MHz, CDCl;): 202.2, 141.8, 139.2, 138.1, 136.8, 132.6, 128.7, 128.5,
128.3, 128.1, 127.3, 124.9, 117.3, 111.4, 82.9, 55.2, 51.1, 28.6, 21.3, 18.7, 18.6, 18.3, 11.2; MS
(EI) m/z (rel): 458 (M, 0.77), 415(8), 373 (8), 131 (100), 105 (13), 91 (17), 77 (11), 59 (6); IR
(film): v 2941 (m), 2864 (m), 2162 (w), 1675 (m), 1598 (w), 1204 (m), 882 (m), 672 (s) cm™';
HRMS (EI) Calcd. for C3;H40Si (MY): 458.3005; Found: 458.3002.

Ph A ,
_ Si(Pr)s

OMe 3t

Yield: 95%: B/L: 95/5; dr: 95/5; Yellow oil; '"H NMR (400 MHz, CDCl3):07.68 (d, J = 7.6 Hz,
2H), 7.43 (t,J=7.6 Hz, 2H), 7.28 (t, /= 7.6 Hz, 2H), 7.09 (t, /= 7.6Hz, 1H), 6.75 (d, J = 7.6 Hz,
2H), 6.68-6.62 (m, 2H), 6.20-6.10 (m, 1H), 5.20 (d, J = 16.0Hz, 1H), 5.11 (d, J = 10.0Hz, 1H),
4.12-4.05 (m, 1H), 3.94-3.82 (m, 1H), 3.67 (s, 3H), 2.93-2.80 (m, 1H), 1.13 (d, J = 6.8Hz, 3H),
1.10-1.00 (m, 21H); *C NMR (101 MHz, CDCls): 202.1, 159.7, 143.5, 139.1, 136.5, 132.7,
129.6, 128.3, 128.2, 120.2, 117.4, 113.6, 112.1, 111.3, 82.9, 55.1, 55.0, 51.3, 28.6, 18.6 (2C),
18.3, 11.2; MS (EI) m/z (rel): 474 (M", 0.63), 431 (24), 389 (7), 327 (19), 285 (8), 147 (100),
105 (16), 91(31), 77 (15), 59 (8); IR (film): v 2941 (m), 2891 (m), 2161 (w), 1674 (m), 1598 (m),
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1462 (m), 1257 (m), 919 (m), 882 (s), 674 (s) cm™; HRMS (EI) Calcd. for C3;H40,Si (MY):
474.2954; Found: 474.2949.

Ph A ,
_ Si(Pr)s
3u

Yield: 96%: B/L: 90/10; dr: 93/7; Yellow oil; '"H NMR (400 MHz, CDCls): 67.60 (d, J=7.2 Hz,
2H), 7.40 (t, J= 7.2 Hz, 1H), 7.30-7.28 (m, 2H), 7.16-7.13 (m, 1H), 7.00-6.95 (m, 2H), 6.90-6.85
(m, 1H), 6.30-6.20 (m, 1H), 5.22 (dd, J = 16.8, 0.8 Hz, 1H), 5.13 (dd, J=10.0, 2.0 Hz, 1H), 4.43
(dd, /=9.2, 6.4 Hz, 1H), 3.96 (dd, J = 8.8, 6.0 Hz, 1H), 3.01-2.95 (m, 1H), 2.52 (s, 3H), 1.14 (d,
J = 6.8 Hz, 3H), 1.10-1.00 (m, 21H); >C NMR (101 MHz, CDCl5): 202.4, 139.7, 139.3, 139.5,
135.3, 132.6, 130.7, 128.1, 127.2, 126.4, 126.0, 117.5, 111.2, 82.8, 52.8, 46.7, 28.7, 19.7, 18.7,
18.6, 11.2; MS (EI) m/z (rel): 458 (M", 0.75), 415 (6), 373 (7), 131 (100), 105 (12), 91(17), 77
(10), 59 (6); IR (film): v 2941 (m), 2864 (m), 2161 (w), 1675 (m), 1462(m), 1205 (m), 994(m),
882 (m), 675 (s) cm™; HRMS (EI) Calcd. for C3;H4,0Si (M"): 458.3005; Found: 458.3010.

Ph S

Cl 3v

Yield: 99%: B/L: 95/5; dr: 94/6; Yellow oil; '"H NMR (400 MHz, CDCls): 67.58 (d, J= 7.2 Hz,
2H), 7.33 (t, J = 7.2 Hz, 1H), 7.26-7.17 (m, 3H), 6.96-6.81 (m, 3H), 6.38 (m, 1H), 5.31 (dd, J =
16.8, 1.6 Hz, 1H), 5.22 (dd, /= 10.0, 1.6 Hz, 1H), 4.71 (dd, J= 9.6, 7.6 Hz, 1H),4.09 (dd, J = 9.6,
6.0 Hz, 1H), 3.10-3.01 (m, 1H), 1.12 (d, J = 6.8 Hz, 3H), 1.11-1.00 (m, 21H); *C NMR (101
MHz,CDCls): 202.2, 139.2, 138.9, 134.7, 133.3, 132.7, 129.6, 129.0, 128.1, 127.9, 127.6, 126.7,
118.9, 110.5, 82.9, 51.8, 47.2, 22.8, 19.3, 18.7, 11.3; MS (EI) m/z (rel): 478 (M", 1.32), 480
(0.63), 435 (51), 393 (21), 242 (31), 151 (100), 105 (47), 95(12), 77 (45), 59 (21); IR (film): v
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2942 (m), 2864 (m), 2162 (w), 1675 (m), 1463 (m), 1207 (m), 996 (m), 881 (m), 675 (s) em™;
HRMS (EI) Caled. for C3oH30SiCl (M"): 478.245; Found: 478.2465.

o =
Ph - N
_si(Pn,

LI N

Yield: 90%; B/L: 95/5; dr: 98/2; The yield wasdetermined by '"H NMR spectroscopy using
mesitylene (23 pL) as internal standard. Yellow oil; The product 3x was purified by a preparative
kaseisorb LC ODS 2000 (10 x 250 mm, 5 um) column (100% acetonitrile, 5.0 mL/min, 240 nm,
tr = 14.1 min) for NMR, IR, and MS analysis; 'H NMR (400 MHz, CDCl3): 67.74 (m, 5H), 7.60
(s, 1H), 7.45-7.30 (m, 4H), 7.24-7.20 (m, 2H), 6.28-6.18 (m, 1H), 5.22 (d, /= 16.8 Hz, 1H), 5.13
(dd, J=10.4, 1.2 Hz, 1H), 4.34 (t, J= 7.6 Hz, 1H), 4.10 (t, J = 7.6 Hz, 1H), 2.93-2.85 (m, 1H),
1.16 (d, J = 6.8 Hz, 3H), 1.10-1.00 (m, 21H); *C NMR (101 MHz, CDCls) d 202.1, 139.2, 139.0,
137.0, 133.4, 133.0, 132.3, 128.3, 128.1, 127.6, 127.5, 126.7, 126.1, 126.0, 125.5, 117.5, 111.3,
83.0, 54.7,51.2,28.5, 18.6 (2C), 18.1, 11.2; MS (EI) m/z (rel): 494 (M", 2), 451 (7), 285 (8), 168
(20), 167 (100), 152(14), 131(8), 105 (9), 77(9); IR (film): v 2940 (m), 2863 (m), 2160 (m),
1674 (m), 1250 (m), 881 (m), 674 (s) cm™'; HRMS (EI) Calcd. for C3;HypOSi (MY): 494.3005;
Found: 494.2998.

Yield: 98%; B/L: = 95/5; dr: 95/5; Yellow oil; '"H NMR (400 MHz, CDCl3): 67.75 (d, J = 8.0
Hz, 2H), 7.45 (t, J=7.2 Hz, 1H), 7.38-7.30 (m, 2H), 7.15-7.12 (m, 1H), 6.09-6.07 (m, 1H), 6.05-
5.95 (m, 1H), 5.90 (d, /= 2.0 Hz, 1H), 5.30 (d, /= 16.0Hz, 1H), 5.20 (dd, /= 10.4, 2.0 Hz, 1H),
4.34 (dd, J=9.6, 5.6 Hz, 1H), 4.05 (dd, /=9.2 , 5.6Hz, 1H), 2.98-2.90 (m, 1H), 1.12 (d, J = 6.8
Hz, 3H), 1.10-1.00 (m, 21H); *C NMR (101 MHz, CDCls): 201.6, 154.6, 141.0, 138.5, 133.6,
132.7,128.2, 128.1, 118.5, 110.9, 110.0, 106.1, 83.3, 54.5, 44.8, 28.5, 18.8, 18.6 (2C), 11.2; MS
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(EI) m/z (rel): 434 (M, 0.27), 391 (10), 373 (3), 261 (3), 225 (14), 131 (8), 107 (100), 91 (3), 79
(30), 77 (26), 59 (6); IR (film): v 2941 (m), 2865 (m), 2162 (w), 1677 (m), 1462 (m), 1207 (m),
994 (m), 881 (s), 675 (s) cm”; HRMS (EI) Calcd. for CpsH3s0,Si (M"): 434.2641; Found:
434.2645.

O\:/

PHE(/\ .
Si(Pr)s
ph” 7

Yield: 99%; B/L:93/7; dr: 95/5; White solid, mp: 68-73°C; 'H NMR (400 MHz, CDCls): 67.41
(d, J=17.6 Hz, 2H), 7.35 (t, /= 7.2 Hz, 1H), 7.19 (t, J = 8.0 Hz, 2H), 7.10-7.05 (m, 4H), 7.04-
7.01 (m, 1H), 6.45-6.35 (m, 1H), 5.36 (dd, J=17.2, 2.0 Hz, 1H), 5.28 (dd, /= 10.0, 2.0 Hz, 1H),
4.35(dd, J=10.4, 4.0 Hz, 1H), 3.90 (dd, /= 11.2, 4.0 Hz, 1H), 3.05-3.01 (m, 1H), 1.55-1.50 (m,
1H), 1.20-1.10 (m, 21H), 1.01 (d, J = 6.4 Hz, 3H), 0.81 (d, J = 6.4 Hz, 3H); *C NMR (101 MHz,
CDCl): 202.4, 142.8, 138.6, 135.2, 132.6, 128.4, 128.1, 128.0, 127.8, 126.5, 118.1, 107.4, 85.7,
53.9,51.5,42.4, 28.3, 22.4, 18.8 (2C), 16.9, 11.4; MS (EI) m/z (rel): 472 (M", 1), 429 (22), 387
(4), 355 (5), 269 (8), 220 (7), 131(10), 117(100), 105 (19), 91(12), 77 (13), 59 (11); IR (film): v
2941 (m), 2864 (m), 2165 (w), 1668 (m), 1451 (m), 926 (m), 725 (m), 696 (s), 675 (s) cm’’;
HRMS (EI) Calcd. for C3;H4408i (M"): 472.3161; Found: 472.3165.

3y

MeO
Yield: 96%; B/L: 84/16; dr: 91/9; [a]p™*= 9.15 (1.0, CHCI3); White solid, mp: 126-129°C; 'H
NMR (400 MHz, CDCls) § 7.35-7.15 (m, 6H), 6.71 (dd, J = 8.8, 2.8 Hz, 1H), 6.63 (d, J=2.8 Hz,
1H), 6.06-5.96 (m, 1H), 5.18-5.10 (m, 2H), 4.10-4.08 (m, 1H), 3.76 (s, 3H), 3.04 (dt, J = 10.8,
2.7 Hz, 1H), 2.91-2.88 (m, 2H), 2.42-2.38 (m, 1H), 2.22-2.16 (m, 2H), 2.01-1.85 (m, 3H), 1.60-
1.30 (m,5H), 0.95 (s, 3H); °C NMR (101 MHz, CDCls): 219.8, 157.6, 142.8, 137.7, 137.2,
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132.1, 128.5, 127.9, 126.5, 126.3, 117.9, 113.9, 111.5, 55.2, 49.7, 48.7, 48.5, 48.3, 43.9, 38.4,
31.3,29.6, 26.5, 25.8, 24.6, 15.2; IR (film): v 2919 (m), 2858 (m), 1735 (m), 1496 (m), 1278 (s),
1011(s), 799 (s), 698 (m) cm™; HRMS (EI) Calcd. for CpsHosO (M"): 400.2402; Found:
400.2406.

Synthetic application

1. gram-scale experiment

o 1. LIHMDS, toluene o =
2. 2.5 mol% [Pd(7°-C3Hs)Cll» on -
Ph [ 5.0 mol% S-IPreHCI, 12 mol% tBuOK %
AN . Ph = C4Hg
C4Hg N
()1 P " 0Boc 30°C ()-3i

1829 22094 g _134g
97% yield, 95/5 BIL, 95/5 dr

A dry schlenk tube (100 mL) was flame dried and flushed with Argon. Ketone 1i (1.824g, 8.0
mmol) and toluene (40.0 mL) were added into the dry Schlenk tube. LHMDS(1.0 M in THF, 8.0
mL, 8.0 mmol) were added at 0°C and stirred at room temperature for 30 min. In a separated
flask, [Pd(n3—C3H5)Cl]2(38 mg, 0.10 mmol), S-IPr-HCI (88 mg, 0.12 mmol) and toluene (20 mL)
were added, followed by addition of ~BuOK (1.0 M in THF, 0.5 mL, 0.5 mmol) at 0°C, The
resulting mixture was stirred at room temperature for 30 min, then added to the ketone solution.
The allylic substrates 2a(936 mg, 4.0 mmol) and toluene (20 mL) was then added and the
mixture was stirred at 30 °C. After 48h the reaction was complete (monitored by GC/MS), the
reaction mixture was quenched by H,O (2 mL). The resulting mixture was extracted with diethyl
ether (3 x 10 mL). The combined organic layer was washed with saturated brine (20 mL), dried
(NazS0O4) and concentrated in vacuo to afford a crude product. The diastereoselectivity of the
crude product was then determined by "H NMR spectroscopy. After this analysis, the crude
reaction mixture was purified by flash column silica gel chromatography (eluting with petroleum
ether/toluene 1/1) to yield the product 3i(1.34 g, yield 97%) and 1i was recovered (820 mg, yield
90%).3i: B/L: 95/5; dr: 95/5.

2. Chirality transfer from enantiomerically enriched B-substituted ketones.

94



O Et

o) Et 1. LIHMDS, toluene =
M 2. 2.5 mol% [Pd(7°-C3Hs)Cll Ph)ﬁcph
Ph Ph 5.0 mol% S-IPreHCI, 12 mol% tBuOK
Ph =

(S-1j Ph X"N0Boc  30°C (3R, 4S, 55)-3j
2.0 equiv 2a >98/2 B/L,86/14 dr
96% ee 1.0 equiv 96% ee, 98% yield

The (S)-1j was prepared according to the literature procedure?.

(8)-1j

ee: 96%; [o]p "= 4.0 (c1.0, CHCls); "H NMR (400 MHz, CDCl3): §7.92-7.83 (m, 2H), 7.53-7.46

(m, 1H), 7.44-7.35 (m, 2H), 7.31-7.11 (m, 5H), 3.33-3.16 (m, 3H), 1.83-1.55(m, 2H), 0.80 (t, J =

7.6 Hz, 3H); HPLC (Chiralcel AD-H, Hexane/i-Propanol = 95/5, 1.0 mL/min, 214 nm), tg (major)
= 5.6 min for (S), tr(minor) = 6.5 min for (R).

A dry schlenk tube was flame dried and flushed with Argon. Ketone (S5)-1j (95.2 mg, 0.4 mmol)
and toluene (2.0 mL) were added into the dry Schlenk tube. LHMDS(1.0 M in THF, 0.4 mL,
0.4mmol) were added at 0°Cand stirred at room temperature for 30 min. In a separated flask,
[Pd(773-C3H5)C1]2 (1.9 mg, 0.005 mmol), S-IPr-HCI (4.4 mg, 0.006 mmol) and toluene (1.0 mL)
were added, followed by addition of #~BuOK (1.0 M in THF, 25 uL, 0.025 mmol) at 0°C, the
resulting mixture was stirred at room temperature for 30 min, then added to the ketone solution.
The allylic substrate 2a(47 mg, 0.2 mmol) and toluene (1.0 mL) was added and the mixture was
stirred at 30 °C. After the reaction was complete, the reaction mixture was quenched by H,O (0.
5 mL).The solution was dried (anhydrous Na,SO4) and then filtered through a 0.5 inch plug of
silica gel (eluting with EtOAc) to remove the solid. The crude reaction mixture was concentrated
under reduced pressure. CDCIl; (0.7-0.8 mL) was added to dissolve the crude reaction mixture,
and mesitylene (23 pL) was added as an internal standard. The diastereoselectivity was then
determined by 'H NMR spectroscopy. After this analysis, the crude reaction mixture was
purified by flash column silica gel chromatography (eluting with petroleum ether/toluene 1/1) to

yield the product 3j (69 mg, yield 98%, B/L > 98/2, dr = 86/14). ee: 96%; [a]p>"= -33.9 (c 0.50,
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CHCI;3); HPLC (Agilent SDC-AD-H, CO,/i-Propanol = 90/10, 1.3 mL/min, 214 nm), tg (major)

= 8.08 min, tg(minor) = 9.04 min.

O =

e - 1. LIHMDS, toluene H
B 2. 2.5 mol% [Pd(7%-C3Hs5)Cll, Ph X
Ph NN 5.0 mol% S-IPreHCI, 12 mol% tBuOK X .
AN - = Si('Pr)3

Si(Pr);
Ph N"0Boc 30°C
(S)-1I (3R, 4S, 5S)-31
2.0 equiv 2a 97/3 BIL, 94/6 dr
90% ee 1.0 equiv 90% ee, 99% yield

The (S)-11 was prepared according to the literature procedure’.

(@] -

©)J\/\ .
Si('Pr);

(8)-11

ee: 90% (S); [o]p’’=-2.2 (¢ 1.0, CHCL;);'H NMR (400 MHz, CDCl3): §7.96 (d, J= 7.2 Hz, 2H),
7.56 (t,J=7.2 Hz,1H), 7.46 (t, J = 8.0 Hz, 2H), 3.29-3.19 (m, 2H), 3.05-2.98 (m, 1H), 1.28 (d, J
= 6.8 Hz, 3H), 1.05-0.80 (m, 21H); HPLC (Agilent SFC-AD-H, CO»/i-Propanol = 99/1, 1.5
mL/min, 230 nm), tg (major) = 6.87 min, tg(minor) = 7.54 min for (R).{The absolute
configuration of 11 was determined to be S by comparing the reported HPLC traces of (S)-11°.
Chiralcel OJ-H Column hexanes, 0.ImL/min, 214 nm, tg (major)= 42.61 min for (S), tg (minor)
=45.76 min. ([a]p’"=-2.2, ¢ 1.0 in CHCL3) }.

A dry schlenk tube was flame dried and flushed with Argon. ketone (S)-11 (132 mg, 0.4 mmol)
was and toluene (2.0 mL) were added into the dry Schlenk tube. LHMDS(1.0 M in THF, 0.4 mL,
0.4mmol) were added at 0°Cand stirred at room temperature for 30 min. In a separated flask,
[Pd(773-C3H5)C1]2 (1.9 mg, 0.005 mmol), S-IPr-HCI (4.4 mg, 0.006 mmol) and toluene (1.0 mL)
were added, followed by addition of ~BuOK (1.0 M in THF, 25 uL, 0.025 mmol) at 0 °C.The
resulting mixture was stirred at room temperature for 30 min, then added to the ketone solution.
The allylic substrate 2a(47 mg, 0.2 mmol) and toluene (1.0 mL) was then added and the mixture

was stirred at 30 °C.After the reaction was complete, the reaction mixture was quenched by H,O
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(0. 5 mL), the solution was dried (anhydrous Na,SO,) and then filtered through a 0.5 inch plug of
silica gel (eluting with EtOAc) to remove the solid. The crude reaction mixture was concentrated
under reduced pressure. CDCl; (0.7-0.8 mL) was added to dissolve the crude reaction mixture,
and mesitylene (23 pL) was added as an internal standard. The diastereoselectivity was then
determined by 'H NMR spectroscopy. After this analysis, the crude reaction mixture was
purified by flash column silica gel chromatography (eluting with petroleum ether/toluene 1/1) to
yield the product 31 (86.9 mg, B/L = 97/3, dr = 96/4). ee 90%;[a]p>"= 3.7 (c1.0, CHCls);HPLC
(Agilent SDC-0J, COy/i-Propanol = 95/5, 1.3 mL/min, 214 nm), tg (major) = 4.58 min, tg(minor)
= 5.80 min.

3. Pauson-Khand reaction of product 3i

(0] =
B COz(CO)g, CH20|2
Ph N
/\ "CaHo NMO, reflux
Ph
(£)-3i ()-8
70% yield

A dry schlenk tube (100 mL) was flame dried and flushed with Argon. Enyne 3i(69 mg, 0.2
mmol, 1.0 equiv) was added slowly to a stirred solution of Co,(CO)s (81 mg, 0.2 mmol, 1.0
equiv) in CH,Cl, (5.0 mL) at 0°C. Stirring was continued at room temperature for 24 h. After the
reaction mixture was cooled to 0°C (ice-bath), NMO in CH,Cl, (2.0 mL) was added slowly. The
reaction mixture was heated to reflux for 36 h, the reaction was complete (monitored by TLC).
The reaction mixture was concentrated under reduced pressure to afford a crude product, which
was purified by chromatography (eluting with petroleum ether/EtOAc 10/1) to yield the product
8 (50.2 mg, yield 70%).White solid, mp: 98-102°C; '"H NMR (400 MHz, CDCl;): §7.55 (d, J =
7.2 Hz, 2H), 7.36 (t, J = 7.6 Hz, 2H), 7.26-7.18 (m, 2H), 7.10-7.01 (m, 4H), 7.01-6.90 (m, 1H),
4.15 (dd, J = 9.6, 4.4 Hz, 1H), 3.78-3.68 (m, 2H), 3.21 (dd, J = 12.4, 9.2 Hz, 1H), 2.60 (dd, J
=17.6, 5.2 Hz, 1H), 2.42-2.34 (m, 1H), 2.33-2.22 (m, 1H), 2.01 (dd, J = 18.0, 3.6 Hz, 1H), 1.48
(d, J = 7.6 Hz, 3H), 1.50-1.30 (m, 4H), 0.93 (t, J = 7.2 Hz, 3H);"*C NMR (101 MHz, CDCl;):
210.0, 202.1, 182.5, 138.1, 137.7, 137.3, 132.7, 128.2, 128.1, 128.0, 126.9, 60.4, 52.8, 47.7, 40.9,
38.9, 31.3,22.9, 22.8, 17.9, 13.9; MS (EI) m/z (rel): 372 (M", 18), 344 (6), 315 (11), 281 (12),
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267(24), 165(7), 128 (6), 115(12), 105 (100), 91(27), 77 (61), 65 (4), 51(7); IR (film): v 2963 (w),
2919 (w), 1661 (m), 1092 (m), 799 (s) cm™; HRMS (EI) Calcd. for CasHasO, (M'): 372.2089;
Found: 372.2084.

4. Synthesis of cyclopentene 10 via metathesis reaction of desilylated product 31

(@] =

B O =
Ph TBAF :
N __TBAF _ pn NN
= SiPs THE
Ph ' pre” N
91% yield
3l 9
90% ee 90% ee

To a solution of 31 (65.2 mg, 0.15 mmol) in THF (2.0 mL) was added tetrabutylammonium
fluoride (TBAF) solution (0.16 mL, 1.0 M in THF) at 0 °C, and the mixture was stirred at room
temperature for 2 h. The mixture was quenched with H,O and extracted with ethyl acetate. The
combined organic layer was washed with brine, dried over MgSQOs, filtered, and concentrated
under reduced pressure. The residue was subjected to a column chromatography on silica gel
(hexane/ethyl acetate = 10/1) to give compound 9 (39.2 mg, yield 91%).ee: 90%; [o]p>"=39.8
(c1.0, CHCls); Yellow oil; "H NMR (400 MHz, CDCl;): §7.71 (d, J = 7.6 Hz, 2H), 7.45 (t, J =
7.6 Hz, 1H), 7.18 (m, 4H), 7.10 (m, 1H), 6.20-6.10 (m, 1H), 5.18 (d, /= 16.4 Hz, 1H), 5.10 (dd,
J=10.4, 1.6 Hz, 1H), 4.12 (t, J= 7.2 Hz, 1H), 3.99 (t, /= 7.6 Hz, 1H), 2.90-2.80 (m, 1H), 2.12
(d, J=2.4 Hz, 1H), 1.14 (d, J= 7.2 Hz, 3H); °C NMR (101 MHz, CDCl5): 202.0, 142.0, 139.1,
136.8, 133.0, 128.6, 128.4, 128.2, 128.0,126.7, 117.4, 87.0, 71.0, 54.7, 51.0, 27.2, 17.8; MS (EI)
m/z (rel): 288 (M", 2), 235 (9), 220 (20), 197 (12), 183 (17), 171 (6), 141 (9), 128 (12), 117 (96),
105 (100), 91 (27), 77 (66), 65 (7), 51 (17); IR (film): v 3297(m), 2979 (w), 1674 (s), 1493 (m),
1247 (s), 921 (m), 758 (m), 701 (s) cm™; HRMS (EI) Calcd. for C2HaO (M"): 288.1514; Found:
288.1508; HPLC (Agilent SDC-0J, CO,/i-Propanol = 95/5, 1.3 mL/min, 214 nm), tg (minor) =

6.80min, tg(major) = 8.69 min.
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O = O

. Grubbs Il 3
Ph Ph
)51/\% thylene, DCM, rt /b_\
— ethylene, ,
Ph N

91% yield Ph
9 10
90% ee 90% ee

Freshly distilled CH,Cl, was degassed for 1 h. The enyne 9 (7.0 mg, 0.024 mmol) was dissolved
in CHyCl, (4 mL) and ethylene gas was passed through the solution for 30 min. Grubbsll
catalyst(3.0 mg, 15% mol) was then added, and the solution was degassed again with ethylene
for 30 min. The mixture was stirred under an atmosphere of ethylene at room temperature. The
reaction was monitored by TLC (ca.2h). The mixture was then concentrated and the residue was
purified by neutral alumina (hexane/ethyl acetate = 10/1) to give compound 10 (6.5 mg, yield
91%). ee: 90%; [a]p = -216.4 (0.5, CHCLs); Yellow solid, mp: 69-75°C; '"H NMR (400 MHz,
CDCl3): 67.62 (d, J = 7.6 Hz, 2H), 7.44 (t, J = 7.2 Hz, 1H), 7.35-7.29 (m, 2H), 7.01-6.96 (m,
3H), 6.74-6.70 (m, 2H), 6.51 (dd, J=18.4, 11.2 Hz, 1H), 5.67 (s, 1H), 5.42 (d, /= 18.4 Hz, 1H),
5.23(d,J=10.0 Hz, 1H), 4.41 (d, J=10.8 Hz, 1H), 4.11 (dd, J= 7.2 Hz, J = 9.6 Hz, 1H), 3.95-
3.85 (m, 1H), 1.26 (d, J= 7.2 Hz, 3H); *C NMR (101 MHz, CDCl;): 199.6, 146.9, 139.5, 138.0,
132.4,132.0, 130.5, 128.5, 128.2, 127.9, 127.8, 126.6, 115.7, 60.9, 53.9, 39.4, 19.7; MS (EI) m/z
(rel): 288 (M, 22), 273 (30), 183 (28), 168 (24), 141 (13), 105 (100), 91 (26), 77 (60), 51 (12);
IR (film): v 2961 (w), 2926 (w), 1672 (m), 1245 (m), 1023 (m), 692(s) cm™'; HRMS (EI) Calcd.
for C,1H,0O (M+): 288.1514; Found: 288.1518. HPLC (Agilent SDC-OD-H, CO,/i-Propanol =
90/10, 1.3 mL/min, 214 nm), tg (minor) = 8.83min, tg(major) = 10.49 min.

Mechanistic studies.

The ally compound(S)-(Z)-5 is prepared according to the literature procedure™”.

OBoc D

Ph Z

(S)-(2)-5
ee > 99%, Z/E = 94/6
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(S)-(2)-5, ee = 99.3%, [a]p>= -32.7 (¢1.0, CHCL;); '"H NMR (400 MHz, CDCls): 6 7.37-7.26 (m,
5H), 6.04-6.01 (m, 2H), 5.24 (dt, J = 9.2, 4.0 Hz, 1H), 1.47 (s, 9H); HPLC: Chiralcel OJ-H (25
cm x 0.46 cm), hexane/2-propanol = 95/5, 0.7mL/min, 214 nm, tg = 7.58 min (minor), 8.90 min

(major).

1. The reaction of ketone 1a with (S)-(2)-5 catalyzed by[Pd(y’-C3Hs)Cl]»/S-IPr

1. LHMDS/THF

o}
o 2. 2.5 mol% [Pd(7*-C3Hs)Cl]»
5.0 mol% S-IPreHCI, 12 mol% tBuOK Ph
OBoc D P N
= (+)-D-3a
Ph '
1a yield 95%
(S)»-(2)-5 B/L = 95/5
ee > 99% anti/syn = 84/16

Z/E = 94/6

A dry schlenk tube was flame dried and flushed with Argon. Ketone 1a (54 mg, 0.4 mmol) was
and THF (2.0 mL) were added into the dry Schlenk tube. LHMDS(1.0 M in THF, 0.4 mL, 0.4
mmol) were added at 0°C and stirred at room temperature for 30 min. In a separated flushed
flask, [Pd(n3—C3H5)Cl]2 (1.9 mg, 0.005 mmol), S-IPr-HCI (4.4 mg, 0.006 mmol) and THF (1.0
mL) were added, followed by addition of ~-BuOK (1.0 M in THF, 25 uL, 0.025 mmol) at 0°C.
The resulting mixture was stirred at room temperature for 30 min.The substrates (S)-(2)-5 (47
mg, 0.2 mmol) and THF (1.0 mL) was then added and the mixture was stirred at 30 °C. After the
reaction was complete, the reaction mixture was quenched by H,O (0.5 mL), the solution was
dried (anhydrous Na,SO,4) and then filtered through a 0.5 inch plug of silica gel (eluting with
EtOAc) to remove the solid. The crude reaction mixture was concentrated under reduced
pressure. CDCIl; (0.8 mL) was added to dissolve the crude reaction mixture, and mesitylene (23
uL) was added as an internal standard. The diastereoselectivity was then determined by '"H NMR
spectroscopy. After this analysis, the crude reaction mixture was purified by flash column silica
gel chromatography (eluting with petroleum ether/ethyl acetate 10/1) to afford the product D-3a,

which was mixture of (£)- and (£)-isomer.

Chiral HPLC separation of deutorated products (R,R)-(£)-3a and (S,5)-(£)-3a
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The “racemic” (R,R)-(E)-3a and (S,5)-(£)-3a products were separated by a preparative OJ-H (25
cm % 0.46 cm)column, hexane/2-propanol =95/5, 8.0 mL/min, 214 nm. The absolute

configuration of the product 3a was determined by comparing the reported’.

i
SO
P70 (R R)-(E)-3a

98% ee, [o]p "= 44.6 (¢ 0.7, CHCl3); "H NMR (400 MHz, CDCl3):6 7.80-7.78 (m, 2H), 7.52-7.07
(m, 8H), 6.08-5.98 (m, 1H), 5.12 (d, J=17.2Hz, 1H), 3.97-3.91 (m, 1H), 3.72-3.68 (m, 1H), 1.20
(d, J= 6.8Hz, 1H); *C NMR (101 MHz, CDCls): 203.4, 142.8, 138.9, 137.0, 132.7, 128.5, 128.4,
128.0, 127.6, 126.3, 116.6 (t, J = 23.6 Hz), 53.0, 45.2, 16.5; MS (EI) m/z (rel): 251 (M", 2), 236
(19), 118 (61), 105 (100), 92 (10), 77 (42), 51 (8); HRMS (EI) Calcd. for C;sH;7DO (M"):
251.1420; Found: 251.1419; HPLC: Chiralcel OJ-H, hexane/2-propanol =90/10, 0/7 mL/min,

214 nm, tg (major) = 9.10 min, tg (minor) =10.2 min.

(@]
PN (5.5)(2)3a

98% ee, [a]p>*=-37.7 (¢ 0.8, CHCls); '"H NMR (400 MHz, CDCls): & 7.80-7.78 (m, 2H), 7.52-
7.07 (m, 8H), 6.08-5.98 (m, 1H), 5.10 (d, J = 10.4 Hz, 1H), 3.97-3.91 (m, 1H), 3.72-3.68 (m, 1H),
1.20 (d, J = 6.8Hz, 1H); *C NMR (101 MHz, CDCl;): 203.4, 142.8, 138.9, 137.0, 132.7, 128.5,
128.4, 128.0, 127.6, 126.3, 116.3 (t, J = 23.3Hz), 53.0, 45.2, 16.5; MS (EI) m/z (rel): 251 (M, 2),
236 (19), 118 (61), 105 (100), 92 (10), 77 (42), 51 (8); HRMS (EI) Calcd. for CisH;;DO (M"):
251.1420; Found: 251.1427;HPLC: Chiralcel OJ-H, hexane/2-propanol =90/10, 0.7 mL/min, 214

nm, tg (minor) = 9.20 min, tg (major) = 10.2 min.

The absolute configuration of the product was determined to be (S,S) by comparing the
reported HPLC traces of (S,S)-3a' {Chiralcel OJ-H Column 95:5 hexanes/2-propanol, 0.7
mL/min, 254 nm, tg(minor) = 9.9 min, tg (major)= 11.1 min. 98% ee, ([a]p>= -56.9, ¢ 1.41 in

CHCLy) }.
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2. The reaction of p-alkenyl-ketone (S)-1h with (5)-(2)-5 catalyzed by [Pd(i]3-C3H5)Cl]2/S-
IPr.

1. LIHMDS, THF o -
o - 2. 2.5 mol% [Pd(7*-C3Hs)Cl], H
R 5.0 mol% S-IPreHCI, 12 mol% tBuOK Ph NN
Fh A g s,
Si(Pr); Ooc D 30°C Ph D
(S)-11 Ph = (3R, 4S, 5S)-(E)-3I
90% ee
(S)-(2)-5 95% yield, 97/3 B/L
2.0 equiv ee > 99%, Z/E = 94/6 95/5 dr, 92% ee

A dry schlenk tube was flame dried and flushed with Argon. Ketone (S)-11(131.2 mg, 0.4 mmol)
was and THF (2.0 mL) were added into the dry Schlenk tube. LHMDS(1.0 M in THF, 0.4 mL,
0.4mmol) were added at 0°C and stirred at room temperature for 30 min. In a separated flask,
[Pd(773-C3H5)C1]2 (1.9 mg, 0.005 mmol), S-IPr-HCI (4.4 mg, 0.006 mmol) and THF (1.0 mL)
were added, followed by addition of #~BuOK (1.0 M in THF, 25 uL, 0.025 mmol) at 0°C.The
resulting mixture was stirred at room temperature for 30 min, then added to the ketone solution.
the substrates (S)-(£)-5 (47 mg, 0.2 mmol) and THF (1.0 mL) was then added and the mixture
was stirred at 30 °C. After the reaction was complete, the reaction mixture was quenched by H,O
(0.5 mL). The solution was dried (anhydrous Na,SO,) and then filtered through a 0.5 inch plug
of silica gel (eluting with EtOAc) to remove the solid. The crude reaction mixture was
concentrated under reduced pressure. CDCl; (0.7-0.8 mL) was added to dissolve the crude
reaction mixture, and mesitylene (23 pL) was added as an internal standard. The
diastereoselectivity was then determined by 'H NMR spectroscopy. After this analysis, the crude
reaction mixture was purified by flash column silica gel chromatography (eluting with petroleum
ether/toluene 1/1) to yield the product (3R,4S,55)-(£)-31 (85.1 mg, yield 95%; B/L: 97/3; dr:
95/5). ee = 92%, [a]p""=5.69 (¢ 0.5, CHCI3); Yellow oil; "H NMR (400 MHz, CDCl3): & 7.67 (d,
J=17.6 Hz, 2H), 7.42 (t, J = 7.6 Hz, 1H), 7.30-7.25 (m, 2H), 7.20-7.15 (m, 4H), 7.12-7.07 (m,
1H), 6.17 (dd, J = 16.8, 9.2 Hz, 1H), 5.20 (d, J = 16.8 Hz, 1H), 4.20 (dd, J =9.2, 6.8 Hz, 1H),
3.96 (dd, J = 8.0, 6.4 Hz, 1H), 2.95-2.85 (m, 1H), 1.14 (d, J = 6.8 Hz, 3H), 1.10-1.00 (m, 21H);
BC NMR (101 MHz, CDCls): 202.1, 141.9, 139.1, 136.6, 132.6, 128.6, 128.3, 128.1, 127.9,
126.6, 117.4 (t, J = 24.0 Hz), 111.3, 83.0, 55.2, 51.2, 28.6, 18.6, 18.6, 18.3, 11.2; MS (EI) m/z
(rel): 445 (M, 0.58), 402 (10), 360 (9), 131 (6), 118 (100), 105 (12), 92 (6), 77 (12), 51 (2); IR
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(film): v 2940 (m), 2863 (m), 2161 (w), 1671 (m), 1449 (m), 1206 (m), 883 (m), 674 (s) cm™;
HRMS (EI) Calcd. for C30H39DOSi (M"): 445.2911; Found: 445.2907. HPLC (Agilent SDC-OJ,
COy/i-Propanol = 95/5, 1.3 mL/min, 214 nm), tg (major) = 4.58 min, tg(minor) = 5.80 min.

3. The reaction of 1c with 11 catalyzed by [Pd(;’-C3Hs)Cl],/S-IPr.

1. LIHMDS, toluene
o 2.2.5 mol% [Pd|(773-C3H5)CI]2 )
5.0 mol% S-IPreHCI, 12 mol% tBuOK -
Ph v Ph
Ph
BocO Ph (x)-12

(£)-11 73% yield

A dry schlenk tube was flame dried and flushed with Argon. Ketone 1¢ (65 mg, 0.4 mmol) was
and toulene (2.0 mL) were added into the dry Schlenk tube. LHMDS(1.0 M in THF, 0.4 mL,
0.4mmol) were added at 0°C and stirred at room temperature for 30 min. In a separated flask,
[Pd(n3—C3H5)Cl]2 (1.9 mg, 0.005 mmol), S-IPr-HCI (4.4 mg, 0.006 mmol) and toulene (1.0 mL)
were added, followed by addition of +-BuOK (1.0 M in THF, 25 uL, 0.025 mmol) at 0°C.The
resulting mixture was stirred at room temperature for 30 min, then added to the ketone solution.
the substrates 11 (54 mg, 0.2 mmol) and toulene (1.0 mL) was then added and the mixture was
stirred at 30 °C. After the reaction was complete, the reaction mixture was quenched by H,O (0.5
mL). The solution was exacted with ethyl acetate and dried (anhydrous Na,SO), then
concentrated under reduced pressure and purified by flash column silica gel chromatography
(eluting with petroleum ether/ethyl acetate 10/1) to yield the product 12 (46.4 mg, yield 73%). 'H
NMR (600 MHz, CDCl;): 6 8.01-7.93 (m, 2H), 7.59-7.51 (m, 1H), 7.49-7.43 (m, 2H), 7.31-7.23
(m, 2H), 7.21-7.16 (m, 1H), 7.14-7.08 (m, 2H), 5.83-5.73 (m, 1H), 5.73-5.64 (m, 1H), 3.51 (dd, J
= 8.4, 6.7 Hz, 1H), 2.90-2.81 (m, 1H), 2.80-2.72 (m, 1H), 2.36-2.28 (m, 1H), 2.23 (dq, J = 13.6,
6.8 Hz, 1H), 2.19-2.12 (m, 1H), 1.92-1.86 (m, 2H), 0.91 (d, J = 6.7 Hz, 3H), 0.89 (d, J = 6.9 Hz,
3H). >C NMR (101 MHz, CDCls) & 204.54, 146.37, 139.82, 132.69, 128.96, 128.54, 128.29,
128.16, 127.31, 126.85, 126.00, 54.85, 36.07, 34.68, 33.32, 32.29, 28.67, 21.33, 18.76; IR: 2959,
1736, 1596, 1579, 1493, 1447 cm™'; HRMS (ESI) Calcd for Cy3H,,0 (M+H]): 319.2062; Found
319.2058.
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Computational methods

All calculations were done with the Gaussian 09 program®. Gas phase geometries were
optimized with the ®B97XD functional” of the density functional theory (DFT). The SDD*® basis

set with Stuttgart/Dresden effective core potentials™'®

(SDDAIl) was employed for all atoms.
Frequency analyses were performed at the same level of theory, to confirm that each optimized
geometry is either an energy minimum (with no imaginary frequencies) or a transition state (with
only one imaginary frequency), and to provide gas phase free energy corrections. Solvation free
energies in toluene were computed at each optimized geometry with a larger basis set, def2-
TZVP'"'?, using the SMD solvation method'. To account for the different standard states in the
gas-phase (1 atm, 298.15 K) and in solution (1 mol/liter, 298.15 K) when computing the thermal
correction in solution, a correction of 1.89 kcal/mol is added to the total energy for each
structure!*'>. The final free energy for each structure, Goj, comprises the SMD energy in solvent,
the 1.89 kcal/mol thermal energy correction for the strandard state in solution and the free energy
correction of the gas phase. Reported energies in this study are relative free energies AGgo.

Cartesian coordinates and absolute energies of all calculated structure can be found in a separate

file called Supplimental Data 1.
DFT results and discussions

It is proposed (Supplementary Figure 67) that ketone 1b is deprotonated by LIHMDS to
generate lithium enolate, and 2a reacts with NHC and Pd(0) to give the allyl-Pd complex.
Then, lithium enolate and allyl-Pd complex can react to yield the branched product via either an

outer-sphere or inner-sphere mechanism.

It should be noted that the structure of lithium enolate generated in the reaction condition
is not as simple as what we drew in the above figure. Organolithium compounds usually exist in
aggregate forms, such as dimer, trimer, tetramer and so on in solid-state'®. Solvent and external
ligands may change the aggregate form of these compounds. For example, LIHMDS in THF
solvent has a dimer structure'’. In the current reaction conditions, we have no knowledge of the
exact structure of the lithium enolate. However, it is reasonable to assume that lithium enolate
exists as dimers, possibly with two external amine ligands for each dimer (Supplementary

Figure 68). It has been reported that under similar conditions, Z-type enolate is formed
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dominantly'®". Our experiment also showed that the Z-isomer is indeed the major product. We

used the dimer structure of Z-enolate without external amine ligands in our calculations.

In addition to the key structures shown in Figure 6 of the manuscript, we also calculated
intermediates and transition stuctures containing n'-allyl-Pd complex (Supplementary Figure 69)

and E-enolate (Supplementary Figure 71).

The following section presents the analysis and calculations on possible conformations of
the transitition state that leads to branched product via an inner-sphere pathway (TS-inner-

branched in Figure 6 of the manuscript).

In order to model the seven-membered ring transition state of this C-C bond-forming
step, we consulted a conformational study on saturated seven-membered rings®’. In cycloheptane
(Supplementary Figure 70), the chair and boat conformations are not stable (not energy
minimun) because of the repulsion between the two eclipsing CH, groups (marked by red
arrows); instead, they are transition states connecting, respectively, a pair of twist-chair and

twist-boat conformations.

To construct the structure of TS-inner-branched (Figure 6 of the manuscript), one needs
to replace two adjacent CH, groups in cycloheptane with the —O— and —Pd(NHC)- groups, and
also to add necessary substituents. We started with the chair and boat conformations of
cycloheptane. In order to eliminate the repulsion between the two eclipsing CH, groups, we
replaced one of them with the —O— and an adjacent CH, group with the -Pd(NHC)— group. Then
we added two phenyls and one ethyl to the seven-membered ring at proper positions to obtain
transition state TS-inner-branched for substrate 1b. Note that if one starts with the twist-chair

and twist-boat conformations, the same structures will be obtained after geometry optimization.

Supplementary Figure 71 illustrates this substitution process and shows the resulting
transition state structures. To show more clearly the difference between the two conformations,
in the drawings of both conformations in Supplementary Figure 71, we placed the phenylallyl
group in the front with the same orientation and the enolate in the back. Since enantioselectivity
is not involved in the reaction using achiral NHC ligands, we only considered the si face of

phenylally being attacked by enolate in our calculations.
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A total of four transition state structures can be constructed when both the £/Z isomers of
enolate are considered. As can be seen in Supplementary Figure 71, the difference between the
chair and boat transition states with the same enolate configuration (TS1 vs TS3, both with E-
enolate) is that, in TS1, it is the re face of enolate that attacks the phenyl allyl, whereas in TS3,

the enolate attacks with its si face.

We also considered transition state structures generated by substitution of —O— and —
Pd(NHC)- for two adjacent CH, groups in cycloheptane at different positions. This leads to four
more transition states, TSS to TS8. Their structures and energies are given in the Absolute
energies and coordinates section later in this document. Calcultiaons show that these transition

states are at least 3.2 kcal/mol higher than TS2.

Based on the transition state structures for 1b, we added a methyl group to the [ position
of the enolate, thus obtaining the transition state structures for l¢. These structures and their
relative energies are shown in Supplementary Figure 72. We also considered the three

conformers arising from the rotation of the C(a)-C(3) bond in the enolate.

Among the three chair transition states for 1¢, TS2a-Me has the lowest energy although
it suffers from the 1,3-diaxial strain between one methyl at the 3 position of enolate and the
phenyl group of phenylally. TS2b-Me suffers from the repulsion between one methyl at the 3
position of enolate and the bulky substituent on NHC, which is not obvious in this schematic
drawing. TS2b-Me is computed to be 1.8 kcal/mol higher than TS2a-Me, indicating that the
repulsion between the methyl at the B position of enolate and NHC is stronger than the 1,3-
diaxial strain. TS2¢-Me suffers from both, and thus has the highest energy. Among the three
boat transitions states, TS4a-Me is the lowest energy one. TS4c-Me is computed to be 4.6
kcal/mol higher than TS4a-Me due to the repulsion between one methyl at the B position of

enolate and the bulky substituent on NHC, which is also not obvious in this schematic drawing.

Next, based on the transition state structures for 1b, possible transition state structures for
1k were constructed by adding a phenyl group to the B position of the enolate (Supplementary
Figure 73). In each of these transition states, only one conformation, in which the hydrogen at 3

position is pointing to NHC, were considered. The boat transition state TS4a-Ph is predicted to
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be the lowest energy transition state; the product generated via TS4a-Ph has the same stereo

configuration as the one produced in experiments.
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