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Supplementary Figure 1. 'H NMR spectrum for L4
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Supplementary Figure 2. **C NMR spectrum for L4
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Supplementary Figure 4. *C NMR spectrum for L5
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Supplementary Figure 6. *C NMR spectrum for Lsa
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Supplementary Figure 8. **C NMR spectrum for Lsb
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Supplementary Figure 10. *C NMR spectrum for Lsc
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Supplementary Figure 12. **C NMR spectrum for Lsd
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Supplementary Figure 14. **C NMR spectrum for Lse
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Supplementary Figure 16. **C NMR spectrum for Lsf
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Supplementary Figure 17. *H NMR spectrum for Lsd
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Supplementary Figure 18. *C NMR spectrum for Lsg
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Supplementary Figure 19. *H NMR spectrum for Lsh
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Supplementary Figure 20. *C NMR spectrum for Lsh
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Supplementary Figure 22. **C NMR spectrum for s6b

523



2T —
¥p0'T
£€90°T

080T

N

886'T
5002 N
e
680°C
950°C
€10

01e'e
£59°€
699
189°€
169°€
€0L'e
§1LE

TELE N\
v —
w88t —
006
v16°€
626

A= N

{

0.8

[4
9€T'L
18T°L
SST'L
0LT'L
|ZAWA
€8E°L
18€°L
cor'L
90v'L
el
6EV'L
84y,

€882
€06'L

NWE

3/08
2.“‘4
|

2/02

400 MHz
CD;0OD

S24

Supplementary Figure 23. 'H NMR spectrum for s7b
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Supplementary Figure 24. **C NMR spectrum for s7b
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Supplementary Figure 25. '"H NMR spectrum for ent-S7b
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Supplementary Figure 26. **C NMR spectrum for ent-s7b
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Supplementary Figure 27. *H NMR spectrum for S8b
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Supplementary Figure 28. **C NMR spectrum for S8b
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Supplementary Figure 30. **C NMR spectrum for S9b
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Supplementary Figure 31. '"H NMR spectrum for S6
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Supplementary Figure 32. *C NMR spectrum for S6
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S36



EWeTl —
v80'6T —

€18'¢E

099°€S

8/6'69 —

9899/
000'LL N

05296

¢ST6TT
veET' ¢l

0v0'8eT
BIr8ZT —

GE0'T9T

ent-S7

¥C NMR
101 MHz

CDCl;

PPM

I
100

I
150

Supplementary Figure 36. *C NMR spectrum for ent-S7
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Supplementary Figure 202. **C NMR spectrum for 3ak
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Supplementary Figure 204. **C NMR spectrum for 5ak
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Translation of Chinese Characters in HPLC spectra to English
#i&: HPLC Condition
th % &: HPLC Spectra

(SRIERS
=% : Height #xic: Note &1f: Total
g% : Area Percent Report f&# i [H]: Remaining Time

Detector

I&5. Peak THIFA: Area

ik : ADH, n—hexane:iPrOH = 98/2 1.0 ml/min, 220 nm
OH BPin
@ikE )\/\/\/Ph <
cx10148a—p D Ph
m¥
2a
300 - 1FEESEA 220ng
- s
N |§ =
o o=
200~ [m t
1 £z
100+ | r f
] L
] | % o
o . N
— — -——r——r7———rr7———T———
0 5 10 15 20 25 30
min
I 32
H A 220mm __ _
[E55] G B L [ TR [ brid [ iE%
1 20. 225 3061063 285122 99. 300
2 23,128 56128 1713 0. 691
i 8117191 796836 100. 000
g : AD-H, n—hexane:iPrOH = 98/2 1.0 ml/min, 220 mm
OH BPin
A~ ~_Ph /‘\/\/\/Ph>
A Ph <Ph
ex10148a—p+—
mV racemic 2a
TRINIZEA 220ng
] - N
100 = 8
] 1=
] = P
3004 ‘[, .
: B |E
2007 £ |
] [+ | F
00 T
E ENE
] EUE
0 ——. N s c r e
T T T T | T T T T | T T T T | T T T T | T T T
0 5 10 15 20
min
A i
fdla5A 220mm _ _
BE | EENE EE:] Bl Fric L
1 20.349 | 13808445 455681 48,917
2 22.163 | 14419665 25255 51.083
Bl 28228100 830936 100. 000

Supplementary Figure 205. HPLC spectra for 2a
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Translation of Chinese Characters in HPLC spectra to English

fiii&: HPLC Condition ~ £uill#%: Detector U§5: Peak M Area
% &, HPLC Spectra  /&iJ¥: Height Fric: Note Bit: Total
IEZ: Area Percent Report fREERFE]: Remaining Time

ik : AS-H, n-Hex/iPrOH = 98/2, 1.0 mL/min, 220 nm
o
mV
= 15224 220nm
ﬂ¥ =
100 OH BPin “i W
] C M/C — |I:.-
I ' E B
4 r— joch
500 racemic 2b ‘| ||
200 | | | ||
i I I
100 |
1 |
i [l
] f I|I II I|I
o B N — PR S G S
T T T T T T T T T T T T T T T T T T T T
0.0 5 5.0 7.5 .
min
] i
Frdll A 220nm ] _ ]
e T B I [R] [ FH =i Fric [ FH%
1 7.791 5506005 116596 M 48. 886
2 8.932 5756951 4108522 M 51. 114
E=N5E 11262955 855117 100. 000
ik : AS-H, n—Hex/iPrOH = 98/2, 1.0 mL/min, 220 nm
13,18
mV
500 1t%%§%§A 220nm
] OH BPin |Illz;
] C )\/\/Cy
100 Ph/'\/\/ Y\ ph | lL,
— =2
E 2b ||'
500 | |
200; | |
i . |
ES | I
100 = | ﬂ
] = [
1 el [
o PR — o N J . _
1 T T T T T T T T T T T T T T T T T T T T
0.0 2.5 5.0 7.9 )
min
] 32
tardll 454 220nm ] _ ]
s T B IR [ [ 5 = rid [ 5%
1 7.714 145749 13327 1. 957
2 8. 887 7300265 496681 98. 043
ST 7446013 510008 100. 000

Supplementary Figure 206. HPLC spectra for 2b
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Translation of Chinese Characters in HPLC spectra to English

#iiR: HPLC Condition
% &: HPLC Spectra

I&Z%: Area Percent Report

K% : Detector
B Height

I&-=. Peak
#ic: Note

AR -

FSSAR

Area
Total

{RBE I} IE: Remaining Time

FJEJL_” e ;.S—H. n—hexane:iPr0OH = 98/2, 1.0 ml/min, 220 nm
i
cx11028a—p
oV
5007 - 1FEAEEA 220nd
] OH BPin i
4004 Cy Cy | ||r|§;
] |2
200 = -
E 2c ? | A
200 Z | &
. - [ 1
] . r
1003 Z | ¥
] i |
o : . 3\
T T T T T T T T T T T T T T T T T T T T T T
0.0 2.5 5.0 7.5 10.0
min
__ HiEe
5 TS S B L)
1 30480 3076 0.415
2 7319451 479756 9. 585
B 7549931 482832 100, 000
FRE : AS5-H, n-hexans:iPrOH = 98/2, 1.0 ml/min, 220 nm
i3
cxll0Z28a—pt+—
oV
] . TFIWEA 22000
] OH BPin i~ -
EDcaasiUooas/ N NN
: I e
: - -
100 ‘ = [k
] racemic 2c o | 23
R | E | B
N | 7 { £
] | o= | =
o — e T / i TN
— 1 — 7 T T T
0. 2.5 5.0 7.5 10. 0 12.5
min
Frdlgsa 220nm _ _
o G B B (R [k =i Frid [ 2%
1 7. 987 1987809 173451 M 49. 446
2 10. 168 2032373 133744 | 5 50. 554
BT 4020181 307195 100. 000

Supplementary Figure 207. HPLC spectra for 2c
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Translation of Chinese Characters in HPLC spectra to English
#i&: HPLC Condition

. HPLC

Spectra

¥l 28 : Detector

B Height

I&Z%: Area Percent Report

I&-=. Peak
#ic: Note

[HFH: Area
it Total

{RBE I} IE: Remaining Time

it : AS-H, n—Hex/iPrOH = 98/2, 1.0 mlL/min, 220 nm
51 B
mV
TO0 LA ERA 220nm
] OH BPin =
] =]
800 Cy Cy I
. =
- i
500 r;
E 2d ‘
100 ‘|
500 ||
2003 2| |
] .
100 = | |
] o |
] =
o R AN S S
L B e e L L e e ML ML s e ) i
0 1 2 3 1 5 6 7 a8
min
] I 32
6 | 44 220nm _ _ _
[E3E] T B [F] K] =i tric %
1 T.187 74710 7788 0. 938
2 7.7350 7892991 683786 99. 062
I=Raa 7967701 691574 100. 000
e : AS-H, n—Hex/iPrOH = 98/2, 1.0 ml/min, 220 nm
18
mV
= 1FEJE5A 220no]
750 ) 2 =
] OH BPin ||£_ |||;
Cy Cy | ||..__
— |:f
| = | =
500 | ‘|
) racemic 2d ‘ | | |
| ol
250 | | ||
] I
| R
| | | I|
| | | |
o o A~ AN A N §
o e I L e e L B L e e T
0 1 3 1 6 T 8
min
] I 32
1 il 24 220nm _ _ _
G T B [A] A = trid %
1 7.251 7845733 748125 48. 939
2 7.788 8183898 716031 51. 061
I=Raa 16031631 14641356 100. 000

Supplementary Figure 208. HPLC spectra for 2d
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Translation of Chinese Characters in HPLC spectra to English

#iiR: HPLC Condition
th % &: HPLC Spectra

&% Area

mE T

&5 Peak [HFH: Area
#ic: Note it Total
{RBE I} IE: Remaining Time

il #%: Detector
B Height
Percent Report

: OD-H, n-hexane:iPrOH = 98/2, 1.0 ml/min, 220 nm

i
cx11099—pFPP

mV
2507 TEJ3EA 220m]
] . fl =
200 OH Bpin . |||_7
] C = &
] /@M y /@/k/y y z ||'\]
150
] MeO MeO = | LE:
] 2 = E
100 e = | &
] T
50 2 |I &
] l;‘_:ll &
0__ N — S & L
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
0.0 2.5 5.0 7.5 10. 0 12.5 15.0 17.5
min
i 32
T T SR )
1 61T1T 3560 1. 07T
2 5670673 236548 98. 023
Bir 3752300 340108 100. 000
T - _ )
i ik : OD-H, n—hexzane:iPrOH = 98/2, 1.0 ml/min, 220 nm
i
exl110909—p+-1
mV
] I~ 1ﬁ¢ﬂmﬁﬁi 220nn|
] OH Bpin >
100 C ||E ||E
] Cy /@/\/\/ Yy ||£ ||E
e MeO MeO || . lE
] 2 E =
50 racemic 2e : | E
1 B F
= Bk
- R
1 L Y — — AR\, — ]
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 T T T T T T T T
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
min
N 3
5 T AL Fric 2%
1 2539370 115798 50.228
2 16. 742 2516475 107901 | V 49, 772
Bt 5056045 323700 100, 000

Supplementary Figure 209. HPLC spectra for 2e
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Translation of Chinese Characters in HPLC spectra to English

ffiiik : HPLC Condition
i : HPLC Spectra

s

Detector &5 : Peak

A Area

L Height 712 : Note & 11 : Total
5% : Area Percent Report £&EZ 8] : Remaining Time

FJEA_I . .;‘.G—H. n—hexane:!iPr0H = 98/2,1.0 ml/min, 220 nm
OH Bpin
| )
{018
v czy2048-pp Ph Ph
. 2f
. N 1R NIEA 2200
] e
] [ e
400+ i da
b = |
1 = [ =
300+ = || -
] o
] = II =
2004 S [
i [r= | =\
] | 1
] |
100 2 ||
. oo i =1 4
] — / =1
o - JoZ N
1 T T T T T T T T T
8 9 10 11 12 13 14 15
min
==
W E2A 220nm
=551 T B B[] i 22 1 Fric %
1 11. 833 52064 2561 M 0. 492
2 13. 227 10531886 472907 99. 508
S o] 10583930 475468 100. 000
g : AS-H, n—hexane:iPr(OH = 98/2,1.0 ml/min, 220 nm
OH Bpin
Cy < Cy )
{5348
CZ}*2U-18—pp+Eh Ph
mV racemic 2f
. N ] 1FFATE5A 220nn]
750-] M\~
i { o 2
| f E [ &
1 I f $
300+ |t [t
i | 5‘1 | d.
- f = [ =
. [ F [ Z)
. [ = [ B)
250 = =
] [ II -
i | =i
i [ =) /
E I —_ /
o = \\
T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I T T T T
8 ] 10 11 12 13 14 15
min
— s
f.-?;-'l'll-?.‘?_»’l. 220nm _ _ _
[ 3L [E 2 ST 1
1 11. 507 15140330 TB4776 | S5 48. 869
2 12, 997 15840997 681746 | ¥ 51.131
&= it 30981327 1466521 100. 000

Supplementary Figure 210.
S211

HPLC spectra for 2f



Translation of Chinese Characters in HPLC spectra to English

fiii&: HPLC Condition ~ £uill#%: Detector U§5: Peak [ Area
% &, HPLC Spectra  /&iJ¥: Height Fric: Note Bit: Total
IEZ: Area Percent Report fREERFE]: Remaining Time

ik : ASH, n—Hex/iPrOH = 98/2, 1.0 mL/min, 220 nm
ik A
oV
]_75_: AFT A 3FA 220nm|
] OH BPin
150+ /@)\/\/Cy Cy
125] F F
100 29
=
50+ i
25 =
: SN
] o | \
o — I — A S T e I
T T T T T T T T T T T T T T T T T T T T T
0.0 2.5 5.0 7.5 10.0
min
\ i 3¢
1 fll 44 220nm ] _ ]
[ERE T BT [R] R =i trid %
1 8.129 21366 1942 0. 888
2 8. 799 2385469 172274 99. 112
[sRaa 2406835 174216 100. 000
ik : ASH, nHex/iPrOH = 98/2, 1.0 mlL/min, 220 nm
i
oV
125 o o 1R NI #A 220n
i 15 7
OH BPin = =
- rlu':
1 Cy Cy
100 s |5
1 = |
] F F ‘ = ‘ o
il racemic 29 || ||
1 | A
5] ENR
4 | |
| | | |
J . ~
" | I' ! I'- ."f \
C-- Y | N / '\J'ﬁ\_ __.._/\.ll L W N N
7 T T T T T T T T T T T T T T T T T T T T T T T
0.0 2.5 3.0 7.5 10. 0
min
‘ Wt
Fo il 454 220nm
[ERES T B I [H] [EEE =il il [ £ %
1 8.132 1451129 120135 49, 378
2 8. 815 1487691 109416 v 50. 622
EiT 2938820 229551 100. 000

Supplementary Figure 211. HPLC spectra for 29
S212



Translation of Chinese Characters in HPLC spectra to English

fiii&: HPLC Condition ~ £uill#%: Detector U§5: Peak [ Area
% &, HPLC Spectra  /&iJ¥: Height Fric: Note Bit: Total
IEZ: Area Percent Report fREERFE]: Remaining Time

""ﬁli : AD-H, n—Hex/iPrOH = 98/2, 0.8 omL/min, 220 nm
i
oV
175 1R 38 A2 20nm
OH Bpin =
: C i
] | N N
12-: ||:
7 c cl |:-'
100 ] ‘ |
] racemic 2h ‘ | |
e | | |
% i
E 1na
25—: | || || I|
] |
o] P ~ ~ "l I": ;'l \
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
0.0 2.5 5.0 7.5 10.0 12.5
min
. 72
il 454 220nm ] _ _
= T B I 8] kS =i Tric %
1 13. 215 2576254 168084 50. 047
2 14. 121 2571441 153662 | W 49. 953
& 5147694 321746 100. 000
it : AD-H, nHex/iPrOH = 98/2, 0.8 wlL/min, 220 nm
5, P
mV
250 — 1FF 254 220no
] ‘Es
] OH Bpin oS
1 Cy C ‘ -
200 4 =
1 Cl -
150+ cl
] 2h
100
] ‘ =
50+ | =
. =
q | | =1
] [l =
o A P N S
1 T T T T T T T T T T T T T T T T T T T T T T
0 5 10 15 20
min
0 2
il 454 220nm _ _ _
e T B I [A] [ 5 =1 Tric [ F2%
1 13. 366 3757687 240673 98. 581
2 14. 267 54091 3259 | V 1.419
IERAN 3811778 243932 100. 000

Supplementary Figure 212. HPLC spectra for 2h

S213



Translation of Chinese Characters in HPLC spectra to English
Detector

#iiR: HPLC Condition
th % &: HPLC Spectra

F 4 -

I&-=. Peak

HFR: Area

=% : Height #xic: Note &1f: Total
g% : Area Percent Report f&# i [H]: Remaining Time

a5k : AS-H, n—hexane:iPrOH = 99/1, 0.8 ml/min, 220 nm
AN
czy2159
oV
. FIAZEA 22
4004 . . 1EA3EA 220no
] OH Bpin -
] Cy Cy — [ &
300 E f %
] ~ E-r
i Br Br = v
200 5| %
] £ | 3
: - | = |
4 | '_'II
100+ 2i [Te II ""II
] = | =
] = | = \
o ) =
7 T T T T T T T T T T T T T T T T T T T T T T
10. 0 12.5 15.0 17.5 20. 0
min
Hr A 200nm _ _
I CEE L[ B e 1 Eric %
1 18. 515 198746 6337 1. 614
2 16. 508 12114615 409204 | W 38. 586
BT 12313362 415542 100. 000
fiit ik : AS-H, n-hexane:iPrOH = 99/1, 0.8 ml/min, 220 nm
i E
czy2159+—
mV
) N _ 1R I3%A 220nm
500 OH Bpin i i
g Cy Cy | E ( E
J | &= | £
| = | ¥
1 I-# |-¥
4 Br Br | & B
| =
250 I % |
<o | | Z
1 racemic 2i II i | 5
= =
e - [
n | _II | ,_Il
Pzl | =)
. AN A
o - JoE= N =N
—— — T
10.0 12.5 15.0 17.5 20.0
min
I 35
A 220nm _ _
fe B A 1 i e 1Y Tic %
18, 081 14681035 517917 48. 087
19. 251 13288860 520642 | V 51.013
289707534 1038560 100. 000

Supplementary Figure 213.

HPLC spectra for 2i
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Translation of Chinese Characters in HPLC spectra to English

f#iiR: HPLC Condition  #&ill#%: Detector U5 : Peak  THIFY: Area
i El: HPLC Spectra = /%: Height #xici: Note &iif: Total

IE: Area Percent Report f& I [E]: Remaining Time

g : AS-H, n—hexane:iPrOH = 98/2, 1.0 ml/min, 220 nm

OH Bpin
©\/'\/ch < ©\/K/\/Cy >
i E
F F

czvZ2158—p

oV 2j
7 FraEEs 22
1504 - TEFAEEA 220no
4 | e
J i
] ) [ 5
] ~ | E
1004 2 | T
N f [ &
] = Il i
1 = B
50- = | :i.
J il
| o
4 =1 | 2
i - | %1
_ % =y
o — — P
-—————rr—Tr—Tr—Tfrr—r—Tr T T T T
5 & 7 8 9 10 11 12
min
i 2
ffll 254 2200m __ __
=553 D E i [ T L fric [ %
1 8. 417 10947 820 0. 472
2 5. 082 2309998 152577 99. 528
T 2320913 153397 100. 000
ik : ASH, n-hezane:iPrOH = 98/2, 1.0 ml/min, 220 om

OH Bpin
o (o)
o188 F F

czy2158+
a racemic 2j

100 N TFIAEA 220nd
= J1=
i . .
. = [=
i 3 |
75 ' E &
] I [
] | & |
7 | E |
30 3
i ETE
] I [ T
B | T | |
254 | £ |
A | g‘l I| i:jll
] ,I 'x:'.l ] -I'.\\
] | \ _.'I
o e . N _ o
— ; ; —————T——————————————
5 & 7 8 9 10 11 12
min
) £
Hr 254 220nm _ _
[ 5] . BT B [ [ e Fric HiE%
1 8. 402 1314149 96957 49, 090
2 9. D38 1362868 91745 | W 50. 910
Bt 2677017 188700 100. 000

Supplementary Figure 214. HPLC spectra for 2j
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Translation of Chinese Characters in HPLC spectra to English
fiiX: HPLC Condition  #ill#%: Detector U5%5: Peak [HifH: Area
ikl HPLC Spectra /)% : Height ##ic: Note &if: Total

I&%. Area Percent Report {4 [E: Remaining Time

it i : AS-H, n-hexane:iPrOH = 98/2, 1.00 ml/min, 220 nm

OH Bpin

101 P Cy Cy
czy3102+— < )
oV

1 1FAEE4 220nd
30 racemic 2k
204
10
o
T T T r +r r 1Tt 17
6.0 6.3 7.0 7.5 8.0 8.5 9.0
min
B
e T Frid [ 19%
432270 34939 19. 008
448151 33676 | V 50.902
820421 68615 100. 000
i i : AS-H, n-hexane:iPrOH = 98/2, 1.00 ml/min, 220 nm
OH Bpin
Cy Cy
oy < )
czy3102b
mV
2k
300 , TR M 35A 220n]
200 o
1 b
] =
100+ =+
] ¥
i E— — o _
T T T T T T
6.0 6.5 7.0 7.5 8.0 8.5 3.0
min
K [ 5.3
.Jﬂ"%#i 220nm _ __ _
ﬁ = T B B [ e 1 fric [ 0%
1 6. 944 4191 500 0.108
2 7.873 3872714 301830 | 5 99,392
i 3876903 302359 100. 000

Supplementary Figure 215. HPLC spectra for 2k
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Translation of Chinese Characters in HPLC spectra to English

k. HPLC Condition Kol #%: Detector U145 . Peak A Area
ikl HPLC Spectra /% : Height Fric: Note Mit: Total
IE%: Area Percent Report PREERSE]: Remaining Time
WiE . AD-H, n—hexane:iPrOH = 98/2, 1.0 ml/min, 220 nm
itk &
cxl11112-p
mV
! . OH Bpin rl____lm;i'lﬂ#.a 220nm
i Cy Cy ||§
s0] IS
] CF3 CF, | |é §
2 E =
_O_ | l -:,_:
] B
T A | .JT ;
o . _J_;"‘J\_‘.-\Jﬂ\___m . J,' -,\_ - I| -\ _:\c
] T T T T T T T T T T T T T T T T T T T T
0.0 2.5 5.0 7.5 _
min
=+
LT STl L)
74163 9. 805
87 1. 195
75350 100. 000
ik : AD-H, n—hexane:iPrOH = 98/2, 1.0 ml/min, 220 nm
o385 P
cx11112—p+—
m¥
304 OH Bpin 1|r+1_;=-1!|l#a 220nd]
i | :
| Cy Cy e, |1|€:'§
1 [1=
] IR
CF3 CF, E | =
257 | = E_?
] : | E | E
| racemic 2| S
- , B
1 " fy ||III'| |I #;— || :x'-.—
o VA A R \
———————— T
(4] 1 2 3 4 51 3] T g8 9 )
min
g
EIBE R i %
1 8. 228 0511 49203 o0. 133
2 8. 96 44443 | ¥ 19. 867
] 93646 100. 000

Supplementary Figure 216. HPLC spectra for 2I
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Translation of Chinese Characters in HPLC spectra to English

fiii&: HPLC Condition ~ £uill#%: Detector U§5: Peak M Area
% &, HPLC Spectra  /&iJ¥: Height Fric: Note Bit: Total
IEZ: Area Percent Report fREERFE]: Remaining Time

ik : AS-H, n-hexane:iPrOH = 98/2, 1.0 ml/min, 220 nm
i
cx11077-P1
mV
1 TRrWIZ5A 22000
H fi—
500+ Q - 1=
- Cy > =
o9 ¥
N = | {2
J a0
N : E
250+ — i:
. 3m - I £
. - [ L
i L3 | L
= | &
- [ )
- | =,
G —— - = L
————Y——¥FF—F 77— ——1—
0.0 2.5 5.0 7.5 10.0 12.5
min
==
= g Fric [ 2%
7089 0. 961
552361 99, 039
11655477 559451 100. 000
HiE ) : AS-H, n-hexane:iPrOH = 98/2, 1.0 ml/min, 220 nm
{5 85
cx11077-P+-
mV
1 Lo - 1R 55A 220ng
i OH ||'5:— o
1000+ Cy = )
- |g =
1 - .
1 Hg 1=
- - =]
- : = =
500 racemic 3m | = | F
. ? ]
- ; I
4 | = | [T'
| & ) =%
o — S - T -
——
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5
min
gk
o i [ ST Fric HE%
1 10. 527 19912042 1204585 48, 979
2 13.776 | 20741928 956118 51.021
Bl 10853971 2160704 100. 000

Supplementary Figure 217.
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Translation of Chinese Characters in HPLC spectra to English

f#iiR: HPLC Condition  #&ill#%: Detector U5 : Peak  THIFY: Area
i El: HPLC Spectra = /%: Height #xici: Note &iif: Total

IE%: Area Percent Report f& I [E]: Remaining Time

fi ik : ASH, n-hexane:iPr0OH = 98/2, 1.0 ml/min, 220 nm
(0,13
czy2198—p
mY
] f 1FrAEEA 220no
i OH Bpin fi=
G g - i
B €a | |
200+ | E
] = | ﬁ
: 2n - | ¥
1007 - [
1 = | =%
] = [
— ] o
o — !
-—— —r7Fr—T—TTF———T T
0.0 2.5 5.0 7.5 10. 0 12.5 15.0
min
g
EIE S R Frid %
1 7411 429 0. 085
2 13. 357 3672130 359004 90. 915
B3 2670549 359433 100. 000
i ik : AS-H, n-hexzane:iPrOH = 98/2, 1.0 ml/min, 220 nm
1% B
czy2198—
mV
OH Bpin TRFSFA 2200

1 Cy Cy
- COT(O

500 racemic 2n
T T T T T T
0.0 2.5 3.0 7.3 10.0 12.5
min
2
For Al 22A 220nm
i35 & S T =90 FEiC [ 0%
1 10. 998 23338661 1214782 48. 915
2 13. 302 24374160 991219 91. 085
B 47712820 2206012 100. 000

Supplementary Figure 218. HPLC spectra for 2n
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Translation of Chinese Characters in HPLC spectra to English

f#ii: HPLC Condition  fuill|#%: Detector 45 : Peak A Area
ikl HPLC Spectra /&% : Height Fric: Note Mit: Total
IE%: Area Percent Report PREERSE]: Remaining Time
gET T : Ad-H, n-hexane:iPrOH = 98/2, 1.0 ml/min, 220 nm
a4
cxl1l1li8—p
mV
150 TErNIZEA 220ng]
: oH Bpin I
] X Cy N Cy “§ o
1004 l ~ | P ‘f 2
] MeO" N MeO” >N = -
] 2 _
50 20 7
] £ =
4 Fr ""_
i | L
o P R B
o 35
min
=53
J’_g#i 220mm __ __
5 GE AT [ [ P e I frid %
1 21.840 1165186 150083 98. 603
3 55. 752 59001 1825 1,507
& 1224487 151885 100. 000
mE T : Ad-H, n-hexzane:iPrOH = 98/2, 1.0 ml/min, 220 nm
o84
cx11118p+
mV
200 OH Bpin | TFWlFEA 220nd
e |- _
1 | X Cy | N Cy | z‘: “,ﬁ
150 8 S
OO; MeO™ N7 MeO”™ N7 |km |1R
100 . |E§ |E
] racemic 20 E | E
: E o |E
50 -
] | E | E
Ny T [
] | % | £
0_44-\.-’\—__ — i )
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 5 10 15 20 25
min
=52
& MBLA 220nm
B R RS Rl i 0%
1 23. 045 5841028 203257 50.576
3 56,194 5708756 170281 19, 124
Bill 11550684 573539 100. 000

Supplementary Figure 219. HPLC spectra for 20
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Translation of Chinese Characters in HPLC spectra to English

fifiR : HPLC Condition £l : Detector 1§75 : Peak iR
% : HPLC Spectra /&% : Height #51c : Note &1t : Total
5% : Area Percent Report £&EZ S [E] : Remaining Time

. Area

it : AS-H, nHexane/iPrOH =99,/1, 1 ml/min, 220 nm
EiEE
mV
AR ESA 2200
] Nz
100 [l
] =
i OH Bpin | _
1 Qj/'\/ycy < Qj)\/\/c)’ > ‘ =
7 ] /
i S S | 'i__
20+ 2p | |
: s
1 [ R
25+ | |
] | -
4 | |I |_-:
] |I \ o
o M S J _\\-n._
] T T T T T T
0.0 2.5 5.0 T.5 10. 0 12. 8 15.0 17.5
min
) U2
T W 4%A 220nm _ _ _
Fe T BN [H] [EE S = FEic [ A%
1 15. 024 27092235 106510 99. 575
2 16. 173 11566 762 M 0. 425
[=Roa 2720791 107272 100. 000
ik : AS-H, n—Hexane/iPrOH =99,/1, 1 ml/min, 220 nm
i
mV
1754 1ET 254 220nn]
] OH Bpin = ) =
] 2 (|IZ
150 I Cy < ] Cy > = =
] s s = 1=
125 ‘E |é
1007 racemic 2p | | | ||
75 | | ||
] | | ||
R C
] | ﬂ [
25} oy
] f | L |
] l | \ ) \
0__ LY — o — z N l\_ —
1 L L T T L T T L T LI
0.0 2.8 5.0 7.5 10.0 12 15.0 7.5 20.0
min
_ W22
F &5 A 220nm ] ]
[ T B I [R] 5! =i Frid A%
1 17. 777 4723790 171493 50. 106
2 19. 059 4703781 164478 v 49. 894
& 9427571 335971 100. 000

Supplementary Figure 220. HPLC spectra for 2p
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Translation of Chinese Characters in HPLC spectra to English

fffii®: HPLC Condition
th % &: HPLC Spectra
I&Z%: Area Percent Report

K% : Detector
B Height

I&-=. Peak
#ic: Note

{RBE I} IE: Remaining Time

[HFH: Area
it Total

i ik : AS-H, n—hezane:iPrOH = 98/2, 1.0 ml/min, 220 nm
i1
cxl0190a—p
mV
] TR ZEA 220nm]
5004 OH BPin =
T /k/\/\ [ =
| Ph Ph Ph/'\/\/\Ph < | E
8 B
J ) = |1H
1 q = r] -?:
250 = | £
o0 3
i < o
J - M)
i o 23
| — =)
o - =
— — — T —
0.0 2.5 5.0 7.5 10.0 12.5
mimn
& &
Hr A SEA 200nm __ _
(=323 Ea i [Tk 22 e 1 Fric [ #2%
1 11. 889 48740 3726 0. 381
P 13. 465 | 12762301 534104 99. 610
Bt 12811141 547830 100. 000
wET T : AS-H, n-hexane:!iPrOH = 88/2, 1.0 ml/min, 220 nm
{55
cx10190a—p+
mV
300 =L 22
] OH BPin fe 1 _UJ—]#:L 220no
] W /I\/\/\ lles I
] Ph Ph \ Ph Ph [z I\
200] 2 R
2001 | [
] : = | g
] racemic 2q | = E
100+ | £ J %
] § T
1 | E | &
4 [ [T
i | =% | ok
0 — o — e — N—, 2 N
— — — — —
0.0 2.5 5.0 7.5 10.0 12.5 15.0
min
==
[ = 1 Frid %
1 11.859 5073793 284812 M 40, 498
P 13. 493 5176645 258375 | 5 50. 502
Bt 10250438 543187 100. 000

Supplementary Figure 221. HPLC spectra for 2q
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Translation of Chinese Characters in HPLC spectra to English

fiii&: HPLC Condition ~ £uill#%: Detector U§5: Peak
% &, HPLC Spectra  /&iJ¥: Height Fric: Note
IEZ: Area Percent Report fREERFE]: Remaining Time

AP TETE VOB .ol ) )
3 : 0J-H, n~hexzane:iPr0OH = 99/1, 0.5 ml/min, ZZ0 nmm

[HFH: Area
it Total

Hii it
BPin o 0
{038 Ph
cx11074—p
mV
2r
] 1FEAIZSA 22000
150 f IE
- |
1 - | E
] 2 T
1 =3 I+
100 — | %
] - II 3
N = =
— = |I A
a0+ — [
: ) ! ‘::.\-3]"-
] = S |
o] — S TS TN
-—r 77— —
0.0 2.5 5.0 7.5 10,0 12.5
min
Frlsa 220nm _ _
[ 523 R [ T e g il [ 2%
1 9. 879 26690 1286 0. 485
2 10. 992 5471342 166109 | V 99, 515
B 5498032 167395 100. 000
FESLALTT K ER .oa i X
fii ik : 0J-H, n—hexane:iPrOH = 99/1, 0.5 ml/min, 220 nm
i
BPin O/ O\
Ph
ik
Td—pt+— ;
v ex110747p*1 racemic 2r
50+ N THEWFEA 220no
i | 1= u)
h |I E ||Inll'§
3 | B
_ | = [
25 | % f %
i | == | 9
| ..._,Il II --.._'|
f 5| | FH
N | = Vol =
_ =) =
Iy AN o 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
0.0 2.5 5.0 7.5 10.0 12.5
min
kg3
e LY ""'Qtum _ __ _
ﬁ% TR B [ ETEEE! [l brid [ 1H%
1 9.828 1525934 48855 49, 705
2 11. 157 1544192 44928 [ V 50. 297
=i 3070127 93784 100. 000

Supplementary Figure 222.
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Translation of Chinese Characters in HPLC spectra to English

fiii&: HPLC Condition ~ £uill#%: Detector U§5: Peak [ Area
% &, HPLC Spectra  /&iJ¥: Height Fric: Note Bit: Total
IEZ: Area Percent Report fREERFE]: Remaining Time

St : AS-H, n—Hex/iPrOH = 98/2, 1.0 mL/min, 220 nm
il
mV
1 1R A 3% Ao 220nd]
Et .
Ph/K/\/\/\/COZ | |x
0] £
q 1
3s ‘ r
20 ‘ u
10 e ’ h
] _ |
i L | |
] !A f S
ol S B . o R \
L B L e e e o e e e LA B S B
0 5 10 15 20 25
mimn
) [
o ] g4 2200m ] _ ]
[ER=] T B IR [8] AR = Fric [ 2%
1 23. 551 7630 251 0.494
2 25. 748 1537859 41487 39. 506
=R 1545489 41738 100. 000
sk : AS-H, n—Hex/iPr0OH = 98/2, 1.0 mlL/min, 220 nm
034 B
mV
g e~ o 1R 254 220no
12. 5 [\ AT
: N=
] |II Il'EE [P OH
| [ )\/\/\/\/CO Et
i e [ & 2
[ & Ph
10.0 I T [ 3
q ch =
g [T : %
7.5 f h Fo
] | | |
] | .
] [ [ racemic 3s
5. 0 f i f ﬁ
q i
] | | | \
] | II | \
] | \ | \
2. 5 | \ | |
] | \ |
4 |I I| |I II.
] I". .'I '.‘
0. 0] - J/ . \\5
. . : : T : : : : T : : : : T : : . .
20.0 22.5 25.0 27.5 50.0
min
) 3
o il 454 220nm ] _ _
[Eas] T B I 18] [k =i trid [ FH%
1 23.737 456058 13629 48. 827
2 23. 946 477961 13034 91. 173
=R 934019 26663 100. 000

Supplementary Figure 223. HPLC spectra for 3s
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Translation of Chinese Characters in HPLC spectra to English

#iiR: HPLC Condition
th % &: HPLC Spectra

il #%: Detector
B Height
I&Z%: Area Percent Report

I&-=. Peak
#ic: Note

[HFH: Area
it Total

{RBE I} IE: Remaining Time

ik : OD-H, n-Hexane/iPrOH = 90/10, 1.0 ml/min, 220 nm
8 PR
oV
= 1R AIERA 2200
[
_ oH o ke
| Ph NEt, [ |-
] r
1 3t !
50 | |
4 | |
|
R
25 IR
1 [ -
i | -
1 |'| ||I -
T 5 |I'. A \ A
o I JILJI M — —
——— —— 1 —
0 5 10 15 20
min
) I3
o il %A 220nm ] _ _
[R5 T B i (8] [TIE ! =1id FRiC %
1 18. 337 3313378 84586 99. 386
2 20.163 20476 470 v 0.614
=T 33533854 85056 100. 000
ik : ODH, nHezane/iPrOH = 90/10, 1.0 ml/min, 220 nm
15,184 B
mV
] 1@:3'1!!] SEA 220nm
50 1= -
1 OH (e} | |= =
4 - 1.
4 ) | -
] Ph)\/\/\/\)J\NEtZ | I‘j‘_ || 2
40 - .
] RE Il K
] | | |
30+ racemic 3t | | | I|
] | || [
20+ | | ﬂ
] [ T
] \ R
10 o J 1
] L1 |I I| | 1
1 Mo . [ L/ \
0_'|_ LT N | R A ! oy
1 T T T T T T T T T T T T T T T T T T
0 5 10 15 20
min
) w5
il g5a 220nm ] _ _
R TR B I 18] AT TR =i PRIl [MTE%
1 18. 374 2020718 52288 50. 533
2 20.133 1878095 46478 | V 49, 467
=i 3998813 98766 100. 000

Supplementary Figure 224. HPLC spectra for 3t

S225



Translation of Chinese Characters in HPLC spectra to English

#iiR: HPLC Condition
th % &: HPLC Spectra

K% : Detector
B Height

I&-=. Peak
#ic: Note

[HFH: Area
it Total

{RBE I} IE: Remaining Time

I&Z%: Area Percent Report

e : AS-H, n—hexzane:iPrOH = 90/10, 1.0ml/min, 220nm
OH
cxl12037Tp
mV 3u
] N TRFMZEA 22000
. i
79 s
] [ B
| -
7 | =
i = | op
E 0 II -
50+ o
. i ] —
k < / EI',
_ ] ] 1
a5 — | .l
_D_ I|I —
J = f =\
i i I R
4 - J/ A
0 — A —
—— —_—— T
6.0 6.5 7.0 7.5 8.0 8.5 2.0 9.5 10.0
min
Frl$%a 220nm _
Y | GERE b AL B H%
1 7. 584 124 986 | v 1. 055
2 8. 171 1 81406 98, 945
Bt 1184143 82382 100. 000
FRiE : AS-H, n-hexane:iPrOH = 90/10, 1.0ml/min, 220mm
OH
o PR
cxl12037p+— .
oV racemic 3u
7 o~ 1FrA3%A 220no
1 |?ﬂ:
75 22
i | 2|2
: Bl
50+ =l |5
25+ ' E
] =
. ¢
o FAVIPa \
— ——————— 77—
0.0 2.5 5.0 7.5 10.0 12.5 15.0
min
) i
fir {354 220nm _ _
BE T HEm ih Bl Frc RS
1 7. 550 1166628 88476 40, 478
2 8. 156 1191268 82607 | V 50. 522
=41 3357296 171033 100. 000

Supplementary Figure 225. HPLC spectra for 3u
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Translation of Chinese Characters in HPLC spectra to English

ffiif: HPLC Condition  #Jll#%: Detector U&5: Peak [HFH: Area
i P. HPLC Spectra /& /%: Height #7ic: Note £if: Total
IE%: Area Percent Report f& I [E]: Remaining Time
it : AS-H, n—Hexzane/iPrOH = 95/5, 1.0 mL/min, 220 nm
OH ( BPin )
Ph)\/\/\/\/\OH Ph)\/\/WOH
, 3184
mV 3y
1 1F A 354 220nm
40
50|
20-]
10] .
T "I'-
] 2 / \
o] = VA
-
35 36 37 40 E 42 43 44
min
e
il 454 220nm
[ T Eg I 1] [HIES =i Pric [ FH%
1 37.893 5106 131 0.192
2 40. 106 2814484 44049 59. 808
B 2819890 44181 100. 000
it : AS-H, n—Hexane/iPrOH = 95/5, 1.0 mlL/min, 220 nm
OH ( BPin )
ﬂ.t-ﬂ ph)\/\/\/\/\oH ph)\/\/\/\/\oH
mV .
- racemic 3v _
507 — 1F A 254 220nm
20—: |'I Ellll |'II
] | = .'I
1 5—: IlI II'. |II I'.I
1 | II| |II I'u
] | |II | |
]'0_. |II II| III Il'u
4 |I \ / ".
] \ /f'f \
o]
] _F/ \{ \*m___ —
-||||||||||||||||||||||||||||||||||||||||||||
35 36 37 38 39 40 42 43 ‘H
min
2
il 854 220nm
s T B I 1] [ES =i FRiC A%
1 37. 679 1830871 30951 18, 681
2 39. 696 1930102 30214 [ v 51.319
B 3760972 61165 100. 000

Supplementary Figure 226. HPLC spectra for 3v
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Translation of Chinese Characters in HPLC spectra to English
fiii&: HPLC Condition ~ £uill#%: Detector U§5: Peak
% &, HPLC Spectra  /&iJ¥: Height Fric: Note
IEZ: Area Percent Report

[MAH: Area
it Total
{RBE I} IE: Remaining Time

: AS-H, n—Hex/iPrOH = 80,/20, 1. 0 mL/min, 220 nm
{238 )
mV
1 1tzﬂmg§3 220nm
=
IIOO_- Joi/\/\/\/\ { lllli
] Ph N [~
300 O |
1 3w | r
| |
200+ | ﬂ
£ [
] = [
100 -~ t
] o3 |
] = | \
| o | II
4 f '\
o e e / "
1 T T T T T T T T T T T T T T T T T T T T T T T
0.0 2.5 5.0 7.5 10.0
min
) 2
il 44 220nm _ _ .
F {5 A I [7] [Tk 2 =i | TR Mm%
1 9.842 695440 31229 6. 926
2 11.026 9346282 407776 | V 53. 074
=i 10041722 439004 100. 000
i . ASTH, n-Hex/iPzOH = 80/20, 1.0 ml/min, 220 nm
12,14 P
mV
o = 1H 254 220nn
NS (= >
OH [ =
150 )\/\/\/\/\ [ ¥ =
1 Ph N f i e
] | b | i‘
- | & | &
125 o a4 [
] II ll II| :rrl
] H | | | |
1001 racemic 3w || '. .'I ',I
] | i | \
d | | | |
4 | | | i
75 | | | \
] f |
4 ] |
T | ]
4 | |
50+ | |
2_: I.'I II"\ ."
T / A /
N/ _
—————————1— ——— — —
8 9 10 11 12
min
) =5
o fll45A 200nm ] _ _
Fs TR B I (8] iR =i TR ic [ FR%
1 9. 863 3078782 153087 49. 803
2 11. 028 3103185 136550 | V 50. 197
=T 6181967 289637 100. 000

Supplementary Figure 227. HPLC spectra for 3w
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Translation of Chinese Characters in HPLC spectra to English

fffii®: HPLC Condition
th % &: HPLC Spectra
I&Z%: Area Percent Report

K% : Detector
B Height

&5 Peak [HFH: Area
#ic: Note it Total
{RBE I} IE: Remaining Time

"“I_'Ilt : ASH, n—Hex/iPrOH = 98/2,1.0 ol/min, 220 nm
15,18 B
mV
9 1Rl 33A 220nn
80
_ % OH
100+ = /J\\//A\\
] ‘ 2 Ph
1 =
75 - 3X
50
: [Te]
=
25 = ‘|
] g ||
1 s A s ||
[ —— S — LY
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
0 3 10 15 20
min
] g e
il 434 220nm _ _ _
[ERE] T B I H] [HES =i Fr il %
1 8. 805 2866 255 0.175
2 10. 556 1639089 115395 99. 825
B 1H 1641954 115650 100. 000
ik : AS-H, n—Hex/iPrOH = 98/2,1.0 mL/min, 220 nm
15,18 B
oV
o 1R 324 220nm
: OH 15
PPN S
] Ph Hg E:
i oo |_r:
100 . o |§
1 racemic 3x ‘ ‘ | |
= i |
o] | | |‘ ||
] | |
25+ || | |
] | II | II
i |
7 i AN [ | \
G_ Faa v J_,-" \ B - S | \
T T T T T T T T T T T T T T T T T T T T T
0.0 2.5 5.0 7.5 10.0
min
] i 32
il 4A 220nm _ _ _
[ERE] TR B [A] [HES =i Fric [ %
1 8. 800 1665567 140246 | S 49. 769
2 10.549 1681025 118453 50. 231
T 3346592 258699 100. 000

Supplementary Figure 228. HPLC spectra for 3x
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Translation of Chinese Characters in HPLC spectra to English
fiii&: HPLC Condition ~ £uill#%: Detector U§5: Peak [ Area
% &, HPLC Spectra  /&iJ¥: Height Fric: Note Bit: Total
IEZ: Area Percent Report fREERFE]: Remaining Time

aD—H. n—hexane:iPrOH = 98/2, 1.0 ml/min, 220 nm

& it
CX11159-P
oV
i ~ 1FFIEFA 220nm
E OH f -
1 Ph/'\/\/\Q/ [ 5
iy - 9 II| _‘".I'l'
] 3 3 | Eﬁ
T | —
] - Y f E:LI||
4 £ I| = |I
257 e o
1 I|I @ |
1 T ,' =
1 & / = 0
i el - '\L_-
T e e e L A e 2 o e e s B e B L
7.0 7.5 2.0 8.5 9.0 9.5 10.0 10. 5 11.0
min
3
HrAl25A 220nm
[E 3] e B BT [R] i I Frid [ A%
1 8.235 8236 637 0. TGT
2 10. 103 1065137 63080 00. 233
Bih 107337 69718 100. 000
ik : OD-H, n—hexane:!iPrOH = 98/2, 1.0 ml/min, 220 nm
15, P
CX11159-P+—
mV
107 P _ 1FWlIEEA 220ng
: [ -
1 | & OH NS
50 | T [T
] | Ph/l\v/“\v/\{%/ [
B |I s ® i 3
20 : H ;ﬁ
] [ racemic 3y [ -
7 | el | / =
107 | n; \ I." =
4 ." oo '.\ .-'l =
] ' \ S
o / _ .
——————r—rrr—r—r—r—f T
7.0 7.5 2.0 8.5 9.0 9.3 10. 0
==
SASEA 220nm _ _ _
= EErR ik 2 o 1 Fric [ #%
1 8. 233 488599 39660 50. 582
2 10. 158 481182 52218 M 19. 618
& 969781 T1878 100. 000

Supplementary Figure 229. HPLC spectra for 3y
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Translation of Chinese Characters in HPLC spectra to English

f#iif: HPLC Condition  #:ill#%: Detector
% E: HPLC Spectra  #f%: Height
IE%: Area Percent Report

EEL S LT | R

 AS-H, n-hexane:iPrOH = 98/2,

&5 Peak [HF: Area
#ic: Note it Total
{RBE I} IE: Remaining Time

i ik 1.0 ml/min, 220 nm
i
cx11013—p
mV
3007 T34 220na)
] n
] i |
] OH BPin AE=S
100 - B
4 Ph - 2
. Ph 2 |F
3007 2| E
] ] &
2004 2z = ! £
. 2 | F
] -4
100 ¥ h
4 (=71 )
] o >
o o _ _ ]
A ——————
0 1 2 3 4 5 G T
min
e
FrlZEA 220nm _ _
[ it B I [ T e 1Y tric [1R%
1 5. 944 16052 5386 0.917
2 6. 422 5073412 375916 99. 033
il 5120364 481302 100. 000
wWE T : AS-H, n-hexane:iPrOH = 98/2, 1.0 ml/min, 220 rm
@i E
cx11013—p*—
mV
. - IFa A 220nm
200 o =
. OH BPin E 1=
] e
130+ Ph)\/\/\’< Phw | |:-J | |-:".'l
1 bl
] - =
100 | & | E
1 racemic 2z BN
50+ [ 4
1 [ & ] &
13 .
] N | -n\\_rl. .d\ |
G -— — — .
———— T ——— ]
0 1 2 3 4 5 6 7
min
53
T B 1] T 1 Fric [ 1%
1 5. 962 1928032 212532 49, 203
2 6. 430 1990516 202489 | V 50. 797
Bl 3018548 115021 100. 000

Supplementary Figure 230.

HPLC spectra for 2z

S231



Translation of Chinese Characters in HPLC spectra to English
fiii&: HPLC Condition  £uill#%: Detector U§5: Peak [ Area
% &, HPLC Spectra  /&iJ¥: Height Fric: Note Bit: Total
IEZ: Area Percent Report fREERFE]: Remaining Time

i : AS-H, n-hexane:iPr0H = 98/2, 1.0 ml/min, 220 nm
5335 ]
CX11051-P
mV
. 1JAIERA 2200
| OH BPin =
i /k/\/\/Cy Cy llE‘
200 Ph Ph < || &
1 2aa = | B
1001 S | F
] z |2
T =1 I|I U:I‘.
0—— T s — - ]
—-—1T———fr—r—T—r— 77—
0 1 2 3 4 5 8 7
min
SR
HHl35A 220nm _ _
Y | REmME ] g Frid %
1 6. 0032 10019 1456 0.376
2 6. 537 2656616 267400 99. 624
=it 2666635 265556 100. 000
ik : AS-H, nhezane:iPrOH = 98/2, 1.0 ml/min, 220 mm
OH BPin
Ph)\/\/\/Cy Ph)\/\/\/Cy
]
CX11051-P+- .
oV racemic 2aa
200-| A~ TRYTSEA 220nd]
: /Y ey
4 { :1 { =
- i ;". [ :‘.
130+ [ 8\ =
B j \ | 4
100 [ 3\ =
] [ 2\ / =0
b / LY f ECRAY
] / - Y f - \
50-] / = N\ / e  \
] / 2 \ /f B \
] S N s N
-——r————r—r—7r T T T T
5. 50 5.73 6. 00 6.23 8. 50 8. 73 7.00
min
i 2
HriigEA 220nm _ _
[=35] R [m kS AL Fric %
1 6. 010 1992401 201422 50, 319
2 6. 560 1967140 192141 | ¥ 19, 681
X 3059541 393562 100. 000

Supplementary Figure 231.

HPLC spectra for 2aa
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Translation of Chinese Characters in HPLC spectra to English

#iiR: HPLC Condition
th % &: HPLC Spectra

I&-=. Peak
#ic: Note

K% : Detector
B Height

[HFH: Area
it Total

I&Z%: Area Percent Report

{RBE I} IE: Remaining Time

ik : OD-H, n—hexzans:iPrOH = 98/2,1.0 ml/min, 220 nm
{01 P
cxll1195—p
m¥
1FErA[Z%A 2200
1 OH BPin |'|"'-
304 Ph)\/\/\/\/\/Cy Ph)v\/\/\/\/(:y | |':
n | ¥
Ly
] = 1S
05| 2ab 2 | &
i e} | jl';
i | T‘
o3 -
7 |Iﬂll :; |I i
_ ] N s II )
aH— PR e L _p"n\_)'l I‘;_ o _______I__ ) e
-— —YF——T7T
0.0 2.5 5.0 7.5 10.0
min
Hralgsas 220nm _ _
[E8=] {o B BT [ B! fe 1 g Fin%
1 8. 792 5936 414 0. 636
2 10. 719 926757 55419 | 5V 99. 564
B 932693 55833 100. 000
wBETTT : 0D-H, n-hexane:iPrOH = 98/2, 1.0 ml/min, 220 nm
ey e
cx11195—p+
mV
_ y ‘ I1fEJFFA 220no]
] )O\/\/\/\/\/C gen ll «-E'
i y e =
Ph Ph)v\/\/\/\/Cy | |5-'3] " =
4 — [l=a
| |L_ | |-.—
251 racemic 2ab || l_‘ Il =
_ | E J %
1 . | I | L
7 kil |I'| II | II :lE
o BT AN NV A S S S S
-—T——V7r— 77—
0.0 2.5 5.0 7.5 10.0 12,5
min
filEEs 220nm _ _
=5 R R I A TR o 1Y Fric 1%
1 8. 959 6980753 51293 49, 848
2 10. 794 702330 42536 | 5 50. 152
Bl 1400415 93529 100. 000

Supplementary Figure 232. HPLC spectra for 2ab
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Translation of Chinese Characters in HPLC
f#iiR: HPLC Condition  #ill#%: Dete
% &, HPLC Spectra  /&iJ¥: Height
IEZ: Area Percent Report

spectra to English
ctor U&5: Peak [HFH: Area

Fric: Note Mit: Total
{RBE I} IE: Remaining Time

it : AS-H, n-Hex/iPrOH = 99.1/0.9, 1.0 ml/min, 220 nm
EikE
oV
j LRl E5A 220ng
200-| ﬂﬁ
1 OH BPin =
Ph)\/\Cy < Ph Cy> | I
4 |g
150 ‘;
2ac ‘ |
100 ‘|
1 |
] gf,'| |
50 S
1 Q| =
fr o — S N—— —
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
0.0 2.5 5.0 7.5 10.0 12.5
min
] i 2
Frill 454 220nm _ _ ]
R T B I T I 1 Frid MF%
1 10. 542 8723 641 0.253
2 11.051 3436872 207014 | V 99. 747
BT 3445595 207655 100. 000
fhik : AS-H, n—Hex/iPrOH = 99.1/0.9, 1.0 wmL/min, 220 nm
OH BPin
(5, 2 ]
oV B Ph)\/‘Cy Ph)\/\Cy
] o r~ 1R 354 220nm
15. 0 /o= ,r’fi racemic 2ac
] = 0N
12. 5 [ g\ [ 2\
[ =) [=
10. 0H i \ / \
. III I". |'I I".
] / Y { Y
7.5 i \ / \
] / \
] \ | \
5. 0 ! \ \
] f \ N
] | |
2. 5 / \ / \
. !
] /}x \ 4 \
0. o] = | — |
—r 1 T [ ‘T ‘1t T Tt J_T Tt r Tt [ T T T T [ T T T T [ T T T T | 1
10. 00 10. 25 10. 50 10. 75 11. 00 11.25 11. 50
min
_ e 2
i il 454 220nm ] _ ]
[E 3] T B I [A] R =i Fric A%
1 10. 546 234621 15877 49.103
2 11. 094 243196 15755 v 50. 897
ET 477817 31632 100. 000

Supplementary Figure 233. HPLC spectra for 2ac
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Translation of Chinese Characters in HPLC spectra to English

f#iiR: HPLC Condition  #&ill#%: Detector U%5: Peak  THIFH: Area
ik El: HPLC Spectra /% : Height #xicl: Note £i1: Total

IE%: Area Percent Report frE I [H]: Remaining Time

i : AS-H, n—hexzane/iPrOH = 98/2, 1.0 wl/min, 220 mm
JERE JE
oV
1HE3%A 220
OH Bpin —
Ky ()
500+
racemic 2ad
200
100
o A
T T T T T T T T
0.0 2.5 3.0 7.3 10.0
min
\ i
il #54 220nm ] _ _
T T S IR TH] IR i PRl [ %
1 8. 166 6068979 455798 48. 863
2 10. 034 6351493 401952 51. 137
i 12420473 837750 100. 000
i : AS-H, n—hexane/iPrOH = 98/2, 1.0 mL/min, 220 nm
ik A
oV
1EENIERA 2205m
Bpin =
Ph < Ph )
130
100 2ad
50 =
VA N N -
LY,
T T T
0.0 2.9 3.0 7.5 10,0
min
\ i 22
il #54 220nm _ _ _
Fo T BT IR B] [EIE S =i Pl %
1 8. 319 6225 468 Q. 241
2 10.018 2576306 180554 M 99. 759
EsRaa 2582531 181022 100. 000

Supplementary Figure 234. HPLC spectra for 2ad
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Translation of Chinese Characters in HPLC spectra to English
fiA: Area

#iiR: HPLC Condition
th % &: HPLC Spectra

&% Area

¥l #%: Detector U455 : Peak

=% : Height Fric: Note
{RBE I} IE: Remaining Time

Percent Report
T : 0j-H, n—hexane:iPrOH = 98/2,1.0 ml/min, 220 nm

it Total

FRE
Me
iz021" /(')i/\/\J@
cxl202T-—p5
mv Ph
] 1FTAI35A 22000
] /3
100 = {2\ 3ae
4 =3 [ =
e | \.‘
= o=
i [ =\
T 5 =\
30 = | Lo ‘-\.\
- | —
4 = | =
1 S I ]
B = /"_' -4 =
o — — e —"
T T T T T T T T T T T T T T T T T T T
40.0 42. 5 13.0 47. 5 50.0
min
[ =
D AISEs 220nm _ _ _
5 G AT [R e 12 Fric 1%
1 41. 267 27 1525 1.109
2 44, 560 (91147, 118958 98. 891
= 7395730 120483 100. 000
: 0j-H, n—hexane:iPr0H = 98/2,1.0 ml/min, 220 nm

£
ik E
Ph

cexl2027T—p4+—
1FA35A 2200

racemic 3ae

] fas -
] I|I =N .""§
g [\ [~
i | /
-1 / ,'I ] \‘.
30+ f | =\
] / | = A\
| = kY
] | | N
A | / — \
=77 / =) \ I = hN
i / F— h ! o0 \
] / = == | L
0_‘ o S __/ \\__ e
b T T T T T T T T T T T T T T T T T T T
40.0 42.5 45.0 47.5 50.0
min
J’_gﬂ-‘"‘l“ GeA 220nm __ _
= GEE AT A TR I Frid A%
1 41. 792 4920394 946 49. 443
2 45. 861 5031328 8033- 50. 557
&1 9931722 1749 100. 000

Supplementary Figure 235. HPLC spectra for 3ac
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Translation of Chinese Characters in HPLC spectra to English

fiii&: HPLC Condition ~ £uill#%: Detector U§5: Peak [ Area
% &, HPLC Spectra  /&iJ¥: Height Fric: Note Bit: Total
IEZ: Area Percent Report fREERFE]: Remaining Time

wmE-T : AS-H, n-hexane:iPrOH = 98/2, 1.0 ml/min, 220nm
OH OH
Ph Cy Cy
it FE N Ph N
cxl13073—p
mV (2)-3af (E)-3af
3 B o
75__ II_II_ 3af _ 1FEAN35A 220no
1 | |53 =
T ,_, | |:":’ =2 g
1 = |'.‘ =
504 = | I~ = -
] = B =
1 = £ 2 N2
]l = i = =
25 = 1 N [y
o] - - | -
_ - II 1
1 = ‘% 1o / Ej',
1 = i s J =\
P / N R - .
— . — — — —
7.5 10.0 12. 5 15. 0
min
R i 2
il 35a 220nm
(=g= % BRI [] T BEie %
1 7.316 1880 1.5190
2 8. 716 76387 52. 826
3 10. 851 3 1262 1.251
1 14. 499 1 38506 14. 425
i 2285131 118135 100. 000
E : AS-H, n-hexane:iPrOH = 98/2, 1.0 ml/min, 220nm
OH
C
i Y
cxl13073—p+—
v TR BN
] - . TR 3%A 220nm
- A~ _ .
307 © e racemic 3af =
4 £ : IE 2
] ] = = ]
0__ | i II.'("II;-...
2 = B a
i = o l i; f a
1 [\ = |3 [ £
1 [F i [
0] | L [ ll % [
10+ [l [ <
] II B | 'Er | j [ ._F__'.II
4] % | % [ = [ =
m i ! / Y ! y .'"I \
ol N\ S N o~ N o "o
- T T T T T T T T T T T T T T T T T
7.5 10.0 12.5 15.0
min
0T S FRIT (BT A%
1 2 16776 12. 935
3 13929 12. 888
3 32835 35. 779
1 21693 538. 308
5= 1T 1740266 88232 100. 000

Supplementary Figure 236.

H
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Translation o

}#i&: HPLC Condition

kK. HP

f Chinese Characters in HPLC spectra to English
il #%: Detector U5 : Peak
= Height Fric: Note

[HFH: Area

LC Spectra St: Total

IE%: Area Percent Report PREERSE]: Remaining Time
T : AD'H, n-Hex/iPrOH = 95/5, 1.0 ol/min, 220 mm
i
mV
1 = 1HH#5A 220nm
600 |’|:
] |=
! I8
500 | |—“-
100 a
] 3ag |
300—_ | |
2004 | =
] | 2
] | =
].CIO—_ | II :;
] [ ks
4 i |I _-\3
4 | \ =7}
o _ S _ o . -
— — —
0.0 2.9 5.0 7.5 10.0
min
\ i
Fr il ¢4 220nm ] _ _
i TF- B I ] [HIE ] =i Frid %
1 8.179 8831789 603537 99. 140
2 9. 282 76590 4311 [ v 0. 860
B 8908379 607848 100. 000

: AD'H, n-Hes/iPrOH = 95/5, 1.0 ml/min,

220 nm

154
mV
e 1?&;%1%“ 220n
100+ -
L ft
] Iz
] ||§
] T
] . |
] racemic 3ag | | | |
o] 1
] | [
] | | [
25 [ | |
4 | | |
1 | [
g 1 I| I'. II |
0—-r I e | '.\_ _,."\\__ e | \ ! \ ]
—— 7 — —
0.0 2.5 5.0 7.5 10.0
min
) 3
il 454 220nm ) _ _
[ERE] T B 0 (8] [ =i FRic %
1 8.213 1670874 115541 50. 473
2 9.328 1639582 97449 49. 527
B 3310456 212990 100. 000

Supplementary Figure 237. HPLC spectra for 3ag
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Translation of Chinese Characters in HPLC spectra to English

f#iif: HPLC Condition  £uilll#%: Detector U5 : Peak MA: Area
ikl HPLC Spectra /&% : Height Fric: Note it Total
IE%: Area Percent Report FREFITE]: Remaining Time

i ik : AS-H, n-hexane:iPrOH = 98/2, 1.0 ml/min, 220 nm

OH ‘ Bpin ‘
Eoe 0
cxl12012—pt—

mV
1000-] I~ 1FEAEEA 2200
. ||;; Z racemic 2ah
= |
3 [
- =
so0° I= &
1 | % F
250 | T
] | o
1 € | £
0_ / =X J Ei
S ——
0 5 10 15 20 25
min
fir fl25s 220nm _ _
(=223 R A [ o I FRic [0i%
1 14.031 | 23368016 1008366 48, 958
3 18.327 | 24362517 803794 51. 042
Bih 17730503 1812160 100. 000
faE : AS-H, n-hexane:!iPrOH = 98/2, 1.0 ml/min, 220 nm
OH ‘ Bpin ‘
5,35
cx12012—p
mV
2ah
1?&;1"4!4#%_ 220no]
1 i
7 - =
1 = | b=
] 2 3
500+ = || ]E
] = | z
] T £
] = | &
250+ - | 1
i = |
. oo o
] z )
4 — ! ool
o - —
N ————
0.0 2.5 5.0 7.5 10. 0 12,5 15.0 7.5

[
i FT Fric 5%
1 . 165497 7304 0.618
2 18. 224 26604638 851875 99. 582
S if] 26770135 859179 100. 000

Supplementary Figure 238. HPLC spectra for 2ah
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Translation of Chinese Characters in HPLC spectra to Englis

#iiR: HPLC Condition
th % &: HPLC Spectra

I&-=. Peak
#ic: Note

K% : Detector
B Height

[HFH: Area
it Total

IE%: Area Percent Report FREFITE]: Remaining Time

wmE T : 0J-H, n-hexzane:iPrOH = 99/1,0.5 ml/min, 220 nm

i
cx12021a-pl
mV 4
] 1R F35A 220nd
M
m I| II--
B | =
] | E .
L =
50 [+ 7%
] | =
] | Z =
i | = =3
e (= 5
23 .
] [ =\ ~
. II %= I". !_{_:
] | =\ =
T /" B \ 5
— N — e
T rrr 1T v 1 1 1 1 1 [ T T T T [ T T T T [ T T T T [ T T T T [ T T 1
0 5 10 15 20 25 30 33
min
==
FrAl8A 220nm _ _
g = CER R [e [ g Fric [ F7%
1 23, 186 8031228 71797 38. 953
2 29. 658 25219 530 M 1. 047
Bl 8136447 72327 100. 000
b : 0JH, n—hexane:iPrOH = 99/1,0.5 ml/min, 220 nm
S .~
ik
cxlZ2021a—pt—
mV
200 _IRETAZEA 220nm
200 r\_
] N
] [ %
. [y
- III
100 /
S —
-——Fr——T—T—r—7—T—T—— 77T T
0 3 10 15 20 25
_— i 22
i $2s 200nm
[ =] D B B [B] IR o FE Fric %
1 22,533 33760201 208358 50. 226
2 27. 475 33455752 199080 | V 10. 774
Bl 67215933 497448 100. 000

Supplementary Figure 239. HPLC spectra for 4
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Translation of Chinese Characters in HPLC spectra to English

#iiR: HPLC Condition
% &: HPLC Spectra

F 25 -

B Height

I&Z%: Area Percent Report

&5 Peak [HF: Area
#ic: Note it Total
{RBE I} IE: Remaining Time

Detector

i ik : 0J-H, n~hexane:iPrOH = 99/1,0.5 ml/min, 220 nm
N 3
cx11193-p
mV
9 . 1FLH3EA 220nm
4= [
150 BPin . [ Y
1 Ph | &
. Ph e |' %
- — . |
100 - [
T — =
] 2a = | 2
= | =+ |
. 5] | =al |
0] - -
4 _— | s
] = | 2\
] s/  ei
0: o — )‘f — \\—_
-— 7T 7T
0.0 2.5 5.0 7.5 10.0 12.5
min
R s
@224 200nm
s [ B o [] ] L 1L Frig [ 7%
1 10. 714 37991 1164 0. 447
2 12. 306 8465391 165687 | V 90. 533
Bl 8303382 166851 100. 000
SE ST R BR =L ) |
LS : 0J-H, n-hexane:iPrOH = 99/1, 0.5 ml/min, 220 nm
15,19 P
cxl0148—pt—
mV
] -~
150 BPin H%
] Ph =
] Ph =
] |
100 ; =
] racemic 2a | L]
: | £
S |
307 | I
i [ §§
] -'\ =\
o _ —~ N R NS
: ——— 71— ———— :
0.0 2.5 5.0 7.5 10.0
min
R g
Hralges 200nm _ _
g = B B B [ iR e I ST %
1 8. 976 2084205 168068 47. 598
2 9. 987 3283338 130639 | W 52. 402
=X 6269593 208707 100. 000

Supplementary Figure 240. HPLC spectra for 2a (gram scale raction)
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Translation of Chinese Characters in HPLC spectra to English

f#ii: HPLC Condition  fuill|#%: Detector 45 : Peak A Area
ikl HPLC Spectra /&% : Height Fric: Note Mit: Total
Ig%: Area Percent Report FREFITE]: Remaining Time
wiE : AD-H, n—Hexzane/iPrOH = 95/2, 1.0 mlL/min, 220 nm
384
mV
70 lg'-\.-_:"]!ll PaA 220nm
] 12
60 ||5
] OH BPin |:
50 ph/'\/\/\/Ph < Ph/'\/\/\/Ph> ‘ F
107 2a “
30 ||
204 ‘ﬂ %
10 |I [ 1 =z
] M) [ o
o] o I-Ih;\'dl o _,l I'L - - - | I'.k w
-——Y—r—r——————7——————r— 71—+t
o0 5 10 15 20 25 )
min
i 22
M ESA 220nm
e T B I [A] [H 2 =3 FRIC %
1 22. 430 1974890 67896 | V 99. 638
2 25.134 7169 261 0. 362
FERaa 1982059 68157 100. 000
wmik : ADH, n-Hexane/iPrOH = 98/2, 1.0 mL/min, 220 nm
128
mV
Eﬁﬂm ArA %?{)nm
J ||E S
1 OH BPin y~ ™
75 = =
] Ph)\/\/\/Ph < Ph)\/\/\/Ph> |: |||;
50 | | |
1 racemic 2a | | [
: N
] AU
i f || || I|
[\ [
A n [ [\
o Y O S | R _ o N,
-——— 71— ———
0 5 10 15 20 25 )
min
I 32
il #5A 220nm
R Tf BT IR 18] [iE: = R Mm%
1 22. 460 2798402 94561 50. 427
2 25.156 2751021 81383 49. 573
3T 5549423 175943 100. 000

Supplementary Figure 241. HPLC spectra for 2a (utilization of alkene
Isomers)
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Translation of Chinese Characters in HPLC spectra to English

k. HPLC Condition K #s: Detector &5 : Peak A Area
ikl HPLC Spectra /&% : Height Fric: Note Mit: Total
IE%: Area Percent Report PREERSE]: Remaining Time
Eir3E S : AS-H, n-hexane:iPrOH = 98/2, 1.0wml/min, 220nm
ik &
cx12024-P
mV
1Fr W34 220n0
500 1~
_ i} WQ/ iy \/\/©/ - || Ig
il » . £
| o ° T :
N I
230+ = | i
1 d-2ai - H
| w | T
|+
] = | &
] ” EN
———
0.0 2.5 5.0 7.5 10.0 12.5
min
I %
A Rl it L)
1 71 57007 5511 0.610
2 11751 9283473 520524 59. 500
i 5310480 534035 100. 000
wmiE T : AS-H, n-hexzane:iPrOH = 08/2, 1.0ml/min, 220nm
@38
cx12024-P+-
mV
1 b- ] 1EEHF5A 220n
] 5 -
] OH \/\/@/ BPin \/\/©/ 1B N
; A 2 =
100 A D |.~ I
] | o -
307 racemic d-2ai & | F
] |k L
] | & | ¥
] |
ol DU N - ] A .
P T T T S PP Peana
min
&5 2
Hr il 35A 290nm
=251 (B BT (] T e IE Fric i 3%
1 10. 376 2100576 136382 19. 082
2 12. 465 5179148 115736 50. 918
Eif 4279724 352118 100. 000

Supplementary Figure 242. HPLC spectra for d-2ai
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Translation of Chinese Characters in HPLC spectra to English

f#iiR: HPLC Condition  #&ill#%: Detector U5 : Peak  THIFY: Area
ik El: HPLC Spectra /% : Height #xicl: Note £it: Total

IE%: Area Percent Report frE I [H]: Remaining Time

ik : 0J-H#2, n-hexane/iPrOH = 100/0, 0.5 mL/min, 220 nm
it PhA/V\)\/\«CV
mY
= 2 1E AEEA 22000
= » racemic lak
751
50
25
0
1 1 T I I
16 17 18 19 20 21
min
_ S
B P%A 2200m
IS T B BT[] [T e ic %
1 18. 895 1921522 89585 49, 844
2 19. 848 1933524 83060 | V 50. 156
[N 3855046 172645 100. 000
ik : 0J-H#2, n—hexane/iPrOH = 100/0, 0.5 mL/min, 220 nm
Ph S S N CY
) it
mV lak
200 = TR A 2200
150
100
=
u
=
50 -
2
8
0
I 1 T 1 I
16 17 18 19 20 21
min
_ W F
I 3%A 220nm
IS T 5 B [A] 15 e Fric 7L
1 19. 156 4111879 191295 96. 043
2 20. 106 169405 7624 | W 3. 957
Bt 4281284 198919 100. 000

Supplementary Figure 243. HPLC spectra for lak
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Translation of Chinese Characters in HPLC spectra to English

HFR: Area

f#iif: HPLC Condition  faill|#%: Detector U455 : Peak
i P. HPLC Spectra /& /%: Height #7ic: Note £if: Total
IE%: Area Percent Report frE I [H]: Remaining Time
ik : OD-H, n-hexane/iPrOH = 98/2, 1.0 mL/min, 220 nm
e PP
mv Sk T Ph Cy
= 134 220nn
L_” racemic 3ak
30
20
10
o
T T T T T T T T T
7.3 8.0 8.5 9.0 9.5 10. 0 10.5 11. 0 )
min
i 2
il A 220nm
Y T B I 1] [k =i [T A%
1 8.270 455438 36611 48, 860
2 9.924 476687 31806 51.140
Bt 532124 BBAIT 100. 000
it : OD-H , n-hexzane/iPrOH = 98/2, 1.0 mlL/min, 220 nm
)Oi/\/\)\/\/
*
i Ph o
mV
3ak
= 1N 334 220nn
/%
100 [ f
] [
| od
b I
4 i =4
300 ; \
] | '|
| |
| |
4 | ]
200+ | \
] | l
| |
~ | 1
:.S-‘ | II
].00—- H { I'.I
] AJ J"I
ol = I / \.__
e | T [ T T T T [ T T T T [ T T T T [ T T T T [ T T T T [T
7.5 8.0 8.5 9.0 9.5 10.0 10.5 11. 0 )
min
i 2
o il 354 220nm
R Tt B I H] [HIES =i B il A%
1 8.255 85386 6897 1074
2 9.872 7867627 160977 95. 926
B 7953013 167874 100. 000

Supplementary Figure 244. HPLC spectra for 3ak
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Translation of Chinese Characters in HPLC spectra to English

f#iiR: HPLC Condition  #&ill#%: Detector U5 : Peak  THIFY: Area
ik El: HPLC Spectra /% : Height #xicl: Note £it: Total

IE%: Area Percent Report frE I [H]: Remaining Time

n—hexane/iPrOH = 100/0, 0.25 mlL/min, 220 nm

ik © 0J-H#3
i N\/\)\/ch
- Ph
1 -~ = 1R 254 220no|
1 A= = .
] ’\S / he racemic 5ak
] | v-\: .'. |_TI
50+ [ [ A
R i o | oo |
| =1 I| \
I|I f: |II II| :'_,., |II
I| \ | Y
4 | 1 I|I 'ul
204 | '|| | I',
| | '|I { \
| \ { \
) || | 1
III II| IIII II|I
7 ! I'. f \
10 | \ / \
] | Y I,I'II \
| Y \
\\‘ .-’"I A
/ ./ \
o -/ —
— —T———7———— 7 —
54 55 56 57 58 59
min
) i 32
Frdll d5A 220nm ] _ _
Fe T B 1 1] [ i FRic %
1 56. 257 1560687 38444 19. 164
2 57. 685 1613732 37560 | V 50. 836
Bt 3174420 76004 100. 000
fH ik : 0J-H#3 , n—hexane/iPrOH = 100/0, 0.25 mL/min, 220 nm
1,1 /\/\/\/Q/\/C
mV B Ph y
] = TFE I S5A 220nm]
h = .
1 = racemic 5ak
Zaj 3
207 [ Z) =
] | =\ e
: [ /R
i ! IlI Y
]‘5__ .'I \ ,."' A\
- f I'| .'I I\-
.'I ) { \
4 | \ h \
/ E f H
5 / \ / hY
/ \\\_/f \\\\&k
S |
——T— T T T T T
54.0 54.5 55.0 55.5 56. 0 56. 5 57.0 57.5 58.0 58.5
min
) 3
o il 454 220nm ) _
I T B I 7] [iE:] =13 Tric 1%
1 55. 041 1099414 28305 56.729
2 56. 304 838605 20318 | V 43. 271
=11 1538019 48623 100. 000

Supplementary Figure 245. HPLC spectra for 5ak
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Supplementary Tables

Supplementary Table 1 Optimization studies on different ligands, solvent.

Ph
P S XN

0.5 mmol

5.0 mol% Co(OAc), BPin
6.0 mol% ligand
* HBpin P . Ph
Et,O, r.t.,, 20 h
1.2eq

| A | A
Me P2 Pz N
N \j} N \5 :
NS
N _N N A _NH N l;l N“ o
r 2 r 2 \ /
Bn Bn Ar
Bn

L1

(o]
NH y X
SN
— Ri
R1

L2

Ar = 2,6-dii PrCgH3

L4 R'=H,R?=Bn,X=0

L5: R' = Me
L6: R' = Me
L7:R' = Me
L8: R'=Me
L9: R' = Me

,RZ2=Bn,X=0

,R2=Bn, X =NPh
,R2=Pr, X =NPh
, R2=tBu, X = NPh
,R2=Ph, X =NPh

L3

Lsa:R'=H,R?>=Ph,X=0

Lsb: R' = H, R? = indenyl, X =0
Lsc:R'=H,R2=Pr, X=0
Lsd:R'"=H,R?=tBu, X=0
Lse: R'=Me, R2=Ph, X=0
Lsf: R' = Me, R? = indenyl, X=0
Lsg: R'=Me, R2=iPr, X=0
Lsh: R'=Me, R2=tBu, X=0

Entry Ligand Solvent Yield/%? Ee/%
1 Lsa Et,O 81 18.6
2 Lsb Et,O 96 324
3 Lsc Et,O 92 33.2
4 Lsd Et,O 88 31.0
5 Lse Et,O 98 85.8
6 Lsf Et,O 83 90.6
7 Lsg Et,O 71 89.6
8 Lsh Et,O 95 93.4
9 L1 Et,O 99 <5

10 L2 Et,O 19 61.8
11 L3 Et,O / /

12 L4 Et,O 75 22.6
13 L5 Et,O 99 87.8
14 L6 Et,O 54 95.8
15 L7 Et,O 88 98.0
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16 L8 Et,0 96 99.6
17 L9 Et,0 83 89.6
18 L8 MeCN 52 99.0
19 L8 DCM 53 99.2
20 L8 THF 84 99.6
21 L8 toluene 85 99.6
22 L8 dioxane 87 99.8
2Yield was determined by *H NMR by using TMSPh as internal standard.
Supplementary Table 2 Control experiments.
5.0 mol% Co(OAc), BPin
NP+ HBpin 6.0 mol% L8 _— Ph
1.2 eq Et,O, r.t.,, 20 h
Entry Changes from standard conditions Yield® ee
1 added 1.0 eg. H,O / /
2 opened to air / /
3 no ligand / /
5 using FeCl, instead of Co(OAC), / /
6 using Pd(OAC), instead of Co(OAC), / /
7 using Rhy(OAc); instead of Co(OAc), / /

2Yield was determined by *H NMR by using TMSPh as internal standard.

Supplementary Methods

General Information

Ether, tetrahydrofuran, 1,4-dioxane and toluene were distilled from sodium benzophenoneketyl

prior to use and dichloromethane was distilled from CaH,. Pinacolborane (HBpin) (97%) was

purchased from TCI and used as received. NaHBEt; (1.0 M in THF) were purchased from Aldrich

and used as received. Co(OAcC); (99%) were purchased from Alfa and used as received. The other

commercial available chemicals were used as received. NMR spectra were recorded on a

Bruker-400 instrument. *"H NMR chemical shifts were referenced to tetramethylsilane signal (0
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ppm),**C NMR chemical shifts were referenced to the solvent resonance (77.00 ppm, CDCls). The
following abbreviations (or combinations thereof) were used to explain multiplicities: s = singlet,
d = doublet, t = triplet, g = quadruplet, m = multiplet, br = broad. IR spectra were recorded on a
Perkin-Elmer Spectrum One FTIR spectrometer with diamond ATR accessory. High-resolution
mass spectra (HRMS) were recorded on EI-TOF (electrospray ionization-time of flight). X-ray

diffraction data was obtained on Gemini A Ultra.

Procedures for Preparation of Ligands
L1-L3 were prepared according to the methods reported by our group.’® S1-S5 were prepared

according to the literature. *

Wy P Y

B n\\

L1 L2 L3

Ar = 2,6-dii PrCgH,

L4:R'=H,R?=Bn,X=0 Lsa:R'=H,R?>=Ph,X=0
o L5:R'=Me, R?=Bn, X=0 Lsb: R' = H, R? = indenyl, X =0

NH X L6: R' = Me, R? = Bn, X = NPh Lsc:R'=H,R%=Pr, X=0

J N/\) L7:R'=Me, R?=iPr, X=NPh  Lsd:R'=H,R?=tBu, X=0
N L8:R'=Me, R?=tBu, X=NPh Lse:R'=Me,R2=Ph, X=0

— R2 L9: R' = Me, R? = Ph, X = NPh Lsf: R' = Me, RZ=indenyl, X=0

R Lsg: R'=Me, R2=iPr, X=0
Lsh: R'=Me, R>=tBu, X=0

General procedure for the preparation of L4 -L5, Lsa-Lsh

0,
o DCC (1.6 eq.)
DMAP (1 6 eq.)
7 N\ ¥ HN

J o DCM rt.,20h
— N
R1

RZ

R'=H or Me s1: R2=Bn L4-L5
s2: R?=Ph Lsa-Lsh
s3: R? = indenyl
s4:R?=iPr
s5:R?=1tBu

A 50 mL oven-dried round-bottom flask was charged with amine S1 (5.0 mmol), picolinic
acid (8.0 mmol) and DCM (25 mL). After stirred at room temperature for 5 min, DCC (8.0 mmol)

and DMAP (8 mmol) was added to this reaction mixture and stirred at room temperature for 24 h.
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Then the reaction mixture was concentrated in vacuo and purified by column chromatography

using PE/EA = 10/1 as the eluent to give the product L4.

i /@ (S)-N-(2-(4-benzyl-4,5-dihydrooxazol-2-yl)phenyl)picolinamide (L4):
C'H\H N\/_/O Prepared according to the general procedure using picolinic acid (0.9618g, 7.8
B mmol), S1 (1.2550 g, 5.0 mmol), DCM (25 mL), DCC (1.6430 g, 8.0 mmol)

and DMAP (0.9756 g, 8.0 mmol). After 24 h, the reaction mixture was concentrated in vacuo and
purified by column chromatography using PE/EA = 10/1 as the eluent to afford L4 (1.7209 g, 0.48
mmol, 97% yield) as a white solid. M.P.: 74.6-75.8 °C; IR (neat): 3060, 2925, 1681, 1642, 1581,
1528, 1448 cm™. Optical Rotation: [a]” = +73.7 (¢ 1.0, CHCIls). *H NMR (400 MHz, CDCl5):
513.78 (s, 1H), 9.03 (d, J = 8.0 Hz, 1H), 8.54 (d, J = 4.4 Hz, 1H), 8.29 (d, J = 7.6 Hz, 1H),
7.94-7.80 (m, 2H), 7.57-7.49 (m, 1H), 7.42 (dd, J = 7.2, 4.8 Hz, 1H), 7.32-7.19 (m, 5H), 7.13 (t, J
= 7.2 Hz, 1H), 4.89-4.77 (m, 1H), 4.38 (t, J = 9.2 Hz, 1H), 4.11 (t, J = 8.0 Hz, 1H), 3.35 (dd, J =
14.0, 5.2 Hz, 1H), 2.92 (dd, J = 14.0, 8.0 Hz, 1H); *C NMR: (101 MHz, CDCl5): 5164.1, 163.4,
151.0, 148.3, 139.5, 137.7, 137.2, 132.4, 129.30, 129.28, 128.5, 126.5, 126.0, 122.75, 122.66,
120.2, 114.6, 70.5, 67.9, 41.7. HRMS (ESI) calculated for [M+Na] [C»H1sN30,Na]" requires m/z

380.1375, found m/z 380.1377.

(S)-N-(2-(4-benzyl-4,5-dihydrooxazol-2-yl)phenyl)-6-methylpicolinamide

) Q\o (L5): Prepared according to the general procedure using 6-methylpicolinic acid
— .~ (0.6582 g, 4.8 mmol), S1 (0.7568 g, 3.0 mmol), DCM (15 mL), DCC (0.9918 g,
4.8 mmol) and DMAP (0.5816 g, 4.8 mmol). After 24 h, the reaction mixture

was concentrated in vacuo and purified by column chromatography using PE/EA = 10/1 as the
eluent to afford L5 (0.9895 g, 2.7 mmol, 89% yield) as a white solid. M.P.: 101.8-103.5 °C; IR
(neat): 3025, 2895, 1678, 1641, 1582, 1522, 1445 cm™. Optical Rotation: [a]* = +116.3 (¢ 1.09,
CHCI5). *H NMR (400 MHz, CDCl5):6 13.71 (s, 1H), 9.05 (d, J = 8.4 Hz, 1H), 8.12 (d, J = 7.6 Hz,
1H), 7.87 (d, J = 7.6 Hz, 1H), 7.78 (t, J = 7.6 Hz, 1H), 7.53 (t, J = 7.6 Hz, 1H), 7.31 (d, J = 7.6
Hz, 1H), 7.27-7.17 (m, 5H), 7.12 (t, J = 7.6 Hz, 1H), 4.87-4.76 (m, 1H), 4.32 (t, J = 8.8 Hz, 1H),
4.16 (dd, J = 8.0, 7.6 Hz, 1H), 3.38 (dd, J = 13.6, 4.4 Hz, 1H), 2.87 (dd, J = 13.6, 9.2 Hz, 1H),

2.66 (s, 3H). 1°C NMR (101 MHz, CDCl3) §164.3, 163.4, 157.1, 150.4, 139.6, 137.5, 137.3, 132.3,
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129.3,129.2, 128.5, 126.5, 125.8, 122.5, 120.1, 119.9, 114.4, 70.3, 68.0, 41.7, 24.3. HRMS (ESI)

calculated for [M+Na]"[C,3H21N30,Na]" requires m/z 394.1531, found m/z 394.1527.

o (S)-N-(2-(4-phenyl-4,5-dihydrooxazol-2-yl)phenyl)picolinamide (Lsa):
@H@ Prepared according to the general procedure using picolinic acid (0.1979 g, 1.6
Phi\—/o mmol), S2 (0.2384 g, 1.0 mmol), DCM (5.0 mL), DCC (0.3329 g, 1.6 mmol)

and DMAP (0.1968 g, 1.6 mmol). After 24 h, the reaction mixture was

concentrated in vacuo and purified by column chromatography using PE/EA = 10/1 as the eluent
to afford Lsa (0.3242 g, 0.94 mmol, 94% yield) as a white solid. M.P.: 92.0-93.1 °C; IR (neat):
3059, 2890, 1679, 1640, 1580, 1525, 1446 cm™; Optical Rotation: [a]*°p = +256.0 (¢ 1.02,
CHClI5);*"H NMR (400 MHz, CDCls): §13.88 (s, 1H), 9.08 (dd, J = 8.8, 1.6 Hz, 1H), 8.26 (d, J =
7.2 Hz, 2H), 7.97 (dd, J = 8.0, 1.2 Hz, 1H), 7.88-7.78 (m, 1H), 7.61-7.50 (m, 3H), 7.42-7.28 (m,
4H), 7.21-7.12 (m, 1H), 5.67 (t, J = 9.6 Hz, 1H), 4.91-4.82 (m, 1H), 4.24 (t, J = 9.2 Hz, 1H); **C
NMR: (101 MHz, CDCly): §164.1, 164.0, 150.9, 148.2, 142.0, 139.7, 137.1, 132.6, 129.5, 128.6,
127.4, 126.7, 126.0, 122.7, 122.6, 120.2, 1145, 73.1, 70.2; HRMS (ESI) calculated for

[M+Na]*[C,:H17N30,Na]" requires m/z 366.1218, found m/z 366.1220.

N-(2-((3aS,8aR)-8,8a-dihydro-3aH-indeno[1,2-d]oxazol-2-yl)phenyl)picoli

S %O namide (Lsb): Prepared according to the general procedure using picolinic
C//ZNL N\) acid (0.7580 g, 6.1 mmol), S3 (1.2248 g, 4.9 mmol), DCM (25 mL), EDCI
d (1.1618 g, 6.0 mmol) and DMAP (0.7428 g, 6.0 mmol). After 24 h, the

reaction mixture was concentrated in vacuo and purified by column chromatography using PE/EA
= 10/1 as the eluent to afford Lsb (0.8450 g, 2.4 mmol, 49% vyield) as a white solid. M.P..
194.6-196.9 °C; Optical Rotation: [0]*’p = +280.0 (c 0.52, CHCIy) (lit.>: [a]*5 = -74 (c 0.5,
CH,CL,)); *H NMR (400 MHz, CDCl,): §13.73 (s, 1H), 8.99 (d, J = 8.4 Hz, 1H), 8.88 (d, J = 4.0
Hz, 1H), 8.29 (d, J = 8.0 Hz, 1H), 7.97-7.86 (m, 2H), 7.70-7.62 (m, 1H), 7.57-7.46 (m, 2H),
7.31-7.21 (m, 3H), 7.15-7.04 (m, 1H), 5.94 (d, J = 8.0 Hz, 1H), 5.52-5.42 (m, 1H), 3.54 (dd, J =
18.0, 6.8 Hz, 1H), 3.40 (d, J = 18.0 Hz, 1H);**C NMR: (101 MHz, CDCl5): §164.0, 163.4, 151.2,
148.2, 141.9, 139.6, 139.5, 137.2, 132.3, 129.4, 128.6, 127.3, 126.1, 125.5, 125.3, 122.9, 122.6,

120.2, 114.6, 81.8, 77.1, 39.7; HRMS (ESI) calculated for [M+H][C,,H15N30,]" requires m/z
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356.1399, found m/z 356.1408.

o (S)-N-(2-(4-isopropyl-4,5-dihydrooxazol-2-yl)phenyl)picolinamide  (Lsc):

Q Prepared according to the general procedure using picolinic acid (0.1995 g, 1.6

%

mmol), S4 (0.2065 g, 1.0 mmol), DCM (5.0 mL), DCC (0.3329 g, 1.6 mmol)
and DMAP (0.1963 g, 1.6 mmol). After 24 h, the reaction mixture was
concentrated in vacuo and purified by column chromatography using PE/EA = 10/1 as the eluent
to afford Lsc (0.2674 g, 0.0.86 mmol, 86% yield) as a white solid. M.P.: 92.9-94.4 °C; IR (neat):
3062, 2958, 1680, 1643, 1581, 1524, 1447 cm™; Optical Rotation: [a]”’p = +27.0 (¢ 1.01, CHCI,);
'"H NMR (400 MHz, CDCl5):013.74 (s, 1H), 9.06 (d, J = 8.4 Hz, 1H), 8.69-8.60 (m, 1H),
8.34-8.27 (m, 1H), 7.95-7.84 (m, 2H), 7.56-7.49 (m, 1H), 7.45 (ddd,J = 5.6, 4.4, 1.2 Hz, 1H),
7.17-7.09 (m, 1H), 4.47-4.39 (m, 1H), 4.31-4.20 (m, 1H), 4.11-4.02 (m, 1H), 1.91-1.80 (m, 1H),
1.20 (d, J = 6.4 Hz, 3H), 1.07 (d,J = 6.8 Hz, 3H); *C NMR: (101 MHz, CDCls): & 164.1, 162.9,
151.1, 148.2, 139.6, 137.2, 132.2, 129.4, 126.1, 122.9, 122.7, 120.3, 114.7, 73.5, 69.5, 33.5, 19.2,
18.7; HRMS (ESI) calculated for [M+Na] [C1sH1sN3O,Na]™ requires m/z 332.1375, found m/z

332.1376.

(S)-N-(2-(4-(tert-butyl)-4,5-dihydrooxazol-2-yl)phenyl)picolinamide (Lsd):

(0]
Cﬁ% Prepared according to the general procedure using picolinic acid (0.1995 g, 1.6
& N7 o
/

" mmol), S5 (0.2184 g, 1.0 mmol), DCM (5.0 mL), DCC (0.3334 g, 1.6 mmol)

and DMAP (0.1951 g, 1.6 mmol). After 24 h, the reaction mixture was

concentrated in vacuo and purified by column chromatography using PE/EA = 10/1 as the eluent
to afford Lsd (0.2861 g, 0.88 mmol, 88% yield) as a white solid. M.P.: 100.7-102.1 °C; IR (neat):
3061, 2953, 1680, 1644, 1582, 1524, 1447 cm™; Optical Rotation: [a]*’p = +38.1 (¢ 1.0, CHCI,);
'H NMR (400 MHz, CDCl,): 6 13.70 (s, 1H), 9.07 (d, J = 8.4 Hz, 1H), 8.66-8.59 (m, 1H), 8.31 (d,
J = 8.0 Hz, 1H), 7.96-7.83 (m, 2H), 7.56-7.49 (m, 1H), 7.48-7.40 (m, 1H), 7.18-7.09 (m, 1H),
4.38-4.24 (m, 2H), 4.18 (t, J = 7.6 Hz, 1H), 1.07 (s, 9H); *C NMR: (101 MHz, CDCls): §164.2,
162.8, 151.1, 148.2, 139.6, 137.2, 132.2, 129.4, 126.1, 122.9, 122.7, 120.3, 114.6, 76.8, 67.3, 33.9,
25.9; HRMS (ESI) calculated for [M+Na]*[C1oH,:N3O,Na]” requires m/z 346.1531, found m/z

346.1529.
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(S)-6-methyl-N-(2-(4-phenyl-4,5-dihydrooxazol-2-yl)phenyl)picolinamide

A Né:%o (Lse): Prepared according to the general procedure using 6-methylpicolinic

_ i acid (1.0980 g, 8.0 mmol), S2 (0.7658 g, 3.2 mmol), DCM (20 mL), DCC
(1.6528 g, 8.0 mmol) and DMAP (0.9780 g, 8.0 mmol). After 24 h, the reaction

mixture was concentrated in vacuo and purified by column chromatography using PE/EA = 10/1
as the eluent to afford Lse (1.0836 g, 3.0 mmol, 94% yield) as a white solid. M.P.: 92.1-93.4 °C.
IR (neat): 3063, 3026, 1680, 1640, 1583, 1524, 1446 cm™. Optical Rotation: [a]*’p = +239.7 (c 1.0,
CHCl3)."H NMR (400 MHz, CDCl5) & 13.86 (s, 1H), 9.20-8.90 (m, 1H), 8.05 (d, J = 7.6 Hz, 1H),
7.99 (dd, J = 8.0, 1.6 Hz, 1H), 7.69 (t, J = 7.6 Hz, 1H), 7.60-7.52 (m, 1H), 7.41-7.26 (m, 5H),
7.20-7.13 (m, 2H), 5.76-5.49 (m, 1H), 4.81 (dd, J = 10.0, 8.4 Hz, 1H), 4.19 (t, J = 8.4 Hz, 1H),
2.04 (s, 3H); °C NMR (101 MHz, CDCl;) 5164.38, 164.35, 157.4, 150.1, 142.2, 139.9, 137.2,
132.6, 129.5, 128.6, 127.6, 126.8, 125.7, 122.5, 120.2, 119.6, 114.3, 73.7, 70.4, 23.3; HRMS (ESI)

calculated for [M+Na]"[C2,H1sN30.Na]" requires m/z 380.1375, found m/z 380.1367.

Q N-(2-((3aS,8aR)-8,8a-dihydro-3aH-indeno[1,2-d]oxazol-2-yl)phenyl)-6-m
O,
NH

(0]

_ N/\) ethylpicolinamide (Lsf): Prepared according to the general procedure using
\ ¢ ; 6-methylpicolinic acid (0.1808 g, 1.3 mmol), S3 (0.2506 g, 1.0 mmol), DCM

(5.0 mL), DCC (0.2728 g, 1.3 mmol) and DMAP (0.1640 g, 1.3 mmol).

After 24 h, the reaction mixture was concentrated in vacuo and purified by column
chromatography using PE/EA = 10/1 as the eluent to afford Lsf (0.1760 g, 0.48 mmol, 48% vyield)
as a white solid. M.P.: 201.6-203.1 °C. IR (neat): 3023, 2923, 1682, 1638, 1583, 1529, 1447 cm™.
Optical Rotation: [a]*°p = +437.6 (¢ 0.92, CHCI5)."H NMR (400 MHz, CDCls) ¢ 13.71 (s, 1H),
8.97 (d, J = 8.4 Hz, 1H), 8.11 (d, J = 7.6 Hz, 1H), 7.89 (dd, J = 7.6, 1.2 Hz, 1H), 7.80 (t, J = 7.6
Hz, 1H), 7.54 (d, J = 7.2 Hz, 1H), 7.50-7.45 (m, 1H), 7.38 (d, J = 8.0 Hz, 1H), 7.29-7.18 (m, 3H),
7.12-7.02 (m, 1H), 5.96 (d, J = 7.6 Hz, 1H), 5.50-5.41 (m, 1H), 3.58-3.40 (m, 2H), 2.87 (s, 3H);
B¢ NMR (101 MHz, CDCl3) 0164.3, 163.6, 157.0, 150.6, 141.9, 139.62, 139.57, 137.4, 132.3,
129.4, 128.6, 127.4, 125.9, 125.4, 122.5, 120.4, 120.1, 114.7, 82.2, 39.4, 24.7;, HRMS (ESI)

calculated for [M+Na]"[C,3H1gN30,Na]" requires m/z 392.1375, found m/z 392.1376.
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(S)-N-(2-(4-isopropyl-4,5-dihydrooxazol-2-yl)phenyl)-6-methylpicolinamid

) QO e (Lsg): Prepared according to the general procedure using 6-methylpicolinic
— 2 acid (0.6588 g, 4.8 mmol), S4 (0.6168 g, 3.0 mmol), DCM (15 mL), DCC
(0.9908 g, 4.8 mmol) and DMAP (0.5909 g, 4.8 mmol). After 24 h, the

reaction mixture was concentrated in vacuo and purified by column chromatography using PE/EA
= 10/1 as the eluent to afford Lsg (0.9244 g, 2.9 mmol, 95% vyield) as a white solid. M.P.:
81.3-82.6 °C; IR (neat): 3091, 2960, 1679, 1642, 1582, 1520, 1444 cm™; Optical Rotation: [0]*’p
= +146.0 (c 1.03, CHCIs); *H NMR (400 MHz, CDCl3) 6 13.44 (s, 1H), 8.97 (d, J = 8.4 Hz, 1H),
8.10 (d, J = 7.6 Hz, 1H), 7.90 (d, J = 7.6 Hz, 1H), 7.76 (t, J = 7.6 Hz, 1H), 7.51 (t, J = 8.0 Hz,
1H), 7.31 (d, J = 7.6 Hz, 1H), 7.12 (t, J = 7.6 Hz, 1H), 4.42-4.28 (m, 2H), 4.20-4.12 (m, 1H), 2.66
(s, 3H), 2.05-1.90 (m, 1H), 1.02 (d, J = 6.8 Hz, 3H), 0.94 (d, J = 6.8 Hz, 3H); *C NMR (101
MHz, CDCly) 0164.4, 162.7, 157.2, 150.5, 139.4, 137.2, 132.0, 129.3, 125.8, 122.5, 120.4, 120.0,
114.8, 72.7, 68.4, 32.7, 24.4, 18.9, 17.8; HRMS (ESI) calculated for [M+Na]*[CysH2:N3;0,Na]”*

requires m/z 346.1531, found m/z 346.1532.

O,

NH i fo)
7\ N\_)
— acid (0.1287 g, 0.94 mmol), S5 (0.1317 g, 0.6 mmol), DCM (5 mL), DCC

T

Q\ (S)-N-(2-(4-(tert-butyl)-4,5-dihydrooxazol-2-yl)phenyl)-6-methylpicolinami

de (Lsh): Prepared according to the general procedure using 6-methylpicolinic

(0.1989 g, 0.96 mmol) and DMAP (0.1145 g, 0.94 mmol). After 24 h, the
reaction mixture was concentrated in vacuo and purified by column chromatography using PE/EA
= 10/1 as the eluent to afford Lsh (0.1272 g, 0.38 mmol, 63% vyield) as a white solid. M.P..
67.2-68.4 °C. IR (neat): 3097, 2957, 1680, 1643, 1584, 1522, 1445 cm™. Optical Rotation: [0]*p =
+200.0 (c 1.02, CHCI3).1H NMR (400 MHz, CDCls) 613.23 (s, 1H), 8.92 (dd, J = 8.4, 0.4 Hz, 1H),
8.10 (d, J = 7.6 Hz, 1H), 7.90 (dd, J = 8.0, 1.6 Hz, 1H), 7.75 (t, J = 7.6 Hz, 1H), 7.55-7.48 (m,
1H), 7.30 (d, J = 7.6 Hz, 1H), 7.16-7.09 (m, 1H), 4.35-4.20 (m, 3H), 2.65 (s, 3H), 0.94 (s, 9H);
BC NMR (101 MHz, CDCly) 6164.6, 162.7, 157.4, 150.8, 139.5, 137.3, 132.0, 129.3, 125.9, 122.7,
120.8, 120.3, 115.0, 76.6, 67.3, 342, 259, 24.6. HRMS (ESI) calculated for

[M+Na][C20H23N30,Na]" requires m/z 360.1688, found m/z 360.1685.
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Synthesis of L6-L9:

CH20H
1) SOCly, reflux, 10 h
NH Ph
OH cloccoct 2 \/CHZOH - | N
2) Aniline, Et3N, r.t., 15 h N4

DCM, r.t, 8 h EtzN, DCM, r.t., 15h \)
be 3)NaOH, RT., 4 h
S6a: R'=Bn S6b: R' = 1 R’

S7a:R'=Pr S7b: R'=iPr S6: R1 = sn, X =NPh

s8a: R' = tBu s8b: R' = tBu ST R1 =iPr, X=NPh

S9a: R" = Ph S9b: R' = Ph S8: R' =tBu, X = NPh

S9: R' = Ph, X = NPh

NH, Cul (20 mol%)
N,N'-dimethylethylenediamine (40 mol%) Q
/ \N * I N/Ph > NH J X
7 K3POy4 (2.0 eq.) N
N\) toluene or o-xylene, reflux, 36 h / \N \)
1

R R

$6: R'=Bn, X = NPh o _
S7:R'=Pr, X = NPh L6:R"=Bn, X =NPh

$8: R'=tBu, X = NPh L7: R'=iPr, X = NPh
$9:R' = Ph, X =NPh L8: R" = tBu, X = NPh
L9: R' = Ph, X = NPh

@(H (S)-N-(1-hydroxy-3-phenylpropan-2-yl)-2-iodobenzamide (S6b):
i 0 Bn " 2-lodobenzoic acid (24.80 g, 100 mmol) was dissolved in dichloromethane
(200 mL) in a 250 mL roundbottomed flask and cooled on an ice bath. Oxalyl chloride (13.0 mL,
150 mmol) and DMF (5 drops) was added in sequence under stirring, and the reaction was
allowed to come to room temperature. After 8 hours the reaction mixture was evaporated to give
the crude product without purification and used in the next step. The acyl chloride was dissolved
in dichloromethane (30 mL) and added dropwise to a solution of the amino alcohol Séa (15.12 g,
100 mmol) in triethylamine (35.0 mL, 0.73 g/mL, 250 mmol) and dichloromethane (200 mL) at
0 <C. Then the mixture was warmed to room temperature and stirred for 12 h. After completion of
the reaction, the reaction mixture was then washed successively with a saturated aqueous solution
of ammonium chloride, HCI (1 M), saturated aqueous solution of sodium hydrogen carbonate and
brine. The resulting organic layer was then dried with anhydrous sodium sulfate and concentrated
in vacuo to yield crude product as a pale yellow solid and washed with 120 mL of PE/EtOAc (5/1)
to afford S6b (23.74 g, 62 mmol, 62% yield) as a white solid. M.P.: 133.7-135.3 °C. IR (neat):
3278, 1638, 1535, 1037 cm™. Optical Rotation: [0]*’p = -21.6 (c 0.99, CH,CI,). *H NMR (400
MHz, CD3;0D) 8 7.84 (d, J = 8.0 Hz, 1H), 7.40-7.27 (m, 5H), 7.24-7.19 (m, 1H), 7.15-7.04 (m,

2H), 4.35-4.29 (m, 1H), 3.69 (dd, J = 11.2, 5.6 Hz, 1H), 3.63 (dd, J = 11.2, 5.6 Hz, 1H), 3.06 (dd,
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J = 13.6, 5.6 Hz, 1H), 2.83 (dd, J = 14.0, 8.8 Hz, 1H); *C NMR (101 MHz, CD;0D) §172.2,
144.2, 140.6, 139.9, 131.8, 130.4, 129.4, 129.0, 128.9, 127.4, 93.2, 64.2, 54.6, 37.9. HRMS (ESI)

calculated for [M+H]"[C1sH17INO,]" requires m/z 382.0304, found m/z 382.0308.

(S)-N-(1-hydroxy-3-methylbutan-2-yl)-2-iodobenzamide (S7b):

H
N
\./\OH

I8 Fer 2-lodobenzoic acid (19.89 g, 80 mmol) was dissolved in dichloromethane
(200 mL) in a 250 mL round bottomed flask and cooled on an ice bath. Oxalyl chloride (10.0 mL,
120 mmol) and DMF (10 drops) was added in sequence under stirring, and the reaction was
allowed to come to room temperature. After 8 hours the reaction mixture was evaporated to give
the crude product without purification and used in the next step. The acyl chloride was dissolved
in dichloromethane (20 mL) and added dropwise to a solution of the amino alcohol S7a (8.2890 g,
80 mmol) in triethylamine (28 mL, 0.73 g/mL, 200 mmol) and dichloromethane (200 mL) at 0 <C.
Then the mixture was warmed to room temperature and stirred for 12 h. After completion of the
reaction, the reaction mixture was then washed successively with a saturated aqueous solution of
ammonium chloride, HCI (1 M), saturated aqueous solution of sodium hydrogen carbonate and
brine. The resulting organic layer was then dried with anhydrous sodium sulfate and concentrated
in vacuo to yield crude product as a pale yellow solid and washed with 110 mL of PE/EtOAc (10/1)
to afford S7b (24.31 g, 73 mmol, 91% yield) as a white solid. M.P.: 112.9-114.2 °C. IR (neat):
3272, 2960, 1637, 1537, 1017 cm™. Optical Rotation: [a]p = -28.3 (¢ 0.98, CH,Cl,). *H NMR
(400 MHz, CD;0D) 67.89 (d, J = 8.0 Hz, 1H), 7.47-7.37 (m, 2H), 7.15 (td, J = 7.6, 1.6 Hz, 1H),
3.91 (q, J = 6.0 Hz, 1H), 3.76-3.64 (m, 2H), 2.09-1.97 (m, 1H), 1.07 (d, J = 6.8 Hz, 3H), 1.04 (d, J
= 6.8 Hz, 3H); BC NMR (101 MHz, CD30D) 8172.6, 144.5, 140.6, 131.8, 129.08, 129.05, 93.2,
62.9, 58.4, 29.9, 20.2, 19.0.HRMS (ESI) calculated for [M+H]*[C1,H17INO,]* requires m/z

334.0304, found m/z 334.0306.

@(H (R)-N-(1-hydroxy-3-methylbutan-2-yl)-2-iodobenzamide (ent-S7b):
i0 N\,‘:\OH 2-lodobenzoic acid (12.44 g, 50 mmol) was dissolved in dichloromethane
(60 mL) in a 250 mL round-bottomed flask and cooled on an ice bath. Oxalyl chloride (6.3 mL, 75
mmol) and DMF (8 drops) was added in sequence under stirring, and the reaction was allowed to

come to room temperature. After 7 hours the reaction mixture was evaporated to give the crude
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product without purification and used in the next step. The acyl chloride was dissolved in dry
dichloromethane (30 mL) and added dropwise to a solution of the amino alcohol
(R)-2-amino-3-methylbutan-1-ol (5.18 g, 50 mmol) in triethylamine (17 mL, 0.73 g/mL, 125
mmol) and dichloromethane (30 mL) at 0 <C. Then the mixture was warmed to room temperature
and stirred for 12 h. After completion of the reaction, the reaction mixture was then washed
successively with a saturated aqueous solution of ammonium chloride, HCI (1 M), saturated
aqueous solution of sodium hydrogen carbonate and brine. The resulting organic layer was then
dried with anhydrous sodium sulfate and concentrated in vacuo to yield crude product as a pale
yellow solid and washed with 100 mL of PE/EtOAc (10/1) to afford ent-S7b (15.30 g, 46mmol,
92% yield) as a white solid. M.P.: 111.7-113.1°C. IR (neat): 3271, 2958, 1638, 1536, 1015 cm™.
Optical Rotation: [0]*’p = +30.6 (¢ 1.02, CHCl5). *H NMR (400 MHz, CDCls) §7.82 (d, J = 8.0
Hz, 1H), 7.41-7.29 (m, 2H), 7.12-7.03 (m, 1H), 6.21 (d, J = 7.6 Hz, 1H), 3.94-3.84 (m, 1H),
3.83-3.69 (m, 2H), 2.93 (brs, 1H), 2.02-1.93 (m, 1H), 1.02 (d, J = 6.8 Hz, 6H); *C NMR (101
MHz, CD,Cl,) 6169.4, 142.3, 139.3, 130.5, 127.7, 127.5,91.8, 62.7, 57.1, 28.6, 18.9, 18.4; HRMS

(ESI) calculated for [M+H]"[C1,H17INO,]" requires334.0304 m/z, found m/z 334.0320.

@WH (S)-N-(1-hydroxy-3,3-dimethylbutan-2-yl)-2-iodobenzamide (S8b):
i O i " 2-lodobenzoic acid (19.80 g, 80 mmol) was dissolved in dichloromethane
(200 mL) in a 250 mL roundbottomed flask and cooled on an ice bath. Oxalyl chloride (10.0 mL,
120 mmol) and DMF (10 drops) was added in sequence under stirring, and the reaction was
allowed to come to room temperature. After 8 hours the reaction mixture was evaporated to give
the crude product without purification and used in the next step. The acyl chloride was dissolved
in dichloromethane (20 mL) and added dropwise to a solution of the amino alcohol S8a (9.3820 g,
80 mmol) in triethylamine (28 mL, 0.73 g/mL, 200 mmol) and dichloromethane (200 mL) at 0 <C.
Then the mixture was warmed to room temperature and stirred for 12 h. After completion of the
reaction, the reaction mixture was then washed successively with a saturated aqueous solution of
ammonium chloride, HCI (1 M), saturated aqueous solution of sodium hydrogen carbonate and
brine. The resulting organic layer was then dried with anhydrous sodium sulfate and concentrated
in vacuo to yield crude product as a pale yellow solid and recrystallized from PE/EtOAc to afford

S8b (23.0441 g, 66 mmol, 83% yield) as a white solid. M.P.: 126.4-128.1°C. IR (neat): 3284, 2959,
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1639, 1535, 1017 cm™. Optical Rotation: [0]*’p = -13.9 (c 1.02, CH,Cl,)."H NMR (400 MHz,
CD;0D) §7.90 (d, J = 8.0 Hz, 1H), 7.47-7.40 (m, 2H), 7.19-7.11 (m, 1H), 3.97 (dd, J = 8.8, 4.0 Hz,
1H), 3.88 (dd, J = 11.6, 4.0 Hz, 1H), 3.57 (dd, J = 11.6, 8.8 Hz, 1H), 1.05 (s, 9H); *C NMR (101
MHz, CD;0D) § 173.0, 144.7, 140.7, 131.8, 129.4, 129.1, 93.1, 62.4, 61.5, 35.1, 27.7.HRMS (ESI)

calculated for [M+H]"[C1sH1INO,]" requires m/z 348.0460, found m/z 348.0463.

@Wn\/\% (S)-N-(2-hydroxy-1-phenylethyl)-2-iodobenzamide (S9b): 2-lodobenzoic

i 5 Bn acid (19.81 g, 80 mmol) was dissolved in dichloromethane (150 mL) in a 250
mL round bottomed flask and cooled on an ice bath. Oxalyl chloride (10.0 mL, 120 mmol) and
DMF (6 drops) was added in sequence under stirring, and the reaction was allowed to come to
room temperature. After 8 hours the reaction mixture was evaporated to give the crude product
without purification and used in the next step. The acyl chloride was dissolved in dichloromethane
(30 mL) and added dropwise to a solution of the amino alcohol S9a (10.94 g, 80 mmol) in
triethylamine (28 mL, 0.73 g/mL, 200 mmol) and dichloromethane (75 mL) at 0 <C. Then the
mixture was warmed to room temperature and stirred for 18 h. After completion of the reaction,
the reaction mixture was then washed successively with a saturated aqueous solution of
ammonium chloride, HCI (1 M), saturated aqueous solution of sodium hydrogen carbonate and
brine. The resulting organic layer was then dried with anhydrous sodium sulfate and concentrated
in vacuo to yield crude product as a pale yellow solid and washed with105 mL of PE/DCM (85/20)
to afford S9b (14.6019 g, 40 mmol, 50% yield)asa white solid. M.P.: 152.1-153.3°C. IR (neat):
3285, 1641, 1535, 1022 cm™. Optical Rotation: [a]*°p = +23.8 (¢ 1.03, CH,Cl,). *H NMR (400
MHz, CD;0D) §7.89 (d, J = 7.2 Hz, 1H), 7.48-7.32 (m, 6H), 7.31-7.25 (m, 1H), 7.18-7.13 (m,
1H), 5.16 (t, J = 6.8 Hz, 1H), 3.84 (d, J = 6.8 Hz, 2H); *C NMR (101 MHz, CD;0D) 5172.3,
144.2, 140.8, 140.8, 132.0, 129.5, 129.2, 129.1, 1285, 128.4, 93.2, 66.0, 57.6. HRMS (ESI)

calculated for [M+H]"[C1sH15INO,]" requires m/z 368.0147, found m/z 368.0150.

Q (S)-4-benzyl-2-(2-iodophenyl)-1-phenyl-4,5-dihydro-1H-imidazole (S6):

Ph

' N/\)N Prepared according to a previously reported procedure with a slight modification,® a
B 50 mL flame-dried Schlenk flask was washed with nitrogen three times and charged

with amide S6b (7.60 g, 20 mmol), toluene (15 mL) and SOCI; (5.0 mL, 1.60 g/mL, 67 mmol).
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Then the mixture was refluxed for 12 h. After cooling to room temperature, the mixture was
concentrated and the residue was dissolved in 150 mL Et,O and transferred to a 250 mL
flame-dried round bottomed flask. To this reaction mixture, triethylamine (31 mL, 0.73 g/mL, 224
mmol) and aniline (2.1 mL, 1.02 g/mL, 23 mmol) were added in sequence. After stirred at room
temperature for 48 h, 10% NaOH (200 mL) was added and stirred for another 5 h. The organic
layer was separated and the aqueous layer extracted with EtOAc (4> 20 mL). The combined
organic phases were dried over anhydrous Na,SO,4 and concentrated in vacuo and purified by flash
column chromatography using PE/EtOAc (50/1 to 5/1) as the eluent to afford S6 (4.7986 g, 11
mmol, 55% vyield) as a yellow oil.IR (neat): 3058, 2972, 1601, 1576, 1498, 1476, 1384
cm™;Optical Rotation: [0]%p = -9.8 (¢ 1.10, CHCI5);'"H NMR (400 MHz, CDCl,): 67.77 (d, J =
8.0 Hz, 1H), 7.42-7.28 (m, 6H), 7.25-7.20 (m, 1H), 7.10-7.02 (m, 3H), 6.88 (t, J = 7.6 Hz, 1H),
6.58 (d, J = 8.0 Hz, 2H), 4.6-4.52 (m, 1H), 4.03-3.96 (m, 1H), 3.77 (dd, J = 8.8, 7.6 Hz, 1H), 3.34
(dd, J = 13.6, 4.8 Hz, 1H), 2.88 (dd, J = 13.6, 8.8 Hz, 1H);**C NMR (101 MHz, CDCls): 5161.7,
140.5, 139.4, 138.4, 137.5, 130.7, 130.3, 129.4, 128.6, 128.4, 128.1, 126.3, 122.5, 119.5, 96.4,
65.3, 55.7, 41.9. HRMS (ESI) calculated for [M+Na] [CxH1sIN,Na]" requires m/z 461.0491,

found m/z 461.0485.

Q\ (S)-2-(2-iodophenyl)-4-isopropyl-1-phenyl-4,5-dihydro-1H-imidazole (87):
' N/\)N/Ph Prepared according to a previously reported procedure with a slight modification,® a

it 100 mL flame-dried Schlenk flask was washed with nitrogen three times and
charged with amide S7b (8.3322 g, 25 mmol), toluene (10 mL) and SOCI, (10.0 mL, 1.60 g/mL,
134 mmol). Then the mixture was refluxed for 12 h. After cooling to room temperature, the
mixture was concentrated and the residue was dissolved in 30mL DCM and transferred to a 250
mL flame-dried round bottomed flask. To this reaction mixture, triethylamine (28 mL, 0.73 g/mL,
200 mmol) and aniline (2.5 mL, 1.02 g/mL, 27.5 mmol) were added in sequence. After stirred at
room temperature for 30 h, 10% NaOH (200 mL) was added and stirred for another 5 h. The
organic layer was separated and the aqueous layer extracted with DCM (3x 200 mL). The
combined organic phases were dried over anhydrous Na,SO4 and concentrated in vacuo and
purified by flash column chromatography using PE/EtOAc (50/1 to 5/1) as the eluent to afford

S7(9.4098 g, 24 mmol, 96% yield) as a yellow oil. IR (neat): 3057, 2956, 1599, 1579, 1498, 1475,
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1382 cm™; Optical Rotation: [0]*°p = -71.9 (c 1.20, CHCI3);"H NMR (400 MHz, CDCly): 67.76
(dd, J = 8.0, 0.8 Hz, 1H), 7.43 (dd, J = 7.6, 1.6 Hz, 1H), 7.36 (td, J = 7.6, 0.8 Hz, 1H), 7.12-7.02
(m, 3H), 6.92-6.86 (m, 1H), 6.64 (dd, J = 8.4, 0.8 Hz, 2H), 4.14-3.96 (m, 2H), 3.78 (t, J = 8.0 Hz,
1H), 2.07-1.94 (m, 1H), 1.12 (d, J = 6.8 Hz, 3H), 1.05 (d, J = 6.8 Hz, 3H); **C NMR (101 MHz,
CDCly): 0161.0, 140.7, 139.3, 137.9, 130.5, 130.3, 128.5, 128.1, 122.1, 119.2, 96.3, 70.1, 53.7,
32.9, 19.1, 18.4. HRMS (ESI) calculated for [M+Na]'[C1gH19IN,Na]™ requires m/z 413.0491,

found m/z 413.0490.

Q\ (R)-2-(2-iodophenyl)-4-isopropyl-1-phenyl-4,5-dihydro-1H-imidazole  (ent-S7):
Y/ K Prepared according to a previously reported procedure with a slight modification,® a

iPr 50 mL flame-dried Schlenk flask was washed with nitrogen three times and charged
with amide ent-S7b (6.6600 g, 20mmol), SOCI, (4.4 mL, 1.60 g/mL, 60 mmol). Then the mixture
was refluxed for 12 h. After cooling to room temperature, the mixture was concentrated and the
residue was dissolved in 20 mL DCM and transferred to a 250 mL flame-dried round-bottomed
flask. To this reaction mixture, triethylamine (28 mL, 0.73 g/mL, 200 mmol) and aniline (2.0 mL,
1.02 g/mL, 22mmol) were added in sequence. After stirred at room temperature for 12 h, 10%
NaOH (200 mL) was added and stirred for another 4 h. The organic layer was separated and the
aqueous layer extracted with DCM (3> 200 mL). The combined organic phases were dried over
anhydrous Na,SO, and concentrated in vacuo and purified by flash column chromatography using
DCM to DCM/MeQOH(30/1) as the eluent to afford ent-S7 (7.2505 g, 19 mmol, 93% yield) as a
brown oil. IR (neat): 3060, 2955, 1598, 1578, 1500, 1476, 1381 cm™; Optical Rotation: [a]*p =
+75.1 (¢ 1.02, CHCIs); *H NMR (400 MHz, CDCls): §7.74 (d, J = 8.0 Hz, 1H), 7.43 (dd, J = 7.6,
0.8 Hz, 1H), 7.36 (t, J = 7.6 Hz, 1H), 7.10-7.01 (m, 3H), 6.91-6.86 (m, 1H), 6.64 (d, J =7.6 Hz,
2H), 4.11-3.98 (m, 2H), 3.78 (t, J = 8.0 Hz, 1H), 2.07-1.94 (m, 1H), 1.12 (d, J = 6.8 Hz, 3H), 1.05
(d, J = 6.4 Hz, 3H); *C NMR (101 MHz, CDCl5): 6161.0, 140.6, 139.3, 137.8, 130.5, 130.3,
128.5, 128.0, 122.1, 119.2, 96.2, 70.0, 53.7, 32.8, 19.1, 18.4; HRMS (ESI) calculated for

[M+Na][C1gH10IN;Na]" requires m/z 413.0491, found m/z 413.0492.
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Q (S)-4-(tert-butyl)-2-(2-iodophenyl)-1-phenyl-4,5-dihydro-1H-imidazole  (S8):
! N/\)N/Ph Prepared according to a previously reported procedure with a slight modification,® a

(s 100 mL flame-dried Schlenk flask was washed with nitrogen three times and
charged with amide S8b (6.96 g, 20 mmol) and SOCI, (8.0 mL, 1.60 g/mL, 110 mmol). Then the
mixture was refluxed for 12 h. After cooling to room temperature, the mixture was concentrated
and the residue was dissolved in 60 mL of DCM/Et,0(1/2) and transferred to a 250 mL
flame-dried roundbottomed flask. To this reaction mixture, triethylamine (22 mL, 0.73 g/mL, 160
mmol) and aniline (2.0 mL, 1.02 g/mL, 22 mmol) were added in sequence. After stirred at room
temperature for 11 h, 10% NaOH (200 mL) was added and stirred for another 5 h. The organic
layer was separated and the aqueous layer extracted with DCM (3> 200 mL). The combined
organic phases were dried over anhydrous Na,SO,4 and concentrated in vacuo and purified by flash
column chromatography using PE/EtOAc (50/1 to 5/1) as the eluent to afford S8 (8.0620 g, 19.9
mmol, 99% yield) as a yellow oil. IR (neat): 3057, 2950, 1581, 1498, 1477, 1384 cm™;Optical
Rotation: [0]%p = -66.1 (c 0.98, CHCI5); *H NMR (400 MHz, CDCly): 67.75 (dd, J = 8.0, 0.8 Hz,
1H), 7.46 (dd, J = 7.6, 1.6 Hz, 1H), 7.37 (td, J = 7.6, 0.8 Hz, 1H), 7.12-7.01 (m, 3H), 6.89 (t, J =
7.6 Hz, 1H), 6.65 (dd, J = 8.4, 0.8 Hz, 2H), 4.06-3.95 (m, 2H), 3.88-3.70 (m, 1H), 1.07 (s, 9H);*C
NMR (101 MHz, CDCly): 6161.2, 140.8, 139.4, 138.0, 130.5, 128.5, 128.1, 122.2, 119.4, 96.2,
73.8,52.4, 34.2, 26.3; HRMS (ESI) calculated for [M+Na] [C1gH.1IN,Na]* requires m/z 427.0647,

found m/z 427.0652.

Q\ (S)-2-(2-iodophenyl)-1,4-diphenyl-4,5-dihydro-1H-imidazole  (S9):  Prepared
' N/\)N/Ph according to a previously reported procedure with a slight modification,® a 100 mL

P flame-dried Schlenk flask was washed with nitrogen three times and charged with
amide S9b (5.04 g, 13.7 mmol) and SOCI, (8.0 mL, 1.60 g/mL, 110 mmol). Then the mixture was
refluxed for 11 h. After cooling to room temperature, the mixture was concentrated and the residue
was dissolved in 150 mL DCM/Et,0 (1/2) and transferred to a 250 mL flame-dried roundbottomed
flask. To this reaction mixture, triethylamine (22 mL, 0.73 g/mL, 160 mmol) and aniline (1.5 mL,
1.02 g/mL, 16.5 mmol) were added in sequence. After stirred at room temperature for 22 h, 10%
NaOH (200 mL) was added and stirred for another 5 h. The organic layer was separated and the

aqueous layer extracted with DCM (3> 200 mL). The combined organic phases were dried over
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anhydrous Na,SO, and concentrated in vacuo and purified by flash column chromatography using
PE/EtOAC (50/1 to 5/1) as the eluent to afford S9 (3.2776 g, 7.7 mmol, 56% yield) as a yellow oil.
IR (neat): 3058, 2973, 1602, 1575, 1496, 1476, 1383 cm™;Optical Rotation: [0]*p = -136.1 (c
0.99, CHCIl5);*H NMR (400 MHz, CDCly): 67.76 (d, J = 7.6 Hz, 1H), 7.53 (d, J = 7.2 Hz, 3H),
7.43-7.35 (m, 3H), 7.33-7.25 (m, 1H), 7.13-7.02 (m, 3H), 6.91 (t, J = 7.6 Hz, 1H), 6.67 (d, J = 8.0
Hz, 2H), 5.37 (t, J = 10.0 Hz, 1H), 4.39 (t, J = 10.0 Hz, 1H), 4.03 (t, J = 9.6 Hz, 1H); *C NMR
(101 MHz, CDCl3):0162.4, 143.3, 140.4, 139.4, 137.5, 130.8, 130.5, 128.6, 128.5, 128.2, 127.2,
127.1, 122.7, 119.5, 96.3, 67.5, 59.2; HRMS (ESI) calculated for [M+Na]'[CoH17IN,Na]"

requires m/z 447.0334, found m/z 447.0330.

(S)-N-(2-(4-benzyl-1-phenyl-4,5-dihydro-1H-imidazol-2-yl)phenyl)-6-met

A Q\N/ hylpicolinamide (L6): Prepared according to a previously reported
/_\N i~ procedure with a slight modification,” a 50 mL flame-dried Schlenk flask
was washed with nitrogen three times andcharged with Cul (0.0765 g, 0.4

mmol), toluene (15 mL) and N, N'-dimethylethylenediamine (80 uL, 0.90 g/mL, 0.8 mmol). After
the mixture was stirred at room temperature for 5 min, 6-methylpicolinamide (0.3408 g, 2.5
mmol), S6 (0.8102 g, 1.85 mmol, 1.0 eq.) and K3PO,4 (0.8480 g, 4.0 mmol) were added to the flask
under N, atmosphere. The mixture was refluxed for 48 h. After cooling to room temperature, the
mixture was filtered and washed with EtOAc. The combined filtrate were concentrated and
purified by column chromatography using PE/EA = 10:1 as the eluent to afford the title compound
(0.5128 g, 62% vyield) as a light yellow solid. M.P.: 128.0-129.8 °C; IR (neat): 3062, 2874, 1679,
1585, 1517, 1446, 1379 cm™; Optical Rotation: [0]*°p = +51.5 (¢ 1.00, CHCI3);"H NMR (400
MHz, CDCly): 512.58 (s, 1H), 8.76 (d, J = 8.0 Hz, 1H), 8.13 (d, J = 7.6 Hz, 1H), 7.77 (t, J = 7.6
Hz, 1H), 7.39 (t, J = 7.6 Hz, 1H), 7.31 (d, J = 8.0 Hz, 1H), 7.29-7.25 (m, 4H), 7.23-7.17 (m, 1H),
7.14 (d, J = 7.6Hz, 1H), 7.08 (t, J = 7.6 Hz, 2H), 6.91 (dt, J = 10.8, 7.6 Hz, 2H), 6.65 (d, J = 8.0
Hz, 2H), 4.81-4.70 (m, 1H), 3.98 (t, J = 9.6 Hz, 1H), 3.85-3.70 (m, 1H), 3.49 (dd, J = 13.6, 4.4 Hz,
1H), 2.88 (dd, J = 13.6, 9.2 Hz, 1H), 2.68 (s, 3H);13C NMR (101 MHz, CDCly): 6163.4, 159.9,
157.1, 150.0, 142.7, 138.2, 137.7, 137.5, 130.7, 130.0, 129.3, 128.7, 128.5, 126.4, 126.0, 123.5,
122.8, 122.3, 121.4, 119.9, 1195, 66.1, 57.2, 42.4, 24.5; HRMS (ESI) calculated for

[M+Na][C,oH26N4ONa]* requires m/z 469.2004, found m/z 469.1997.
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(S)-N-(2-(4-isopropyl-1-phenyl-4,5-dihydro-1H-imidazol-2-yl)phenyl)-6-
[e]
nH o )—~" methylpicolinamide (L7): Prepared according to a previously reported

— e procedure with a slight modification,” a 50 mL flame-dried Schlenk flask
was washed with nitrogen three times and charged with Cul (0.0362 g, 0.19
mmol), o-xylene (5.0 mL) and N, N'-dimethylethylenediamine (40 uL, 0.90 g/mL, 0.4 mmol).
After the mixture was stirred at room temperature for 5 min, 6-methylpicolinamide (0.1602 g, 1.2
mmol), S7 (0.3918 g, 1.0 mmol, 1.0 eq.) and K3PO, (0.4345 g, 2.0 mmol) were added to the flask
under N, atmosphere. The mixture was refluxed for 36 h. After cooling to room temperature, the
mixture was filtered and washed with EtOAc. The combined filtrate were concentrated and
purified by column chromatography using PE/EA = 10:1 as the eluent to afford the title compound
(0.3090 g, 77% yield) as a light yellow solid. M.P.: 147.0-148.5 °C; IR (neat): 3064, 2874, 1679,
1586, 1516, 1445, 1377 cm™; Optical Rotation: [0]%, = -28.7 (c 0.90, MeOH); 'H NMR (400
MHz, CDCl,):6 12.28 (s, 1H), 8.68 (d, J = 8.4 Hz, 1H), 8.10 (d, J = 8.0 Hz, 1H), 7.76 (t, I = 7.6
Hz, 1H), 7.42-7.34 (m, 1H), 7.31 (d, J = 8.0 Hz, 1H), 7.18 (dd, J = 7.6, 1.6 Hz, 1H), 7.11 (t, J =
7.6 Hz, 2H), 6.97-6.80 (m, 2H), 6.75 (d, J = 7.6 Hz, 2H), 4.35-4.28 (m, 1H), 4.00 (dd, J = 10.4,
9.2 Hz, 1H), 3.80 (dd, J = 9.2, 8.8 Hz, 1H), 2.67 (s, 3H), 2.20-2.06 (m, 1H), 1.10 (d, J = 6.8 Hz,
3H), 0.96 (d, J = 6.8 Hz, 3H);**C NMR (101 MHz, CDCl;):6163.3, 159.3, 157.1, 150.0, 142.7,
137.40, 137.37, 130.4, 129.8, 128.6, 125.9, 123.3, 123.0, 122.1, 121.7, 120.2, 119.8, 70.8, 54.9,
32.9, 24.4, 19.4, 17.6. HRMS (ESI) calculated for [M+Na]'[CasH2sN4sONa]™ requires m/z

421.2004, found m/z 421.2000.

(R)-N-(2-(4-isopropyl-1-phenyl-4,5-dihydro-1H-imidazol-2-yl)phenyl)-6-
3 Q\N " methylpicolinamide (ent-L7): Prepared according to a previously reported
procedure with a slight modification,” a 50 mL flame-dried Schlenk flask
was washed with nitrogen three times and charged with Cul (0.1526 g, 0.8
mmol), xylene (12 mL) and N, N'-dimethylethylenediamine (0.1428 g, 1.6 mmol). After the
mixture was stirred at room temperature for 5 min, 6-methylpicolinamide (0.6548 g, 4.8 mmol),
ent-S7 (1.5533 g, 4.0 mmol, 1.0 eq.) and K3PO,4 (1.69 g, 8.0 mmol) were added to the flask under
N, atmosphere. The mixture was refluxed for 96 h. After cooling to room temperature, the mixture

was filtered and washed with EtOAc. The combined filtrate were concentrated and purified by
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column chromatography using PE/EA = 10:1 as the eluent to afford the title compound (0.5870 g,
37% yield) as a light yellow solid. M.P.: 147.3-148.8°C; IR (neat): 2956, 2926, 1680, 1587, 1516,
1446, 1378 cm™; Optical Rotation: [a]%p = +29.1 (¢ 1.00, MeOH); 'H NMR (400 MHz,
CDCl3):612.29 (s, 1H), 8.69 (d, J = 8.4 Hz, 1H), 8.10 (d, J = 7.6 Hz, 1H), 7.82-7.70 (m, 1H), 7.38
(dd, J = 8.4, 7.6 Hz, 1H), 7.30 (d, J = 8.0 Hz, 1H), 7.19 (dd, J = 7.6, 1.6 Hz, 1H), 7.10 (dd, J = 8.4,
7.6 Hz, 2H), 7.00-6.86 (m, 2H), 6.75 (d, J = 7.6 Hz, 2H), 4.40-4.25 (m, 1H), 4.00 (dd, J = 10.4,
9.6 Hz, 1H), 3.80 (dd, J = 9.2, 8.8 Hz, 1H), 2.66 (s, 3H), 2.16-2.07 (m, 1H), 1.10 (d, J = 6.8 Hz,
3H), 0.96 (d, J = 6.8 Hz, 3H); *C NMR (101 MHz, CDCl5):163.3, 159.2, 157.0, 150.0, 142.7,
137.4,137.3, 130.4, 129.8, 128.6, 125.9, 123.2, 122.9, 122.1, 121.6, 120.1, 119.8, 70.7, 54.9, 32.8,
24.3, 19.3, 17.6; HRMS (ESI) calculated for [M+Na]*[C,sH.sN4ONa]* requires m/z 421.2004,

found m/z 421.2001.

(S)-N-(2-(4-(tert-butyl)-1-phenyl-4,5-dihydro-1H-imidazol-2-yl)phenyl)-

A Q\N/ 6-methylpicolinamide (L8): Prepared according to a previously reported
/_\N o procedure with a slight modification,” a 50 mL flame-dried Schlenk flask
was washed with nitrogen three times and charged with Cul (0.0782 g, 0.4

mmol), toluene (15 mL) and N, N'-dimethylethylenediamine (80 uL, 0.90 g/mL, 0.8 mmol). After
the mixture was stirred at room temperature for 5 min, 6-methylpicolinamide (0.3258 ¢, 2.4
mmol), S8 (0.8059 g, 2.0 mmol, 1.0 eqg.) and K3PO, (0.8499 g, 4.0 mmol) were added to the flask
under N, atmosphere. The mixture was refluxed for 36 h. After cooling to room temperature, the
mixture was filtered and washed with EtOAc. The combined filtrate were concentrated and
purified by column chromatography using PE/EA = 10:1 and PE/EA = 5:1 as the eluent to afford
the title compound (0.3830 g, 47% yield) as a light yellow solid. M.P.: 150.3-151.9 °C; IR (neat):
3063, 2954, 1680, 1591, 1515, 1445, 1377 cm™; Optical Rotation: [a]”p = -22.7 (c 1.08, CHCI,);
'H NMR (400 MHz, CDCl5):6 11.96 (s, 1H), 8.58 (d, J = 8.4 Hz, 1H), 8.08 (d, J = 7.6 Hz, 1H),
7.76 (t, J = 7.6 Hz, 1H), 7.42-7.35 (m, 1H), 7.31 (d, J = 7.6 Hz, 1H), 7.22 (dd, J = 7.6, 1.2 Hz,
1H), 7.10 (t, J = 8.0 Hz, 2H), 6.97-6.90 (m, 2H), 6.75 (d, J = 7.6 Hz, 2H), 4.21 (dd, J = 10.4, 9.2
Hz, 1H), 3.96-3.80 (m, 2H), 2.67 (s, 3H), 1.03 (s, 9H); *C NMR (101 MHz, CDCl5):5163.4, 159.2,
157.1, 150.0, 142.8, 137.3, 137.1, 130.3, 129.7, 128.6, 126.0, 123.25, 123.17, 122.1, 120.8, 119.9,

74.5, 54.0, 34.2, 26.1, 24.6; HRMS (ESI) calculated for [M+Na]*[C,sH2sN4ONa]* requires m/z
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435.2161, found m/z 435.2155.

(S)-N-(2-(1,4-diphenyl-4,5-dihydro-1H-imidazol-2-yl)phenyl)-6-methylpi
O
nHo—n" colinamide (L9): Prepared according to a previously reported procedure

72 "
N with a slight modification,” a 50 mL flame-dried Schlenk flask was washed

= Ph

with nitrogen three times andcharged with Cul (0.0380 g, 0.2 mmol),
dioxane (8 mL) and ethylene diamine (15 uL, 0.90 g/mL, 0.2 mmol). After the mixture was stirred
at room temperature for 5 min, 6-methylpicolinamide (0.1708 g, 1.3 mmol), S9 (0.4245 g, 1.0
mmol, 1.0 eq.) and K3PO, (0.4338 g, 2.0 mmol) were added to the flask under N, atmosphere. The
mixture was refluxed for 48 h. After cooling to room temperature, the mixture was filtered and
washed with EtOAc. The combined filtrate were concentrated and purified by column
chromatography using PE/EA = 10:1 as the eluent to afford the title compound (0.2361 g, 53%
yield) as a light yellow solid. M.P.: 178.0-180.2 °C; IR (neat): 3062, 2876, 1679, 1585, 1517, 1446,
1377 cm™;Optical Rotation: [a]”p = +71.0 (¢ 1.06, CHCI5);*"H NMR (400 MHz, CDCl,): 512.84
(s, 1H), 8.75 (d, J = 8.4 Hz, 1H), 8.06 (d, J = 7.6 Hz, 1H), 7.72 (t, J = 7.6 Hz, 1H), 7.45-7.37 (m,
3H), 7.30-7.16 (m, 5H), 7.13 (t, J = 8.0 Hz, 2H), 6.99-6.80 (m, 2H), 6.80 (dd, J = 8.4, 0.8 Hz, 2H),
5.59 (dd, J = 10.4, 8.8 Hz, 1H), 4.44 (dd, J = 10.8, 9.6 Hz, 1H), 3.94 (dd, J = 9.2, 8.8 Hz, 1H),
2.21 (s, 3H);"*C NMR (101 MHz, CDCl5):6163.5, 160.8, 157.3, 149.8, 143.6, 142.8, 138.0, 137.3,
130.9, 130.2, 128.8, 128.5, 127.3, 126.8, 125.7, 123.7, 122.8, 122.5, 121.5, 119.5, 119.2, 68.4,
61.0, 23.7; HRMS (ESI) calculated for [M+Na]*[C,sH.4N4ONa]* requires m/z 455.1848, found

m/z 455.1842.

(L8-H) PdOAc. A 25 mL Schlenk flask was charged with 0.1131 g

9 Ph

z

=~ N

— N~

V7

d—N~ N

~T_—-

(0.5mmol) of Pd(OAC),, 8 mL of THF and 0.2263 g (0.55mmol) of L8 under
AcO

8 atmosphere of nitrogen. The mixture was stirred at room temperature for 17

h. The resulting solvent was concentrated in vacuo and the resulting residue was washed with
ether and dried in vacuo to afford 0.2290 g (3.6mmol, 72% vyield) of the title compound as a
yellow powder. "H NMR (400 MHz, CDCls): 88.18 (d, J = 8.4 Hz, 1H), 7.96 (d, J = 7.2 Hz, 1H),
7.85 (dd, J = 7.6, 8.0 Hz, 1H), 7.28-7.19 (m, 4H), 7.12 (dd, J = 7.6, 7.2 Hz, 1H), 6.98 (d, J = 8.0

Hz, 1H), 6.89 (d, J = 7.6 Hz, 2H), 6.61 (t, J = 7.6 Hz, 1H), 4.26 (t, J = 10.0 Hz, 1H), 3.88 (d, J =
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10.4 Hz, 1H), 3.81 (d, J = 9.6 Hz, 1H), 2.63 (s, 3H), 2.04 (s, 3H), 1.16 (s, 9H); *C NMR (101
MHz, CDCly): 8177.6, 169.7, 161.1, 160.0, 156.5, 145.6, 142.3, 139.0, 132.1, 131.9, 129.1, 128.4,
125.5, 124.2, 124.0, 123.4, 121.0, 118.0, 77.2, 68.7, 55.8, 35.2, 26.1, 24.1, 23.5.

CCDC number of (L8-H) PdOAC:1588226

X-ray structure of (L8-H) PdOAc

Supplementary Table 3. Crystal data and structure refinement of compound (L8-H) PdOAc

Crystal data (L8-H) PdOAC
Empirical formula Cyg Hzp N4O3Pd
Formula weight 576.96
Temperature (K) 293
Wavelength (A) 0.71073
Crystal system orthorhombic
space group P212121

a (A) 9.827 (2)

b (A) 11.278 (2)
c(A) 23.384 (5)
alpha 90
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beta 90

gamma 90

Volume (A% 2591.5 (9)

Z 4

Calculated density (mg/m®) 1.479

Absorption coefficient (mm™) 0.753

F(000) 1184.0

Theta range 2.884 - 25.349

Limiting indices -11<=h<=9, -13<=k<=13, -28<=1<=23
Absorption correction multi-scan

Max. and min. transmission 1.000 and 0.931
Data/restraints/parameters 4733/0/330
Goodness-of-fit on F? 1.037

Final R indices [I>4sigma(l)] R =0.0369, wR = 0.0768
R indices (all data) R =0.0496, wR = 0.0836

Procedures for Synthesis of Starting Materials

General procedure A for preparation of alkenes: Under N, atmosphere, a 100 mL flame-dried
Schlenk flask was charged with RP"PhsX™ (12mmol, 1.2 eq.) and 30 mL of THF. n-BuLi (14.4
mmol, 5.8 mL, 2.5 M in THF) was added dropwise over 10 min at -20 °C. After stirred at -20 °C
for 40 min, the corresponding aldehyde in 10 mL of THF was added dropwise. Then the mixture
was warmed to room temperature slowly and stirred for another 18 h. After completion of the
reaction, the reaction mixture was quenched with saturated solution of NH,CI (25~30 mL) under
ice cooling and the organic layer was separated. The aqueous layer was extracted with EtOAc
(2x30 mL). The combined organic phases were dried over anhydrous Na,SO4 and concentrated in
vacuo. The resulting crude product was purified by column chromatography (silica gel, 200-300
mesh) to afford the corresponding alkene (a mixture of E/Z isomer and the ratio is unknown).
General procedures B for preparation of alkenes: Under N, atmosphere, a 100 mL flame-dried
Schlenk flask was charged with RP*Ph;X (12mmol, 1.2 eq.), NaH (14.4 mmol) and 30 mL of

THF. The mixture was refluxed for 2 h. Then the corresponding aldehyde in 10 mL of THF was
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added dropwise at 0 °C. Then the mixture was warmed to room temperature and refluxed for 4-12
h. After completion of the reaction, the reaction mixture was quenched with saturated solution of
NH,CI (25~30 mL) under ice cooling and the organic layer was separated. The aqueous layer was
exracted with EtOAc (2x20 mL). The combined organic phases were dried over anhydrous
Na,SO, and concentrated in vacuo. The resulting crude product was purified by column
chromatography (silica gel, 200-300 mesh) to afford the corresponding alkene (a mixture of E/Z

isomer and the ratio is unknown).

o~ X~ (E/Z)-1,6-diphenylhex-3-ene (1a): Prepared from phenylpropyl aldehyde
according to the general procedure A. Z/E ratio: 4.1/1, 67% yield, colorless oil.'H NMR (400 MHz,
CDCly): 6 7.30-7.22 (m, 4H), 7.21-7.12 (m, 6H), 5.49-5.37 (m, 2H), 2.68-2.62 (m, 0.80H),
2.62-2.53 (m, 3.26H), 2.35-2.25 (m, 4H). All the spectroscopic data were in agreement with the

reported ones.?

NN (E/Z)-(4-cyclohexylbut-3-en-1-yl)benzene (1b): Prepared from phenyl- propyl
aldehyde according to the general procedure A. Z/E ratio: 4.7/1, 64% yield, colorless oil."H NMR
(400 MHz, CDCly): § 7.30-7.23 (m, 2H), 7.20-7.14 (m, 3H), 5.41-5.36 (m, 0.34H), 5.33-5.18 (m,
1.64H),2.68-2.62 (m, 2H), 2.39-2.32 (m, 1.70H), 2.31-2.25 (m, 0.36H), 2.23-2.12 (m, 0.84H),
1.94-1.83 (m, 0.20H), 1.74-1.58 (m, 3.46H), 1.54-1.45 (m, 1.80H), 1.30-0.0.94 (m, 5H). All the

spectroscopic data were in agreement with the reported ones.’

sy (ElZ)-1-(4-cyclohexylbut-3-en-1-yl)-4-methylbenzene (1c): Prepared from
W 3-(p-tolyl)propanal according to the general procedure A. Z/E ratio: 4.0/1,
42% yield, colorless oil. IR (neat): 3005, 2925, 2851, 1515, 1446 cm™'H NMR (400 MHz,
CDCly): & 7.12-7.04 (m, 4H), 5.42-5.17 (m, 2H), 2.65-2.58 (m, 2H), 2.39-2.12 (m, 5.81H),
1.94-1.82 (m, 0.19H), 1.75-1.58 (m, 3.45H), 1.53-1.47 (m, 1.58H), 1.31-0.85 (m, 5H).HRMS (ESI)

calculated for [M+H]"[Cy7H,s]" requires m/z 229.1956, found m/z 229.1951.
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X%  (E/Z)-1-(4-cyclohexylbut-3-en-1-yl)-3-methylbenzene (1d): Prepared from
Q/W 3-(m-tolyl)propanal according to the general procedure A. Z/E ratio: 3.4/1, 26%
yield, colorless oil. IR (neat): 3005, 2924, 2851, 1607, 1488, 1447 cm™; *H NMR (400 MHz,
CDCly): 6 7.19-7.12 (m, 1H), 7.03-6.95 (m, 3H), 5.45-5.36 (m, 0.45H), 5.33-5.18 (m, 1.53H),
2.66-2.59 (m, 2H), 2.40- 2.14 (m, 5.83H), 2.01-1.82 (m, 0.27H), 1.73-1.58 (m, 3.43H), 1.55-1.46

(m, 1.65H), 1.31-0.84 (m, 5H).HRMS (ESI) calculated for [M+H]'[Ci;Hs]” requires m/z

229.1956, found m/z 229.1949.

/©/\/\ﬂ'°y (E/Z)-1-(4-cyclohexylbut-3-en-1-yl)-4-methoxybenzene (1e): Prepared
e from 3-(4-methoxyphenyl)propanal according to the general procedure A.
ZJE ratio: 2.9/1, 52% vyield, colorless oil. IR (neat): 3002, 2924, 2849, 1513, 1450, 1247 cm™; *H
NMR (400 MHz, CDCly): & 7.13-7.06 (m, 2H), 6.85-6.80 (m, 2H), 5.43-5.36 (m, 0.50H),
5.32-5.17 (M, 1.46H), 3.78 (s, 3H), 2.64-2.55 (m, 2H), 2.37-2.28 (m, 1.50H), 2.26-2.10 (m, 1.25H),
1.95-1.84 (m, 0.28H), 1.74-1.46 (m, 5H), 1.30-0.84 (m, 5H). HRMS (ESI) calculated for

[M+Na][C17H24ONa]" requires m/z 267.1725, found m/z 267.1732.

Gy (E/Z)-4-(4-cyclohexylbut-3-en-1-yI)-1,1'-biphenyl (1f): Prepared from
PhD/\/\” 3-([1,1"-biphenyl]-4-yl)propanal according to the general procedure A. Z/E
ratio: 4.3/1, 62% yield, colorless oil.IR (neat): 2921, 2848, 1486, 1447 cm™: *H NMR (400 MHz,
CDCly): 6 7.62-7.54 (m, 2H), 7.53-7.47 (m, 2H), 7.46-7.37 (dd, J = 8.0, 7.2 Hz, 2H), 7.34-7.20 (m,
3H), 5.49-5.0 (m, 2H), 2.70 (t, J = 8.0 Hz, 2H), 2.48-2.36 (m, 1.64H), 2.35-2.28 (m, 0.36H),
2.26-2.12 (m, 0.81H), 1.96-1.84 (m, 0.19H), 1.74-1.41 (m, 5H), 1.30-0.86 (m, 5H).HRMS (ESI)

calculated for [M+H]"[C4,H,7]" requires m/z 291.2113, found m/z 291.2120.

~..0v (E/Z)-1-(4-cyclohexylbut-3-en-1-yl)-4-fluorobenzene (1g): Prepared from
FW 3-(4-fluorophenyl)propanal according to the general procedure A. Z/E ratio:
3.7/1, 33% vyield, colorless oil. IR (neat): 3005, 2926, 2852, 1604, 1511, 1449, 1227 cm™;*H NMR
(400 MHz, CDCly): § 7.17-7.08 (m, 2H), 7.00-6.91 (m, 2H), 5.38-5.34 (m, 0.42H), 5.30-5.17 (m,
1.54H), 2.62 (t, J = 7.6 Hz, 2H), 2.37-2.30 (m, 1.60H), 2.28-2.22 (m, 0.43H), 2.21-2.10 (m,

0.79H), 1.97-1.79 (m, 0.25H), 1.73-1.58 (m, 3.47H), 1.52-1.43 (m, 1.61H), 1.30-0.84 (m, 5H). *°F
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NMR (376 MHz, CDCl;): § -118.0, -118.1.HRMS (ESI) calculated for [M+Na]'[C1sH2:FNa]*

requires m/z 255.1525, found m/z 255.1532.

% (E/Z)-1-chloro-3-(4-cyclohexylbut-3-en-1-yl)benzene (1h): Prepared from
(?/\/\’ 3-(3-chlorophenyl)propanal according to the general procedure A. Z/E ratio:
4.0/1, 49% vyield, colorless oil. IR (neat): 3003, 2926, 2851, 1598, 1478,1443

cm’; 'H NMR (400 MHz, CDCly): 6 7.22-7.12 (m, 3H), 7.08-7.01 (m, 1H), 5.37-5.33 (m, 0.39H),
5.29-5.18 (m, 1.55H), 2.62 (dd, J = 8.0, 6.8 Hz, 1H), 2.39-2.30 (M, 1.62H), 2.29-2.22 (m, 0.42H),
2.21-2.09 (m, 0.79H), 1.93-1.82 (m, 0.22H), 1.74-1.57 (m, 3.48H), 1.51-1.43 (m, 1.61H),

1.31-0.94 (m, 5H).HRMS (ESI) calculated for [M+H][C1sH2.CI]" requires m/z 249.1410 found

m/z 249.1417.

©/\/\’CV (E/Z)-1-bromo-3-(4-cyclohexylbut-3-en-1-yl)benzene (1i): Prepared from
Br 3-(3-bromophenyl)propanal according to the general procedure A. Z/E ratio:
3.5/1, 67% vield, colorless oil. IR (neat): 3000, 2922, 2849, 1567,1447 cm™; *H NMR (400 MHz,
CDCly): ¢ 7.38-7.27 (m, 2H), 7.16-7.06 (m, 2H), 5.40-5.30 (m, 0.44H), 5.29-5.17 (m, 1.56H),
2.65-2.58 (m, 2H), 2.38-2.31 (m, 1.62H), 2.29-2.23 (m, 0.46H), 2.20-2.09 (m, 0.78H), 1.92-1.83

(m, 0.22H), 1.71-1.56 (m, 3.44H), 1.51-1.43 (m, 1.62H), 1.29-0.95 (m, 5H); HRMS (EI)

calculated for[CysH,:Br]" requires m/z 292.0827, found m/z 292.0830.

©j\/\ﬁv (E/Z)-1-(4-cyclohexylbut-3-en-1-yl)-2-fluorobenzene (1j): Prepared from

F 3-(2-fluorophenyl)propanal according to the general procedure A. Z/E ratio:
4.6/1, 64% yield, colorless oil. IR (neat): 3001, 2923, 2850, 1492, 1449, 1229 cm™; "H NMR (400
MHz, CDCly): 6 7.23-7.11 (m, 2H), 7.08-6.94 (m, 2H), 5.47-5.34 (m, 0.36H), 5.34-5.14 (m,
1.64H), 2.68 (t, J = 7.6 Hz, 2H), 2.42-2.32 (m, 1.64H), 2.31-2.24 (m, 0.37H), 2.23-2.04 (m,
0.82H), 1.92-1.83 (m, 0.18H), 1.72-1.57 (m, 3.43H), 1.50-1.42 (m, 1.66H), 1.29-1.10 (m, 3H),
1.06-0.91 (m, 2H); *F NMR: (376 MHz, CDCl5) : ¢ -118.9; HRMS (EI) calculated for[CyHx:F]"

requires m/z 232.1627, found m/z 232.1631.
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(E/Z)-1-(4-cyclohexylbut-3-en-1-yl)-2-methylbenzene  (1k):  Prepared

ch from 3-(o-tolyl)propanal according to the general procedure A. Z/E ratio:
4.7/1, 65% vyield, colorless oil. IR (neat): 3002, 2923, 2850, 1492, 1449 cm™; *H NMR (400 MHz,
CDCly): 67.19-7.01 (m, 4H), 5.48-5.37 (m, 0.35H), 5.37-5.15 (m, 1.65H), 2.67-2.59 (m, 2H),
2.36-2.15 (m, 5.84H), 1.94-1.84 (m, 0.17H), 1.74-1.57 (m, 3.40H), 1.56-1.44 (m, 1.71H),
1.30-0.94 (m, 5H); HRMS (ESI) calculated for [M+H]"[C17H4s]" requires m/z 229.1956, found

m/z 229.1949.

©/\/\H,Cy (E/Z)-1-(4-cyclohexylbut-3-en-1-yl)-3-(trifluoromethyl)benzene (an:
CF, Prepared from 3-(3-(trifluoromethyl)phenyl)propanal according to the general
procedure A. Z/E ratio: 3.6/1, 57% vyield, colorless oil. IR (neat): 3005, 2930, 2853, 1447, 1329,
1167, 1129 cm™; 'H NMR (400 MHz, CDCly): 6 7.47-7.31 (m, 4H), 5.39-5.32 (m, 0.43H),
5.30-5.18 (m, 1.54H), 2.72 (t, J = 7.6 Hz, 2H), 2.43-2.33 (m, 1.54H), 2.33-2.26 (m, 0.45H),
2.19-2.06 (m, 0.77H), 1.93-1.82 (m, 0.25H), 1.75-1.56 (m, 3.49H), 1.48-1.38 (m, 1.54H),

1.30-0.92 (m, 5H). F NMR (376 MHz, CDCly): § -62.5.HRMS (ESI) calculated for

[M+H]"[C17H25F5]" requires m/z 283.1674 found m/z 283.1681.

@ (E/2)-2-(4-cyclohexylbut-3-en-1-yl)naphthalene (1m): Prepared from

3-(naphthalen-2-yl)propanal according to the general procedure A. Z/E
ratio: 4.2/1, 56% yield, colorless oil. IR (neat): 3003, 2923, 2850, 1600, 1508, 1446 cm™;'H NMR
(400 MHz, CDCly): § 7.83-7.72 (m, 3H), 7.62 (s, 0.79H), 7.60 (s, 0.18H), 7.47-7.36 (m, 2H),
7.35-7.29 (m, 1H), 5.50-5.39 (m, 0.38H), 5.37-5.19 (m, 1.61H), 2.82 (t, J = 7.2 Hz, 2H), 2.50-2.42
(m, 1.64H), 2.40-2.33 (m, 0.4H), 2.28-2.12 (m, 0.81H), 1.93-1.83 (m, 0.21H), 1.73-1.56 (m,
3.39H), 1.54-1.44 (m, 1.83H), 1.30-0.85 (m, 5H). HRMS (ESI) calculated for

[M+Na][C2H24Na]" requires m/z 287.1776 found m/z 287.1780.

Z oy (E/Z)-1-(4-cyclohexylbut-3-en-1-yl)naphthalene  (1n): Prepared from
OO 3-(naphthalen-1-yl)propanal according to the general procedure A. Z/E ratio:
4.5/1, 67% vyield, colorless oil.IR (neat): 2922, 2848, 1597, 1511, 1447 cm™;"H NMR (400 MHz,

CDCly): §8.13-7.99 (m, 1H), 7.92-7.79 (m, 1H), 7.78-7.63 (M, 1H), 7.58-7.43 (m, 2H), 7.42-7.35
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(m, 1H), 7.35-7.26 (m, 1H), 5.60-4.98 (m, 2H), 3.20-3.02 (m, 2H), 2.57-2.46 (m, 1.66H),
2.46-2.37 (m, 0.34H), 2.22-1.98 (m, 0.81H), 1.97-1.81 (m, 0.18H), 1.76-1.38 (m, 5H), 1.32-0.88
(m, 5H). HRMS (ESI) calculated for [M+Na]'[CaH24Na]" requires m/z 287.1776, found m/z
287.1783.

| ~ N (E/Z2)-5-(4-cyclohexylbut-3-en-1-yl)-2-methoxypyridine (10): Prepared

MeO N

\

from 3-(6-methoxypyridin-3-yl)propanal according to the general
procedure A. Z/E ratio: 3.9/1, 79% vyield, colorless oil. IR (neat): 3004, 2925, 2851, 1609, 1494,
1452, 1391, 1287 cm™; *H NMR (400 MHz, CDCls): 6 7.99-7.93 (m, 1H), 7.44-7.35 (m, 1H), 6.67
(d, J = 8.4 Hz, 1H), 5.38-5.33 (m, 0.40H), 5.29-5.18 (m, 1.56H), 3.91 (s, 3H), 2.57 (t, J = 7.2 Hz,
2H), 2.36-2.28 (m, 1.57H), 2.27-2.20 (m, 0.42H), 2.18-2.07 (m, 0.79H), 1.93-1.82 (m, 0.25H),
1.73-1.56 (m, 3.38H), 1.51-1.42 (m, 1.60H), 1.31-0.80 (m, 5H).HRMS (ESI) calculated for

[M+H]"[C1sH24NO]" requires m/z 246.1858, found m/z 246.1865.

Qj/\/\"oy (E/Z)-3-(4-cyclohexylbut-3-en-1-yl)benzo[b]thiophene (1p): Prepared
s I from 3-(benzo[b]thiophen-3-yl)propanal according to the general procedure
A. ZJE ratio: 4.5/1, 55% vyield, colorless oil. IR (neat): 2921, 2848, 1447, 1428cm™; 'H NMR (400
MHz, CDCly): & 7.85 (d, 1H), 7.80-7.70 (m, 1H), 7.44-7.27 (m, 2H), 7.10 (s, 0.78H), 7.08 (s,
0.17H), 5.50-5.00 (m, 2H), 2.89 (t, 2H), 2.56-2.46 (m, 1.68H), 2.46-2.38 (m, 0.32H), 2.24-2.09 (m,

0.81H), 1.96-1.80 (m, 0.18H), 1.74-1.44 (m, 5H), 1.36-0.82 (m, 5H).HRMS (ESI) calculated for

[M+H]"[C1sH23S]" requires m/z 271.1520, found m/z 271.1526.

o~ Xw~p,  (E/Z)-pent-2-ene-1,5-diyldibenzene (1q): Prepared from phenylacetaldehyde
according to the general procedure A. Z/E ratio: 5.5/1, 27% vield, colorless oil.'H NMR (400 MHz,
CDCly): 6 7.32-7.06 (m, 10H), 5.62-5.50 (m, 2H), 3.38-3.30 (m, 2H), 2.75-2.67 (m, 2H),
2.52-2.45 (m, 1.71H), 2.39-2.32 (m, 0.31H). All the spectroscopic data were in agreement with the

reported ones.™?

S (E/Z)-2-methyl-2-(6-phenylhex-3-en-1-yl)-1,3-dioxolane (1r): Prepared

Ph
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from 3-(2-methyl-1,3-dioxolan-2-yl)propanal™

according to the general procedure A. Z/E ratio:
2.9/1, 67% vyield, colorless oil. IR (neat): 2941, 2878, 1602, 1450, 1376, 1058 cm™;'"H NMR (400
MHz, CDCly): 6 7.31-7.24 (m, 2H), 7.22-7.14 (m, 3H), 5.51-5.30 (m, 2H), 3.96-3.85 (m, 4H), 2.66
(t, J = 7.6 Hz, 2H), 2.40-2.33 (m, 1.47H), 2.32-2.25 (m, 0.50H), 2.12-2.03 (m, 2H), 1.72-1.65 (m,
0.53H), 1.63-1.56 (m, 1.53H), 1.31 (s, 0.80H), 1.30 (s, 2.22H).HRMS (ESI) calculated for

[M+Na]*[C1H2,0,Na]" requires m/z 269.1517, found m/z 269.1537.

Br *
P NN+ Phd;/\H:COZH heall —> Ph/\/\rf"v\ﬂ/ oo oS0 (et )> Ph/\/\w’"\ﬂ/ ot
3 3

THF, -30 °C-r.t., 16 h EtOH, reflux, 12 h

1ss 1s

(E/2)-ethyl 9-phenylnon-6-enoate (1s): To a dry THF (30 mL) suspension of (6-carboxyhexyl)
triphenylphosphonium bromide (13.76 g, 30 mmol), under N, atmosphere at -30 °C, NaHMDS
(32.5 mL, 2.0 M in THF) was added dropwise over 20 minutes. After stirred at -30 °C for 1 h,
phenylpropyl aldehyde (3.10g, 23 mmol) in 10 mL THF was added dropwise. Then the mixture
was warmed to room temperature slowly and stirred for another 15 h. After completion of the
reaction, pH was adjusted to 2 ~ 3 by addition of 1N hydrochloric acid, and the organic layer was
separated. The aqueous layer was exracted with EtOAc (3x30 mL). The combined organic phases
were dried over anhydrous Na,SO,4 and concentrated in vacuo. The resulting crude product was
purified by column chromatography using PE/EA = 5/1 as the eluent to afford the acid 1ss (3.2339
g, 13.9 mmol, 60% vyield) as a light yellow oil. ‘H NMR (400 MHz, CDCls): 6 10.39 (s, 1H),
7.31-7.23 (m, 2H), 7.21-7.13 (m, 3H), 5.50-5.30 (m, 2H), 2.65 (t, J = 7.2 Hz, 2H), 2.41-2.25 (m,
4H), 1.98 (g, J = 7.2 Hz, 2H), 1.65-1.51 (m, 2H), 1.42-1.23 (m, 2H). All the spectroscopic data
were in agreement with the reported ones.*?

To a 50 mL flame-dried Schlenk flask charged with acid 1ss (1.8426 g, 8.0 mmol) and EtOH (15
mL) was added a few drops of concentrated sulfuric acid. The reaction mixture was refluxed for
20 h. After cooling to room temperature, the mixture was concentrated and purified by column
chromatography using PE/EA = 20:1 as the eluent to afford alkene 1s (1.5682 g, 6.0 mmol, 76%
yield, Z/E ratio: 4.0/1) as a light yellow oil. IR (neat): 2935, 2859, 1736, 1453, 1179 cm™; *H
NMR (400 MHz, C¢Dy): d 7.22-7.15 (m, 2H), 7.12-7.04 (m, 3H), 5.46-5.25 (m, 2H), 4.02-3.90 (m,
2 H), 2.60-2.49 (m, 2H), 2.32-2.20 (m, 2H), 2.15-2.05 (m, 2H), 1.91-1.84 (m, 2H), 1.60-1.45 (m, 2

H), 1.28-1.21 (m, 0.41H), 1.20-1.10 (m, 1.64H), 1.02-0.92 (m, 3H). HRMS (ESI) calculated for
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[M+H]"[C17H250,]" requires m/z 261.1855, found m/z 261.1854.

(cocly, HNEt,

_ CONE
Ph/\/\rx\f"\ﬂgcozH - Phw 7]

DCM, 0 °C-r.t., 5h EtsN, THF, 0°C-r.t, 12 h
1ss 1t

(E/Z)-N,N-diethyl-7-phenylhept-4-enamide (1t): acid 1ss (2.32 g, 10.0 mmol) was dissolved in
dichloromethane (10 mL) in a 50 mL round bottomed flask and cooled on an ice bath. Oxalyl
chloride (1.70 mL, 20.0 mmol) and DMF (5 drops) was added in sequence under stirring, and the
reaction was allowed to come to room temperature. After 5 hours the reaction mixture was
evaporated to give the crude product without purification and used in the next step.

Under N, atmosphere, a 50 mL flame-dried Schlenk flask was charged with chloride and 30 mL
THF. To this reaction mixture, EtsN (2.8 mL, 0.73 g/mL, 20.0 mmol) and Diethylamine (1.5 mL,
0.71 g/mL, 15 mmol) was added in sequence. Then the mixture was warmed to room temperature
and stirred for 12 h. After completion of the reaction, the reaction mixture was quenched with
saturated solution of NH,4CI (25-30 mL) and the organic layer was separated. The aqueous layer
was exracted with EtOAc (3x30 mL). The combined organic phases were dried over anhydrous
Na,SO, and concentrated in vacuo. The resulting crude product was purified by column
chromatography (silica gel, 200-300 mesh) using PE/EA = 5/1 as the eluent to afford the alkene 1t
(1.7729 g, 62% vyield for two steps, Z/E ratio: 4.0/1) as a yellow oil. IR (neat): 2932, 2855, 1642,
1455, 1430 cm™; 'H NMR (400 MHz, C¢Dg): & 7.22-7.16 (m, 2H), 7.12-7.04 (m, 3H), 5.47-5.39
(m, 2H), 3.22 (g, J = 7.2 Hz, 2H), 2.71 (q, J = 7.2 Hz, 2H), 2.59-2.53 (m, 2H), 2.35-2.21 (m, 2H),
2.06-1.93 (m, 4H), 1.79-1.68 (m, 2H), 1.42-1.35 (m, 0.40H), 1.35-1.25 (m, 1.62H), 0.98 (t, J = 7.2
Hz, 3H), 0.70 (t, J = 7.2 Hz, 3H).HRMS (ESI) calculated for [M+Na] [C1sH,sNONa]" requires

m/z 310.2147, found m/z 310.2156.

CH3MgBr

™ CO,H H;S0y4 (cat*) A CO,Et - W
Ph/\/\,\x""\ﬂg e e Ph /\/\’JJV\H; 2! Ll . oH

EtOH, reflux, 12 h Et,0O, 0 °C - r.t., overnight

1ss 1s 1u

(E/Z)-2-methyl-10-phenyldec-7-en-2-ol (1u): To a 50 mL flame-dried Schlenk flask charged with
acid 1ss (1.16 g, 5.0 mmol) and EtOH (10 mL) was added two drops of concentrated sulfuric acid.
The reaction mixture was refluxed for 20 h. After cooling to room temperature, the mixture was

concentrated and purified by column chromatography using PE/EA = 20:1 as the eluent to afford
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ester as a light yellow oil.

Under N, atmosphere, a 50 mL flame-dried Schlenk flask was charged with ester and 10 mL Et,0.
To this reaction mixture, CHsMgBr (4.2 mL, 3.0 mol/L) was added slowly at 0 °C. Then the
mixture was warmed to room temperature and stirred for 20 h. After completion of the reaction,
the reaction mixture was quenched with saturated solution of NH,CI (25-30 mL) and the organic
layer was separated. The aqueous layer was exracted with EtOAc (3x20 mL). The combined
organic phases were dried over anhydrous Na,SO, and concentrated in vacuo. The resulting crude
product was purified by column chromatography (silica gel, 200-300 mesh) using PE/EA = 10/1
as the eluent to afford the alkene (1.1181 g, 90% vyield for two steps, Z/E ratio: 4.0/1) as a
colorless 0il.*H NMR (400 MHz, CD,Cl,) & 7.32-7.14 (m, 2H), 7.24-7.14 (m, 3H), 5.49-5.44 (m,
0.40H), 5.43-5.36 (m, 1.59H), 2.66 (t, J = 7.6 Hz, 2H), 2.42-2.22 (m, 2H), 2.08-1.95 (m, 2H), 1.49-1.24

(m, 7H), 1.18 (s, 6H). All the spectroscopic data were in agreement with the reported ones.*®

P NS0 9-phenylnon-6-en-1-ol (1v): To a dry THF (30 mL) suspension
of LiAlH, (1.25 g, 32.9 mmol), under N, atmosphere with ice cooling, acid 1ss (5.10 g, 22.0 mmol)
in THF (30 mL) was added dropwise over 10 minutes. After stirred at room temperature for 21 h,
the reaction mixture was quenched with saturated solution of Na,SO, (10 mL) under ice cooling.
The mixture was extracted with EtOAc (3x60 mL) and the organic phases were dried over
anhydrous Na,SO,4 and concentrated in vacuo. The resulting crude product was purified by column
chromatography using PE/EA = 5/1 as the eluent to afford alkene 1v (4.2942 g, 19.7 mmol, 90%
yield, Z/E ratio: 3.9/1) as a colorless oil. IR (neat): 3349, 2931, 2856, 1496, 1454 cm™; *H NMR
(400 MHz, C3D¢0): ¢ 7.30-7.12 (m, 5H), 5.46-5.32 (m, 2H), 3.56-3.40 (m, 3H), 2.65 (t, J = 7.6 Hz,
2H), 2.40-2.32 (m, 1.61H), 2.32-2.25 (m, 0.41H), 2.05-1.96 (m, 2H), 1.55-1.44 (m, 2H), 1.40-1.24

(m, 4H); HRMS (EI) calculated for[C15H»,0]" requires m/z 218.1671, found m/z 218.1675.

DIAD (1.2 eq.) 0
LiAlH, (15 eq.) PPh; (1.2
Ph/\/\r"’"\ﬂgcozH S —— W\H/OH % IV S
THF,0°C-rt.,5h Ph 4 THF, 0°C-r.t., 24 h
o

1ss 1v 1w
(E/Z)-2-(9-phenylnon-6-en-1-yl)isoindoline-1,3-dione (1w): To a dry THF (30 mL) suspension

of LiAlH, (1.42 g, 37.5 mmol), under N, atmosphere with ice cooling, acid (5.80 g, 25.0 mmol) in

S275



THF (20 mL) was added dropwise over 10 minutes. After stirred at room temperature for 5 h, the
reaction mixture was quenched with saturated solution of Na,SO, (10 mL) under ice cooling.
Then the mixture was filtered and the filtrate was evaporated to give the crude alcohol without
purification and used in the next step.

A 50 mL oven-dried round-bottom flask was charged with alcohol 1v (1.30 g, 6.0 mmol),
phthalamide (1.08 g, 7.2 mmol), PhsP (1.88 g, 7.2 mmol) and THF (20 mL). The flask was cooled
to 0 °C, and DIAD (1.46 g, 7.2 mmol) was added dropwise. The mixture was allowed to warm to
room temperature and was stirred for 24 h. Then the reaction mixture was quenched with saturated
NH,CI (ag). The mixture was extracted with EtOAc (2x30 mL) and the organic phases were dried
over anhydrous Na,SO, and concentrated in vacuo. The resulting crude product was purified by
column chromatography using PE/EA = 5/1 as the eluent to afford alkene 1w (1.4980 g, 4.3 mmol,
72% vyield, Z/E ratio: 4.0/1) as a colorless oil. IR (neat): 2935, 2856, 1772, 1714, 1399, 1365
cm;'H NMR (400 MHz, CD3CN): 6 7.84-7.70 (m, 4H), 7.28-7.10 (m, 5H), 5.47-5.29 (m, 2H),
3.58 (t, J = 7.2 Hz, 2H), 2.65-2.55 (m, 2H), 2.35-2.26 (m, 1.60H), 2.26-2.19 (m, 0.40H), 2.20-1.88
(m, 2H), 1.66-154 (m, 2H), 1.36-1.20 (m, 4H). HRMS (ESI) calculated for

[M+Na]*[C,3H25NO,Na]* requires m/z 370.1783, found m/z 370.1785.

X but-3-en-1-ylbenzene (1x): Prepared from phenylpropyl aldehyde according to the
general procedure B. 29% yield, colorless oil. *"H NMR (400 MHz, CDCl,): 6 7.31-7.23 (m, 2H),
7.22-7.15 (m, 3H), 5.92-5.80 (m, 1H), 5.09-4.95 (m, 2H), 2.71 (t, J = 7.6 Hz, 2H), 2.42-2.33 (m,

2H).All the spectroscopic data were in agreement with the reported ones.**

Ph/\/\ﬁ\@/ (E/Z)-hept-3-en-1-ylbenzene (1ly): Prepared from phenylpropyl aldehyde
9

according to the general procedure A. Z/E ratio: 2.8/1, 60% vyield, colorless oil.

IR (neat): 3017, 2925, 2854, 1496, 1458 cm™;"H NMR (400 MHz, CDCls): ¢ 7.31-7.23 (m, 2H),

7.22-7.14 (m, 3H), 5.46-5.41 (m, 0.53H), 5.41-5.32 (m, 1.47H), 2.71-2.61 (m, 2H), 2.42-2.25 (m,

2H), 2.05-1.93 (m, 2H), 1.38-1.20 (m, 18H), 0.88 (t, J = 6.8 Hz, 3H).HRMS (ESI) calculated for

[M+H]"[C.1H3s]" requires m/z 287.2739, found m/z 287.2746.
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Phw (E/Z)-(6,6-dimethylhept-3-en-1-yl)benzene (12): Prepared from

phenylpropyl aldehyde according to the general procedure A. Z/E ratio: 6.8/1,
24% vyield, colorless oil. IR (neat): 3019, 2952, 2865, 1461, 1364 cm™; 'H NMR (400 MHz,
CDCly): 6 7.32-7.24 (m, 2H), 7.23-7.14 (m, 3H), 5.55-5.40 (m, 2H), 2.72-2.60 (m, 2H), 2.40-2.29
(m, 2H), 1.89 (d, J = 6.4 Hz, 1.83 H), 1.85(d, J = 6.4 Hz, 0.27H), 0.87 (s, 7.85H), 0.83 (s,
1.22H).HRMS (ESI) calculated for [M+K]'[CisH»K]" requires m/z 241.1359, found m/z

241.1368.

P NN (E17)-(6-cyclohexylhex-5-en-1-yl)benzene  (laa):  Prepared  from
5-phenylpentanal according to the general procedure A. Z/E ratio: 4.2/1, 57% vyield, colorless oil.
IR (neat): 3000, 2926, 2852, 1495, 1450 cm™;*H NMR (400 MHz, CDCly): & 7.30-7.22 (m, 1H),
7.20-7.13 (m, 2H), 5.36-5.30 (M, 0.38H), 5.28-5.16 (M, 1.60 H), 2.64-2.56 (m, 2H), 2.30-2.17 (m,
0.81H), 2.10-1.96 (m, 2H), 1.93-1.82 (m, 0.21 H), 1.74-1.53 (m, 7H), 1.44-0.96 (m, 7H).HRMS

(ESI) calculated for [M+K]"[C1gH2sK]" requires m/z 281.1672, found m/z 281.1655.

« com Pd/C LiAIH, (1.5 eq.) PCC
COH oH
Ph/\/\”y\(")/ H 2 > —_— >
3 Hy, EtOAG, r.t., 24 h P THF,0°Crt,5h " s DCM,rt,
1ss 1sab’

n-BuLi (1.5 eq.)
P N0 ———— T
7

THF, -20 °C-r.t., 5 h
1sab 1ab

(E/Z)-(4-cyclohexylbut-3-en-1-yl)benzene (1ab): The mixture of acid 1ss (9.2 g) and Pd/C (0.9 g,
10 %) in EtOAc (50 mL) was stirred under atmosphere of hydrogen for 26 h at ambient
temperature. The suspension was filtrated and the solid was washed with THF for three times. The
combined filtrate was concentrated to give crude product, the crude product in THF (20 mL) was
added dropwise over 10 minutes to a dry THF (30 mL) suspension of LiAlIH, (2.21 g, 58 mmol),
under N, atmosphere with ice cooling. After stirred at room temperature for 5 h, the reaction
mixture was quenched with saturated solution of Na,SO,4 (10 mL) under ice cooling. Then the
mixture was filtered and the filtrate was evaporated and purified by column chromatography using
PE/EA = 10/1 as the eluent to afford the alcohol 1sab’ (8.0787 g, 36.7 mmol, 93% yield for two

steps ) as a colorless oil."H NMR (400 MHz, CDCly): §7.33-7.26 (m, 2H), 7.23-7.14 (m, 3H), 3.63
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(dd, J = 7.8, 7.6 Hz, 2H), 2.65-2.56 (m, 2H), 1.76-1.44 (m, 5H), 1.32 (s, 10H);*C NMR: (101
MHz, CDCl3):6142.8, 128.3, 128.2, 125.5, 63.0, 35.9, 32.7, 31.5, 29.5, 29.38, 29.36, 29.2, 25.7.
'HNMR data were in agreement with the reported ones.”®

1.5 equivalents of PCC was suspended in DCM, and then the mixture was cooled in an ice bath.
To the cooled suspension, 1 equivalent of alcohol dissolved in DCM was added dropwise. The
reaction mixture was warmed to room temperature and stirred for about 5 h. Then the mixture was
filtered over silica gel. The filtrate was concentrated and purified by column chromatography
using PE/EA = 30/1 as the eluent to afford the aldehyde 1sab (3.3903 g, 15.5 mmol, 43% yield) as
a colorless oil. '"H NMR (400 MHz, CDCl,): 9.75 (t, J = 2.0 Hz, 1H), 7.32-7.22 (m, 2H), 7.22-7.10
(m, 3H), 2.59 (t, J = 7.6 Hz, 2H), 2.40 (dt, J = 7.2, 2.0 Hz, 2H), 1.68-1.56 (m, 4H), 1.38-1.25 (m,
8H); °C NMR: (101 MHz, CDCly): & 202.9, 142.8, 128.4, 128.2, 125.5, 43.9, 35.9, 31.4, 29.24,
29.18, 29.1, 29.0, 22.0. All the spectroscopic data were in agreement with the reported ones.*®

The alkene 1ab was prepared from aldehyde 1sab according to the general procedure A. Z/E ratio:
4.1/1, 71% vyield, colorless oil. IR (neat): 2925, 2853, 1496, 1454 cm™; '"H NMR (400 MHz,
CDCly): § 7.30-7.21 (m, 2H), 7.20-7.13 (m, 3H), 5.36-5.14 (m, 2H), 2.59 (t, J = 7.6 Hz, 2H),
2.30-2.16 (m, 0.82H), 2.10-1.80 (m, 2.20H), 1.77-1.52 (m, 7H), 1.40-0.96 (m, 15H). HRMS (ESI)

calculated for [M+Na]"[C2,Hz4Na]" requires m/z 321.2558, found m/z 321.2564.

F’h/\/\o (3-cyclohexylidenepropyl)benzene (lac): Prepared from cyclohexanone

according to the general procedure A. 63% yield, colorless oil. *H NMR (400
MHz, CDCly): 6 7.30-7.24 (m, 2H), 7.21-7.14 (m, 3H), 5.11 (t, J = 7.2 Hz, 1H), 2.63 (t, J = 7.6 Hz,
2H), 2.30 (g, J = 7.6 Hz, 2H), 2.10-2.02 (m, 4H), 1.55-1.45 (m, 4H), 1.43-1.34 (m 2H). All the

spectroscopic data were in agreement with the reported ones.*’

Ph/\o (cyclohexylidenemethyl)benzene (1ad): Prepared from cyclohexanone according to
the general procedure A. 99% yield, colorless oil. *H NMR (400 MHz, CDCly):
07.36-7.25 (m, 2H), 7.24-7.12 (m, 3H), 6.22 (s, 1H), 2.45-2.32 (m, 2H), 2.31-2.20 (m, 2H),

1.73-1.48 (m, 6H). All the spectroscopic data were in agreement with the reported ones."®
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w ™ (E/Z)-1-methyl-2-(6-phenylhex-3-en-1-yl)benzene(lae): Prepared from

3-(o-tolyl)propanal according to the general procedure A. Z/E ratio: 4.2/1,
55% yield, colorless oil. IR (neat): 3020, 2930, 2857, 1494, 1455 cm™; *H NMR (400 MHz, C¢Ds):
07.20-7.14 (m, 3H), 7.12-7.00 (m, 7H), 5.48-5.35 (m, 2H), 2.58-2.50 (m, 0.77H), 2.48-2.40(m,
3.24H), 2.28-2.14 (m, 4H), 2.11 (s, 0.57H), 2.24 (s, 2.24H). HRMS (ESI) calculated for

[M+H]"[C1oH23]" requires m/z 251.1800, found m/z 251.1806.

Y©/\/\"CV (E/Z)-1-(4-(4-cyclohexylbut-3-en-1-yl)phenyl)ethanone (s-1af):
I Prepared from 3-(4-acetylphenyl)propanal®® according to the general
procedure A. Z/E ratio: 3.9/1, 14% vyield, colorless oil. IR (neat): 2923, 2850, 1683, 1607, 1447
cm™’; 'H NMR (400 MHz, C¢Dg) & 7.80-7.76 (m, 2H), 6.97 (d, J = 8.4 Hz, 2H), 5.39-5.20 (m, 2H),

2.54-2.45 (m, 2H), 2.32-2.10 (m, 5.81H), 1.94-1.82 (m, 0.21H), 1.74-1.48 (m, 5H), 1.27-0.94 (m,

5H). HRMS (EI) calculated for[C1sH,40]" requires m/z 256.1827, found m/z 256.1827.

X%  1-((E/Z)-4-cyclohexylbut-3-en-1-yl)-4-((E/Z)-5-phenylpent-2-e
PhN\(@/\/\/ n-2-yl)benzene (laf): Prepared from s-laf according to the
general procedure A. 66% vyield, colorless oil. IR (neat): 2922, 2850, 1604, 1448 cm™. *H NMR
(400 MHz, CDCly): 8 7.31-6.99 (m, 9H), 5.83-5.73 (m, 0.19H), 5.52-5.48 (m, 0.81H), 5.42-5.18
(m, 2H), 2.75 (t, J = 7.6 Hz, 0.43H), 2.63 (t, J = 7.6 Hz, 3.64H), 2.57-2.46 (m, 0.43H), 2.40-2.26
(m, 3.60H), 2.22-2.11 (m, 0.83H), 2.00 (s, 2.45H), 1.94 (s, 0.57H), 1.89-1.82 (m, 0.20H),

1.74-1.55 (m, 3.45H), 1.49-142 (m, 1.59H), 1.30-0.86 (m, 5.0H). HRMS (El) calculated

for[C,7H34]" requires m/z 358.2661, found m/z 358.2658.

DCC (1.2 eq.)

Ph o o
CO,H DMAP (1.2 eq.
Ph/\/\‘"ﬂ\(‘ﬁ ’ + Vitamine g _DMAP(1-2€0) \/\/%/\/\ﬂ/
DCM, r.t., 24 h o

1ss 1ag

(E/Z2)-(R)-2,5,7,8-tetramethyl-2-((4R,8R)-4,8,12-trimethyltridecyl)chroman-6-yl-9-phenylnon
-6-enoate (lag): Under N, atmosphere, a 50 mL flame-dried Schlenk flask was charged with acid
(4.5 mmol, 1.0456 g), Vitamin E (4.5 mmol, 1.9489 g) and 20 mL DCM. Then DCC (5.4 mmol,

1.1149g) and DMAP (5.4 mmol, 0.6688 g) were added. The mixture was stirred at room
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temperature for 24 h. After completion of the reaction, the reaction mixture was filtered and the
organic phases were concentrated in vacuo. The resulting crude product was purified by column
chromatography (silica gel, 200-300 mesh) using PE/EA = 40/1 as the eluent to afford the alkene
(1.8383 g, 63% yield, Z/E ratio: 3.6/1) as a colorless oil. IR (neat): 2932, 2861, 1755, 1458, 1374,
1136 cm™; Optical Rotation: [0]*’p = +2.4 (¢ 1.55, CHCI3); 'H NMR (400 MHz, CD,Cl,): 6
7.21-7.14 (m, 2H), 7.13-7.04 (m, 3H), 5.42-5.27 (m, 2H), 2.58 (t, J = 7.6 Hz, 2H), 2.53-2.44 (m,
4H), 2.32-2.25 (m, 1.63H), 2.25-2.15 (m, 0.45H), 2.02-1.93 (m, 5H), 1.89 (s, 3H), 1.85 (s, 3H),
1.77-1.60 (m, 4H), 1.50-0.97 (m, 26H), 0.80-0.74 (m, 12H). HRMS (ESI) calculated for

[M+Na]*[C4sHesO3Na]" requires m/z 667.5066, found m/z 667.5056.

/ 2-(2-cyclohexylideneethyl)naphthalene (1ah): Prepared from
cyclohexanone according to the general procedure A. 88% yield, colorless
oil. IR (neat): 2926, 2852, 1508, 1446 cm™; 'H NMR (400 MHz, CDCl,): § 7.82-7.73 (m, 3H),
7.61 (s, 1H), 7.47-7.37 (m, 2H), 7.32 (dd, J = 8.8, 1.2 Hz, 1H), 5.34 (t, J = 7.6 Hz, 1H), 3.51 (d, J
= 7.6 Hz, 2H), 2.33-2.26 (m, 2H), 2.18-2.12 (m, 2H), 1.64-1.54 (m, 6H).”°*C NMR: (101 MHz,
CDCly): 0140.9, 139.5, 133.6, 131.9, 127.8, 127.6, 127.4, 126.1, 125.8, 125.0, 119.6, 37.2, 33.5,

28.8, 28.6, 27.9, 26.9. HRMS (ESI) calculated for [M+H]"[C1gH1]" requires m/z 237.1643, found

m/z 237.1646.

CBry Br Ph/\/"‘ﬂq_/\/ Ph

PPhs /\)\/\/Ph tBUOK s
> —_— »
Ph/\)\/\/ Ph Ph 1a

DCM, 0°C -rt,24h S S e

1a
1sa’ 1sa 1a:1a'=1:1

A 250 mL oven-dried three-neck flask was charged with 1,6-diphenylhexan-3-ol® (11.67g, 45.9
mmol), tetrabromomethane (18.49 g, 55.8 mmol), DCM (100 mL).Then, the flask was cooled to 0
°C, and triphenylphosphine (14.62 g, 55.7 mmol) was added portionwise. The mixture was
allowed to warm to room temperature and was stirred for 24 h. The resulting solution was
concentrated and purified by flash column chromatography using PE as the eluent to afford 1sa’
(3.85 g, 12.1 mmol, 26% yield) as a colorless oil. *H NMR (400 MHz, CDCls):67.32-7.23 (m, 4H),
7.21-7.11 (m, 6H), 4.07-3.85 (m, 1H), 2.92-2.82 (m, 1H), 2.77-2.68 (m, 1H), 2.65-2.54 (m, 2H),

2.15-2.00 (m, 2H), 1.96-1.79 (m, 3H), 1.78-1.68 (m, 1H);"*C NMR (101 MHz, CDCl,): 6141.8,
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140.9, 128.5, 128.4, 128.34, 128.33, 126.0, 125.8, 57.3, 40.7, 38.6, 35.1, 33.7, 29.2.

To a 50 mL flame-dried Schlenk flask charged with bromide 1sa’ (1.8993 g, 6.0 mmol) and
tBuOH (10 mL) was added tBuOK (1.13 g, 10.0 mmol). The reaction mixture was refluxed for 20
h. After cooling to room temperature, the mixture was concentrated and purified by column
chromatography using PE as the eluent to afford alkene (1a/1a’ = 1/1) (0.7733 g, 3.3 mmol, 55%
yield) as a colorless oil. *"H NMR (400 MHz, CDCly): 6 7.32-7.23 (m, 4H), 7.21-7.12 (m, 6H),
5.64-5.39 (m, 2H), 3.44-3.26 (m, 1H), 2.71-2.52 (m, 3H), 2.36-2.26 (m, 2H), 2.24-2.02 (m, 1H),

1.79-1.65 (m, 1H).

« O (E/Z)-1,6-di-p-tolylhex-3-ene (1ai): Prepared from

O 3-(p-tolyl)propanal according to the general procedure A. Z/E ratio:

4.7/1, 43% vyield, colorless oil. IR (neat): 3005, 2921, 2857, 1515, 1451 cm™; *H NMR (400 MHz,

CDCly): 67.15-6.95 (m, 8H), 5.52-5.46 (m, 0.35H), 5.45-5.34 (m, 1.65H), 2.61 (dd, J = 8.4, 7.2 Hz,

0.7H), 2.54 (dd, J = 8.0, 7.6 Hz, 3.3H), 2.31 (s, 6H), 2.30-2.24 (m, 4H). HRMS (ESI) calculated
for [M+H]"[CaH2s]" requires m/z 265.1956, found m/z 265.1960.

W /™\_,, (@-l4-diphenylbut-2-ene ((2)-1aj): Prepared according to the literature.? 72%

yield, colorless oil. '"H NMR (400 MHz, CDCl3) § 7.34-7.26 (m, 4H), 7.26-7.16

(m, 6H), 5.78-5.66 (m, 2H), 3.52 (d, J = 5.2 Hz, 4H). All the spectroscopic data were in agreement

with the reported ones.?

NP (E)-1,4-diphenylbut-2-ene ((E)-1aj): Prepared according to the literature.”* 46%
yield (a mixture of alkene and alkane, Naene/Naikane = 2.8/1), E/Z ratio: 13/1, colorless oil. 'H NMR
(400 MHz, CDCl3) 6 7.32-7.15 (m, 13.4H), 5.70-5.65 (m, 2H), 3.52 (d, J = 4.8 Hz, 0.28H), 3.37 (d,

J=3.2Hz, 3.72H). All the spectroscopic data were in agreement with the reported ones.*

+ Br
PhsP. Ph
: o/> ~ - 0/> Pd/C HCI (aq.)
OHc/\/-\/Lo ) - Ph/\/\ﬂ"'\/'\/Lo >
n-BuLi, THF, -20°C - r.t., 18 h Hy, EtOAc, rt., 24 h  THF, 60°C, 6 h
S1ak-a S1ak-b
Br
H e H
‘__CHO Cy 3 X c
Ph » Ph Y
n-BuLi, THF, -20°C - r.t., 18 h
S1ak-c 1ak

5281



] C/\/‘\i} (S)-5-(1,3-dioxolan-2-yl)-4-methylpentanal  (Slak-a): Prepared from
" (-)-Citronellal according to the Literature.?? 69% vyield, colorless oil. IR
(neat): 2926, 2722, 1724, 1411, 1139 cm™; [a]®% = -4.6 (c 1.06, CHCI5); *H NMR (400 MHz,
CDClg): 6 9.78 (d, J = 1.2, 1H), 4.90 (t, J = 4.4 Hz, 1H), 4.02-3.91 (m, 2H), 3.89-3.80 (m, 2H),
2.55-2.30 (m, 2H), 1.79-1.62 (m, 3H), 1.59-1.47 (m, 2H), 0.97 (d, J = 5.6 Hz, 3H); *C NMR (101
MHz, CDCls): ¢ 202.6, 103.4, 64.7, 64.6, 41.5, 40.5, 29.0, 28.9, 19.7. HRMS (EI) calculated for

[CoH1603]" requires m/z 172.1099, found m/z 172.1097.

Mx (S)-2-(2-methyl-8-phenyloct-5-en-1-yl)-1,3-dioxolane (Slak- b):
(0]

Prepared from Slak-a according to the general procedure A. Z/E ratio:

Ph

5.1/1, 80% yield, colorless oil. IR (neat): 2923, 1603, 1495, 1454, 1132 cm™; [0]%®p = +1.6 (c
0.43, CHCl3); "H NMR (400 MHz, CDCl): 6 7.31-7.24 (m, 2H), 7.23-7.10 (m, 3H), 5.52-5.30 (m,
2H), 4.95-4.81 (m, 1H), 4.02-3.90 (m, 2H), 3.89-3.75 (m, 2H), 2.66 (t, J = 7.6 Hz, 2H), 2.43-2.31
(m, 1.67H), 2.31-2.24 (m, 0.33H), 2.10-1.91 (m, 2H), 1.72-1.61 (m, 2H), 1.53-1.44 (m, 1H),
1.42-1.29 (m, 1H), 1.24-1.10 (m, 1H), 1.00-0.89 (m, 3H). HRMS (EI) calculated for [C1gH60,]"

requires m/z 274.1933, found m/z 274.1936.

Ph/\/\/\/?\/CHO (S)-3-methyl-9-phenylnonanal (Slak-c): To a stirred solution of
Slak-b (4.1713 g, 15.2 mmol) in EtOAc (40 mL) were added Pd/C
(5%) (0.8241g, 20% wt/Pd) at room temperature. The resulting mixture was stirred at 25 °C for 24
h with H, balloon. Then, the resulting solution was filtered through a short pad of silica gel,
washed by EtOAc (2>30 mL). The combined filtrates were concentrated under reduced pressure to
give the crude hydrogenation product as a colorless oil, which was used for the next step without
further purification. To a 250 mL flame-dried Schlenk flask charged with the crude hydrogenation
product and THF (75 mL) was added 1 N HCI (a) (75 mL) at 25 °C. After stirring at 60 °C for 6
hours, the reaction mixture was cooled to room temperature and the solvent was removed under
reduced pressure. EtOAc (80 mL) was added to the residue, and the solution was neutralized to pH
= 7 with saturated Na,COj solution. The organic phase was separated and the aqueous phase was

extracted with EtOAc (60 mL x 2). The combined organic phases were washed with saturated

Na,COj; solution (60 mL), brine (60 mL). The organic phases were dried over anhydrous Na,SO,
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and concentrated in vacuo. The resulting crude product was purified by column chromatography
(silica gel, 200-300 mesh) using PE/EA = 100/1 as the eluent to afford Slak-c (3.0117 g, 86%
yield for two steps) as a colorless oil. IR (neat): 2926, 2855, 1707, 1458 cm™; [a]*’p = -6.9 (¢ 1.12,
CHCI3); *H NMR (400 MHz, CDCly): 6 9.74 (t, J = 2.0 Hz, 1H), 7.30-7.23 (m, 2H), 7.23-7.12 (m,
3H), 2.64-2.56 (t, J = 7.2 Hz, 2H), 2.38 (ddd, J = 16.0, 5.6, 1.6 Hz, 1H), 2.21 (ddd, J = 16.0, 8.0,
2.8 Hz, 1H), 2.10-1.95 (m, 1H), 1.67-1.54 (m, 2H), 1.41-1.18 (m, 8H), 0.95 (dd, J = 6.8, 1.6 Hz,
3H); C NMR (101 MHz, CDCly): § 203.0, 142.8, 128.4, 128.2, 125.6, 51.1, 36.9, 35.9, 31.4,
29.5, 29.2, 28.2, 26.8, 19.9. HRMS (EI) calculated for [C1sH»40]" requires m/z 232.1827, found

m/z 232.1826.

I ALLOy (S)-(10-cyclohexyl-7-methyldec-9-en-1-yl)benzene (1ak):
PN N N VA

Prepared from Slak-c according to the general procedure A. Z/E
ratio: 4.9/1, 83% vyield, colorless oil. IR (neat): 2924, 2852, 1495, 1453, 1376 cm™; [a]?p = +4.0
(c 1.22, CHCI3), 92% ee determined by HPLC, HPLC conditions: Chiralcel OJ-H*2,
n-hexane/i-PrOH = 100/0, 0.5 mL/min, n = 220 nm, tr 19.2 (major), 20.1 (minor). "H NMR (400
MHz, CDCl,): ¢ 7.33-7.23 (m, 2H), 7.22-7.10 (m, 3H), 5.40-5.30 (m, 0.34H), 5.30-5.13 (m,
1.66H), 2.66-2.55 (m, 2H), 2.30-2.16 (m, 0.83H), 2.07-1.76 (m, 2.21H), 1.74-1.55 (m, 7H),
1.48-0.98 (m, 14H), 0.90-0.82 (m, 3H). HRMS (EI) calculated for [C,sHss]® requires m/z

312.2817, found m/z 312.2816.

General Procedures for Isomerization—Hydroboration of Alkenes: To a 25 mL flame-dried
Schlenk flask cooled under nitrogen, Co(OAc), (0.025 mmol), L (0.03 mmol), Et,O (1 mL) were
added. The mixture was stirred at room temperature for 5 min. Then, alkene (1.0 mmol), HBpin
(180 pL, 1.2 mmol) were added in sequence and stirred at room temperature for 20 h. The
resulting solution was filtered by a short pad of silica gel and washed by ether (10 mL < 2). The
combined filtrate was concentrated and purified by flash column chromatography using PE/EtOAc

= 20/1as the eluent to give the corresponding product.
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#_F (S)-2-(1,6-diphenylhexyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane  (2a):
~87 Prepared according to the general procedure using Co(OAc), (0.0045 g,
0.025 mmol), L8 (0.0126 g, 0.031 mmol), Et,O (1 mL), la (0.2358 g, 1.0

mmol) and HBpin (180 pL, 1.2 mmol). After 20 h, the resulting solution was added 20 mL of ether
and filtered through a pad of silica gel, washed by ether (10 mL % 2). The combined filtrates were
concentrated and purified by flash column chromatography using PE/EtOAc = 20/1 as the eluent
to afford 2a (0.3259 g, 0.89 mmol, 90% vyield) as a colorless oil. IR (neat): 2979, 2929, 2857, 1458,
1368, 1324, 1145 cm™; Optical Rotation: [0]*°p = +16.1 (¢ 1.15, CHCls), 98% ee determined by
HPLC after oxidized to the corresponding alcohol, HPLC conditions: Chiralcel AD-H,
n-hexane/i-PrOH = 98/2, 1.0 mL/min, n = 220 nm, tr 20.2 (major), 22.1 (minor)."H NMR (400
MHz, CDCl5): 6 7.28-7.08 (m, 10H), 2.56 (t, J = 7.6 Hz, 2H), 2.28 (t, J = 7.6 Hz, 1H), 1.89-1.78
(m, 1H), 1.70-1.53 (m, 3H), 1.39-1.24 (m, 4H), 1.19 (s, 6H), 1.17 (s, 6H); *C NMR (101 MHz,
CDCl,): 6143.4, 142.8, 128.4, 128.3, 128.19, 128.16, 125.5, 125.1, 83.2, 35.9, 32.5, 31.3, 29.2,

29.1, 24.60, 24.55.HRMS (EI) calculated for[C,sH33BO,]" requires m/z 364.2574, found m/z

364.2574.
#_P (S)-2-(4-cyclohexyl-1-phenylbutyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolan
g e (2b): Prepared according to the general procedure using Co(OAc), (0.0045

Ph

g, 0.025 mmol), L8 (0.0126 g, 0.031 mmol), Et,0 (1 mL), 1b (0.2120 g, 0.99
mmol) and HBpin (180 pL, 1.2 mmol). After 20 h, the resulting solution was added 20 mL of ether
and filtered through a pad of silica gel, washed by ether (10 mL = 2). The combined filtrates were
concentrated and purified by flash column chromatography using PE/EtOAc = 20/1 as the eluent
to afford 2b (0.2873 g, 0.84 mmol, 85% yield) as a colorless oil. IR (neat): 2978, 2925, 2853,
1454, 1368, 1324, 1145 cm™; Optical Rotation: [a]p = +19.0 (c 0.92, CHCIl;), 96% ee
determined by HPLC after oxidized to the corresponding alcohol, HPLC conditions: Chiralcel
AS-H, n-hexane/i-PrOH = 98/2, 1.0 mL/min, n = 220 nm, tr 7.7 (minor), 8.9 (major).lH NMR
(400 MHz, CDCly): ¢ 7.27-7.18 (m, 4H), 7.12 (t, J = 7.2 Hz, 1H), 2.29 (t, J = 8.0 Hz, 1H),
1.87-1.75 (m, 1H), 1.70 -1.56 (m, 6H), 1.31-1.08 (m, 20H), 0.90-0.75 (m, 2H); *C NMR (101
MHz, CDCls): 6143.5, 128.3, 128.2, 125.0, 83.2, 37.47, 37.45, 33.43, 33.35, 32.9, 26.7, 26.5, 26.4,

24.63, 24.56. HRMS (EI) calculated for[C»H3sBO,]" requires m/z 342.2730, found m/z 342.2726.
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\/LP (S)-2-(4-cyclohexyl-1-(p-tolyl)butyl)-4,4,5,5-tetramethyl-1,3,2-dioxab

- orolane (2c): Prepared according to the general procedure using
Co(OAc);, (0.0045 g, 0.025 mmol), L8 (0.0126 g, 0.031 mmol), Et,O (1

mL), 1c (0.2288 g, 1.0 mmol) and HBpin (180 pL, 1.2 mmol). After 20 h,

the resulting solution was added 20 mL of ether and filtered through a pad of silica gel, washed by
ether (10 mL > 2). The combined filtrates were concentrated and purified by flash column
chromatography using PE/EtOAc = 20/1 as the eluent to afford 2c (0.2869 g, 0.80 mmol, 80%
yield) as a colorless oil. IR (neat): 2979, 2924, 2852, 1453, 1366, 1323, 1145 cm™; Optical
Rotation: [a]p = +20.8 (c 1.18, CHCIs); 99% ee determined by HPLC after oxidized to the
corresponding alcohol, HPLC conditions: Chiralcel AS-H, n-hexane/i-PrOH = 98/2, 1.0 mL/min,
n =220 nm, tr 7.9 (minor), 10.1 (major)."H NMR (400 MHz, CDCl5): 6 7.11-7.02 (m, 4H), 2.29 (s,
3H), 2.25 (t, J = 7.6 Hz, 1H), 1.84-1.72 (m, 1H), 1.69-1.57 (m, 6H), 1.31-1.08 (m, 20H), 0.88-0.76
(m, 2H);**C NMR (101 MHz, CDCl5): 6140.4, 134.3, 128.9, 128.2, 83.1, 37.5, 33.44, 33.35, 33.1,
26.7, 26.5, 26.4, 24.64, 24.58, 21.0. HRMS (ESI) calculated for [M+Na] [Cx3H3;BO,Na]” requires

m/z 379.2784, found m/z 379.2786.

#_F (S)-2-(4-cyclohexyl-1-(m-tolyl)butyl)-4,4,5,5-tetramethyl-1,3,2-dioxabor
olane (2d): Prepared according to the general procedure using Co(OAC),
(0.0044 g, 0.025 mmol), L8 (0.0126 g, 0.031 mmol), Et,O (1 mL), 1d
(0.2288 g, 1.0 mmol) and HBpin (180 uL, 1.2 mmol). After 20 h, the
resulting solution was added 20 mL of ether and filtered through a pad of silica gel, washed by
ether (10 mL x 2). The combined filtrates were concentrated and purified by flash column
chromatography using PE/EtOAc = 20/1 as the eluent to afford 2d (0.2784 g, 0.78 mmol, 78%
yield) as a colorless oil. IR (neat): 2979, 2924, 2854, 1453, 1366, 1323, 1146 cm™: Optical
Rotation: [0]®p = +18.2 (¢ 0.90, CHCI3); 98% ee determined by HPLC after oxidized to the
corresponding alcohol, HPLC conditions: Chiralcel AS-H, n-hexane/i-PrOH = 98/2, 1.0 mL/min,
n = 220 nm, tr 7.2 (minor), 7.8 (major)."H NMR (400 MHz, CDCls): § 7.13 (t, J = 7.6 Hz, 1H),
7.03-6.98 (m, 2H), 6.93 (d, J = 7.2 Hz, 1H), 2.30 (s, 3H), 2.25 (t, J = 8.0 Hz, 1H), 1.85-1.74 (m,
1H), 1.71-1.55 (m, 6H), 1.32-1.08 (m, 20H), 0.90-0.74 (m, 2H); *C NMR (101 MHz, CDCly):

0143.4,137.6, 129.2, 128.0, 125.8, 125.3, 83.2, 37.5, 37.4, 33.4, 33.3, 33.0, 26.7, 26.6, 26.4, 24.61,
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24.56, 21.4.HRMS (ESI) calculated for [M+H]"[C,3H3sBO,]" requires m/z 357.2965, found m/z

357.2959.

#_P (S)-2-(4-cyclohexyl-1-(4-methoxyphenyl)butyl)-4,4,5,5-tetramethy!l
B -1,3,2-dioxaborolane (2e): Prepared according to the general
o procedure using Co(OAc), (0.0044 g, 0.025 mmol), L8 (0.0126 g,

0.031 mmol), Et,0 (1 mL), 1e(0.2448 g, 1.0 mmol) and HBpin (180
pL, 1.2 mmol). After 20 h, the resulting solution was added 20 mL of ether and filtered through a
pad of silica gel, washed by ether (10 mL > 2). The combined filtrates were concentrated and
purified by flash column chromatography using PE/EtOAc = 20/1 and PE/EtOAc = 10/1 as the
eluent to afford 2e (0.2608 g, 0.70 mmol, 70% yield) as a colorless oil. IR (neat): 2924, 2853,
1511, 1455, 1367, 1323, 1247, 1145 cm™; Optical Rotation: [0]*’p = +26.8 (c 0.76, CHCl5); 98%
ee determined by HPLC after oxidized to the corresponding alcohol, HPLC conditions: Chiralcel
OD-H, n-hexane/i-PrOH = 98/2, 1.0 mL/min, n = 220 nm, tr 15.8 (minor), 16.8 (major)."H NMR
(400 MHz, CDCly): & 7.14-7.09 (m, 2H), 6.82-6.76 (m, 2H), 3.77 (s, 3H), 2.23 (t, J = 8.0 Hz, 1H),
1.82-1.71 (m, 1H), 1.67-1.51 (m, 6H), 1.30-1.10 (m, 20H), 0.88-0.75 (m, 2H); *C NMR (101
MHz, CDCl,): 6157.2, 135.5, 129.1, 113.6, 83.1, 55.1, 37.5, 37.4, 33.4, 33.34, 33.13, 31.2, 26.7,
26.43, 26.40, 24.63, 24.56. HRMS (ESI) calculated for [M+H]'[C3H3sBOs]" requires m/z

373.2914, found m/z 373.2912.

\}_F (S)-2-(1-([1,1'-biphenyl]-4-yl)-4-cyclohexylbutyl)-4,4,5,5-tetramethy

-4 I-1,3,2-dioxaborolane (2f): Prepared according to the general

" procedure using Co(OAc), (0.0047 g, 0.027 mmol), L8 (0.0126 g,
0.031 mmol), Et,O (1 mL), 1f (0.2925 g, 1.0 mmol) and HBpin (180 pL,

1.2 mmol). After 20 h, the resulting solution was added 20 mL of ether and filtered through a pad
of silica gel, washed by ether (10 mL = 2). The combined filtrates were concentrated and purified
by flash column chromatography using PE/EtOAc = 100/1 as the eluent to afford 2f (0.3423 g,
0.82 mmol, 81% yield) as a white solid. IR (neat): 2922, 2851, 1486, 1448, 1361, 1322, 1143
cm™;Optical Rotation: [0]®p = +23.7 (¢ 1.15, CHCI,), 99% ee determined by HPLC after oxidized

to the corresponding alcohol, HPLC conditions: Chiralcel AS-H, n-hexane/i-PrOH = 98/2, 1.0
5286



mL/min, n = 220 nm, tr 11.8 (minor), 13.2 (major)."H NMR (400 MHz, CDCl,): 67.63-7.54 (m,
2H), 7.53-7.45 (m, 2H), 7.41 (t, J = 7.6 Hz, 2H), 7.34-7.23 (m, 3H), 2.35 (t, J = 7.6 Hz, 1H),
1.90-1.79 (m, 1H), 1.72-1.57 (m, 6H), 1.34-1.10 (m, 20H), 0.91-0.76 (m, 2H); *C NMR (101
MHz, CDCly): 0142.7, 141.2, 137.8, 128.7, 128.6, 126.90, 126.86, 126.8, 83.2 37.5, 33.4, 33.3,
32.9, 26.7, 26.5, 26.4, 24.64, 24.57. HRMS (ESI) calculated for [M+H]"[CsH4BO,]" requires

m/z 419.3121, found m/z 419.3129.

\)_P (S)-2-(4-cyclohexyl-1-(4-fluorophenyl)butyl)-4,4,5,5-tetramethyl-1,3,
2-dioxaborolane (2g): Prepared according to the general procedure
using Co(OAc), (0.0043 g, 0.024 mmol), L8 (0.0127 g, 0.031 mmol),
Et,O (1 mL), 1g (0.2332 g, 1.0 mmol) and HBpin (180 pL, 1.2 mmol).
After 20 h, the resulting solution was added 20 mL of ether and filtered through a pad of silica gel,
washed by ether (10 mL x 2). The combined filtrates were concentrated and purified by flash
column chromatography using PE/EtOAc = 20/1 as the eluent to afford 2g (0.3024 g, 0.84 mmol,
84% vyield) as a colorless oil. IR (neat): 2978, 2924, 2852, 1509, 1451, 1367, 1326, 1225, 1146
cm™; Optical Rotation: [a]’p = +18.4 (¢ 1.20, CHCIs), 98% ee determined by HPLC after
oxidized to the corresponding alcohol, HPLC conditions: Chiralcel AS-H, n-hexane/i-PrOH = 98/2,
1.0 mL/min, n = 220 nm, tr 8.1 (minor), 8.8 (major).'H NMR (400 MHz, CDCls): ¢ 7.18-7.11 (m,
2H), 6.96-6.89 (m, 2H), 2.27 (t, J = 7.6 Hz, 1H), 1.83-1.72 (m, 1H), 1.70-1.53 (m, 6H), 1.29-1.08
(m, 20H), 0.88-0.75 (m, 2H); **C NMR (101 MHz, CDCls): 6160.9 (d, J = 243.0 Hz, 1C), 139.0 (d,
J=2.9Hz 1C), 129.5 (d, J = 7.4 Hz, 1C), 114.9 (d, J = 20.6 Hz, 1C), 83.3, 37.5, 37.4, 33.4, 33.3,
33.0, 26.7, 26.4, 24.62, 24.55; *°F NMR (376 MHz, CDCl,): 6 -119.0.HRMS (ESI) calculated for

[M+H]"[C4,H3sBFO,]" requires m/z 361.2714, found m/z 361.2697.

#_P (S)-2-(1-(3-chlorophenyl)-4-cyclohexylbutyl)-4,4,5,5-tetramethyl-1,3,2-

040

dioxaborolane (2h): Prepared according to the general procedure using
Co(OAc), (0.0045 g, 0.025 mmol), L8 (0.0124 g, 0.030 mmol), Et,O (1

’ mL), 1h (0.2490 g, 1.0 mmol) and HBpin (180 pL, 1.2 mmol). After 20 h,
the resulting solution was added 20 mL of ether and filtered through a pad of silica gel, washed by

ether (10 mL x 2). The combined filtrates were concentrated and purified by flash column
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chromatography using PE/EtOAc = 20/1 as the eluent to afford 2h (0.2712 g, 0.72 mmol, 72%
yield) as a colorless oil. IR (neat): 2976, 2925, 2853, 1464, 1367, 1328, 1145 cm™; Optical
Rotation: [a]®p = +12.0 (c 0.90, CHCI;), 97% ee determined by HPLC after oxidized to the
corresponding alcohol, HPLC conditions: Chiralcel AD-H, n-hexane/i-PrOH = 98/2, 1.0 mL/min,
n = 220 nm, tr 13.3 (major), 14.3 (minor)."H NMR (400 MHz, CDCl,): 67.22-7.13 (m, 2H),
7.12-7.05 (m, 2H), 2.27 (t, J = 8.0 Hz, 1H), 1.85-1.73 (m, 1H), 1.71-1.54 (m, 6H), 1.30-1.08 (m,
20H), 0.92-0.75 (m, 2H);*C NMR (101 MHz, CDCl5): 6145.7, 133.9, 129.4, 128.4, 126.5, 125.2,
83.4, 37.41, 37.37, 33.4, 33.3, 32.6, 26.7, 26.4, 24.60, 24.55. HRMS (ESI) calculated for

[M+Na]*[C2Ha4BCIO,Na]" requires m/z 399.2238, found m/z 399.2231.

#—P (S)-2-(1-(3-bromophenyl)-4-cyclohexylbutyl)-4,4,5,5-tetramet
hyl-1,3,2-dioxaborolane (2i): Prepared according to the general
procedure using Co(OAc), (0.0047 g, 0.027 mmol), L8 (0.0125 g, 0.030
mmol), Et,O (1 mL), 1i (0.2963 g, 1.0 mmol) and HBpin (180 pL, 1.2
mmol). After 48 h, the resulting solution was added 20 mL of ether and filtered through a pad of
silica gel, washed by ether (10 mL % 2). The combined filtrates were concentrated and purified by
flash column chromatography using PE/EtOAc = 100/1 as the eluent to afford 2i (0.3378 g, 0.80
mmol, 79 % vyield) a colorless oil. IR (neat): 2923, 2852, 1471, 1360, 1325, 1143 cm™; Optical
Rotation: [a] = +13.9 (¢ 1.02, CHCI5),97 % ee determined by HPLC, HPLC conditions:
Chiralcel AS-H, n-hexane/i-PrOH = 99/1, 0.8 mL/min, n = 220 nm, tr 18.5 (minor), 19.5 (major).
'H NMR (400 MHz, CDCl,): 6 7.41-7.31 (m, 1H), 7.27-7.22 (m, 1H), 7.18-7.06 (m, 2H), 2.26 (t, J
= 7.6 Hz, 1H), 1.83-1.73 (m, 1H), 1.72-1.52 (m, 6H), 1.33-1.10 (m, 20H), 0.92-0.72 (m, 2H); **C
NMR (101 MHz, CDCl): ¢ 146.0, 131.3, 129.7, 128.2, 127.0, 122.3, 83.4, 37.42, 37.36, 33.4,
33.3, 32.7, 26.7, 26.4, 24.60, 24.56; HRMS (EI) calculated for [CyH3,BBrO,]" requires m/z

420.1835, found m/z 420.1838.

\/‘_P (S)-2-(4-cyclohexyl-1-(2-fluorophenyl)butyl)-4,4,5,5-tetramethyl-1,3,2-
h:d dioxaborolane (2j): Prepared according to the general procedure using

Co(OAc), (0.0176 g, 0.099 mmol), L8 (0.0494 g, 0.120 mmol), Et,O (1

F
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mL), 1j (0.2360 g, 1.0 mmol) and HBpin (180 uL, 1.2 mmol). After 48 h, the resulting solution
was added 20 mL of ether and filtered through a pad of silica gel, washed by ether (10 mL x 2).
The combined filtrates were concentrated and purified by flash column chromatography using
PE/EtOAc = 100/1 as the eluent to afford 2j (0.2322 g, 0.80 mmol, 63 % vyield) a colorless oil. IR
(neat): 2923, 2852,1453, 1370, 1324, 1144 cm™; OpticalRotation: [a]* = +23.5 (c 1.05, CHCIy),
99 % ee determined by HPLC, HPLC conditions: Chiralcel AS-H, n-hexane/i-PrOH = 98/2, 1.0
mL/min, n = 220 nm, tr 8.4 (minor), 9.1 (major)."H NMR (400 MHz, CDCl5):7.23 (dt, J = 7.6, 1.6
Hz, 1H), 7.15-7.07 (m, 1H), 7.03 (dt, J = 7.2, 1.2 Hz, 1H), 7.01-6.93 (m, 1H), 2.52 (t, J = 7.6 Hz,
1H), 1.85-1.74 (m, 1H), 1.70-1.56 (m, 6H), 1.32-1.04 (m, 20H), 0.90-0.71 (m, 2H);**C NMR (101
MHz, CDCls): §161.0 (d, J = 244.5 Hz, 1C), 130.6 (d, J = 15.5 Hz, 1C), 130.3 (d, J = 5.2 Hz, 1C),
126.5 (d, J = 8.1 Hz, 1C), 123.8 (d, J = 3.7 Hz, 1C), 115.0 (d, J = 22.8 Hz, 1C), 83.3, 37.5, 37.4,
33.4,33.3, 31.5, 26.7, 26.4, 26.3, 24.7, 24.6;°F NMR: (376 MHz, CDCls) : 6 -117.2; HRMS (EI)

calculated for [C»,H34BFO,]" requires m/z 360.2636, found m/z 360.2636.

Bpin (S)-2-(4-cyclohexyl-1-(o-tolyl)butyl)-4,4,5,5-tetramethyl-1,3,2-dioxabor
©i'\/\/© olane (2k): Prepared according to the general procedure using Co(OAc),
(0.0180 g, 0.10 mmol), L8 (0.0496 ¢, 0.12 mmol), Et,O (1 mL), 1k (0.2298 g, 1.0 mmol) and
HBpin (180 pL, 1.2 mmol). After 48 h, the resulting solution was added 20 mL of ether and
filtered through a pad of silica gel, washed by ether (10 mL x 2). The combined filtrates were
concentrated and purified by flash column chromatography using PE/EtOAc = 100/1 as the eluent
to afford 2k (0.1097 g, 0.31 mmol, 31% yield) as a colorless oil. >99% ee determined by HPLC
after oxidized to the corresponding alcohol, HPLC conditions: Chiralcel AS-H, n-hexane/i-PrOH
= 98/2, 1.0 mL/min, n = 220 nm, tr 7.0 (minor), 7.9 (major). IR (neat): 2923, 2852,1454, 1363,
1321, 1144 cm™; Optical Rotation: [0]*°p = +9.7 (¢ 1.01, CHCI3); "H NMR (400 MHz, CDCl):
07.24-7.18 (m, 1H), 7.15-7.07 (m, 2H), 7.05-6.98 (m, 1H), 2.49 (t, J = 7.6 Hz, 1H), 2.32 (s, 3H),
1.88-1.77 (m, 1H), 1.71-1.56 (m, 6H), 1.36-1.09 (m, 20H), 0.91-0.76 (m, 2H); *C NMR (101
MHz, CDCl,): 6142.0, 135.9, 130.0, 127.7, 125.8, 124.8, 83.1, 37.6, 37.5, 33.44, 33.38, 32.5, 26.8,
26.7, 26.4, 24.7, 24.6, 20.1; HRMS (ESI) calculated for[M+Na]" [C,3H37BO,Na]" requires m/z

379.2784, found m/z 379.2800.
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#—P (S)-2-(4-cyclohexyl-1-(3-(trifluoromethyl)phenyl)butyl)-4,4,5,5-tetrame

o_ 0o

1 thyl-1,3,2-dioxaborolane (2I): Prepared according to the general

procedure using Co(OAc), (0.0043 g, 0.024 mmol), L8 (0.0126 g, 0.031

- mmol), Et,0 (1 mL), 1l (0.2839 g, 1.0 mmol) and HBpin (180 pL, 1.2
mmol). After 20 h, the resulting solution was added 20 mL of ether and filtered through a pad of
silica gel, washed by ether (10 mL %< 2). The combined filtrates were concentrated and purified by
flash column chromatography using PE/EtOAc = 20/1 as the eluent to afford 2l (0.2243 g, 0.55
mmol, 54% vield) as a colorless oil. IR (neat): 2925, 2854, 1451, 1370, 1329, 1132 cm™; Optical
Rotation: [0]®p = +8.5 (c 0.95, CHCI3), 97% ee determined by HPLC after oxidized to the
corresponding alcohol, HPLC conditions: Chiralcel AD-H, n-hexane/i-PrOH = 98/2, 1.0 mL/min,
n = 220 nm, tr 8.2 (major), 8.9 (minor)."H NMR (400 MHz, CDCl,): & 7.47 (s, 1H), 7.42-7.32 (m,
3H), 2.36 (t, J = 8.0 Hz, 1H), 1.88-1.76 (m, 1H), 1.70-1.57 (m, 6H), 1.32-1.08 (m, 20H), 0.90-0.75
(m, 2H);**C NMR (101 MHz, CDCl5): §144.5, 131.7, 130.4 (q, J = 31.6 Hz, 1C), 128.5, 125.0 (q,
J=3.7Hz 1C),124.4 (q, J = 273.2 Hz, 1C),122.0 (g, J = 2.9 Hz, 1C), 83.5, 37.4, 37.3, 33.4, 33.3,
32.8, 26.7, 26.4, 245"F NMR (376 MHz, CDCl,): 6 -62.5.HRMS (ESI) calculated for

[M+Na]*[C,3H34BF3;0,Na]” requires m/z 433.2502, found m/z 433.2498.

oH ‘ (S)-4-cyclohexyl-1-(naphthalen-2-yhbutan-1-ol  (3m):  Prepared
OO according to the general procedure using Co(OAc), (0.0045 g, 0.025
mmol), L8 (0.0126 g, 0.031 mmol), Et,O (1 mL), 1m (0.2645 g, 1.0 mmol) and HBpin (180 pL,
1.2 mmol). After 20 h, the resulting solution was added 20 mL of ether and filtered through a pad
of silica gel, washed by ether (10 mL %< 2). The combined filtrates were concentrated and dissolved
in ether (10 mL). The solution was cooled to 0<C with an ice-water bath and NaOH (2 mL of a 2
M aqueous solution) was added followed by H,O, (2 mL of a 30% aqueous solution). After
stirring at room temperature for 2 hour, the reaction mixture was diluted with ether and water. The
organic layer was separated and the aqueous layer extracted with EtOAc (3% 20 mL). The
combined organic phases were dried over anhydrous Na,SO, and concentrated in vacuo and
purified by flash column chromatography using PE/EtOAc = 10/1 as the eluent to afford 3m
(0.2357 g, 0.83 mmol, 83% vyield) as a colorless oil. IR (neat): 3264, 2922, 2852, 1453, 1371,

1313, 1048 cm™; Optical Rotation: [a]*’% = -20.9 (¢ 0.90, CHCIs), 98% ee determined by HPLC,
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HPLC conditions: Chiralcel AS-H, n-hexane/i-PrOH = 98/2, 1.0 mL/min, n = 220 nm, tr 10.5
(minor), 13.6 (major)."H NMR (400 MHz, CDCls): & 7.86-7.80 (m, 3H), 7.77 (s, 1H), 7.52-7.43
(m, 3H), 4.87-4.79 (m, 1H), 1.95-1.57 (m, 8H), 1.51-1.38 (m, 1H), 1.36-1.05 (m, 7H), 0.91-0.77
(m, 2H); BC NMR (101 MHz, CDCl3): 6142.3, 133.3, 132.9, 128.2, 127.9, 127.7, 126.1, 125.7,
124.6, 124.1, 74.8, 39.3, 37.5, 37.3, 33.4, 33.3, 26.7, 26.4, 23.1.HRMS (ESI) calculated for

[M+Na][C,0H260Na]" requires m/z 305.1881, found m/z 305.1893.

\)—F (S)-2-(4-cyclohexyl-1-(naphthalen-1-yl)butyl)-4,4,5,5-tetramethyl-1,3
O Ong© ‘ ,2-dioxaborolane (2n): Prepared according to the general procedure
O using Co(OAc), (0.0089 g, 0.050 mmol), L8 (0.0251 g, 0.061 mmol),

Et,O (1 mL), 1n (0.2661 g, 1.0 mmol) and HBpin (180 pL, 1.2 mmol).
After 48 h, the resulting solution was added 20 ml of ether and filtered through a pad of silica gel,
washed by ether (10 mLx 2). The combined filtrates were concentrated and purified by flash
column chromatography using PE/EtOAc = 100/1 as the eluent to afford 2 n (0.2761 g, 0.70 mmol,
70% yield) as a white solid. IR (neat):2922, 2851, 1322, 1143 cm™; Optical Rotation: [a]’p =
+27.4 (¢ 0.90, CHCI3), >99% ee determined by HPLC after oxidized to the corresponding alcohol,
HPLC conditions: Chiralcel AS-H, n-hexane/i-PrOH = 98/2, 1.0 mL/min, n = 220 nm, tr 11.0
(minor), 13.4 (major). *H NMR (400 MHz, CDCl,): 68.16 (d, J = 8.4 Hz, 1H), 7.84-7.74 (m, 1H),
7.68-7.56 (m, 1H), 7.57-7.32 (m, 4H), 3.02 (dd, J = 8.0, 7.6 Hz, 1H), 2.10-1.98 (m, 1H), 1.82-1.73
(m, 1H), 1.69-1.57 (m, 5H), 1.42-1.30 (m, 2H), 1.24-1.04 (m, 18H), 0.89-0.75 (m, 2H);**C NMR
(101 MHz, CDCly): 6140.1, 134.0, 132.2, 128.7, 125.71, 125.67, 125.3, 125.13, 125.06, 124.2,
83.3,37.6, 37.5, 33.40, 33.35, 32.4, 26.8, 26.7, 26.4, 24.7, 24.5. HRMS (ESI) calculated for

[M+H]"[CysH3sBO,]" requires m/z 393.2965, found m/z 393.2967.

#‘P (S)-5-(4-cyclohexyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)

~B7 butyl)-2-methoxypyridine (20): Prepared according to the general

| procedure using Co(OAc), (0.0043 g, 0.024 mmol), L8 (0.0127 g,
0.031 mmol), Et,0 (1 mL), 10 (0.2458 g, 1.0 mmol) and HBpin (180

pL, 1.2 mmol). After 20 h, the resulting solution was added 20 mL of ether and filtered through a

pad of silica gel, washed by ether (10 mL > 2). The combined filtrates were concentrated and
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purified by flash column chromatography using PE/EtOAc = 10/1 as the eluent to afford 20
(0.2405 g, 0.64 mmol, 64% yield) as a colorless oil. IR (neat): 2979, 2923, 2851, 1605, 1491,
1452, 1367, 1323, 1283, 1143 cm™; Optical Rotation: [0]*’p = +17.1 (¢ 1.13, CHCI3), 97% ee
determined by HPLC after oxidized to the corresponding alcohol, HPLC conditions: Chiralcel
AD-H, n-hexane/i-PrOH = 98/2, 1.0 mL/min, n = 220 nm, tr 21.8 (major), 25.8 (minor).lH NMR
(400 MHz, CDCly): 6 7.97 (s, 1H), 7.45 (d, J = 8.4 Hz, 1H), 6.66 (d, J = 7.6 Hz, 1H), 3.90 (s, 3H),
2.22 (t, J = 7.2 Hz, 1H), 1.81-1.50 (m, 7H), 1.30-1.08 (m, 20H), 0.90-0.74 (m, 2H); *C NMR
(101 MHz, CDCly): §162.2, 146.0, 138.9, 131.4, 110.3, 83.4, 53.2, 37.5, 37.3, 33.4, 33.3, 33.0,
29.7, 28.3, 26.7, 26.4, 26.2, 24.65, 24.60. HRMS (ESI) calculated for [M+Na]"[C,H3sBNOsNa]*

requires m/z 396.2686, found m/z 396.2687.

~ (S)-2-(1-(benzo[b]thiophen-3-yl)-4-cyclohexylbutyl)-4,4,5,5-

o_ o

B

tetramethyl-1,3,2-dioxaborolane (2p): Prepared according to the

s : general procedure using Co(OAc), (0.0086 g, 0.049mmol), L8 (0.0246

g, 0.060mmol), Et,O (1 mL), 1p (0.2911 g, 1.0 mmol) and HBpin (180 pL, 1.2 mmol). After 24 h,
the resulting solution was added 20 mL of ether and filtered through a pad of silica gel, washed by
ether (10 mL x 2). The combined filtrates were concentrated and purified by flash column
chromatography using PE/EtOAc = 100/1 as the eluent to afford 2p (0.3361 g, 0.87mmol, 87%
yield) as a white solid.IR (neat): 2921, 2850, 1368, 1323, 1142 cm™; Optical Rotation: [a]*’p =
+12.4 (c 1.02, CHCI3), 99% ee determined by HPLC after oxidized to the corresponding alcohol,
HPLC conditions: Chiralcel AS-H, n-hexane/i-PrOH = 99/1, 1.0 mL/min, n = 220 nm, tr15.02
(major), 16.17 (minor). "H NMR (400 MHz, CDCly): § 7.92-7.74 (m, 2H), 7.38-7.28 (m, 2H), 7.14
(s, 1H), 2.73 (t, J = 7.6 Hz, 1H), 1.98-1.84 (m, 1H), 1.82-1.73 (m, 1H), 1.72-1.57 (m, 5H),
1.41-1.31 (m, 2H), 1.26-1.10 (m, 18H), 0.90-0.78 (m, 2H);**C NMR (101 MHz, CDCls): 5140.3,
139.2, 137.7, 123.9, 123.4, 122.7, 122.1, 120.3, 83.4, 37.49, 37.46, 33.4, 31.7, 26.71, 26.67, 26.4,

24.7, 24.6. HRMS (ESI) calculated for [M+H]'[C24H3sB0,S]" requires m/z 399.2529, found m/z

399.2532.

#_P (S)-2-(1,5-diphenylpentyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane  (2q):
g Prepared according to the general procedure using Co(OAc), (0.0045 g, 0.025
Ph Ph
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mmol), L8 (0.0126 g, 0.031 mmol), Et,O (1 mL), 1q (0.2220 g, 1.0 mmol) and HBpin (180 pL,
1.2 mmol). After 20 h, the resulting solution was added 20 mL of ether and filtered through a pad
of silica gel, washed by ether (10 mL>2). The combined filtrates were concentrated and purified
by flash column chromatography using PE/EtOAc = 20/1 as the eluent to afford 2g (0.3200 g,
0.91 mmol, 91% vyield) as a colorless oil. IR (neat): 2978, 2929, 2858, 1458, 1368, 1325, 1145
cm™; Optical Rotation: [0]*’p = +17.4 (¢ 1.29, CHCIy) (lit.: [0]*’b = -11.8 (c 2.43, CHCls), 98%
ee), 99% ee determined by HPLC after oxidized to the corresponding alcohol, HPLC conditions:
Chiralcel AS-H, n-hexane/i-PrOH = 98/2, 1.0 mL/min, n = 220 nm, tr 11.9 (minor), 13.5
(major)."H NMR (400 MHz, CDCly): & 7.28-7.18 (m, 6H), 7.17-7.10 (m, 4H), 2.61-2.51 (m, 2H),
2.29 (t, J = 7.6 Hz, 1H), 1.93-1.80 (m, 1H), 1.75-1.59 (m, 3H),1.37-1.28 (m, 2H), 1.18 (s, 6H),
1.16 (s, 6H); *C NMR (101 MHz, CDCl,): §143.3, 142.8, 128.4, 128.3, 128.22, 128.16, 125.5,
125.1, 83.2, 35.8, 32.5, 31.4, 28.9, 24.6, 24.5.HRMS (EI) calculated for[C3H3:BO,]" requires m/z

350.2417, found m/z350.2414.

#_F (S)-4,4,5,5-tetramethyl-2-(6-(2-methyl-1,3-dioxolan-2-yl)-1-phenylhexyl
O o/_\o )-1,3,2-dioxaborolane (2r): Prepared according to the general procedure
o using Co(OAc), (0.0045 g, 0.025 mmol), L8 (0.0126 g, 0.031 mmol), Et,O
(1 mL), 1r (0.2468 g, 1.0 mmol) and HBpin (180 pL, 1.2 mmol). After 20 h, the resulting solution
was added 20 mL of ether and filtered through a pad of silica gel, washed by ether (10 mL % 2).
The combined filtrates were concentrated and purified by flash column chromatography using
PE/EtOAC = 20/1 as the eluent to afford 2r (0.2664 g, 0.71 mmol, 71% yield) as a colorless oil. IR
(neat): 2981, 2933, 1457, 1369, 1324, 1144, 1070 cm™; Optical Rotation: [0]*’p = +15.9 (c 1.39,
CHCl3), 99% ee determined by HPLC, HPLC conditions: Chiralcel OJ-H, n-hexane/i-PrOH =
99/1, 0.5 mL/min, n = 220 nm, tr 9.9 (minor), 11.0 (major)."H NMR (400 MHz, CDCl,): &
7.27-7.16 (m, 4H), 7.15-7.09 (m, 1H), 3.96-3.85 (m, 4H), 2.28 (t, J = 8.4 Hz, 1H), 1.89-1.78 (m,
1H), 1.70-1.56 (m, 3H), 1.39-1.22 (m, 9H), 1.20 (s, 6H), 1.18 (s, 6H); *C NMR (101 MHz,
CDCly): 6143.4, 128.3, 128.2, 125.0, 110.2, 83.2, 64.5, 39.2, 32.4, 29.9, 29.2, 24.6, 24.5, 24.0,

23.7. HRMS (ESI) calculated for [M+H]" calculated for[C,,H3sBO.]" requires m/z 375.2707,

found m/z375.2706.
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)Oi/w\/coza (S)-ethyl 9-hydroxy-9-phenylnonanoate (3s): Prepared according to
K the general procedure using Co(OAc), (0.0088 g, 0.050 mmol), L8
(0.0246 g, 0.060 mmol), Et,O (1 mL), 1s (0.2609 g, 1.0 mmol) and HBpin (180 pL, 1.2 mmol).
After 20 h, the resulting solution was added 20 mL of ether and filtered through a pad of silica gel,
washed by ether (10 mL x 3). The combined filtrates were concentrated and dissolved in ether (10
mL). The solution was cooled to 0T with an ice-water bath and NaOH (2 mL of a 2 M aqueous
solution) was added followed by H,0, (2 mL of a 30% aqueous solution). After stirring at room
temperature for 2 hour, the reaction mixture was diluted with ether and water. The organic layer
was separated and the aqueous layer extracted with EtOAc (3% 20 mL). The combined organic
phases were dried over anhydrous Na,SO,4 and concentrated in vacuo and purified by flash column
chromatography using PE/EtOAc = 10/1 and PE/EtOAc = 5/1as the eluent to afford 3s (0.1821 g,
0.65 mmol, 65% vyield) as a colorless oil. IR (neat): 3446, 2930, 2858, 1731, 1456, 1376, 1188,
1034 cm™; Optical Rotation: [0]*’p = -21.6 (¢ 1.22, CHCI5), 99% ee determined by HPLC, HPLC
conditions: Chiralcel AS-H, n-hexane/i-PrOH = 98/2, 1.0 mL/min, n = 220 nm, tr 23.6 (minor),
25.7 (major).*H NMR (400 MHz, CDCls): ¢ 7.38-7.31 (m, 4H), 7.30-7.23 (m, 1H), 4.70-4.60 (m,
1H), 4.11 (q, J = 6.8 Hz, 2H), 2.27 (t, J = 7.6 Hz, 2H), 1.89 (s, 1H), 1.84-1.67 (m, 2H), 1.62-1.54
(m, 2H), 1.46-1.36 (m, 1H), 1.33-1.21 (m, 10H); *C NMR (101 MHz, CDCls): 6173.9, 144.9,
128.4, 127.5, 125.9, 74.6, 60.1, 39.0, 34.3, 29.3, 29.1, 29.0, 25.7, 24.9, 14.2. HRMS (ESI)

calculated for [M+Na]"[C17H260sNa] " requires m/z 301.1780, found m/z 301.1781.

OH o

w (S)-N,N-diethyl-9-hydroxy-9-phenylnonanamide (3t): Prepared
Ph NEt,
according to the general procedure using Co(OAc), (0.0090 g, 0.051

mmol), L8 (0.0247 g, 0.060 mmol), Et,O (1 mL), 1t (0.2852 g, 0.99 mmol) and HBpin (300 pL,
2.0 mmol). After 36 h, the resulting solution was added 20 mL of ether and filtered through a pad
of silica gel, washed by ether (10 mL x 3). The combined filtrates were concentrated and dissolved
in THF/H,0 (10/10 mL). The solution was cooled to 0<C with an ice-water bath and NaBO3 4H,0
(0.6188 g, 4.0 mmol) was added to this solution. After stirring at room temperature for 2 hour, the
reaction mixture was diluted with ether and water. The organic layer was separated and the
aqueous layer extracted with EtOAc (4= 20 mL). The combined organic phases were dried over

anhydrous Na,SO,4 and concentrated in vacuo and purified by flash column chromatography using
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PE/EtOAC (5/1 to 2/1) as the eluent to afford 3t (0.1950 g, 0.64 mmol, 64% yield) as a colorless
oil. IR (neat): 3403, 2930, 2854, 1623, 1454 cm™; Optical Rotation: [0]*°p = -21.0 (c 0.95, CHCIs),
99% ee determined by HPLC, HPLC conditions: Chiralcel OD-H, n-hexane/i-PrOH = 90/10, 1.0
mL/min, n = 220 nm, tr 18.3 (major), 20.2 (minor). '"H NMR (400 MHz, CDCl,): 6 7.38-7.24 (m,
5H), 4.66 (dd, J = 6.8, 6.0 Hz, 1H), 3.35 (q, J = 7.2 Hz, 2H), 3.28 (9, J = 7.2 Hz, 2H), 2.26 (t, J =
7.6 Hz, 2H), 2.11 (s, 1H), 1.89-1.54 (m, 4H), 1.46-1.22 (m, 8H), 1.16 (t, J = 7.2 Hz, 3H), 1.10 (t, J
= 7.2 Hz, 3H); *C NMR (101 MHz, CDCly): 6 172.3, 145.0, 128.4, 127.4, 125.9, 74.5, 41.9, 40.0,
39.1, 33.1, 29.4, 29.3, 25.7, 25.4, 14.4, 13.1.HRMS (ESI) calculated for [M+Na]‘[C19H3;NO,Na]"

requires m/z 328.2252, found m/z 328.2256.

OH

)\/\/\/\X (S)-9-methyl-1-phenyldecane-1,9-diol (3u): Prepared according to
) ” the general procedure using Co(OAc), (0.0045 g, 0.025 mmol), L8
(0.0124 g, 0.03 mmol), Et,O (1 mL), 1u (0.1235 g, 0.5 mmol) and HBpin (180uL, 1.2 mmol).
After 20 h, the resulting solution was added 20 mL of ether and filtered through a pad of silica gel,
washed by ether (10 mL x 3). The combined filtrates were concentrated and dissolved in ether (10
mL). The solution was cooled to 0T with an ice-water bath and NaOH (2 mL of a 2 M aqueous
solution) was added followed by H,0, (2 mL of a 30% aqueous solution). After stirring at room
temperature for 2 h, the reaction mixture was diluted with ether and water. The organic layer was
separated and the aqueous layer extracted with EtOAc (3% 20 mL). The combined organic phases
were dried over anhydrous Na,SO, and concentrated in vacuo and purified by flash column
chromatography using PE/EtOAc = 5/1 as the eluent to afford 3u (0.0610 g, 0.23mmol, 46% yield)
as a colorless oil.IR (neat): 3360, 2931, 2856, 1454, 1378,1045 cm-1; Optical Rotation: [0]*p =
-24.2 (c 2.10, CHCI3), 99% ee determined by HPLC, HPLC conditions: Chiralcel AS-H,
n-hexane/i-PrOH = 90/10, 1.0 mL/min, n = 220 nm, tr 7.6 (minor), 8.2 (major). *H NMR (400
MHz, CDCly): 6 7.38-7.29 (m, 4H), 7.30-7.22 (m, 1H), 4.63 (t, J = 6.4 Hz, 1H), 2.22 (s, 1H), 1.86-
1.61 (m, 2H), 1.48-1.34 (m, 4H), 1.36 -1.21 (m, 9H), 1.18 (s, 6H); *C NMR (101 MHz, CDCly):
01449, 128.3, 127.4, 125.8, 74.5, 71.0, 43.8, 39.0, 30.0, 29.45, 29.40, 29.1, 25.7, 24.2. HRMS

(ESI) calculated for [M+Na]*[C17H250,Na]" requires m/z 287.1987, found m/z 287.1987.
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#—F (S)-9-phenyl-9-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
-4 yl)nonan-1-ol (2v): Prepared according to the general procedure
using Co(OAc), (0.0087 g, 0.049 mmol), L8 (0.0249 g, 0.060 mmol),

Et,O (1 mL), 1v (0.0.2183 g, 1.0 mmol) and HBpin (180 uL, 1.2 mmol). After 24 h, the resulting
solution was added 20 ml of ether and filtered through a pad of silica gel, washed by ether (20 ml
X 3). The combined filtrates were concentrated and purified by flash column chromatography
using PE/EtOAc = 3/1 as the eluent to afford 2v (0.1500 g, 0.43 mmol, 43% yield) as a colorless
oil. IR (neat): 3376, 2926, 2854, 1453, 1370, 1323, 1143 cm™; Optical Rotation: [a]*’p = +14.5 (c
1.04, CHCIy), >99% ee determined by HPLC, HPLC conditions: Chiralcel AS-H,
n-hexane/i-PrOH = 95/5, 1.0 mL/min, n = 220 nm, tr 37.9 (minor), 40.1 (major)."H NMR (400
MHz, CDCl,): 6 7.26-7.17 (m, 4H), 7.16-7.07 (m, 1H), 3.62 (t, J = 6.4 Hz, 2H), 2.29 (t, J = 7.6 Hz,
1H), 1.92-1.77 (m, 1H), 1.67-1.49 (m, 3H), 1.35-1.22 (m, 11H), 1.20 (s, 6H), 1.18 (s, 6H); °C
NMR (101 MHz, CDCls): § 143.5, 128.3, 128.2, 125.0, 83.2, 63.1, 32.8, 32.5, 29.5, 29.4, 29.3,
29.2, 25.7, 24.62, 24.55; HRMS (EI) calculated for [Cx;H3sBO3]" requires m/z 346.2679, found

m/z 346.2677.

ji/\/\/\/\ /Oi (S)-2-(9-hydroxy-9-phenylnonyl)isoindoline-1,3-dione  (3w):
Ph N

5 Prepared according to the general procedure using Co(OAC),
(0.0045 g, 0.025 mmol), L8 (0.0125 g, 0.030 mmol), Et,O (1 mL), 1w (0.1740 g, 0.5 mmol) and
HBpin (180 pL, 1.2 mmol). After 20 h, the resulting solution was added 20 mL of ether and
filtered through a pad of silica gel, washed by ether (10 mL x 3). The combined filtrates were
concentrated and dissolved in ether (10 mL). The solution was cooled to 0<C with an ice-water
bath and NaOH (2 mL of a 2 M aqueous solution) was added followed by H,0, (2 mL of a 30%
aqueous solution). After stirring at room temperature for 2 hour, the reaction mixture was diluted
with ether and water. The organic layer was separated and the aqueous layer extracted with EtOAc
(3%20 mL). The combined organic phases were dried over anhydrous Na,SO, and concentrated in
vacuo and purified by flash column chromatography using PE/EtOAc = 5/1 as the eluent to afford
3w (0.1029 g, 0.28 mmol, 56% yield) as a colorless oil. IR (neat): 3471, 2928, 2857, 1771, 1710,
1400, 1062 cm™; Optical Rotation: [a]”p = -10.9 (¢ 1.20, CHCI;), 86% ee determined by HPLC,

HPLC conditions: Chiralcel AS-H, n-hexane/i-PrOH = 80/20, 1.0 mL/min, n = 220 nm, tr 9.8
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(minor), 11.0 (major). *H NMR (400 MHz, CDCly): 6 7.86-7.78 (m, 2H), 7.74-7.66 (m, 2H),
7.40-7.20 (m, 5H), 4.64 (t, J = 6.8 Hz, 1H), 3.65 (t, J = 7.2 Hz, 2H), 2.18 (s, 1H), 1.83-1.56 (m,
4H), 1.45-1.15 (m, 10H); **C NMR (101 MHz, CDCl,): 5168.4, 144.9, 133.8, 132.0, 128.3, 127.3,
125.8, 123.1, 74.5, 39.0, 37.9, 29.3, 29.2, 28.9, 28.5, 26.7, 25.6. HRMS (ESI) calculated for
[M+Na]*[C,3H27NO3Na]* requires m/z 388.1889, found m/z 388.1892.
OH Bpin .

. /y\/\ < . /,p\/\ > (S)-1-phenylbutan-1-ol (3x): Prepared according to the general

3x 2x procedure using Co(OAc), (0.0045 g, 0.025 mmol), L8 (0.0125 g,
0.030 mmol), Et;O (1 mL), 1x (0.1328 g, 1.0 mmol) and HBpin (180 pL, 1.2 mmol). After 20 h,
the resulting solution was added 20 mL of ether and filtered through a pad of silica gel, washed by
ether (10 mL x2). The combined filtrates were concentrated and dissolved in ether (10 mL). The
solution was cooled to 0<C with an ice-water bath and NaOH (2 mL of a 2 M aqueous solution)
was added followed by H,0, (2 mL of a 30% aqueous solution). After stirring at room temperature
for 2 hour, the reaction mixture was diluted with ether and water. The organic layer was separated
and the aqueous layer extracted with EtOAc (3x<20 mL). The combined organic phases were dried
over anhydrous Na,SO,4 and concentrated in vacuo and purified by flash column chromatography
using PE/EtOAc = 10/1 as the eluent to afford 3x (0.0526 g, 0.35 mmol, 35% vyield) as a colorless
oil. IR (neat): 3381, 2957, 2869, 1455, 1025 cm™; Optical Rotation: [a]*’p = -51.3 (c 0.83, CHCl5)
(lit.?*: [a]® = -47.6 (c 0.5, CHCI5), 99% ee), >99% ee determined by HPLC, HPLC conditions:
Chiralcel AS-H, n-hexane/i-PrOH = 98/2, 1.0 mL/min, n = 220 nm, tr 8.8 (minor), 10.6 (major).’H
NMR (400 MHz, CDCly): 6 7.39-7.32 (m, 4H), 7.30-7.24 (m, 1H), 4.66 (t, J = 6.4 Hz, 1H), 1.92 (s,
1H), 1.84-1.74 (m, 1H), 1.72-1.62 (m, 1H), 1.50-1.38 (m, 1H), 1.36-1.22 (m, 1H), 0.93 (t, J = 7.2
Hz, 3H);13C NMR (101 MHz, CDCly): 0144.9, 128.4, 127.4, 125.9, 74.4, 41.2, 19.0, 13.9. All the
spectroscopic data were in agreement with the reported ones.*The absolute configuration of 2x
was verified by comparison of the optical rotation of 3x with previously reported data®* and the

other products were then assigned by analogy.

OH (S)-1-phenylpentadecan-1-ol (3y): Prepared according to the general

Ph

®  procedure using Co(OAc), (0.0045 g, 0.025 mmol), L8 (0.0126 g, 0.031

mmol), Et;O (1 mL), 1y (0.2880 g, 1.0 mmol) and HBpin (180 pL, 1.2 mmol). After 20 h, the
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resulting solution was added 20 mL of ether and filtered through a pad of silica gel, washed by
ether (10 mL < 2). The combined filtrates were concentrated and dissolved in ether (10 mL). The
solution was cooled to 0<C with an ice-water bath and NaOH (2 mL of a 2 M aqueous solution)
was added followed by H,O, (2 mL of a 30% aqueous solution). After stirring at room temperature
for 2 hour, the reaction mixture was diluted with ether and water. The organic layer was separated
and the aqueous layer extracted with EtOAc (320 mL). The combined organic phases were dried
over anhydrous Na,SO,4 and concentrated in vacuo and purified by flash column chromatography
using PE/EtOAc = 10/1 as the eluent to afford 3y (0.2008 g, 0.66 mmol, 65% vyield) as a colorless
oil. IR (neat): 3368, 2919, 2852, 1463, 1062 cm*;OpticalRotation: [a]*’p = -18.3 (¢ 1.03, CHCls),
98% ee determined by HPLC, HPLC conditions: Chiralcel OD-H, n-hexane/i-PrOH = 98/2, 1.0
mL/min, n = 220 nm, tr 8.2 (minor), 10.1 (major)."H NMR (400 MHz, CDCl,): 6 7.38-7.32 (m,
4H), 7.31-7.24 (m, 1H), 4.70-4.63 (m, 1H), 1.90-1.65 (m, 3H), 1.44-1.20 (m, 24H), 0.88 (t, J = 6.8
Hz, 3H); ©*C NMR (101 MHz, CDCls): 6144.9, 128.4, 127.5, 125.9, 74.7, 39.1, 31.9, 29.68, 29.66,
29.64, 29.57, 29.53, 29.52, 29.4, 25.8, 22.7, 14.1. HRMS (ESI) calculated for [M+H]"[C»;H3,0]"

requires m/z 305.2844, found m/z 305.2831.

\)+ (S)-2-(6,6-dimethyl-1-phenylheptyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborola
o\)s;o/v\ ne (2z): Prepared according to the general procedure using Co(OAc), (0.0046
Ph tBu

g, 0.026 mmol), L8 (0.0125 g, 0.030 mmol), Et,0 (1 mL), 1z (0.2020 g, 1.0
mmol) and HBpin (180 pL, 1.2 mmol). After 20 h, the resulting solution was added 20 mL of ether
and filtered through a pad of silica gel, washed by ether (10 mL = 2). The combined filtrates were
concentrated and purified by flash column chromatography using PE/EtOAc = 20/1 as the eluent
to afford 2z (0.2741 g, 0.83 mmol, 83% yield) as a colorless oil. IR (neat): 2934, 1465, 1367, 1324,
1146 cm'™; Optical Rotation: [a]*’p = +17.8 (¢ 1.02, CHCI5), 98% ee determined by HPLCafter
oxidized to the corresponding alcohol, HPLC conditions: Chiralcel AS-H, n-hexane/i-PrOH = 98/2,
1.0 mL/min, n = 220 nm, tr 5.9 (minor), 6.4 (major)."H NMR (400 MHz, CDCl5): 6 7.28-7.18 (m,
4H), 7.15-7.09 (m, 1H), 2.29 (t, J = 8.0 Hz, 1H), 1.91-1.79 (m, 1H), 1.70-1.60 (m, 1H), 1.29-1.17
(m, 16H), 1.15-1.08 (m, 2H), 0.84 (s, 9H); *C NMR (101 MHz, CDCls): §143.5, 128.4, 128.2,
125.0, 83.2, 44.1, 32.7, 30.3, 29.4, 24.62, 24.57.HRMS (ESI) calculated for [M+H]"[C2H3sBO,]"

requires m/z 331.2808, found m/z 331.2812.
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\)_P (S)-2-(6-cyclohexyl-1-phenylhexyl)-4,4,5,5-tetramethyl-1,3,2-dioxabor

Ong© olane (2aa): Prepared according to the general procedure using Co(OAc),

i (0.0045 g, 0.025 mmol), L8 (0.0123 g, 0.030 mmol), Et,O (1 mL), laa
(0.2426 g, 1.0 mmol) and HBpin (180 pL, 1.2 mmol). After 20 h, the resulting solution was added
20 mL of ether and filtered through a pad of silica gel, washed by ether (10 mL x 2). The
combined filtrates were concentrated and purified by flash column chromatography using
PE/EtOACc = 20/1 as the eluent to afford 2aa (0.3203 g, 0.86 mmol, 86% vyield) as a colorless oil.
IR (neat): 2981, 2925, 2852, 1454, 1364, 1324, 1145 cm™; Optical Rotation: [a]*p = +14.2 (c 0.85,
CHCl3), 99% ee determined by HPLC after oxidized to the corresponding alcohol, HPLC
conditions: Chiralcel AS-H, n-hexane/i-PrOH = 98/2, 1.0 mL/min, n = 220 nm, tr 6.0 (minor), 6.5
(major)."H NMR (400 MHz, CDCl): § 7.27-7.17 (m, 4H), 7.14-7.08 (m, 1H), 2.29 (t, J = 7.6 Hz,
1H), 1.87-1.78 (m, 1H), 1.71-1.57 (m, 6H), 1.31-1.06 (m, 24H), 0.90-0.77 (m, 2H); *C NMR (101
MHz, CDCl,): 6143.5, 128.3, 128.2, 125.0, 83.2, 37.6, 37.5, 33.4, 32.6, 29.9, 29.3, 26.8, 26.7, 26.4,
24.6, 24.5. HRMS (ESI) calculated for [M+H][C24H4BO,]" requires m/z 371.3121, found m/z

371.3128.

\)_P (S)-2-(10-cyclohexyl-1-phenyldecyl)-4,4,5,5-tetramethyl-1,3,2-

(0)

W dioxaborolane (2ab): Prepared according to the general
Ph

procedure using Co(OAc), (0.0089 g, 0.050 mmol), L8 (0.0249
g, 0.060 mmol), Et,0O (1 mL), 1ab (0.2980 g, 1.0 mmol) and HBpin (180 puL, 1.2 mmol). After 20
h, the resulting solution was added 20 mL of ether and filtered through a pad of silica gel, washed
by ether (10 mL x 2). The combined filtrates were concentrated and purified by flash column
chromatography using PE/EtOAc = 20/1 as the eluent to afford 2ab (0.2482 g, 0.58 mmol, 58%
yield) as a colorless oil. IR (neat): 2925, 2853, 1455, 1366, 1324, 1145 cm™t: Optical Rotation:
[a]®p = +14.3 (c 1.11, CHCI5); 99% ee determined by HPLC after oxidized to the corresponding
alcohol, HPLC conditions: Chiralcel OD-H, n-hexane/i-PrOH = 98/2, 1.0 mL/min, n = 220 nm, tr
8.8 (minor), 10.7 (major)."H NMR (400 MHz, CDCl,): 6 7.27-7.18 (m, 4H), 7.15-7.08 (m, 1H),
2.29 (t, J = 8.0 Hz, 1H), 1.86-1.77 (m, 1H), 1.75-1.57 (m, 6H), 1.31-1.08 (m, 32H), 0.90-0.78 (m,
2H); *C NMR (101 MHz, CDCly): 5143.5, 128.3, 128.2, 125.0, 83.2, 37.7, 37.6, 33.4, 32.6, 30.0,

29.7, 29.6, 295, 29.3, 26.9, 26.8, 26.4, 246, 245. HRMS (ESI) calculated for
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[M+Na][CasH4,BO,Na]" requires m/z 449.3567, found m/z 449.3577.

#_F (S)-2-(3-cyclohexyl-1-phenylpropyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane

O, (0}

~g” (2ac): Prepared according to the general procedure using Co(OAc), (0.0045 g,
Ph/k/\o 0.025 mmol), L8 (0.0125 g, 0.030 mmol), Et,O (1 mL), lac (0.2006 g, 1.0
mmol) and HBpin (180 pL, 1.2 mmol). After 20 h, the resulting solution was

added 20 mL of ether and filtered through a pad of silica gel, washed by ether (10 mL < 2). The
combined filtrates were concentrated and purified by flash column chromatography using
PE/EtOACc = 20/1 as the eluent to afford 2ac (0.2443 g, 0.74 mmol, 74% yield) as a colorless oil.
IR (neat): 2980, 2924, 2852, 1453, 1368, 1324, 1147 cm™; Optical Rotation: [o]*’p = +15.1 (c 1.1,
CHCl3), 99% ee determined by HPLC after oxidized to the corresponding alcohol, HPLC
conditions: Chiralcel AS-H, n-hexane/i-PrOH = 99.1/0.9, 1.0 mL/min, n = 220 nm, tr 10.5 (minor),
11.1 (major). *H NMR (400 MHz, CDCly): 6 7.27-7.18 (m, 4H), 7.14-7.08 (m, 1H), 2.25 (t, J = 7.6
Hz, 1H), 1.89-1.79 (m, 1H), 1.73-1.58 (m, 6H), 1.26 -1.07 (m, 18H), 0.90-0.78 (m, 2H); *C NMR
(101 MHz, CDCl,): 6143.5, 128.3, 128.2, 125.0, 83.2, 37.7, 37.1, 33.4, 33.3, 29.9, 26.7, 26.4, 24.6,

24.5. HRMS (EI) calculated for[C»H33BO,]" requires m/z 328.2574, found m/z 328.2574.

#_F (S)-2-(cyclohexyl(phenyl)methyl)-4,4,5,5-tetramethyl-1,3,2-dioxabo
g rolane (2ad): Prepared according to the general procedure using Co(OAc),

(0.0179 g, 0.010mmol), L8 (0.0495 g, 0.12mmol), Et,O (1 mL), lad (0.1744 g,

1.0 mmol) and HBpin (180 pL, 1.2 mmol). After 48 h, the resulting solution was
added 20 ml of ether and filtered through a pad of silica gel, washed by ether (10 mL > 2). The
combined filtrates were concentrated and purified by flash column chromatography using
PE/EtOAC = 100/1 as the eluent to afford 2ad (0.1670 g, 0.55 mmol, 55% yield) a colorless oil. IR
(neat): 2922, 2851, 1449, 1356, 1318, 1143 cm™; Optical Rotation: [a]p = +13.0 (c 0.99,
CHCly3), >99 % ee determined by HPLC, HPLC conditions: Chiralcel AS-H, n-hexane/i-PrOH =
98/2, 1.0 mL/min, n = 220 nm, tr 8.3 (minor), 10.0 (major). '"H NMR (400 MHz, CDCls): ¢
7.25-7.16 (m, 4H), 7.15-7.08 (m, 1H), 2.04 (d, J = 10.4 Hz, 1H), 1.87-1.66 (m, 3H), 1.48-1.23 (m,
4H), 1.19 (s, 6H), 1.17 (s, 6H), 1.15-0.95 (m, 3H), 0.86-0.68 (m, 1H); *C NMR (101 MHz,

CDCl3): ¢ 141.7, 129.1, 128.0, 125.1, 83.1, 40.2, 33.8, 32.4, 26.6, 26.5, 26.3, 24.6, 24.5; HRMS
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(E) calculated for [C1gH20BO,]" requires m/z 300.2261, found m/z 300.2258.

w (S)-1-phenyl-6-(o-tolyl)hexan-1-ol (3ae): Prepared according to the
Ph

general procedure using Co(OAc), (0.0045 g, 0.025 mmol), L8 (0.0126 g,
0.031 mmol), Et;O (1 mL), lae (0.1259 g, 0.5 mmol) and HBpin (90 pL, 0.6 mmol). After 20 h,
the resulting solution was added 20 mL of ether and filtered through a pad of silica gel, washed by
ether (10 mL x2). The combined filtrates were concentrated and dissolved in ether (10 mL). The
solution was cooled to 0<C with an ice-water bath and NaOH (2 mL of a 2 M aqueous solution)
was added followed by H,0, (2 mL of a 30% aqueous solution). After stirring at room temperature
for 2 hour, the reaction mixture was diluted with ether and water. The organic layer was separated
and the aqueous layer extracted with EtOAc (320 mL). The combined organic phases were dried
over anhydrous Na,SO,4 and concentrated in vacuo and purified by flash column chromatography
using PE/EtOAc = 10/1 as the eluent to afford 3ae (0.0903 g, 0.34mmol, 67% vyield, 11/1 ratio) as
a colorless oil.IR (neat): 3349, 2930, 2857, 1492, 1454, 1027 cm™; Optical Rotation: [a]”’p =
-21.3 (c 1.40, CHCI3), 98% ee determined by HPLC, HPLC conditions: Chiralcel OJ-H,
n-hexane/i-PrOH = 98/2, 1.0 mL/min, n = 220 nm,tr 41.3 (minor), 44.6 (major). '"H NMR (400
MHz, CDCl3) & 7.38-7.03 (m,9H), 4.89 (t, J = 6.4 Hz, 0.08H), 4.63 (t, J = 6.4 Hz, 0.95H),
2.63-2.52 (m, 2H), 2.30 (s, 0.24H), 2.27 (s, 2.55H), 1.92 (s, 1H), 1.86-1.23 (m, 8H).HRMS (ESI)

calculated for [M+Na][C19H4ONa]" requires m/z 291.1725, found m/z 291.1735.

OH OH OH
Cy Cy Cy

(Z)-3af (E)-3af

Prepared according to the general procedure using Co(OAc), (0.0023 g, 0.013 mmol), L8 (0.0063
g, 0.015 mmol), Et,0 (0.5 mL), 1af (0.0901 g, 0.25 mmol) and HBpin (40 pL, 0.26 mmol). After
20 h, the resulting solution was added 20 mL of ether and filtered through a pad of silica gel,
washed by ether (10 mL x 3). The combined filtrates were concentrated and dissolved in ether (10
mL). The solution was cooled to 0<C with an ice-water bath and NaOH (1.0 mL of a 2 M aqueous

solution) was added followed by H,O, (1.0 mL of a 30% aqueous solution). After stirring at room
s301



temperature for 2 hour, the reaction mixture was diluted with ether and water. The organic layer
was separated and the aqueous layer extracted with EtOAc (3% 20 mL). The combined organic
phases were dried over anhydrous Na,SO,4 and concentrated in vacuo and purified by flash column
chromatography using PE/EtOAc = 20/1 and PE/EtOAc = 10/1 as the eluent to afford a mixture of
(2)-3af and (E)-3af (0.0504 g, 0.13 mmol, 54% vyield, (Z)-3af /(E)-3af = 1.26/1) as a colorless oil.
94 % ee for (Z2)-3af and 94% ee for (E)-3af determined by HPLC, HPLC conditions: Chiralcel
AS-H, n-hexane/i-PrOH = 98/2, 1.0 mL/min, n = 220 nm, trz).3ss 7.3 (minor), 8.7 (major) and
tr(e)-3ar 10.9 (minor), 14.5 (major). 'H NMR (400 MHz, CDCls) § 7.36-7.05 (m, 9H), 5.86-5.78 (m,
0.42H), 5.53-5.45 (m, 0.53H), 4.64 (t, J = 6.8 Hz, 1H), 2.76 (t, J = 7.6 Hz, 0.91H), 2.64 (t, J = 7.6
Hz, 1.17H), 2.57-2.48 (m, 0.93H), 2.34-2.24 (m, 1.14H), 2.01 (s, 1.68H), 1.96 (s, 1.30H),

1.84-1.61 (m, 7H), 1.49-1.10 (m, 9H), 0.92-0.78 (m, 2H).

(5)-(R)-2,5,7,8-tetramethyl-2-((4R,8R)-4,8,12-trimethyltridecyl)chroman-6-yl-9-hydroxy-9-p

henylnonanoate (3ag): Prepared according to the general procedure using Co(OAc), (0.0045 g,
0.025 mmol), L8 (0.0126 g, 0.031 mmol), Et,O (1 mL), 1ag (0.3220 g, 0.5 mmol) and HBpin (90
uL, 0.6 mmol). After 20 h, the resulting solution was added 20 mL of ether and filtered through a
pad of silica gel, washed by ether (10 mL x 3). The combined filtrates were concentrated and
dissolved in ether (10 mL). The solution was cooled to 0<C with an ice-water bath and NaOH (2
mL of a 2 M aqueous solution) was added followed by H,0, (2 mL of a 30% aqueous solution).
After stirring at room temperature for 2 hour, the reaction mixture was diluted with ether and
water. The organic layer was separated and the aqueous layer extracted with EtOAc (3% 20 mL).
The combined organic phases were dried over anhydrous Na,SO,4 and concentrated in vacuo and
purified by flash column chromatography using PE/EtOAc = 5/1 as the eluent to afford 3ag
(0.1989 g, 0.30 mmol, 60% yield) as a colorless oil. IR (neat): 3559, 2930, 2857, 1753, 1459, 1148,
1102 cm™; Optical Rotation: [a]®p = -7.0 (c 0.91, CHCI5), 98% de determined by HPLC, HPLC
conditions: Chiralcel AD-H, n-hexane/i-PrOH = 95/5, 1.0 mL/min, n = 220 nm, tr 8.2 (major), 9.3
(minor)."H NMR (400 MHz, CDCl,): & 7.37-7.30 (m, 4H), 7.30-7.22 (m, 1H), 4.64 (t, J = 6.4 Hz,

1H), 2.62-2.51 (M, 4H), 2.12-1.90 (m, 10H), 1.86-1.63 (m, 6H), 1.59-0.98 (m, 32H), 0.90-0.82 (m,
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12H); *C NMR (101 MHz, CDCly): 6 172.3, 149.3, 144.9, 1405, 128.4, 127.4, 126.6, 125.8,
124.8,122.9, 117.3, 75.0, 74.6, 39.3, 39.0, 37.4, 37.2, 34.1, 32.8, 32.7, 31.1, 29.3, 29.2, 29.1, 27.9,
25.7, 25.1, 24.8, 24.4, 22.7, 22.6, 21.0, 20.6, 19.7, 19.6, 12.9, 12.1, 11.8.HRMS (ESI) calculated

for [M+Na] [C44H004Na]" requires m/z 685.5172, found m/z 685.5176.

#‘P (S)-2-(2-cyclohexyl-1-(naphthalen-2-yl)ethyl)-4,4,5,5-tetramethyl-1,3,2-

Ongr© ‘ dioxaborolane (2ah): Prepared according to the general procedure using
Co(OAc); (0.0045 g, 0.025 mmol), L8 (0.0125 g, 0.030 mmol), Et,O (1

mL), 1ah (0.2369 g, 1.0 mmol) and HBpin (180 pL, 1.2 mmol). After 20 h,
the resulting solution was added 20 mL of ether and filtered through a pad of silica gel, washed by
ether (10 mL x 2). The combined filtrates were concentrated and purified by flash column
chromatography using PE/EtOAc = 20/1 as the eluent to afford 2ah (0.1990 g, 0.55 mmol, 55%
yield) as a white solid. IR (neat): 2922, 2850, 1448, 1323, 1141 cm™; Optical Rotation: [a]*’p =
+20.9 (c 1.15, CHCI3), 99% ee determined by HPLC after oxidized to the corresponding alcohol,
HPLC conditions: Chiralcel AS-H, n-hexane/i-PrOH = 98/2, 1.0 mL/min, n = 220 nm, tr 13.8
(minor), 18.2 (major)."H NMR (400 MHz, CDCls): § 7.82-7.70 (m, 3H), 7.63 (s, 1H), 7.46-7.35
(m, 3H), 2.63 (t, J = 8.0 Hz, 1H), 1.90-1.56 (m, 7H), 1.28-1.16 (m, 16H), 1.00-0.82 (m, 2H); *C
NMR (101 MHz, CDCly): 6141.2, 133.8, 131.7, 127.6, 127.49, 127.46, 127.4, 126.1, 125.5, 124.7,
83.3, 39.7, 36.5, 33.7, 32.9, 29.5, 26.6, 26.31, 26.25, 24.6, 24.5.HRMS (ESI) calculated for

[M+Na]*[C,4H33BO,Na]" requires m/z 387.2471, found m/z 387.2478.

Gram scale reaction:

#_P (S)-2-(1,6-diphenylhexyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane  (2a):

o;e's;o/\/\/ Prepared according to the general procedure using Co(OAc), (0.0088 g,
Ph

Ph

0.050 mmol), L8 (0.0249 g, 0.060 mmol), Et,O (5.0 mL), 1a (1.1822 g, 5.0
mmol) and HBpin (0.90 pL, 6.0 mmol). After 20 h, the resulting solution was added 20 mL of
ether and filtered through a pad of silica gel, washed by ether (10 mL x 4). The combined filtrates
were concentrated and purified by flash column chromatography using PE/EtOAc = 20/1 as the
eluent to afford 2a (1.7324 g, 4.76 mmol, 95% yield) as a colorless oil. Optical Rotation: [a]*% =

+15.8 (c 1.04, CHCIy); 99% ee determined by HPLC after oxidized to the corresponding alcohol,
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HPLC conditions: Chiralcel OJ-H, n-hexane/i-PrOH = 99/1, 0.5 mL/min, n = 220 nm, tr 10.7

(minor),12.3 (major).

Applications of chiral boronic ester

ENGZ
Bpin
1) n-BuLi, - 78 °C, THF, 3 h
+ I\ >
s 2)NBS, - 78 °C, THF, 1h

98.8% ee 47% yield, 98.0% ee
2ah anti-breast-cancer agent
4

2.0 equiv.

(S)-2-(2-cyclohexyl-1-(naphthalen-2-yl)ethyl)thiophene (4): Prepared according to the previous
reported literature,?® a solution of thiophene (32 pL, 0.40 mmol, 1.3 eq.) in THF (2.0 mL) was
cooled to -78 <T and treated with n-BuLi (160 pL, 0.40 mmol, 2.5 M in hexanes, 1.3 eq.). The
mixture was stirred at -78 <C for 10 min and at room temperature for 3 h. The mixture was cooled
to —78 <C and a solution of 2ah (0.1098 g, 0.30 mmol, 1.0 eq.) in THF (1.5 mL) was added
dropwise. The mixture was stirred at -78 <C for 1 h and a solution of NBS (0.0720 g, 0.4 mmol,
1.3 eq.) in THF (1.0 mL) was added dropwise. After 1 h at -78 <C, Na,S,05 sat. was added and the
reaction mixture was allowed to warm to room temperature. The organic layer was separated and
the aqueous layer was exracted with EtOAc (2x30 mL). The combined organic phases were dried
over anhydrous Na,SO, and concentrated in vacuo. The resulting crude product was purified by
column chromatography (silica gel, 200-300 mesh) using PE/EtOAc = 50/1 as the eluent to afford
4 (0.0454 g, 47% vyield) as a colorless oil. IR (neat): 2921, 2850, 1447, 1262 cm™; Optical
Rotation:[a]®p = +51.6 (¢ 1.0, CHCI5), 98% ee determined by HPLC, HPLC conditions: Chiralcel
0J-H, n-hexane/i-PrOH = 99/1, 0.5 mL/min, n = 220 nm, tr 22.2 (major), 29.7 (minor).lH NMR
(400 MHz, CDCly): 6 7.82-7.74 (m, 3H), 7.70 (s, 1H), 7.50-7.34 (m, 3H), 7.12 (d, J = 4.8 Hz, 1H),
6.91 (dd, J = 4.8, 4.0 Hz, 1H), 6.84 (d, J = 7.2 Hz, 1H), 4.45 (dd, J = 8.4, 7.6 Hz, 1H), 2.05 (dd, J
= 7.6, 7.2 Hz, 2H), 1.85 (d, J = 12.4 Hz, 1H), 1.75-1.54 (m, 4H), 1.29-0.89 (m, 6H); **C NMR
(101 MHz, CDCly): ¢ 150.0, 142.3, 133.5, 132.3, 128.2, 127.7, 127.6, 126.5, 126.1, 126.0, 125.9,
125.4, 123.7, IR (neat): 2981, 2933, 1457, 1369, 1324, 1144, 1070 cm-1;123.4, 44.9, 43.6, 34.9,

33.6, 32.9, 26.6, 26.1, 26.0.All the spectroscopic data were in agreement with the reported ones.”®

Utilization of a mixture of geometrical and positional alkene isomers
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! BPin
standard conditons Ph

Ph
Ph/\/\r“r\/ Ph 2a

Prepared according to the general procedure using Co(OAc), (0.0045 g, 0.025 mmol), L8 (0.0127
g, 0.031 mmol), Et,O (1 mL), 1a/1a’ (0.2360 g, 1.0 mmol, 1/1 mixture) and HBpin (180 puL, 1.2
mmol). After 20 h, the resulting solution was added 20 mL of ether and filtered through a pad of
silica gel, washed by ether (10 mL %< 2). The combined filtrates were concentrated and purified by
flash column chromatography using PE/EtOAc = 20/1 as the eluent to afford 2a (0.3456 g, 0.95
mmol, 95% vyield) as a colorless oil. Optical Rotation:[0]*’p = +15.4 (¢ 1.35, CHCI;), 99% ee
determined by HPLC after oxidized to the corresponding alcohol, HPLC conditions: Chiralcel
AD-H, n-hexane/i-PrOH = 98/2, 1.0 mL/min, n = 220 nm, tr 22.4 (major), 25.1 (minor). '*H NMR
(400 MHz, CDCls): ¢ 7.30-7.08 (m, 10H), 2.56 (t, J = 7.6 Hz, 2H), 2.28 (t, J = 7.6 Hz, 1H),

1.90-1.78 (m, 1H), 1.70-1.53 (m, 3H), 1.39-1.24 (m, 4H), 1.20 (s, 6H), 1.18 (s, 6H).

Deuterium labeling experiment

CO(OAC)Z (5 mOIO/O) 1 3\/5\/©/
. L8 (6 mol%) 2
+ i 1 D
DBpin ——» 4 6
Et,0, r.t., 20 h

2 position: 31%
3-5 position: 69%
1,6 position: No D label

Prepared according to the general procedure using Co(OAc), (0.0088 g, 0.050 mmol), L8 (0.0249
g, 0.060 mmol), Et,O (1 mL), 1ai (0.2649 g, 1.0 mmol) and DBpin(180 pL,1.2 mmol). After 20 h,
the resulting solution was added 20 mL of ether and filtered through a pad of silica gel, washed by
ether (10 mL > 2). The combined filtrates were concentrated and purified by flash column
chromatography using PE/EtOAc = 20/1 as the eluent to afford 2ai (0.3828 g, 0.97 mmol, 97%
yield) as a colorless oil.IR (neat): 2925, 2855, 1366, 1322, 1144 cm™t: Optical Rotation:
[a]®p = +17.7 (c 0.90, CHCls), 99% ee determined by HPLC after oxidized to the corresponding
alcohol, HPLC conditions: Chiralcel AS-H, n-hexane/i-PrOH = 98/2, 1.0 mL/min, n = 220 nm, tr
9.7 (minor), 11.7 (major). *H NMR (400 MHz, C¢Ds) 5 7.30 (d, J = 7.6 Hz, 2H), 7.04 (d, J = 8.0
Hz, 2H), 7.01-6.98 (m, 4H), 2.52-2.42 (m, 3H), 2.16 (s, 3H),2.14 (s, 3H), 2.11-1.98 (m, 0.84 H),

1.89-1.76 (m, 0.85H), 1.60-49 (m, 1.90 H), 1.47-1.24 (m, 3.41H), 1.02 (s, 6H), 1.00 (s, 6H); 2H

S305



NMR (76.8 MHz, CHCI;+CDCl3) 6, 1.87, 1.63, 1.37.

The parallel reaction of the alkene (E)-1aj and (Z)-1aj

Prepared according to the general procedure using Co(OAc), (0.0044 g, 0.025 mmol), L8 (0.0124
g, 0.03 mmol), Et,O (1.0 mL), (Z2)-1aj (0.1040 g, 0.5 mmol) and HBpin (90 pL, 0.6 mmol). After
the reaction was complete, the resulting solution was added 20 ml of ether and filtered through a
pad of silica gel, washed by ether (10 ml x 2). The combined filtrates were concentrated and
analysed by *H NMR using TMSPh (10 uL) as the internal standard.

Supplementary Table 4.The parallel reaction of the alkene (E)-1aj and (Z)-1aj

e
(E)-1aj Co(OACc), (5.0 mol%) BPin
L8 (6.0 mol%) Ph
- " HBpin ELO (05 M), rt,0-16n "
_ ,0 (0.5M),r.t.,0-
en—" \_pn
(Z)1aj
Entry Time/h Yield (from (E)-1aj) Yield (from (Z2)-1aj)
1 0 0% 0%
2 3 34% 33%
3 5 54% 52%
4 7 72% 71%
5 11 88% 85%
6 16 96% 97%

100 -+

80 -

60

Yield (%)

40 -

20 -

0 2 4 6 8 10 12 14 16
Time (h)

Supplementary Figure 246 The effect of stereochemistry of alkenes on the kinetics of the

reaction
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Time course reaction:

Prepared according to the general procedure using Co(OAc), (0.0022 g, 0.0125 mmol), L8
(0.0062 g, 0.015 mmol), Et,O (0.5 mL), 1b (0.1072 g, 0.5 mmol) and HBpin (90 pL, 0.6 mmol).
After the reaction was complete, the resulting solution was added 20 ml of ether and filtered
through a pad of silica gel, washed by ether (10 ml x 2). The combined filtrates were concentrated

and analysed by "H NMR using TMSPh (10 uL) as the internal standard.

Supplementary Table 5. Time course of alkene isomeration-hydroboration

Co(OAc), (2.5 mol%)
ligand (3.0 mol%)
_—

Et,0, r.t., 0-20 h

1b
Ph X Ph 7 Ph N Ph = Ph
1b 1ba 1bb 1bc 2b

e 2 YO R HBpin

Entry time/h 1b? 1ba® 1bb? 1bc? 2b°
1 0 100.0% 0.0% 0.0% 0.0% 0.0%
2 2 53.5% 21.0% 0.2% 16.5% 9.0%
3 4 33.3% 17.5% 0.1% 23% 19.5%
4 6 22.0% 13.7% 1.6% 23% 36.0%
5 8 14.5% 9.3% 0.3% 25.5% 43.0%
6 10 3.5% 2.3% 0.0% 24.5% 64.5%
7 13 2.0% 0.7% 0.0% 14.5% 77.0%
8 16 0.0% 0.0% 0.0% 2.1% 89.5%
9 20 0.0% 0.0% 0.0% 0.85% 91.0%

*Yields were determined by *H NMR using TMSPh as the internal standard, and is an average of

two runs (0.5 mmol scale).
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Yield (%)

Time (h)

Supplementary Figure 247 The time course study of 1b.

Isomerization through alkene bearing branched chains with a pre-exisiting stereocenter.

Co(OACc), (20 mol%)

= OH
H L8 (24 mol%) NaOH, H,0, *

Phwcy + HBpin - > P o
5 Et,O (1 M), r.t.,48h Et,0,0°C-rt,2h 5

1.0 mmol 1.6 equiv 8% isolated yield
(Z/IE= 4.9, 92% ee) ‘o equiv. (14% NMR yield)
1ak 3ak

PCC Et;SiH
—_— > Ph ¥ Cy
5

DCM,0°C-rt,2h CFS04H 0°C-r.t., 4 h
5ak

13% ee

ji/\/\)(/\/q (1S,7S)-10-cyclohexyl-7-methyl-1-phenyldecan-1-ol (3ak):
Ph

Prepared according to the general procedure using Co(OAc),

(0.0356 ¢, 0.20 mmol), L8 (0.0990 g, 0.24 mmol), Et,0 (1 mL), lak (0.3139 g, 1.0 mmol) and

HBpin (240 uL, 1.6 mmol). After 48 h, the resulting solution was added 20 mL of ether and

filtered through a pad of silica gel, washed by ether (10 mL x2). The combined filtrates were

concentrated and dissolved in ether (10 mL). The solution was cooled to 0<C with an ice-water

bath and NaOH (2 mL of a 2 M aqueous solution) was added followed by H,0, (2 mL of a 30%

aqueous solution). After stirring at room temperature for 2 hour, the reaction mixture was diluted

with ether and water. The organic layer was separated and the aqueous layer extracted with EtOAc

(3 <20 mL). The combined organic phases were dried over anhydrous Na,SO,4 and concentrated

in vacuo and purified by flash column chromatography using PE/EtOAc = 40/1 as the eluent to

afford 3ak (0.0285 g, 0.86 mmol, 9% yield) as a colorless oil. IR (neat): 3355, 2923, 2852, 1454,
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cm'’; 98% de determined by HPLC, HPLC conditions: Chiralcel OD-H, n-hexane/i-PrOH = 98/2,
1.0 mL/min, n = 220 nm, tr 8.3 (minor), 9.9 (major)."H NMR (400 MHz, CDCl5): 6 7.40-7.32 (m,
4H), 7.31-7.26 (m, 1H), 4.75-4.60 (m, 1H), 1.82-1.64 (m, 7H), 1.41-1.02 (m, 20H), 0.90-0.79 (m,
5H); BC NMR (101 MHz, CDCly): 6 144.9, 128.4, 127.5, 125.9, 74.7, 39.1, 37.9, 37.7, 37.3, 37.0,
33.5, 33.4, 32.7, 29.9, 26.9, 26.8, 26.5, 25.9, 24.2, 19.7. HRMS (EI) calculated for [Cy3H350]"
requires m/z 330.2923, found m/z 330.2921.
PhA/\/\){/\/Cy (S)-(10-cyclohexyl-7-methyldecyl)benzene (5ak): Alkane 5ak was
prepared from 3ak according to the literature?” ?® to determine the
ee value of alkyl chain on 3ak. 13% ee determined by HPLC, HPLC conditions: Chiralcel
0J-H*3, n-hexane/i-PrOH = 100/0, 0.25 mL/min, n = 220 nm, tr 55.0 (major), 56.3 (minor). 'H
NMR (400 MHz, CDCly): § 7.30-7.24 (m, 2H), 7.21-7.13 (m, 3H), 2.60 (t, J = 7.6 Hz, 2H),
1.74-1.57 (m, 7H), 1.36-1.01 (m, 19H), 0.93-0.76 (m, 5H); °C NMR (101 MHz, CDCls): 5 143.0,
128.4,128.2, 125.5, 37.9, 37.7, 37.4, 37.1, 36.0, 33.5, 33.4, 32.7, 31.5, 29.9, 29.4, 27.0, 26.8, 26.5,

24.2,19.7. HRMS (EI) calculated for [Cp3Hss]” requires m/z 314.2974, found m/z 314.2971 .

Linear effect reaction

L7 with different ee value was prepared by mixing L7 and L7, in THF solution.

Prepared according to the general procedure using Co(OAc), (0.025 mmol), L7 (0.030 mmol),
Et,0 (1 mL), 1a (0.5 mmol) and HBpin (90 uL, 0.6 mmol). After 20 h, the resulting solution was
added 20 mL of ether and filtered through a pad of silica gel, washed by ether (10 mL < 2). The
combined filtrates were concentrated and purified by flash column chromatography using
PE/EtOAc = 20/1 as the eluent to afford 2a as a colorless oil and ee value was determined by
HPLC.

Supplementary Table 6. Linear effect reaction

Entry ee value of ligand® ee value of product?
1 0.0% 0.0%
2 21.3% 20.8%
3 41.3% 35.1%
4 60.4% 53.3%
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5 80.5% 73.6%
6 99.6% 98.0%

%ee value was determined by HPLC, and is an average of two runs (0.5 mmol scale).

100% S
80% y = 0.9509x
o
3 R? =0.995
K
S 60%
Y
o
[<5]
= 40%
©
>
3
20%
O% 1 1 1 1 J
0% 20% 40% 60% 80% 100%
ee value of ligand

Supplementary Figure 248 The Linear effect reaction
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