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I Part 1. B=E

2001-2005 B.S. — Shaoxing University

2005-2010 Ph.D. — Lanzhou University Advisor: Prof. Yong-Min Liang

2010-2012 Postdoc — University of Wisconsin-Madison Advisor: Prof. Weiping Tang
2012-2015 Postdoc — University of California, Berkeley & Lawrence Berkeley
National Laboratory Advisor: Prof. F. Dean Toste and Prof. Paul Alivisatos
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l Part 1. E2/E

Si-stereogenic functional molecules

OMe

Me
H/, ' MeO
. ﬁ’fl MeO ,'Si
siH siH 0 2
\ \ L
rBi..l Me O Si* OMe S|/>
I “H ~N
HO 5 Me

Me
Si* chiral reagent Si* mechanistic probe Si* optoelectronic material Si* bioactive molecule
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I Part 1. B=148

poresie T * Jrsen 1A ]
\ R2" \”R3 /C"'”R1 1\\\..Si
X X \2 R / \X
labile R?
THBREFIHZRE KR (C77pmvs. Sill7 pm) | Lg% (C-Si bond vs. C—C bond:
Hoprpr EHE, SBEMNSERIRTE 1.87Avs. 1.54 A) | REGEMEZER

WiERS, SEEF ARSI A



I Part 2.4

—_R
\ // [{RhCI(cod)},] (0.50 mol%) = R
(R)-binap (1.2 mol%) \
SiH, > Si
1,4-dioxane, 135°C, 3 h AN
oy, et O
1 — R 2
Entry R Yield [9%]1 ee [%]"! Major
enantiomer
1 4-MeO (1b) 95 (2b) 81 (+) S
2 4-tBu (1c) 94 (2¢) 78 ) [c]
3t 4-CF; (1d) 90 (2d) 75 () 1
4 4-Ph (le) 90 (2e) 70 (+) S
5 2-MeO (1f) 73 (2f) 77 (-) [c]
& FH Y /S

RN S BER R EA SR E R A CEER O F RS

)
OO
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s-bond metathesis

AW
~H
H _H 2 H
SI.Rh*“--H T SI-.Rhi
= (O =
- Rh*

Kuninobu Y, Yamauchi K, Tamura N, Seiki T, Takai K. Rhodium-Catalyzed Asymmetric Synthesis of Spirosilabifluorene Derivatives.
Angewandte Chemie International Edition. 2013;52(5):1520-2.
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[Rh], (4 mol%) tBu entry [Rh] ligand solvent yield (%)
‘ si” Ph ligand (8 mol%) O \r 1 [Rh(cod)Cl], L1 toluene 10
Me n M A ipy (1.2 equiv) Me SI\Ph 2 [Rh(cod)Cl], L2 toluene 8
O solvent, 60 °C, 12 h O 3 [Rh(cod)Cl], L3 toluene 49
1 2 4 [Rh(cod)Cl], L4 toluene 13
------------------------------------------------------------------------------- 5 [Rh(cod)Cl], LS toluene 3
0 R _ o R: _ o 6 [Rh(cod)Cl] L6 toluene 77 €75)
O SO0 smm SRR z
PPh, O PPh, R,P™ | T L5 R = 0-MePh, R' = Ph 7 [Rh(cod)Cl], L7 toluene 62
PPh, o PPh, Fe Me L6, R = tBu, R' = Ph 8 [Rh(cod)Cl], LS toluene 68
OO <0 O = L7,R = Bu, R"= p-CFsPh 9 [Rh(cod)Cl], L9 toluene 26
IF;8=F§5=5tZUMe- PR 10 [Rh(cod)OH], L6 toluene 44
L1, (R-BINAP L2, (R)ySegphos  Josiphos 1o e pu 11 [Rh(nbd)Cl], L6  toluene 18
12 [Rh(CO),Cl], L6 toluene 57
13 [Rh(cod)Cl], L6 THE 70
14 [Rh(cod)Cl], L6 DCE 47
15 [Rh(cod)Cl], L6 Et,0 B

Mu D, Yuan W, Chen S, Wang N, Yang B, You L, et al. Streamlined Construction of Silicon-Stereogenic Silanes by Tandem Enantioselective C—
H Silylation/Alkene Hydrosilylation. Journal of the American Chemical Society. 2020;142(31):13459-68.
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ee (%)
75
60
91
70
32
91
82
70
77
55
91
70
86
87
85
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[Rh(cod)Cl]5 (4 mol%)

(R, Sp)-Josiphos L6 (8 mol%)

SUs

Me Si

ZBu (1.2 equiv)

toluene, 60 °C

O Non
4

72%, 90% ee

u

C w

Si

O ~en
5

not observed

Me
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................................................................................................................................................................

[Rh(cod)CI]; (4 mol%)
(R, Sp)-Josiphos L6 (8 mol%)

toluene, 60 °C

[Rh(cod)Cl], (4 mol%)

Z |y (1.2 equiv)

toluene, 60 °C

(1) (R, Sp)-Josiphos L6
(2) (S, Rp)-Josiphos L6
(3) (racemic)-Josiphos L6

94% ee
89% ee
90% ee

-----------------------------------------------------------------------------------------------------------------------------------------------------------------

racemic

[Rh(cod)Cl],
(R, Sp)-Josiphos L6

Z By
toluene, 60 °C

0

si{_ : Me HSi
U §

4 6

94%, racemic racemic

Bu [Rh(cod)Cl],

(R, Sp)-Josiphos L6
___________ S

toluene, 60 °C

95% 6 recovered

not obtained

Mu D, Yuan W, Chen S, Wang N, Yang B, You L, et al. Streamlined Construction of Silicon-Stereogenic Silanes by Tandem Enantioselective C—
H Silylation/Alkene Hydrosilylation. Journal of the American Chemical Society. 2020;142(31):13459-68.
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IPart 2 AR S Bk R A S AR L E A N

O [Rh], (4 mol%) O rfBu
Si,Ph ligand (8 mol%)

| \H > Si.

Me O H Z >y (1.2 equiv) Me O en
solvent, 60 °C, 12 h
H Bu 4 3
H

T G ¢
\Rh"' //l— (/Rh_H Me Si/fPh

~ P |

P

A

P » H‘\Rhlll_H
\ A
P P
e
T s
[Rh(cod)Cl],, phosphine ligand, silane
H
Rhlll O e
O H Me si—Ph
\ PJ Me si—Ph |
| / / \

4 P P
ol
P_/ c

Mu D, Yuan W, Chen S, Wang N, Yang B, You L, et al. Streamlined Construction of Silicon-Stereogenic Silanes by Tandem Enantioselective C—
H Silylation/Alkene Hydrosilylation. Journal of the American Chemical Society. 2020;142(31):13459-68.

(c) proposed mechanism




Part 2. ARIFRARSUBEAREX RIS T E CEER O FIEB IR

=~
SiH,R3

H
a®

‘ rfBu
Me T
Si
O Sen
Me

7,67%, >99% ee

2
Me' o
Si
O eh
cl

11, 72%, 90% ee

|/1‘Bu

Mg sr;;
8 Ph

15, 70%, 91% ee

7, X-ray structure

¢

11, X-ray structure

OO rrBu

Si
g \Ph

16, 60%, 89% ee

[Rh(cod)Cl]7 (4 mol%)
(R, Sp)-Josiphos L6 (8 mol%)

toluene, 40-60 °C

8, 60%, 89% ee

O \\‘l/rau

Me

Ph
12, 62%, 90% ee

Cl

O .\\rrau

Si
Me
O en

17, 67%, 92% ee

tBu

13, 76%, 87% ee

F
a -
i’
Et ‘ o

18, 70%, 91% ee
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S=X__PtBu,
PhP” | X L6
Fle Me

£\ (R, Sp)-Josiphos

10, 66%, 86% ee

-

Me Si'.\

o \Ph

—_—

14, 88%, 81% ee

MeO ! ‘/IBLI

si
Et
O en

19, 66%, 91% ee

Mu D, Yuan W, Chen S, Wang N, Yang B, You L, et al. Streamlined Construction of Silicon-Stereogenic Silanes by Tandem Enantioselective C—
H Silylation/Alkene Hydrosilylation. Journal of the American Chemical Society. 2020;142(31):13459-68.
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Part 2. ARIFRARSUBEAREX RIS T E CEER O FIEB IR

O sibia rrEsu

A o
Si

O Sen

20, 64%, 93% ee

AN
Si
W

25, 78%, 92% ee

e p N
Me &
Si
\Ph

30, 42%, 86% ee

WA
@

21, 68%, 91% ee

e
Me

Si.

>

26, 50%, 88% ee

’/©/002Me
Me O ol

Si
O e

31, 14%, 54% ee

Ea

24, 71%, 82% ee

) Q
Me oM
Si
\Ph

29, 52%, 92% ee

Me l ‘0
Si
\Ph

34, 8%, 44% ee

T, o

22 63%, 90% ee 23, 56%, 91% ee

Ph
Ad
s e
Me Me S
Si Si
0 e O eh

27, 64%, 93% ee 28, 57%, 94% ee

‘ I/SiMe3 O rGeEt;;
Me A Me a~
Si Si
C ph O eh

32, 85%, >99% ee 33, 59%, 88% ee

Mu D, Yuan W, Chen S, Wang N, Yang B, You L, et al. Streamlined Construction of Silicon-Stereogenic Silanes by Tandem Enantioselective C—
H Silylation/Alkene Hydrosilylation. Journal of the American Chemical Society. 2020;142(31):13459-68.
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[Rh(cod)Cl]; (4 mol%)
(R)-Segphos L2 (8.4 mol%)

toluene, rt

Ph
NG

47, 85%, 94% ee 48, 89%, 98% ee 48, X-ray structure
Ph Ph Ph
Ay AY \
Fe CF3 Fe OMe %\\
o= = Vi) OTBS
51, 70%, 93% ce 52, 71%, 98% ee 53, 62%, 96% ee
Me,

Si/\/tBu z .~ _~1Bu ?\ ~_~1BU

F Q"
‘}\Si/\/tﬂu sl/\vrBu Si/\“/tBu
% Fe Fe
81, 79%, 97% ee 62, 71%, 99% ee 63, B4%, 98% ee

Mu D, Yuan W, Chen S, Wang N, Yang B, You L, et al. Streamlined Construction of Silicon-Stereogenic Silanes by Tandem Enantioselective C—

R2 s
\s!/\VR

1
%(@R

<

Ph
\Si/\/rBu

Fe
o F
49, 85%, 98% ee

PH‘Si/‘vau

?Q\Me

o e
54, 79%, 96% ee
Me
Si/\\/lﬁu

Fe

<

59, 95%, 98% ee

Me Me

84, 56%, 96% ee

o PPh,
(O O (R)-Segphos

o}
L2
I

PPh,

Ar\
Si/‘\/fBu

Fe
Y cl
Ar = 3,5-MeCgH3
50, 78%, 94% ee

Fe

85, 71%, 95% ee

H Silylation/Alkene Hydrosilylation. Journal of the American Chemical Society. 2020;142(31):13459-68.
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I Part 2.4

FRARSBEX R EA RIS AR AR O FERIER
24

Ph Me
Ay
Si"f‘\.f‘ovj\"
F

<

=5 20 SHO R
R < R

70, 72%, 96% ee

Page 13

86, 71%, 98% ee 67, 60%, 98% ee 68, 56%, 98% ee 89, 71%, 98% ee
=
Me OMe Fe
Ph, /\/@' Ph, /\U Ph, Ph, i
si si si 57 ~o=iles
71, 79%, 90% ee 72, 74%, 94% ee 73, 54%, 90% ee 74, 73%, 92% ee
Me
Ph Me OMe
% ,,-f\’,D Me -74‘0 O
: 220
Me Ph t_g---oue
% 1.51:_,,-'-\\“’0\0,- 0 Fe

(+)-c-tocopherol derivative
75, 36%, 99% ee

(-}-menthol derivative
78, 73%, 97% ee

phenothiaine derivative
79, 60%, 94% ee

D-ribofuranoside derivative
76, 69%, 96% ee

259 %“é} oo & Q~O‘O

pltﬂuas!am fragment derivative
80, 40%, 98% ee

[estradiol derivative
77, BE%., 93%&&

liquid crystal building blocks
81, 85%, 97% ee

Mu D, Yuan W, Chen S, Wang N, Yang B, You L, et al. Streamlined Construction of Silicon-Stereogenic Silanes by Tandem Enantioselective C—
H Silylation/Alkene Hydrosilylation. Journal of the American Chemical Society. 2020;142(31):13459-68.



I Part 2.4

Me Me
dcm +
SiH,Ph
1a

I,
l l PPh,

L1, (R)-Hg-BINAP

MeO PAr,

MeO ! PArs,

L5, Ar = 3,5-di-Me-Ph

Yang B, Yang W, Guo Y, You L, He C. Enantioselective Silylation of Aliphatic C—H Bonds for the Synthesis of Silicon-Stereogenic Dihydrobenzosiloles.

TRAR S BEX R EACRES A IR AN CRE

Zph

2a

PPh2

R2P

[Rh] (2 mol%)
||gand (4 mol%)

solvent, 100 °C
Argon, 1 h

PPh,

L2 (R)-BINAP

5@_/%2

1
Fle Me

e

Josiphos

Me Me

<oy cr:m'

Ph 3a

________________

0
.
0 PAr,
o PAF2
¢ X
0

L3, Ar=Ph
L4, Ar = 3,5-di-Me-4-OMePh

L6, R=Cy, R"=Ph

L7, R ={Bu, R'=Ph

L8 R ={Bu, R' = p-CF3Ph

L9, R = By, R' = 3,5-di-Me-4-OMePh
L10, R = o-MePh, R' = {Bu

L11, R = 3,5-di-MePh, R' = Ph

Angewandte Chemie International Edition. 2020;59(49):22217-22.
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EROFEENEER

Entry [Rh] Ligand Solvent Yield [%6]  ee [%]
1 [Rh(cod)Cl], L1 toluene 67 25

2 [Rh(cod)Cl], L2 toluene 61 25

3 [Rh(cod)Cl], L3 toluene 66 33

4 [Rh(cod)Cl], L4 toluene 69 3

5 [Rh(cod)Cl], L5 toluene 72 30

6 [Rh(cod)Cl], L6 toluene 54 35

7 [Rh(cod)Cl], L7 toluene 77 85

8 [Rh(cod)Cl], L8 toluene 78 84

9 [Rh(cod)Cl], L9 toluene 76 83

10 [Rh(cod)Cl], L10 toluene 17 18

11 [Rh(cod)Cl], L1 toluene 71 1

12 [Rh(cod)Cl], L7 dioxane 71 83

13 [Rh(cod)Cl], L7 DCE 78 (75) 92

14 [Rh(cod)Cl], L7 n-hexane 75 79

15 [Rh(cod)OH], L7 DCE 67 86

16 [Rh(nbd)Cl], L7 DCE 72 89




I Part 2.AX

Yang B, Yang W, Guo Y, You L, He C. Enantioselective Silylation of Aliphatic C—H Bonds for the Synthesis of Silicon-Stereogenic Dihydrobenzosiloles.

FRARS (BEXREASRE AR A CEER O F B ER

Me Me

4oy Weey

s Me s \Ph
~ Me~Lo ~
o o -
- 0 0>(°
MeO s Aue Me” Mo
Me
Jaf, 65%, 93% de Jag. S4%. 95% de
from D-nbofuranosde from cacetonefructose

3aj. 78%, 91% de
from [-estradiol from pitavastatin fragment F

3ak, 53%, 93% o0

3al, 82%, 91% o0

from liquid crystal
buildng block

Angewandte Chemie International Edition. 2020;59(49):22217-22.
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| Part 3.93F M Si-H/C—H RSB IRIRREERO F I S S

Bh [Rh(cod)Cl], (1 mol%) Ph 1

ligand (2.2 mol%)
. _-Ph AN Ph . H
H SiH,Ph solvent, r.t., Argon ‘S'-,,, .

L1
0
F
X 1)
PPh,
P 0 PPh,
Fo
L4

S22 _PR,
RP™ | T
Fle Me

>

Josiphos-type

L3

L5, R=Cy, R' = Ph
L6, R = tBu, R' = Ph
L7, R = Ph, R = Bu
L8, R = tBu, R' = p-CFsPh

FERAREAFIRE, REBHER

Yuan W, You L, Lin W, Ke J, L1 Y, He C. Asymmetric Synthesis of Silicon-Stereogenic Monohydrosilanes by Dehydrogenative C—H Silylation.
Organic Letters. 2021;23(4):1367-72.

entry ligand
1 L1
2 L2
3 L3
4 L4
5 LS
6 L6
i L7
8 L8
9 L4
10 L4
11 L4
12 L2
13 L2
14 L2

solvent

DCE

DCE

DCE

DCE

DCE

DCE

DCE

DCE

CHCl,

THF

THF/CHCL, (19/1)
CHCI,

1,4-dioxane
1,4-dioxane/CHCl,; (19/1)

yield of 2a (%)

74
67
16
81 (71)

22
23
47
25

(60)
51
14
83

(60)

Page 16

ee of 2a (%)

38
82



Part 3.3 FMA Si-H/C-H SUBEAMEIFIMATEROFIERSTER

R1
o8
SiH,R?
B2

1

Me;Si Si

2g, 69%, 88% ee

‘—";/E ~g
. =
T
=

2l, 54%, 87% ee

[Rh(cod)Cl], (1 mol%)

(S)-Segphos (2.2 mol%)

2¢, 72%, 85% ee

o

A\
jSI"
H Ph

2h®, 71%, 84% ee

Ph

mph

Si
! (O]
H

OMe

2m®, 55%, 91% ee

Ph

RN
"3

I""'UI
-

2d, 54%, 84% ee

“.z
3—0
2.
=
o

I““Iﬁ_
-

2n, 53%, 88% ee

+

H;

Ph
. wnnPr OMe
‘Si_‘
H Ph

2e, 59%, 91% ee

Ph
N Ph
H ‘Ph

2j, 41%, 99% ee

:

20°%, 61%, 89% ee

Page 17

PPh;,

0
e
o PPh;

(S)-Segphos

2k, 51%, 84% ee

Ph

Si

D
(8]

2p, 50%, 91% ee

Yuan W, You L, Lin W, Ke J, Li Y, He C. Asymmetric Synthesis of Silicon-Stereogenic Monohydrosilanes by Dehydrogenative C—H Silylation.

Organic Letters. 2021;23(4):1367-72.
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RH,Si

680

4a, 87%, 99% ee

S
0~g-0

4f, 80%, 99% ee

Yuan W, You L, Lin W, Ke J, L1 Y, He C. Asymmetric Synthesis of Silicon-Stereogenic Monohydrosilanes by Dehydrogenative C—H Silylation.

[Rh(cod)CIl; (1 mol%)

(R)-Segphos (2.2 mol%)

4b, 80%, 98% ee
Me

Q.
6-9-0

49, 84%, 98% ee

4¢, 63%, 99% ee

Me

m{kﬁ
0-0-0,

4h, 70%, 99% ee

Organic Letters. 2021;23(4):1367-72.

4d, 58%, 84% ee
(o]
Q

Q
6-9-0

4i, 73%, 99% ee

0
s
© PPh,

0 PPh;
I
0

(R)-Segphos

Ph H
N
si”

de, 79%, 99% ee
o
Z H
si”
-0

4j, 93%, 99% ee

@O‘

(+)-5a, 84%, 93% de

Ph

a) @Ph /

{ "Ph
H

(+)-2a, 96% ee

—

Page 18

Ph

e
si
“Ph
ﬁ(Ph

Ph

(+)-5b, 98%, 95% ee

Ph
I S
lSi,,’
07/Ph

(+)-5¢, 84%, 95% ee
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Part 3.93FM Si-H/C-H BiSBEAERIRER O F IR EER
@ [Rh{cad)Cl]z (1 mol%)

i
|
SiHAr2 L1 (3 mol%) : i P@/P(fau)z
I 2 ] =
v Hz : Fe Me
toluene, TO0°C. 6 h ' !
% @ : >
X=NR,0,8 :
1 : L1
2e, 7T0%, 92% ee
2g, 80%, 92% ee 2h, 82%, 97% ee 2i, 30%, B7% ee 2j, 91%, 91% ee 2j, X-ray structure 2k, 75%, 96% ee

Chen S, Mu D, Mai P-L, Ke J, Li Y, He C. Enantioselective construction of six- and seven-membered triorgano-substituted silicon-stereogenic heterocycles.
Nature Communications. 2021;12(1).
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| ot 57 Sic 1 REERETIRRE O F SRR
2q, 74%, 91% es
CMe
ph

1 Si.\H
Ms{}/@/ f
2r, 72%, 95% ee 2s, 60%, 95% ee R = OMe, 2t° 53%, 94% ee V0, 76%. 97% ee 2w®, 42%, 99% ee 2x’ 45%, 58% ee

R TBS. 20, 1% 5% o HATREY SEREEFHET
R, B MR ARR
BRI R

Chen S, Mu D, Mai P-L, Ke J, LiY, He C. Enantioselective construction of six- and seven-membered triorgano-substituted silicon-stereogenic heterocycles.
Nature Communications. 2021;12(1).
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Part 3.3 FMA Si-H/C-H SUBEAMEIFIMATEROFIERSTER

[Rh(cod)Cl]» (1 mol%)

S _PPh,

L3 (3 mol%) (tBu),P ! T

Y

toluene, 100 °C, 12 h

-

@
=
)

L3

4a, 78%, 90% ee 4b, 55%, B5% ee 4c, 68%, 90% ee 4d, 80%, 91% ee 4e, 40%, 86% ee

ML TR

Chen S, Mu D, Mai P-L, Ke J, LiY, He C. Enantioselective construction of six- and seven-membered triorgano-substituted silicon-stereogenic heterocycles.
Nature Communications. 2021;12(1).
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Mormalized Emission

T T T
350 400 450 500 550
Wavelength (nm)

0.0003

0.0002

0.0001

0.0000

CPL Intensity (Al)

-0.0001

-0.0002

T T
400 500 550

Chen S, Mu D, Mai P-L, Ke J, Li Y, He C."Eraitioselective construction of six- afigFsetven-membered triorgano-substituted silicon-stereogenic heterocycles.

Nature Communications. 2021;12(1).

o

Mormalized Absorption

T
340

T
360

Wavelength (nm)

T
380

T
400

CD (mdeg)

T
350

T
400

Wavelength (nm)

450

0.0008

0.0006 4

0.0004 4

0.0002

0.0000 4

-0.0002 4

-0.0004

-0.0006 -

-0.0008

—— (Rr4d
— (5)4d

380

400

T
420

T
440

T
460

480

AR R A MFE RO R
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Part 3.3 FMA Si-H/C-H BSBEAMIFIMATEROFIER SR

‘ [Rhicod)Cl); (2 mal%) O
- CHy ligand (4 mol%%) - on
" 5 AL
O B additive, toluene O o
time, 100 °C o
1a (R, Sa)-2a
o S PR, L1,R=1Bu R =Ph .O
* Fe fe  L2R=PhR=Bu 2:2 EE:E
£ L3, R=Cy, R = Ph ¢ ‘O .
Josiphos L4 L5
Entry Ligand Additive t Yield [38] ee [34]
1 L1 - 15 min 21 95
2 L1 - S5h 76 0
3 L1 MBE 15 min &4 94
4 L2 MBE 15 min 15 94
5 L3 MBE 15 min 12 60
6 L4 MEBE 15 min 23 30
7 L5 MBE 15 min trace -
2 L1 MBE-OMe 15 min 79(70) 96

FEKIFTE], eefB KR T P&

I NBEfE A2 2 R R ok 2

Yuan W, Zhu X, Xu Y, He C. Synthesis of Si-Stereogenic Silanols by Catalytic Asymmetric Hydrolytic Oxidation. Angewandte Chemie

International Edition. 2022;61(31).

mcu,
@ SiH;R

1

Mg’ JPh

Si

A

™
Me

2b, 78%, 94% ee

0Bn
M° Ph
si
N
O w
cl

29, 71%, 93% ee

/)
Me” ™y Ph
si
\
H
F

21, 76%, 93% ee

O 7 N

e &2
oPMB
A

si
O w

2p9), 67%, 95% ee

Me' A.\[ S/
Si
AN
H

24l 42%, 95% o0

[Rh(cod)Cl; (2 mol%%)
L1 (4 mol%)

NBE-OMe (1.0 equiv)
toluene, 80-100°C

2v, 56%, 95% ee

2d, 62%, 93% ee

oTBS

2r, 68%, 96% ee

() e e
Me'
Sl'\
™

2w, 70%, 96% ee

&>

2e, 81%, 86% ee

4-F-CyHy

Me' O Ph
si
N
L
CFy

2j), 55%, 91% ee

. o
Me’ = }
si” 0Bn
S
H

20!, 67%, 96% ee

. O r‘@(sm{u
O Sl\M

28, 82%, 96% ee

Me Sl_.\\/\/\
U

2x, 83%, 96% ee
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MR,PM;

F:e We

OTBS
2K, 50%, 92% ee

&

X-ray structure of 20

L o
O Si\H

2t 62%, 95% ee

2y, 51%, 96% ee
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SiHFh

Xeray structung of Ba
CCDC 2063112

Yuan W, Zhu X, Xu Y, He C. Synthesis of Si-Stereogenic Silanols by Catalytic Asymmetric Hydrolytic Oxidation. Angewandte Chemie

[Rh{ead)CI); (2 malt)
L1 (4 mal%)

HBE-OMe (1.0 equiv)
icdugn, GO-80°C, 1 h

MoO
, Ph

3i
T

Bb, 8%, 95% oo

Haray structure of Bb
CCDC 2063111

International Edition. 2022;61(31).

MTO, UHP

6, 82%, 95% ee

Bo, 35%, E3% oo

Xeray structure of o
CCDC 2058225

9, 50%, 99% ee, dr = 19:1
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8, 87%, 96% ee O
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Gium: 1.0 x 1073

@f: 0.12

e
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ﬂ\ L1 (8.2 mol%)
H H

X NBE-OMe (2.0 equiv)
toluene, 40 °C, 48 h

a‘Blu

S, +
- H
Ar

3e, T4%, 97% ee

2
Me

n P
e l@ “sI:

3f, 75%, 98% ee

OMe

@ﬂ
r @ >

e, 70%, 98% ee

7 _{i}
Bus o ]\_}H g
<’@

3g, 71%, 99% ee
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=X Py,
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Fe Me
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0,
g
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3d, 68%, 98% ee

OMe
t‘Elu,._h /,O\ K/V)>
rBu
=
\_/
Me?

3h, 57%, 99% ee

Chen S, Zhu J, Ke J, Li Y, He C. Enantioselective Intermolecular C—H Silylation of Heteroarenes for the Synthesis of Acyclic Si-Stereogenic Silanes.
Angewandte Chemie International Edition. 2022;61(21).
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|Part LS FIE SiH/X-H RSB I R R SRR RO F

()
@ ”,O\Q Bun_ ’Q\s. ﬁ J

<;§ gS a>§, S Tk

3i, 57%, 96% ee ( ) 3j, 52%, 98% ee 3k, 63%, 95% ee 31, 23%, 95% ee

o S, __si i N T ] A ‘){1
s s~ L3 o~ e
: iB 3 "
\ : u — S fBu = § F g fBu d

3m, 45%, 97% ee 3n, 56%, 97% ee 30, 50%, 97% ee 30, X-ray structure

MeO CCDC 2092185

Chen S, Zhu J, Ke J, Li Y, He C. Enantioselective Intermolecular C—H Silylation of Heteroarenes for the Synthesis of Acyclic Si-Stereogenic Silanes.
Angewandte Chemie International Edition. 2022;61(21).
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Mo M nBu BA [
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":jﬂ) @fl\ | S\“ ~ V) =\l {
ﬂﬁ'___ s\r____, M N MQG/@/ o mﬁhf H «i:’F
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by B R B B
) __\__Q_/SI-...H By ) Sty .Sy - Sy
[T [ M PP T pPS
e 'L"LJ Moo g Meysi” B T CS,;_L el 9\}_,_;
Me Ma M (5 i Mea
Me Me Ma Tebir M
oK, T2%, B1% a8 5, T3%, 90% ee sm, 60%, B0% ae o0, 61%. B0% e 50, 60%. 88% ee
Me. Mo
m.“ T Me e
o Bl & S 4
P~ ¢ T o4 A
b s o , +] | OE
120 f
Ohle
Ol
CCDC 2090352
Bp, 7%, 90% oo Bq, 5%, B0% o0 84, X-ray structung Ba, 0%, 55% oo 8af9, Ta%, 40% oo

Angewandte Chemie International Edition. 2022;61(21).

2.0 equiv

0.1 mmol

[Rh{cod)CI]; (2 mal%)
L1 (4.4 mol%)

Me
|

NBE-OMe (1.0 equiv)
toluene, 40 °C, Ar, 24 h

67%

— SRR E

- O/S%

trace

Chen S, Zhu J, Ke J, Li Y, He C. Enantioselective Intermolecular C—H Silylation of Heteroarenes for the Synthesis of Acyclic Si-Stereogenic Silanes.
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Part 4.53F[8) Si-H/X—H BiSBEXMERABM A S AL RIEE RO F IS

tBu Q
{ , / \ Me
'$iT o /Si. ,,,,,, edy ;Me
@ tBu Me/ Si
md n

7a

M, = 4.7 kg mol”', M,, = 9.0 kg mol"!, PDI = 1.9
75% vyield

Ta

Ny

Y

/,

!

ey

Karstedt catalyst (1 mol%)

N\

THF (2.0 M), 120°C, 15 h

6

oy

e
o ISI""'/,/‘Si ",V'e
tBu Me/ "Si
Me n

‘Si

7b

M, = 5.5 kg mol!, M,, = 12.1 kg mol!, PDI = 2.2
88% yield

O
Si

st
s / / ""ﬂu/“Si\Q :,V'i/%
/ :
tBu Me Si
wé n

7d

M, =5.9 kg mol", M,, = 14.6 kg mol”", PDI = 2.5
86% yield

MeO

e T2k 2 BB AR

M, =3.7 kgmol', M,, =55 kg mol!, PDI = 1.5
62% yield

Te

M, =6.2 kg mol”", M,, = 16.2 kg mol”", PDI = 2.6
91% yield

Chen S, Zhu J, Ke J, Li Y, He C. Enantioselective Intermolecular C—H Silylation of Heteroarenes for the Synthesis of Acyclic Si-Stereogenic Silanes.
Angewandte Chemie International Edition. 2022;61(21).
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[RheodCl]; (1 mol%)

1 1 ;
" L4 (2.2 mol%) il o, : o
Rz’SI(“H + HOSIR, Rz/s‘,,of 5 il
H toluene, rt, Ar, 12 h M @ L4
1 2 3 .

I'Blu i‘Blu iBlu tBlu tBIU
Si-108iMe,Ph Siv10siMe,Ph Si10siMe,Ph St 10siMe,Ph O Sl 0siMe,Ph
\ = \ 5 \ £ \ & \ 2

H H H H H

MeO

3a, 68%, 97% ee

tBu
I SiMe,(4-OMe-C¢Hy)
s|'luo/
N

H

Ph

3f, 52%, 89% ee

EB[u
. SiM
Sl fWies

o
H

MeO
3k, 75%, 97% ee

O

MeO

tBu Ph Ph H
| \/

Ph~

3b, 98%, 97% ee

Bu

| SiMe,(4-CI-CgH,)

Si-ig

39, 75%, 97% ee

s
Si., Sl _ .8
\ ,0/ \O“ |

H Bu

31, 59%, >99% ee

Ph

F

3c, 54%, 96% ee

Bu
I SiMe,y(2-F-C¢Hy)

Sin
0
o
H
MeO
3h, 55%, 96% ee

alkyl
1

Si10siMe,Ph
Pr \ 2
H

3d, 69%, 98% ee

5y
/Si--,,o’SIMBPh?

Ph” \
H

3i, 65%, 97% ee

alkyl = Me, 3m, 48%, 63% ee
alkyl = iPr, 3n, 50%, 72% ee

alkyl = Cy, 30, 51%, 70% ee

O

3j, 56%, 92% ee

3e, 60%, 96% ee

rE‘I;u
1 ,SitBuPh,
Si-ug

'I-Il\lp

Si"”OSiM
esPh
1/ \ 2/

H

3p, 71%, 88% ee

Zhu J, Chen S, He C. Catalytic Enantioselective Dehydrogenative Si—O Coupling to Access Chiroptical Silicon-Stereogenic Siloxanes and
Alkoxysilanes. Journal of the American Chemical Society. 2021;143(14):5301-7.
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Bu

IB“u

Ph/\/\©

Si-,
H

5a, 78%, 99% ee

tBu X

/s“k"o/ﬁ

Ph
H

X =85, 59, 62%, 95% ee
X =0, 5h, 79%, 95% ee

tBlu R

Siugt

H
MeO

R= Q 0._.OMe H
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| & : “o@; .090 one
. Me><Me Me

[RheodCl]z (1 mol%)
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+ HOR A /Sk-,o’ / i
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4 5 50, X-ray structure
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FO ro ID I
Ph/ \ Me Ph/ \ /\‘Q\o \ Br Ph/ \ CF;
H H o— H H
MeO
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®
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tEliu . l‘Blu Me_Me iBlu /\Q
150 o I

P\ P\ Ph
H H H

tBu

|
Si g Me
Phi A\
H

5i, 98%, 98% ee 5j, 50%, 99% ee 5k, 67%, 96% ee 51, 70%, 97% ee

pitavastatin
fragment derivative

D-ribofuranoside
derivative

phenothiaine
derivative

B-estradiol
derivative

5n, 66%, 96% ee 50, 80%, 96% ee 5p, 69%, 97% de 5q, 70%, 94% de 5r, 99%, 99% ee
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o
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Sm, 83%, 97% ee
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Zhu J, Chen S, He C. Catalytic Enantioselective Dehydrogenative Si—O Coupling to Access Chiroptical Silicon-Stereogenic Siloxanes and
Alkoxysilanes. Journal of the American Chemical Society. 2021;143(14):5301-7.
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Zhu J, Chen S, He C. Catalytic Enantioselective Dehydrogenative Si—O Coupling to Access Chiroptical Silicon-Stereogenic Siloxanes and Alkoxysilanes. Journal of the American Chemical Society. 2021;143(14):5301-7.
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0 R
|1} *
A B ACnoH
R" B
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0 '}2
11 *
Bl reressreeasss Ll LSienpH
R" "R
not feasible B
ﬁaz [CH] R2
Blwiy  -mmmmmmmmeee- - Siu
H‘I.- x " OH
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nucleophilic addition

asymmetric hydrogenation

unavailability of silanone
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R IR MALER

(a) reaction conditions

omMe ¥ [Rh{cod)Cll(1 mol%) Ome &Y
SJ\.,H + H,0 —_ Sluon + H,
H ph Eh H
L P
1a 2.0 equiv e ) ] 2a
Ph Ph
(S,5)-Ph-BPE (2.5 mol%) 95%, 94% ee (under argon)
THF, n, 50 min 14%, 11% oe (under air)
(b) H,"*0 experiment
standard conditions OMe Cly
1a . H,180 Slsgy
\
under argon H
2.0 equiv 2a-1%0, 92%, 94% o0 |
(c) stoichiometric 1a and [Rh(cod)OH],
(S.5)-Ph-BPE (1.0 equiv)
1a . [Rh{cod)OH], _ . 2a
THF, rt, argon
0.5 equiv not obtained

(d) deuterium labeling experiment

standard conditions ome &Y
1a + D,0 — SI ‘oD (1)
\
under argon H/ID
2.0 equiv 2a-D, 90%, 90% ee
(H/D = 0.6/0.4)
standard conditions ome &Y
2a * D;0 —_— s'\ 'OH 2)
under argon HI/ID
| o4%ee 2.0 equiv 2a, 93%, 92% ee
(HID = 1.0/0)
ome §Y standard conditions ome &Y
Sivp + DO @ —/— Siuop 3
D/H
1a-D 2.0 equiv 2a-D
under argon 89% yield (D/H = 1,0/0)
under Hy 94% yield (D/H = 0.46/0.54)

Yuan W, Zhu X, Xu Y, He C. Synthesis of Si-Stereogenic Silanols by Catalytic Asymmetric Hydrolytic Oxidation. Angewandte Chemie International

Edition. 2022;61(31).
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(a) kinetic isotope effect experiment (in separate vessels) . (b) proposed mechanism
' RE pT\
[ RE |r
' 5 i
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sl ‘‘H ar D HzD s:i\'IGH . H H
- 1
‘O HorD ‘ HID M
C‘ KIE = ky : kp = 1.2 @‘ :
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; silane
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ceHizo CeHiz0 Y i

Sivuy Hz0 or D0 Sii0H or OD

G \ - C \ 2
OH

‘Q H H/D L H
KIE = ky : kp = 2.1 GQ : th
[ n 1 P
: R‘ ‘\. R )

1b 2b or 2b-D : D

Yuan W, Zhu X, Xu Y, He C. Synthesis of Si-Stereogenic Silanols by Catalytic Asymmetric Hydrolytic Oxidation. Angewandte Chemie International
Edition. 2022;61(31).
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4a, 86%, 99% ee; &v = 8.6:1 4b, X-ray structure
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L 75 \=/ t§ % ~OMe ) )y ]
W \_7 =, [ L Oy
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20, 95%, 83% o0 2p, 70%, 92% oo 2q,92%, 91% e0 2r, 76%, 94% oo 28, 92%, 95% o0 28, Xeray structure e OH HO Ly ™ Hé A
dc, 93%, >09% ee; dr = 11:1 4d, BO%, >99% ee; dr = 121 de, BO%, >99% ee; dr = 48:1
OMe ¥ omeSY OMa | OMe'| owe | o,
8ol (K,«s‘ OH slg,/" OH Si-on Soiom SloH 8T
J M | = Y Y 1 Y [ o
PN Meo/\-/ o A Me
\ i oo
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HO A OH
MeO Sl‘
oMe T N Et | Bu Bu s o
|
sn\-‘o" A 8o sn\.,oﬂ Si\ OH 5‘ “OH 5'\-‘0n &1, 86%, >09% ow; dr = 31:1 4g. 57%, >90% ee; dr = 27:1 4h, BT%, >39% ee: o = 24:1
\
H \/‘ H H H MesSi L
22, 77%, 93% 60 288, 70%, 62% e¢ 2ab, 80%, 52% oe 2ac, 63%. 90% eo 2ad, 78%. 95% ee 200, 85%, 57% e

Me OMe
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e L)

Ve C'y Me._.Me
m\‘-oH l
" W
Mo~ e P /0
Mo Ve

from bexarotone fragment
2af, 70%, 90% ee
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o=\° § o Cr
s
T Ak \,ﬁ\)

form (-O-rdofuranosice:
2al, B8%, 95% de

from geraniol
2ag, 92% yield, 92% ce

from p-estradiol
2ah, 94%, 92% de

from lithocholic acid
2aj, BO%, 93% de

Yuan W, Zhu X, Xu Y, He C. Synthesis of Si-Stereogenic Silanols by Catalytic Asymmetric Hydrolytic Oxidation. Angewandte Chemie International
Edition. 2022;61(31).
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ome®Y  PPh;

= Lt
5

5a, 76%, 91% ee

OMe C[y
Si..,
\
H
N|

.

=
"I |

11

A ’

4

6a, 80%, 89% ee

1) [Rh(cod)Cl],/rac-BINAP, PhtBuSiH,

2) TPh;
Lin_A. -78°C

1) [Rh(cod)Cl],/rac-BINAP, Ph{BuSiH,

H—F RN

Cy
|
Si--ioH
\

H

OMe

R

2a, R = H, gram scale
4.0 g, 85%, 94% ee

or

2I, R=F, 92% ee

[Rh(cod)Cl],/Josiphos
-_
Y gi T
H2  OMe

[Pt] Karstedt catalyst
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OMe Cly
Si
Si'-ro/
\ Cy OMe
H

7a, 88%, dr = 13:1

OMe Ciy
Si-ioH

: \\O

8l, 76%, 92% ee

enantioenriched silicon-stereogenic
p-fluoro-hexahydro-sila-difenidol

Yuan W, Zhu X, Xu Y, He C. Synthesis of Si-Stereogenic Silanols by Catalytic Asymmetric Hydrolytic Oxidation. Angewandte Chemie International

Edition. 2022;61(31).
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RPEIW l_\;o"s\i‘R2
R'I
l - [Cu'}-H ] - [Cu"-H
[Si*]-OR [SI'|-OR
Generally up to two-site ligand binding  Allowing for multisite ligand binding
Challenging Si-chirality control Susceptible for silane reduction

— N FHIERER T

Yang W, Liu L, Guo J, Wang SG, Zhang JY, Fan LW, et al. Enantioselective Hydroxylation of Dihydrosilanes to Si-Chiral Silanols Catalyzed

Part 4.3 F[8 Si-H/X-H BSBEAMEIFI IR S HERIEER O F IR

0, * 0,
o ™Y
SI\—H + HO-H SI\'"H
© H Cs,C05 (2.0 equiv.) @r OH
s1 50equiv. THF(0.1M), Ar, 0°C, 1d
B %
OMe
IR 8 28
7 NH PPh, Pth 6"% _:
N~
o) L3, R =Ph; L4,R iPr
L1 L2 L5, R ='Bu; L6, R =Bn
B Me MeMe eMe
'BuO-OH Et’O}(kBr Bu” j(kar
Ph” "Br o o
SX1 SX2 SX3 SX4
Entry L* SX Yield [%)] ee [%)]
1 L1 none 6 3
2 L1 Sxi 12 10
3 L1 SX2 66 29
4 L1 SX3 72 29
5 L1 SX4 7S 29
6 L2 SX4 16 —69
7 L3 SX4 11 75
8 L4 SX4 18 76
9 L5 SX4 19 75
10 L6 SX4 68 95
1 L6 SX4 64 93

by In Situ Generated Copper(II) Species. Angewandte Chemie International Edition. 2022;61(32)

Page 36



Cul (10 mol%), L6 (10 mol%)
S$X4 (2.0 equiv.), Cs,CO4 (2.0 equiv.)
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S]i-H & HO-H

Si+H
e e »
- g THF (0.1 M), Ar, 0 °C, 10-72 h ki
$1-543 5.0 equiv. 1-43

11, R = H, 60%, 86% ee
) 12, R = Me, 61%, 91% ee

; _ g : , 61%,
R - gy & R=4-Bu,72%, 94% ee 'Bu 13, R = Bn, 70%, 91% ee

s. H s: H OH i 7,R=TMS, 60%, 93% ee i _ o ano
SiH SiH 14, R = Ph, 64%, 90% ee
Y 8, R = Ph, 68%, 92% ee ) 15. R = TBS. 51%. 90%

o, o, OH _ o . OH R = , 51%, b ee
3, R=F, 54%, 87% ee R 9, =F, 60%, 90% ee RO 16. R=Ts. 54%. 91% ee

[b] = _ . , 54%,
1 70%, 95% ee 2, 57%, 94% ee ;, R ” OMe, 603%, 9;3% ee 10, R = Cl, 40%, 85% ee 17. R = 3.0MeBz. 60%. 94% ce
» R =Ph, 65%, 89% ee 18, PhOC(0), 42%, 85% ee

0
1
'Bu o o9 9 0 cl 5 Ph
Si IH } 'PI‘\ J'lki
Le
‘oH N NH O
R;io Me

19, 61%, 94% ee 20, 54%, 93% ee 21, 73%, 93% ee 22, 71%, 92% ee

o}

Me/hfi/?i Vogh Q O I B”\;)ogi HN%{
0

NHFmoc

25, 86%, 91% ee 26, 64%, 92% ee 27, 88%, 92% ee 28, 47%, >20:1 dr

29, 50%, >20:1 dr

23, 62%, 80% ee

24, 58%, 95% ee

39, R = PhMe,C, 35%, 81% eelc!
R 40,R=Cy, 25%, 67% ee

il s. "H ’* = t,
SEH O ( > pn Bu ‘Bu
OH \” SinH SivH _ _SivH opld.e]
” \ -\ Bn._Si'H _ Si"H 41, R =Me, <10%

YoH YOH 42, R = PMP, <10%, <5% eelc¢]

43, R = mesityl, 10%, <5% eel®

31,Ar=1-Np, 53%, 93% ee 34, X = S, 50%, 89% eel® pp OH
32, Ar=2-Np, 63%, 87% ee 35, X = NPh, 58%, 94% eel® X-ray structure 37 38
33, Ar = 1-Py, 74%, 84% eel” 36, X = O, 58%, 84% ee of 36 20%, 59% eel 30%, 53% ee

Yang W, Liu L, Guo J, Wang SG, Zhang JY, Fan LW, et al. Enantioselective Hydroxylation of Dihydrosilanes to Si-Chiral Silanols Catalyzed

by In Situ Generated Copper(II) Species. Angewandte Chemie International Edition. 2022;61(32)
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C. Bu

Sli‘-"Me
o

NaH, Mell®]

Blu
Si"Me
»
©/ OMe

f
LiAIH )

‘Bu

Sl,i-"Me
‘H
©/ D. cu'

Radical coupling
or radical disproportionation

44, 50%, 94% ee 46, 72%, 93% ee 47, 83%, 91% ee - B l L and polymerization
l = - 1 culLs R-Br 7
Cu)/L, TMSCHN u
f[ ] 2 r r B-H* | F:I,
Bu Bu SET
iftel M
Sli‘- . Clsil sl’is"'H [RhJ/L, EVE éi‘,”oﬂ B
OH O[Si o[Si
= - H-Cu''L* Br—Cu'L*
1,94% ee 48, 90%, 94% ee 49, 90%, 94% ee By vi n
| SiH
x HO-H + B
[CuJlL PMPLI "By-Li "Bu-Li L
N,CHCO,E®! Et,0l9) Et,Ol" THFL 1
B—-H* + Br
tBIU COZEt fBIU 'B|u 'B'u * I *
Sin/ SiPMP Si-"Bu Si-OEt [L*Cu")-----H a2
4 4 5 4 ok HO-Cu'lL
OH o[Si] o[Si] OH Ho---[Si] v
v ‘T‘/
45,60%, 93% ee 50, 77%, 93% ee 51, 88%, 94% ee 52, 70%, 95% ee i
u
1
E [ I = i-
o | Az
H, N
‘Bu__sgi \/‘\CU___N/ & Bu J},Si,i-c{l__N/ & S1
\0/ ./ N = kS N .A? == o
7 @ ENEXENAENARSETF S
- Favored R-TS - - Disfavored S-TS -

Yang W, Liu L, Guo J, Wang SG, Zhang JY, Fan LW, et al. Enantioselective Hydroxylation of Dihydrosilanes to Si-Chiral Silanols Catalyzed

by In Situ Generated Copper(II) Species. Angewandte Chemie International Edition. 2022;61(32)
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"El-u M. L* "El-u
ths.:‘"-nH + H,SiPh; - - ths.:."-nsiHPhs. + Ha T
OH additiva, toluens, T DH
ia 2a 3a
o R " Me ]E}u
RF o, " e CP’%’J‘P thp”\r al "o We @N‘x ™ e
@ : '_}R R Me Ph,P” ™" “PPh, N ?'ME
L1, R="8Bu, R =FPh L3, R =Ph 'Bu
L2, R=Ph, R ='Bu L4, R ="Pr LS LE L7
entry catalyst ligand additive T [°C] yield [%] ee [%]
1 [Rh(eod)Cl], L1 - RT 83 6
2 [Rh(cod)Cl], L2 - BT 51 4
3 [Rh(eod)Cl], L3 - RT 53 4
4 Cu(MeCN),PF, L3 - RT 86 78
5 Cu(MeCN),PE, L4 - RT 57 75
6 Cu(MeCN),PE, L5 - RT 56 28
7 Cu(MeCN),PF; L6 - RT 49 6
8 Cu({MeCN),PF, L7 - RT 48 10
9 Cul(MeCN),PE, L3 - ] 82 83
10 Cu({MeCN),PE, L3 - —15 84 BS
11 Cu{MeCN),PE, L3 - —35 MR -
12 Cul(MeCN),PF, L3 ‘BuOK —-35 58 7
13 Cu({MeCN),PE, L3 ‘BuONa —35 62 77
14 Cu(MeCN),PE, L3 ‘BuOLi —35 81(72) 90

Gao J, Mai P-L, Ge Y, Yuan W, Li Y, He C. Copper-Catalyzed Desymmetrization of Prochiral Silanediols to Silicon-Sterecogenic Silanols. ACS Catalysis.
2022;12(14):8476-83.
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R2
/Si"”DH
OH

fBIu

>\ "OSiIHPh,
) OH
‘Bu

3b, 79%, 94% ee

*Bu

Q \ F()SIHth

CF,0
3g, 70%, 90% ee

Gao J, Mai P-L, Ge Y, Yuan W, Li Y, He C. Copper-Catalyzed Desymmetrization of Prochiral Silanediols to Silicon-Stereogenic Silanols. ACS Catalysis.

2022;12(14):8476-83.

H,SiR,

fBlu
&

{'”DSiHPhZ
SR

MeO

3¢, 52%, 88% ee

tBu

Q \ "OSiHPh,

3h, 83%, 94% ee

Cu(MeCN)4PF (5 mol%)
(S,S)-Ph-BPE (6 mol%)

'BuOLi (20 mol%)
toluene, -35 °C, Ar

Bu
|
MeO .~ S{'“OSiHth
N
| / OH

3d. 61%, 90% ee

tB||J

s{‘"osm Ph,
s

30, 81%, 92% ee

RZ

| siHR,
/Sl-..,of Az

OH

By
Me3S |

- S{'“DSiHF‘hz
| ) on

3e, 63%, 80% ee

By

S |
L s{”'OSiHPhg

est"

3j, 65%, 96% ee

(S,5)-Ph-BPE

fE?u

5{"“OSiHPh2
b

F
3f, 62%, 85% ee

IB|L.I

Sl-ngs;
~ 'OSiHPh;,

Il ) o
(\\)N

8]

3k, 66%, 92% ee
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’Bu
IO/SI “1OSiHPh,

31, 63%, 90% ee

Sl v
P \'OS|HPh2

3q, 75%, 74% ee

\

/\\/SI Ir‘o

l\_\/x.//

v, 59%, 96% ee

Gao J, Mai P-L, Ge Y, Yuan W, Li Y, He C. Copper-Catalyzed Desymmetrization of Prochiral Silanediols to Silicon-Sterecogenic Silanols. ACS Catalysis
2022;12(14):8476-83.

\//

fBlu
Si08iHPh, Si-i0siHPh,
\ / \
OH OH
0 s

’Blu

3m, 68%, 90% ee 3n, 59%, 96% ee

i
H II II'II
Me Me rB|u \ //L:'-'::://
" Si Me
S\
- S'\ "OSiHPh, o\ 'O -
OH OH &/ )
—/
3r, 62%, 83% ee 3s, 80%, 90% ee
falu H\ /Et rBlu W'E\ /MC
S"'riD/SI\ SI ”IO/5|\
Q_.‘\_ Ph %H Et Ph” E)H {_/ \

3wl 52% 72% ee 3x°l 63%, 67% ee

I'I'-rr Cy
|
Shiqe Sivyna;
OH

OH

30, 68%, 79% ee 3p, 72%, 63% ee

Cl
H 'n____ 1 1 H . ! -
rEiu \ e 2 Eiu o
S\ Si-n”  /
A\ = %—} Ar 2 \5—_\\
OH \ ) OH ,— 7N
ci =/
Ar= 4-IBU-CSH4 Ar= 4-IBU-CE§H4
3t, 54%, 90% ee 3u, 58%, 88% ee
’/ 7. r’///hhﬁl
iBIU H P I 'Elvu " I':““‘?r’».n“'.‘.
Si Si \ \
Siq” Siym” ° S
Ph/ \ [0} !BLI Ph/ \ 'Q >/_\v
OH OH \_ >

3yl 58% (dr = 2.7 :1)

3zI9 539 (dr=1.5:1)
86% ee, 94% ee

84% ee, B9% ee
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1
@ Cu(MeCN),PFg (b) :_251' B P
S.S)-Ph-BPE (L* AG i,
Bu - —— 1 Bu (kcalimol) Ph"\ “70---cul=P
_SiHPh, - : OH
oS0 2 LiO'Bu —— LiPFg oS 1OH J' |
%H Ph,SiH; (2a) — Ph,SI(O'Bu)H %H 1a
T84
3a P/;\P 1a
CU’I 4] . 4
| u
Bu H s| -“_‘P ~
s £ A i el Ph7y o—cul =P
Ph"\ "1 —m gyl =P L8l p. OH i \
OH | Ph” | "O---Cu!— PhHSi—H
Ph,HSI il OH | |
H----H
c Ts1
. t
B
N \P *
Ph” { '“O—Cu"P rBlu P H,
OH ! Cu ) Ph Ph
Ph,HSI—H \j-/ Ph’s'\"'O/ e ~ : g
Ph,SiH, Ph P
2a (S.5)-Ph-BPE

TS1 TS2 Ts2'
AAER g4 A= 0.6, AAE¥ g0 1.= 1.5, AAE3dist= 0.9, AAEY,, = 3.0

AAE*= -2.1 kealimol, AAG?*= -1.6 kcal/mol AAGH= -2.2 keal/mol

Gao J, Mai P-L, Ge Y, Yuan W, Li Y, He C. Copper-Catalyzed Desymmetrization of Prochiral Silanediols to Silicon-Sterecogenic Silanols. ACS Catalysis.

2022;12(14):8476-83.
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e q
[M)IL* . H
Ph/S{' 'H + PhNH, Ph/s{' N i “zf
H additive, solvent, rt H i
1a 2a 3a
o . Mo e s OO, OO, 10
o] Ph o) PPh ]
g |/ oy N AP ><OfL png, B O PPh, PPh, @/\0
N N U ‘\2 1 Fe Me PPh PPh
- o ! 0 2 2 “PPh
z Ph A ' F 2
(B Bu A & < !
Ph Ph Ph ? Ar .
Ar = 3,5-tBu-CgHj :
L1 L2 L3 L4 LS L6 L7 L8
entry [M] ligand additive solvent yield [%] ee [%]
CpMn(CO); L1 tBuOK toluene trace
3" CpMn(CO), L2 tBuOK toluene 0
3 FeCl, L1 tBuOK toluene trace
4" FeCl, L2 tBuOK toluene 0
5 CuCl L2 tBuONa toluene 0
6 CuCl L3 tBuONa toluene 89 51
7 [Rh(cod)Cl], L3 toluene 82 85
8° Pd,(dba), L4 Et;N THF trace
9 [Rh(cod)Cl], L5 toluene 92 98
10 [Rh(cod)Cl], L6 toluene 90 87
11 [Rh(cod)Cl], L7 toluene 88 73
12 [Rh(cod)Cl], L8 toluene 45 20

Liu M-M, Xu Y, He C. Catalytic Asymmetric Dehydrogenative Si—H/N—H Coupling: Synthesis of Silicon-Stereogenic Silazanes. Journal of the American
Chemical Society. 2023.
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C
Liu M-M, XuY, He C. Catalytic Asymmetric Dehydrogenative Si—-H/N—H Coupling: Synthesis of Silicon-Stereogenic Silazanes. Journal of the American

Chemical Society. 2023.

[Rh(cod)Cl]»
Josiphos

l hydrosilane

R2 RZ
s'. H s'
LOlN P— Sl
R1 \ G /Rh\ R‘l \
H Ar P H H
A
Ar
RZ | H R2 p?P
| -N—y s' \ /
D Stuugp A\ ""Rh B
S—
RT \ P R \H /\
H p*) H H
$2
Si..,,
Ar—NH, R\ "M5P H,
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Bu
: H
Si—N

e |»-g.’-=
Lo

4a, M, = 14.8 kg/mol, PDI = 1.81
67% yield, 97% ee, 4.6:1 di:meso

REBRRN

[Rh{cod)CI); (2 mol%)

H
w-s-C-sn + hn- (e,
H

L5 (4.5 mol%) "'
toluene, rt, 48-72 h
tBu
tBu
o T H
—Si—N (o)
= C |
H
0,

4b, M, = 11.7 kg/mol, PDI = 1.44
78% yield, 98% ee, 6.0:1 dl:meso

D SI—NH () NH

_
N/ NP
/ =/ § N

Page 45

Q/ PPh;
v fBUzP . =
Fe Me

n T

LS

IZ
2 |

4c, M, = 13.5 kg/mol, PDI = 1.61
83% yield, 96% ee, 4.0:1 dl:meso

Liu M-M, Xu Y, He C. Catalytic Asymmetric Dehydrogenative Si—H/N—H Coupling: Synthesis of Silicon-Stereogenic Silazanes. Journal of the American

Chemical Society. 2023.
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(b) Cu-catalyzed N-silylation of sulfoximines

R? 0 . R2
| O\\ R Cul (10 mol%), DTBP (3 equiv.) | 2R
1/Sl\H + H\N//S‘ ' o > 1,S|\N’/ \
R™ A\ R CH3CN-H,0, Ny, 110 °C RTA MR
R R
(c) This work: the first enantioselective N-silylation of sulfoximines
R2 R2
| % R % | W_R
Sy + HL 287 Rh/L*, —— /S""'N/’S‘- + H f
R™ \ NR R\ R
H

Blu Q 5 (M), ligand BI“ \ _Ph
Sie,, + } ~8” Siveyy 25, "
e \ - N PI solvent, r.t., Ar, 12 h e \ N HZA
H H
1a 2a 3aa
o5 LY > I
PPh, 4 PPh,
Ci"/\" PPh, [} PPh;
oo™ g
L g, L2 L3
1
7 PR
@N‘Ip\”e RFP” 1 3 "2 L5. R = Ph, R' = Bu
NP p-Me ;e L6.R = 'Bu, R = Ph
5 <
L4
Entry [M](x mol%) Ligand (x Solvent Yicld (%) ee (%)
mol%)
1 Cu(OAc); (5) L1(6) THF 88 30
2 Cu(OAc): (5) L6 (6) THF 86 15
3 [Rh(cod)Cl]2(1) L1(2.2) Toluene 75 |
4 [Rh(cod)Cl]; (1) L2(2.2) Toluene 42 62
5 [Rh(cod)Cl]2(1) L3(2.2) Toluene 71 10
6 [Rh(cod)Cl]2 (1) L4(22) Toluene 12 0
7 [Rh(cod)Cl]; (1) L5(2.2) Toluene 73 78
8 [Rh(cod)Cl]; (1) L6(22)  Toluene 98 98
9 [Rh(cod)Cl]2(1) L6(2.2) THF 60 95
10 [Rh(cod)Cl);(1) L6(22) DCE 50 85
11 [Rh(cod)Cl], (1) - Toluene 96 0

Huang X, Zhu J, He C. Catalytic enantioselective N-silylation of sulfoximine. Chinese Chemical Letters. 2023.
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1
F|<2 o [Rh(cod)Cl], (1 mol%) ll?2 9 r ; - PSQ_/PPhZ
Siu, + Ho &R L6 (2.2 mol%) Sty 28] ! 2" Fe e
R1 \ H \N’ \ L, Fi R1 N R : :
H R toluene, r.t., Ar, 12 h H ! @
1
1 2 3 L6
tBu ‘Bu By Bu tBu ‘
s O s Qé,Ph S| . Qé,Ph S| Qé,Ph s LPh \\ _Ph
v, i P10y % [N i ,,, | ,,,
’N N7 ‘ \ 'N \Ph \ 'N \Ph N N
H H
Me;Si F
3ba, 92%, 96% ee 3ca, 92%, 96% ee 3da, 86%, 97% ee 3ea, 77%, 97% ee 3fa, 88%, 95% ee 3ga, 78%, 92% ee

t t t t
Bu Bu Bu Bu

,Ph | h i Sen i S_en
SI:,,,N Siv SI:,,,N’S SI',,,N’S

: O : ’Bu
_P
} \ "N S"'I/N 0 7\ N\
41 O C@H C@ HEeCA NSO A N

S

fw’

(0]

CCDC 2210028 3ha, 80%, 97% ee 3ia, 92%, 96% ee 3ja, 89%, 95% ee 3ka, 94%, 95% ee 3la, 98%, 96% ee

X-ray structure of 3ha

t B Cy Cy
8 Q pn N \\ _Ph \\ _Ph \\ _Ph o {7 Srn C o Qopn
Si"”N/’S\ SI"”N SI',,,N SI':,,N SI',,,N 28] SI',,,N S
\ Ph \ \ Ph Ph”\ Ph
H H H H

3ma, 95%, 97% ee 3na, 80%, 54% ee 30a, 93%, 82% ee 3pa, 90%, 83% ee 3qa, 89%, 83% ee 3ra, 90%, 66% ee

Ph,N

Huang X, Zhu J, He C. Catalytic enantioselective N-silylation of sulfoximine. Chinese Chemical Letters. 2023.
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™S OMe
8y Bu By Bu
0 Y C\’\,Ph I Qé SI ? SI O\é SI Q‘s
Sivg, = Siey, > Ve QNG Ve LING Ve QING
Sivn, ,‘é e P\ N pn P\ N Pr”\ N ph”\ N PR\ N
PR\ N""pn H H H H H
H
™S OMe
3sa, 85%, 16% ee 3ta, 83%, 65% ee 3ab, 88%, 97% ee 3ac, 95%, 97% ee 3ad, 87%, 95% ee 3ae, 80%, 96% ee
OCF,4
T g ) r 1
\
Siv, 28 Siv, 2 Sivy, 28
P\ "N P\ N P\ N
H H H
OCF,
[ 0,
3af, 93%, 96% ee 3ag, 86%, 97% ee 3ah, 91%, 97% ee 3ai, 70%, 94% ee 3aj, 85%, 96% ee 38K, B2, 387 £B,
96% ee, 1:1 dr
Ph\s b Ph 4
e P N H 0 ¢ 0
Bu Bu Ny 2/ Y B e
di. & g, oo gy PR N+ Si SimiN” Ph
/ :,,N/ Ve 'IIIN/ \ 4 / \
\ Ph Bn O Bu O O H
H H O It
Bu
O N N Si” N
7z I
a H N > /o Ph
3al, 89%, 95% ee, 3am?, 89%, 80% ee ¢
95% ee, 1:1 dr Ph/ Ph
3an, 91%, 97% ee 3ua®, 96%, 99% ee, 97:3 dr 3vaP, 99%, 99% ee, 96:4 dr

Huang X, Zhu J, He C. Catalytic enantioselective N-silylation of sulfoximine. Chinese Chemical Letters. 2023.
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£y

XA R 7R YIE TADFiZ Rt N FBRYEE AT setd

LUMO
-1.90 eV
A - _absorptlon ﬂuorf-.:sence 3an
: E - - -3an
. Ph{ _Bu \
: Si” !
: Wk _. 084 \
: 2.97 eV 1 N\\S 0 Z i Doy = 15%
H g \
5 E B84 ‘\ tr=2.08 us
. Eg=343eV AEgr=0.02eV O O B \.
' N o N g \
. ' 85.7 © 04 ¥
o ' £ i
: —T 5 \
' 2.95eV z \\
. 0.2 - ¥
: 3an
-5.33 eV e E =
GG 300 350 400 450 500 550 600 650
Wavelength (nm)
ANG = -l — =4
SHEERY [Bu ‘8 0\\ Ph
PhO H t O, Ph
N/, Bu W n ,,,,
Sa ’ \ SI ""N Ph
P N'“)Si SisN” “Ph Karstod |
By ’ . | W arstedt catalyst Qy = N O O \SI y;
/—Si Si > Ph/
7 |
N i
Ph v

3va, 99% ee, 96:4 dr

4va, 75%, Mn = 7.3 kg/mol, PDI = 1.1

Huang X, Zhu J, He C. Catalytic enantioselective N-silylation of sulfoximine. Chinese Chemical Letters. 2023.
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a) Desymmetrization of prochiral silanes toward silicon-stereogenic monohydrosilanes (previous strategies)

1
He P!
40

dihydrosilanes

well-developed

1.
29

two examples

-

( challenge to access Si-stereogenic

functional groups )

hydrosil: bearing ph

b) Design plan for the one-pot stereodivergent asymmetric synthesis of phosphine-based silicon-sts g

H
|

-

Cl
o O

commercially
available
feedstock

H
|

wSi
cn
e

Yang B, Tan X, Ge Y, Li Y, He C.
Frontiers. 2023;10(19):4862-70.

—nM1
* ( desymmetric
— substitution
chiral P nucleophile
_—

Page 50

7

O,..sa
{0

triorgano-monohydrosilanes

hydrosil from dichloro-monohydrosilanes
M2
¢ — °0
s —si
—_— - \
—P p—Pp

key Si-stereogenic
monochlore-menohydrosilanes

5.0

—Si

*\
* H

—p

stereospecific
transformation

—

M=)

Stereodivergent asymmetric synthesis of P-atropisomeric Si-stereogenic monohydrosilanes. Organic Chemistry
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c) Stereodivergent asymmetric synthesis of P-atropisomeric Si-stereogenic monohydrosilanes (this work)

H

;'Si
cn
{0
Cl

one-pot

35 examples, up to 99% de

Page 51

tunable substitutions on
Si-stereogenic center

alkyl & aryl
aryl & alkyl
alkyl & alkyl

aryl & aryl

Yang B, Tan X, Ge Y, Li Y, He C. Stereodivergent asymmetric synthesis of P-atropisomeric Si-stereogenic monohydrosilanes. Organic Chemistry

Frontiers. 2023;10(19):4862-70.
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a) Desymmetric substitution between chiral P nucleophil

P and difuncti

al monohydrosilane

X
H ‘ ‘\\Me
| si’
x\Iu-SI\ Q*\H
Me
nBuLi
1 4 p
_— > /
O THF, -84 °C 2a, X = Cl, 95% yield, >99 de O
O \ 2b, X = OEt, 70% yield, 4:1 dr O \
{
N
SN N\
SN
1a 1a'
b) DFT calculations for the stereochemistry of desymmetric substitution and stereospecific transformation

3aor3b (R, Rg)
desymmetric substitution

stereospecific transformation

TS_Rg;_favored > TS_Sg; disfavored

inversion_favored > retention_disfavored
AAG* = 2.4 kcal/mol

TS_Rq, favored > TS_Sg, disfavored
AAG* = 6.7 kcal/mol

Frontiers. 2023;10(19):4862-70.

Yang B, Tan X, Ge Y, Li Y, He C. Stereodivergent asymmetric synthesis of P-atropisomeric Si-stereogenic monohydrosilanes. Organic Chemistry
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ot s 57 sioxe X BRSO F IR
-
s
crw
/ \I#o BrMg—Ar
ci
2a
nBuLi Ar = p-OMe-CoH,
1a Ja

Entry 2a (equiv.) ArMgBr (equiv.) Solvent Temperature (°C) 5a/3a"” 5a yield” (%) 5adr” (%)
1 1.1 equiv. 1.5 equiv. THF -84 (°C) 1217 33 7=2
2 2.0 equiv. 3.5 equiv. THF -84 (°C) 41 | 66 551
3 2.0 equiv. 3.5 equiv. Et,0 -84 (°C) nd‘ — —
1 2.0 equiv. 3.5 equiv. THF/Et,0 (1:1) -84 (°C) 8.3:1 66 4.5:1
5 2.0 equiv. 3.5 equiv. THF/Et,0O (1:1) -116 (°C) >40:1 83 11:1
6 2.0 equiv. 3.5 equiv. THF/Et,0 (2:1) -116 (°C) >40:1 79 10:1
7 2.0 equiv. 3.5 equiv. THF/Et,0 (1:2) -116 (°C) >40:1 77 7.2:1
g? 2.0 equiv. 3.5 equiv. THF/Et,0 (1:1) -116 (°C) >40:1 58° >99: 1

Yang B, Tan X, Ge Y, Li Y, He C. Stereodivergent asymmetric synthesis of P-atropisomeric Si-stereogenic monohydrosilanes. Organic Chemistry

Frontiers. 2023;10(19):4862-70.
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Yang B, Tan X, Ge Y, Li Y, He C. Stereodivergent asymmetric synthesis of P-atropisomeric Si-stereogenic monohydrosilanes. Organic Chemistry

Frontiers. 2023;10(19):4862-70.
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- it

Q9
si;
g
H
1) nBuli, (Q—SiHCI, (2) R P
/)
(X
2) (O—MgBr (4) ’ \
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N

52, 66-89% NMR yields, dr = 1:1-99:1
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)
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Me
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\ \ q \
H H
J1

1) HyB-SMe,

S

2) DABCO

LD - m O

H

N N @
O Q ’ Q O Q Q Q
5fand 5e°
5a b 5c sd 78% NMR yield, dr = 1:1
83% NMR yield, dr = 11:1 87% NMR yield, dr = 12:1 82% NMR yield, dr > 20:1 81% NMR yield, dr = 9:1 32% isolated yield, > 99% de
58% isolated yield, > 99% de 65% isolated yield, > 99% de 62% isolated yield, > 99% de 62% isolated yield, > 99% de 28% isol: jield, > 99% d

Me Me Q Me
Me,
= oS
) q
o

P P
)

\Bg
V.
B

/

R
N\

5g 5h 5i 5§
72% NMR yield, dr >99:1 75% NMR yield, dr = 4:1 75% NMR yield, dr = 12:1 78% NMR yield, dr = 22:1
65% isolated yield, > 99% de 41% isolated yield, > 99% de 56% isolated yield, > 99% de 57% isolated yield, > 99% de

v Oy O

5k 51
72% NMR yield, dr = 17:1 89% NMR yield, dr = 5:1
61% isolated yield, > 99% de ~ 43% isolated yield, > 99% de

QOMe
Me\ “‘\\\Q
Si si
oo X
H
5

o N

e
1
Si"
OMe

N N N N
N N N N
5m 5n 50 5p 5q 5rand 5q°
90% NMR yield, dr = 26:1 47% NMR yield, dr = 7:1 91% NMR yield, dr = 12:1 93% NMR yield, dr = 28:1 81% NMR yield, dr = 21:1 80% NMR yield, dr = 1.66:1
70% isolated yield, > 99% de 33% isolated yield, > 99% de 55% isolated yield, > 99% de 73% isolated yield, > 99% de 58% isolated yield, > 99% de 4494 isolated yield, > 99% de

28% isolated yield, > 99% de

$ 9
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| Part 5.93FI Si-X/C—X {BEHIREEROFIEEE

a) Synthesis of chiral silyl Rh(lll) complex

si’
\
H toluene
b +  [Rhcod)Cll; —0u =

rt, 30 min

5aa 5aa-Rh, 85% NMR yield

b) Synthesis of chiral silyl Ir(lll) complex m u %n %E 7x_“ _/-__-E %,%, % Eﬂ’ﬁ_[‘

si”
\ OiPr
H toluene
+ [Ir(coe),Cl]> B .

rt, 30 min

5m 5m-Ir, 93% NMR yield CCDC: 2276694

Yang B, Tan X, Ge Y, Li Y, He C. Sterecodivergent asymmetric synthesis of P-atropisomeric Si-stereogenic monohydrosilanes. Organic Chemistry
Frontiers. 2023;10(19):4862-70.



Part 5.93F8) Si-X/C-X {BEMERIERCFIEEEL

c) Chiral silyl metal complexes or silyl ligands enabled asymmetric hydrolytic oxidation of dihydrosilane

H
|_ Catalyst (1 mol%)
iBunl'sl\H
+ H,0 Ligand (4 mol%)
THF, rt
6a

d) Synthesis of chiral silylium ions and preliminary chiral memory study

o ‘
H

Si’
S ek

1 1,2-Cl,CgDy
O rt, 10 min

(Rs;)-5af, dr = 97:3

[PhsCI'[B(CgF5)al" (1.0 equiv)

§ (*'P) -2.6 (minor), -3.3 (major) ppm
8 (*°si) -34.1 [d, J(3'P-2%Si) = 25.1 Hz] ppm

Yang B, Tan X, Ge Y, Li Y, He C. Stereodivergent asymmetric synthesis of P-atropisomeric Si-stereogenic monohydrosilanes. Organic Chemistry

Frontiers. 2023;10(19):4862-70.

Entry
H
| 1
Bu SI—oH

2

3
7a 4

5

0
7

OMe

(C6F5)4]
J N
N

(Rs))-9, dr = 90:10

& (3'P) 35.7 (minor), 29.1 (major) ppm
5 (2°si) 8.5 [d, J(*'P-2Si) = 48.7 Hz] ppm

Sm-Ir
[Rh(cod),]BF 4
[Rh(cod),]BF,

[Rh(cod),]BF 4

LiAlH4 (1.0 equiv)

5u

5q

5r

1,2-Cl,C4D,
-78°C > 1t, 12 h

Yield (%) ee (%)
99 -19
98 =17
99 =72
99 22
99 -2

a] PAFE piifa
ESIE FF
P AL

(Rs;)-5af, dr = 86:14

§ (*'P) -2.6 (minor), -3.3 (major) ppm
5 (*°si) -34.3 [d, J(3'P-2%Si) = 24.2 Hz] ppm
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Part 6.3 X FRAIHF C-Si{BEA R

Bl Development of reductive silylation using chlorosilanes(®
Effect of chlorosilanes

orf NidpphCIz (10 mol %) . Me
d Me\ Me bpy (10 mol %) S Me, 'am‘s - PMe& 5 Me, Me\s‘ . EtO,
+ S$i.p ——————— uo-s-—m u-Si- h-Si-Cl  Ph- s|—(:| ~Cl EIO‘SI'C|
~F Mn (3.0 equiv), 30°C Me M M Pll —/_ EtO
1a 2a DMF (0.2 M), 24 h . - i
32, 80% 0% 0% 0% 0% 0% 0%
M The scope of cyclic vinyl triflates®®
path a ) R-X ME~ ME~ e ¥e Me ¥ me e e Ve me e
—=  8i—M (Si, B, Mg, Zn efc.) Slj\ S"\\ 5'—\\ Si—\\ 3'\ j
RVA SR Vs S s Alies &
many repart S o TsN BnN BocN
3g, 86%
path b i si 3b, 60%° 3¢, 78% 3d, 75% 3e, 93% 3f,91% (1.36 g, 85%) 3h, 70% 3i, 95% 3j, :e%
- L - . M
&-cl L hase Me" "Sl|e Me e Me e Me, Me Me, Me Me‘Sll
\s \S s A
Q Q _\\ 1—\ |—\\ %I\ |—\ i \\
A
: < é 31,93% 3m
i R-X ; 91'/. 86% an 0 =0 0 ‘
B e smcasmen s aaaatas s et s s et aa e et T R e ] OTBS EtO,C Me Me 81% K/° 88% 3p, 52% 3q, 71% 3r, 81%
path & {unknown) A The scope of acyclic vinyl triflates™
Me.
s Me Me Me Me Me
Me-Si"s NN Mewdny Medn, Jlesday  HO Me.lay
O)\ ACOM TBSO\/M MeO C/M Ar\uJLH:& o*g&
N 2
= - 3t, 68% 3u, 61% 3v, 62% 3w, 61% 3x,50% O
Me Ar: 4-toluene
Mewdiny o Me Me Me,
\ )\/p-oule T Mot Mo Me\ A AT
— N $ x
% fﬁﬂxy/ S Eﬁt—&iﬂj by - Me*\/\OH "‘e/'\\ /I\,COzEt me” S Me
X 3y, 68%

C_Sif I% H;é )i m o 3aa, tracel 3ab, 435/.02& 3ac, trace M,MG%%[-I

1 The scope of vinyl chlorosilanes™®

Me | Me | Me [ Me | Me | Me |

SIO @SI@\ SI Ul 5| TBSO\GISI
O w J 0O ID @ (=
3ae, 70% 3af, 64% 3ag, 62% 3ah, 78% 3ai, 71% 3aj, (0.55g) 71%

Me | M‘»‘SJ MDS | - Me | Me, Me Me, Ph Q
S. i N Sl 5| Si
O O OO g O P
3ak, 51% 3al, 73% 3am, 65% 3an, 43% 3ao, 56% 3ap, 19%" 3aq, 66%
Duan J, Wang K, Xu GL, Kang S, Qi L, Liu XY, et al. Cross-Electrophile C(sp2)—Si Coupling of Vinyl Chlorosilanes. Angewandte Chemie
International Edition. 2020;59(51):23083-8.



Part 6.3 X FRAIHF C-Si{BEA R

Silicon bioisosteres from biologically active compounds!®!

M
M M 9
/¢ Mooro X Mt
N o : . 5
H A
Cy HH
AcO )
6, 67% 7,53%
Me Me
Selective epoxidation of divinylsilanes "y,
oy eE-aCillD ' Me, Me ’
%XI —.|- [//{ O’ Sho? mCPBA SOSK/
S Ts CHCI o 8, 75%
:L#_E 5’ &E‘Z " 5 9, 87% Me
Synthesis of BCB monomers®!
g orgs ) PhSIRICl; \O, ,o\@, i
iy

3aj R = Ph (10), 92% yield
R = CH=CH, (11), 88% yield

A new silicon reagent for the Hiyama cross-coupling reaction!!

Pd(PPh;)s (5 mol%)

\

)

‘Su Br Cul (1.0 equiv) R
+ R
R-E:r 1 O/ TBAF (30 equiv) g

5 12 80 °C, PhOMe 13

Hiyama{BEx

: ,Ph : ,Ph : ,Ph ll 'I ,Ph : #Ph
Cl F MeQO,C ™S
13a,83% 13b,78 % 13c, 90 % 13d, 89 % 13e,83 %

Duan J, Wang K, Xu GL, Kang S, Qi L, Liu XY, et al. Cross-Electrophile C(sp2)—Si Coupling of Vinyl Chlorosilanes. Angewandte Chemie

International Edition. 2020;59(51):23083-8.

BEERR
Sk

FTHIA IR
RRGLES%N

NiCl; (10 mol %) Me\ Me

xrCTf Me Me _ 5.5-dmbpy (20 mol %) _
| Ar | ¥ Siz T ————————
= Cl Mn (3.0 equiv), 20 °C A!

4 2a DMF (0.2M), 24 h

L] Subllrm scope

Me Me, Me Mo Me  ~ MaMe
‘ Si e x Si
S: S ‘ Y j
oM i b
‘Bu = MeO MeO
5a, 68% 5b, B6% 5c, 86% 5d, 83% OMe
Me, Me Me, Me Me, Me Me, Me
Si 2
T GO soa g
5e, 75%
5f, 45% Me 5g, 68% 5h, 63%
MO‘S;MG ME}S'ME/ Me, Me
= & S
(L(J 1 _ X gon
—d OMe NC
5i, 59% 5j, 82% 5k, 91%
Me\ Me, Me Me, Me Me, Me
i MeO,C 5i
o 0 O O
P
51, 57% Sm, 72% 5n, 65% 50,91%
Me\s.""e/ Me, Me Me, Me
I
jondiiNog e va
MeO,C~ 7 5P, 89% o N AL |
(85% from Ar-Br)®! 5q, 50% 5r, 78%
(T1% from Ae-)® (569 from Ar-BO®  (89% from Ar-Brf®
Me, M
Me‘ e\S; e
1
5s, 93% x
ME Me |
5!,6&% HO Z Bu, 90%
® Bis-silylation’”
Me, Me
Me, Me s;\/ Me Me Me Me
/O/S' r31 x S|7
RN
Me Me Sv, 84% Sw, 78% 5%, 71%
Me
® Metallic substrates
Me, Me Me Me PinB Me Me Me, Me
N Svj ™S N Sl7 SI\] Bpin N E'.lj
(T (1] | ()]
T™MS

Sy, 82% 5z, 90% Saa, 81% Sab, 87%
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| Part 6.3 Y SERRIRAIC-SHEBLRRL

BREMETHCERXF R

(a) The selectivity of 4p and 2a in the initial reaction with Ni(0)?!

AP 4. 0aqon) Ar—Si (5p, 33%)
Ni(cod), (1 equiv) 2a (4.0 equiv)

5‘5'-dmbpy (2 eCIUiV) DMF. 20 OC. 24 h

Ar—H (14, 24%)
Ar—Ar (15, 12%)

(b) Stoichiometric reaction of Ar-Ni(ll) (16) with chlorosilane 2a

t-Bu

B 2a (3.0 equiv) Me, Me
2N, ‘..-B' Mn (3.0 equiv) /@/ N
Ni
a dtbbpy (0.1 mmol)  MeO,C 5p
g DMF 1 ml, 20 °C
t-Bu
COMe with Mn 64% yield
16 (0.1 mmol) without Mn 0% yield

TERRFASE R4 AL 7 Ar-Ni(ll)
F HZENIi()iZ 52

Page 59

Duan J, Wang K, Xu GL, Kang S, Qi L, Liu XY, et al. Cross-Electrophile C(sp2)—Si Coupling of Vinyl Chlorosilanes. Angewandte Chemie

International Edition. 2020;59(51):23083-8.
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Part 6.3 X FRAIHF C-Si{BEA R

(Ph3P);NiCl; (10 mol%) (PhaP)oNiICl, (10 mol%) (Ph3P)NICl5 (10 mol%)
Ph L3 (20 mol%) Ph Ph L3 (20 mol%) Ph e R._OT Mo M g Me, Me
., Ve Me Zn (3.0 equiv) Me, Mo . RR Zn (3.0 equiv) R R YN °/ ZnEOeuv) R __Si 2z
OTf + CI/S'\/ DMA sl\.f OTf + CI/SE‘Rj DNA SI,R3 CN - ~ RT?M'AB Iq
CN RT for 18 h CN CN RT for 18 h CN e - or 18 h =
1a 2a 3aa 1a -4 Jaa-ad (3.0 equiv)
(3.0 equiv) (BOequiv) e e
---------------------------------------------------------------------------------------------------------------------------------------------- X Me
i Ph Ph /\ Ph Ph Me, .'Me o} Me, Me
R R | Me_ Me ( > Me_Me Me_ Me si_z 7/ P N
= = Z Si Si Si. Si. ~F
P AN 4 7 N\ Et Mo o CN
\ / N N = = CN CN CN CN 3ba (X = Cl): 70%
NN = Z NN 3aa: 76% (50%)! 3ab: 70% 3ac: 33% 3ad: 40% Som (= Ny S0% 3da: 65%
L1 L2 L3 L4 LS ’ . . ’
(R=H) (R =Me) (R = Bu) e % = Me_ Me Me_Me Me_Me
==1 [ ~ v Ph Sl B Si_z EOC Sz
IJ‘KT%Z—& AVA ~F ~F ~F
Entry Variation Yield [%]™ 28 ﬁz!: EF }A_ m \H‘/\g; I
1 None 90 (76)" 3ea: 73% 3fa: 66% 3ga: 56%
§ :;z (z:h P);NiCl g Me, Me Me, Me e
BAlE S=2 B8z0 Si_z PWO Si_z A0 Si._z
4 w/o L3 70 WY WY & oY >~
5 L1 instead of L3 85 CN CN CN
6 L2 instead of L3 80 3ha: 50% 3ia: 41% 3ja (Ar = 4-CNCgHy): 57%
7 L4 instead of L3 76 T i T i
8 LS instead of L3 ] Y v '
Si._ .~ Si._ =~ nHex Si. .~
9 Mn instead of Zn 54 m = ~F Y ~F
10 Cl instead of OTf 80 CN CN CN
n Br instead of OTF 75 3ka: 54% 3la: dr. = 50:50, 64% 3ma: 36%
12 0°C instead of RT 83 e i X . . T
13 40°C instead of RT 81 qf\s{ F Si_z Bu Y\S:\/
CN CN CN
3na: 40% Joa (X = CH,): 73% 3ra, 70%
3pa (X = 0): 64%

3qa (X = NBoc): 40%

Zhang L, Oestreich M. Nickel-Catalyzed, Reductive C(sp3)—Si Cross-Coupling of a-Cyano Alkyl Electrophiles and Chlorosilanes. Angewandte Chemie
International Edition. 2021;60(34):18587-90.
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| Part 6.3 Y SERRIRAIC-SHEBLRRL

R _X
22zCl, h
Ni CN
1
112 Zn
+l
+| R Nl‘
Ni—Cl Y
CN
R! R2 172 Zn
R\I/Si\ ,
CN
3
0IIIC| + 1r22nx2
R_ _Ni_ _R! R_ _Ni
Y

Zhang L, Oestreich M. Nickel-Catalyzed, Reductive C(sp3)—Si Cross-Coupling of a-Cyano Alkyl Electrophiles and Chlorosilanes. Angewandte Chemie
International Edition. 2021;60(34):18587-90.



Part 6.3 X FRAIHF C-Si{BEA R

N Ni(COD), (10 mol%)
1a dppb (L4, 10 mol% )
MeO dibpy (L13, 10 mol%)
Ph—Br ' PhMeSi—Cl  Mn (3.0 equiv), Na;SO; (2.0 equiv) m
P —— DMI/Hexane (1/9, 0.1 M), 60 °C @
entry change of conditions 4a (%)
1 none 78 (74)P
2 NiCl, 58
3 NiBr, 56
4ld no dtbpy 31
5 no dppb
6 hexane
7 DMI 45
8 no Na,S0O, 70
9 Zn instead of Mn 55
10 no Nior Mn 0
11 Ph-Cl instead of PhBr 36
12 Ph-l instead of PhBr 34
13 Ph-OTf instead of PhBr 42

Ph

P

+

4a'

x SiMePh,
() e

SiMePh,

4a/4a'

>20:1
5:1
4:1
8:1
16:1

>20:1
15:1

15:1
8:1
6:1

Page 62

H Effect of ligands:/®)

fh Ph PPh
Ph. _Ph ! Ph Ph | 2
PP Phop™~-Pepn z‘l’\/\/p\ Php~~Poen
Ph  Ph 1 Ph Ph i PPh
Ph Ph 2
dppm (L1) dppe (L2) dppp (L3) dppb (L4) dppbz (L5)
58% (10:1) 51% (13:1) 57% (11:1) 78% (>20:1) 43% (7:1)
., =™ "L
|
LI Poh, o .
o PPh, !
PPh,  PPh, O@ S ppp, L9, R = H, 31% (9:1)
L10, R = CF5_34% (7:1
Xantphos (L6) dppf (L8) 3. 71)
44% (10:1) BINAP (L7) 85% (>20°1 L11, R = OMe, 39% (13:1)
52% (8:1) (>20:1)
R

R Me, Me
_ __( bpy(L12), R =H, 35% (11:1) 3,4.7.8-Me,Phen
QP doey (L9, R=Bu. 78% 020:1) o V—Me (L15), 42% (12:1)
N N dmobpy (L14), R = OMe, 50% (>20:1) =N N=
W Silylative side-products

silyl-protonation: 5~~~ SIMePh; sily-Heck: , Xy -SiMePh;

Pan QQ, Qi L, Pang X, Shu XZ. Nickel-Catalyzed Cross-Electrophile 1,2-Silyl-Arylation of 1,3-Dienes with Chlorosilanes and Aryl Bromides.

Angewandte Chemie International Edition. 2022;62(4).



Part 6.3 X FRAIHF C-Si{BEA R

Ar—Br (2b, 2.0 equiv) Ar
SN Ph;MeSi—Cl (3a, 1.6 equiv) \ SiMePh,
see Table 1, entry 1 @ 4b-p
b-p Ar = 4-F-Ph

Ar Ar Ar
/@/\/K,SiMeth /@MSiMe;Ph ©/§)\,SnMePh,
F F,C

4b, 68% (>20:1) 4c, 67% (>20:1)° 4d, 73% (13:1)
SiMePh,
\ SnMeth /@/\/K,S:Meth
TBSO
4g, 81% (>20:1)

41, 76% (18:1)

de, 71% (>20:1) 1.24 g, 75% (>20:1)l!

Ar Ar Ar
/@/‘\\)\,SiMeth w3|MePi)©/vVSiMeth
Me,N Me,Si X

4h, 73% (>20:1) 4, 75% (16:1) 4j, 75% (>20:1)

X SiMePh;, OO \

4K, 72% (>20:1) 41, 60% (>20:1)

* SlMePh2 Ws.mwh;
° &

4n, 42% (>20:1) 40, 57% (>20:1) 4p, 75% (>20:1)

S'Me""z SiMePh;

?

4m, 57% (>20:1)

~ SiMePh,

Ar—Br (2, 2.0 equiv)

Ph,MeSi—Cl (3a, 1.6 equiv)

4z, 73% (>20:1)
SiMe,

«\\ ; .SiMePh;

4ac, 63% (>20:1)

x SiMePh;

i

4af, 41% (>20:1)

4aa, 58% (15:1)
Bpin

. ES:MEPHQ

dad, 71% (>20:1)

L0

w

SiMePh,

4ag, 45% (>20:1)

ye

x
/@/\/\ - i g SiMePh,
see Table 1, entry 1
MeO' 1a ¥ 4q-ah
F
i SiMePh, w:\;E :SIMeth AT SiMePh,
4q, 76% (16:1) 4r, 52% (>20:1) 4s, 71% (>20:1)

CFy "By OMe
N.\\?,swephz A’,Esmnnz N,Es.mwnz
4t, 71% (>20:1) 4u, 67% (>20:1) 4v, 58% (>20:1)
R SiMePh, N,A\£ SiMePh; RS SiMePh,
4w, 71% (>20:1) 4x, 65% (>20:1) 4y, 62% (>20:1)

/~0
0,
A SiMePh; AHE\E,S'WP“; AP SiMePh,

4ab, 67% (>20:1)

X SiMePh,

o

4ae, 38% (>20:1)

®

AT SiMePh,

4ah, 57% (>20:1)

/@/\/‘§
MeQ

1a

Page 63

Ar'=Br (2b, 2.0 equiv
( quiv) A

R;Si—CI (3b-k, 1.6 equiv .
3 ( quiv) Ar/\*)\/s'R’

see Table 1, entry 1
Ar' = 4-F-Ph (4ai-ar)

Ar' Me

1..Me
Ar/\\)\’s"Ph

4ai, 75% (>20:1)

Ar'Me Me Me

Ar /\Aﬁ&@ /\)\/ \©/ A,/\jr\/fhﬂmi

4al, 64% (15:1)

Ar' Ve e
Ar/\)\/Si'

4ao, 77% (12:1)

ArMéi-\QMe
F

4aj, 66% (>20:1)

Ar' Me Ar'

Me
Ar/\‘)\/slijMCe
OMe

dak, 70% (>20:1)

1

W/

4am, 60% (>20:1) 4an, 74% (>20:1)

Arl
R
Ar R Ph  Me

/\/l\,é' /\)\/Sl =

4ap, R = Ph, 52% (>20:1) 4ar tracel)
4aq, R = Me, 45% (>20:1) '

Pan QQ, Qi L, Pang X, Shu XZ. Nickel-Catalyzed Cross-Electrophile 1,2-Silyl-Arylation of 1,3-Dienes with Chlorosilanes and Aryl Bromides.
Angewandte Chemie International Edition. 2022;62(4).
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| Part 6.35 Y =R C-SHBBL R L

Mn Ni(0) R3Si-Cl
/ 3
Ar! Ni(1)-Br
Ar/\)\/SIR:;
4 R3Si—Ni''X
Mn
A 1\“"),8
r I\lli r
SiR;
Y g RSi—Ni'
B
AFM
Ar'-Br I\l.li| 1
2 A N-SiRs

A

Pan QQ, Qi L, Pang X, Shu XZ. Nickel-Catalyzed Cross-Electrophile 1,2-Silyl-Arylation of 1,3-Dienes with Chlorosilanes and Aryl Bromides.
Angewandte Chemie International Edition. 2022;62(4).
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| Part 6.35 L SEELIEtHC-SH{BBR R AL

El Selectivity profiles of chlorohydrosilane by transition metal catalysis

~77 kcal/mol
R Pt, Pd, Ni... i R ™ R
O-si-c1 ~ H=Si—0l s~eenmenmmns » H-$i—0
R well known L T unknown &
~93 kcal/mol

M Reductive coupling of chlorohydrosilane via Si—Cl cleavage (this work)

ort R (W) i
FG ‘ + H-Si—ClI - 'H

Zhao 77, Pang X, Wei XX, Liu XY, Shu XZ. Nickel-Catalyzed Reductive C(sp2)—Si Coupling of Chlorohydrosilanes via Si—ClI Cleavage. Angewandte Chemie
International Edition. 2022;61(21).




Part 6.38 SGREBIRF C-Si{BEX R M

Ni(cod), (10 mol%) Ph_ Me
OTf Ph o
. C|-s:|-n 3,4,7,8-Me4Phen (20 mol%) Si.,
Me Mn (3.0 equiv), DMA, 35 °C
1a—x 2a 3a—x
H Electronic and steric effect
Ph_Me Ph_Me Ph_Me Ph Me
S| Si.
ot ot ot O
MeO,C Me
3a, 82% 3b, 78% 3¢, 63% 3d, 71%
Ph  Me
Ph, Me Ph Me Ph Me
Si Si,
@ SO gt O
o THPO
3e, 65% 3f, 75% 39, 77% 3h, 87%

M Polyarenes and heteroarenes
Me

Ph,Me Ph Me Ph~$i—H
SLH SLH OO Ph
O Lo oD
H N
H

3i, 749 3j, 607
el J. 60% 3k, 73% 31,77%
Ph_Me Ph_Me Ph_Me Ph_Me
Z 2 o Z
N N MeO’ N Me N Et
3m, 43% 3n, 67% 30, 88% 3p, 70%
W Metallic substrates
Ph_Me Ph_Me Ph_Me Ph_ Me
plnB\©,s|‘|'l /@’s'“H TMS\(>,5L|_| QSLH
pinB TMS
3q, 85%"! 3r, 82%0 3s, 65% 3t, 65%
W Natural product derivatives and bis-silylation
Ph Me
Ph_ Me Ph Me 5- Phs Me
Boc,\-H SI.H @ “H
Ph,, |
MeO,C Me \ S sI.
Ph Me H
3u,91% 3v, 84% 3w, 70% 3x, 68%°!

Ph_Me
Br see Table 1
@ + CI—Su-H - . ‘
4a-1 2a 3y-aj
Ph Me Ph Me Ph Me Ph  Me
OSLH CESLH SI Jij,Sl
H,N SMe (Pr);NO,S
I.l
3y,51% 3z, 94% 3aa, 46% 3ab, 69%
Ph  Me Ph Me Ph‘ Me
S Y
s"-Me "
OS
3ac, 78% 3ad, 83% 3ae 85% 3af, 89%
Ph Me Ph_Me Ph_Me Ph Me
Si, Si. Si, Si
o] S o
3ag, 45% 3ah, 64% 3ai, 64% 3aj, 60%

SITHEAER T R

Zhao 77, Pang X, Wei XX, Liu XY, Shu XZ. Nickel-Catalyzed Reductive C(sp2)—Si Coupling of Chlorohydrosilanes via Si—ClI Cleavage. Angewandte Chemie
International Edition. 2022;61(21).
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Part 6.3 S R FIC-Si{BEX /R M

i 0,
R R3 Ni(OTf), (10 m:)l/n) R' R? »
OTf ) bpy (15 mol%) é
RN +  Cl-Si-H RZJ\', "y
R3 R4 Mn (2.0 equiv) R?
DMA, 35 °C
5a-aa 2a-e 6a-ae
H Cyclic alkeny! triflates!®!
Ph Me Ph_ Me Ph  Me Ph_Me
o o o O
6a, 66 % 6b, 84% 6c, 73% 6d, 68%
Ph Me Ph_ Me Ph_ Me Ph Me
i Et Si TBSO Si i
o Ut gt O
'Bu
6e, 66% 6f, 61% 6g, 70% 6h, 60%
Ph_Me Ph_ Me Ph_ Me Ph_ Me
Sl.H Sl.,H Sl,_H SI,H
Me
Ph MeO EtO,C ey
6i, 84% 6j, 81% 6k, 92% 61, 68%
Ph Me Ph, Me Ph, Me Ph_Me
5i ; y ;
oot ot o
O
S 0.
<,o -
6m, 84% 6n, 40% 60, 90% 6p, 70%
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Ph‘si'Me Phéi'Me Phki'Me Ph‘ ‘Me
= *H X *H = *H Si‘H
TsN BocN BnN ‘
6q, 85%

1.09 g, 76% 6r, 73% 6s, 76% 6t, 80%

H Acyclic alkeny! triflates(!

Ph Me Ph Me 0 Ph Me
Me Si. | i i
WT H C \/\/\lrSLH Ar\NJ\/\/\N&_H
H
6u, 47% 6v, 62%] 6w (Ar = 4-Me-Ph), 58%
Ph Me Me Me
.Ph M .
S e e A S ]
Ph Me AcO Me Me Me
6x, 64%!] 6y, 42% 6z, trace 6aa, 71%
® Chlorohydrosilanes!®!
Ph\ H Ph\ H Me\ H Ph‘ H
N SIVMG N Sl\%Me x S'%Me N Si
TsN TsN TsN TsN
6ab, 81% 6ac, 78% 6ad, 58% 6ae, 88%

Zhao 77, Pang X, Wei XX, Liu XY, Shu XZ. Nickel-Catalyzed Reductive C(sp2)—Si Coupling of Chlorohydrosilanes via Si—ClI Cleavage. Angewandte Chemie

International Edition. 2022;61(21).
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| Part 6.35 L SEELIEtHC-SH{BBR R AL

7, 71% 8, 72% 10, 48%
(from testosterone) (from (+)-4-cholesten-3-one) (from estrone)
Ph Me OAc Ph Me
o) Xr~"H Sl
N
H
NHBoc O
9, 57% 11, 88%
(from dipeptides) (from ezetimibe)

F
Zhao 77, Pang X, Wei XX, Liu XY, Shu XZ. Nickel-Catalyzed Reductive C(sp2)—Si Coupling of Chlorohydrosilanes via Si—ClI Cleavage. Angewandte Chemie
International Edition. 2022;61(21).
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| Part 6.35 L SEELIEtHC-SH{BBR R AL

Ni(OIL Ar—X
I *
Mn (0) 1
CI-Ni(l)L* X
N' *
A NilIDL
/lxr
H“?HRQ Mn
R1
3
(IZI
Ar—Ni(lIIL* Ar—Ni(l)L*
HY P ~R? B 2
R'1
+
\ Ar—Ni(ll)L* nucleophilic L
H“Sli’Cl attack  SN2E AN
A R TR

Zhao 77, Pang X, Wei XX, Liu XY, Shu XZ. Nickel-Catalyzed Reductive C(sp2)—Si Coupling of Chlorohydrosilanes via Si—ClI Cleavage. Angewandte Chemie
International Edition. 2022;61(21).



Part 6.3 S R FIC-Si{BEX /R M

El State-of-the-art: Pd-catalyzed cycloaddition of (Et;N)R;Si-Bpin

o B
st &

Si 1">s
R” “NEt, RF{-,

RN +

-R_ CI @ f->

R1M + :” \SiJ R" Si

. - Y ‘
-.R" ClI Mn R R

Page 70

Ni(COD), (5 mol%) e
Cl_..Ph L8 (10 mol %) Ph~g;j
PR RN+ Si
N )
CI" Ph Mn (3.0 equiv)
1a 2a DMI/Hexane (1:9, 0.1 M)
Nas;S0O, (30 mg), 60 °C
Effect of Ligands: Bh
—_ —_— Me Me D/ﬁ .
M M
NN "\ N N7 ’ PPh,
L5, % L2, 0% @, L3, 51%
0 o)
Y j._, 5 j E‘h
: N “Bh : N""g =]
PR, PPh,

L4, R = 3,5-(Me);Ph, 67%
L5, R = Ph, 54%
L6, R = 3,5-(CF3);Ph, trace

L7, R = 3,5-("Bu);Ph, 35%
L8, R = 3,5-(Me),Ph, 72% P" F’h
L9, R = 3,5-(CF3),Ph, trace L10, 47%

Qi L, Pan Q-Q, Wei X-X, Pang X, Liu Z, Shu X-Z. Nickel-Catalyzed Reductive [4 + 1] Sila-Cycloaddition of 1,3-Dienes with
Dichlorosilanes. Journal of the American Chemical Society. 2023;145(24):13008-14.
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Part 6.32 X FERBIT 5T C-Si{BEA R M
. " 4 "'-s| Ph-su Ph-5| h~s| O O Mes _
" Cl R Nl(faci?ézrfo?‘%m R3-Ei @’Q /@’LJ @p Q/Q ji“' ¢ j‘" i""

3b, 56% 3c, 85%° 3d, 73%" 3e, 88%"
R¢ Mn (3.0 equiv)
DMI/Hexane (1:9, 0.1 M)

sow O & oB B b b 080 B0 Qo
i i Siz
1b—x 28—9 Na2304 {50 ITiQ}, 60 °C 3b-ac Q)Q @Kc? /©):> /@/Q i i cl _

3f, 73%°

3 78%5 . 5d, 77%" Se, B7%° 5f, 81%°
Ni(COD), (5 mol%) ) e we
Rz 3 0, Ph= Ph- -I;h Ph Br O \ O
L8 (10 mol %) si 5 Ph-g; ol a WL o
R"/\‘A + : Mess'\©/Q /@Q |‘ P ~ - w
s Mn (3.0 equiv) A O R 8857 —— 51, 59%
1 Ci s DMI/Hexane (1:9, 0.1 M) 5 37990 k. 57% .. S S, o) ) -
Na,S0O, (60 mg), 70 °C 3 . Ph a9
a,504 (60 mg) : £ Ph O s./ OO Q % O Ll S

NiBr, (5 mol%)

Ph=gj Bh
J/Q Phh 5, 61% O 5k, 46% S 65
cl_ _R! L10 (8.5 mol %) )

S S
ArM + sit R2eSi 617 : 3p, trace 39, 67% OO L ~-s J TS _
cl” "R? DMI/n-Nonane (1:10, 0.05 M)

Ph : = = cli
i £ Ph=gj =
Mn (3_0 EQUIV), 40°C Ph=gj P 5m, 60%° 5n, 64% 50, 70%"
D—h Ph (1.1:1 dr)
Ph Me Ph = oh
Ph i
Ph- Ph—s Phl- Ph=g Ph B Th =~ . sy
Q Ph=g; P i i 5p, 7% 5q,51% 5r, 50%¢¢
(R)-3I (R)-3ad R -3ae (R)-3af CeHir 3x, 87%0
87%, 86% ee 51 %, B4% ee 93% 86% ee 45%, 82% ee 3v, 54%" Sw. 0% (.31 dr) :
cl Br F
Pheg
5. o E eI ™>"si
P (R)-3ah Y,
(R) 3agb 90%, 2.5:1 dr (R)-SI” (R)-5s O
41%,60%ee  T8%ee TS%ee 45%, 50% ee 76%, 78% ee 3aa, 50%¢ 3ac, 83%
O 3z, 72%" “ 4 dr) 3ab, B0% (.81 dn)

Qi L, Pan Q-Q, Wei X-X, Pang X, Liu Z, Shu X-Z. Nickel-Catalyzed Reductive [4 + 1] Sila-Cycloaddition of 1,3-Dienes with
Dichlorosilanes. Journal of the American Chemical Society. 2023;145(24):13008-14.



Part 6.38 SGREBIRF C-Si{BEX R M

1.0 —
I S5m
5n
0.8
]
=
2
£0.6
-«
=
E 0.4 ® Of=053 (5))
g * or=057 (5m) _
5 # @f=0.35 (5n) s
Z 0.2

400 500 600 00 800
Wavelength (nm)

El Reactivity of 1,3-diene and chlorosilane toward nickel catalyst

PR R Me;SiCl,
98% 1a (1.0 equiv) Ni(COD),/L8 2¢ (3.0 equiv) o

e X H
recovery of 1a iy 3.0 equiv) | (1.0/20€Uiv)| Mn (30 equiv)  Me2SI T SMe:
10, 15% yield

[ Effect of Mn on the reaction of 11 and 4b for formation of product 5/°

s s Ni(COD),/L8 : s
ArM R W \ {1.0/2.0 equiv) Ph e
Si Mn (3.0 equiv) S
" c’ o 5 \—
(1.0 equiv) 4b
(3.0 equiv) entry condiions  1a 51

ME?S’i’O"‘S‘iMez

(a)  without Mn 92% 4%
(b) with Mn - 72%

Ph #pn
Ar. 1. aPh Ni{COD), (10 mol%) C3H;
Si m-CPBA (1.5 equiv) PCya (20 mol%) Ar \SE/{\, Ph
& (a) epoxidation | I (c) cross-coupling ~
B, B7% from 31 (0.2 mmol) R' k! 8, 95% from Sp (0.3 mmol)
Ar ‘SI"R
|G
Me Hg (1.0 atm) Phe= Ph
Ar % Me  RuPPhs)sCl (5 mol%) | I Ru(PPhy)Cl (2 mol%) 4. i y/
1
(b} hydrogenation (d) cycloaddition ~
7, 99% from 3y (0.2 mmol) 9, 41% from 5p (0.2 mmaol)
- Ni(0) CI=Si(R,)Cl
R / 1
Resi Ni(1)
Ar—O
—
Sy
Cl CI—Ni"-Si(R,)CI
A _Nill R
Si-R
X~ B
\ Mn
|\L1i' cl R 1
ol i Ni'=Si(Rz)CI ——=. Si—Si
Ar/\/\,SI_R i=Si(Ry) %

v

ArM 2

Qi L, Pan Q-Q, Wei X-X, Pang X, Liu Z, Shu X-Z. Nickel-Catalyzed Reductive [4 + 1] Sila-Cycloaddition of 1,3-
Dienes with Dichlorosilanes. Journal of the American Chemical Society. 2023;145(24):13008-14.
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Part 756 ESIEHESC (sp2) {BEX

EETHRRERN, RETHRERERN

A) Transition-metal/Lewis-acid-catalyzed hydrosilylation

transition metal (cat.) transition metal (cat.)

or
@ Lewis acid (cat.) @H Lewis ac:ld (cat.) Q
RS T e e

A EWG ZEDG

® Very limited success e \Well studied

® Good reactivity & selectivity

I
i
i
v
i
i
i

® Poor reactivity & selectivity

B) Hydrosilylation through direct HAT photocatalysis

("BugNg)[W+10037] (cat.)
H UV light /_>~g:
ZCN

® Requires UV light; W is toxic

EFEVEZE

® Poor Si-H vs C-H selectivity

Page 73

C) Hydricity of Si-H vs. C-H: electrophilic

HAT cat. -
Hydricity: @—® > @@ 5* 5 @

Atom electronegativity: 1.90 2.2 255 2.2 @@

D) This study: Visible-light-mediated metal-free hydrosilylation

PC 1 (cat.) PC 1 (cat.)
& 2

HAT cat. 2 (cat) HAT cat. 3 (cat.)

@/\ blue LED, RT blue LED, RT @/\
EWG @H EDG

Z EWG Z  EDG

® \Metal-free ® Selective for Si-H activation® Selective B-silylation ® Visible-light-mediated
® Ambient conditions ® No stoichiometric additives ® Atom-efficient ® Wide substrate scope

Eip(PIP)=-121V HAT cat. 2 HAT cat. 3

PC 1 = 4CzIPN [NAJ'OAC i
Ey(*PIP) = +1.35 V \F \|/

Zhou R, Goh YY, Liu H, Tao H, Li L, Wu J. Visible-Light-Mediated Metal-Free Hydrosilylation of Alkenes through Selective Hydrogen
Atom Transfer for Si—H Activation. Angewandte Chemie International Edition. 2017;56(52):16621-5.



. PC 1 (3 mol%)

g2 éi;H . ‘:_-_WEWG HAT cat. 2 (10 mol%) Rﬁéf—/, IEWG Page 74
Part 7. 56T ESIHHESC (sp2) (BEX :

CH3CN (0.1 M), RT, 24 h

blue LED @D "
a) Electron-deficient alkenes
EL,Si Et,Si Me,PhsSi Me,PhsSi
CO,Bn CO,"Bu CO,Bn CO,'Bu
4,81% 5, 80% 6, 85% 7, 50%
ﬂzijoj\ Et,Si j EI3S| ™S ElaS'\_gr f !
0/4%:/ COzBn COzEt
_— 8 81% 9,69% 10, 50% 11, 85%%)
: ewe R'R N g ey Eus
3.5j ‘Q:
ﬁ{ ||/ R3-Si . g 0 MeOZC COo,Me
2 & \_\
R Si* - IV e 12, 85%al 13, 84% 14, 37% 15, 68%
3 Et,Si
|||R Et,Si o e HhgER SIEt; 0
R' i o 0 Y b T &
| c a o
R2.SiH HAT [N PC 1'\ 16, 33% 17, 74% 18, 47% 19, 40%
1 ——
MesPh
R3 D SET RZ R sEo M S' Etaa
| I Ph so Ph
R Sl (=) Me,PhSi )\ ©
20, 53% 21, 35% 22, 85%181 23, 65%7!
OAc SET V EWG Et;Si, CO.Et EtSi,  COEt
[ N@ PC 1 ® Me;Phsi Et5Si COzEl CO,Et CO,Et
]ll Rz R1 + H CN COZEI
* N P Me oz [a) Cl al
I OAc PC1 ; R3-5j 24, 45% 25, 75% 26, 51% 27, 8190
® [ N b) Silanes
-H
2 EWG Et,MeSi EtMe,Si "Bu;Si "PraSi
CO,Bn C0,Bn €0,8n ©O,Bn
28, 94% 29, 78% 30, 77% 31,83%
M
JPr’ssi\_\ fE;ul\.'leze,i\_\Bnl\}legsi\j s\fl\.’le
CO,B C0O,B ,©/ I
2 LoD 22N | ite,si CO,Bn
32, 65% 33, 64% 34, 60% 35, 70%

cl Me ;
S Ph,MeSi Ph,Si (TMS),Si
| 4 S\—\_ Gl W > \
U%Me COzBn CO,Bn MeO,C  CO,Me COzBn
36, 40% 37, 69%[®

. 38, 80% 39, 90%
Zhou R, Goh YY, Liu H, Tao H, Li L, Wu J. Visible-Light-Mediated Metal-Free Hydrosilylation of Alkenes through Selective Hydrogen
Atom Transfer for Si—H Activation. Angewandte Chemie International Edition. 2017;56(52):16621-5




PC 1 (3 mol%)
DIPEA (5 mol%)

Part 7.76{8F=ESiEHESC (sp2) (BHEX RQELH X WEDG HAT cat. 3 (5 mol%) R3é§\_\

RZ R Page 75

FIEE dioxane or THF (0.1 M) EDG
RT, 12-24 h
blue LED @D """
a) Electron-rich alkenes
MePhSia ~ o~~~ MePhSi~p Me,PhSia_-~_-Ph
40, 95% 41, 58% 42, 35%

2 ol :
R°R iprsisH3  RER

3.5i -Si Me,PhSi Me,PhSi
rEDG e \ . - R*S) MegPhSiWPh * 5'\/\/\’_(0& & Slw
o | m e ) M 0 0
vii EDG . EDG 43, 72% 44, 84% 45, 62%
: 'PrqSiS .

R? Si* _
' Me,PhSi :
R2 © Vi MeQPhSin 2 \/\OO Me;;PhSle
I | B PC 1"\
\/ 'Pr3SiSe + H SET 46, 90% 47, 77% 48, 64%
Vi )
HAT \ J‘PrSSiS '@ MEQPhSIWOACMEZPhSI\/\Si(OEt)S MEQPhSiWSIMEQPh

2 SET ®
R \ e l,, H 49, 62% 50, 94% 51, 76%
|
R*SiH b) Silanes
3 3 EthIV\Si{OEt};:, HPrSSIWPh PFSSIWPh

52 70% 53, 45% 54, 45%

n i Me,BnSi i
BUGS'W“ph SRR S, MePh28|WPh
55, 80%@ 56, 61% 57, 80%

PhsSiae ~ {TMS)SSi\/\/YOEt H [
35l Pth|th
58 70% 59, 90% O 60, 83%

Zhou R, Goh YY, Liu H, Tao H, Li L, Wu J. Visible-Light-Mediated Metal-Free Hydrosilylation of Alkenes through Selective Hydrogen
Atom Transfer for Si—H Activation. Angewandte Chemie International Edition. 2017;56(52):16621-5.



Part 8.proposal

OAc
o DY
/S\I—R1 I
H 2 /\R2
R1 Rz

Ri R2

R
Ro <« 3@“'””
X R4

R1 /Rz

HSi

)\/'n\/R“

[Ni(IN]

LEQ/OAC

[PC] ~

oxidant

[PC]
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Thanks For Listening



