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Circularly polarized luminescence
(CPL) spectrum

Chiral organic silicon material |:> Other applications remain to be

developed
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Difficulties in Synthesising Chiral Silicon Compounds
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Chiral Resolution
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H. Nohira, Bull. et al. Chem. Soc. Jpn. 1980, 53, 789
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Desymmetrical Reaction of Non-dihydrosilane

s o Yeme

Ar Ar
I PdCp(n3-C3Hs) (5 mol%) T ~
[Sl' (S,5,5)-L (10 mol%) . o~ "
N Toluene, 30 °C, 48 h oA e
R——— ‘ :) 17 examples, up to 97% yield, 95% ee . Ph
OV R i
(S,S,S)-L
Ar
’
Ar E\/S""'
Pd
3 [: 1
| I - R———
—_— Y 0N
R — (3 \) § /o‘
e oo, > e ~
~Lw bb A
00 %
£0,Me
Ar z;"e 2 PdCp(n3-C3Hs) (5 mol%) A"S;Me om
I $ (S,S,S)-L (10 mol%) i 2Me
Si—Me *[°© | | >
| | Toluene, 30 °C, 48 h 'Al‘
Ar = 4-MeOC6H[4Pd] COﬂe reductive elimination )
L A

reductive
elimination

<

..QO
.Q'D

em. Soc. 2011, 133, 16440

T. Hayashi, et al. J. Am. Chem. Soc. 2011, 133, 16440 10



Desymmetrical Reaction of Non-dihydrosilane

R3 1 R2 1 R2 > ‘Me
PdCp(n*-C3Hs) (5 mol%) R' R R' R SN
R’ b 3 NS 3 _P—N
| (S,S,S)-L (5.5 mol%) Si R Si R o
Si—R? * | | > Me
| | Toluene, 10 °C,14 h | | PH
R4 R4 \ R4
..................................................................................... (SS9 ...
MeO MeO MeO
Si_ _CO,Me CO,Et CO,™Bu (I Si_ _CO,Me L):COZMe
(ICOZMe (ICOZEt LJ:COZ‘Bu CO,Bu L/\[COZMe CO,Me
95%, 92% ee 90%, 90% ee 85%, 91% ee 70%, 88% ee 91%, 94% ee 83%, 84% ee
cl 'MeQ
CO,Me CO,Me (ICOZMe (ICOZMe (Icozm : iijiH
LICOzMe EICOZMe COZMe COZMe C02Me E COzMe
95%, 92% ee 97%, 92% ee 95%, 92% ee 89%, 90% ee 95%, 91% ee \ 58% T7%ee

T. Hayashi, et al. Org. Lett. 2012, 14, 2902
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Desymmetrical Reaction of Non-dihydrosilane

COzMe

—

CO,Me

Ar

DSi—Me

Pd!_|

MeOZC

COZMe

CO,Me

transmetalation
c-bond metathesis)

coordination
oxidative cyclization

—=—=—CO,Me

reductive
elimination

Pd°

reductive

elimination

Ar
/
i

oxidative
addition

Ar, Me PR Ar_ Me
\; fL0:Me Si_ _CO,Me Y
\ CO,Me (J: \ Cco,Me
pd" CO,Me pd"
2 (2.0 equiv)
Pd(PPhs), 3 Pd(PPh;3);(2)
CH,Cly, rt, 3 h
CO,Me Ar\ Me Ar\ /Me
) -
[T r | | catalyst (5 mol%) Si__-CO,Me Si__-CO;Me catalyst 34 yleld of 3
. +
Si—Me Toluene, 60 °C, 12 h L/\lE & \[ Pd(PPh;), 86/14 74%
CO,Me CcO,Me CO,Me Pd(PPhs),(2) 84/16 82%
1 2

T. Hayashi, et al.

Org. Lett. 2012, 14, 2902 12




Desymmetrical Reaction of Non-dihydrosilane

R’ [Rh(CH,=CH,),Cl], / L K
Si’ > Si, 2
“R2 ——R3 — R

9 examples, up to 98% yield, 82% ee R3

reductive
elimination

~N

CF,
L A
N

coordination

Z. L. Song, et al. Angew. Chem. Int. Ed. 2019, 58, 4695
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Desymmetrical Reaction of Non-dihydrosilane

npr\ K A W
D TMS-segphos (10 mol%) Si. Si.

Siz—H Rh(cod)OH], (10 mol%) A
R1 R2 + ArH [ co ]20 9 /o '
p-xylene, 40 °C, 24 h R’ R2 -H, 1 R2
Q O 17 examples, up to 78% yield, 93% ee R

RZ
path a ArH >
Intermolecular
dehydrogenative A
D silylation
; <> npr, Ar

T
th b Si .
R? R2 pa - Si
O O Intramolecular ArH
d_ehyd_rogenative R! R2 > o R2
silylation B
"Pr\ “\H
path ¢ - Si. o
Desymmetrization
C-H silylation _ArH |
R c R2 2
\ i
a b
"Pry Ar <> TMS-segphos (10 mol%) "Pry, AT
Si—Ar TMS-segphos (10 mol%) Si, - + Arq —[RD(cod)OH], (10 mol%) ye -
[Rh(cod)OH, (10 mol%) 3¢ Me Me p-xylene, 40 °C, 24 h O O Me
O O Me p-xylene, 40 °C, 24 h No reaction
No reaction

npr \Ar

npy \H 9
W (£)TMS-segphos (10 mol%)

c AT
« . Si
Si . [Rh(cod)OH], (10 mol%) O O Me W. He, et al. Angew. Chem. Int. Ed. 2016, 56, 1125
O O Me p-xylene, 40 °C, 24 h

73%, 94% ee

98% ee



Desymmetrical Reaction of Non-dihydrosilane

X
N X\ X
[Rh(OH)(coe),], (8 mol% Rh) | _— |
S,S)-Me-Duphos (6 mol%
OH (S:5) phos ( o o o 2 NosiRar,| 1-RLi, Et,0, 35 c_ Ph
SiRAr, ethyl acrylate (1.2 equiv) Si 1Ary 2 ssi NH.Cla '
THF, 65 °C, 24 h = | R Z -sak- et ag
13 example, up to 97% yield and 92% ee SA |
Y YV\
1 2 3 91% ee
Conversion
a o 1 Rh]—H
(a) rcozEt [Rh]\) [Rh] rcozEt N
| ot FH eIimin%tion + | )
[Rh—Ph ———— 3 —_— OEt
[Rh]—OH CO,Et
B

Si(‘Bu)Ph,
Rh

Si('Bu)Ph, H

COzEt
O0—IRh]

+
Si('Bu)Ph,

see the conversion

Y
CO,Et [Rh]_ O
(b) J/ N CO,Et
OEt 3
[Rh]—Ph Ph - 1 O0—I[Rh] +1 Ji
Ph™ J'Ph Si('Bu)Ph, Ph Ph

hayashi, et al. J. Am. Chem. Soc. 2012, 134, 16955
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Desymmetrical Reaction of Non-dihydrosilane

Me
Pd(OAc), (5 mol%) PC
¢ y

MeO® 'Bu (R, Sp)-L (5.50r 10 mol%) Meo BY PAr, 2

Si ELNH (2.0 squiv) Si Fe

Toluene, 50-70 °C, 48 h Q O
OTf (Josiphos)
1

2 3 R, S,)-L: Ar = 3.5-Me,-MeOCH
92% yield, 94% ee (R, Sp) 2 6Ha

MeO

Bu Q
L n
actlvatlon \© Pd \© 1,5-shift
base |
oxidative OTf
OTf addition Q
MeO Bu
\
MeO 'Bu Q MeO tBu\ Q MeO Q Si
= Si Pd°
d
@

Al"zP PArz base
B . u . o base
possible transition state for A-B C.H
activation
reductive
elimination MeO Bu

\
Si Pd
MeO C}
t B
Bu, u\

Si Si 5

Q O Q O T. Hayashi, et al. J. Am. Chem. Soc. 2012, 134, 7305 16

2 3

MeO



Desymmetrical Reaction of Non-dihydrosilane

SiMe3

" " OO
(R)-L (5.5 mol%)
‘Bu ) B PPh,
HaN Pd(OAc), (5 mol%) u,
2 \ 2 - 'Si PPh,
Si Et;N (2.0 equiv)
\©\ DMA, 100 °C, 24 h
N Me
H

70%, 90% ee (R)-L




Desymmetrical Reaction of Non-dihydrosilane

Ph O
Cu(OAc), (20 mol%) R
Fmoc-Phe-OH (20 mol%) -,
R Pd(OAc), (10 mol%) NN Si OH
4 + 1 - r"
RN L Z R 0, (1 atm), ‘PrOH, 80 °C o \ NHFmoc
' | up to 71% yield and 91% ee e
Cog AN | Fmoc-Phe-OH
R1
Bu Bu,
Si Si
B B
=N =N
I o
MeOZC
41%, 82% ee NH'Pr 42%, 91% ee
(a)
Bu f
i Pd/C Bu,
X Fe H,, MeOH NS
| AcOH/EtOH >
_N _ ACHRER 35°C,16 h |
| 100 °C, 24 h s
O O MeO,C
O,N AcHN 85%, 92% ee
76% ee 39%, 76% ee
(c) MeO,C \
t t
Bu, ; Pd(OAc), (10 mol%) Bu,
X Si O Fmoc-Phe-OH (20 mol%) Si
I Cu(OAc);, (20 mol%)
+ N - X
=N Z "COMe 0, (1 atm), ‘PrOH, 80 °C, 72 h ~

L. W. Xu, Chem. Asian J. 2019, 14, 2082
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Desymmetrical Reaction of Dihydrosilane

(S,S)-DIOP (5.5 mol%)

‘i H
Q Si: + ROH >

[RhClI(cod)];, (5 mol%)
CgHs, 20 °C

MeOH 3% ee 'BUOH 7% ee 'PrOH 8% ee

[RhCl(cod)]; (5 mol%)

S,S)-DIOP (5.5 mol%
R1R2CO( ) ( moi

(” .

R'=R2=Me 30% ee R'=R? = Et
R'=R2 ="Pr 39% ee R'=R2 = Ph

_/"' (R)-CyBINAP (5.5 mol%)
Si_ + R,CO

[RhCI(cod)], (5 mol%)
THF, -20 °C

81% yield, 99% ee R =Et

b

97% yield, 99% ee

ok

Ph,CHOH 19% ee

><0u. PPh,
o PPh,

(S,S)-DIOP

cyclohexanol 17% ee

transition state

R. J. P. Corriu, et al. Tetrahedron Lett. 1973, 45, 44

H
g R3MgX, Et,0
o\ —
@ “OCHR'R?
46% ee R'=Me, RZ=Et 42% ee
31% ee R'=Ph,R2 =Me 55% ee

R ="Pr

R'=Ph, R? = Et

><0u. PPh,
o PPh,
(S,S)-DIOP

42% ee

R. J. P. Corriu, et al. J. Organometallic. Chem. 1974, 64, C51

Pcyz

95% yield, 98% ee

(R)-CyBINAP

H. Takaya, et al. J. Chem. Soc. 1994, 2525
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Desymmetrical Reaction of Dihydrosilane

Me
S H
\ / ‘BuMe,SiO._ =
H [RhCl(cod)], (0.3-0.5 mol%) L Rh PPh,
Si L* (1.1-1.3 mol%)
“H ) PPh,
4 | DCM, -20 °C / | ‘BuMe,SiO A
S g
Me
jotl UJ
cyclization N *
y - RhL"
/ \ / \

(S*)Sl (S*) (S*)Sl (R$)

2nd intramolecular
hydrosilation

Me," s s Me s
i Si Si

Si
(5 “Me S Me

(RMsi(S%, 87 (R*)s: ~(S%, R") (RYsi(R%, RY)
1a 1b 1c
K. Tamao, et al. J. Am. Chem. Soc. 1996, 118, 12469
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Desymmetrical Reaction of Dihydrosilane

R
N, 4 [RhCl(cod),] (0.5 mol%) O O
(R)-BINAP (1.2 mol%)
- > Si
dioxane, 135°C, 3 h o
O3,

A

.~H
S|~|_|

)
1

2
entry yield (%) ee (%)
1 4-MeO 95 81
2 4-Bu 94 78
3 4-CF; 90 75
4 2-MeO 73 77
o0 Q-
IH *
Si Rh > W

Si H "
“H Si-H activation ~Rh*-H
" Y R
o bond metathesis\-H,
C-H activation
o0 QO
\H
..H

K. Takai, et al. Angew. Chem. Int. Ed. 2013, 52, 1520



Desymmetrical Reaction of Dihydrosilane

Ar Ar
o] o Me
>< \P N'
H . / \
‘\
siy o o Me
R2 Ar Ar” CAr

H Pd,(dba)s (2.5 mol%) ”
L (R, R)-TADDOL (7.5 mol% N
RI=Si—H +  Ar—I Et;N (3.0 equiv), THF S
R2
Ar= 3,5-Et2C6H3
(R, R)-TADDOL
entry R! R2 Ar Temp / °C yield (%) ee (%)
1 Ph Me 2-MeOC¢H,4 -40 57 61
2 Ph Me 3-MeOCgH, -40 29 23
3 Ph Me 3-MeOCgH, -40 16 8
4 Ph Me 2-MeCgH,4 -40 44 58
5 Ph Me 1-Np 20 58 51
6 Ph npy 2-MeOC¢H, -40 73 70
7 Ph ipr 2-MeOCgH, -40 73 76
yoTTTEEEEEEE RS
1 | :
LA
PoL i H ]
' ALY 4 1 1
' Pd. R' .
1 P N B === mm————————
1 Sl\ 1 ' 1
- I “R2 ! : :
: H ' : L] '
e mmeccccecan- 1 R' H , \ ||V/Al' 1 '
Naie™ reduction elimination + __Pd_ R"
or reduction elimination Si PPT N :
2 Ar 1 H | \RZ 1
R 1 '
mmmmmmmm—————— 1 H :
' _.Ar . ' '
' = ! e mmemmmm—aaa- 1
E t E "’I:I 1 E
DL
! SicLs !
' bR H. Nishihara, et al. Chem. Commun. 2012, 48, 11546
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Desymmetrical Reaction of Dihydrosilane

_ Ar Ar
R——R H

[Pt(dba)s] (1 mol%) R2 , Si—H :> si—c 0 0
2 i i 2 H \

R\S_,"' L (2 mol%) “si . R\S_/ >< p—pn

1 1 ’ 1 v
RT “H Toluene, 3 h R - R si—cC : si—o0 R O o (o]
up to 86% ee R Ar® Sar
L: Ar = 4-MeOCgH,
K. Tomooka, et al. Angew. Chem. Int. Ed. 2012, 51, 12745
) , A
L-CoCl, (2.0 mol%), NaBEt;H (6.0 mol%) Ar N—co—N-—/
R—=——R' + Ph(Ar)SiH, > R7 N/ VAN %
MTBE, -20 °C, 36 h ", ¢ c Y
R'=H or alkyl o/ vi ° H Ph (o} (o]
44 examples,up to 99% yield, 91% ee I I
Si('Bu)Ph, | Si('Bu)Ph,
Ph J]\ O Et
=) Phj\si PhJ\lsg PhJI\lSi Ph™ S PhJ\Si_
H Ph ‘- H Ph H Ph H Ph P
H Ph OMe H Ph gt
98%, 91% ee 98%, 63% ee 91%, 6% ee 98%, 9% ee 93%, 11% ee <10%

Z. M. Hou, et al. Angew. Chem. Int. Ed. 2018, 57, 12342

[M]—SiHR'R2
R—=—
R——
M = Co, Pt
—_—; 1p2
[M]—SiHR'R R'2 R2
SiHR'R2
: [M] SiHR'R2
R
R

24
R'R2SiH,



Desymmetrical Reaction of Dihydrosilane

[Sc]

[Sc]-H

2

38 examples, up to

93% yield, >99% ee

R2
[Sc] )
AR > =
R
H R'R2SiH,

=/ . ISCJ\)\R

hydrometalation

Sc-3 (2.5 mol%)
R

CeD¢, 75 °C
12h-24h

26 examples, up to 97% yield, 99:1 e.r.

Sc-3 (2.5 mol%)

/\
R™N C¢Ds, 85 °C
24h-48h

11 examples, up to 92% yield, 96:4 e.r.

%[Sc]—H

+
R1 H
RZ -
\/S-im')\R
H He i Sc]

Desymmetrization
by c~bondmetathesis

R=0OMe
R'=CH,C¢H,NMe,-0

favored
VS

(0}

7 o—
*= T
H H Ty, c
L \z >
R lu.Si' Vet
RS
disfavored N

R'=large group R®=small group

Z. Huang, et al. Angew. Chem. Int. Ed. 2018, 57, 6319
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Summary
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Summary

1. At present, there are only a few strategies for directly and efficiently synthesizing chiral silanes

of silicon atoms. It is still in the preliminary stage of development.
2. The future research direction will be to realize the synthesis of diverse chiral compounds based

on silicon atoms and to explore their applications in the field of materials science.
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R o
I
K L1
Y 9
2 PPh, _S.,
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R =k
. Si
S \Si @.FQ——{ ye ®9
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Thanks for your attention!



