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Construction of Silicon-Stereogenic Center via Catalytic Asymmetric
Si—H/X—H Dehydrogenative Coupling

Zhao, Jiayi Ge, Yicong He, Chuan™
(Shenzhen Grubbs Institute and Department of Chemistry, Southern University of Science and Technology,
Shenzhen, Guangdong 518055)

Abstract Owing to its unique structure and properties, silicon-stereogenic silanes have displayed valuable application
prospects in the fields of organic synthesis, functional materials and biomedicine, and have received extensive attention from
chemists. In recent years, methods for the construction of silicon-stereogenic center have been rapidly developed, especially
the use of transition metal catalysis to conduct the desymmetrization of prochiral silanes. Among them, asymmetric catalytic
Si—H/X—H dehydrogenative coupling (Si-CADC) using dihydrosilane as the substrate has become an important approach
and key technology for the construction of silicon-stereogenic center, because of its advantages of high efficiency, high atomic
economy, good structural diversity and high enantioselectivity. According to the different reaction categorie and products, this
review will mainly summarize and discuss in three stages: (1) asymmetric dehydrogenative coupling tandem strategy to
construct tetrasubstituted silicon-stereogenic silanes, (2) intramolecular Si—H/C—H dehydrogenative coupling to construct
cyclic silicon-stereogenic monohydrosilanes, and (3) intermolecular Si—H/X—H dehydrogenative coupling to construct a
variety of ayclic silicon-stereogenic silanes.

Keywords silicon-stereogenic chirality; organosilicon chemistry; dihydrosilane; asymmetric catalysis; dehydrogenative cou-

pling
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Figure 1 Si-stereogenic functional molecules
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(b) Desymmetrization of sp3-hybridized silicon

1
1
- 1 X
1 !
v = SR e R T
R A1-Si_, e > Siips i c) .-Si
: R2 ! =L R™7N
\X ! X \R2 / X
' RZ
labile '
B 1 TP
Scheme 1 Challenges to access Si-stereogenic center
R’l
Q Q L.
/SI\X
. . RZ \
1 optical resolution desymmetrization X
'T R prochiral
Si— |«
R2 \ R _Siip3
" 2 6 |]Q1 R R’ I|?1
) | | .
(dynamic) Si-., Si.., Si., Siv=
racemate kinetic resolution / R2” \ H rR2™ \ '5 r2” \ Ar R2 =-gr
H Ar \\
Q R
B 2 HHEHROF I %
Scheme 2 Methods to access Si-stereogenic center
Chin. J. Org. Chem. 2023, 43, 3352~3366 © 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences http://sioc-journal.cn/ 3353
g gh g try. y tp j



BIKE

R SR

TH I REL AR JFURL A, B AN KRR AEAL B A3 R
(1) 77 2SI 0 o Bk A B Ak v o0 T M e A 1 A S B
WA T S0

TEIXBEA T AR AL SRS, Ik M ARG R
BEAT I AR AR Si—H/X—H it &0 18 B 5 M (Si-
CADC)T5 3 T P i) & € (Scheme  3)1'7). 13870 ) i H.
HIEERM 515 BFEbr Itk m . SON SR 0 im0 SO0 ik
RV S I, NSRS 2 AR O F L
YR T BB F B E. NN ERE, Ak
FErE T SR A AIMER T, H Si—H #kiE
T 2 RRAG AN R B 2 X RR AL o- AR 7 2K, =R
AR T IERE S B FN, B SR E S AR AT
BRSNS R A Si—X 8. BT
SRR RO F AR S BT — A Si—H #, R,
Al LS A N TF T G 4 Pk T — B SR
—HAR AN, MR T2 1 S A . AR R S B
RAVRIP= AR, AR SO FEEM LR =ANE B I 47
s (1) AN 1 S0 A B 6 2% s Ay 0 DY Ak o T 12
HHUEERE ) FW Si—H/C—H BEB B F IR
FUOFHEER AR, 3)0 T A Si—H/X—H B S
FUAEIR 2 BEAL AR PO T R .
1 FXFRE S (B8 BB BRI A S U B R Aol
FH B

2013 4F, Takai i4@2HUSHRAE T AR AL 0 200

BE/2y TN 75 R A AL 1 TAE, Seol 7 # kit 2
RIS 2 (Scheme 4). 7EIX /N Rh/1,1'-H5Z5-2,2"- 30—

R R (BINAP) A, 14 X6F Bt g 428 8 ot S AR DG S B2, X (16
I AR R I RE SR N I N LT, R AR R RE S A
Hls, FEEESEW IR Si—H/C—H fit EE B FE g T
PEAZ BAL S 7l b T (BB i ) R o 1) K S ]
AT PR A 2 17 25 AL B O 2R, A3 gk
Z7j (0T I 5 P P A T B8 — IR0 S A I R v i 1.
ZAEJG, AR AR AL BT N 2 N PO LB 7 T AR, AR
ST IXANGERUOL AT B A A R, DA R X
WeEFEPEIRS 1 P aA(R)-2 FI(R)-2", FF HLAFH] T i
Tofr e ) A FE B o S B 261 3 BE AR K — Mk AT 58 —
W ABEE, M 75 2 5 28 (0 4 M2 RE 2 724, Takai
BB R R X PR AL A FR Si—H/C—H it &5
RIS, ARG TEIRERE o ILHEThAE > THRAL T H
Mls. R, @ IXAME R R, ANIOGRE T 5 AN
B e R 1 P S b MRRE S o, HURYINE 2R, 45
PR —, BRI T % B — 2 R .

N T RS EE I E 2R R O F R,
HREHER. WIEREASTFR Si—H/C—H BE S
W6 S8, AT IR RRAHRO 2020 4EEEHEIT T — RV R
it 7. 4 Scheme 5 FoR, AT —EhEk: da H R, 1F
Rh/Joshiphos {264 T RIN3RAS T SARET Sa, JEiE
TN () FIASRAS B 95%I1) ee 1. (HIIRMIE, BEE
SN TE] R FE K, B URERE Sa 1) ee fHIEASAEIR I b A4
. N T B BEAL I R AR, AT W M T T @
NS R AR D Tl 3 751 B I 4 306 P ARG 20 w2 i i B SRk
BEf B IBE SR, MRS T PUEUR kO F A ML
Bt 6a. VEH Ut — 0 IH R 5 ) S 536 UE T 1% R BRSO A

Silicon Catalytic Asymmetric Dehydrogenative Coupling (Si-CADC)

B readily available material

R +-Q i ? T
Si., Si" Si-
27 'H 27 ' - ’o
R \ \v R \ 9 stereospecific R? é)
H -H, H transformation

B structural diversity

B atomic economy B operative Si*—H bond

B3

A FRAEA Si—H/X—H JEEUB IR B

Scheme 3 Catalytic asymmetric Si—H/X—H dehydrogenative coupling
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Scheme 4 Intramolecular asymmetric double dehydrogenative coupling for the construction of axially chiral spirosilabifluorene
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Scheme 5 Design of tandem strategy for the construction of Si-stereogenic center via asymmetric dehydrogenative coupling
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Scheme 6 Construction of Si-stereogenic silanes by tandem asymmetric dehydrogenative coupling/alkene hydrosilylation
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Scheme 8 Tandem asymmetric Si—H/C(sp*)—H dehydrogenative coupling/alkene hydrosilylation
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Scheme 9 Asymmetric dehydrogenative coupling for the construction of Si-stereogenic monohydrosilanes
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Scheme 10 Asymmetric dehydrogenative coupling for the construction of six- and seven-membered Si-stereogenic heterocycles
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TIAI Si-CADC [, iR mkt mede Bt st sz p 1 Ik
FROMR BORE A 00 T 1 44 07 B B AU SE R £ (Scheme 12).
2RISR (DRI 5] NBUT &E, AMY
i SR A B N, 1 ELIEER T Rh AR
Si—H B 20 FRA AN R SE AR B R (2)IA
REDK I B B IR AL AR 2 P A BRI AR, R 3t I 2 F I
HEAT; (3)ide FH KA FH = e ki 2R XU i 4 5 Rh(DZH
BRI () T P ARS8, SEI =) ST AR BV I e R 2
Hl. AR SO SR, AUk e 5 R B ey T LA
RAERG P AR R B, £33 A AN LA 0 1)
EIORTESE 26. 1EEILHE L T AL IR 4% 05 B EA,
AN FIRE O FYEF=Y) 27 ta] DAL R & fl DX SR i ke
IEPEMEIRTG. TR Rt nT LLS AR R R AR AN BR
B, 2 H R Ok B HEA IR B4, N TR
FOX LT LR E AR R SRR ST &, {EETE
Karstedt EALFIFIAAAET, i M85 00O F
SEARTERE SIAR L — SR N, AT R LAREH
OF M2 7 RN R IR 29, NTF S D)
REMPREI A R FR AL 1T ) SE

Me @ CH3
R
Si.,
Gh e
H
21

CH,OM
Ab/ 29V (NBE-OMe, 1.0 equiv.)

24 examples, up to 96% ee

Q/PtBUZ
Me PhoP™ | I
*si'R Fe Me
S <
L2, (R,S,)-Josiphos
22 ( p) p

Selected examples

A A A
*Si"‘Ph *Si..\Ph *Si"\Ph
\ \ \
H H H
Me CF3

22a, 79% yield, 96% ee
Ph
H

7\
si
‘ ‘

22f, 62% yield, 92% ee

22b, 78% vyield, 94% ee

229, 42% yield, 95% ee

22c, 60% yield, 92% ee

Me ‘ i) Me ‘ ()
*si"“ \ *Si.\\\
i’ ) C’ \
H H

22h, 51% yield, 96% ee

H

Al L
e N
“siP" e *sr“‘@l’%
\ \ o
H

F

22d, 76% yield, 93% ee 22e, 73% yield, 93% ee

OTBS

Me' I Me' I NMe
*gj+Ph *sit Y
\ \
H H
FsC

22i, 60% vyield, 90% ee 22j, 62% yield, 95% ee

B 11 AXFR Si—H/C(sp®)—H [t AR IR R Fay s il =P A oo 4

Scheme 11  Asymmetric Si—H/C(sp*)—H dehydrogenative coupling for the construction of axial and Si-stereogenic chiralities
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H
By 24 [Rh(cod)Cl],, L2 or L7
| toluene, 40 °C, 24 ~48 h
Ar/S{”'I +
CHzoMe
H ilx\\//
:

34 examples, up to 99% ee

H Ar
Bua ‘/ﬂ\* / Q/PtBuz
Si— “x7 sig PhoP™ & =
/ * :_ tBu Fle Me
Ar H @
26

L2, (R,Sp)-Josiphos

"D
Ar/Si P/\/ P -
\ ] iPr

H 'Pr

L7, (R,R)-Pr-BPE

iPr

Selected examples

H ;
,BU\ :/@\*
Si” “o :_SI‘ -
o
26a, 76% yield, 99% ee

By
x|

©/SL'"H
—
Me

27a, 70% vyield, 90% ee

27b, 63% vyield, 80% ee

By s
{ N/ it
Sivigy stmf?‘%u
H H

Construction of polymers

H Ar
tBU\ : / \ * /
/Si*/Q\:Si‘,BU + AN
Ar T
26 28
Bu <l ;
/[ / I\ " }\/Ie
S i.
L0 /S' iy S Me
@ Bu we /Si
Me n

29a

75% vyield, PDI = 1.9
M, = 47000, M,, = 90000

THF (2.0 mol/L), 120 °C, 15 h

Karstedt catalyst (1 mol%) ,[ //@\* /Ar

29b

86% yield, PDI = 2.5
M, = 59000, M,, = 146000

BR 12 S FEAMNER Si—H/C—H Pis it

Scheme 12  Intermolecular asymmetric Si—H/C—H dehydrogenative coupling

B J5, B AR 22 2SR TE T SR Bk
7y F1a) Si—H/C—H A MEE, SLl 7 — A kb 5B
PSRRI, 133 T — RFVAEPRAR S ey 5 42 (1 i
HRC P B A BE(Scheme 13). [HAFE R, H 5k
FEIZE 1 75 225 el A A7 BRI A X A BRI, /S B
Bere ISR ee (H AR 3 PR, M0 INLERRT 7 HH
A, A JE Bl A R A7 PR 628 23 TR] Si—H/C—
H Mt SR [ N 2 8 EE R

3360 http://sioc-journal.cn/
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B TIE Si—C B e OFE, FIA Si—X
Z R AR R 2 R AL 1 T M A LR AL A B LA I
71, B RIRAKIFRI Si—0 ffE. s2br b, &6/ Si—O
B MU A DA AT 52 (1 2R SN E, 1 EL
HOMURR S MERE L — BT AR E bR, A HUEER
FRER 2 b BARR MRS, — T e TEAE R
AHRER SIS ST, 75— A &R N 2
H SRR RN F A LA K. REETCA
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KEAH KANEALN G SO, BT S EE L
FHEREED I FATIIRIR D, IR KPR T 8 28 1
TEM BB AT K. BAE 20 tH42 70 4E4X, Corriu A1[H
22 SR BEAT T I A AR 1 SR B AN BRI
filt [ S, I FH Rh AL AT FR Si—H/O—H Mt EUE B G
g R, 0 S e g KR AT S A
— SRR R B, AR B T RER O F R R AR
i, 15 ee A Fi(Scheme 14). 2003 4, Leighton HA%HZH 2!
K F- A /(R,R)-2,4- X (2K H: %) S bE[(R,R)-BDPP]{E
RN, FHEREAE NP, ST TR mE e Xt
ML BRI A R 2017 48, 1RAISCREAHBOMRIE T Pt fifl
SAE T AR b S AR ) = o BB ON, A
— =R T AR5 5 T BEIRTT 4%0) ee {H. 2018
S, BRAISCRBABIARIE T Pt Ak AR S
/AR B B B, FIER T /S ook d ML &, o
A PO F S TCREAR IR = RE LA 25%~32% (1] ee

[Rh(cod)Cl],, L6

BT 30%~45% IR IR, ST FrrEA I B
N, 16 9) 7 BRI RSN R AR R ok
SEPR BRI Si—O .

2021 4F, A )1 EHBALEAA TR B IR XK Si—
H/C—H S B TEsEAE I, #E—E T Si-CADC
RN FITEEE, SCIR T Rh/Josiphos 44 28 R 4K, 1) 75 e o ik
TR S ERE B AR Si—H/O—H AR EX,
TR RN B B M b S T ek e T A AU DA SRR
Bk IR 2 (Scheme 15). 1% 246 i kHET 5. 5 13, BV
ZAFRAN, AARME—TEEY. FR, EERART
B R IR R R T A LN 1, 325
Bl Tk s e b, S WA RE L AR O R =
NP2 o Tkl 36c R TR A CPL
gum EA SR AR T T2 (gun=0.011, &=0.55),
TEF AL AR I T 1R 4 598 75 S 7T 5t

I f
Bu S NBE (1.0 equiv.) Bu L SS==Z_pPh,
Sicuy + s/ N Sy (BupP™ i =
AT\ el toluene, 55 °C, 12 h Ar © Me
H d - @>
36 examples, up to 99% ee 7 ‘.le )
23 30 MY L6, (R.Sp)-Josiphos
Selected examples
t f f
OMe B;“ Me E?u Me E?u
Si'y Si'yy "

31a, 64% yield, 90% ee 31b, 82% yield, 90% ee

Me ! Me tE?u
Z s
Bpin —

31c, 48% yield, 90% ee

31d, 90% yield, 90% ee 31e, 62% yield, 96% ee

B 13 AU S EL AR IR Si—H/C—H it 2 51k
Scheme 13 Asymmetric Si—H/C—H dehydrogenative coupling of dihydrosilanes with thiophenes

R1
|
Si-., R%-OH
! H +
RZ '\
H
32 33
Corriu's work Leighton's work
[
1-Np Ph Eiu =
*Sliz-,o)\Ph "Sig
H

H

34a, 92% yield, 19% ee

34b, 83% vyield, 90:10 dr

R1
o
[Rh] or [Cu] or [Pt] /Si"’OR3
RZ '\
H
34
Xu's work Xu's work
Plh
o
. o
Me/s--.,o/\ * diMe
Ph IR
/ Ph
Ph
Ph

34c, 84% yield, 4% ee  34d, 45% yield, 32% ee

B 14 B HIASFR Si—H/O—H il & & E
Scheme 14 Early examples of asymmetric Si—H/O—H dehydrogenative coupling
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ik SR
1 @
} (Bupp” | T
R2 2 ' -
_Stug + H, Fe Me
H s

Selected examples

R [Rh(cod)Cl], (1.0 mol%)
| L6 (2.2 mol%
_Si,  + R-OH ( ‘)
Ar” o\ toluene, r.t.
H
0,
35 33 38 examples, up to 99% ee
Bu
¥ _SiMe,Ph 1N

p
'O | _SiMe,Ph
o gV
N
£

36a, 98% yield, 97% ee 36b, 71% yield, 88% ee

tBlu
Si..
SN0
Ph” O\ /\©\Me
H

36d, 88% yield, 98% ee

tBlu
Si.,
V'O
Ph”\ /\©\CF
H

36e, 64% yield, 95% ee

| @F: 0.55

o
Si\ o “
el 0\’

)

36¢, 40% yield, > 99% ee

tBlu
mif\/T:) °\/
Pr”\ © /\©\/
H

36f, 66% yield, 96% ee

369, 52% yield, >99% ee

BR 15 AXFR Si—H/O—H it S ik RO PR S

Scheme 15 Asymmetric Si—H/O—H dehydrogenative coupling for the construction of Si-stereogenic siloxanes

TES PN SENIF, &A Si—OH 4 ik REfE
RAEDE T AT ARG A G o, 78
PR A2 2904k R = o A R B B L B
AR, BAR H BT A K= REERE R 5%, H%
T o0 WA B T O T T I ) R T A R R 3
— R, T BRI AL A PR LA {5 M E 6 AL
EVAT AR AN BRI SR, (H 7Tk
A PR A R s 1 PR ) 1 3 e 12 2 AR e o R s TR P
FERIAKI AR . ST F R O EE . fh2f e
YRR R T2 IS, % T FF R A R A B R 52
PP VAR I 110 v 25

2022 4, A 1R BSI3E— 54 FH KA AR, 5K
BT Rh AL —EREG AR AR, A&
TR E B F AR (Scheme  16). 7EA T £ IR
LG R, A ATE & @S T LL[Rh(cod)Cl], AR Ak 7 A 44
F1(S,S)-Ph-BPE (L8)FCAAMZE A M FHEMEMIA R, &%
SRS AR IR TR Si—H/O—H i A BB E s, 5
TR, DML BSOS R ek B T — &R
Y% B Re b FERERE. 7€ Rh/(S,S)-Ph-BPE [1{#1h %%
7R, FEURE G I NS T AR R, R
G T b OB R AR, ST S SO 1) B R AL
BOREE EHARNE, X—RUEEHTERT
MR BCE Ref. RN, (il Ryt b 2%tk
177 WK B A S B ORI, T 75 AR5 B A e R XL
Tk PR B A AE M Si—H AT Si—OH [, wlfE
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NRRBR 11 T 1 B o) % L 1 T e ek S A

N T UE B RE ) R AR TR RIR, fEFE AT T
H,'80 FRic s, feZLL 92% KU AN 94% 1) ee (155
THE 180 AREHIFEY)(Scheme 17). IX—45 LRI, wERE
Ik /S SR VNGO NS e B s e R I K= A I VA VA
(KIE)SE5 7~ Si—H BB AS S d b IR, MK
i O—H BN S5 T g b g, Ey P
WEFERNED Jy2 286 i FEat b, MR 4RI T iZ AR FRK A
1 S AT RE AL ER. 15 JE[Rh(cod)Cl]ay T XUBERT
PRI E R J5t S o AT 2B BE PR A AL Rh(D)-H 38. BEJ5 38
5 = AR S AL N B AE B Rh(TI R E] 44 39. 82 R oK, 39
KA R R R R S5 3) Rh(DEEFREEC &9 40. 55 40
KT o-E 0 RE i FERERE =) 37, JF5E Rh-H
ARG Y 38.

BT A A 3 S R B AR, 2022 4E, X0t
R BORIE T — i 5 T NNP BC A AL AN 0T
FRIK AL [ N A T PEREBE(Scheme  18). 1F1% ) N H,
Jt IR IE N A AT PR AP Cul BT
(SET)SEALF & L AT D). fES T, BA AR
PHAN MR AR LRI REFR Y. 2R NN 8 )R
R AR EAT AN o A it A B A S ek O T IR AR 8 1 )
.

Bk 75 AT A RE AT 2 BRI 2 Ak, AT 1R
ABTIE 2022 FiRKE T — 6 AT FPERE —REH R,
M Si-CADC W& & T PERERER TAE(Scheme 19).
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R [Rh(cod)Cl], (1.0 mol%) R’ Ph
| L8 (2.5 mol%) L. P j
/SI-,,H + HQO Z/SII"OH + H2 B _\_P
R2 \H THF, rt. or 15 °C R \H Ph
43 examples, up to 99%
2 P P o ee 37 L8, (S,9)-Ph-BPE
Selected examples
C
) MeO s|_y
Cy ipr Bu SV
MeO | MeO | * Sl )

'OH
® S{"OH *S{.,OH {’IOH O H
H H H Bn—N

37a, 95% yield, 94% ee 37b, 77% yield, 93% ee 37¢, 63% yield, 90% ee 37d, 92% yield, 95% ee

N
MeO Q.O OMe MeOOMe
* * * * w S
Cy—a: Si/Cy Cy\Si - _Cy H 1 Q O SI*H
< ;

S\ : S
H ‘OH HG H H by H6 H
37e, 70% yield, > 99% ee, dr = 22:1 37f, 80% yield, > 99% ee, dr=48:1 379, 57% yield, > 99% ee, dr = 27:1

B 16 AXIFRAMEN — ST K A S SR T R

Scheme 16 Catalytic asymmetric hydrolytic oxidation of dihydrosilanes for the construction of chiral silanols

T @ oY 11 =Y S

[Rh(cod)Cl], (1.0 mol%) Cy
L8 (2.5 mol%) MeO

* I.
I " SI--,150H
\H THF, rt., Ar \H

37a-'%0, 92% vield, 94% ee

I
+
=s
LY)
>
o

KIE experlment ————————————————————————————————————————————————————————————— Proposed MEChANISM -~ oo oo
‘ R
' I 1 N
Cy | Sty '|R I a
CeH130 I CeHi30 | l RZ \ _Si-RR
Si., H 2 H,
\'HorD ’OH RT\ /)
SR S I IR
L U i
R1
P |
Rh Siiiy —
3 (P “ re® Rh =P
[Rh(cod)Cl], (0.3 mol%), L8 (0.75 mol%) | Ho e
: 38 40
Cy |
C6H13O s| CBH130 N S| 3
I\'"H H,0 or D,O I 'OH or OD |I-I
‘O f 3 =Y "0\\H H,0
, KIE = 2.1 : ) sl
: R AlipR”
@ L e
' iy,
R\ P
a7 41

BR 17 AxFrfEf — Sk K ST 7T

Scheme 17 Mechanistic study of the asymmetric hydrolytic oxidation
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BH=E ERSHR
Cul (10.0 mol%), L9 (10.0 mol%)
; ‘BUOCOCMe,Br (2.0 equiv.) R o
F|< Cs,CO03 (2.0 equiv.) s' NH )—o
~ H,O P I nH
Si-, * 2 - O 2 N
a ! ~ ~ R
R2 \HH THF, 0°C, 10~72h \OH PPh, \)
40 examples, up to 95% ee Bn
32 42 L9
Selected examples
Bu Bu Bu Cy

42a, 70% yield, 95% ee 42b, 65% yield, 93% ee

Situy
\
OH
Me;Si

42c, 60% yield, 93% ee

|«

42d, 58% yield, 84% ee 42e, 25% yield, 67% ee

ER 18 ik ~ AR bk A N
Scheme 18 Copper-catalyzed asymmetric hydrolytic oxidation of dihydrosilanes

Cu(MeCN),PFg (5 mol%)

Selected examples

'l?1 L8 (6 mol%)
/Si"’OH + H,SiR,
rRZ\ BuOLi (20 mol%)
OH toluene, -35 °C, Ar
43 44 26 examples, up to 96% ee
fBIu 1-l;lp
:*  SiHPh :* SiHPh
Si.,~ 2 Si.,~ 2
Ph\ © Pr\ ©
OH OH

45a, 72% yield, 90% ee 45b, 75% yield, 74% ee

1)
B
Mes 1

+* _SiHPh
Si,~ 2
'O
\
OH

45f, 63% yield, 80% ee

Bu
I *

i, SiHPh2

OH
F

45e, 62% yield, 85% ee

B |
:*  SiHPh 2
Si.,~ 2 Si.,,
O‘ \ (0] PH \ (0]
OH

45c, 65% yield, 96% ee

Bu

459, 54% yield, 90% ee 45h, 72% yield, 63% ee

B 19 AR = B A X AR I SR S T P R

Scheme 19 Copper-catalyzed asymmetric dehydrogenative coupling of silanediols for the construction of chiral silanols

A TR R TR PR, R AR E I B S 3R
3. £ Cu(MeCN)4PF¢ fEALFIAN(S,S)-Ph-BPE FLAAK AT
6N, BUP MR S SRR ] DUR A R TR R
YR O—H/Si—H W EMHE N, D3] 1 % F
O FVERERE. TR RN AR, H RE A LT,
JRF- AU s, Hy AME— IR, BRI 2= F
SEARGEFENE, AT AR A O T R I A DL A R A
TSR

B Si-CADC SRS AN & e AAEfd, L5 Si—H
) it A e AN T ) R T C—H 48 F0 O—H 42 2023 4F, ]
IR RR ZH 383903 — 35 &% | 7 Rh/Josiphos AL 143 1)
AKEFR Si—H/N—H SRR N, #5HT — RS54

3364
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HORRORE O T IR R, SR T R A7 F A0
HFEVE(FIL 99% ee)(Scheme 20). fEAF—1RME, FER
FerEA BLE BB JE A DL i VR R), 7ERCAz ik
S AR, FEAPRMESE AR AR RO TR
(PhOLEDs) ¥ =R M kL. Bb4h, REEE L —FhAA
Si—N HARMREY, T AR e A R
JE VAR g PR AN FE e A 5 T S Y L T
BRI MR, TR R Bt — D% T TR
f1h 7% 18],

4 RESRE
L FRTIR, M AURERE R AT AR R AL Si—
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R! [Rh(cod)Cl], (2 mol%) R!
] L6 (4.5 mol%) o d iy PP
_Si.,, +  HNR, SR + H, (‘Bu)P o &
R2 \ H toluene, r.t., 4 ~12h R? \ 2 :e Me
H up to 99% ee H > L6
32 46
Selected examples
By Bu By Cy 'Bu 0. ph
SI' * H SI * H SI * H QMe Sli* H sis /\/ $
|ETINE BTN ng” "IN sl | Ph
P\ N P\ N P\ N \ PR”\
o TR B U “
-
46a, 92% vyield, 98% ee 46b, 90% yield, 95% ee 46¢, 96% vyield, 94% ee 46d, 97% yield, 92% ee 46e, 98% vyield, 98% ee
Ho H
By Bu _N,, /
SI' " H H H H I\ SI - Ph Sll
i, ~\*~Pn N/ S o f ‘ Bu
pH \ HON "'éi/ P s , S / N Bu O |
H " [\ HooH Q e PR
Bu By / /N
H H

46f, 95% vyield, >99% ee, 32:1 dr

469, 90% yield, 99% ee, 7:1 dr

46h, 89% yield, >99% ee, 32:1 dr

B 20 AXFR Si—H/N—H it SR BHE g fek o0 FHERE A Ube

Scheme 20

H/X—H i S A8 B S N (Si-CADC)AE T AE R A5 31 T Phik
K&, SRR OFHEE IR L SR T EE T
BTG WEMIRE, Sk A AR, 56K
KAase R et s RIS, AL 2o AR 4 T LA
— PR O P R AR Y. TR IR AR b
FEYNE B — A5 T AL AR, DR A A LA
MRME 2RI 254 2 S s A B R ME. R
RRTRTE, A8 XS N AR TFE5 R
IR I Reth S ME—RI =R AR AL R, A
R T WIS TR S ST LAEAT, B bR
O T M WLRE It R P A A R (i T B AR €10 11 A
W75 WHEALTIREE, HAT Si-CADC 8 32 BLIE 2 ik
TR U LA = S S B A R, BRI &
B EIAR R B AT 8] LKA AR Si—0 &
ORIER TR 3d SRR R TR O T
PERIR S A k. MG RS F IR S IR
KIE, SHBZEA. BERERITREIH K, HIF
KT YEREYI AN I S M AT Th . [, FRA T Tk
R A W R N R B (DRI F RN P
I, FTiE FHEREEE R S WThRes kL Q)R HF 1
e R (4] LT SR 2 [ BRE, TF RH7 B 1 - P Ak 2R i
PRI TR, 3BT T R A8 A X R AL N (3)E A
TP B R 2E 0 P TS5, BT TR “RER SRmg
T BRI R A AR
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Asymmetric Si—H/N—H dehydrogenative coupling for the construction of Si-stereogenic silazanes
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