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Application of Pd-Monodentate Phosphorus Catalysts in the
Asymmetric Hydrosilylation Reactions of Alkenes

Zhang, Feng™“ Liu, Xianghua“ Liu, Wei“ Deng, Guojun®
(“ College of Science, Hunan Agricultural University, Changsha 410128)
(® College of Chemistry, Xiangtan University, Xiangtan 411105)

Abstract Asymmetric hydrosilylation of alkenes, which has been recognized as an important method for the preparations of
optically active secondary alcohols, deserves widespread attention over the world. It is reported that such reaction can be cata-
lyzed by Pd-monodentate phosphorus catalysts with excellent reactivity and enantioselectivity. In the past decades, a wide
variety of chiral monodentate phosphorus ligands have been developed because of their stable structure, facile synthesis, con-
venient modification, unique efficiency. Among them, there are three predominant classes of ligands-phosphines based on an
axially chiral biaryl scaffold, phosphines based on a planar chiral ferrocene scaffold and chiral phosphoramidites. Herein, the
recent advances in asymmetric hydrosilylation of alkyl-substituted alkenes, styrene derivatives, 1,3-dienes and other car-
bon-carbon double bond compounds catalyzed by palladium monodentate phosphorus catalysts are summarized. The perspec-
tive is also discussed.

Keywords Pd catalyzed; monodentate phosphorus ligands; alkenes; asymmetric hydrosilylation
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Figure 1 Structures of chiral monodentate phosphorus ligands
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KON 1,3- MR SR AX FRiE S A R .

1980 4F, Kumada 25" R8T 8 51 =5 ki 4R 1)
W IR A E I J R AN R PR e A S B P B PERE A 7. At
TR L1 5HEUE N2 & P)(Cat. DA TR OGS =
FREA AR S, A H 2 0.01
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= : N ?Z_LN N\ XN
2 e PArR N~ E

[ ‘ \
Fe "PPh, Fe PPh S i
Q&D @ S R? PP Crico)s
L1 L2a R = n-CsF5 L3aR'= H, R? =2,4,6-Me;CgH,, Ar = Ph L4aX=0
L2b R = n-CgFy7 L3bR'= H, R?=2,4,6-Me3CgH,, Ar = 3,5-(CF3),CgH3 L4bX = S
MeO
OCH, Ar oR /{r ;
3 ;| R Fe “PPh, @_/ P
Fe PPh ! e
PPh, VDN 2 Fe \—OMe
Cr(CO), Q&DD @ @2
L5a R =Bn L6a Ar=4-MeOCgH,4
L5b R = 3,5-(CH3),CgH3CH; L6b Ar=3,5-(CF3)3CeH3 L7a R =CHs L8a Ar=Ph
L6c Ar = 1-Naphthyl 'I:;b S_ gHzCFa L8b Ar=4-MeOCgH,
[+ =AC

L8c Ar = 3,5-(CF3),CqHs
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Figure 2 Planar chiral phosphines used in the asymmetric hydrosilylation of alkenes

© 2017 Chinese Chemical Society & SIOC, CAS Chin. J. Org. Chem. 2017, 37, 2555~2568



Chinese Journal of Organic Chemistry

REVIEW

Cat. 1 SiCk on
©/\ (0.01 mol%) ©/\ KF/K,CO3 ©/\
+ HSiCl
™ 70°C, 40 h, neat mCPBA
3
1a a 5a 52% ee
Cat. 1
_ (0.01 mol%) KF/K,CO4 Lb
+ HSiCly ————— SiCl, OAc
70 °C, 40 h, neat mCPBA, Ac,0O/Py
2 6a 53% ee
Cat. 1
(0.01 mol%) KF/K,COs
@ + HSiMeCl, —— . o
30°C,20h SiMeCl, H20, OH
7 solvent free 9a 11, 22% ee
Cat. 1
_ (0.01 mol%) KF/KoCO3
@ + HSMeCl, ———— > C><SiMeCI2 —_— OH
30°C, 20 h H20,
8 solvent free 12 2% ee
Cat. 1
R (1 mol%) R [
\¢>W + HSiCl; ————— W/Qj 2 BT RS0 \
| 80°C, 16 h Sicl Si
1 3 SiCly N~
13a R = 1-Ph solvent free 14a 15a 16a @4. \ _Cl
Fe 'P——Pd
TEA/EtOH j H,0, 14a:15a:16a = 94:6:0 (&) Pha cl

Y
OH

17a 63% ee

B 1 TR L1 AR R A B EE AL R R R

Scheme 1  Application of planar chiral phosphine L1 in the asymmetric hydrosilylation of alkenes

mol%, 70 ‘CF, ]I 40 h, A fiese 4564k, Fifgrs
YOI ee (AN N 52% (Scheme 1). AHF ST, Kicik L1
87 T B UK s A S R EE S S L rh, BT P2 ee
181 53%.

1983 4F, Hayashi Z5U2HR3E 7 HIOIR 1,3-—055%
MK RRIEE AR . PR 1,3- 8 5 Rkt (A6 R
TR L 1, 4- 0020 Bl A =6 26 7 T 4 44 P ek e
ISR E L Fleming-Tamao 5846 S 3k — 25 4 Ak
TR, A T — 2R 51 5k B 22 1) B JR TC A 7
FH T4 AL BRI =0 B 1,3-3F C W A S R S Ak
KRB, 30 CF, Cat. 1 7EFR R 0 5 F5E - &URERE )
S, LA 87% =R A E] ee [HA 22% 174, MK
VIR 13-, BARF= A 95%, PN ee {H
N 2%. B, ABAT0 e s 2L A AL Cat. 1
FFARMEARISEIR 1,3- a0 1-5K2E-1,3-T —J#(13a)
MRS FREEE AL N, BL 62% U A5 5] 1 AN =
Y. Horp LA-InEE A 1,2- =R LA 94 < 6,
ee TH5 31N 63%F1 30%.
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BROR, AT AR T SR K bR A L2,
T H 5 & B A2 59 Cat. 2 N T3 H5 1
A FREEE AL B (Scheme 2). HJEWAFIH &R
0.016 mol%, == M 90 h, Cat. 2a F1 Cat. 2b T3/
YOI ee 1H 5 BN 57%M 55%. TiAHRI 2T, Cat. 1 1E
2SR T X T AR A R BE ) 5N AR
TR REAT TR, AR KR B T &R T 0D
REREST, TS & @B, M e i (40 SsOn () i3t
7. BRI, KBRS EE AR L2 FEEER 13- R
ASFRRES AN 1, B SR AR AR,

1998 4E, Togni 2 M54 IH R ER 1) — kB 4L 1)
FBEECAA L3 54 R BRI SY) Cat. 3MHT— R
BIF 95 e FATE D AT FREE S A B, ER (AL
R M I A B, (HR AR T 25 % 1 (Scheme
3). TR, AR B 0 ) TR 5 eG4 v ot A 3 AT ) R
TN . B4, Cat. 3a ALK& BT 4-E KL
W13 R W BR E 2, ee 16N 64%; THHLE T 4-
AR LGB SHTLEIF=Y), ee fH N 67%. [FIRE, bATK

http://sioc-journal.cn/ 2557



BT
Cat. 2
. (0.016 mol%)
+ HSICl; _— .
25°C,90 h SiCls
7 solvent free 9b
KF/K,CO3 @\
_—
H,0, OH

11
Cat. 1 no reaction
Cat. 2a: 73% yield of 9b, 57% ee of 11
Cat. 2b: 41% yield of 9b, 55% ee of 11

Cat.2aR = I'I-C3H7
Cat. 2bR = n-CsH17

B2 P TR RCAR L2 AE3R R IR A BRI A S R

HH AR L
Scheme 2 Application of planar chiral phosphines L2 in the
asymmetric hydrosilylation of cyclopentadiene

N (1) Cat. 3a (0.2 mol%) OH
. r.t., benzene
+ HSICl, *
R (2) KF/CH30OH
(3) H,O,/DMF R

5b 49% vyield, 64% ee (R)
5¢ 61% yield, 67% ee (S)

(1) Cat. 3b (0.1 mol%)
0 °C, benzene Lb
(2) KF/CH3;0H OH

1b R = NMe,
1cR=Cl

Lb + HSICly

2 (3) HyOo/DMF 6b
> 99.5% ee
R1
@Z. NN
Fe "PAry |\~
& WL

R'=H, R? = 2,4,6-Me;CgH,

Cat. 3a Ar = Ph
Cat. 3b Ar = 3,5-(CF3),C¢H3

B3 Fiin TR i L3 7EHUIR 20 R B UkOR M AN

PRIE S SR AR S

Scheme 3 Application of planar chiral phosphines L3 in the
asymmetric hydrosilylation of substituted styrenes and nor-
bornene

Cat. 3 N HT Pd(COD)CI, {4k 1B UK 7 I AN K Bk
SR PR, BTSSR, A7) R 1 A PR
T SR R EAR L. Bk R AOALBE AT A 55
THEJETFIBCALRE 7, AT AR R p v Ve I,
N AEAE BRI N kAT, B ARR I, 4 ROAE
JRFI, BRARE R T = %, MEARFR A E P A
PEHE—BHIN. ifk L3b # R'ONER T, #E T LK
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F5ENI T 3,5- S AR S IR, R O AR 3
2,4,6- = FHE I LR TE % B UK R 0 I AN K Bk ek AL
P B LR T >99.5% X ik 1k, X224 A
1k, 2R ) f e B

2001 4E, Jones SN T — IS8 23R MH
RSP FPEBEACA L4, RF[PA(CsHs)Br], 7E AMENH]
AIAK, MEAFIHEAN 025 mol%, ¥ Nk R FEE
—40 C, SHERRIAACA Lda 15K 206 N HATED
A IR AL S S LS T 87% ee (R 1, Entry 1).
B NRERR R —50 C, HADSKERFEARA, SEny
AR Lab /18T 92% ee [7F7#(F 1, Entry 2).
2006 4, Gibson 2! ThKE A AT S LA LS TR
AR Z I BRI AR IR EE AL S B, AT
SR PR (GR 1, Entries 3, 4).
F1 FEH TR L4, L5 M L6 7EANMEAL K 2 A

LAV
Table 1 Application of planar chiral phosphines L4 L5 and L6
in the asymmetric hydrosilylation of styrene

SiCls
©/\ [PdIL ©)\
+ HsiCl; ———
1a OH 2
KF/K,CO;4 ©)*\
3

Catalyst/ . Yield/% eel/%

Entry L mol‘}’;) Condition of 2 of 3
1%¢4 Lda 025 —40 °C,48h >85 87
20¢d Lab 025 —50 °C,48h >85 92
3¢ Lsa 05 rt,48h 99 55
4 L5b 05 r.t, 48 h 97 77
5 L6a | rt,1.6h 100 86
6 L6b 1 rt,8h 100 25
7 L6c 1 rt,1.5h 100 79
8 L6b 0.1 rt,8h 100 90
9 L6c 0.1 rt,3.5h 100 85
108 L6c 0.1 rt,20s 100 62

© 2017 Chinese Chemical Society & SIOC, CAS

“ All reactions were conducted with [Pd(C3Hs)Cl], as precursor, [L])/[Pd]=2,
solvent free unless otherwise stated. ” [L]/[Pd]=1.¢ CH,Cl, or CDCl; as sol-
vent. ¢ [Pd(C3H5)Br], as precursor. * CH,Cl, as solvent. /Benzene as solvent.
g[L)/[Pd]=1.2.

Johannsen ZEU'ShKE Ak E 415 HAS MR OB AA L6
N T 2R G SRR A KRR AE A S SEHR . ADATT A T8
KEAAF ISR BT =38 5, AR TS Ak
BEMERIRE . AR B [PA(C3Hs)CL), 7B VAL T AT,
Bofk 5 &R ARt 2, AL EN 1 mol%, &
HLF LR Lea 7£ 1.6 h WIRI 7824, AR T 86%IH)
SRR 1, Entry 5); MZEARIRI SR, B THC
R L6b 75 £ 8 h A R TE R ML, ee fHAN N 25%(F 1, Entry
6). PREFIECARS 48 I LB AR, R A R FH = B

Chin. J. Org. Chem. 2017, 37, 2555~2568
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0.1 mol%Ht, Fiik Léa FrfG =) ee EFEE 90%
(Entry 8), Fifk Léc i3/ I ee EHH 79% (& 1,
Entry 7)FFEZE 85%(F 1, Entry 9). B4k, AbAlTLARC {4
Lé6c Jil, W50 T BLrR-S 4 i sl xsd - 4h 1) 1
AR R, R IR EC AR 5 & B b, b7
PHEREPE TR, ERIEMH R T. X4
J& SECARRIELEI N 0.1 2 0.12 I, JEMITE 20 s 524k
1k, HALSTZR (TOF){E 7% 180000 h ' (3 1, Entry 10).

7E Chalk-Harrod ALEE 384 -, fBATTLASEEG 25 5N
WHE, 3 T RS N AT RES T T AN AN AL
WL FE(Scheme 4): Ltk S5EEAILLEIN 2 B, RVZ
TS MEAIEIA T AT, M&E SR ILEINT 2 5,
SN AEPAEAIEIA 7 3T, TEIR ARG F, PdP, S
5 HSICly LIk, S BRc vk i 5 2K 20 K AE R AL AE
fie, RN Pd—H 85, H— MR A SRS S
BCAr, 3 JRIH b G EETE R PP, S12HEF AN 1) J2,
2 R CAA LU BN, R T ERFRC A AR E P, PRIEIR
o — N O S AL, BRI R PR R
TR A, fJE S HSICL Ak N E e AL I
W, PG, BRSSO, MRS IR I Hh g R
Bc A 5 4 Ll A9 BT, R 26 s T KK 34 .

©/\
HSICl; P _siCls

PdP, _Pd

P \H -P
P/Pd =2
SiCls low cycle
H
R .
/\P d/S|CI3

P
Cpp

Ohmura 25U M55 S0 BE ) — 7 kB 2R 0 - B gk
Motk L7 ST 1,3-38 O 8 A BRI S AL B 8 v
(Scheme 5). 4 T & AT 0O & 1 B de bk, AT
XPECAR  BEREEEAT TR, I, LA PA(Ph- CN),Cl,
NEATIRTR, R R H R S
WO, AR EA 1 mol%I, 2 &0 5% it i i
L1 U T 9% ee, & S MNEE I FCARIE R T KK
g m. B, EMEFERZASET, L7a B8 T 54% ee. i
HLFEEAR L7b BUS T 65% ee. K [PA(C5Hs)CIY, 7 At
PRFRIRTAR, SR T3 AR Lc ee (TR R 77%. L
IRAIF T4k W, SO L 1K) B A 366 5 i A A ) )
PE R GG R, IX ] RE & A N EE 1 T Ak 5 R SR BC A e )
LIEEES S

2002 4 Hayashi 220 i A A k510 &
SAMNEE AR L8 BT 1, 3-22 A (13b) I AT RREEE AL
JBH(Eq. 1). AT TR IL=PI1 ee (B T B HL
TR, ik F AR P FC AR A R A BB = 1) ee {151
1,20 CF, &HTHAK L8b IXHUE T 68% ee, 1M
THIBCAA L8c LA 89% 1) X IE FEMEAR 2 T 1,4- B4,
P ee 1H N 87%, TR NAK RIEEREE—5 C, 74
1) ee fHEEE A 93%

P, .
\Pd/S|CI3

< HSICl5 N

~x{ H |
Pd

| .

H
P/Pd <2
fast cycle

R
w/m +  HSICl,

13bR = n-C5H13

Chin. J. Org. Chem. 2017, 37, 2555~2568

R X
Pd—SiClj ©/\ R
; \H C \~Pd—sicl,
H

B 4 2T SRR A = RS A SR

Scheme 4 Two proposed catalytic cycles depending on loadings of phosphine

1 mol% Pd(PhCN),Cl,, 2 mol% L7 KF/CH3;0H
+ HSIiPhF, @*SiPth —_— OH
r.t., solvent free H,O,/DMF

8 10b 12

L7a: 20 h, 45% yield of 9b, 54% ee of 12; L7b: 42 h, 57% yield of 9b, 65% ee of 12;
L7c: [Pd(C3H5)Cl], as precursor, 20 h, 58% yield of 9b, 77% ee of 12

B 5 SPIEFMEREA L7 R O 6 A B A &8 1 R

Scheme 5 Application of planar chiral phosphines L7 in the asymmetric hydrosilylation of cyclohexadiene

SiCl, SiCly

14b 15b 16b

2 mol% [Pd(C3Hs)Cl]p, 2 mol% L8

+ R\/\/SiCIe,
20 °C, solvent free

L8a: 29 h, 76% ee of 14b, 14b : 15b : 16b =94 : 6 : 0; L8b: 96 h, 68% ee of 14b, 14b : 15b: 16b =82:3: 15;
L8c: 25 h, 87% ee of 14b, 14b : 15b : 16b =87 : 10: 3; L8¢c: -5 °C, 168 h, 93% ee of 14b, 14b : 15b:16b=89:9:2

© 2017 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/
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FEULIEA b, Hayashi 2512062 — k45 MO F ik
Bofk L7 A L8 B TR 1-T Jd-3-FL(18a) AN KT
MREEEMW R B, 1338 7 AT ST, ]
I I 2 Al B B T IR 4 r AR () A B
FHEIZAE T, ALRH/ANERY, (AR R B R GR 2,
Entries 1, 2). 447 4 A7 980T 2E(18b)I, Aifk L7a 7E
20 ‘CF, M9 h, LA 81%MF=HI5E] 72% ee HI7=4)
(3R 2, Entry 3). &P ZRBEE RN L8a LTS 4R
&, EATEF=Y) ee (ETH N 85%(FE 2, Entry 4). #:—5%
RMHRERER 0 C, ee [H ETFE 90%(% 2, Entry 5).
2006 4F, Hayashi AP E KT 2 A1k 5 Fn i Fi
(PRI — 28 R B A8 B - MRl A 2R I s S & R e,
FH—IEN T 18b AR RIS R B, g
JRERTRAR LY 7E 0 C R 72 h, 53] T 92% ee HIF=4)
21(3% 2, Entry 6).

F2 PFETMERENCA L7a. L8a & L9 TEALMEALIK 13-4k
HIASKS R S R R H ) 2 ¢

Table 2 Application of planar chiral phosphines L7a, L8a and
L9 in the asymmetric hydrosilylation of 1,3-enynes

_ [Pd(C3Hs)CIl/L

R—
\ HSICl,
18a R = 2,4,6-Me;CgH,
18b R = £-Bu MeMgBr R c H
R H Me;Si Me
—c ) 20
S
PhCHO \/E Ph
21
Entry 18 L Condition Yield/% ee/% of 20
1 18a L7a 20 C,18h 54 56
2 18a L8 20 C,64h 90 77
3 18b L7a 20 C,9h 81 72
4 18b L8 20 C,48h 59 85
5 18b L8 0 C,160h 37 90
6° 18b L9 0 C,72h 82 92

“ All reactions were conducted with [Pd(C3Hs)Cl], as precursor, 1 mol% cata-
lyst, [Ligand]/[Pd]=2.2, solvent free unless otherwise stated. * ee of 21.

1.2 HF M RIAEE A

AT AR LT BN AN IR A 5 o A,
HA B ZEH 2R 00 5T SUBEBC /& BINAP, AR 2 8 H
T 2 R 8 (R AR KE R AL S ST B A B R 47 7 129,
SR, Hayashi PR B4 B S BINAP FEIE S
fEmIE 60 CIHF, PR BEAEME & K A A X PRt Ak )
N, IX AT RE R XUBEEC AR SRR fa, TR T B AR E 1
KEW, HiE TRERWATIE, KRS SEA R
BOAE, Al s RIASRENRRIBEAT. T SR C A 558 BE 8 LA
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—ANBCAA SRR EC A, T PR A AN K AR R R, i T
VB BC AR 3) @ My, TEREEEI IR K 207 1,3-
TR R B TR R AL RCR.

Hayashi 254 BT B 255 440K L10, FRKH
N F— RAVEER R M & A FREE S A OB,
IRLA R XA R o i USSR e 0o e 3 A e T
PERFEE(R 3). WA [PA(CsH;s)Cl /E IR, 24
AL BN 0.1 mol% I, 40 C UM 24 h, Ffk
L10a (MeO-MOP)TE 1-3F % (22a) 5 = S&UE5E AN B
SAb N, BT 83% [MFEE, ELEET YA SR
YIEIECEI N 7 ¢ 93, SCHE D EIX BRE EEE  95% (3R
3, Entry 1). 4 F UL 4 S O 480 28 BAR B 45 28] 7 1
L10b, HXFR P21 ee (H M R P& 2 91% (3 3, Entry
2); FH SR A B R AL BH B S BUAREC AR L1oe BARHL
37 EE 95% ee, AIJEXIUERFENE TR, (A
80 : 20( 3, Entry 3). ¥ MeO-MOP [ 4 345 1 2.
B FT AR LR L10d, T8 A2 DX 38 8 1 A 2 T Ak i
FEPEY 5 MeO-MOP AHIT, 5 B AU T H A& SR ik
PEVER LS4 (3R 3, Entry 4).
3 TERBEIL A L10 ZESERIRIR A FREEZL R B

AR
Table 3 Application of axially chiral phosphines L10 in the
asymmetric hydrosilylation of acyclic terminated alkenes

[Pd(C3Hs)ClL,/L10 SiCls _
/\R DR + Cl3Si ~ R
HSiCI
22 ® 23 24

22aR= n-CsH13, 22bR = n-C4H9, 22cR = n-C10H21,
22d R = PhCHQCHz, 22eR = PhCHchQCHQ, 22fR = C-C(;H»]»]

Si(OEt),

EIOHTEA ] KF/K;CO3 OH
* R H20, * R
25 26
Entry 22 L Condition  Yield/% 23 © 24 ee/% of 26

Ju—

22a L10a 40 C,24h 83 93:7 95
22a L10b 40 °C,24h 8 90:10 91
22a L10c 40 °C,24h 8 80:20 95
22a L10d 40 °C,24h 80 90:10 93
22b L10a 40 °‘C,24h 91 89:11 94
22¢ L10a 40 C,72h 90 94:6 95
22d L10a 40 ‘C,24h 90 81:19 97

b 22¢ L10a 30 C,60h 81 80:20 92
22f L10a 40 °‘C,24h 100 66:34 96

O 0 3 N v A W N
dddadadada

© 2017 Chinese Chemical Society & SIOC, CAS

“ All reactions were conducted with [Pd(C;Hs)Cl], as precursor, 0.1 mol%
catalyst, [L]/[Pd]=2, solvent free unless otherwise stated. ® THF as solvent.

MeO-MOP AMYAEBE R B s 1A XS PR AR S A s 3
AR T A RCR, FEIRIA e b A B 1 R
(Scheme 6). 1992 4E, Hayashi 22 Pd/MeO-MOP ff 1L,
TS - B UK P I A0 = SR ot R AN X AR B Ak S B
AL RN 0.01 mol% B, —20 CF&M 3 d,
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L10a R = OCHj3 (MeO-MOP)
L10b R = OCH(CHa),

R L10c R =OBn

L10d R = CH2CH3

L10g R=CN

O,
L10e R = OH PAr
L10f R = COOCH;

H
PPh, PPh,

R ¢

L10 L11a Ar = Ph (H-MOP) L12
L11b Ar = 3,5-(CF3),CHs L3

O R L17a R = H, Ar = 3,5-(-Bu),CgH3
par, L17bR=CH;O, Ar= 3,5(t-Bu)CeHy
‘ 2 17¢ R = CN, Ar = 3,5-(t-Bu),CgHj

L17

L,
S
A

L20 L21

L15a Ar = Ph
L15b Ar = 4-CHzOCgH,

T
Ar
PPh,
L15e Ar = 3,5-(CH3),CgH3 OO
L15f Ar = 3,5-(CH3),-4-CH30CgH, R

I | P(O)Ph, I
o

l I OMe
Ph
99 2 :

L15¢ Ar = 4-CF3CgHy
L15d Ar = 3-CH;CgH,

L16 R = n-CgHy7; Ar = 3,5-(CHj;),-4-CH3;0CgH,

Sb(p-tol),

! PPh,

L18 L19

PR,

P\\\‘I'-PI'

L22a R=Cy
L22b R =Ph

B3 T A Ak S S O 1 i P R A JRRE T ¢

Figure 3  Axially chiral monodentate phosphines used in the asymmetric hydrosilylation of alkenes

PLSE 8 175 A RAh-2- = SRS BR UK e, &84k )E
132 ee fHH 96% I FPEAM-FEUK A BE. FEUK 1A IR
B RERE S R B AN SZ 5 ma . b Ak, B = F A
FH o, BRUKOR 0 ml 3k B 2 i e ek S = B0
S, = EREETI RN 1 equiv., AEERES
=8, ee (69 95%; # = RS R &N 2.5 equiv. i,
PSR R A B, FTAR =01 ee (KT 99%. Fifi
J&, fA 14 Pd/MeO-MOP 3 H ¥ il 3k — 25 ¥ i 2 W i
HIRI AR R RE S A SR 29, 2,3 — SR I 7E 4L
FIHI &N 0.2 mol% I, 25 “C R 12 h, LL 86%fH)
FERRA R 2-— SRR YA, S5 IRRAIER S, 43
3| ee 151 82% 1T 2-= W Rk B PU S R, 2,5- — 5
TR MR E PR A7) () F B 0.1 mol%  I5F, 40 °C R SN 24 h,
PL 65% M= Za b gl 3- = SR IE Y AWk, &5 b)E,
PL 83% IR IGE] ee fH N 95% ITFHERE. flA13E—2
BRI JE BB FE BRI 7-5 4% 3R [2,2, 115k, L
100% 1 X ISR B AL T 95% ee & ZAFiEdLrs
Y.

L& MeO-MOP SR 7 g i s e i ik S A s B L
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BT AYERE, BAE2K LIRS RS AL I B
H, 70 CRERFIMAMLT, AR T 14% ee?”. X
FAZRAE R, A RIERET RS 71%. R0, 4
NIRRT, HAh 267 eh 7B ECR(L10d. L10e)
B FE T AR (L10F. L10g)BUARH) ee EIFIRAR,
B 207 BN T AR B SRR e B, S5
K, AT BREC A 2457 PR A BELGS T3 B 1A AR S,
2ANERIEE L1la (H-MOP)EUE T ik 95% ee fH.
2001 4, Hayashi 2514 i T 4549 5 H-MOP MUY 2 47
T JE 7 _E N 3K [3,5-(CF,),CeH, I BLAA L11b, H
EARMEAL B 205 5 = SREE AR FRAEAL SR, B
BTMAEMEIR. /£ 0 CF, SMEFmMHERN
0.1 mol% I, JEWITE 1 h W Ak, FifSr =i ee (&
K 97%. BARIEEZE —20 C, ee HIE—HIRFE 98%.
1995 45, At AT 72005 b A0 4 A PR AS X PR 28 SUAB G S 7
BT 2" AR Rl T B O 1 A A PR I A
L12. K%M [Pd(C;H;s)Cl/L12 1E AT, 0 CTF B
24 h, LL 68%MISEAG R T =4, MBUEENMEA 91%.
Bringmann PR IE TR B 4L OSSR 113, FofAk.
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[Pd(C3H5)Cl],/MeO-MOP (L10a) as catalyst, [L10a]/[Pd] = 2

.01 mol% P SiCl KF/K,CO3 OH
Ab + Hsicl, —01mo%Pd b 3 —o
2%2

-20°C, 3d, 99%
2

1.0 equiv. HSICl3

—
0.1 mol% Pd
ib | 0°C,24h,85% 28

SiCl
b s

(1S,2S,4R)-6 96% ee

LbOH
/

(1R,2S,4R)-30 95% ee

KF/K,COs
- >
H202

27 2.5 equiv. HSICl3 ol Si\bSiCb KF/K,CO3 OH
- 3 T A~  HO/ l /

0.1 mol% Pd

H20,

0°C, 24 h, 78% 29 (1R,2S,4R,5S)-31 >99% ee
\ 0.1 mol% Pd MeMgBr
LY + Hsiclh — iCly — SimM
o rt, 12 h, 86% o oI Hes
32 33 34 82% ee
Cl5Si HO,
— 0.1 mol% Pd KF/K,CO3
[ Y+ Hsicl —
0O 40°C, 24 h, 65% H20, o
35 37 95% ee
Cl5Si HO,
0.1 mol% Pd KF/K,CO3
+ HsSiCl; ——m _—
20°C, 24 h, 91% H202
R R R R R
38 R = COOCH, 39 40 95% ee

E= 6

MeO-MOP FEFRHRAM: K R A Tk A e 2 4 2

Scheme 6 Application of MeO-MOP in the asymmetric hydrosilylation of cyclic alkenes

L13 [ 2" 3, EM RS TR T 50% ee. ik
SERFH, 2N AR EEAE I HE M 1 AR B S A R B
PR EEAG, REREMNEREAR T, Hf, 2
PR BB BT R PR

1996 4, Hayashi %' Yk MOP 2KRECAA R T
[PA(C3Hs)Cl], HEALRIIRR 1,3- 25 =SB %
N YRV IR, MeO-MOP 7E 20 C N &M
14 h, JRYTEEEAN, IRV ee HA 39%(FE 4,
Entry 1). FIFEZAET, H-MOP [ £ A 28%(3% 4,
Entry 2). 5 MeO-MOP 5425l Be — JF & 22 1) A4
L14 BAREMEA S, HEHS T 80% M ee fA(3K 4, Entry
3). BALIEMEAS = R R AT BE & Pd-Ar-MOP LK RTE
WU 5 = G e N i s A 2R v () e M AR 5 | kS
1. JE R, MBI 26 5 SR L1 B FIR R
TR RS R B . PR RFEH, 0 T,
FHEAL R N 0.25 mol%If, 2167 75 Hebl & A L 1,
REBHAS K, FTAE =) ee fHRE. NECAA L15a [ ee
BN 69%(3K 4, Entry 4), ‘= HTHLA L15b fl L15e [1] ee
fH53 58 76%(K 4, Entry 5)F1 79%(3 4, Entry 8), 1M K%
2562
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A BT AR KA LI5S, ee {H ik
88%(% 4, Entry 9). M — PR RRMIREEE —20 C, ee
5 ETHZE 90%(% 4, Entry 10). 52 X R 2 Gk B 1
FEHECAE L15e FEAH R 264 (0 CIER T 47% ee(R
4, Entry 6). M4 NI C = Hilf, 0 'CF, Bk L15f
IXHUAS 79% ee(F 4, Entry 13). HE— 5 FRAK S ST BE AR
REAZ B H AR =4, 1% 0] B2 AR AL FMIGIR N AN RETA iR T
SO B FTEL. N T SR A A R A AR, At ArB
TERCAR L1SE (1) 6 ALAT 64 5l N KBk, 1534k
L16. Aotk L16 BEARLF IS T MR R, #4308 H T4
TEALIIFRIR 13- @S = &R in s s S . 24
YRR N, AR &Y 0.25 mol%, Fifk N 0.5
mol%Hf, —30 ‘CF, BARL16 LS T 75% IF=3R LK
91%[H) ee {ti(3 4, Entry 11). —10 ‘CF, E/& L16 7
13- IR AR AL, BT 70%7= R DL
83%F1) ee (35 4, Entry 12). ULz 4b, HhFHE i s i B
Fe AR B AL EER 13- M R ARSI LR L, SR TN
B 7 st g Y
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R4 FT IR A T RIRR 13- TR FREEE AL

& a
Table 4 Axially phosphines used in the asymmetric hydrosi-

lylation of cyclic 1,3-dienes
_ [Pd]/L
@ * HSICl “Sovent free ©\SiCI3

7 9
KF/K,CO3
—ror = Uhon
1
[PdIL )
@ + HSiCly solvent free ®S|C|3
8 10
KF/K,CO4
H>0, GOH
12
Entry 7/8 L Condition Yle;(/iﬁf) et ei/l"jol;)f
1 7 L10a 20 °C,14h 100 39
2 7 Llla 20 C,3h 91 28
3 7 L14 20 C,120h 99 80
4 7 L15a 0 C,24h 84 69
5 7 L15b 0 C,24h 84 76
6 7 L15¢ 0 C,24h 83 47
7 7 L15d 0 C,24h 85 76
8 7 L15e 0 C,24h 83 79
9 7 L15f 0 C,24h 79 88
10 7 L15f —20 C,72h 89 90
11 7 L16 —30 C,168h 75 91
12 8 L16 —10 C,168h 70 83
13 8 LI5f 0 °C,72h 75 79

“ All reactions were conducted with [Pd (C3Hs)Cl], as precursor, 0.25 mol%
catalyst, [L]/[Pd]=2, solvent free unless otherwise stated. * 0.1 mol% catalyst.

2004 4E, Pregosin P E i RALE T HAA L17. 5
AN MOP ZEPCAARAR EL, X 0 AR L5 44 () 2 B0
Bk 2R BRI 2 SRR R KA RO L. A AT
IXUERL A S Hayashi 2 BTHRIE 1 2 A7 = 2K B (1 c &
—IEN TR IR RSB, 5 CF,
K [PA(C3Hs)Cl], 1B fEA T4, = &S AE vk
Bi, AL RN 0.096 mol% I, 2'R7 A i 4
Llla (H-MOP)EU/F T 92% ee(3E 5, Entry 1), Mi{EAHF
SR, BORAIPHLAEL A L15a WS T 88% ee(# 5,
Entry 2). 4 2'f 4 FA B LK L10a (MeO-MOP) Y] ee
EAUA 7%(F 5, Entry 3), 15 2 AL KA BEL T A4
L17b Z1HUE T 57% ee(F 5, Entry 4); 24 2SN,
WIE KA BHBCAAR ) ee {BLIZEIIE iy T AH B 1) — R BE B e #4
(3% 5, Entries 5, vs. 6). AT T 45 201, 2 A2 47 FH
XTI R B A B RS, KA B A 1 5
TR R T 3RE S g B (1) 7= 4. AR B
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SRR RN R AR R DR A TS, H72, i
TN, KA B 2 e 75 Bl — Tk i Y e 2 52 B, A 0 T
QUERIPER “ FECAE” , it AT IEFEE 3R
361,

FS HF IR L17~122 152K 06 A BREE AU S L
SISV

Table 5 Application of axially chiral phosphines L17~L22 in
the asymmetric hydrosilylation of styrene

SiCl3
N [PdJ/L ©)\
©/\ + HSICl; ——
1a 2
OH
KF/K,CO5 ©)\
H,0;
3
Entry L Condition Yield/% of 2 ee/% of 3
1 Lila 0 °C,20h 100 92
2 L17a 5 C,16h 100 88
3 L10a 5 °C,16h 100 7
4 L17b 0 C,43h 100 57
5 L10g 5 °C,2h 100 42
6 L17¢ 5 C,16h 100 81
7 L18 r.t, 70 h 100 18
8° L18 r.t, 70 h 100 72
9 L19 0 °‘C,10h 78 95
10 L20 rt,24h >99 80
11° L21 rt,18h 92 91
12¢ L22a rt,3h 63 54
13¢ L22b  rt,3h 90 54

© 2017 Chinese Chemical Society & SIOC, CAS

“ All reactions were conducted with [Pd(C;Hs)Cl], as precursor, 0.1 mol%
catalyst, [L]/[Pd]=2, solvent free unless otherwise stated. * Benzene as sol-
vent. © 2.5 mol% catalyst.

UE4b, Gladiali 2P 0UBER /& BINAP #4015
PG HEA A L18 (BINAPO), K H N T4 411
AFFFREESA N . IR, MRS 48 1 L
2 i, RS =&REURN 70 h 5, JRYE Ak, X
U5 T 18% ee(3K 5, Entry 7). R AF NN, M
A 7] B9 55 ke 1B M TH T 28 72% (35 5, Entry 8). SZULE K,
2004 4F Kurita P08 1 B & L19 (BINAPSb) 114
B PERERIEFE. ARA TR FL R 2K S0 A R Sk
NH, 0 CF B 10 h B, BL78%MIUEE L 95% 1] ee
B3 S-7K L FE(F 5, Entry 9). i XU EC AR AE A A 2618
SN 24 h, AVEAS T 12% ee. IX—45 BULHT, Eofkd s
AN SR PRI A7 AE 2 1% 5N, HR SR A5 4 7 A 200 R g o 22
Y

2011 4, Higham Z5C°0R FIRE 258 4L AOqA B A —
A OTEAENERL, EFREEMER T, AT Fae ik
TEEH AT RIS 120, K 2 equiv. it S
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i [PA(COD)CI], B, it 43 0 g3 LR & X
WHR B RATTSEER T P AR S R &R
MIECAAT N, T R 2B 0 4 J 2 S A il 2 3A
PIE 5 Ja b I 4 FOA I R R R R R A AT TR IX
FhoBT B AR oE 00 T Mk ORE AR R SR H T
[PA(C3Hs)C1]y A 19 2K 2004 (1 A R AR S Ak S B H
TER P FAE ARG RAMATIR T, BAFT 80% ee( S,
Entry 10).

2012 4F, Lemaire Z:* )\ FE BINOL R &5t 5
W R NARF] T B P AT AR 121, SRR,
K H[PA(C3Hs)ClY, 1E NI RT A, 2441057 ) FH &
9 0.04 mol% I, FCARIAT T 91%HI0f Bk #1435,
Entry 11). [FB, AT A DAL SO Bie ok A s g p 2, 5
ANFEM =R B T O T A B, PR A Y
RAEAR. T BB T R B A G R 3 R AN RS
SEME HIE T, CAARAS B (43 BEL/ L 280 AT e B K RE B
R L RE. FiE, Panossian Z5UE R T YRR
“Buchwald %Y” BRRESHRUGBERCAR L22, AT
R OITIIAKI RS AN, B AR FITE 12 8 H
TR, SRS T 54% ee(3R S, Entries 12, 13).
1.3 HFMpEpicd

1972 4, Kumada 251D Ay 28 AT 9 — 2R L1
L23 AUgrmr it ORI L24(B HNH TR AR
WIFREEEA R . S, 4R PA(PhCN),ClL 7N
AT, =3 T &M S h, Bk L23 BUE T 34% ee,
e i L24 BUS T 22% ee. TEF-PERITCAA L25 75 E ik
120 CHIRPIRE, IXEET 2% ee. XUERLAE M2
SEATRETE T RCAR L2S S7FEEN, 154 2 equiv. (AL
H&BECAL, R IENE T EE R EMTT 1 equiv.it
PRI AR B, T = he L ik L2618 T 38 1% — 4%
MEESM R N F, SRS E&Rmteslh 1 B, 25~
30 CF, AR T 70%MIr= 3L K 54% ee; TIRCIAS 4
JEELE N 2 B, fEmIE 70 CIRE R, S T 26%H
FERULI 44% ee. B 4RI E T = i R BERC AR
% SN R B AR FIA. Achiwa 251406 S-4 I AT AR
)T p-Re ke BBl AR 127 7E3R % 0 AN Bk
S B PR AR, EMFZAT, Bk L28a
Al L28¢ B/ XT LI LM AR 61%F1 72%. T ACAA
L28b VS T 7% ee, BiHA p-fackt AR 7 X Tk
PR .

WAER, N LA B e 56 (1) L FH AN %o B 4
RS F AR PR T #7577, 2010 4F, Suginome
SISIR H FEA YRS R A, WA BRI R A
I BT 435 T R F R R I B G 1Y) 5 e M K 5 A
FFPEREPIECAR 129, fibA T I8 e F1E R &9 1E v
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[ ] () Ph (]
\u,

< PPh, < "'PPh, Aen : Pj\é<
PN PN L25 P <Ph

L26
L23 L24

R

NR'R?
~_PPh,
NMe> Y\/
W/'\/P R
L27aR=H

L27b R = OMe
L27¢ R=Cl

L28a R" = H, R? = SO,CH,4
L28b R = CH;, R? = SO,CH,4
L28c R' = H, R? = SO,CF4

L29
B4 T AR PR S S ) Al T4 B A JRRE T ¢

Figure 4 Structures of other chiral monodentate phosphines
used in the asymmetric hydrosilylation of alkenes

A, BT AR RO R ZA A PR S A S . 3
T, A TURIE R RS PIBCIAAS 2 T OLAAE N 96% %
Ol ER R, B SEEERNSaAET
SR Z R, T AL IS FEA . (AT [l
9 Wa, HIEEAE B AR, SH4h, 5T
FEHIZR AV E 2RO AL, PR AT DU I — e T A5
A A P AN R A TR 4.

2 FiE AT B R B (A 7 SR AL RO MR IR AT
AXFRES R RN

. T P g P T A4 5 40 AT 2 STV g P 68 AR Ji 2 79 518
4%, FLAE 1994 4F Feringa 251N ARIE T B 25 B 4L
LR T IV P M R AR R B B, TEBE S B JLAE, R
RIS T 1,4-3EH0 st ARG SN
W5 TR R s R e EAS T v i B v i 4
AEXTT S, PRI C A4 A I S i S A S R R R G 5
A EHAT. R FE G A (B 5) 3 BN H TR SRR
YDA FREE AL [ S

2002 4E, Johannsen 2P ¥ Vel Feringa & A9 H T
A~ A R S Bl 5 ot A PR AN O RN S s I H R 12
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T Tl 2 i T A 7 FH T 25 205 PR AR S R ek A s I 1
W T8 SR, (A7) A 338 1k B T e A o Jle 2 1 45
¥, R A AEF PR %% FIBCR L30a (MonoPhos){X HX
T 55% ee (% 6, Entry 1). 1 3% PN ATE HIBCAA
L30b, fYH/3 T 20% ee (% 6, Entry 2). [EI}, A4 H
S-BINOL 5 F- 4 faifill %% Ak L31, - FAX RS
SN, BUR T RIE 99% X BLIE (R 6, Entry 3),
XS AE A A I A 20 BUA ) B v (0 B g 6 4
MR EAVLE A 132, BARIETE S L31 M2,
SRR T 60% ee(FK 6, Entry 4).

2004 4F, F AR W H R A e
HEART — RV BEBLZESRCIA. 5 Johannsen T
FLEE R, AT R LA AR P S 1 S I B M R T
Fe AR R 7 AR AR R A o R
By TRRTNRRREL . Mg TR, BRI A R 1
A, HIEBHEACH T2, R F M UCEC 0 e 5 9y 15
IRCIA L33, ot B (I ALTITE 2 208 A AR S
R E VR, HEUS T 8k 97% ee(R 6, Entry
5). HIRYIN 2-FR LIRS, AR ee 164 99.1%.

e L, ™

R

g:P—N\/ g:P—N

S Nss '
PH

L30a R = CH, L31
L30b R= j-Pr
SO
oo LI, °
>P—N o )
OO M e
DEY, R
Cl L35
L34
CCr 904 \_
O / O
_P—N _P—N
O \ O
R Ph
L37aR = Ph L38

L37b R = 4-F-CgH,
L37c R =3,5-(CF3),CqH3

PR A L31 AR L33 2 e 45/ FR i HL
T DG FC PR 1 e o) 45 T ke . 255 A 4 2R GE T i 45 4
AT R TP A e RSP R 25 2 ) IV Tl T fe i
1 L34, TR CIGFRIRY IR RS AL S B S T
90% ee (3 6, Entry 6). IX Ui, wExd ek £EVE )T 0
Tt Ik e T P AR AN — 2 T B M O AR 1) T ME R AE R R e

2008 4, FRATAIHRIE T REIR 45 b T 0w I
BRAC A, (EREIEA I B ReA I Rl o- it S S BRI 2 0
T T B (R A 0 R A R R, AR TR S A
B, PRI T IS “HRR T IERRL” . SR, BAPY
FPOIREE G L35 W FH TR0 A6 1) 8 2 A TR AN
AL RN, ST 5% ee (F 6, Entry 7). iXiiH]
8 K e () 7 BELPT BE AN T SL B s AU A R 5 5. T
J&, AT 25 B 220 3 3 BRI T IERE 25 i &,
KA BE AR AET 0 S RN R R, AT —2%
SR ) S B IR S O A 136, i o c A4 45 M) S5 AL,
PEREMRRFL, KIN 3,3'0 75 LRI C A4 B 15 7= P P e 43 1
B (G 6, Entries 8~10). Hr1, 33" 4- AL
FIECAA L36e, HUTF T 96% ee(F 6, Entry 11). AN antk,

BnO

R

OBn OO Ph
o) o >
PN
R =

PH

R

L36a R =Ph
L36b R = 9-Phenanthryl
L36c R = 4-OCHj3-CgHy

L L, QI ™

o )Fh oL )
o P—N>_Ph o P—N>

SORANN S G
L39 L40

RIS  F M AN PR AR S0 B L e 1A SV Tl P A i ¢

Figure 5 Chiral monodentate phosphoramidites used in the asymmetric hydrosilylation of alkenes
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K6 TVEIL BN A TR R R RS SR ¢
Table 6 Chiral monodentate phosphoramidites used in the
asymmetric hydrosilylation of styrene

SiCl3
O™ e P
+ HSiCl;, ——
1a 2
OH
KF/K,CO3 ©)\
H>0,
3
1 0, 0,
Entry L Cz:zi(};:t/ Condition YIZidz/ o cz ;] e
1> L30a 1 r.t,24h 100 55
2 L30b 1 rt,24h 100 20
3 L3l 0.25 20 ‘C,16h 87 99
4  L32 1 r.t,24h 100 60
5 L33 0.25 15~20 C,2h 99 97
6 L34 0.125 rt,36h 94 90
7 L35 025 0 C,8h 30 5
8 L36a 025 0 C,6h >95 85
9%  L36a 025 —20 °C,8h >95 92
10°  L36b 025 —20 C,16h  >95 96
11*  L36¢ 025 —20 °C,8h >95 96
12> L36a 0.1 0 C,20min >95 92
13 L36a 002 0 C,12h >95 90
14> L36a 001 0 °C,72h >95 81
15 L37a 025 rt,16h >99 82.5
16  L37b 025 rt,16h >99 85
17  L37c 025 rt,16h >99 90
18  L38 025 —20 °C,72h 99 90

@ All reactions were conducted with [Pd (CsHs)Cl], as precursor, [L]/[Pd]=2,
solvent free unless otherwise stated.” [L]/[Pd]=1.

LIS BCAR B Db B T — R B M SR A A
W FREESA S, B T =& P (TOF {E =ik 3000,
# 6, Entry 12). /" H%(TON fHE1E 10000, % 6,
Entry 14). iX—25 80T 5 ol T i A= R P S0l 15 e 1 i
PP A ZRAH

B 5, Beller £ 4R 1 /1 3,3'h BRI AL )
156 25 oy AN T fre o) 6 1) 5 M I i P R R PC A4 L37.
ATV 7L T & @ik IR SREE R f. fitk S
EEIILLG] . AR5 AR S HE T (P, Se) 5kttt
P2 KR, R TERFET, ZRARE
R OIHRIRD A FREM L, B H IR RS
PR R W, Bk, Han 25U AT — &
FIBE 2% 3,3 WU W BE G BRACAA, SEATRITEIT
SEOMEML, HAETFIERRG ) 3,30 5 BG4 L38
TEZR SR RS R B, B T I8 90% ee
(% 6, Entry 18). 1X&52f GLA0 A vy 24 ) IV Bl Pk Mg i
A — 8 T EEF VA N k)

T I T e 1 T A 7 R 2 ) ek A S S Y R
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13 TR EARCR, SRR AR & A X PR Sk
S AT 4]E. 2013 4, Hayashi 2507045 g1 F 14 i il
FMEAAR L31 HT 13- 2 A A RS A R B
WL BARZECRTE SR 06 I EE S N R S T 99%
ee, SRR IH) ee (HAN 57%(3K 7, Entry 1). &
NEASMSE, RAAETFERA Bk L39 754 [F] 444
THUAS T 87% ee(F 7, Entry 2). X224 NILZKEY
TE AR AR PR AN FR Tk S A SO A PR o v T B a2k ¢
P ZUbE R, Han S EF M 49 O 4 138
AT 13- A FREES LR N, BUE T 65%
ee(3R 7, Entry 4). 5 Hayashi FI45 24000, FHEREXT NG
BCfAR L40 JEFE R ZE(GR 7, Entry 6, 33% ee).

7 FHUBSBRERE AR TR 1,33 2 A
2 ¢

Table 7 Chiral monodentate phosphoramidites used in the
asymmetric hydrosilylation of 1,3-cychlohexadiene

[Pd]/L ) KF/K,CO3
—_— SiClg ——— OH
solvent free H,0,

8 10 12
Entry L Condition Yield/% of 10a  ee/% of 12a
1 L31 20 C,22h 93 57
2 L39 20 C,20h 82 87
3 L39 —10 C,84h 97 87
4 L38 20 C,20h 90 65
5 L38 —10 C,72h 61 72
6 L40 20 C,20h 99 33

© 2017 Chinese Chemical Society & SIOC, CAS

“ All reactions were conducted with [Pd(C3Hs)Cl], as precursor, [Ligand]/[Pd]
=2, solvent free, 1 mol% catalyst.

3 FESIAI BT A E AR A
XFREES R B P R R A

2012 4E, Higham 25HRE 7 HA BN 25500
F 30 78 T B U R TR LA, A C A 1 B B AR —
ZEH SR AA A N R RS T Bk 28 19 (BINOL) s v il
. BT S HEEAFERIG, M1 & 7 IR
) R 2L T A, 3 3 A DA B X B 2 B T S e A 5
RIBCAIAT AT 7 VRGN AL, B TR s AR, Ak
bR TR 5 & B AR Ah, 2 ERRE PR S &R
YER S PR R ) — NRAL S SE. FIR, AT 4 B
[ K 280 e BC A4k 82 B T [PA(CHs)Cl, fEALBIE 2 5 =
FREAM AN FREZL R . Hr, B R MR HA
B5 S #2241 BINOL Frf3 LA La1(B 6) S 1 &
T R BRI (80% ee). AT, AAITALISO9RIE T 2540
SE IR LA2, F8 R 2K 200 S AT A A
X FRIE AL R R A 2 A TR ET AR [PA(C3Hs)CL], 19 A
HON 0.125 mol%, FRS&EItelN 2 i, =iET,
Bk L42a B3 T 79% ee, FCiR L42b HUFF T 80% ee
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B RSREE N0 C, 72 h 5, Fofk L42b BE 7 95%

ee.

R2

O oL
0 P~o

I * X
0 T«

L4t L42aR'=H, R2=H,

L42b R' = H, R?=CH,4
Bl 6 T A PRIE S S B P B4 ST I T T PR A
Figure 6 Chiral monodentate phophonites used in the asym-
metric hydrosilylation of alkenes

4 FHEATRENAREREUFERTTIRES
HREFHINR

B BINAP-SEZK S YA BEME AL I B AN KRR
AL BE. 2003 4F, Fujihara 2508 VoA T FEXUBEAC
A& BINAP F25€ T EAA/NT 2 nm (ARG KR, FoK
T 2R 24 A R RREEE A S B . B FE 5 SRR
il N5 h, BINAP-ARG KRR 3 i) 56 a5 1k,
PL 81% I ER L 75% ee 193] S-2K LWL, 4 Wil FEFF 2
0 CHF, HEALFINEES LMREE, MBukBEt: B2 95%.
YR BINAP-#EZ8 S WA I J (A X et S Ak s o o
BAHENE, XT0 U BINAP-AE G4 K G5URL AR RE 5k A 44
K GERIEL R T SASK IR A 5 S H 485 3.

5 BR&EE5RE

Zr Lpnik, 2d =+2ZENkE, BETFZIHT
PR BERC AR A & S L HT, SRR R BE R AR S TR O
1,3- M AR A5 (AN X Pk S A S BB T K )t R
E BRSNS FRAME AL Al 7T AUk o 4 JF B A
BRI RS B2 R AT LLBOR, Hidf
RKHIRTL 0. B, PR RS Sitf#. 8
By ATERAEPESR(AN R IOK LR, BA G =X
SR FENE L X RIS R ) T R B RCAR TS IR 2 5 SR ot
FEENRE. [N, WA TR AR PR AL
RIALER, Bt U R R IR SR AR 4R =, B
TR R B P IIE RIS AL R, KR
TR BRRC AR, A S AR SR AR SR AL
TR R IN AN, MR A A% 53 5 A [ Wi PR X 5 2
A LS I AR Tk A 2P A e . 3 A, A T AN
PR, BRI EE A I Ao ek S A S 2 e 3 P
Vi FER AR, AT AR N P T 4 i 21 5 22 031 B IR M
IR, BATHIE, BEE B E AWRRAE TEARS
PRIEMEAG SONE, R SR AL — B [l A 70 42 S Rt T 7 % Tl
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