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Abstract Because of the broad substrate availability, high atom economy and efficient stereocontrol, palladium-catalzyed
asymmetric hydrofunctionalizations of conjugated dienes have emerged as an efficient route to construct enantioenriched al-
lylic motifs, including allylic C—C, C—N, C—S, C—P, C—Si and C—O bonds. The development, advance and mechanistic
features of this area in the past decades are summarized. Based on the types of allylic stereogenic centers constructed via this
strategy, the review is divided into six parts, including asymmetric hydroalkylation, hydroamination, hydrophosphinylation,

hydrosulfonylation, hydrosilylation and hydroalkoxylation.

Keywords palladium catalysis; conjugated dienes; hydrofunctionalization; asymmetric synthesis
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Scheme 1 Mechanistic characters for palladium-catalyzed asymmetric hydrofunctionalizations of conjugated dienes
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+ 0
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Scheme 2 The first enantioselective hydroalkylation of 1,3-
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Selected examples:

PhOzs SO,Ph
& ~L
Ph Ph

95% yield, 95.5:4.5 er 90% vyield, 92:8 er 74% yield, 94:6 er

Ph N
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MeO,C
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N CN
o X
79% yield, 96:4 er

O><O

O><O O><O
o o)
/\/Oir ’ \/OiIg ° =
Ph X HO_ O/éé

89% vield, 93.5:6:5 er 77% yield, 94.5:5:5 er 71% yield, 93:7 er
(Pd-2) (Pd-2) (Pd-2)

B3 Pd-PHOX HEAILHE M AR R A be A S L
Scheme 3 Pd-PHOX-catalyzed asymmetric hydroalkylation of
conjugated dienes
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Scheme 4 Asymmetric hydroalkylation of non-terminal dienes
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Scheme 5 Plausible mechanism for asymmetric hydroalkylation
of internal dienes
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Scheme 6 The construction of quaternary stereogenic centers
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Scheme 7 Asymmetric hydroalkylation of conjugated dienes
with azlactones
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Me
- A CO,Me
e N _ PdS ARk
(S,Sp)-L3/Cu H,N Me
+ 88% yield
ArvNYCOZMe >99% ee, > 20:1 dr
Me Pd te
ent-Pd-5 :
o L X CO,Me
(S,Sp,)-L3/Cu PN
Pd-5 HN Mo

82% yield

(R.Rp)-L3/Cu > 99% ee, 13.6:1 dr

Me Me
AN X COzMe
Ph/\/s/ Ph
Mé /\/M?/NHZ
83% yield 84% yield
>99% ee, 14:1 dr >99% ee, > 20:1 dr

B 10 A0/ B[R] R A A0 0 L5 2 T e i 1) S Ak R v

Bl N
Scheme 10 Pd/Cu-catalyzed stereodivergent hydroalkylation of
conjugated dienes with aldimine esters
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Ar = 3,5-Me,CgH3 Ph
(R)-A1: R=TMS
L4 (R)-A2: R = TBS LS
Selected examples: OH
OH OH X
e Ph
A S
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"Bu (0] "Bu
NPhth
90% yield 72% yield 83% vyield
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Scheme 11 Synergistic Pd/amine-catalyzed stereodivergent hy-
droalkylation of conjugated dienes with aldehydes
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BB, BJE, SEAZT A FSE HARG] B BB R A
C. Btk C 5 ArOH R FITE & PR SLAR 1 1)
(1) (R)-Pd-6 (4 mol%)
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1,4-dioxane (0.4 mol/L)
24 h,30°C
(2) BnNH,, DIPEA

(1) (R)-Pd-7 (4 mol%)
(R)-Et-BTM (10 mol%)
1,4-dioxane (0.4 mol/L)
24 h, 30 °C

(2) BnNH,, DIPEA

c R

B 12 HEAIER S e o ) HE AL L BE 0 5 LR TR TR Y
SEAR R BVE S R SR

Scheme 12 Synergistic Pd/Lewis base-catalyzed stereodiver-
gent hydroalkylation of conjugated dienes with pentafluorophenyl
acetates
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ik SR

7).

A, U R R 2SO A S T R
Tl A UR R ZE R FH EERH =P A % 2 A A ) (P T C) Wik [7) 4
e SEng, SCIL T ARG SS IR AZ AT S5 L8 AR I S A
R EUCPEAB G [ V. (Scheme  13). 1% 5 238 i #4) 28 P AH
i ZR, BEG T SV R — AR AL B A I 1T B
Ri AEE BRI, F A EC/A L DTBM-Segphos-.
Josiphos F Ferrophox £ [z S 4 = 8 A i 14, (H
AL B ) B — AL SE 4 SN, B0 W B BRAK Rt
Wi PEVERIAEXS MOk B, B Jim, R TRk R H i

13
L6 (11 mol%) R
R! [Pd(allyl)CI], (5 mol%) R2ll A S A
Rg%\ o PTC-1 (10 mol%) Z~N
Z N KOAc (1.5 equiv.) Boc
Boc  |V(PhCHs):V(H,0) = 9:1, 30 °C
+ — P
ent-L7 (11 mol%) R ¢
AN NF [Pd(allyl)Cll, (5 mol%) A
— o
PTC-7 (15 mol%) AN
KOAc (0.3 equiv.) Boc
V(PhCHa):V(H,0) = 9:1, 40 °C
Ar o OMe N o
B > Br
O/ \O
o. O
Cacy)
o
Ar
L6:Ar = 4-CF3CgH,
L7:Ar = 3,5-(CF3),CsH3 PTC-7 CF3
o O QA vaphs

CFs prca

:', ; /
N
Boc
83% yield, 99% ee, 12:1 dr

Selected examples:

Boc

85% yield, > 99% ee, 20:1 dr

Ph =
=
Ly~ O
N
Boc OMe

Boc
89% vyield, 97% ee, 12:1 dr

80% yield, 98% ee, 18:1 dr

B 13 SRR R AR P R A LB I i) LA A ik

AL RN
Scheme 13 Synergistic palladium/PTC-catalyzed stereodiver-
gent hydroalkylation of conjugated dienes
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m%m%Lmﬁmuﬂ%%ﬁ%mw,ﬂﬂuﬁﬁﬁﬂ
TRET 55 [

AR & T R M 1 T 3 B 2 AR )
JERA, SR FH i L 25 A B ) I A AT A A M DA ) )
12-0 1, 4-N08Ek 1,6- I a2 5 41tk s N i R, 55—
J7THT, R T O R A AN TR 4 A R R O A
B2, AR T 05 Jk Bl 0 L 5 JR PR R 2 AR i 2 1], B3k
%?ﬁlkﬁ%%ﬁﬁ@ﬂﬁwﬁﬂ~§ﬂE%I,M

RE R R Hh A0 0 10 AN X AR U R LA s I F 7
ml DRI, 10 M B 2 (AT B ) R 8 0 i3 AT AN
AR Re LI RGN 7 AT EEMME A B,

BT, AT W R A 26V o ok — Bk e e ) AR AT
TIRNWTC, 308 T A FRE b 540 1 & H v B
(Scheme 14). {35 F] FH g 525 3B B AR 1) 0 o3 AR

[Pd(allyl)Cl], (2.5 mol%)
5 mol%), NaBArF4 (5 mol%) Nu
R

Et3N (3 equiv.) 5 EWG
Nu-H PhCF3, 60 °C, 12 h

5
RNEWG L8 (

CH(CO,EY)

2 CH COan)z\/C/O M
Cl\ﬁ)\/\ \M{ @
5 COAEt PAr,

< s

Ar = 1-naphthyl

EtO,C E o
EtOzC' 4—)\©\ EtO 02 m
2 I

80% yield, > 20:1 dr

80% vyield, 92% ee 62% yield, 94% ee

83% yield, > 20:1 dr, 94% ee

[Pd(allyl)CI], (2.5 mol%)

5 L8 (5 mol%) R" R®
R _ -
NONTTEWG NaBAS, (Bmol%) O A
+ hydroquinidine (5 mol%) \
o o ” / EWG

Et3N (3 equiv.)

R! R?2  MeCN/MeOH (V:V = 25:1)
60°C, 20 h
s
o] bt
o]
g o Et
o ! CO,Et
Me (o) Me
83% yield 69% vyield

> 20:1 dr, 90% ee

10:1 dr, 91% ee

—~ 0 [Pd(allyl)CI], (5 mol%)
A 5 L8 (12 mol%) j
7N ‘B CH(CO,/Pr)
T OBU  NaBAF, (10 mol%) 2
CO,Bu

+ EtsN (3 equiv.)
ROC_COR  13,0H (1.0 equiv.)
PhCF3, 60 °C, 48 h

51% vyield, 95% ee

B 14 AL S FIAN KT IR 1,5- L5000 1 S 7
Scheme 14 Umpolung asymmetric 1,5-conjugate additions via
palladium hydride catalysis
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7R, R LA [R]— 2R 5 SR A e A AN PR S b A
IR BL, WS B 96% ee. 1% N HATRLF IR
Ak, AFRRBMEERER KRRV Y 0T RATE
Y3 Re MR B T5 0 P SR AN SR v, TR AT A3
PO AR RERUEAN 7 11 BT LA S &, T
DA e RO 2 — R A B 23 1 1 22 IR S AL R IR 71
AL RNLFIE ] CLEE— B AT A A H 2 R T
e TR B WK ST ke BRI T hE. AR
Thes WA ThE. Mk, WRIRAE. (R — il g5
aa BT MEA T RERIL, LI TIBNAL C—H AR
PRE eI, H120 AL S 36 R W SR AR 30 K 4
PR, 2 SR AR R IARIFR 1,5-3%
BOAN R A FRH S

2 C—NiEmME

I A L0 0 1 AR AL T T T AR i R T
1986 4F Dieck PREAHPSIFHRIE. 2001 4, Ozawa Hill
XS B EAT T i — 2B, B TAER T IEF
PEIFE. [FI4E, Hartwig BREIZHPOHRIE T 55— F40 M0 3L
B IR AT R LA, DA S 1A 77 2 A %o Bl dg 26 1 44
T FHENE(Scheme 15). HiZ R MAVRE T 75 JE IR
O W IR S R R B 5 AR LG e 7 5 i LA SR AT 1)
SHof R 3 438 42 o) R

ArHN,, @

ArNH,  + @

Qo
Qe
s
L9

Selected examples:
Sl
87% vyield, 89% ee

78% yield, 86% ee
@NHOCOZEt @NHOCF3
73% yield, 95% ee

83% yield, 95% ee

[Pd(allyl)Cll, (5 mol%)
L9 (11 mol%)

THT, rt., 120 h

BIR 15 & 01390 00 5 05 e A R Uiz 4k s i
Scheme 15 The first asymmetric hydroamination of conjugated
dienes with aromatic amines

2017 4, Malcolmson UREHZABUSZIL T Agii& 5 FF
B LB U AR R AU AL ) B (Scheme  16). 6l HEL
(1) PHOX 1 AT MEBCAR AL AT LASE g S Sy, ] DA
PE R B X R R, Z TR RE T2 R YE
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P, #0555 m] LUBUR] S . 8 L1057 36
AR =0 b s Fi 55 PR AU — 6 410 B vt 1 X3
e PR X T e K BOAC B 0 SR A — Bt e 5 2
>20 01 DXURGEFENE. B T ZHURIMIIRAN, — %5
REHEAT A XS IR ARG B, B — P R RERAT 55 21 R 4
HOPFTEE i el N i Ve S S IVA S A e | = 2 A )

YIAEH.
RN [Pd(allyl)Cl]; (2.5 mol%) | o
L10 (5 mol%) ] . |
+ AgBF,4 (6 mol%) R N  PAr,
Rl _R? Dot L10

- + Bu
N DCM, 0°C ~rt. N ;
H R/\/k *Ar = 3,5-(CF3),CgH3

Selected examples:
N N
N N N
Ph/\/\/k
MeO F3C

78% yield, 95.5:4.5 er  65% yield, 95:5 er
> 20:1 b:/

P
HN
NN

46% yield, 87:13 er
12:1 b:l

86% yield, 96:4 er
> 20:1 b:/ 6:1 b:/

Bn. .M _PMB
TN HN

NN NN

77% yield, 94.5:5.5 er 48% vyield, 94:6 er
>20:1 bl >20:1 b:/

B 16 FFREILHE I 5 s AR AR A S
Scheme 16 Asymmetric hydroamination of linear conjugated
dienes with aliphatic amines

2018 4, ZRAH P — DI R SLIL T T EER R
AR FE 0 IR A X FRE A R . (Scheme 17), s

h

2
RVNANRT g3 (5 mol) RS R
+ Et3N (3.0 equiv.) N7
R? Rt Vlhexanes):V(Et,0) = 1:1 R1/\)\/R2
H 22°C,20h

Selected examples:
Boc
Y On Q
) .
Ph/\/k/ Me Ph/\/k/ Me Ph/\/k/ Me

N
53% yield
94:6 er

53% yield
96:4 er

N0, O
[N] N~ OBn N
Ph/\/k/"Pr Ph/\/k/(’l’z Cy/\/k/Me

78% vyield
98.5:1.5 er

62% yield 80% vyield 61% vyield
99:1 er 93:7 er 96:4 er
94:6 rr 955 rr >98:2rr

BR 17 A S IR PR A S
Scheme 17 Asymmetric hydroamination of internal dienes with
amines
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BHLKE iR St
L 78%H A >98 1 2 [ IXIGEFEIER 98.5 1 1.5 1Y e [PAENICI, (5 Mot NEai

Xof e PR ARG TR . AR T R w M, I
AR I A IR AN T SN = g, B
BAE ANV R P dE AT, 1% 7R AT DR IR AN ) 254 N
R R S AR TR B SR, AT AR 25 A i
FEORAZRT, WIURGE. MRk, RglmRIbR. RS

BEJm, TEEAT T — REHISLL, Jrhet 74
T HER SN HLFE(Scheme 18): B 46 1,3- %5 Pd-PHOX
EEYEATE P EAE LS8 JE, AR T B [EtsNH]-
BAr', EAL A M . Bl )G, &I ITE RSN K
n-allyl-Pd HH A4 I, JSEAZ R IL n-allyl-Pd Ho[A] 44
PR PA-IE ARG R A IV, BETE = CREMIERTT
5T, IF 5 ERE AT I B 2 = M)A EEAL ) 1.

NR
+ EthH BArF

Ph/\/\l" Me \kL
0
Et3N Pd

®
BAr NHR2
Ph /
Pd v Pd
N2 4 H Me
n BAr4
/)
PN
®Pd
R,NH
BArF

B 18 P S L R N

Scheme 18 Proposed mechanism for hydroamination of internal
dienes

2021 4F, Dong M/ PR PG VEHRIE T it
FREAZRT 5 ILHE I A XS PR S AL SN (Scheme
19). 1% MR8 TE IR AN I R RS R 3T, RARE
(S ST PE AR, Ty i T O A T 2R )
Mt T — MR AT AR, Wit — R R s
B, fE 3 52— i AR A O IC AR B S A R SRR
(LLHT) B BEALH. 5, AR SECAARTE BUE R Pd(0)
AT L BEJS, MRl A RN S5 2 S TERDE et
4 I 8 LLHT 752, SR 7 B dm e i 5] —
A b RS AR B AR TN B0, AP RS 1R AR SR A
A A A P S L), I FiE2E PA(0)HEAL T I

3 C—PiEpagE
LB B AP HLA B PR SRR A,
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RS NS L11 (15 mol%) N

N
H CPME, 23 °C, 18 ~ 48 h R1/\/‘\

O >20:1 rr

MeO PAr,

MeO PAr,
O L1

Ar = 3,5-Pr,-4-(Me),NCgH,

Selected examples:
AN ()

AAAAAA@

91% yield
96:4 er

76% yield
94:6 er

89% vyield, 93:7 er 73% yield
11:1 N':N2 81:19 er

0 y

\ N
R? /\/k/
outer- sphere oord/nat/on
attack

P TN

N R P
\ 7
(Pd Pd o~
R1’\/}N/H < l/\l/
N
N — Ny
v N\
tight ion pair P/—\P KIE = 1.4 restmg state
\ LLHT
ionization turnover-limiting
step
B 19 L IE S M AR BRI R B

Scheme 19 Asymmetrlc hydroamination of conjugated dienes
with pyrazoles

B T ANMBAE AR FR WﬂﬁﬁchifﬂPﬂL?fi c—P
B34, Hario W84S Tanaka R EH PO 71438 740
AL 1,3- 001 1,4- IR, ﬁ&m%ﬁf&ﬁc e — )
PR B e BT TT, AR AL IR HE s B AN PR S
RN EF] 2018 74 H Dong AL R IE (Scheme
20).

VR A ] — 2R SR R ik, 2RI IR i
Ing, AEHRER T 80 C /N, AT PAm A e X kvt
FEVE RIS WO e A5 3 IR R N R AL S Y. TR
ININFRNS SRR A R RO, AE P R s e
FOMEAN K. 257 BB AR S 365 — 4 B A RIFH
Mg ME(36%~88% yield) ML AR FEME(>20 1 1 rr,
88 :12~96 : 4 er). | "IHAIF IS T IAE SRR
WA, E PP Xk S AU ek B R RUIC. IR AR,
FPE TN B A B ST AR R O X6 TR ) C—P BRI
AR, MW R, RN REZ T T inner-sphere {14
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o  Pda(dba)s (2.5 mol%) ‘
1 0,
R’\/\ . /lg\ L12 (5 mol%) 1

R? RJ R (Ph);P(O)OH (20 moi%) R NS
PhMe, 80 °C R?

(Bu)R O O
R)) <
& e PAr,

Y P(Cy)2 0 PAr;
Y e WL
<~ 12 o ent-1.2

! Ar = 3,5-(£-Bu),-4-MeOCgH,

Selected examples:

Ph Ph Mes 1-Naph
PhPO MesPO1NaphPO

Ph/ﬁ/\ O/\/\ P NN NN

ent-L.2, 78% yield ent-L2, 35% yield L12, 62% yield L12, 69% yield

97:3 er 86:14 er 98:2 er 95:5 er
>20:1 31 >20:1 >20:1 rr
Os wPh
Pd,(dba)s (2.5 mol%) S ’\'Bu
L12 (5 mol%)
Ph/\/\ PhMe, 80 °C, 18 h
" 88% yield, 95:5 dr, > 20:1 rr
(\)\ 0. _.Ph
By H Pd,(dba); (2.5 mol%) PS
Ph ent-L12 (5 mol%)

S Bu
PhMe, 80 °C, 18 h

85% yield, 91:9 dr, > 20:1 rr

B 20 JLHE M5 T IREUBE I AT AR SR AL S5 8
Scheme 20 Asymmetric hydrophosphinylation of conjugated
dienes with phosphine oxides

JEH R TIFE R C—P .
4 C—S EmE

B A SR BE s B AU RE AR B R AR R AT
B, 2020 4F, HARFHREAP R T AP TG SRR
AN X R S RAL [ N (Scheme 21). 1 34 FI) H = (145 FEL
R HI(R)-DTBM-Segphos L2 75 A FHERAA, FEMT
FEBRAE VR, T DA =3 R W R P A e AR
EPEIEIRTE — RV TR B Z R N 2%
PR JEPIE VG, o] LA 7R 2 Fh 07 FE i R A e
FEWRRICEZAAA, & T ARBUR M Ry, Xt
T(EE)-1,3- "M M(E,Z)-1,3- IR Y, 1EARAESRAT T
RIS BF R ) S RE 25 S I8 AR S D A ST AR —
(1) cis-MAGE 8, BEJE TR AT, B
WSS & HR A I 1) SR . AR &l — R 514 )
SCI6 RN % FE V2 B ER(DFT) TSR, RNETT T —4
ﬁhﬁ%ﬁﬂﬁﬁ@aﬁ:ﬂﬁaﬁiﬁﬁwiﬁz S F2(LLHT), 1A

LA EN S RERB A AT
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WRZ Pd,(aba)s CHCl3 (2 mol%) SO.R
L2 (4.4 mol%) =,
+ 1 R
RSO,H MTBE, 30 °C R
Selected examples:
SO,Ph
SO,Ph 2 S0,Ph
A AN
o AN (o)
\ Ph/\/K/\/ ~N
S
94% yield, 98% ee  52% yield, 96% ee 80% vyield, 96% ee
>20:1 >20:1 F 171
SO,Ph Q /A
/\/’\/ Q /@\ 07

Ph/\/'\/

86% yield, 40% ee 85% yield, 97% ee 65% yield, 96% ee
>20:1 >20:1 >20:1

B 21 LHE I SRR AN PR AR s B
Scheme 21  Asymmetric hydrosulfonylation of conjugated
dienes with sulfinic acids

B fe, o ARER G PR AE T 5 — T R A X
FREAAL [ B SR 1% (Scheme  22). 1% [ v DATE B JiF Sl 512
kA, UGB L13 TR, maeh sk
T —RANFHEIG R G, I B 2R R I 2 42
TR SEGE R Bk B, E/Z IR AW GRS
LA R RCR SRS E SRV Ia I R0 S i 4. st ik i
B, TR 13- @R, RSB
3, 4-NNRART 1,40 B i X 38 A AR VR A .

R»]/\/\

Pd(OAc), (10 mol%)
L13 (12 mol%)

R2
+ TSOH (50 mol%) ~R'
RSO,NHNH,  diglyme, 60 °C, 24 h R?

79% yield, 92% ee

42% yield, 94% ee 37% yield, 79% ee
Cl

~A o7y ° 0=5-0
Ph SN

93% vyield, 88% ee  84% yield, 91% ee  51% vyield, 89% ee

BRI 22 L0044 5 BRI A AN PR AR S
Scheme 22  Asymmetric hydrosulfonylation of conjugated
dienes with sulfonyl hydrazides

HLELHF 7032 B (Scheme 23), B ILH AT A
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FEAR T ) TR B I F P 104 1 B S R (a4 1 5]
P T R AR AARSE 3159 380 o fe) 44 T, 'BBeE R A B-H H
BRAS 2| A 1V, AN S AR IV R A A IRt
Pidi— PRSI E TR V; fa, Sibid i RS
Bl &=, Forb ol IR B R R B D IR, R
BN NTZ SN AR S A T ) 7 A S L R R R R AR
— 2 tH TsOH AL EAN A2, 73— 2 i TSNHNH,
FALEN ARG, 72N, BT TsSNHNH, #E i
KT TsOH, frblFEEid TsNHNH, (%4724 PdH.
B8 1% I AE, TsOH (8L IZ D o £ E g2

Proposed mechanism:

(1) with TsOH:  PdL — o .| p}

TsNHNH, T8~y -NH2
(2) without TSOH: PdL ——

L
NHNHTs n.H

/
LPd<
S L Ty

Ph
I Ph N

PdL 5
/\/k
Ph PdL, H,
NT:
Lpg~ TS N, PdL N7
PR SN S Ph/v*\
v v

B 23 AXFREL SR
Scheme 23 Proposed mechanism for asymmetric hydrosul-
fonylation

5 C—SigEntE

1983 4, Hayashi SEU0H R FLARIE |40 AL ILHE — 4%
AN X BR S A [ N (Scheme 24). 1% [ v BAIA I 0
PE R R, F3E SRR AR oAzl Fl, A 0.01
mol% M — BRI B B O A R A AL R E 30 C TR R
% 20 h, 1XWELF] 25% ee 14 P LT e () A2 k.

1990 4, Achiwa PREIAIHIR B T —Flogi B F 1k
TR TRC A2 FH TR A AR 1 0 B AN 0 AR LA i S (Scheme
25), AT LASRAS 84%IKI 77 A 72% 1) m ik £ vk
2001 4F, Frejd PR 42U SR FC /4 L16 S8 1 1,3-
IO I AR IR EE AL SR (Scheme 25).

1996 4, Hayashi 5804114304 BB 55 56 B Jl IC
L17 T3 R @R 1,330 2 4 5 = R AR HR
SUREAL SN, B 0 s (AN o Bk SR A S B 1 15 2
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@ PdCI;[(R)-(S)-PPFA] (0.01 mol%) @«SiMeClg

+
HSiMeCl,

30°C,20h

NMe2
(R)
= ~PPh,

87% vyield
25% ee

Fe
@ L14

(R)-(S)-PPFA

B 24 EHIFR R IR AR FR AR SN
Scheme 24 The first asymmetric hydrosilylation of cyclopenta-
diene

PACIy(CH5CN),

@ (0.1 mol%) © NHSO,CF,
L15 (0.1 mol%) E><SiMeC|2 ' ___PPh,
T — ‘
. 0°C,40h 3
HSiMeCl, 84% yield,72% ee' L15
@ (1) Pd/L16 :
0 | NHSO,CH
_gc.4oh, G—SiMe(OEt)zi = oo
+  (2) EtsN, EtOH pr > PPhe
HSiMeCl, 3
> 80% yield,72% ee L16

B 25 MR G CEARFREREAL [ B
Scheme 25 Asymmetric hydrosilylation of cyclopentadiene and
cyclohexadiene
80% [ X Wik £ (Scheme 26). BEJG 2001 4E, iZiFf
HUITIE T A [F YRR AT G AR L8, K IR A
1,3-38 O 0 1 SR AN SO [ 5% B 8 1 Sl B v 21 1
90% ee 1 79% ee (Scheme 26). FfiJ5, 1%L IE
FREGINEIEC AR L19 h, 3800 7 A RILE BB A R A
VAR RE, o R A0 7R 5 A B0 35 BE T AT R DR M A
(Scheme 26), AILAFE—30 ‘CF, BFIA I AT AR
AL S R Bk B ESR R B 91% ee, fE—10 CF,
B 1,3-30 O s I AN BR SR A S5 0 PR o Rk g 438 2 2 o
F1 83% ee. 2013 4F, Hayashi i@ 20 401 — 30 R B FHE
TR 120 IEAAR, BELL 97%H1 77 3 AN 87% Xt ik 42
PESZEL 1,3-38 O M A R SRR B, X 2 H AT
NI 1,3-FF O A 0 PR A S g e P 481
¥

FEXS TR IEHE 05, FHEEILHE 0 1 X Sl e 3 1
RIS i 358 3 4 9 DAFS ). Hayashi PR SE J5 46 =%
R AR I T A DO TVRI IR 2% B A7 R AR ST s B 1 JEFOIR
1,3- 2150 WG KT R SRR OB, (H R 3R1G 2R 45
RS, ZOREAR A RARERCA 121, PliEik 81%
(172 25 F0 93% R0 BRI 38 14k ST 1 R B L HE I A
XIFR LA-ZEaEA SN, Ho = by Z Ak AL (Scheme
27)1491.,
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99% yield
80% ee (R)
(20 °C, 120 h)

99% vyield
51% ee (R)
(20°C, 150 h)

N

89% yield 75% yield
90% ee (S) 79% ee (S)
OO O OMe (-20°C,72h) = (0°C,72h)
L18
o8
PhP 75% yield 70% yield

O OMe 91% ee (S) 83% ee (S)
(-30°C, 168 h)  (-10°C, 168 h)

= n-octyl
L19
SO
Ph
O:P 97% yield
O Ph 87% ee
OO PH (-10°C, 84 h)
L20

Bz 26 Hayashi 382 3¢ T PR =05 10 A X BREREL OV
v

Scheme 26 Asymmetric hydrosilylation of cyclic dienes in

Hayashi group
MeOS
Ar, S
RONZ paL21 P

R
+ m Fe
HSiCl; -5°C,168h  SiCly ' ! . <=
: Fe OMe
81% yield | (S)
93% ee | L21
3 Ar= 3,5-(CF3)206H3

B 27 Lot I AN R AR AL S B

Scheme 27 Asymmetric hydrosilylation of linear dienes

6 C—OEmhE

S0 )i A AS AR St S I A S SR LBk, I

xuﬁkku%%ﬂm.ﬁiﬁﬁm?ﬁ%%&ﬁ
FIREAL RIS 855, A% KR ARG, 55—
TIPS 00 [ A AR G 1R 0 TR
AR SRR, AT 5 5 B0 W0 IR e AL A AN B e ik
;E IEJ ﬁ[Zd]

ELR AL, 7 P IR AL DONE T BT A TR
B RCA RCAA, B ORSEIL T AR HE AL P 3R HE =0 ) A X
FREbE AL RV (Scheme  28). & A [F] 8 A HUAR

R =Me(CH;)s
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1) 75 Bk Bl i 0 JEC A DA B A [R] R I 2 SR 3 R AR B
25 R, —n] DO g R o 55 B R R,
>20 1 KIXIBEEIERT 90% XMLk B, 10 equiv.
(T JEC A A PR e 0 2D, PR v OB TS . — R
AILER SEEG 7R I IR E S B v B R & TR
IR SIS, HiZid iR RN s, %
SN ] BE F AL A I FE 4 Scheme 29 Fia: ZEAMAL R

[Pd(allyl)Cll, (2.5 mol%) .
L22 or L23 (5.5 mol%) o

N
ROH (10 equiv) @ > “Me
K5CO3 (0.2 or 3.0 equiv.)
DCM, rt., 1~ 24 h

QN

Me R

o
PPh,

L22: R'=Ph, R' = Bu
L23: R' = R? = p-BuCgH,

— N CF,
o? \ \
) 0 o
Ph e
58% yield, 92:8 er

PR "Me
64% yield, 91:9 er

S

O
Sona TG JESL N

78% vyield, 95:5 er 68% yield, 96:4 er 40% yield, 96:4 er

Bz 28 AEEAL ILHE I A PR S e S TR S R
Scheme 28 Pd-catalyzed asymmetric hydroalkoxylation of
conjugated dienes

PR " e
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