20215 [E

I - S —
TIWTUDREFE FARILINE fyermean
KT ILr L DUIICEREREEBAT 2 & REFAME L S ligand
L
COM P<
5/5 MPa )Cio .\ CHO nacac)
Ph" X iang . Ph Ph” 0P
'gan i/n=86/14 o o
Rh(acac)(CO), 92%ee 0 S | A
0.05 mol % e [ g &
L/Rh = 2~4 0 0 o
eHe ) ) TP T 215
60 °C, 43 h (RIRKF)

Sakai, N.; Mano, S.; Nozaki, K.; Takaya, H., J. Am. Chem. Soc. 1993, 115, 7033-7034.

RfE{AERR : sEMN=ZAmMHEEEICEWLNTZDOD!) VEFH
TFEANWEIODTR)TZILELEDHDZ EENMRIZK Y HERR

Sp 26.9 (ddt, 1Jrnp = 119.0, 2Jpp = 38.2, 2Jpc = 18.3 Hz)
H —OH —9.27 (dddd, 2Jpr = 161.2, 2JpH = 21.8, Jrhr = 9.3, 2JcH = 3.3 Hz)

Ph Ph 1 2 = 2
“ N SCOM, “ 5 2R|h 1B3CO— ¢ 194.9 (ddd, "Jrnc = 69.6, 2Jrc = 18.3, 2Jcc = 14.6 Hz)

13
Rh(acac) 0.05/0.05 MPa CO
(@cac) - / T~ 8¢ 196.6 (dt, 2Jrnc = 69.5, 2Jpc = 2Jcc = 14.6 Hz)

| -
“ 8 /P\ toluene-dg ‘ \\»sp 184.7 (dd, YJrnp = 181.6, 2Jpp = 38.2 Hz)
O 0 O 0 {—h{—mo)ﬁ;ﬁw\ el0){0); =
VXY, hy T F LTVEOMEBT AL

Nozaki, K.; Sakai, N.; Nanno, T.; Higashijima, T.; Mano, S.; Horiuchi, T.; Takaya, H., J. Am. Chem. Soc. 1997, 119, 4413-4423.
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Reppe & Iis o
PdCl,(PPhMe,) ]
X\ + CO + MeOH —— 2 Come
SnCl, .
EORIGHEBNMIBESNATWNS Kiss, G., Chem. Rev. 2001, 101, 3435-3456.
EKY P#ﬂé#ﬁ F7ILax L FigE
mir %/ —ILonfE A%/ —ILfE
MeOH ﬁeoH C-ome
ﬁ-& —OMe
co#ﬁ)\\\ T%ﬁk 7)1,\/7 A COfEA
co fﬁ =/ R>\ oNe o

FILT D ECORRKREBICHRAZRY RBIEXRU, FoIZiE b
M—R (/
//_Fﬂl R
' R R’

4)_R1 C R1 ¢
M ‘e

R’ = polymer
coO

M—C

\\

BFHERDEHD

EHERD-HDAMERIE103
BILZRER - BFUR IR F
RIREIEFERIA ISBN: 978-4807905867

Catalytic Synthesis of Alkene-Carbon Monoxide Copolymers and Coologomers (Catalysis by Metal Complexes),

Sen, A., Ed. Kluwer Academic Publishers: Dordrecht, 2003.
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H2 8 .

NaCIDWK=EITHE

adiponitrile
- /\/\/\/ _
/ HoN ?

1) H,0O O
N Mm _
2)pcl;  Cl
O
it ZF| A9 S5 EEAM S R (DuPontD R i)

Nifibf (2 &K AHCND T2 2 T A~ K Markovnikov{t il % 2[E]
B—RMIEDAD T O X (A —RMIEDRIGIEA LY - F£R1008 U DEEE)

NC
NN — Nylon

NiL, I T -
- EEWEGLF B FOREEIZHF
7 s ™ = .
FNT MO e T O T YT BERB ALY 1 9 LA
L = P(O-o-tolyl) 20+ 30 CN 7 RRIT7A bELIFZEFMA
LA REED Rz E CN
|
/\/\CN L2N|\/\/\CN — NC\/\/\CN Lewis acid adiponitrile (%)
B(p-tolyl); 99
- " A =2nCl, : 83%
- S D ERAENDERE : BPhg o8
NNiL;(CN)*A 7 = : %
AN R B s 5= &pmoTing  A=BPhai>90%  BCHPN, 7
B(o-tolyl); 74
/\( — BCy; 72
N >7 SR= R LA RIRMICTE 3 o °

Adv. Catal. 1985, 33, 1,
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AL FONSE S EBUVEFHESMH ZITHIIRBEERFE TIX 7 IILFILENKRZKTETO 7/ ENKREFIE
=B FLOBREFEEZH/FIC =)L AN T/ EDKREFEZ LITTMERE
&IV ABDEGIZEY T/ EBYLMNAIF WL =EEHINEF|
Ni(0)l 7’8 k it
%
—L H* CN- _L H
NiL, NiL 5 HNiL;* — HNi(CN)L; — L2Ni\C
N
18EF T 2ER T THONDEA AL B 1 ANNen
+
| (— NF Z>"CN
—NiL, <=—— Ni(CN)L, = NiL
I
BT LY ek 2R P (S SE LA ‘ ZnCl;
CN  IETTRIRA 120°C
—Ni(CN)L, =— /\(CN
’\UJS'Z) L UEBIK
HNiL5* HNiL3* HCN e
ASNEeN - NSeN = — Z>"CN e NN
SIOW as as . .f
minor adiponitrile
by-product HCN Lewis acid : +
slow ZnCl, or BPh, CN

CN
/\(\CN ; )\/\CN
CN

minor by-products

Acen

minor by-product
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HO CN  Ni(cod),/L* )Ci
oF7/ ERYY
Ph/\ + Me Me o - Ph 7 Y I
oluene
S~ N 65% ee
P/O O\P tBu tBu
of Ry o~ O
Yo' R S 0. YO

O & C
& O Bu” B

EXRRA T 74 FMIEBARFTZEA
Yan, M.; Xu, Q.-Y.; Chan, A. S. C., Tetrahedron Asym. 2000, 71, 845-849.

Ni(cod), / L* CN
AN 1 ~5 mol%
+  HCN -
MeO MeO
91% ee
Ph/%g%&,wh
L* = g
Ar,P 0 Naproxen® & ik
Ar2P

P

P\ | \ P\ / S
_Ni— > = = /Ni n3-a-arylethy A D 2 B A 52 I8 B R4 D FE R
oL A NG N _/ OMe

RajanBabu, T. V.; Casalnuovo, A. L., J. Am. Chem. Soc. 1992, 114, 6265-6266.
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ErARORE: R7/a7=a78m . P
el - B . I AEREBRIRET o )Cl—C| H CH3—(!:_-__TfC!—H
) . BT SN ] o
R —_— R — R/‘*""B\ — RJ\VB“‘* Eigﬁg?ﬁwﬁﬁ H—~~BH; B b el
concerted more stable less stable

syn-addition
http://www.chem-station.com/odos/2009/06/brown-brown-hydroboration.html

KEMGZE FAKRDRERIEH

| 0 ?Ha (|3H3 ('3H3 (|3H3 ®
\ \

HsB"'OG @[ BH -(HC——-C—}-BH HC—C—BH, BH
o | H 4 | O

CH,3 CH; CH;, . .
EFa—ILRS>

H;B---S(CH3), HFIA—NEKT TITINET Y FEINKRS L
RIGTEE L
“‘)“BH
y7BH ) BH
9- Ky ¥ su(33.1] /> CAVEI AT ANEKT Y (R,R)-2,5-V xFniKus

AFE FOKRIFRIE FAFE FAKRIRIE
BRIEIC & UYB-CIEA~BRRFRHA : K5 — FHEEN 5 D1,2-7 )L FIVERH

R H R H
R/L\/f//Fﬂ\OOH R/L\iEHR, . /L\/O R _H0 R/J\/OH — [ (3 B9 T R

R’ BT e
(/OH R

IFR o BBIERI7 = /1 O
0-S-OH R

R R S
H-BR’, HN 0
— -BR’, g - INH,

Brown, H. C.; Heydkamp, W. R.; Breuer, E.; Murphy, W. S., J. Am. Chem. Soc. 1964, 86, 3565-3566.
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T
P

V4

&EaERE

Mo Me MHoBH
< HB - H
H—BH (0C),CI=—Co(CO); I "B~
HB H" H _ _ H | ~BH
| B\ | + Ph ——Ph > \B_H/
H_ / “BH
B—H / _< Wilczynski, R.; Sneddon, L. G., J. Am. Chem. Soc.
H Ph Ph 1980, 102, 2857-2858.

AILARZIWFEETTOE FOKRDFERICE T EEREE RN & iy

_Bcat
@)
\ _| cat
BH + WJ\ g
O/ Rh(PPh3)3C| 0 P
> \/\)\ + /\/\)J\

17 : 83

no catalyst

HBcat

Mannig, D.; N6th, H., Angew. Chem. Int. Ed. Engl. 1985, 24, 878-879.

fiiE s K URFIC K SMUERREDEL

1. HBcat, catalyst /Oli OH 1. HBcat, catalyst j)i OH
Ph" XX > Ph +  phT n-Bu” X ~ n-Bu + n-Bu”
2. H,0,, OH" 2. H,0,, OH"
RhCI(PPh3); (in Ar) >99 <1 RhCI(PPh;), 1 99
RhCI(PPh3); (in air) 24 76 Cp*,Sm(THF) <1 >99
[Rh(COD),]BF, + dppb 99 1
Cp,TiMe, 0 100
R VICKBHEAERRMEDEL
1. RhCI(PPh3); OH
P L I P N A B
2. H,0,, OH" OH  HBcat (THF) 0 100

A B HBpin (CH,Cl,) 100 O
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S A1 oL
) PPh,
P \Lh_a’om Bo L
" Cl/l o RN
B-H.ﬂi’é’d) PPh,
B b 894 hn 2
+PPh, PPh
[RhCI(PPhs);] ——=  RhCI(PPhy); | & ’OO
H ———— R =B
PPh3 1 /{| Y
R PPh
PPh;
Q 0
Rh—B\
\ /0 © J: U l]\é fd:M'Hﬁé/\o)
PPh3 > l/ s/
PPha BMADEREN
o P MEZEREZRDOS
! Flh-—-B
1= JT E’Jﬂﬁﬁﬁ H |=u=n3 Burgess, K.; Van der Donk, W. A.; Westcott, S. A.; Marder, T. B;
Baker, R. T.; Calabrese, J. C., J. Am. Chem. Soc. 1992, 1714, 9350-9359.
Tigk{F = SmEE
\— Cp*\ H
/M\
Cp C C * *
\ / ‘Bcat — HBcat p\T"’H \ /\ p\T Cp \M H Cp \M
/ \ _Bcat / Bcat / \ _Bcat / \H/Bcat Cp*/ Cp*/ _\—R
H’ Cp H’ Cp ’
R\/\ S g HBcat
R gt HBoat Bcat  Cp L

Hartwig, J. F.; Muhoro, C. N. Organometallics 2000, 19, 30-38 Harrison, K. N.; Marks, T. J. J. Am. Chem. Soc. 1992, 114, 9220
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Me
R Pd(PPh3), R Ph)I\H -
// \< + HBcat > ﬂ
benzene, rt Bcat R 0
R=H 81 (syn > 99%)
Pd(PPh3), R=Me 89 (syn>99%)
R

L 7

L. Satoh, M.; Nomoto, Y.; Miyaura, N.; Suzuki, A.,
pd’ - 4 N\ Tetrahedron Lett. 1989, 30, 3789-3792.

H Bcat Pé 1
~ : R

L/ Bcat C=CH HBcat or HBpin _ >:\ .

catalyst H B
alkyne borane catalyst

p-tol HBcat Cp,Ti(CO), 100

n-Bu HBpin Rh(CO)(PPh3),Cl 99

p-tol HBpin RhCI(PPhj), 48

Ph HBcat [Rh(cod)Cl], + 4Pi-Pr, 1

1) Rh(cod)(acac), catB-H

Me3SiOTH, (S)-QUINAP
MeO MeO

R'" B B H
0
1
52
99 0

Ohmura, T.; Yamamoto, Y.; Miyaura, N.

OH

J. Am. Chem. Soc. 2000, 122, 4990-4991.

57% yield
94% ee

QUINAPEZHLFIIN,PT
RhIZESLL TLVS

Brown, J. M.; Hulmes, D. |.; Layzell, T. P.
J. Chem. Soc., Chem. Commun. 1993, 1673-1674.
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TIVToDaEME FOS ) JL{e Metal catalyst |
/\/\ + MeHSiC|2 > CIQMeS|\/\/\
100 °C
catalyst time (h) Cat/Sub (x 10%) Yield (%)

none 17 - 0

0s0Oy4 17 1.6 0

PdCl, 17 25 0

Pd/C 8 6 4

IrCl, 17 25 50

RuCl; 6 12.5 63

K,PtCly 17 0.1 62

Speier's Pt-black 6 12.5 92
Catalvst — H,PtClg 0.5 0.005 93
y Pt/C 1.25 0.02 84

Speier, J. L.; Webster, J. A.; Barnes, G. H., J. Am. Chem. Soc. 1957, 79, 974-979.

Karstedt's Catalyst Me, Me,
Y Messii \ ShoSU 0, Tsim
2 \ O /€2
o k= = -r o mmasy
Me,Si 7 ~ SiMe;

Karstedt, B. D. Platinum Complexes of Unsaturated Siloxanes
and Platinum Containing Organopolysiloxanes. 3775452, 1971.

Comprehensive Handbook on Hydrosilylation
B. Marciniec ed. Pergamon, 2013
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Chalk-Harrod#+5

\‘/\SIR’

) UL - RIGHEtE

modified Chalk-Harrod#$#&
Y\SIR’

H-SiR’;
)é B L)
R B {0

SiR’, SR )\/S'R SR
M
\/<R H “H H
Bof i
H~AEA \_ R _SiR’; R M-Si~EA _SiR’; R
| ) _M\ :/ | - _M\ :/
H H
o-bond metathesist{g RIBSN TV SHER
R :
\]/\Slﬂ’s
H h
- H 7 o bond
R metathesis
f M—H < M—R
M--- o bond
o metathesis M---R |3
H---SiR’; A
i M-HAZE A H---SiR’; — &I bond metathesis|%
- BIEEXNTELVAIEREELI V4= F
H .  ChHEBRESAGLEREMORASSE
, f“ _ LEVTEENIERETHS
M
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RE7ILT > H,PtCle |
SN ~_ + HSiMe,0SiMe,H -~ R3Sis o~~~
SiR,
EH{bnRk,. EETILXILEEL SO RIEHEL + /]\/\/ + w
SHBTZIN T HEEFIVENS S VNTES SiR
87:7:6 3
H2PtClg+6H,0 SiHCI,

W + H28|C|2 > /\)\/ + w
140 °C, 8 h

0.19 mol%

89% (34:66)

HoSiClldE21E L& Ly

oS

vy

()L SR ARER? )

Ru + PhSiH; > Ru(H),=SiHPh Si-H#£&IZC=CH'#RA

)\/ + HSiMe,Ph

IV EEKFzED Y ILE)

Ph~ X + HSiEt,
5 eq

H,PtCls*6H,0 /]\/\ )\/\
> N . + .
SiMe,Ph SiMe,Ph

72% <5%
FUILSSY - #R - BHER(ZILTE EOZ YL I-{EHA g
it (2 & o TIEX1,4-Fntk & 1,2k ZE Y 9 1+ AT RE

Ru3(CO)42
(0.5 mol%)

> SiR
CeHg, 80°C, 5h Ph/\/ e N

93%
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FILFY
Rh catalyst C,H, SiEt;, C4Hg C4Hg
C4H9%H + HSIEt3 > \—/ — + \—
SiEts
[Rh(cod),]BF4 + 2PPhj 5 95 0 fliEEIE<T
[Rh(cod)Cl] 94 4 2 PERRIENRB
CpRU(NCM9)3+PF6- SIEt3
AcO\/\/ HSIEt; > ACOM + AcO _~_ X SiEty
THF/H,0
a-vinylsilane B-vinylsilane
PV oD RIETILEILY S U TRERE
“ MOPE I F
OMe
PPh,
Pd “ SiCl,
ZSR  + HSiCls ~ /l\*R s GBS
p
= 1) EtOH/NEt OH |EEEREISEY
ZC4Hg  # “CH,CH,Ph /\O ) ° .~ /L HEEMTILa—)LA
o:p = 89:11 o:p =81:19 a:p = 97:3 2) H,0,, KF, KHCO; R |(GL&ERE)

94% ee (R) 97% ee (S) 95% ee (R)

Uozumi, Y.; Hayashi, T., J. Am. Chem. Soc. 1991, 113, 9887-9888.
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RhE(ZPtiEZA VR E RO OX YL ETYERIETZILS VD
ErODYIEICKBBAES ) —2R)IT—DER

F F
F
| Sl 5| J,H +r D
F
F

i - [{Rh(OSiMes)(cod)}2] & 1= [ Karstedt complex

F
F—l- El

F

—)bﬁ’&ﬁﬁﬁ?& =Y
CALLOTHEATEE

Hﬁ H

Maciejewski, H.; Karasiewicz, J.; Dutkiewicz, A.; Dutkiewicz, M.; Dopierata, K.; Prochaska, K., React. Funct. Polym. 2014, 83, 144-154.

A EZ ANV -RY e FOooOoxdoECEDZLARY)OOXRH D
ErFODYIIEICEKSD2OR)OR)I—DERK

—Si—O-tSi

M=

SL6020

n

FSi— +

> 7y

SL6100

|i // 500 ppm [Fe]

—

N

f

N
?' I\NfAr Ar
|

3 Crosslinked Silicone l i N%N

4N

[Fe] = [(MePDI)Fe(N

2)2(uno- N2)

|

/\\
Ar

FOEBMBETELCHEMEZALTOEEANKRS U B
CSEDIGERAVWS LR —EMIc/OR YV INRTES

Tondreau, A. M.; Atienza, C. C. H.; Weller, K. J.; Nye, S. A.; Lewis, K. M.; Delis, J. G. P.; Chirik, P. J., Science 2012, 335, 567-570.
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H
Lo,MCH(TMS),  (3%) N
H-oN NN . 5_7/-\

toluene, 60 °C

\
M—CH(TMS), ;

Sm—CH(TMS), 0.50 h’

metal  lonic radii (A)  TOF (
La 1.160 (La®*) 8.54
Sm 1.079 (Sm3®*)  0.50

Me,Si m CH(TMS), 21.60 h™’

Y 1.016 (Y3%) no reaction
122 °

ERBRA A HBKENIFERIGINGE
s|Mez’c%§6 &):‘eru;i

Gagne, M. R.; Marks, T. J., J. Am. Chem. Soc. 1989, 111, 4108-4109.
Ryu, J.-S.; Marks, T. J.; McDonald, F. E., J. Org. Chem. 2004, 69, 1038-1052.

73 F [l R i

\
Me,Si Nd—CH(TMS),

|

n-Pr—=NH, + "~

0
CeDs, 60 °C 90% yield, TOF = 14

Li, Y.; Marks, T. J., Organometallics 1996, 15, 3770-3772.

Ryu,

& R AR X

B 1/2(Cp'yLaH),
la
BN o~
H;
H Cpala H

N

S e

HEN\/‘\A
H

Cp'zLa’\[N)
M-N§ES~ADTILTr fEA

M-CH#&DMTA ko3 RTHET
X EROMMIE—E
BERAIERAZETHY ., EERRE

\
La—CH(TMS),

\% 10 mol% NH"Pr
/©/\ + NH,"Pr _ /@/\/
X C,Dg, 90 °C X

10 eq. X =H, 93%, TOF =2.0

J.-S.: Li, G. Y.: Marks, T. J., J. Am. Chem. Soc.
2003, 125, 12584-12605.
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Tlnl

5 FRA R I AR
[PtC|2(CH2=CH2)]2
25 m0|o/0 PtClg(PPhs)g
Ph NRBN - ppn, 5 molos)  ph Nl il
Ph \ dioxane Ph HN,B”
120 °C, 18 h 2 \
1 2 Eﬁ PICI,L
BRI DAL PHOAULSEE 1 . \ EEF H Bn

Bender, C. F.; Widenhoefer, R. A., J. Am. Chem. Soc. 2005, 127, 1070-1071. Bn Bet ¥ 32

+ =
Ph N—PtCl,L {\ PtCI,L
Ph \

SFRERE . A &BIE
Pd(PPhs), (2%) ,"]’;,'3*5 'Tﬂ) ﬁﬁz\ I
@NH A HOTf (20%) - ~ Bn H N—Bn
2 + > +11
toluene, 100 °C, 6 h O/ \( Ph N=PtCl,L >©\/_F”[CI L
AT Ph 2
83% yield R.N
Markovnikov addition R T\ISI-Tb Ph><;‘N_F"tC|2 /KI\TH .Cl
£y 3 ) Ph
R HE SEEETO UL Bk
NHPh LrPd" &IR1E
N X yNHzPh

NHgPh

LnF’d“
Kawatsura, M.; Hartwig, J. F., J. Am. Chem. Soc. 2000, 7122, 9546-9547.




ErFO7I /4 AT - #E)LaT7 =3 B4

AR [(R)-BINAP]Pd(OTH), R R H

(10%) H \)K/\ Chiral Catalyst (2-5 mol%) N .CH
O e Sy Kogs
25°C,72h O/ Y

Ar SiMe,Ph
80% yield OO ) C N,
o Yyle N(TMS), oz
RADOmX TREFICHRE 81% ee (S) OO S ”u\ e,
Kawatsura, M.; Hartwig, J. F., J. Am. Chem. Soc. 2000, 7122, 9546-9547. 8% ylel g

87% ee (R Me)  93% ee (R = Me)
Kim, J. Y.; Livinghouse, T., Org. Lett. 2005, 7, 1737-1739.
Wood, M. C.; Leitch, D. C.; Yeung, C. S.; Kozak, J. A.; Schafer, L. L., Angew. Chem. Int. Ed. 2007, 46, 354-358.

HI)La 7 =a 78
Rh R Ru(Cod)(methylallyl), (5%)
g HN [Rh(cod)S(DPElehos)]Ble o o Ui DPPPent (7%)2 oh /]\
Ph. mol% ~N NN /\ TfOH (10%) ~"N ph” >N
o+ Q /\o /\o G NH + Phiz — . (}) /\o
PR — Dioxane, 100 °C, 24 h
! yield 71% 96% <1%
DPEphos = o 5 (75:29) DPPPent hgmphzi
| Ph,P PPh,. e#oAFL 2 T
6w T - BRMEET DPPPentlRI FOHFFEMICHIRH Y
Rh_ — N ROR AN . .
HN.R \Ar o N =/ ‘3 x ® )\Me Utsunomiya, M.; Hartwig, J. F., J. Am. Chem. Soc. 2004, 126, 2702-2703.

RN ) — — Rh
H [ ! (1.4 eq.)

c2|’1_| /H Ar Ar .H. : Ar R \ DPPPent (32 eq.) ©/\ ©/\/NR2

Ar HN reductive reductive elimination p-hydrogen (COD)R /| TfOH (2 equiv) styrene 0 Nucleophilic addition
elimination or elimination only 4 oG PhoP - T\
R favored B-hydrogen elimination \/ THF, rt TH3|B, ri(i)n C wthJ 8Tf HN\_/O %jpru o
< ®
DFTIX7 LY VD b D RIG % X5 te gj?“mzmmm
. |T + styrene, - Ph™ > | T

experimental report

Utsunomiya, M.; Kuwano, R.; Kawatsura, M.; Hartwig, J. F. arene exchange

J. Am. Chem. Soc. 2003, 125, 5608-5609.
DFT study

Couce - Rios, A.; Lledds, A.; Ujaque, G.

Chem.-Eur. J. 2016, 22, 9311-9320. Takaya, J.; Hartwig, J. F., J. Am. Chem. Soc. 2005, 127, 5756-5757.



