ARAEHNERBERASENEEENER, SRRTEN B8
By, —MERESSSYER, HELT06FE XSS HFK
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BeIAENIX R L

= BRANR BB EYNEARNZ—, RN Lewis IRECIAEA T RE
HYBCiA

Re(Cp)(CO); + PPh; — Re(Cp)(CO),(PPhs)
Re(Cp)(CO),(PPh;) + NOBF, — [Re(Cp)(CO)(NO)(PPh;)][BF,]

= BEKSYAZ A EERFIARN, MCo(ll)FIPL()HISE S
= FmTlIt, BEXKARILARWEE, Co(lll)FPt(I)HISE S
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= BN RN NF SRR D FRENF KB RR X

s

m SR

MIE D

HMIE A

ML, X = ML, + X
ML, +Y — ML, Y

ML X +Y — ML, XY
ML, XY = ML.Y + X
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BeIAENIX R L

= fREAIE D MG SHIE A IR MNATTEIS B XAX 3, ERREIERE:

MXY

MY + X

Free energy

Free energy

MX+Y

Extent of reaction Extent of reaction

o AAF RN RS Z BB VIRFR A SHRNIE |, BN 2 A elE
ML X+Y = X--- ML,---Y = ML,Y + X
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BeIAENIX R L

» HAEIEAIE

ML, (NH;)X + OH- = ML, (NH,)X~ + H,0
ML, (NH,)X- = ML, (NH,) + X-
ML, (NH,) + H,O0 = ML, (NH-)(OH)

s BRI ML, (NHs)X + OH- — ML, (NH5)(OH) + X-
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{34 B

= 58 0 Z5{AEK T REBEARKRINEDE S FELESYF R AAAIEIETE
CN~ ~ CO ~ C,H, > PH; ~ SH, > NO,” > 1" > Br~ > ClI” > NH;~py > OH™ > H,0
» o RAE: Pt 5 THEMKRZIBSREY o {ER=HI55 XEC (RS Pt BB HE

* TRER: BnRAZBRRTBNEFEE, BEEBERZWF A
I}, #WRE 5 EAIFElE

= tEAMBEEIRE MR Pt-X SEEFHTES

Se (o8 T
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{34 B

= MARAMN, AIEMK—ERERZIIE
= JIRF0 &= 089 Pt(NH;),Cl, @I AR A EK

[Pt(NH;),]2* + ClI= = [Pt(NH;);Cl]* — trans-Pt(NH,),Cl,
[PtCl,]2~ + NH; = [Pt(NH5)Cls]- — ¢/s-Pt(NH,),CL,

CN~ ~ CO ~ C,H, > PH; ~ SH, > NO,” > 1 > Br~ > Cl~ > NH;~py > OH > H,0

7
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{34 B

= {8 [PtCL]> AIEH, eSS RkINTC/ R ZCEYPL(NH;) (PPh;)CL,

s IR [PtCl,]2 + NH; = [Pt(NH,)CL]- = c/s-Pt(NH5)(PPhs)CL,
= ;x=: [PtCl,]> + PPh;y = [Pt(PPh;)Cl;]- = trans-Pt(NH;)(PPh;)Cl,

CN~ ~ CO ~ C,H, > PH; ~ SH, > NO,” > 1 > Br~ > Cl~ > NH;~py > OH > H,0
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AEF R

= FEVINENWIERRNE RpIE
1. BiERFERBEHNENE
2. BEBEFERBHINEVIE

= NEVIES NEASERECN, M Iy , ARAERFRE

[Co(NH3)s(CD]*" + [Cr(H,0)6]*" —> [(NH3)sCo(C1)Cr(H,0)s]*" + H,0 (1)
Co(IIT) oxidant Cr(II) reductant Co(IIT)  Cr(II)

[(NH3)sCo(C1)Cr(H,0)s]*" ——> [(NH3)sCo(C1)Cr(H,0)s]** (2)
Co(Ill) Cr(II) Co(Il)  Cr(II)
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AEF R

» SNEVIER, BFEIEFRERNEBZEESY L
[Co(H,0)¢]’" + e — [Co(H,0)¢]*t E° = +1.808V

[Co(NH3)¢]*t + e — [Co(NH3)¢]*t E° = +0.108 V

= WIMNEFERSYINRN, SREREAMAEEREL

O§><OH 3l
NH _N OH_
L, b, TR
S ~
NH M = 280.32 N O

O)><OH o)_lk
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EEBNFRE

= ERAVSESYEEIELFNARS

= FRBINSEYFRVEAR N
= ZIREEBEVSESYHIGE o fFA, &8 18 B FIMAEEAKRRERN

= 14/16 BFRIR SR TR SHIIE
= 18 B FHVR SVl TAE S A IE
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EEBNFRE

= NHKEY), &S PPh; REXTL CO RUIEREEIR?

D

Re _ Fie
\ \ A N\
Ococl CO Ococ‘ CO

= RN EY), BAEHZAN-EWERS HBETRESNIE)
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MRS HER

» _SEASEENEN, E2E d BFRIEARE HE, SFK
iRt 4Y)
H—H  H--H H H

N =\

M M M

= XMRNMABZHEL, FRASEMMK, SEARNLERITUEXANRE
(GBS E) « ERIER
= REFNWHEAR, EBRBEY)—IZE14/16FFHY

Me

Me, . PEty  Mel Me,,.Flt,,\PEta

Me ™ ‘PEts i Me” | VI
PEt,
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MRS HER

= AUMEELEEBECHRIEUTINEEZAR

CH, CH, CH,

H,C.. _~___.CH,4 O H,C.. _~___.CH; @ H,C..__~__ _.CH,
RE OA
H,C CH; _—\ H,C CH,4 H,C CH,

Ir Ir Ir

7 b v
3

14
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FILINRE 5E 4R
= RE BRI AT LOEZR S #HIT C-H &1
Qg o

Ph2PC< Cl position
Ir —>  PhpP 7I|r’—PPh3

N
Ph,P" PPh,

H' pph,

Ir(T) Tr(TII)
Ph,P  PPh Ph.,P_  PPh
I S | N

/N /
CH, CH, H,C O

Pt(I0) Pt(I0)

15
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MRS HER

= SR NRE IR AR R

H
Et.P, | .Me Et.?, .. PEt
S;Pt" — 3,‘Pt'\ 3  4+CH,
I | ~Me I Me
PEt,

= RHBRRNERBA, HFREZFREIR

linking chelate
@Pth backbone
PPh;, PPh2 / \
PP X Fe Ph,P PPh,
2
PPh, @Pphz \ /
DPPE DPPP DPPF

Bite angle = 3

16
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MRS HER

= SEMEIBER R Y

Name

First Reported

Example of Catalyst Precursor

Heck

Sonogashira

Negishi
Stille
Suzuki?

1968
1973
1977
1978
1979

Cu
Zn
Sn

Li,PdCl,
PdCl,(PPhs),
PdCl,(PPhs),
PhCH,Pd(PPhs),Cl
Pd(PPhs),

17
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Reaction Year Reactant A Reactant B Catalyst Remark
Cadiot-Chodkiewicz coupling 1957 RC=CH sp RC=CX sp Cu requires base
Castro-Stephens coupling 1963 RC=CH sp Ar-X sp? Cu

) RaoCulior Cu-catalyzed version by Kochi,
Corey-House synthesis 1967 sp? R-X sp?,sp® | Cu o
RMgX 1971

Kumada coupling 1972 RMgBr sp?, sp® R-X sp? Pd or Ni or Fe
Heck reaction 1972 alkene sp? Ar-X sp? Pd or Ni requires base
Sonogashira coupling 1975 | ArC=CH sp R-X sp3sp? | PdandCu requires base
Negishi coupling 1977 R-Zn-X sp3,sp%,sp | R-X sp?sp? Pd or Ni
Stille cross coupling 1978 | R-SnRs sp3,sp4,sp | R-X sp®sp? | PdorNi
Suzuki reaction 1979 R-B(OR)2 sp? R-X spsp? Pd or Ni requires base
Murahashi coupling®® 1979 R-Li sp?, sp® R-X sp? PdorRu
Hiyama coupling 1988 | R-SiRs3 sp? R-X sp*sp? | Pd requires base

see Liebeskind-Srogl coupling,
Fukuyama coupling 1998 R-Zn-I sp? RCO(SEt) | sp? Pd or Ni )

gives ketones

) ) ) RCO(SEt) ) )
Liebeskind-Srogl coupling 2000 | R-B(OR)2 sp3, sp? Ar-SM sp? Pd requires CuTC, gives ketones
r-SMe —
Cross dehydrogenative sp, sp?, requires oxidant or
) 2004 R-H sp, sp?,sp® | R'-H Cu, Fe, Pd etc. )

coupling sp? dehydrogenation
Decarboxylative cross-coupling | 2000s | R-CO;H sp? R'-X sp, sp? Cu, Pd Requires little-to-nobase ¢
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MRS HER

= SEMEIBER R Y

Sonogashiraiz:

R—C=C—R' *w ;d o
|
[ A

——

— 00—}

R—Pd—L l[
Lo N R
R—Pd-C=C—R'
c L Cu—C=C—R'
CutX E
Px
™ R—c=c—=x R
H—{=C—R' E | R

19
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o 8 DR

= FHIRNEBERMNFRRET AWM EIREFRIESE R

@50_% 0 — é@ -

- @’ftﬂﬁbl]ﬁﬁ IESCHIMESZ N +5, XBAREIREAERY

n%-complexes

L,M—R
LLM—R + R~—H —> | transition state

REH N R,
LM H
L,M—R’ e R

RLT-T 20

sigma-bond metathesis
net reaction

LM—R + R—H —~—



Co|ding | C |hem |Eu|cation® chem.pre-u.org
. |

HANRBL

= KEFRT, S5Y LENENEAZIEN M-C Z[8]

s e
[ P [ © 0
OC—Mn—CH; +CO —> OC—Mn—C
c” | c’ | “CH
0" 0" ¢ ’
0 0

= ZRMNEIEAL1-EBIEANR

21
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i\ BL
o B EMUZEIRIEE *CO, HI#AR 1,1- i N\ R BIHIE
0
CO ME. 2
Q0 I \CO » / \
"y co _ OC ot coO
Me¥ | YCO *cOo” | YCco
cO cO

» RAW YA E 1,1-3FBHEN, £ 16e RE~Y), B5 *CO4LE
= [AIER: X FP¥cis-Mn(Ac)(CO),(*CO)m#k, 2 AEEEIFIMNn(Me)(CO)-H
JLF0? EbGlanqa

Mn(Me)(CO)s trans-Mn(Me)(CO),(*CO)
cis-Mn(Me)(CO),(*CO) 1:1:2



Co|ding | C |hem |Eu|cation® chem.pre-u.org
g

HANRBL

= 12- NN A ERTE M-X 5iEEL:

8 O
O o. C F F
C <. 1 |
Co—H + F,C=CF, — Co—C—C—H
o 1 2 o L
G
O~ O ¢ F F
o) o)

» BRERNEEHITN,-BRA (ATEeH MECAEUC R )
» 12-i@ AN FEEEREEFEHUR2
 HIRBERMN (Ziegler-Nattafgfk) 51,2-HENE*X
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HANRBL

= Ziegler-Natta &t

* +
C? + + CH,
CH Me
Nion A e 174 o] R oo
I > —> Zr g
I \CHQ ~Me \CHQ _Me ‘\H/

= L2-EBARBE RN —RREZEEIREFHEL, FRBHELBSIERR

< o 7

Z k52 B Me.P™ ; /|
Me,P CH,CH,4 €3 H H,C

16e~ Species 18e™ Species

24
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» MERURNEEFRAY-20EER / 0-2EFR
Hf > 6-H elimination L H\M/F:>
M

= o-SUHMRAI FERERCE:

M—CH; o-H elimination |

H
~ M=CH,

25
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93]

= [Mo(Cp)(CO);Me] RES B A EECFEN, A RFPAEBRMUFEIFIC
*CORVIB/RT, REMEEIFYHFEECO- 1525 iAHR] SERYAIE

1. CpIrMns- TA ns-, LEET 16 BF R A LIS S B ECE
2. R=E Me¥ CORYLI-flN, SakEiraBREERMNER
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3]

= Na[CpFe(CO),] 5CICH,CH,SCH; [, 15EIF¥A, EH IR ABWmNUIE
(1980 1940)

= AIREREIB, EIRtERINE, BEREHAEETE1W(1920 1630)
= B H 45

S — CH;
[} \ CHz—CHz O '

27
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5 |

= Re(CO)sBr 5 BrCH,CH,ONa (SLfr ERMEA TS NaBr) &Lz, 17

1.
2.

2K EM X 5 NaBr
BrCH,CH,ONa Mz M i m 2t AalRF?
EX X HE 18e #MM, =IEHE COF4E, B X MEH

T B
oL O
\/ / )
OC—Re=C
[\
cc O
O O

28
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3]

= NS CO iz, FHi@id H-NMR WE Kk i

1. SX=Hi, RNFHS=-18 ppmMWlEHK, FHr=EHHMHI8.61 ppm
Yl

2. YU X=CH; B, RS =-0.1 ppmBIlEESE, H=EF2.1
ppmHAIlE, MEFEK KR NET(E], (U5 42.2 ppm

B 0 P ) AR FR B A BV 2514

<C:;>——PPh3 PPh, PPh, PPh,
\ | \

N— N1 NH NiZ N—Ni—COMe MeOC-N Nl\

\CO co
/ e (Ch
PPh PPh, PPh, PPh,

10.1021/om201041z 20
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3]

= (FHRZE, BHTIYIRS CO RNIFYEN, RNERIERADF
SBMT84u XAFE) , IREKADFHRAFEMHRE

2
O_Sl\/P/,' /CO
A—Cx=., ‘Ni
Si R
Me, 2

10.1021/om201041z =o
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HIZE 2

= Grubbs 1 Schrock 17 & I LU T ARFAELTI AT B F &1 E 2R

Ar

Fd

PCVG ||
Cl.,, | P
—\ RO', "
clv | rRo’ Gy
PCys CMezPh

= Schrock lELFIEMEEIFEBEXK, B
o &IZRE DR RATTIARENR (Chauvin H1IE)

R, R, R,
M =" | M — | M] [
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Ring-opening metathesis polymerization (ROMP)

Acyclic diene metathesis polymerization (ADMET)

Diene ring-closing metathesis (RCM)

Enyne ring-closing metathesis (RCM)

Ring-opening metathesis (ROM)

Cross-metathesis (CM or XMET)

32
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ISR EANERTIEI T R, MEES

7/

K

BFMEE 2 RRENT

\)\’Ph
. Me

33
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HIZE 2

= WEHMTRENNGEEDERN, HIE0 W EHBFFERS ROMP
= RIZWAI OB RS GYIREE D

Br
R Br RO\\ |  H q
0‘\ | H + wW=C 7
N e o” | =S
RO | °C GaBr, R~ Br R
Br | i Norbornene |
R GaBr,

34
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0L R |

PhsP ... | wH

cnf ‘PPh3 PPh;y
\ _/
- REEN—RER ( - \\ .
3P 1, W\ 3
Wilkinsonf& L5 ci= "~ ppn, PhePrs | H
" A CI“'Rh‘PPhS
A SCI AR FRE LR =
» {UPHBRKIEE IS
PPh, F
PhaP 1 | \H
cl 'jh\"’ Phs D e T“\SPha
Rlli Me e . /:

PPh, Me

| R
PhaP ., /
\\ C|’Hh‘PPh3
N
H

35
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= ERHREBMCRNAE, &E. CO 5 H, RNEREE

RCH=CH, + CO + H, - RCH,CH,CHO

» RNTE—RE Co. Rh. Ir B T#1T, 90 Co,(CO)q

[Co,(CO),] + H, = 2 [Co(CO),H]

[Co(CO) H] — [Co(CO),H] + CO
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SURER L

= #ixis Co fEUAIEE:

= Bift3K1A7 C 2 D RID IR

KA = 52
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CO

Co

C“/ \”CO

.Co
oc'" N
oc/ cO
5 H
H |

H
| S

OC“/C \'CO

oC =\
C R

\L cO
D TO
E
. co e

OC“/ \"C

OC

oc, 0l co
/N c'y \
0
co F/< -
CcO

37
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SURER L

= W F R —!

[Co,(CO),] + H, = 2 [Co(CO),H]
= RINIRZFFFE r = k[Co,(CO)g] [H,] / [CO]
= iRt SEAIE

Co,(CO)s Co,(CO); + CO K (fast equilibrium)
COz(CO)7 +H, —> COz(CO)7H2 k> (SlOW)

Co0,(CO);H, + CO —» 2 HCo(CO), (fast)
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SURER L

= fEHERE C-H--M IR =IO R B F 5

= MEEEHRER G UNRERBEMHILIAMCFEFEXEER

___CH,
R,C 5
\ C
H——-Co’
Agostic \C
hydrogen

O

on
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SURER L

= BHETRL,2-FEAN, EBEZERKR (SEMK) , YA 2RE
(RS ECNR)
CH,CH,CH,CHO (normal)

H, + CO + CH,CH=CH, —
(CH,),CHCHO (iso)

= (UHREENEWREE, EABREEEREREREX Co RfE

R
\/ﬁ H/Y
Co ~ = GO K<<1

0C". oc!
oc? PBu oc? PBu
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= & LIERRLA Rh A5 4
FREEH CO RN G ER

0
P H20 HaC—I
— H3C |
L. | ,CO
‘Rh
/| CH3 6 o
“coY”
O | 0
G HI HsC—OH
7~ N
H:C~ ~OH
co” 3 )
. | co
4 | o
Rh_ ch,

41
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s [ = |
Wacker 31z

= £ PAd1ELT, &R WERERTTENR N Wacker & 1K

C,H, + PdCl, + H,O — CH,CHO + Pd(0) + 2HCI

= Pd(0) 7£ Cu Bt TS| WA Pt(ll), EULFIBE

Pd(0) + 2[CuCL]** — Pd* + 2[CuCL] + 4CI
2[CuCL] +%0,+2H*+4Clr - 2[CuCLJ*-+H,0

42
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Wacker i3#2

= 2014 £ 28 BAREEE T ZRNMINE (IEEEL)

@ [PdCl4]> + C,H, l; [PdCl3(C,Hy)]” + CI TRz v
@ [PdCl5(C.H4)] + H20 I; [PdCl,(H,0)(C.H4)] + CI TRz
® [PACL(LO)(C:H)] £ [PACLOH)(CHY] + ! e o7

@ [PACL(OH)(C:HY)] —% [Cl,PdCH,CH,OH)]
® [CL,PACH,CH,OH)]|" —5 CH;CHO + Pd + HCI + CI

= WFORERE, B—1PAdRUEAIRIENER, BE HEH
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Wacker i3%2
. SESERLITAR:
. BEAIETERNHE

=2 KEERR
= LUIBHERYERD A1)

chem.pre-u.org
/o

0.50,
b \%/ 2 CuCl X

2 CuCl, “pg”

c” ci \
Pd(0) x
/(\ 0 cr o ol
HCl +

_ [ +or JPd__
cl ;I c’ Sy
JPd_
cl S~
cl ) H,O0. Cl
Pd (;| Pd]
Cl ‘7/ a” Ny
_ H,0
\ o
o ] e
Pd .
¢’ Y/ oH 0. Cl |
Pd
\CI\ ) Hzo CI/ \/\OH
Pd | _ N <

OH “
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Wacker i3#2

= RIFERERtrans-1,2- “ A ZIHEHITRE, RiSFERIE:
A IR FINERHIY

B. FEACARYL2-FEAN

= AAEREFY RS —EC

NJW_;'F_
y B
|- Po-
\ le—
-n- —

10.1021/ja00503a029 45
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Wacker 31z

= {6579 LiCl+ CuCl, BTLUBIT Sy2 RETH 2- B EZ BBKAYHELN2-]
28, PAE2RZE, SHFAZE

HO/\/[Pd] CuCl,, LiCl . HO/\/CI

= Q: WFAHAREMNHNIE, FEHtrans-1,2-“RZERN, 235
EFMAERNL2-“RRHEIK? ALV HAFE (BF) HE=Y
HFE? ERAE

10.1021/ja00503a029 46
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Wacker i3#2

= JNRKBBUSRIRIUTY), REREHBASEIRIUVTY)

H |R*DNMRi/>]E_|- H20 i
2- /) 0D Ho O —

o Praal™ 24 ¢

acetaldehyde-ds

—_— /=
o N Y el a
" HO-Pd-cl L “oa 4G Ho I
Ci )——\
HD H
threo-t3)
= NMR: RE R BERIFE D H BUFEE REAE ‘ov\/
= |R: k9B C-H/D ¥Rohsn=EA X 5! Hoo H
D D
(2)-16)
(97%cis)

10.1021/ja00503a029 47
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3]

= 28EY) (Cp),Zr(CH5), 5 2 Y& HB(C.F:), &M, BSEIEEENMEE
(RGBSR EY) A LIS FRIART=4) B,

= RIZSRENANIBN T : B (Cp),Zr(CHs), 5 1 WEHB(C4F5), RN,
158 4 FTLIRIRP AR X LU Bo KE/G X SHB(C(Fs), RMN1SE] A

= BRI XA AFFETIRF9 4 Bol, 15EL A. B XBEH

H\ H
C CeFs
N H
(CeFs),B \ B(C¢Fs);  Cpozr<l \B/
\ i I \C 2' \
(Cp),

10.1002/anie.199512301 s
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3]

= = (FERERE)EES RhCl; « nH,0EZEEF RN, FEIKEW . IR
TR TRBERANCIER, HRMER, B, BENEERA
2.3 B.M.

= FZEY) | IS EIEEIEYIR I, KEL95.0% . IR RABIHATFE ClLAC
(7

= JFEWL | F 11 B9%EH

PR;
Cl—Rh—Cl R)P— Rh

|
PR,

PR,

Cl

10.1021/ja01051a014
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3]

- TESHHEF 1 BRENHSCYIER, S5RENERE=Y)
. 1' 5L FEBH-NMRIE? 5%

s 4N, 5:5:3:27 @4 "+
\ %

Mo P:I\ﬂc\)

<> tG

O

C
O

10.1021/0m061097m
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= 1* A Li[BHEt;] I8, =% A BIH-NMRZEH—MEFE([IFE912.44

ppmMEYIE

= F Li[BHs*Bus] XREEI=4¥ B , H H-NMRBEI61IF, B NI
i\j_ _20 OC ’%’Er*’@'f‘lﬁﬂzlﬁ Ao

« JELAH AT B 9554, BEREFEYRE? T
= ROPEERFIMELIEIR P [RF ,{nO_PEMg%
<&  t%

10.1021/0m061097m 51
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3]

= A Bedt4r5 BH; RWVISEINEY) Co RNZRG, 12.44 ppm BIIEH
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