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Pauson-Khand it ([2+2+1]3I0ER{ERID)

BRYDBI(ER/RID) pn H
(0C),Co—Co(CO), CIJ—C\ HC=CH,
Ph ; H —2C0 OgC C|o C|o C((:)O 9)
CO CO

Pauson, P. L.; Khand, I. U., Ann. N. Y. Acad. Sci. 1977, 295, 2-14.

FEA D AR IR 2 it DB

Khand, I. U.; Knox, G. R.; Pauson, P. L.; Watts, W. E.
Foreman, M. 1., J. Chem. Soc., Perkin Trans. 11973, 977-981.
Rautenstrauch, V.; Mégard, P.; Conesa, J.; Kuster, W.

Angew. Chem. Int. Ed. Engl. 1990, 29, 1413-1416.

RRAT 1 VRIMNTHER LEAFFIL

0 , 20 mol% :
/. Cos(CO)g, 20 mol% H : OO ,
/—/ (S)-BINAP, 20 mol% d@i ; PPh,!
Ts—N Ts—N O l
"\___ 80°C,1amCO OO PPhe,

54% yield
94% ee
(S)-BINAP

Hiroi, K.; Watanabe, T.; Kawagishi, R.; Abe, I.
Tetrahedron Asym. 2000, 11, 797-808.

rIbHhOA RERADILHE

(—)-dendrobine
Cassayre, J.; Zard, S. Z., J. Am. Chem. Soc. 1999, 121, 6072-6073.

BAIDH o

20215E
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/ Ni(CO),(PPhg),
N L

Reppe, W,; Schwecknedlek, W. J.

Justus Liebigs Ann. Chem. 1948, 560, 104-116.
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20% Rh(l)*/

up to 85% ee

o}
(R,R)-Me-Duphos LE
' up to 80% yield

2~ CHCl>
/\ O J/\ E = CO,Me,

//

\\

ﬁj o s
20% Rh(l)*/

CO2n-Bu, n-Bu

o e

(S)-xyl-Segphos c b 34% yield
CHyC or (CH:Cll ~ /j\ I:[

Tanaka, K.; Kamisawa, A.;

Suda, T.; Noguchi, K.; Hirano, M.

J. Am. Chem. Soc. 2007, 129, 12078-12079.

AT 707 7 VERNDIGH

[Rh(cod)]-BF,4 (5 mol%)
(S,S)-bdpp (5 mol%)

______ To-N’ CO,Me

87%, 92% ee

Araki, T.; Noguchi, K.; Tanaka, K.

Angew. Chem. Int. Ed. 2013, 52, 5617-5621.



HILR D EBED R

RYIDIR S RhEtiE > o O 70/ D RISHEEE

.2l 5 EWG WG Rh /) EWG

G I---Znl ¥ <\t
O CHal,, Zn(Cu) (} L H, o | N:N:< -~ N= N—<\ A—= N= 4\

g = R—| 24 R
= o ! EW X
1 ! \ EWG
Upto70% | R 3 . — /ERh — R’ >E::Rh \><EWG

_ iy . ’\ R
Simmons, H. E.; Smith, R. D., J. Am. Chem. Soc. 1958, 80, 5323-5324.
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Nowlan, D. T.; Gregg, T. M.; Davies, H. M. L.; Singleton, D. A.

| N COMe J. Am. Chem. Soc. 2003, 125, 15902-15911.
O-Me COMe ™7 2
(OC)5cr:C\Ph +Me/:/ - OMe nitrene transferiC & EHERI 7 ) I 1k
Me Ph CuOTf, 10 mol%
Fischer, E. O.; Détz, K. H., Chem. Ber. 1970, 103, 1273-1278. Q

MIENAF> 7 A7AINE

O.. CO,Me N
O | COzMe g cat. (1 mol%) < D’
+ > v 2
O N> ' 11 moI°/

__..T18°C _____, (/
/ 5 H o+Rh Ph TS_N:'_Ph —78°C 75% yield N
Ph % | ' 849% yield Li, Z.; Conser, K. R.; Jacobsen, E. N. 98% ee
__________________ ! O—+Rh! 849% ee J. Am. Chem. Soc. 1993 115, 5326-5327.
! R\(O\ ”O\/R o !
I Rh Lo I
o5 de s
| R, ! :
rd g | oo |,

Davies, H. M. L.; Bruzinski, P. R.; Lake, D. H.; Kong, N.;
Fall, M. J., J. Am. Chem. Soc. 1996, 118, 6897-6907.
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MoO,/Al,O4/LiAIH, cl” By
7 > “unsaturated polymer” L ¢ 7
Cl i ‘B 'B
XN X |/_tBU 2 Li Bu u—\ Bu
; + isomers —Ta —Ta=C, \
Py Al'BUg/MOO,/ALO3 400, 559 Bu” & —Bu -H By Bu < H Richard Schrock
\ N AN By Nobel Prize 2005
. . Al
+ 1Ssomers + I1Somers Schrock, R. R., J. Am. Chem. Soc. 1974, 96, 6796-6797.
2% 1% Me3Si N
H.S. Eleuterio , Ger. Pat. 1960, 1072811.  NH oLi
Banks, R. L.; Bailey, G. C. Bu iPr Pr Bu___H FsC CF3  H
Ind. Eng. Chem. Prod. Res. Dev. 1964, 3, 170-173. ! G .Dip /%CFS '
O_lll_Cl o_ll_N CF Oo. _C<
WCI4/EtAICI, [ “Mo_ - [ Mo T3, Mo, Bu
A U ol ~cl o'l ~cl AN
n I Cl I Cl Y \Dip
G. Natta, G. Dall'Asta, I. W. Bassi, G. Carella, FsC CFj3
Makromol. Chem., 1966, 91, 87-106. Murdzek, J. S.; Schrock, R. R., Organometallics 1987, 6, 1373-1374.
RIicHtE
EBREFFTEDEVRUiEE
by H I\ Y ,
N2=C/ PCys, Mes— N~ N~Mes Mes~ ~“Mes
\Ph CI’/.Rl C/H H OIBU CI'« /H
—_ . u= =
(PhaP)2RuCl, 2)PCy; CI” | ph CI” | ph
PCy; PCys
. 1st generation 2nd generation
;"is IC:“.'"V'Z"OOE) " Schwab, P; France, M. B.; Ziller, J. W.; Grubbs, R. H, Robert Grubbs
obe! Frize J ] o Angew. Chem. Int. Ed. Engl. 1995, 34, 2039-2041.  Nobel Prize 2005
'y R’ R? o Scholl, M.; Ding, S.; Lee, C. W.; Grubbs, R. H. { S
@ Org. Lett. 1999, 1, 953-956.

P. J. L. Hérisson, Y. Chauvin, Makromol. Chem., 1971, 141, 161-176.
J.-P. Soufflet, D. Commereuc, Y. Chauvin, C. R. Hebd.
Seances Acad. Sci. Série C, 1973, 276, 169-171.
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cross metathesis (CM) R2
e R2 —/ —

R1 + —/ R1/_ +

ring-closing metathesis (RCM)

acyclic diene — @ +

metathesis ™~ ﬂ

polymerization (ADMET) ==

ring-opening metathesis - -
polymerization (ROMP) @ - _Q_

eneyne metathesis —CR! R
(EYM) (=R — @\% |
R

ring-opening R2
cross metathsis
+ /N
(ROCM) O T\ fﬁ%
R1 R2
Z-5EZIRPVOAXYEI R

—
QN"T/NJO%-”Ph

Si(i-Pr)3 /
\/O/ H3sCie O

a o/

‘ 11 (1.0 equiv.) —
| i ' 14
B> Br : +
u | 85% overall yield,
: TBSO H33C16v/ overall
: 1aR=Me} .

’ 1b R = i-Pr] 12 (2.0 equiv.)

Meek, S. J.; O'Brien, R. V.; Llaveria, J.; Schrock, R. R;;
Hoveyda, A. H., Nature 2011, 471, 461.

ALT A4 X9 ADIA
BRRANERADG

4
| FSCa/O
OBn
OBn \ OBn FBC . —
S _ —_ . 10 mol% X N
e N 3 CHCly, reflux N

/ 30 min Bod
S06 94%

Furstner, A.; Thiel, O. R., J. Org. Chem. 2000, 65, 1738-1742.

O/\O PCys
P S | Cl
, U=\ (75 mol%)
HO e "
N PCys
_ 0 CH,Cly, 1t, 48 h
O 018sO (52%)

Ring-closing metathesis (RCM)

HO

oTBs O

O otBsO

A:6R7S R C:6R7S
B 69 7R (A:B:C:D=3:3:1:3) D oS 7R

Nicolaou, K. C.; Winssinger, N.; Pastor, J.; Ninkovic, S.; Sarabia, F.; He, Y;
Vourloumis, D.; Yang, Z.; Li, T.; Giannakakou, P.; Hamel, E., Nature 1997, 387, 268.
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S
[M]--X

iE:

1%

thanks to prof. Nakao@Kyoto

1% Oxidative Addition (OA)

.2+« M=Ru° Rhl, Ir!, Nio
— 6

1 / 'H
M]

o-Bond Metathesis (SBM)

_HX M = Rhil, Iril: X = B

Concerted Metallation

f = Deprotonation (CMD)
)\ \) M = Pd!, Ru
‘0 R - HO,CR [M]
H

A Electrophilic Aromatic

Substitution (SeAr)

M = Pd!'; X = OC(O)R, halogen
Nucleophilic Aromatic
O Substitution (SnAr)
, R{] M = Ru®
H,C. .H Oxidative Addition (OA)
— > 7 M M=Rw,RH, I
— HX o-Bond Metathesis (SBM)
M=Rhl; X =B
Concerted Metallation
— > HsC. [M] Deprotonation (CMD)
- HO,CR M = P!l
— HX Electrophilic Substitution (SE)

M = Pt!; X = solvent
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SEIRICEYOMIERN 7 ILT ZILE(SEAriZH) FEIX b%%@ﬁﬁ#iﬂ’\]?)b#—lw E(OA or SnAriZEH)

cat. Pd(0/11)

oxidant

(OS2

Fujiwara, Y.; Moritani, |.; Danno, S.; Asano, R.; Teranishi, S.

H
100 mmol

@NQ

90%

0 + 77 Si(OEt),

RuH,(CO)(PPhs) (1 mol %)

L
’

O
H

toluene, reflux, 0.5 h
Si(OEt)5

110 mmol 92-96%

Murai, S.; Kakiuchi, F.; Sekine, S.; Tanaka, Y.;
Kamatani, A.; Sonoda, M.; Chatani, N., Nature 1993, 366, 529-531.

J. Am. Chem. Soc. 1969, 91, 7166-7169.

RS X x |
e T ?rﬁ']c‘:ﬂ)ﬁ“/ Ny
[O] CMD Pd(OAc), (2.5 mol %)
or Cs,CO3 (2.0 equiv)
SeAr H-X + =
: OH \©\ DMF, MS4A, 110 °C, 21 h O OH
. R'=(hetAr, alkenyl, alkyl « Ar 72%
[Pd] X =halogen, OR® S[Pd*?” Satoh, T.; Kawamura, Y.; Miura, M.; Nomura, M.,
[O] = oxidant Angew. Chem. Int. Ed. Engl. 1997, 36, 1740-1742.
H PdCl, (5 mol %)
F{1\/\EWG A EWG N\n/ .\ Br\lL AgOTf (1 Oequw \ﬂ/
+HX 1 DMF, 90 °C, 2 h
R O CO,Me
+2 /X H
[Pd™] 56% ~CO,Me
EWG Zaitsev, V. G.; Daugulis, O., J. Am. Chem. Soc. 2005, 127, 4156-4157.
Pd(OAc), (5 mol %)
sl Pd(OAc), (2 mol %) H (t-Bu),MeP+HBF, (10 mol %) .
" H BQ (1.0 equiv) Me N \©\ K,COj3 (1.3 equiv)
e TsOH (0.5 equiv) >
= o DMA,120°C, 12 h
\@H\g/ "+ 7 C0BY oh 207G, 151 F Ar 98%
91% COZBU Lafrance, M.; Rowley, C. N.; Woo, T. K.; Fagnou, K.,

Boele, M. D. K.; van Strijdonck, G. P. F.; de Vries, A. H. M.;

J. Am. Chem. Soc. 2006, 128, 8754-8756.

Kamer, P. C. J.; de Vries, J. G.; van Leeuwen, P. W. N. M.,
J. Am. Chem. Soc. 2002, 124, 1586-1587.
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- RIctiE
VEVIRC-HIRU (L o -
- oS
[Ir(OMe)(cod)], (1.5-5 mol %) o ( B -
8B dtbpy (3—10 mol %) o H
Ar—H + 1/2 (nip)B—B(pin »  Ar—B(pin) + 1/2 OA
(nip) (pin) alkane, rt—-80 °C (pin) 2 B-B or
or SBM
ol H-B _
B = B(pin)
/@\ /@\ . /@\ \©\ N, H NALE
goo, PN MeOLT o BN gan P goos P N (N",";‘B
Ishiyama, Miyaura, Hartwig, et al. Angew. Chem. Int. Ed. 2002, 41, 3056;
Marder, et al. Chem. Commun. 2005, 2172; Hartwig, et al. J. Am. Chem. Soc. 2008, 130, 7534.
Ishiyama, Miyaura, et al. Chem. Commun. 2010, 159. Ar—B

Ishiyama, Miyaura, Hartwig, et al. J. Am. Chem. Soc. 2002, 124, 390;
J. Am. Chem. Soc. 2005, 127, 14263; Sakaki, et al. J. Am. Chem. Soc. 2003, 125, 1611

C(sp3)-Hh I &1L

Cp*Rh(n*-CgMeg)s (2.4 mol %)

R7H + (nip)B=B(pin) ——— > R B(pin) + H-B(pin)
or [Cp*RuCl,],, [Cp*RuCl,] (5 mol %Ru)
RIDHEE
B(pin) B(pin) (a) BR BR, +
+ Y ?RZ
49% 73%, 5:1 B(pin) [Rh] . '[Rh]\ H [Rh]---H
w RB” vcH, RB™ Hc”  RB” e
@]
, AN NN
X \/\B(pln) ()){)/\/\ F B(pin) HaB+H H——|¢ RzB H H
91% 749 P 83% S [F!h] [Rh] — [Rh]_‘RzB’“[Rh]
R2B “GHs RoB---CH, M2 H * CH3BR;

Hartwig, et al. Science 2000, 287, 1995; J. Am. Chem. Soc. 2003, 125, 858;

J. Am. Chem. Soc. 2004, 126, 15334; J. Am. Chem. Soc. 2006, 128, 13684. 2

Hartwig, Hall, et al. J. Am. Chem. Soc. 2005, 127, 2538.



