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1) Introduction

First reported transition-metal olefin complex.

4 H K
K:lPHCL] + G H, 22, KIPICIAC:H, ) el
=4 ; SO . L
+ H,0, KCl R

Stable but ligands are easily displaced by other ligands.

—— Precursors for various cross-coupling reactions.

1Pd,ioba]

Fig 2. Commercially available transition-metal olefin complex.

2) Nature of transition-metal olefin complex
Q Transition-metal olefin bond is derived from c-donation (olefin-to-metal) and r-donation (metal-to-olefin) (Fig 1)

O n-donation increases with the principal quantum number of the metal center.
— The stabilities of complexes increases in this trend.

Al e b} __“‘_;J‘
I";'I 14
Zr R ) O .i..;‘
weakly =-basic metals Strongly n-basic metals Mo | Tc
Pf". p@'i_ Ag CUE piﬁv Pdﬁ f‘\f[’

Fig 3. Metal-binding model

Tahﬁ;_)CDA analyses for some HAu-L complexes (DFT, B3LYP, basis Fig 4. Perodic table
set B
o \S 5 @ Toble 2: ETS analyses for HAu-L complexes (DFT, B3LYP, basis set #7%°%),
M- Al L) Hed 2o l} H-Au o CED All energies are in keal mol~*.
“ 8 a1 i L AE. AR,  AE,,  AE,
o Me b H;,h p Me CH, 276 116.5 -90.9 -53.2
oA o Plagya HAUSC. | HAU =Ny, CH, -26.6 185 914 538
4 We d N7 4 Ve co ~34.2 154.2 ~120.3 ~68.1
I PMe, 438 1535 ~1443 ~53.0
imidazol-2ylidene ~52.7 1741 ~173.3 ~53.5
i d & Yo NMe, ~29.9 825 -81.7 ~30.7
C.H 0.36 0.13 2.9 \ N . .
CH, 0.16 0.12 13 DEw = AEpa + BEgun + A
co 022 0.22 12 AEint : The binding energy.
Y 0.53 0.16 33 _ ; :
imiszzor~2-ylidenc 0.36 0.12 30 AEpqyi : The Paulirepulsion.
NMe 0.20 0.01 327 AEgstat - The electrostatic attraction.
: AEq : The orbital interaction.

CDA : charge decomposition analysis ETS - extended transition state
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44 57 x 102 FEx 107 23x107 zsx13° ' + More electron-rich olefin bind more tightly.
Scheme 4. Binding affinities of substituted and cyclic olefins to a Ni i
complex. o-Tol =ertho-tolyl. ;
+ The stronger binding affinity, the lower electron !
density of olefin. |
+ In cyclic olefins, the relief of ring strain affect the binding. .
1

+ cis olefins bind more tightly than trans isomers.

QEffect on metal center
+ Strong trans effect derived from the nature of weak ¢ donor but high © acceptor.
+ Decreasing the electron density of metal center, and expected to facilitate reductive elimination but

decelerate oxidative addition.
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3) Effects of olefin on transition-metal-catalysed reactions
a) oxidative addition
Dba effect in oxidative addition using Pd(dba), and PPh3 (Amatore, Jutand et al. Organometallics 1993, 12, 3168.)
Pd(dba), Pd(dba) + dba
unreactive

dba = frans, trans-dibenzylideneacetone

+ Ky = K1Kz = 0.14 (The second dba is not labile and its deligation
Pd(dba) + 2PPh3 — Pd(dba)(PPhs), requires at least 8 equiv of PPhs.)
+ When Pd(dba), and 2 or 4 equiv of PPh3 are used, the oxidative
Pd(dba)(PPhs), ";" +dba (K1) addition is slower than Pd(PPhs)4.
reactive + Substituted dba affect the rate of oxidative addition. (Scheme 11)

The rate of oxidative addtion is determined by the

Pd(PPhg)z + PPhs " Pd(PPhg); (Kp) rate of deligation of of dba.

Pd(dba)(PPhs); + PPhs == Pd(PPh3)3 + dba (Kp)
oxidative additio

L Ph ' |
PefignalLy) = PdLy ¢ doa PN L Ty ! Pd(PPhs), + Phl— PhPdI(PPhs), |
& « 14-electroncomplex __________________ .
MeQ  OMe  MeO H F
- & a > ' > {!.Wa VS

7
i
S

R R R R
ﬁ \ The deligation is slower than mono methoxy substitied dba due to the competing electron-
o Ny withdrawing/donating effect of m-, p- methoxy group.

Scheme 13. Relative reaction rate for oxidative addition of substituted
[Pd(dbaj,} complexes. L= PPh,.

R= Lo

QOlefin as substrate may inhibit the generation of active 14-electron complex.

Heck reaction (Amatore , Jutand et al. Organometallics 2002, 21, 4540.)

0 Kagp 0.07
Pd"{PPhs); + Phl W'*‘*“‘“___\—“"" PhPdI{PPhs): + 2 PPhy b
R 2006
Scheme 4. Mechanism of the Oxidative Addition §0 05 >
of PhI to Pd*(PPh3)y in the Presence of an Alkene = i
(R = Ph, CO;Me)
Ky fe 0041 R =Ph
N ;
— PPhy 2 R 1o PA% SR
PdD(PP'hl)'.‘- ... Spdﬂ(PPhs}g .Tf R/}J Pd ipphj)l 0036——- ) 0'1 N 0|2 3l
+ PPhy S . - .
: R
' i [Styrene] / WM
Kk lphl unreactive
2
PhPdI(PPhz:}s
1 (L] K,[RCH=CH,] 2!y
i, ——— T e -
kapp KKy K .-:g il
2 _“—Kﬁ—;— | 0 05%
Pd (PPhy)y + 5 g =—= —Pd (PPhg); + PPhg : R = CO,Me
Ko=KiKz Rr
0

0 0.0 0.03

Ko (R = Ph, styrene) = 4.8 x 103, Ky (R = COzMe, methyl acrylate) = 7.5 [Methw1 acryiagé{]mf M

+ The higher concentration of olefin, the slower rate of oxidative addition. N
+ The olefin with higher affinity to Pd(0) (methy! acrylate) affect the rate of oxidative addition.
+ This deceleration is observed also in Sonogashira rxn (Eur. J. Org. Chem. 2004, 366.), Stille rxn (JACS

2003, 125, 4212.).



b) reductive elimination
Reductive elimination vs p—elimination (Sustmann et al. TL 1986, 27, 5207 )

_ + No [-hydrogen substrate.
%\ 2mesn TESRILETOR | y + Pd cat : [Pd(bipy)Et,] gave quantitative yield.
TR N + In the presence of catalytic fumaronitrile (3 equiv relative to
Scheme 43. Palladium-catalyzed coupling of benzyl bromide with tetra. Pd) or Pd cat : [Pd-(bipy)(fumaronitrile)] (1.5 mol%) gave

methylstannane. HMPA = hexamethyl phosphoramide. slightly loicr yie]d s Qn|y [Pd(b|py)Et2]
B-hydrogen
“Sgi o Magw -Cosat(Lamoiiy, . S
SN Main product was styrene from p—elimination (path B).
68
; : o + Addition of fumaronitlile reduce the f3-hydride
:fmw‘ Lm,v-ef-lo-ﬂ- o “N cn elimination product (styrene).
e o S h f + The coordination of fumaronitrile to the palladium

dialkyl intermediate precludes the availability of an
open coordination site on palladium required for -
elimination.

+ The electron-deficient nature of the olefin facilitated

reductive elimination.

{FadbipyiEt ¢ fum (1D moi%)  89%

71 42%

o BrTR s,

70

Scheme 44. Palladium-catalyzed coupling of 1 -bromo-1-phenylethane
{68] with tetramethylstannane and two possible reaction pathways for
the proposed dialkyl palladium intermediate 69 (A: reductive elimina-
tion; B: i-hydride elimination).

mmmrmmmmmﬂmemmmmmmmm
Promotion of reductive elimination (Schwartz et al. JACS 1982, 104, 1310.)

° d - additive
o 17 THF, -78 °C B
Addivwve Yiels | ...18.20
none 51% 23
by % - o-donor ligand
O .y et )
O™ 9% >7t macceptor ligand

Scheme 17. Additive effects in the coupling of m-allyl palladium complexes with organozirconium
Species.
+ The author speculated that reductive elimination was
~— /_}_ facnlltated using m-acceptor ligand meleic anhydride.
L

+ The weakér acceptor ligands trans to the more strongly
donating (closer) terminus of the allylic ligand.

1l

L = meleic anhydride



c) stabilization of catalyst
Rovis et al. JACS 2007, 129, 2718.

Agidihge

H=H 25 min S8%
RzF 20 mun BO%
R=CF, =5 min 82%
none 1260 min TE%

Scheme 5. Ni-catalyzed cross-coupling of cis-cyclohexanedicarboxylic
anhydride (110) wath diethylzinc in the presence of various styrene
additiuas
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Figure 1. The concentration of succinic anhydride 110 versus time

during Ni-catalyzed cross-coupling with diethylzinc in the presence ()

and absence (1 of 4-fluorostyrene (see Scheme 74).
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Scheme 74. Catalytic cycle of [Ni{cod) J-bipy-catalyzed aross-coupling
of succinic anhydrides with diethylzinc

+ Figure 1 shows the slow deactivation of catalyst in the
presence of styrene.
+ There was no effect on initial rate using styrene.

e) olefins in substrates

Pd catalyzed cycloisomerization (Trost et al. JACS 1994, 116, 4255 )

Scheme 1. Path for the Pd(+2)-Catalyzed

Cycloisomerization of Enynes

+ The geometry of intermediate 41 precluded the f3-

4 N.D. = not determined.
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E = Gl TR NN
N ? N NN-bis-
@ h " (benzylidene)ethylenediamine
a) unsaturated 8 e B, BBEDA
b) saturated path a path b e
= E
Table 1. Regioselectivity of Cycloisomerization of Enynes 38a and % g g L 2 ¥ . v
ratio . " |
entry  substrate catalyst 39/40  yield 43 L 44 n
! 38s Pd{OAc); HED B 11% aseries m1 bseries n=2 £ = CO,CH,
2 382 [(0-CH;CsHa)sPLPd(OAc);  XLT:1 87%
3 38a (PhsP),Pd(OAc) 1:2.1 73%:  Table 2. Regioselectivity of the Cycloisomerization of Dienynes 42a
4 38s g?%m pd(OAggz_________g._g_:i_[oﬂ_‘;_gé.r anih
- I s (OAc): only ' - -
6 38b [(0-CH;CeH4)sP]:Pd(OAc);  1:2.6 74%! ratio 43/44 (% yield)
g 38b  (PhsP):Pd(OAc) 129 1% eqyy catalyst from 42a from 42b
Table 1: 3 i Pd(OAc); ” i lezi (725}?%)] }:é E;:&;
i i ; 2 CH;C P Acly  >20:1 (N.D)e L6 (
+ In entry 1-4, stronger binder phosphine (PPhj) : P gE’i,P}zi’d%Ogi)zz (OAc) 27:1 (N.D.) 1:4.6 (81%)
reversed the selectivity. ' 4 3Ph,P, 2Pd(OAc); 1:2.3 (24%)

elimination of H,, which lead to 40.

Table 2:
+ The length of tether is important.



Ni catalyzed reductive Coupling (Jamison et al. JACS 2004, 126, 4130. JACS 2004, 126, 15342.0L 2006, &, 455.)
Jable 3. Effects of Alkene Directing Groups on Reg{iqoselectivm{

Y A 1 R B .and Reactivity in Nickel-Catalyzed Alkyne Coupling
;\‘\ . T4
i ot ,QE no RS T refarance afkynas
- T { B'OR Ok (nat alkene-ditactedi alkene-directad (this work)
=i £ o e A S et "
slicyt ( ' z B 10 réguaselentiily Co ;
T L\.‘_A ) =
R? / Cyp = cyclopentyl £ 1 b g
R? \____NI_rO\ﬁ,R =20 1 TN
R! = JH ) 4
R B =
o4
tBu :
7 [da not couple] 1 >20
‘-\ j " "-'.
Lo ol S ], ==l 1
1 Ni E !
2 LARTONEL o *,;’R 4 R
. B Vit : ko
P NP WR "}_\3 21 I =20
L
44

oxidative cyclization
*" transmetalation

. R =alkyl
p-elimination L=BR.

¥ ]

reductive elimination
Scheme 25. Proposed mechanism for alkyne-aldehyde coupling with a

nickel(s} complex.
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Table 4. Coupling reactions of chiral 1,6-¢nynes

Me OH i !

| s £ R Me !
S conditions P “__Me S e

‘1"O‘~’ + PICHO ———— = RSN ] NI; & 1
R Me Me Me !
2TR =Et 29A, 30A 208 308
28R = tBu :
Entry Enyne Reaction  Products A:B®  dr A" drB° |
conditions” !

i 7 (R=E0 | WAB 955 (955 !
3 I (<595 = 55
3 11 55:45 5050 4555
1

4 28 (R=1Bujy 1 A B =955 =055 ;
5 I <595 4258
6 11 51:49 45:55 42:58 |

*I: Nicod}r (10 mol %). Er;B (200mol %). II: Reaction conditons
1+PCyp; (20 mol %). HI: Reaction conditions [+PBu; (20 mol %).

® Based on isolated yields.

 Detwrmined by 'H NMR.
Table 4 :
+ Larger phosphine PCyps gave B. But No
diastereoserectivity (Entry 2).
+ No phosphine condition gave A with high diastereo
selectivity. (Entry 1)

~—— In no phosphine condition, chiral center was
involved in C-C bond forming step.

2 Numbers indicate typical regioselectivity {Table 1 and refs 3d,

g-1).

Table 1. Directing effects of R ARG
detlored plloes e

IPIGHO Nicod), OH O e

-3~ _n-hex (10 mol% ~ ;
A S Y Y e N )
g E1OAC n-hex Me n-hax

No phosphine
15 P P A B
Alkyne n Regioselectivity”

T RN IYY
2 2 1 nd
3 3 oS ig af nd.__
4+ 4 3 _8¥ »95:3,
5 3 4 nd
6 n-Pentyb-C=C-n-hexyl na 50:50

* Standard procedure: The alkyne (0.50 mmol) was added to a0 °C solution
of Ni(cod} (0.05 mmot}, i-PrCHO (1.00 mmoly, and Et;B (1.00 mmol}
in EtDAc (05 mL). and the solution was allowed to stir 15 h at room
temperature.

* Determined by 'H NMR andfor GC.

© Some alkylative eoupling {transfer of Et from Et;B) also observed.

Table 5. Coupling reactions of chiral, enantiomerically enriched 1.6-enynes™

with ferrocenyl-contaming phosphines

iPrCHO Ni(cod)s {10 mol%).
ligand (20 mol%)
+ Me 29A + 208
ﬂ o 2 g’?f/ EtyB
L v
:
27 JF:’I' g
chiral TSy NFe (R
[ ] e
LA
Ligand ABY dr 29A (R:SY dr 298"
(R)-31 ‘48:53) 0 5T e IR :
($)-31 155:45! s 68:321
FcPPhy 54:46 56:44 48:52

* Enantiomericatly enriched (>90% ee) 27 was used (Scheme 3).
* Based on isolated yieks.

* Configuration of ailylic alcohol stereogenic center.

¢ Relative stereochemistry not determined.

Table 5 :
+ (S)- and (R)- ligands gave almost same
diastereoselectivity (face selectivity of aldehyde).
—— 27 of chiral center did not affect the
selectivity.
Phosphine ligand was involved in C-C bond
forming step.
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Scheme 2. Proposed mechanism

f) chiral olefin containing ligands  Review: ACIE 2008, 47, 4482.
i) First chiral olefin ligand (Cope et al. JACS 1962, 84, 3190.)

A o
£ '*"L_\ Cl ] {Ryphenethylamine \ Pt
K. P ! BN o R &
Lo r..!e-'""wpr
? 1 . i . . -
Zeise's salt 1 ¥ Merits of chiral olefin ligands is that they create a

chiral environment in proximity to the metal.

1. rac-(Epoycio

orisre
. ‘ -
2. fractional o "
crystalizaticn o H H,
| R Py
13

Scheme 2. Synthesis of chiral (E)-cyclooctene ((—)-(P)-11} according to

Cope et al.
ii) diene
2 WA W i’ & C» > Stronger binder olefin ligands are ...

. 1) electron deficient derived from electron-
COD i X : i s
31 32 33 34 withdawing substituent or pyramidalization

9 Ma 6 .. which lower the n* LUMO of olefins.
J\ -CG;Me Me. Mel Mo e S
A5 = A e > ;I M C 2) rigid backbone

come ve 0 Me Lome i
5 22 6 37 39

Scheme 9. Compatison of the stabilities of rhodium complexes with various chiral

diene ligands.
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Table 1. Rhodium-Catalyzed Asymmetric 1,4-Addition of b o Y, ! vl AT
Phenylboronic Acid to Substituted Maleimides 1: Ligand Effect \ N ,LU et f ‘%h‘ = Bn
3\ h ! - e
& [H WCIC sHe) b a o X B A En '
o 25 mal 5o Hf 4 Pna f Phoa _,‘.J A ’
i'"J\‘;-gar. PRE(CH): 5‘9“'”'} whn=11) “wEn J B f— WEn Figure 1. Proposed stereochemical patinaay for the asymmetnic 1.4-addition
At 4 KDIH {05 equivi R ‘frv’ . ;“‘( to a 3-substituted maleimide catalvzed by Flv/(R)-Hs-binap.
M b dinxaneH:0 (1971} : :‘\' ‘T&. B O
12 R CEU 30 sguiv R 2 trans -3 o5 -3 ] ‘\
1b F = Me ,—f \
/) \
yeid 23 eecf?  esof3{%) f" R 8 A
eniry 1 ligand {%y {trans'cis)® (%o} {frans, cisj f {,f y {; B '&J'?"“'i‘-i
} L = ek, A
i IR'@E&'!{Q&S """" 261 3 8, 97 L o 331 = 07y
b —’ T - i 3 N"‘;"‘"‘/\ = . f ::( Ry 5 ﬁn
2 1a 97 83,99 ;\ A0 ¥ '\ : G
3 1a 21 ) 96 68, 96 \ 5 A e P 14h 13
1 la (RHgbinap 98 STI3Q3L 97 —19, 9 N\ /
S JR)yBobod®* 94 20802 84 82, 93 . . - e
6 ig Eii{% t'igg“ 04 1189 Eui‘g o3 79 99  Figure2. Proposed stereochemical pathway for the asyometric 1,4 addition
= b ( R}— bmal; EJS 7525 2 1;.]) 03 0’ % to a 3-substituted maleimide catalvzed by ROW(R.R}-Ph-bod®.

(==
ot
o

(R}Hebmap 98 S119Q287) 96 —10. 94 4 |hversed regioselectivity using phosphine ligand
and diene ligand.

7 Combized weld of 2 and 3. % Deternuined by 'H NMR of the crude

matenal
21 1 /\\ ,J\ d
,J\7 ‘J\{'Pn S A rn, . Other Hayashi's ligands
‘/L (\ - »‘\r Pl (:Y/ PPh; - &5 86
S /
(R.R-Bn-bod” iR R}-FPh-bod” (R -tinap 17 - Ha-binap

Ph &y b o

nr ... Me ! 5 chiral
' ;1 NBS o NCMe diaiming
' t MeOH ) b s
! - ; . v A VPR nCMe | Drecisiaten
: b 2 tBuCK 2 : .
' O U BuoH b 73 74
: Mo '

: -
WA~ -canmvon & v digstereomer Ar=Ph 49 ) OFf
! . = . Bu.Cy AL i
e Il 48 Ar = p8u-CeH, 50 P CF.50,H Ph NGte
Scheme 12. Synthesis of the chiral bicycla[2.2.2Joctadienes 49 and 50 NCMe

according te Carreira and co-workers. NBS: N-bromoesuccinimide.

CH o " 76
- 3 : 56 {2 6 mol%:} ~ ¢ ) " s sy
0COMe L. {iCicoehp)(15momy  O0Me il + 76 is a catalyst for asymmetric conjugate addition
S a3 e . . . .
ROV o . ORTT T R using arylboronic acids.
i CH.OL, 25°C s i R A R :
& = aryl akyl 0.5 equiv 120 121 Hayashi et al. (OL 2005, 7, 5889.)
e 15 examples + 84 is a catalyst for asymmetric
28-40% yieid.  38-50% yield,
30-98% ee 45.92% ee

+ Racemization (dissociation of ligand) of
84 was ocurred under the reaction
condition using boronic acid.

conjugate addition using zinc reagent. :

Scheme 28. irjdiene<atalyzed kinetic resolution of allylic carbonates.

#—Ph

fa)

‘\;ﬁ Fg(OAcl, ) ‘,-"“G
2 Me MeOH Nl 92

91 '-.~‘—-,-'- -/ ' 105 1607
+ 107 is a catalyst for asymmetric conjugate addition using
» arylboronic acids.
+ 91is an electron-deficient olefin ligand. e
+ 92 is enough to stable to be purified by i ;
column chromatography. -
+ No asymmetric reaction catalyzed by 92 have !

been reported.

+ Ligand for highly enantioselective Rh-catalyzed
arylation of imines with arylboronic acids.




iii) phosphine-olefin
chiral phosphine—olefins Hayashi et al. (AC/E 2005, 44, 4611.) + Grutzmacher et al. (Chem.Eur. J. 2006, 12, 5849.)

[P

3 +103 is a.catalyst for E PRE + 98 is a catalyst for
I i aéér_?metnc_ conjugate ., Rn -NCH4= @symmetric conjugate
4 adadaruon using ) - addition using arylboronic
#h  arylboronic acids. i PR acids
03 : B9 ‘
g00d chiral  high coordination |
pRvIGnment abitity |
Carreira et al. (AC/IE 2007, 46, 3139.)
5k 1) [irCicoel}.] NHL Gl
e ..-'L~.___-,-.'-" ¢ (FmoP) Pl R e
+ H,N-SO, [
1 equis 1 equiv 0% yieid

T0% pe

TETE moTn) e S
OMF.RT, 24 1 after tnturation
2.} HCI Et,0

No olefin ligand gave 20 % yield.

O
HsN-5-0
_Q gl Me ‘N Ke
/_,;T. o"’"L Lo HSO,
o e ; i
NH) ,?f’ \: . R - \|l'|”--|_ . P P‘-H{
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Scheme 3. Proposed working model. L=ligand.

iv) amine-olefin Scheme 5. Transfer Hydrogenation of

Grutzmacher et al. (Organometallics 2005, 24, 3207.) Acetophel{lﬁfa(Céag;l(lt.\;t:;i(})g;gl;f (I{rqicéi;fér)l Complex

1 mol% cat 10 mol% KOBu

i iy (52-CHHCO)]

: (6]
| Hee f PrOH, 80°C 1 h, >98% OH
' o A _ L
Vo R J - %t Clhshcod).§ Me “r’ j " V/\
(7 '\\ 5 A L \_‘
:c 1\ A NH )E MeCN, CO \/
Y Y cat precursor= {IrCi{CO)(trop,dpen)) 82% ee
; + Complex 114 gave no reaction.
Proposed transition] @+ CRIR? H- .'\(\
. state for transfer . o o
' hydrogenation of Lo N ]
I —NR_ i O e
! ketones ' ~ — 17 S
. L ZRn_ ” A
' . R, . R~ NH
: R
' - i
TS-A T5-B
H'r? Meerwein-
Catalyst for transfer hydrogenation ~ Me Ponnd_orf-VerIey
{Rh{S, S-dmpedajicod)] reduction type 9




Asymmetric Synergy between Chiral Dienes and Diphosphines in Cationic Rh(l)-Catalyzed
Intramolecular [4 + 2] Cycloaddition (Mikami et al. JACS 2006, 128, 12648.)

Table 1. Enanticselective [4 + 2] Cycloaddition of 1a by Rh
Catalysts Derived from a Variety of Rh—Diene Precatalysts
Ph
i 2hcat {10 mol%) Sy AMe
ey CHzCR, RT O\_.l p
_,\\-‘_- - ot fﬂ{“‘\-\.y
1a 2a
yeid  ee
entry Rh cat* tme (%S (%)
17 [RR(COD;](SbFs)/(S.5)BDPP 48h 0
2 [Rh{(5.5)-BDPP}(COD)]StFs 48h 0
3 [Rh{(5.5)-BDPP}(NBD)]SbFs 4h 81 0
4 [Rh{(%.5)-BDPP}]SbF; 18h 69 0
5% fRhCKCOD)]2/(5.5) BDPP/AgSbFs 30min 89 0
6% [RhCHCOD)]/(S.S)}-CHIRAPHOS/AgSbFs 40min 87 0
7 [RhCKCOD)]/(R R)-DIOP/AgSbFs 15min 94 -2
85 [RECHCOD)I/(S):-BINAPIAgSOEs _____ 20min 709
¢ 9% [RhCHCOD)(R R)-Me-DUPHOS/AgSbFs Smin 99 13
{107 _[RECYNBD)](R R)Me-DUPHOS/AgSbFs . Smin __ 88 ___0 .

SREBDPP = 1:1.1 ?Rhligand:AgSbFg = 1:1.1:2 ¢Isolated vield.

2 Ena.uuapan‘m was determitned by chiral GC analysis on a CPcy clodextrin-
[3-2.3.6-M-19_ ¢ Opposite configuration
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Table 1:
+ In entry 9, 10, other symmetric olefin ligands gave
different ee.
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Rh/cod

Shmnation

a) Kinetic Control

[RhCI{(R.R)-Me-DUPHOS}

(5 mol%)

oxdalve

cyclzaton

AgBF 4 (11 mol%)

+
CD,CI;, 1t
Ph-cod (11 rnol%}

b) Thermodynamic Control

[RhCI{Ph-cod)],
(5 mol%)

+

Me"

(R,R)}-Me-DUPHOS/(R)-Ph—cod

-T&f){92 Enantioselective [4 + 2] Cycloaddition of 1a—e
1 Catalyzed by Diphosphine—Rh Complexes Beanng Chiral Dienes
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[RhCidiene* i}, (5 mal®%)

: 0/ A PErfigand {17 mol¥s) Of - .;z—’l‘x;‘.-&"""-f
| A N 2QSbE, (20 movE) Lk \_%_,/)
; N CH.Cl, RT H
! 1a-¢
: & Ar % CeHs - Meﬂ:orﬁe Mu?/OMc r\te\ﬂ/(}rﬂo
b Ar= OMe-CiaH, A
| G Ar= p-FCgH, [7\Z = /> /”;,;\2"
1 d A= p-CHCeHe / \ Kié \
E e Ar= p-CF3-CeHy § :> IVie n \ . ’

b1
: M 3 4 g Bu
: enry substate diens' PP figand tme  yek (%P e (%F
Cd a3 [ 30mm 9 26
¢ 2 1a 377 (S5 CHIRAPHOS 1h 61 ]
.3 1a 3 (5-BINAP ih 27 30
{4 1a 3 (RyBINAP 3h st 26
- 1a 3 (5)-DM-BINAP 30pmin 81 29
e i 3oL (R DMBINAR . I0oun __ 94 ____28
7 la 3  (RRyMeDUPHOS 40min 90 88 !
'8 1a 3 (5.5-Me-DUPHOS 60min 96 — 9
PUgE L la___ 3 _ PPy ___________ 30min___85____26.
' 10 la 4 (RRyMeDUPHOS 2h 32 91
L1l la 5  (RR)MeDUPHOS SO0min 68 87
s 1b 4 (R.RyMe-DUPHOS 25h 51 g1
: 13 Ic 3 (RR}MeDUPHOS 5h a1 3
14 Ia 3 (RR}MEtDUPHOS Ik 99 93
115 1d 3 (RRM-Et-DUPHOS 21 8¢ 86
116 le 3 (RR)EtDUPHOS 15hb 97 2
' @Rhligand:AgSbFs = 1:2.22 YIsolated yield. ¢ Enantiopurity was

'dete:m.ed by chiral GC analysis on a CP-cyclodextrin-g-23 6-M-19.
17 Opposite configuration.

' Table 2:

BFy

P
@ \ AgBF 4 (11 mol%)
p—"

—

(R,R)-Me-DUPHOS
(11 mol%)

Qeheme 4

CO,Clg, r.t.

+
di

In entry 7-9, (S, S)- and (R, R)-Me-DUPHOS gave

fferent enantiomers.

— (R, R)-Me-DUPHOS is the matched pair with

Men Ph

Ph

chiral diene 3.

-Me- Ar
5 —=—Ar {R.R)-Me ggﬂﬁf}.’mwhcw ) e
\M— CD,Cly, 1. Nz
H
enlry Ar time (h) yield (%) ee (%) Me—_OMe
2 & 16 65 9 ? oo
:
2 4 7 90 93(88") N S
3 S H-ome 8 90 92(81%) =
4 -§©~c1 6 95 87(86%) Me-,OMe
A S+ 5 92 98(93%) 47 ¢
6 '§©—CF, 5 80 95 Mo

? Use of cod instead of Ph-cod ® Use of diene C,-A instead of Ph-cod
¢ Use of diene C;-B instead of Ph-cod

Table 2
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Other works using chiral diene ligands from $93EA#MERK Y VR DV LFEEE SR

(2008/06/12~13)
Mikami et al.
a) Thermodynamic Control ].()Me
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Scheme 1
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Scheme 2
Endo et al.
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{Ar = 3,5-dimethylphenyl)
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