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History of G.efin Metathesis

transition metal complexes
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Possible Ilviechanisms

1. breaking C-C bonds or C=C bonds
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General Mechanism

EtO,C. CO,Et

[Ru] catalyst EtO,C. CO,Et
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Ligand Effects of Cataly sts

catalyst PR3 X activity (turnovers/h)”

2a PCy; Cl 19.0
2b Br 154
2¢ I 1.4
3a PCy,Ph Cl 8.0
3b Br 45
3c I c

4a P'Pr; Cl 17.5
4b Br 13.9
4c I 1.1
Sa P'Pr,Ph Cl 5.5
5b Br 2.3
S¢ I c

“ Conditions: [diethyl diallylmalonate], = 0.2 M; [catalyst] = 0.010
M; temperature = 20 °C. » Turnover numbers were obtained bv fitting
data of [product] vs time to a double-exponential expression (ses Figure
1) and using the product concentration from the 1-h time poir: of the
curve fit. © Catalyst showed no activity in the metathesis reaction over
several hours.

» Larger and more electron donating phosphines produced more active catalysts,

Smaller and more electron withdrawing halogens likewise produced more active catalysts.
Grubbs, R. H. ; etal. J. Am. Chem. Soc. 1997, 119, 3887.



kinetic Studies: .ffect of Phosphine

/ reaction in absence of PCy; reaction in presence of PCy;
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Kinetic Studies u1 Presence of Phosphine

reaction order in phosphine
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Figere 3 Plot of k.., vs reciprocal phosphine concentration for the
ring vlosg metathesis of diethyl diallyimalonate at varying phosphine
concentnribns, with fdienely = 0.2 M and [Rulg (6) = 0.02 M. The
reactions “vere carried out in CDLCl, at 30 °C. The filled diamonds are
the data oosms, the solid line is the linear fit ko = Ko + K\(1/[PCys],
whers the constants K, are generic constants calculated by the curve-
T e dures and the dashed line is the extrapolation of the linear
B e veereept Tniereept = (5.27 £ 0.13) x 1074 slope = (2.73 &
0001 inear conrelation coefficient = 1.00.

reaction is -1 order in PCy3
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the Possibin.y of Dual Pathways
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final rate equation
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in presence of additional phosphine
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in absence of phosphine
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Appro..ches of Olefins

initial coordination of olefin
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Explaination for \ne Effects of Ligands

X, Ks
CyaP A B’nP Cyaf? CHR
» _ﬂﬁ, 1
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effect of halogens

electronic: from Cl to |, olefin bond tighest for Cl, weakest for | due to the trans effect
steric: one halogen cis to coming olefin, larger halogen disfavor binding

effect of phosphine

electron rich: help stabilizing 16 electron 12

steric: bulkier phosphine favor phosphine dissociation
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Table 1. Ring-Opening Mctatheses

entry substrate

—____™major product vield®
T4 H o
R—T—T f T
H H
=, ,0TBS
0" "'Me “0”7 "Me M3
1 5R=PLR=H 7 p.prR=H 72% (8:1) (frast )
2 6 R=HR=P 8 g_ypRr=zp 81% (7:1)
R H
R_E : |
e[
oAMe
3 9 R=PrR=H 0%
4 10 R=H,R=p 0%
ROMP

Ring Opening Mctathesis
Polvmcrization

/=M =M
o
—— R —
ROM L (:C )
Ring Opcning Mctathesis R —

R

(1)

Snapper, M. L.; et al. J. Am. Chem. Soc. 1997, 119, 7157.
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Chelating Carbene
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| Recyclaule Catalyst

Me Me cl
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Concentration of Ru vs. Time
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Second Generation Catalyst

o PCys R-N_ N-R
""Rlu_—_/Ph Ci T Ph Table 1. Results of the RCM with 5 mol% 2 or 3 in 0.05M CD,Cl, at reflux
Lt .,
c | ‘Ru="
PCy, Cl— |
PCy Entry Substrate Product Time Yield Yield
3 (min) with 2 (%)*  with 3 (%)*
R = CgHy-2,4,6-(CHj),
2 3 E E EF
1 PPN 30 100 100
)
E = COz£t _
EE
E E Me
2 30 82 100
= /&
Me
EE
B
3 Vs N 60 N.R. 100
/\M
-Bu
E E
Me Me
4 m ﬁ 90 N.R. 40
Me Me
E
Me g E E
5 )\)ﬁ/\( g 90 N.R. 95
Me
e e
\\\/\o/\/o 0 0
6 o ) [ :) 60 3gb 55 (45)°
—/

4 Yields represent the conversion to product as determined by '"HNMR. P E:Z = ~1.6:1
¢ Isolated yield in parentesis; E:Z~2:1.

Grubbs, R. H.; et al. Tetrahedron Lett. 1999, 40, 2247.



the Iles Ligand
Calortmet < Mffjm ;

NERN THF Cp*Ru(IMes)Cl (1)
174{Cp*RuCl}y + H\ L / RT 3
H

&YF 2 IMes
RUS= .Ph =
cle J\—\=‘\‘Ph
Ry NR THE, ,
N\:_J 2 + 4L —— 4Cp*Ru(L)Cl (2)
L=PPr; AH=—37.4(03)
PCy,; AH=—41.9(0.2)
Mes: AH = —62.6(0.2)
WI\STMA)Z/ (D(‘ data
(Cp*RuClhus)
AH (= .62.610.2) AH3 ¢ = +191.2(0.6)

AH: cup = -190.3 (0.3) Cp*Ru(PCy,)Cl + IMes — Cp*Ru(gMes)Cl +PCy, (3).
4
AH_,;.4 = —5 kcal/mol

+ 4 [Mes + 8 P(OMe)y

AH, = -128.6 (0.4)
4 Cp"RU(L\'lCS)Cll\UIn) _—— 4 CPMRU(P‘ OMC)}’:CI¢\Q|n|
-8 P(OMen

-4 IMes Nolan, 8. P.; et al. J. Am. Chem. Soc. 1999, 721, 2674,



nt Acceptor Ability

Table 3. The  v(CO)  absorptions[cm~'] in  carbene complexes  fac-
[MoL,(CO),] (139, 140].

[Mo(PPh;)3(CO);4] 1835 1934
[Mo(CH3CN)3(CO),] 1783 1915
[Mo(CH,;CNYL—~L)CO);][a] 1780 1896
(Mo(py(L—L)(CO);][a] 1772 1891
[MoL(CO),](a) 1764 1881
[Mo(py)s(CO)s) 1746 1888

[a] L and L—L are heterocyclic mono- and dicarbene ligands, respectively.

Table 4. The v(CO) absorptions in trans-[RhL!L*(CO)X] complexes [65].

L', L?[a] - X v [em™ '] (medium)

LMe LMe Cl 1924 (K Br)

Lo LY Cl 1929 (K Br)

PCy,,PCy, Cl 1939 (benzene)

PMe,, PMe, Cl, Br, I 1957, 1958, 1960 (benzene)
LHPe: PPh, Br 1968 (KBr)

PPh,,PPh, Cl 1983 (benzene)

L P(OPh), Br 1994 (K Br)
P(CF,);,P(C,Fy), Cl 2003 (benzene)
P(OPh),,P(OPh), Cl, Br 2018, 2020 (benzene)

[a] LM = 1,3-Dimethyl-2,3-dihydro-1H—imidazol-Z-ylidcne, LS = 1,3-bis(cyclo-
hexyl)-2,3-dihydro-1H-imidazol-2-ylidene, LCHPM = 1,3-bis(diphenylmethyl)-2,3-
dihydro-1H-imidazol-2-ylidene.

nacceptor ability: NO > CO > RNC > PF3 > P(OPh)3 >
P(aryl) > P(alkyl) > RCN > N-heterocycle > Py
Herrmann, W. A,; et al. Angew. Chem. Int. Ed. Engl. 1997, 36, 2162.



the IMes Ligand

PCy;, IMes
\\\\Cl H &Cl _H
u=C" + [Mes —m (le-:(j‘ * PCy; 4
c? | Ph Ph
PCy3 cl lLCy;
1 6

only one PCy3 could be replaced even in presence of 10 equiv. of IMes

L G- Cd = (50,3°




the Kine.ic Studies

[\
CysT Ph Mes—N N—Mes
C'h ', -
Au” Clm.T A
| ~Cl Ru
CysP | >
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(1) (@)

phosphine exchange reaction

L
Cls quu i/Ph "PCy, Cls llau:/Ph

| ~a PCy (e
Cy4P ? CysP

31p magnetization transfer reaction
exchange rate constant

1 96S' 2 o0.13s"

the dessociation of PCy3 can not account for the reacivity

Grubbs, R. H.; et al. J. Am. Chem. Soc. 2001, 123, 749.



the Kine.c Studies

CysP
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1k g, = k_ [PCy Wk & Joletin] + 1/k, (N
K.1/ko = 15300 k.1/ko = 1.25
1

2
result of kinetic studies: the catalyst bind olefin more favorable

Grubbs, R. H.; et al. J. Am. Chem. Soc. 2001, 123, 749.



Bis-caupene Catalyst

) =\

o.—N_ N;
-Pr \l/ i-Pr — i-Pr= N N~ipr
+Cl Cy3lf’ C| i-Pr/N\/N\i-Pr 2.2 GQUiV. T

Ru= > :
c | “ph RuU= Ru=\
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biscarbene catalyst
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Figure 2. ROMP of cyclooctene. NMR-monitored comparison of 1 and a
known ruthenium phosphane catalyst.I* "1 T=25°C, 2.50 umol catalyst in
0.50 mL of CD,Cl,; [cyclooctene)/[catalyst] = 250/1.

Herrmann, W. A. et al. Angew. Chem. Int. Ed. Engl. 1998, 37, 2490.



Reactivities >f Olefins

Table 1. Second-Order Rate Constants (k) for Metathesis Reactions Using 31 equiv of Olefin

olefin initiator product Temp/9C k+SDOM"/ L/moleesec

1 styrene-dg e e 7 1.3£04x 10°

2 styrene-ds " Ru:cqf'h-ns 7 2.1540.01 x 107

3 styrene o S e 7 7.6+£02x 107

4 | A~ S S 7 1.48£0.04 x 102

51 A L LS 35 ~10?

61 A< VLI g 7 1.02£0.06x 10°?

7 AN . RumsCH3 35 2.5:£02x10*

8 /74 " Ru=CHz 35 minor in 4 days

9 )\/\ a o, ‘ 35 no rxn.
10 /ﬂ/"\ Ru_/r’n 35 no obs. Rxn.

11| A~ " o S8 s 3.0+£04x 10

12 ] SN e e 3s 7.6+ 0.8 x 10

13 A~~~ Ru=CH; po /S 25 1.64 ¢ 0.1 x 10 (6000 sec)
14| A~~~ Au=CH S 35 6.10 £ 0.04 x 10™* (1000 scc)
15| A~ m‘=/c;u, ﬂu=/c‘ny 7 ~7x 103

* SDOM = Standard Deviation of the Mean

/

Grubbs, R. H.; et al. Organometallics 1998, 317, 2484.



Conclusion

dual pathways dissociative pathway major

“ ul
Cyy? A CnP Cyf?
- LI H™ = CHR
a)}f":' +m/n o u\,:, ::;, c,__:f:i..cm L R FC LR oy s
P(:,, ~==/ R a -4 " &) Ry + Oy
f; o

K
1

g{‘ HC=CHA
? A, — o PROGUCTS
PCYs

IMes: steric hindered ligand, strongc donor; weak & acceptor

Origin of increased reacitivity: strong binding of olefin not due to
the dissociation of phosphine.



