
Non-Metathesis Carbon-Carbon Bond Formation 
via Ruthenium Catalysis: 

Chemistry Developed in the Trost Lab

•Non-metathesis Ru-catalyzed C-C bond formation is a relatively unexplored field
•~50% of the literature on Ru from the turn of the century to the present was written 

after 1996
•Ruthenium’s versatility as a catalyst is due largely to its wide range of oxidation 

states (-2 to +8)
•Proposed reaction mechanisms contain metallacycle formation, vinylidene 
        formation, C-H activation, and C-C bond activation by coordination
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Catalytic Cycle involving Ruthenacyclopentane
Postulated cycle of Ru-coupling of dienes and enol esters

β-H elimination via strained
transition state
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Catalytic Cycle involving Ruthenacyclopentene
Postulated cycle of Ru-coupling of alkene and alkyne
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Formation of Vinylidene Species
Vinylidene species attacked by olefin (carbon nucleophile)

1,3 hydrogen shift



[Ru]

X

X

Ru H

R'

R

X

Ru

H

R'

R

X Ru
R

R'
Ru

X

R'

R

X
R'

R

Activation of a C-H Bond
Aromatic C-H activation and alkene/alkyne activation

carboruthenation
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C-C Bond activation
Dimerization of norbornadiene
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Activation of aldehydic C-H

Diyne coupling via ruthenacyclopentadiene formation

Cycloheptane formation
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Allylation of aldehydes with allylic acetates
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Sp3-CH activation, catalyzed aldol

Additional Ru-catalyzed C-C bond formation



Total Synthesis of (+)-Allocyathin B2

OHC

OH

JACS 2005, 127, 10259-10268

Previous synthesis by Masahisa Nakada, Barry Snider, and Motoo Tori
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(+)-allocyathin B2

Retrosynthetic Analysis
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Synthesis of 1,7 enyne



Me2CuLi

TMS

H3CO2C
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DIBAL-H (94%)
TBAF (97%)
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Synthesis of 1,7 enyne (con’t)
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Pd-catalyzed cycloisomerization
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Pd-catalyzed cycloisomerization mechanism

wrong methyl stereochemistry
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mCPBA (76%) or

NBS, water (46%) or
VO(acac)2, TBHP (80%)
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O
H
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goal is to oxidize exocyclic olefin epoxidizing reagents attack 
tetrasubstituted olefin:

osmium catalyzed dihydroxylation 
failed to proceed with NMO, triethyl 
amine oxide, or K3Fe(CN)6 as co-oxidants

Continued synthesis on diastereomer as model system



Current objective: study effect of olefin geometry of 1,7 enyne
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OsO4, NMO, NaIO4 (84%);

NaBH4 (94%)
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t-BuLi, ZnCl2;
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72% over 3 steps

Pd2(dba)3CHCl3,

o-CF3BzOH
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54%

again syn-methyl 
stereochemistry



Proposed rationale for Pd-catalyzed cycloisomerization
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CHO

CHO

C-Pd bond perpendicular to pi-bond

C-Pd bond syn-coplanar to π-bond

Olefin geometry is irrelevant



Further testing of mechanistic proposal
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Single diastereomer

again C6-substituent is syn to C9-methyl 



Since Pd- and Ru- catalyzed cyclizations follow different mechanistic pathways*
                          (CH3CN)3PF6 was employed on a model substrate

OH
TBSCl, imidazole

OTBS

99%

CpRu(CH3CN3PF6 (10 mol %) (53%)

TFA, H2O 83%

CHO

H
desired anit-1,4 relationship

OH

OH

silyl-protected derivatives of the following isomers
were did not yield any desired product

However,

OH

CpRu(CH3CN3PF6 (35 m ol %)

CHO

29%

53%

* Chem. Rev. 2002, 102, 813-834



Mechanistic rationale for Ru-catalyzed cycloisomerization:

FAVORED
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PhS(O)CH2CN,

piperidine
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Extension of C6 side-chain with hydroxylative Knoevenagel reaction
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Mechanistic rationale for the Hydroxylative Knoevenagel Reaction

steric interaction



Attempted formation of final ring
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44%, dr > 20:1
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attempts to open epoxide with a
cyanide source were thwarted by
substrate instability

Revised strategy substitutes the alkyne of the 1,7 enyne 
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1.) n-BuLi, 
ClCONEt2 or

ClCO2CH3 or
ClCO2 i-Pr or

ClCO2t-Bu (99%)
2.) TBAF (52-55%)

R = CONEt2 or
CO2CH3 or
CO2i-Pr or
CO2t-Bu
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Optimized Ru-catalyzed cycloisomerization
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End game
opposite hydroxyl stereochemistry from 
previous Knoevenagel reaction

17 linear steps, 19 total steps from 2-methylcyclopentanone
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unfavorable steric interaction

Mechanistic rationale for the Hydroxylative Knoevenagel Reaction
                               on substituted exo-olefin



Total Synthesis of Amphidinolide P
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JACS 2004, 126, 13618-13619

Previous syntheses by David Williams, Tushar Chakraborty



Retrosynthetic Analysis
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Synthesis of Alkyne Fragment
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80°C



Synthesis of Alkene Fragment
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Coupling of Alkene and Alkyne Fragments 
         and Completion of Synthesis
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Otera's Catalyst

15 linear steps 24 total steps, 10% overall yield
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