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In Fin Res… (aka Gouldian Logic)

Problem #1:  Devise a short, enantioselective synthesis for the following molecule

OMe



Alkene-Transition Metal Interactions: Primer I

• Historical Perspective: Ziese, 1830

Backbonding

Bonding

H3C OH
+ PtCl2 Pt

Cl

Cl

Cl
KCl

M

Dewar-Chatt Model

M

Metallocyclopropane

Rovis T., Johnson, J., ACIE, 2008, 47, 840-871



Resolution of Racemic Dienes using Transition Metals

Panunzi, A., De Renzi, A., Paiaro, G. Inorg. Chim. Acta., 1966, 1, 475-478



Olefin Binding Constants with Nickel

Tolman, C. A.  JACS, 1974, 96, 2780

Tolman, C. A. Organometallics, 1983, 2, 614



Palladium Dibenzylideneacetone Derivatives

Mace, Y.,Kapdi, Y., Fairlamb, I. J. S., Jutand, A Organometallics, 2006, 25,1795



Selected Examples of Olefin Ligands in T.M. Catalysis

Rovis T., Johnson, J., ACIE, 2008, 47, 840-871



Rh-catalyzed 1,4-Addition Reaction

“It should be noted that the enantioselectivity is significantly lower 

with the rhodium catalyst generated in situ by mixing [Rh(OH)(cod)]2 

with binap ligand, because the exchange between cod and binap is 

not fast enoughand [Rh(OH)(cod)]2 possesses catalytic activity 

toward the 1,4-addition reaction.”

Hayashi, T. et al JACS 2002 124, 5052-5058



Chiral Dienes 1: Hayashi

Conditions: 

2 eq Boron Reagent

Yield >85 % most cases

e.r. > 16/1 all cases, most 49/1 R/S

Hayashi, T. et al. JACS, 2003, 125, 11508-11509



Structure



Hayashi Diene Synthesis
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5) a) LDA, THF
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8) a) LDA, THF
b) Tf2Npy-2

(70%)

9) PhCH2MgBr/Et2O
PdCl2(dppf)
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Rationale for Selectivity



Bicyclo-[2.2.2]-octadiene Chiral Diene Ligands

Hayashi, T. et al. JACS, 2004, 126, 13584-13585



Cyclization Chemistry

Hayashi, T. et al. JACS, 2005, 127, 54-55



Effect of COD



Cyclization Scope



A Very Interesting Extension (?)

Propose a mechanism for this transformation, and then why is this

transformation/product potentially (& unrecognizedly) important?



With Unsaturation…

Hayashi, T. et al. ACIE, 2005, 44, 3909-3912



Formal “[4+2]-like” Cyclization

Hayashi, T. et al. ACIE,2007, 46, 7277-7280



Stereochemical Rationale (Methyl center)



A Little More Synthesis

Hayashi JOC, 2005, 70, 2503-2508
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Grutzmacher’s Resolution

Grutzmacher, H. Organometallics, 2005, 24 2997



Grutzmacher’s Resolution, cont’d



Hayashi’s 1,5-Diphenyl-1,5-COD Ligands

Hayashi, Org. Lett. 2005, 7 5889-5892



Addition of Phenylzinc Chloride to Cyclic Enones



Catalyst comparisons

Hayashi, T. Org. Lett. 2005, 7, 307-310

Hayashi, T. Tet. Asymm. 2005, 1673-1679



1 more application…

Hayashi, T. Org. Lett. 2008, 589-592



Carreira’s Diene

Carreira, E. JACS, 2004, 126, 1628-1629



Model For Selectivity



Carreira Diene: Generation II
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Complementary Synthesis



Scope



Synthesis of 3,3-Diarylpropanals

Carreira, E. M. JACS, 2005, 127, 10850-10851



Addition to Conjugated Esters

Carreira, Org. Lett. 2005, 7, 3821-3824



Laschat’s Dienes



Laschat’s [3.3.0] octa-2,5-diene ligands

115o bite angle,

28o twist



Tetrahydropentalenes as New Chiral Diene Ligands…

Lin, G-Q JACS, 2007, 129, 5336-5337



Other Chiral Dienes/Diene Metal complexes

Trauner, Organometallics, 2005, 24, 2831-2833Van der Eycken, Tetrahedron, 2007, 63, 12961-12967



Conclusions

• New Ligand Set for Asymmetric AddItion of Organometallic Reagents to Electrophilic Species

• Captures true C-2 symmetric Metal-Ligand Complex (vs BINAP-derived systems)

• Limitation at this point is in the synthesis of these compounds

• Generally requires strained diene
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Hayashi- Full Scope


