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History

2+2+1 cycloaddition
Discovered 1977

Co,(CO),; catalyst

i i Cu,(C0), R1 2 Rz ¥

| =+ m + M — J;E—HFI + \(:S R3
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Pauson, P.L.; Khand, [.LAnn. N.Y. Acad. Scl977, 295 2.
Blanco-Urgoiti, J. et. alChem. Soc. Ref2004 33, 32.
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Proposed Mechanism
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Labilizing CO ligand

RXxn rate increases
Amine N-oxides

N=C=0 NR,—O~ co M_—lccl)—o—(TﬁR

(CO)n —\+/3 ( )n U 3

||---4\/|((30),1 S M(CO), + CO, + RoN
Other additives

Cyclohexyl amine, sulfides



Reaction scope

Intramolecular Reaction

E

e X X
0.5 eq CQ(CO)8 85-95C
Limited to 5,5 or 5,6 ring systems

Schore, N.E.; Croudace, M.C.. Org. Chem1981, 46, 5436-5438.



Intramolecular rxn scope

Low yield with substituted olefins

Good substrates:
Aromatic connectors
Allenes
Exocyclic double bonds
Traceless tethers



Early intramolecular example

Formal total synthesis of dl-Coriolin

Exon, C.; Magnus, B. Am. Chem. Soit983 105, 2477-2478.



Aromatic connectors

Aromatic backbone
Reduce entropy

Bulky ortho substituents
“Steric buttressing”

g % x5
07 Y \ﬁ?\\t)ﬂ O /\M/n\

Lovely, C.J., et. alOrg. Lett.2001, 3, 2607-2610.
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Unusual regiochemistry

R=tBu, 70% yield

0 e
Z R R
*ECW~ Res

R=tBu, 0% vyield 18% yield



Traceless tethers

Solves regiochemical issues (3 v. 4)

Presumably via intermediate 2

Reichwein, J.F. et. al.etrahedror2002 58, 3813-3822.



Catalytic Reaction

First catalytic example
High CO pressure and temperature

Milder catalytic conditions
1 atm CO

Additive:

Amine
Phosphine

Labilize CO ligand

Pagenkopf, B.L.; Livinghouse, T. Am. Chem. Sot996 2285-2286.



Catalytic example

5 mol% Cg(CO),
Q-Beam light source
50-58C
95% vyield

/OAC
EtO, c EtO C><:|;/§: Compared with old rxn conditions:
EtO, C EtO,C

58% product; 19% elimination product
67% vyield 0% vyield



Problems with CgCO),

Generally unstable

“Impure samples of commercial &0O); must be
rigorously purified by recrystallization from
degassed HPLC grade hexanes....”

“The need for CgCQO),, which is labile to both
heat and Q In a very high state of purity
constitutes an experimental disadvantage.”

Belanger, D.B.; Livinghouse, Tetrahedron Lett1998 39, 7641-7644.



One alternative



Other metal sources

Titanium

Sturla, S.J.;
Buchwald, S.L.
Organometallics
2002 21, 739

Rh, Ru, etc

from CpTiCLand
substituted phenol

Sterically

hindered
good

substrates



Other CO source

CO toxic gas
Decarbonylation known process

Coupling of decarbonylation with PKR
New CO source



Reaction detalls

Aldehyde: ] H 61% yield 2a
F F
F 0

A
Solvent-free conditions:(j/\)l\H 98% vyield of similar substrate

Shibata, T. et. all. Org. Chem2002 67, 7446-7450.
Morimoto, T. et. alJ. Am. Chem. So2002 124, 3806.



Labeling experiments

Asymmetric
version also
possible



Asymmetric Pauson-Khand

nirality transfer from substrate
niral auxiliaries

niral metal complexes

niral promoters

O O 0O O



Chiral auxiharies

Generally high ee’s depending on substrate



Mechanism

Marchueta, I. et. all. Org. Chem2001, 66, 6400.



Synthesis of a chiral auxiliary



Diastereomeric cobalt complexes




Highly diastereoselective PKR

-10°C: 65% vyield, 95:5 dr

0°C: 60% vyield, 98:2 dr



Multi-step removal of auxiliary



Chiral metal complexes

High ee’s only for limited cases



Chiral additives

Amines, phosphines

Chiral phosphine:



Catalytic Asymmetric PKR

-acidic phosphite ligands facilitate CO dissociation
Intermediate Co-phosphite species’Hly NMR

Up to 75% ee

Low ee’s with sterically bulky
substrates

Sturla, S.; Buchwald, S.lJ. Org. Chem2002, 3398.



Applications

Total synthesis
Other applications



PKR in Natural Product Synthesis

Intermolecular PKR!

Krafft, M.E.; Cheung, Y.Y.; Abboud, K.Al. Org. Chem2001, 66, 7443-7448.



Forward direction
Regiochemistry:
Alkyne CO insertion due to electronics

Formation of 2,3,5-cyclopentenone v. 2,3,4-isomer due to
sterics

Isobutene did not react
Me group introduced after



More total synthesis

95% vyield

Kerr, W.J. et. alOrg. Lett.2001, 3, 2945-2948.



Synthesis of precursor



Still more total synthesis

Cassayre, J. et. dlngew. Chem. Int. E@Q002 41, 1783-1785.



Interesting radical cyclization

Synthesis of radical precursors:



Cyclization




Interrupted PKR

Intramolecular PKR in the presence of O2

Yields monocyclic enones
Normal PKR would yield bicycles

Krafft, M.E. et. al.
J. Am. Chem. Soc.
1996 118 6080.



Reaction scope

Reactants Products Yield



Domino processes
Metathesis then PKR

Rosillo, M. et. alOrg. Biomol.
Chem.2003 1, 1450.




Allylic alkylation then PKR

Pd-Co nanoparticles immobilized on silica
Pd catalyzes allylic alkylation
Co catalyzes PKR

N /

Park, K.H. et. alOrg.
Lett.2002 4, 4361-4363.



Conclusions

Pauson Khand reaction is very useful
Total synthesis
Domino reactions
Many variants

General intermolecular asymmetric PKR still
not available



