3. Interrupting the 2+2+2

-there are a number of reactions that start to follow this 2+2+2 pathway, getting to the
metallacyclopentdiene or metallacyclopentene, and then go differently

-only atime to look at a couple, but there are many more in synthesis

see: Topics in Organometallic Chemistry 2006, 19 entire issue

The Pauson-Khand Reaction

-two of the side products from the 2+2+2 are:

A A C Cp R
Cp
. c{ — [ o Eécq I ?LCOCP
CO / CcO
R CpCo R R R

(Fe : Knolker, H.J.)

-cyclopentadienones are not very stable compounds, but if one of the C=C's is reduced,
you have very useful cyclopentenones

-this type of material is often obtained by using and alkyne, and alkene, and Co,(CO)g
(or an alkyne-Co,(CO)g complex)
0

I.e., R A .
||| + g TC0y(CO)g R R

Intermolecular Cases

-no particular constraints on the alkyne
-if you have an unsymmetrical alkyne, larger groups end up next to C=0, as in



Alkene Partner

-simple alkenes don't work especially well, unless presentin huge excess

(Note: this is making progress)

-strained alkenes, "non B-hydride" alkenes (bridged bicyclic akenes),

and alkenes with ligands attached (X = NR,, SR, O?) give better yield, high regioselectivity

? H + Ph N\ \é‘ 15% ordinary alkene

Coy(CO)s

T i ) \éf 73% coordinating substit.
Co,(CO |
AR . (note: trans)

Krafft,M. et al J. Am. Chem. Soc. 1991, 113, 1693

NMe, O arrow is where
!Qﬁ ez O< _Ph R, @ 15t C-C bond
| ﬁ ﬁ i RiA g SN forms
Krafft C ¢ _ _
?rre ehr_o | Kerr Yoshlda_ (with Ru3(CO)12)
et S0 chifa -loses benzoate -loses Si
H_'FT?H . A
bridged bicyclic alkene
CoxCOk ), OQ' (non B-hydride)
h
P
2

high %



S y
éI: N AL even n = normal g_;)n

)I with mild conditions
PhMe,Si

especially

n = small “no B-H"
Cazes (no B-H)

R Laschat, S. Synlett 2005, 2547.

-except for sulphoxides, alkenes with EWG's rarely work

Intramolecular Cases
-reaction works much better when alkene and alkyne are in the same molecule

C0,(CO)

o
—= FlL - (NMO) g 85%
& - o

M\ CH,Cl,, RT

COZ(CO)S @ 60% (old conds)
95% O

-often particularly good for all carbon bridges when there is a gem dialkyl in the bridge

Co,(CO)q H gem dimethyl or Thorpe-Ingold
effect
2% R
/_/\—sn\/leg A, 82% “ O

TBDMSO EERVER SiM83 3




-there are subtle stereochemical matters which are beyond this course's scope
-many recent advances have increased yields and allowed reactions under milder conditions

i.e., polar aprotic solvents (CH,CN, DME MeO/ \OMe )
-use of 1° amines (CyNH,) and mercaptans ("BuSMe) R Sugihara Chem, Eur. J. 2001, 7, 1589
-photolysis - O
-3° amine oxides (Me,N*-O-, TMANO), (NMO) o\_J;N‘\ and room temp

Catalysis

-the new holy Grail - to use catalytic amounts of metal and CO gas (under as low a pressure
as possible), or a CO substitute (some aldehydes)

MeO,C_/—=—  Co,(CO), (5 mol%) _ MeOZC)<:©=O 83%
MeO,C MeO,C
\ 2

CO (1 atm), DME (60°)

-other metals (other than Co) now are common, especially for catalytic chemistry; | think
that Rh'is gradually replacing Co

Rh! 25 [RhCI(CO),], Zr! 4
Mo© 12  Mo(CO); -allenes(Brummond) Fe°, hv 4
Ru® 8  Ru,(CO) Co nanoparticles 2
Ir 4 o cg 1
il 7 o '
Most recent reviews: R Shibata,T. Adv. Synth. Catal. 2006, 348, 2328.

R Pérez-Castells, J. Top Organomet Chem 2006, 19, 207
R Stribing, D.; Beller, M. Top Organomet Chem 2006, 18, 165 4



Mechanism of Pauson-Khand
-unnaturally complex looking, because presence of second metal, which is just 'along for

the ride'
OoC CO
u (CO),Co—=L0(CO), R COTHE0(CO),
Rb_T Rs NS + AR T N 3&\
Co,(CO), Rs Rb Rs Rb
oxidative
coupling
L,Co(CO) (CO);
Co(CO), insertion
Rs Rb -— -
O +L Rs
R
sameas | Co(CO)
Co(CO), Rs Rb
Rs Rb
. + L,Co-ColL,
- O E O
Reviews R R

R Chung, Y.K. et al Synlett 2005, 545 (Co nanoparticles) R Brummond, K. Tetrahedron 2000, 56, 3262 (allenes)
R Krafft, M.E. Tetrahedron_2004, 66, 9795. (Interrupted P.-K.) R Geis, G.; Schmalz, H.-G. Angew. Chem. Int. Ed. Engl.
R Alcaide, J.C.; Alimendros, P. Eur. J. Org. Chem. 2004, 3377 (allenes) 1998, 37, 911

R Perez-Castells, J. Chem. Soc. Rev. 2004, 33, 32. R Schore, N.E. Comprehensive Organometal. Chem. Il
R Gibson, S.E. Angew. Chem. Int. Ed. Engl. 2003, 42, 1800 (catalytic) 1992, Vol 12, Ch 7.2

R Carretero, J.C. Eur. J. Org. Chem. 2002, 288 R Schore, N.E. Org. React. 1991, 40, 1.
R Carretero, J.C. Synlett 2001, 26. R Schore, N.E. Chem. Rev. 1988, 88, 1081. 5
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