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Definitions

For the purposes of this talk, enolates will be restricted to unstabilized ketone or aldehyde enolates.  Most 
multiply anionic ligand structures (e.g., metallocyclobutnanones), extended enolates, ketene complexes, 
metal pyruvates, and !-metallated enone structures will be omitted as well.
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multiply anionic
excluded

• Survey of late transition metal enolates

• Enolates that have not been isolated:
   Cu, Ag, Cd, Os
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Enolate Structure - General
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• In general, main group metals and early transition metals favor the O-bound form

• Late transition metals tend to favor the C-bound form

• !3 form is generally rapid equilibrium between O- and C-bound forms

• Examples where the two extremes equilibrate on an observable time scale are rare

Typical bond lengths:

C-C   1.39 Å
C-O   1.31 Å

C-C   1.37 Å
C-O   1.34 Å

C-C   1.46 Å
C-O   1.22 Å

Other key structural evidence:

shifted carbonyl IR stretch
shifted carbonyl 13C NMR resonance

no carbonyl IR stretch
vinylic C-H resonance in NMR
no M-C coupling in NMR

carbonyl IR stretch
carbonyl 13C NMR resonance
M-C coupling in 13C NMR

General Methods of Metal Enolate Synthesis
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Survey of Late Transition Metal Enolates
First Row Metals: Iron

Fe
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IR: !(CH2CO2Me) 1712 cm-1

1H NMR: " 2.29 (s, CH2)
13C NMR: " 179.6 (CH2CO2Me)

                  " 12.3 (CH2CO2Me)
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CO2Me

CO2Me

IR: !(CH2CO2Me) 1720 cm-1

1H NMR: " 1.57 (s, CH2)
13C NMR: " 179.9 (CH2CO2Me)

                  " 11.5 (CH2CO2Me)

Abbayes, JCSCC 1988, 929

Complexes such as this have been 
postulated as intermediates in the 
carbonylation reaction of alkyl 
halides by Na2Fe(CO)4
(See, Collman, JACS 1972, 94, 1788)
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Survey of Late Transition Metal Enolates
Second Row Metals: Ruthenium

Ru

IR: !(CH2COCH3) 1620 cm-1

1H NMR: " 1.90 (m, CH2)
13C NMR: " 22.83 (m, CH2)

Bergman & Anderson, JACS 1990, 112, 5670
Bergman & Anderson, Organometallics 1991, 10, 3326
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1H NMR: " 3.50 

                 " 3.96
13C NMR: " 75.68 (O-C=CH2)
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Temperature (°C)     Ratio (C : O)
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60

1 : 2.8 ± 0.2

1 : 4.4 ± 0.3

!H = 1.5 ± 0.3 kcal/mol

!S = 7.6 ± 1.5 eu

favors C-bound form

favors O-bound form
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Survey of Late Transition Metal Enolates
Second Row Metals: Rhodium

Rh

IR: no organic C=O stretch
1H NMR: ! 4.14 (q, O-C=CH)
13C NMR: ! 137.23 (O-C=CH)

                  ! 169.78 (O-C=CH)

RhOC Cl

PMe3

PMe3

t-Bu

OK

RhOC O

PMe3

PMe3
t-Bu

benzaldehyde
PhMe
-20 °C, 5 d

Ph t-Bu

OO
Rh

Me3P

OC PMe3

79% yield
all syn

Carbonyl in product is 
not coordinated to Rh

Catalytic aldol also achieved
using enol-silanes.

Bergman & Heathcock, JACS 1989, 111, 938
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