
RO
R'

O

O
RO

O

OH

R'

O
Ph

O

O

L

S M

O
Ph

O

L

S M

RHO

R
OR'

O

O

MeO
Me

O

O

MeO
Me

O

HO OH

H Me

O

H Me

HO OH

Me Me

O

Me Me

HO OH

❏ Empirical data suggest that α-ketoesters prefer a transoid conformation.

H2O

Wes Trotter
May 10, 1996

I.   Introductory remarks

II.  Reductions

III. Organometallic additions

IV. Aldol transformations

V.   Miscellaneous  items of interest

Asymmetric Transformations of α-Ketoesters

Keq = 3.1

❏  α-Ketoesters behave kinetically and thermodynamically more like aldehydes than like ketones.

The bare essentials

Prelog, Helv. Chim. Acta, 36, 308-325 (1953)

❏  Nucleophilic reagents react selectively with α-ketoesters at the ketone carbonyl.

Greenzaid, J. Am. Chem. Soc., 92, 749 (1967)

Keq = 1.4

R-MgX

H2O

H2O

Keq = 0.002 
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OR

OH
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OMe

OH

N

O
O

O
OH

Me

O

O

O

OH

HO2C
CO2H

OH

O
O

OR

O O

O

O

Ph

O

O
O

OR

O O

O

O

Ph

OH

O
O

OR

O O

O

O

Ph

O

O
O

OR

O O

O

O

Ph

OH R = MOM: 80% de, 78% yield

R = TBS:   92% de, 66% yield

integerrimine

Akiyama, Bull. Chem. Soc. Jpn.,
                  67, 180-188 (1994)
                 Tet. Lett., 32, 
1335-1338

(1991)

Tertiary alcohols in nature

cinatrin C3

K-Selectride

18-crown-6
THF

erythromycin A

R = MOM: 94% de, 78% yield

R = TBS:   96% de, 54% yield

Selective Reductions

K-Selectride

Et2O
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O

O

O
Si

t-BuO
O

O

O O

O

O

Si
t-Bu

O

K

OO

O
O

O

O

B
H

EtO
R

O

O

EtO
R

O

OH

R

CH3

CH2CH3

CH2CH2CH3

CH(CH3)2

C(CH3)3

CH2CH(CH3)2

Ph

1-napthyl

K

Akiyama, Bull. Chem. Soc. Jpn.,
                  67, 180-188 (1994)
                 Tet. Lett., 32, 
1335-1338
                  (1991)

Selective Reductions:  An Empirical Conformational Principle

THF

yield, %

75

80

81

85

87

83

80

78

% ee

86

92

94

97

98

93

94

96 Brown, J. Org. Chem., 51, 3398-3400
              (1986)

Selective Reductions
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NHSO2Naph

O
R

O

O

NHSO2Naph

O
R

O

OH

(CO)3Cr

O

O

Ph

O

Me

Ph(Me)2C

O

O

Ph

OH

Me

Ph(Me)2C

Me

Et

O

O

O

Ph

(CO)3Cr Me

Et

O

O

OH

Ph

O

OEt

O

O

O

OH

OEt

O

O

O

O

OCHPh2

O

O

O

NH2

HO

HO

O

CO2H

N

N

O

N

S

H2N
N

S

H

O

CO2H

S

H

N

N N

N

CO2H

Me

Iwagami, Bull. Chem. Soc. Jpn., 64, 175-182 (1991)

LiAlH(OCEt3)3

THF, 0 °C

98% de, 84-97% yield

(R = Ph, Et, n-Pr)

Xiang, J. Org. Chem., 58, 993-994 
            (1993)

Selective Reductions:  Chiral Auxiliaries Aplenty

Bu3BHK

THF, -78 °C

94% de, 95% yield

Solladie-Cavallo, Tet. Asym., 2, 
                            1165-1171 
(1991)

L-Selectride

Et2O, -70 °C
90% de, 90% yield

Solladie-Cavallo, Tet. Lett., 26,           
                             
429-430 (1985)

NaBH4 / (R,R) - tartaric acid

THF, 0 °C
70% ee, 96% yield

Selective Reductions

"M-14659"
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R
R'O

O

O

R
R'O

O

OH

Ph

[Rh(COD)Cl]2 (0.34 mol%)

(+)-DIOP (1 mol%)
α-NpPhSiH2 (1.2 equiv)

benzene, RT

Catalytic Hydrosilylation

Ojima, J. Org. Chem., 42, 1671-1679 (1977)

R'R %ee yield, %

CH3

CH3

CH3

n-PrO
Me

O

O

n-PrO
Me

O

OH

EtO
Me

O

O

EtO
Me

O

OH

Sawamura, Synlett, 347-348 (1995)

Ph

c-Hex

n-Pr

n-Bu

i-Bu

Et

85

83

72

39

47

90

83

84

87

85

Catalytic Reduction

[Rh(COD)Cl]2  (0.25 mol%)

BPPM  (0.6 mol%)
H2 (20 atm)

THF, RT, 24h

[Rh(COD)2]BF4  (1 mol%)

(R, R)-(S, S)-EtTRAP
Ph2SiH2

THF, 0 °C, 4h

Ojima, JCS Chem. Comm., 428-430 (1977)

❏  Simple ketones are not hydrogenated by neutral rhodium catalysts.

76% ee, 98% conversion

80% ee, 60% yield

❏  Simple ketones underwent hydrosilylation at -40 °C.

❏  The authors propose that the electron-withdrawing effect of the ester
         moiety may weaken the binding of the keto carbonyl to rhodium.
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Ph

O
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O O

O

O

Ph

OH
Me

O
O

OR

O O

O

O

Ph

O

O
O

OR

O O

O

O

Ph

OH
Me

O
O

O

O O

O

O

O
Si

t-BuO
O

O

O O

O

O

Si
t-Bu

O

Mg

MeLi

Organometallic Additions

Organometallic Additions

R = TBS: 96% de, 88% yield

R = MOM: 12% de, 89% yield

Akiyama, Chem. Lett., 447-450 (1992)

R = TBS: 80% de, 84% yield

R = MOM: 16% de, 84% yield

MeLi

toluene, -90 °C

Akiyama, Chem. Lett., 447-450 (1992)

MeMgI

toluene, -72 °C

MeMgI
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OR

O

O

Ph

O OR

O

O

Ph

OR

O

O

Ph

O OR

O

O

Ph

OR

O

O

Ph

O OR

O

O

O

Ph

Ti

HO Me

Me OH

Ph
O

O

O

Ph
Ph

O

O

Ph

HO R

O
O

O

Ph

M

Sugimura, Synlett, 175-177 (1994)

Organometallic Additions

MeTiCl3

CH2Cl2, -23 °C

MeMgI/ZnI2

Et2O, -78 °C
84% de, 98% yield

Tamai, J. Chem. Soc. Perkin Trans. I, 
            439-445 (1994)

14% de, 62% yield

vs.
?

R3ZnMgBr • 2Mg(Cl)Br

THF, -78 °C

❏  The use of triorganozincates reduces side products
      resulting from reduction and 1,4 addition.

R = TBS

Organometallic Additions

R        %de      %yield

Et          94             98

n-Bu      96             96

i-Bu        92            84

t-Bu        6             68

Bn          94           84

vinyl       88           79

allyl        70           79

Handout 06 5/10/96 7:17 PM



O
Me

O

OC(Me)2Ph

Me

Me

OMe

OMe

Me

Me(OiPr)3Ti

O

O

Ph(Me)2C

Me

Me OH
OMe

Me

MeMe

OMe

O

HO

Me

Me

Me
CO2Me

Me

O

HO

Me

Me

Me

Me

O
O

OR

O O

O

O

Ph

O

O
O

OR

O O

O

O

Ph

OH

SiMe3

O
Me

O

O

Me

C(Me)2Ph

SiMe3

O
Me

O

Me

C(Me)2Ph HO

❏  Use of TiCl4 or BF3•OEt2 gave no desired product.

α-Tocopherol

THF, -20 °C

>95% de

Organometallic Additions

R=TBS  >98% de, 92% yield

Akiyama, Chem. Lett., 447-450 (1992)

Barner, Helv. Chim. Acta, 73, 1068-1087 (1990)

SnCl4
CH2Cl2, -78 °C

Allylsilane Additions

TiCl4
CH2Cl2, -78 °C

>98% de, 96% yield

Fang, J . Chem. Soc. Perkin 
          Trans., 1737-1741 (1993)
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SiMe2t-Bu O

SiMe2t-Bu

Ph
EtO

O

OPh
EtO

O

SiMe2t-Bu
OPh

EtO

O
SiMe2t-Bu

Ph
OEt

O

O

SiMe2Ph O

SiMe2Ph

Ph
EtO

O

Me

Me

OPh

OEtO

SnCl4

H
H

SiR3

OPh

OEtO

SnCl4

H
H

R3Si

O

SiMe2t-Bu

Ph
EtO

O

OPh

OEtO

SnCl4

H
H

SiR3

CH3

OPh

OEtO

SnCl4

H
H

R3Si

O

SiMe2t-Bu

Ph
EtO

O

CH3

Me

Akiyama, Chem. Lett., 627-630 (1994)

>96% de, 85% yield

Allylsilane [3+2] Cycloadditions

SnCl4
CH2Cl2, 25 °C

>96% de, 82% yield

Akiyama, Chem. Lett., 627-630 (1994)

SnCl4
CH2Cl2, -78 °C

Allylsilane [3+2] Cycloadditions
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Ph

SiPh2t-Bu

OPh

OH SiPh2t-Bu
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O O
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O

Ph

O

O
O

OR

O O

O

O

SiPh Me2 O

Ph

SiPhMe2

OPh

OH SiPhMe2

Me

Me

Me

SnMe3

O

O

Me

Ot-Bu

t-BuMe

BBN

O

O

t-Bu

t-BuMe
Me

Me OH

MeO

O

Me

O
BBN

SnMe3

MeO

O Me

Me OH

SnMe3

O

B

L

L

CO2R

Me

Me
O

B

L

L

Me

RO2C

Me
O

B

L

L

Me

RO2C

Me

Diastereoselective Crotylborane Additions

>98% de, 98% ee

SnCl4
CH2Cl2, 25 °C

85%

LiBH4

65%

>98% de, 97% ee

SnCl4
CH2Cl2, 25 °C

50%

LiBH4

73%

Allylsilane  [3+2] Cycloadditions

Akiyama, Tet. Lett., 35, 8401-8404 (1994)

(R = TBS)

Et2O, -76 °C

100% de, 90% yield

vs.

100% de, 60% yield

Yamamoto, J. Org. Chem., 51, 886-891 (1986)

Et2O, -76 °C

❏   The observed diastereoselectivity depends on the steric bulk of the ester moiety (methyl pyruvate 
      gives a 70:30 mixture).
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Me
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SEtO

Me

HO Me

O

O
OHO2C

Me

Me

Zn
O S

S

MeMe

EtO
O

S

S

Me
O

O

O

C(Me)2Ph

Me
O

O

O

C(Me)2Ph

ClMg CO2Et

O

O

C(Me)2Ph

EtO2C

HO Me

O
ORO2C

Me

Me

O
ORO2C

Me

Me

Fang, J. Org. Chem., 57, 2937-2941 (1992)

n-BuLi, THF, -30 °C
ZnCl2

(-100 °C)

92% de, 85% yield

1. HgCl2, aq. MeOH

2. LiOH, aq. MeOH

Synthesis of a (+)-crobarbatic acid ester

Diastereoselective Crotyl Additions

 (+/-)-crobarbatic acid

Fang, J. Org. Chem., 52, 3162-3165 (1987)

n-BuLi, THF, -30 °C
ZnCl2

H2, Pd-C

EtOH, 99%

Me2CuLi
70%

3:3:2:2 mixture of diastereomers

THF, -78 °C
7:1, 80% yield

(-100 °C)

Handout 10 5/10/96 10:50 AM



Me
OMe
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OMe
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HO Me
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O

OMe

O

HO CH2Br
Br

OMe

O

O

HH

MeO

O OMe

LnFe

H

O
O

O

O O

O

O

Ph

O

O
O

O

O O

O

O

HO Ph

SiMe2t-Bu SiMe2t-Bu

Y

O

t-Bu

OTMS

Ph

OTMS

OEt

OTBS

92

Akiyama, Synlett, 275-276 (1994)

-20 °C

Ph

KF, 18-crown-6

DMF, 25 °C
94%

(1S)-(-)-β-pinene

FeCl3 (4 mol%)
EtOAc, 25 °C

>98% de, 51% yield

FeCl3 (4 mol%)
EtOAc, 25 °C

>98% de, 53% yield

via

Ene Reactions

"exo"

Palmisano, J. Chem. Soc. Perkin Trans. I, 1875-1880 (1990)

Nucleophile

SnCl4
CH2Cl2

Nucleophile      Temperature      Y        %de     yield, %

-78 °C

-78 °C

t-Bu

Aldol Reactions

OEt

>98

>98

>98

89

70
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Me
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Me

Ph(Me)2C Me

OTBS

OH

OEt

O

Me

Et

Et

Me

O
Me

O

O

Me

Ph(Me)2C

O

O

Me

Ph(Me)2C Me OH O

OTMS

TiCl4
CH2Cl2, -78 °C

TiCl4
CH2Cl2, -78 °C

>98% de, 90% yield

>98% de, 85% yield

Fang, J . Chem. Soc. Perkin 
          Trans., 1737-1741 (1993)

via

❏  The tertiary alcohol center is established with complete selectivity in all cases.

anti:syn  = 12:88

87% yield

Aldol Reactions

anti:syn  = 29:71

94% yield

anti:syn  = 71:29

90% yield

Fang, J . Chem. Soc. Perkin 
          Trans., 1737-1741 (1993)

TiCl4
CH2Cl2, -78 °C

Aldol Reactions

TiCl4
CH2Cl2, -78 °C

TiCl4
CH2Cl2, -78 °C
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R1 OHO
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SEt
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Et
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OMe
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EtS

Ph OHO

OBn
OBn

OMe
Me

O

O

SEt

OTMS

N

Pr

N

OMe

O

EtS

Me OHO

TBSO
TBSO

(1 equiv)

Kobayashi, Chem. Lett., 2069-2072 (1989)

(1 equiv)

Sn(OTf)2, n-Bu3SnF

78

Kobayashi, Tetrahedron, 50, 9629-9642 (1994)

Sn(OTf)2, n-Bu3SnF

R1           R2          %ee     yield, %

Me

i-Pr

Ph

i-Pr

Ph

Aldol Reactions

81

(1 equiv)

94:6 syn:anti, 88% ee, 89% yield

n-Pent

n-Pent

n-Pent

Me

Me

93:7 anti:syn, 92% ee, 70% yield

92

>98

>98

>98

74

>98

74

76

Aldol Reactions

Sn(OTf)2, n-Bu3SnF
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OMeO OTf
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OMe
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CN
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MeO2C

Me
CO2Me

O N

MeO2C

Me
CO2Me

OMe
Me

O
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NMe2

CN
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O N

MeO2C

Me
CONMe2

O N

MeO2C

Me
CONMe2

PPh2

N N

Me

Me

O

Ph2P

Ito, Tet. Lett., 30, 4681-4684 (1989)

Sn(OTf)2, n-Bu3SnF

❏  Anti adducts cannot be obtained      
     enantioselectively in this manner.

Sn(OTf)2

91:9 anti:syn, 81% yield

Aldol Reactions

91:9 syn:anti, 84% yield

96:4 syn:anti, 96% ee, 85% yield

(1 equiv)
Kobayashi, J. Org. Chem., 57, 1324-1326 
(1992)

Isocyanoacetate Aldol

[Au(c-HexNC)2]BF4

(R)-(S)-1 (5 mol%)
59% yield, 82% ee 25% yield, 33% ee

[Au(c-HexNC)2]BF4

(R)-(S)-1 (5 mol%)
67% yield, 90% ee 11% yield, 36% ee

Fe

(R)-(S)-1
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HO Me

O
Me
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Me

(Me)2HC

ZrCl3

Me
Me

Me Me

Me

Me

HO

O

OEt

OH HO

Me

O

O

OEt

Me

84% ee, 90% conv.

88% de, 85% yield

Casiraghi, J. Org. Chem., 53, 1779-1785 (1988)

17% yield, 95% de53% yield, 95% de

hν, C6H6

Scharf, Chem. Ber., 121, 971-976 (1988)

(-)-menthyl-OTiCl3

CH2Cl2, -60 °C

Ecker, Angew. Chem. Int. Ed. Engl., 29, 512 
(1990)

CH2Cl2, -10 °C

Paterno-Büchi Reaction

Asymmetric electrophilic aromatic substitution
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OH
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Me NEt2
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O
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O
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Ph

Me

OH

PhO Ni-Pr2

O

O

Ni-Pr2

O

O

Me

OPh

OH

PhO Ni-Pr2

O

O

Ni-Pr2

O

OOPh

OH

Ni-Pr2

O

Me

OPh

OH OHMe

Ni-Pr2

OH

OOPh

OH

60% (anti only)

Pyruvate enolates

LDA

THF/HMPA, -78 °C

(9:1 ds)

59% overall yield

Metternich, Tet. Lett., 29, 3923-3926 (1988)

LDA

PhCHO
58% (syn only)

H2, Pd-C

EtOAc

α-Ketoamide enolates

LDA

MeCHO

63% (11:1 anti:syn)

MeMgCl

THF, 0 °C

LDA

acrolein

Koft, J. Org. Chem., 54, 2936-2940 (1989)

Zn(BH4)2

Et2O, 0 °C
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t-Bu Me

N

N

OMe

NH2

OAr

O

Me

O

OAr

O

Me

R

N

OMe

N

OAr

O

Me

N

OMe

OMe

O

N2

O

Me

OH

OMe

O

OOH

OMe

O O

HO

OMe

O

O

O

Me

N N

H
N

O

O

Me

MeO2C
OH

CO2Me

O

Me

O

Me

Wood, J. Am. Chem. Soc., 117, 10413-10414 (1995)

59

Enders, Angew. Chem. Int. Ed. Engl., 31, 618-619 (1992)

96%
t-BuOK/n-BuLi 

THF

RX

BF3•OEt2

(CH2O)n
acetone/H2O

α-Ketoester enolates

RX Yield, %

n-BuI

(81-97% yield)

EtI

%ee

55

72

58

63

63

93

>95

93

>95

92

88

Tandem [3,3]/[1,2] rearrangement

Rh2(OAc)4

PhH, ∆

BF3•OEt2

PhH, 25 °C

92% ee, 75% yield

(-)-K252a

i-PrI

BnO(CH2)2I

BOMCl

BnBr

Handout 17 5/10/96 7:14 PM


