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N-acetylneuraminic (NeuAc) 
aldolase (EC 4.1.3.3)

3-deoxy-D-manno-octulosonate 
(KDO) aldolase (EC 4.1.2.23)

2-keto-3-deoxy-6-phosphogluconate 
(KDPG) aldolase (EC 4.1.2.14)

2-keto-3-deoxy-6-phosphogalactonate 
aldolase (EC4.1.2.21)

2-keto-3-deoxy-D-glucarate 
(KDG) aldolase (EC4.1.2.20)

2-keto-4-hydroxyglutarate (KHG) 
aldolase (EC4.1.2.31)

4-hydroxy-2-keto-4-methyl glutarate 
aldolase (EC4.1.3.17)

2-keto-3-deoxy-D-xylonate 
aldolase (EC4.1.2.18)

2-keto-3-deoxy-L-arabonate 
aldolase (EC4.1.2.18)

4-hydroxy-2-ketovalerate 
aldolase

2'-hydroxybenzalpyruvate 
aldolase
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N-acetylneuraminic (NeuAc) 
synthetase (EC 4.1.3.19)

3-deoxy-D-manno-octulosonate 
8-phosphate  (KDO 8-P) 
synthetase (EC4.1.2.16)

3-deoxy-D-arabino-2-heptulosonic 
acid 7-phosphate (DAHP) synthetase 

(EC4.1.2.15)

PEP
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aldolase

phosphatase

evolution

2-keto-3-deoxy-L-galactonate
aldolase

no requirement for phosphate
retention of facial selectivity
inversion of enantioselectivity

+

D-sugar

L-sugar
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1) DERA, RAMA
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R = CH3OCH2, MOMOCH2, ClCH2, N3CH2
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+ + 1) DERA

2) NeuAc aldolase

R = CH3, CH3OCH2, ClCH2
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R = H, epothilone A
R = CH3, epothilone B

+ DERA

42%

Br2/H2O

86%

+
DERA

35%

1.  Ac2O, pyridine

2.  BF3·Et2O
>90%

1.  Swern oxidation

2.  Wittig reaction

ca. 70%

HS(CH2)3SH

 BF3·Et2O
>90%

1.  Swern oxidation
2.  Wittig reaction

ca. 70%
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L-threonine aldolase 
(EC 4.1.2.5)

D-threonine aldolase

serine hydroxymethyl 
transferase (EC 2.1.2.1)
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L*X MX

L* = chiral Lewis acid, M = metal
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R1 H R1 R3

OTMSO

OTBS

OTMS

R3

OBn

O

R1 H R1 R3

OTMSO

OBn

OTMS

R2

O

R1 H R1 R3

OTMSO

+

Sn(OTf)2 + chiral 
diamine + Bu2Sn(OAc)2

CH2Cl2, –78°C

+

Sn(OTf)2 + chiral 
diamine + Bu2Sn(OAc)2

CH2Cl2, –78°C

+

Sn(OTf)2 + chiral 
diamine + Bu2Sn(OAc)2

CH2Cl2, –78°C
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TMS
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BnO OTMS

OPh
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OH

OBn
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OBn
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C6H13

O

H OTMS

SEt

N
N
H

C6H13 SEt

OOH

C6H13 (CH2)5CH2Br

OMOM

C6H13 (CH2)5CH2Br

OMOM

C6H13

O

OBn

O

OMOM

C6H13

OH
OH

OOH

OH

OH

NH2

(24 mol%)

Sn(OTf)2 (20 mol%)
SnO (20 mol%)
EtCN, –78 °C

slow addition, 4 h

87%, 
syn:anti = 97:3,
 91% ee (syn)

+

steps

+
(24 mol%)

Sn(OTf)2 (20 mol%)
SnO (20 mol%)
EtCN, –78 °C

slow addition, 4 h

87%, 94% ee

BuLi, THF/HMPA
–78 °C to 0 °C

(  )5

(  )5

sphingofungin B

steps

steps
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R1S
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R2
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R1S R2

OTMS
+

5 mol%, –20→ 0 °C

R1 R2

Et
tBu

Et
Ph
CH2Cl
CH2OBn
CH2NHBoc
C8H17
iPr
(E)-CH=CHCH3
CO2Me

60 – 90%
80 – 98% ee

toluene or diethyl ether
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Br
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MeO
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MeO R

OTMS
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TMSO

O
O

O

O

R

OTMS

Carreira catalyst

Ti(OiPr)4
TMSCl, Et3N

toluene

+

+

0.5–5 mol% cat.

–10 °C, Et2O

up to 98% ee

R = alkyl, alkenyl, alkynyl, phenyl

up to 99% ee

1–3  mol% cat.

0 °C, Et2O
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PhPh

N

OO

N

R R
Cu

O

H
BnO

OTMS

StBu

O

StBu
BnO

OH

O O

OTMS

O O

O
BnO

OH

OTMS

StBu

O

StBu
BnO

OHO

H
BnO

O

H
BnO

OTMS

StBu

O

StBu
MeO

O
MeO

O O

OH

R = tBu 
R = iPr
R = Bn

pybox box

0.5 mol% pybox

–78 °C

100% yield,
 99% ee

0.5 mol% pybox

–78 °C

94% yield,
92% ee

0.5 mol% pybox

–78 °C

+

+

+

95:5 = E:Z
1:99 = E:Z

syn:anti  = 97:3
syn:anti = 86:14

90% yield, 97% ee
48% yield, 85% ee

0.5 mol% box

–78 °C+

96% yield, 99 % ee
syn:anti = 98:2
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O

R H R'

OTMS O

R'R

OH

O

R H OR'

OTMS
O

OR'R
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S

S

O

R H OR'

OTMS
O

OR'R

OH
MeS

O

OR'R

OH

O
B
NTs

O
H

TsN  B
O

N
H H

O

O

O CO2H

O B
H

O

OOiPr

OiPr

R'' R''

20 mol% cat. (A)

C2H5NO2
+

20 mol% cat. (A)

C2H5NO2
+

20 mol% cat. (B)

C2H5CN+

+

1) 20 mol% cat. (A)

C2H5NO2
2) Ni2B-H2

+

1) 20 mol% cat. (A)

C2H5NO2
2) Ni2B-H2

+ +

R = alkyl, aryl

40–92% yield, 
up to 96% ee

anti:syn  up to 76:24
90% ee 66% ee

86–93% ee

83–92% yield,
up to 99% ee

anti:syn  1:1
94–99% ee 95–98% ee

R' = Ph, Bu

oxazaborilidinones (A)

acyloxyborane (B)
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Au+
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MeN

Ph
Ph
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Ph

L

L

N

O

X
CN

O

R
O N

R

O

X
R X

O

NH2

OH

O

+

Fe

CH2Cl2, 25 °C

86–97% yield,
trans:cis = 54:46–93:7
81–94% ee

H+

X = OR, NR2
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PR2

PR2
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R H

O

OiPr
NC R OiPr

OOH

CN
R OiPr

OOH

CN

Fe Fe

(S,S)-(R,R)-TRAP

+

[Rh(acac)(CO)2] 
TRAP (1 mol%)

Bu2O

R = Me, Et, Ph, CO2Et

+

61–88% yield
anti:syn = 45:55–81:19

up to 91% ee (anti)
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PdPh2P PPh2

Cl

CN
OMe

O
O

R O N

R

O

OMe

O N

R

O

OMe+ +

75 : 25

low ee up to 74% ee

AgOTf, THF, 23 °C

NEt(iPr)2

R = alkyl, aryl
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1)1–5 mol%

2) H+

+

56–82% yield,
up to 87% ee

1)1–5 mol%

2) H+

+

77% yield,
74% ee
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hexacoordinate chairlike
L = (R2N)3P=O

(R2N)3P=O

anti

pentacoordinate boatlike

(R2N)3P=O ;

syn
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R1

O

R2 H R1

O
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OH

+

up to 98% yields
anti:syn >49:1
up to 97% ee (anti)

1) 10 mol%, MS (4Å), CH2Cl2

2) sat. aq NaHCO3

+

1) 5 mol%, MS (4Å), CH2Cl2

2) sat. aq NaHCO3

R1, R2 = alkyl, phenyl

up to 98% yield,
up to 92% ee
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up to 90% yield,
up to 94% ee
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77–99% yield
up to 70% ee
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