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Figure1.  Pathways for fungal and mammalian sphingolipid biosynthesis and natural inhibitors.
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Scheme 1. Retrosynthetic analysis for the synthesis of khafrefungin.
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Scheme 2.  Synthesis of fragment A (2).
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khafrefungin

- - - vancomycin sphingofungin

Sphingofungin B - - - -

- - -

sphingofungin B - - - -

Simchen

16

(Table 1)

(Table 2)

(R)-3,3’,6,6’-I4BINOL

20 mol%

NF3C

OSiMe3

OR

OSiMe3

OH

NHCOCF3

CHO

+
OR

OZr(OtBu)4 (10 mol%)
(R)-3,3'-I2BINOL (12 mol%)

PrOH (80 mol%), H2O (20 mol%)

toluene-tBuOMe 
0 ˚C, 60 h

OR

OMe (16)

OEt (17)

OPh (18)

Yield (%)

80

23

trace

Syn/Anti

71/29

53/47

-

Ee (%)
(Syn/Anti)

63/23

10/11

-

Entry

1

2

3

Table 1

15

NF3C

OSiMe3

OMe

OSiMe3

OH

NHCOCF3

CHO

+ OMe

OZr(OtBu)4 (x mol%)
BINOL (1.2x mol%)

PrOH (y mol%), H2O (20 mol%)

toluene-tBuOMe 
–20 ˚C, 12 h

x

10

10

20

20

20

20

0

y

80

160

160

300

300

300

-

Entry

1

2

3

4

5

6a)

7

Yield (%)

74

50

95

94

96

83

33

Syn/Anti

73/27

45/55

31/69

14/86

11/89

9/91

29/71

Ee (%)
(Syn/Anti)

62/15

52/75

67/88

74/92

48/93

38/93

-/-

BINOL

(R)-3,3'-I2BINOL 20

(R)-3,3'-I2BINOL 20 

(R)-3,3'-I2BINOL 20 

(R)-3,3'-I2BINOL 20 

(R)-3,3',6,6'-I4BINOL 21

(R)-3,3',6,6'-I4BINOL 21

-

a) The reaction was performed at –40 ˚C.

I

IX

X

OH
OH

(R)-3,3'-I2-6,6'-X2-BINOL

20 : X = H
21 : X = I

15 16 19

Table 2
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10 mol% 16

slow addition

(Table 3) PrOH 300

mol% 16

(entry 5)

(Table 4)

29, 30

30

sphingofungin B

khafrefungin

khafrefungin khafrefungin

- - - -

slow addition - -

- - sphingofungin

NF3C

OSiMe3

OMe

OSiMe3

OH

NHCOCF3

CHO

+
OMe

OZr(OtBu)4 (10 mol%)
(R)-3,3',6,6'-I4BINOL (12 mol%)
PrOH (x mol%), H2O (10 mol%)

toluene-tBuOMe 
–20 ˚C, 15 h

Slow addition of the
ketene silyl acetal (h)

0

1

4

8

8

20

x

150

150

150

150

300

300

Entry

1

2

3

4

5

6

Yield (%)

74

97

92

93

92

89

Syn/Anti

42/58

28/72

25/75

22/78

10/90

14/86

Ee (%)
(Anti)

32

71

77

87

95

91

Table 3

15 16 19

Table 4

NF3C

OSiMe3

OMe

OSiMe3

R

OH

NHCOCF3

+
OMe

O

 slow addition for 8 h
toluene-tBuOMe

–20 ˚C, 13 h

Aldehyde

CHO

CHO
CHO

TBDPSO

Yield (%) Syn/Anti Ee (%) (Anti)

X

X

Yield (%) Syn/Anti Ee (%) (Anti)

22 : X = Me
23 : X = Cl

24 : X = Me
25 : X = Cl
26 : X = OMe

87
91

15/85
16/84

94
94

83
93
93

9/91
8/92
9/91

93
96
95

71 13/87 90

81 22/78 85

Zr(OtBu)4 (10 mol%)
(R)-3,3',6,6'-I4BINOL (12 mol%)

PrOH (300 mol%), H2O (10 mol%)

Aldehyde Aldehyde

TBDPSO CHO 85a) 20/80 95

CHO

Ph
76 20/80 85

a) Ketene silyl acetal (16) (2.0 equiv) was used.

16

27

28

29

30

O CHO


