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Introduc(on	  

•  Two-‐	  or	  Bidirec(onal	  Synthesis:	  simultaneous	  chain-‐homogola(on	  or	  FGI	  
on	  both	  chain	  ends	  

	  
•  Number	  of	  steps	  can	  be	  reduced	  

	  
•  Higher	  selec(vi(es	  (dr	  and	  ee)	  

•  Reviews:	  	  
Poss, C. S.; Schreiber, S. L. Acc. Chem. Res. 1994, 27, 9-17 
Magnuson, S. R. Tetrahedron 1995, 51 (8), 2167-2213 
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Early	  example:	  Synthesis	  of	  Squalene	  

3	  

All	  E-‐double	  bond	  configura(on	  (>98%	  for	  each	  transforma(on)	  
 

	  

OO

a)

Li

HOOH
4

6

b) CH3C(OEt)3, H+, Δ

CO2EtEtO2C

7

c) LiAlH4
d) CrO3.Pyr

75% (2 steps)

CHOOHC

8

again: a) (75%) , b) (84%) , 
           c), d) (71% (2 steps))

CHOOHC

9

PPh3

Squalene
(11)

e) 10

5

54% 87%

36%

Johnson, W.S.; Wertheman, L.; Bartlett, W.R.; Brocksom, T.J.; Li, T.; Faulkner, D.J.; Petersen, M.R. J. Am. Chem. Soc. 1970, 92, 741	  



Stereochemical	  considera(ons	  

4	  

Y Y

X

Z

X

Achiral / meso chains

meso compounds: center is pseudo asymmetric
substituents are enantiomorph

Y Y

XX

C2 symmetric chains

Y Y

XX

pseudo C2 symmetric chains
center is not chiral, substituents are identical

Z

12 13

14

X

Y Z

unsymmetric chain

15



Achiral/meso	  chains	  

•  Synthesis:	  	  
Genera(on	  of	  new	  stereogenic	  centres	  requires	  substrate	  control	  (chiral	  
reagents	  lead	  to	  chiral	  products)	  

	  
	  

•  Desymmetriza(on:	  
Requires	  enan(otopic	  group	  selec(on	  &	  o[en	  diastereofacial	  selec(vity:	  
substrate	  and	  reagent	  control	  
	  
	  

5	  

Still, W. C. J. Am. Chem. Soc. 1983, 105, 2487-2489.  
	  

OH
OTrTrO

BH2

Thexylboranea)

b) H2O2, NaOH OH
OTrTrO

HO

OH
OTrTrO

HO OH

16 17 18

OH OHOH
TrO OTr

A A

OH OH OH

A B

OH OH OH

A B

OH OH OH
+

19 20 21

B A

OH OH OH



Addi(onal	  slide:	  desymmetriza(on	  	  
meso	  compound	  

6	  

Desymmetriza(on	  always	  uses	  a	  chiral	  reagent,	  	  
but	  are	  dependent	  on	  diastereofacial	  selc(vity	  

(R)(R) (S)(S)

O O

MeMe

Me

Me Me

(R)(R) (S)(S)
(S)(S)

O OH

MeMe

Me

Me Me (R)(R) (S)(S) (R)(R)

O OH

MeMe

Me

Me Me

(R)(R)
(R)(R) (S)(S)

OH O

MeMe

Me

Me Me
(S)(S)

(R)(R) (S)(S)

OH O

MeMe

Me

Me Me

(S)(S) (R)(R)

O OH

MeMe

Me

Me Me

mirror

(S)(S) (R)(R)

O OH

MeMe

Me

Me Me

mirror

diastereofacial selectivity 
(e.g. from the back = re face) 

gives enantiomers

reduction

enantiotopic selectivity
(e.g. CBS reduction)
gives diastereomers

26

26

2423

22

25

25



C2-‐symmetric	  chains	  

•  Synthesis:	  	  
Genera(on	  of	  new	  stereogenic	  centres	  require	  substrate	  or	  reagent	  
control	  
	  

•  Desymmetriza(on:	  Corresponding	  groups	  are	  homotopic	  
Requires	  monofunc(onalisa(on	  

7	  

Saito, S.; Morikawa, T. J. J. Org. Chem. 1990, 55,  5424 

Carreria, E.M. Angew. Chem. Int. Ed. 2011, 50, 11501 

OO
O O

27

OTBSBu3Sn
(R)  27

BF3.OEt2

OO

OHOH

OTBSOTBS

28

a) b) TBSOTf, 2,6-Lutidine 
c) OsO4, NMO (dr 5:1)

OO

OTBSOTBS

OTBSOTBS

OH

OHOH

OH

OH

OH

OH

OH

29

O

O

CO2Et

EtO2C

O

OCO2Et

EtO2C

30

d) 1,3 propanediol,
     pTsOH

O
CO2Et

EtO2C
OO

31



Pseudo	  C2-‐symmetric	  chains	  

•  Synthesis:	  
Genera(on	  of	  new	  stereocenters	  requires	  reagent	  control	  
	  
	  
	  
	  
	  
	  
	  

•  Desymmetriza(on	  requires	  diastereotopic	  group	  selec(on	  

8	  
Magnuson, S. R. Tetrahedron 1995, 51 (8), 2167-2213 

H H

O O

OTBS

32

B
2

B
2

OH OH

OTBS

34

OH OH

OTBS

36

33

35



Enhanced	  selec(vi(es	  with	  C2-‐	  and	  Pseudo	  C2-‐
symmetric	  chains	  	  

9	  
Hoye, T.R.; Suhaldalnik, J.C. Tetrahedron 1986, 42, 2855  

OH

OH

OH

OH

OH

OH

OH

OH

OH

OH

a) L-(+)-DIPT
    tBuOOH
    Ti(OiPr)4

O

O

O

O

O

O

O

O

+ + +

37 38 39 40 41

38 : 39 : 40 : 41 = 361 : 19 : 19 : 1
(a+b)2 = a2 + 2ab + b2

a : b is the er



Desymmetrisa(ons:	  why?	  

10	  
Still, W.C.; Barish, J.C. J. Am. Chem. Soc. 1983, 105, 2487 

42

OH OHOH
TrO OTr

a) SEMCl, DIPEA
b) H2, Pd(OH)2
c) Swern
d) CBr4, PPh3

e) nBuLi, then ClCO2Et

OSEM
OSEMSEMO

CO2EtEtO3C
f) Me2CuLi, -78 °C
g) LiAlH4
h) Ph3CCl, Et3N, DMAP
i)TBAF, HMPA

j) Thexylborane, 
   then H2O2, NaOH OH OHOH OH

43 44

OTr

OH

OTr

OH OHOH OH

OTr

OMe

OTr

k) MeI, Ag2O

(±) 45

OH OHOH OHOMe
O

H
N

O
O

O
O

OOH

C28

C28

Rifamycin (46)

OH OHOH OMe

OTr

OH

OTr

C28 +



Desymmetrisa(on	  of	  achiral	  chains:	  polyols	  

11	  
Schreiber, S.L.; Schreiber, T.S.; Smith, D.B. J. Am. Chem. Soc. 1987, 109, 1525 

A A

OH OH OH

A B

OH OH OH

A B

OH OH OH
+

19 20 21

B A

OH OH OH

OH

a) D-(+)-DET, tBuOOH, Ti(OiPr)4

84%

47 OH

O

OH

O

OH

O

OH

O

fast

48

50

52

54

OH

O

49

O

OH

O

51

OH

O

OH

O

55

O

O

O

slow

slow

slow

fast

fast

85%, >99% ee, dr. >99%

53
slow

slow



Desymmetrisa(on	  of	  achiral	  chains:	  polyols	  

12	  12	  

O O O O O O
Me

O
Me

O

O
H

R

Me
O

mycoticin A tetraformylal R = H  (56a)
mycoticin B tetraformylal R = Me (56b)

OO OO OO OO

Me

57

O O

58

a)

b) Acetone, amberlyst 15, CusO4

MgBr, CuI

OO

60

c) O3, Ph3P, 

d) TMSCl 79% (2 steps)

e)TMSOtf, acetone 82%

MgBr

OO OO

61

f) O3, MeoH, DMS, K2CO3, 
   NaBH4, 74%
g) allylbromide, NaH, 95%

OO OO
O O

62

h) nBuLi 14%OO OO OHOH

63

OO OO OHOH i) L-(+)-DIPT, tBuOOH, 
   Ti(OiPr)4, 81%

j) Na, iProH, 98%
k) Me2CuLi, Et2O, 66%
l) 

   DME, H2O2, NaOH, 88%
m) acetone, TsOH, CusO4, 80%

O

H
B

64

66

OO OO OO OO

Me

59 59

65

Schreiber, S.L.; Goulet, M.T. J. Am. Chem. Soc. 1987, 109, 4718 



Desymmetrisa(on	  of	  achiral	  chains:	  polyols	  

13	  

Tamao, K.; Tohma, T.; Iniu, N.; Nakayama, O.; Ito, Y.  Tetrahedron Lett. 1990, 31, 7333 
Mikami, K.; Narisawa, S.; Shimizu, M.; Terada, M. J. Am. Chem. Soc. 1992, 114, 6566 

OSiHAr2

a) [RhCl(CH2=CH2)2], 
    R,R-DIOP

O SiAr2

b) 30% H2O2, KF
    KHCO3, MeOH, THF

OH OH

67 68

69

O

O

PPh2

PPh2

H

H

R,R DIOP

Ar = 3,5 Me2C6H3 : 66%, dr > 99:1, 93% ee

70

O
Si

O

O
Ti

Cl
Cl

(R)-72

H CO2Me

O O
Si

CO2Me

OH

71
73

74

74%, dr >99:1, >99% ee



Desymmetrisa(on	  of	  achiral	  chains:	  polyols	  	  

14	  

Harada, T.; Tanaka, S.; Oku, A. Tetrahedron 1992, 48, 8621 

MeMe

OTMS
TMSO OTMS

a) l-Menthone, TMSOTf
b) aq. NaOH - MeOH

75

MeMe

OH OO

Me

OO

Me

OH

77
78

up to 99% yield, 77 : 78 = 4.9 : 1

+

O

O

OH

O

O

OH

VdW interactions

78

O 76

77



Desymmetrisa(on	  of	  achiral	  chains:	  polyols	  	  

15	  

OTBS

79

OTBS

a) 9-BBn, -82 °C to 0 °C OHHO

80

b) Swern

c)

O
B

O
OTBS

OHOH

d) O3, DMS, then NaBH4 79%
e) Me2C(OMe)2, CSA 79% 
f) TBAF (2steps)
g) BnBr, NaH 99%
h) aq AcoH 80%

OBn OHOH OHOH

82

83

OTMS

i) TfOH

OBn OOH OOH

84 50%
11% undesired ketal

12% bisketal
10% recovered SM

93%
53% (2 steps)

Rifamycin (46)

81

76a

Harada, T.; Kagamihara, Y.; Tamaka. S.; Sakamoto, K.; Oku, A. J. Org. Chem., Chem. Commun.  1990, 21 



Desymmetrisa(on	  of	  C2	  symmetric	  chains:	  
intramolecular	  func(onalisa(on	  

16	  

Tsuzuki, K.; Nakajima, Y.; Watanabe, T.; Yanagiya, M.; Matsumoto, T. Tetrahedron Lett. 1978, 989 
Hoye, T.R.; Witowsky, N.E. J. Am. Chem. Soc.1992, 114, 7291 

OH OH

a) tBuOOH
    VO(acac)2

OH OH
O O

O

HO
O

OH

O

OH
O

HO

85 86

87

OR

O

RO

O

b) KOH, iProH

O
O OH

OH

88 89 90

O O

OH OH
+

R = H 89 : 90 = 60 : 40
R = Me3CCO 89 : 90 = 98 : 2



Desymmetrisa(on	  of	  C2	  symmetric	  chains:	  
steric	  proximity	  effects	  

17	  

Rychnovsky, S.D.; Witowski, N.E. J. Am. Chem. Soc. 1991, 56, 5161 

O O

O O
TIPSO

Li

91

92

a) Bf3.OEt2
    THF, -78 °C

OLi
O

O O
TIPSO

+

OH
O

O O
TIPSO

OH OHO O
TIPSO

OO
OTIPS93

95, 21%

94, 72%
+



Desymmetrisa(on	  of	  C2	  symmetric	  chains:	  
reac(vity	  difference	  

18	  

Ikemoto, N.; Schreiber, S.L. J. Am. Chem. Soc. 1990, 112, 9657 

ON

N OH2N
H H

NH2
OH

HO

O

OH

OH

OH

OH

OH

O

OH
OHH2N

HO

(-) hikizimycin (96)

1 11

OH

OH

OH

OH

OH

OHOH

OH

OH

OH

O
111

OH

HO OH

OHO

OHOH

HOHO OH
1 11

EtO2C
CO2Et

OBn

OBn

a) OsO4, NMO, d.r.: 8:1, 71%
b) TBSOTf, 2,6 Lutidine, 100%

EtO2C
CO2Et

OBn

OBn

TBSO

TBSO

OTBS

OTBS

97
98

98 99

c) DIBAL, DCM, 
     -78 °C, 82%

EtO2C

OBn

OBn

TBSO

TBSO

OTBS

OTBS
OH

100

6
6

6

d) Swern, 97%
e) Tebbe, 82%
f) DIBAL, 95%
g) Swern, 98%
h) HWE, 97%

OBn

OBn

TBSO

TBSO

OTBS

OTBS
EtO2C

101

i) TBAF, 86%
j) acetone, H2SO4, 89%
k) OsO4, NMO, 88% d.r.: 3:1

OBn

OBn

O

O

O

O
EtO2C

OH
OH

OH

OH

102

6
6

1
11



Desymmetriza(on	  of	  pseudo	  C2	  symmetric	  chains:	  
Diastereotopic	  group	  selec(on	  

19	  
Wang, Z.; Deschênes, D.  J. Am. Chem. Soc. 1992, 114, 1090-1091 

Br
O

a)

     BF3.OEt2, THF, -78 °C

b) KOH, Et2O
a) again

Li

105

104

OH

MeO

OMeMeO

103

c) H2, Ni2B, EtOH
d) VO(OiPr)3, tBuOOH, DCM

MeO OMe
OHO O

106

66% (3 steps) 72% (2 steps), dr 15:1

e) TIPSOTf, Et3N, DCM
f) Li, NH3, THF, tBuOH
g) O3 MeOH, PPh3

64% (3 steps)

O

TBSO OTBS
OTIPS
TBSO OTBS

O

107

MeO

O O OH
OTIPS

OH O

OMe

O

h) MeOBEt2, NaBH4, THF/MEOH
i) TBSOTf, Et3N, DCM
j) LiEt3BH, THF
k) Swern

54% (4 steps)
108

l) (-)-IPC allylborane
   Et2O, -100 °C, 
   80% d.r. > 15:1, ee > 99%

TBSO OTBS
OTIPS
TBSO OTBS

OH OH
B
2

XX

m) 20:1 MecN / 48% aq. HF
n) acetone, CSA, MS 4 ÅOH OOOOOO

109

110

OOOOOOOO

isolated from Tolypothrix conglutinata var. colorata Ghose 
and Scytonema burmanicum

111



Desymmetriza(on	  of	  pseudo	  C2	  symmetric	  chains:	  
Diastereotopic	  group	  selec(on	  

20	  

Tanis, P.S.; Infantine, J.R.; Leighton, J. L. Org. Lett. 2013, 15, 5464 

tBuO2C CO2tBu

Me

ORO

O

OH

HO
OH

Me

HH

O

Spongistatin 1 fragment (112)

ORO

O

OH

HO
OH

Me

HOH

O O

OR

113a

RO OR

O

Me

OOH

OH

OH

OH

113b

MetBuO

O
a) 10mol% HG-II
     DCM, refl. 80-90%

+

b) modfied AD-mix β
tBuO2C CO2tBu

Me

OH

OH

OH

OH
114 115 116 117

c) 

   PPTS, DCM, 75%

d) KOH, dioxane, H2O
e) Me2SO4, DMSO, 84% (2 steps)
f) MeOAc, NAHMDS, THF, 57%

62%, dr. 4.5 : 1

OMeMeO

Me

O
OO

O

O
CO2MeO

MeO2C

119

g) 1 N HCl. MeOH
O

Me

OOH

OH

OH

OH

OMeO2C

HO
OH

Me

HOH
OMeO2C

HO
OH

Me

HOH

C2C8 C2

O
OH

Me

OH
MeO2C

OH
R

O
OH

Me

OH
MeO2C

OH
R

MeO2C CO2Me
C2 C8

O

OH

O
O

OH

O

C8+

121 123

120

not observed

118



Desymmetriza(on	  of	  pseudo	  C2	  symmetric	  chains:	  
Diastereotopic	  group	  selec(on	  

21	  

tBuO2C CO2tBu

Me

OH

OH

OH

OH

a) MeC(OMe)3, PPTS, 
    DCM

72%

O O

O

Me

Me
tBuO2C

OH

CO2tBu
H

O O

O

Me Me

tBuO2C

OH

CO2tBu
H

a b

b a

125 not observed

+

117 124

124

b) NaHMDS, BnBr, 78 %
c) MeOAc, NaHMDS, 80%

O O

O

Me

Me

OBn

CO2tBu
HO

MeO2C

d) PPTS, MeOH, H2O, 98%

O
CO2tBu

HO
OAc

Me

HOH
OBn

MeO2C

126 127



The	  „Eliel“	  Effect	  

22	  

Kogure, T.; Eliel, E. L. J. Org. Chem. 1984, 49, 576 

A[er	  removal	  of	  duplicates	  

tBuO2C CO2tBu

Me

OH

OH

tBuO2C CO2tBu

Me

OH

OH

CO2tButBuO2C

Me

OH

OH

CO2tBu

Me

OH

OH

tBuO2C CO2tBu

Me

OH

OH
tBuO2C CO2tBu

Me

OH

OH

CO2tButBuO2C

Me

OH

OH

CO2tButBuO2C

Me

OH

OH

tBuO2C

tBuO2C CO2tBu

Me
116

first dehydroxylation

128 129 130 131

132 133 134 135

tBuO2C CO2tBu

Me

OH

OH

tBuO2C CO2tBu

Me

OH

OH

tBuO2C CO2tBu

Me

OH

OH

tBuO2C CO2tBu

Me

OH

OH

128 129 132 133



The	  „Eliel“	  Effect	  

23	  

Removal	  of	  duplicates	  

tBuO2C CO2tBu

Me

OH

OH

tBuO2C CO2tBu

Me

OH

OH

tBuO2C CO2tBu

Me

OH

OH

tBuO2C CO2tBu

Me

OH

OH

tBuO2C CO2tBu

Me

OH

OH

tBuO2C CO2tBu

Me

OH

OH

OH

OH

OH

OH

tBuO2C CO2tBu

Me

OH

OH

OH

OH

tBuO2C CO2tBu

Me

OH

OH

OH

OH

tBuO2C CO2tBu

Me

OH

OH

OH

OH

tBuO2C CO2tBu

Me

OH

OH

OH

OH

tBuO2C CO2tBu

Me

OH

OH

OH

OH

tBuO2C CO2tBu

Me

OH

OH OH

OH

second dehydroxylation

128 129 132 133

134 135 136 137

138 139 140 141

tBuO2C CO2tBu

Me

OH

OH

OH

OH

tBuO2C CO2tBu

Me

OH

OH

OH

OH

tBuO2C CO2tBu

Me

OH

OH

OH

OH

tBuO2C CO2tBu

Me

OH

OH

OH

OH

117135134 137



Summary	  

24	  

Chain	  Type	   Synthesis	   Desymmetriza(on	  

Achiral	  (including	  meso)	  

Genera(on	  of	  new	  
stereocenters	  requires	  
substrate	  control	  

Requires	  enan(otopic	  group	  
selec(on	  &	  o[en	  diastereofacial	  
selec(on	  
	  
Requires	  substrate	  and	  reagent	  
control	  

C2	  symmetric	  

Genera(on	  of	  new	  
stereocenters	  requires	  
substrate	  or	  reagent	  
control	  

Corresponding	  groups	  are	  
homotopic	  
	  
Requires	  monofunc(onaliza(on	  

Pseudo	  C2	  symmetric	  

Genera(on	  of	  new	  
stereocenters	  requires	  
reagent	  control	  

Requires	  diastereotopic	  group	  
selec(on	  

Y Y
X

Z

X

Y
XX

Y

Y
XX

Y

Z


