
Fabien PEREZ – STeRéO – November 17th, 2015



Axial chirality Planar chirality

Helical chirality
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Stereogenic center
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 Introduction on helicenes

 Racemic synthesis

 To enantiopure helicene

 Applications
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P-(+)
Clockwise helicity

Dextrorotatory rotation

M-(-)
Anticlockwise helicity
Levorotatory rotation

17/11/2015Fabien PEREZ - STeReO Seminar 5

◦ [n]helicene with n = number of orthofused aromatic rings
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R. Weitzenböck
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[6]helicene
t1/2 = 13 min
at 221,4 °C

Ea(27 °C) = 35,6 kcal/mol

[7]helicene
t1/2 = 26 min
at 286,2 °C

Ea(27 °C) = 41,1 kcal/mol

[8]helicene
t1/2 = 54 min
at 286,4 °C

Ea(27 °C) = 41,6 kcal/mol

[9]helicene
t1/2 = 123 min
at 293,5 °C

Ea(27 °C) = 42,3 kcal/mol
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R. H. Martin. Tetrahedron. 1974, 30, 347

R. H. Martin. Tetrahedron. Lett. 1972, 35, 3707

M. Patzschke. Chem. Eur. J. 2009, 30, 347
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R. H. Martin. Tetrahedron. 1974, 30, 347

R. H. Martin. Tetrahedron. Lett. 1972, 35, 3707

M. Patzschke. Chem. Eur. J. 2009, 30, 347
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Helicenes Diels-Alder

Pd-coupling

Metathesis Radical reactions

Photocyclization

[2+2+2]Cyclization
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T. J. Katz, Tetrahedron Lett. 1990, 31, 3983

D. C. Harrowven, Angew. Chem. Int. Ed. 2006, 45, 2242S. K. Collins, Angew. Chem. Int. Ed. 2006, 45, 2923



CH2COCl
AlCl3

C6H5NO2

O

1) LiAlH4

2) HCOOH

h , I2

by product

66%

R. H. Martin Tetrahedron. Lett. 1967, 8, 743
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CpCo(CO)2 (20 mol%)

PPh3 (40 mol%)
décane, h ,

140°C

64 %

Br

Br

Li
TIPS1)

THF, -78 °C

2) n-BuLi, I2
THF, -78 °C

acetylene (gaz)
Pd(Ph3)4 (5 mol%),

CuI (10 mol%)
piperidine, 80 °C

n-Bu4F
THF, RT

TIPSBr TIPSI

92%71%

TIPS
TIPS

70% 77%
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I. G. Stará, I. Starý Tetrahedron. Lett. 1999, 40, 1993



N. Takenaka, Angew. Chem. Int. Ed. 2008, 9708
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N Br

CHO
1) NaHMDS, DMF

78%

2) [PdCl2(PPh3)2], (MeSn-)2
toluene

77%

Br Me

BrPh3P N

Me

N

Br
Me

[PdII], NBS, CH3CN

N

Br
CHO

84%

1) benzoylperoxide, NBS
benzene

71%

2) 2-nitroporpane, NaOEt,
EtOH, DMF

86%



N. Takenaka, Angew. Chem. Int. Ed. 2008, 9708
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I PPh3Br

I PPh3Br

1) NaHMDS, DMF
76%

2) [PdCl2(PPh3)2], (MeSn-)2
toluene

61%

1) NaHMDS, DMF
79%

2) [PdCl2(PPh3)2], (MeSn-)2
toluene

70%

N

N
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enantiopure
helicene

Asymmetric
rearrangement

Enzymatic
resolution

Cristal picking chiral HPLC

Enantioselective
synthesis Chiral auxiliary

N
O

CO2HMe
H

(-)-TAPA

M. S. Newmann, J. Am. Chem. Soc. 1956, 78, 4765 E. Gilav, J. Chem. Soc. Chem. Commun. 1976, 99

T. J. Katz, Tetrahedron Lett. 1990, 31, 3983 T. J. Katz, Tetrahedron Lett. 1990, 31, 3983
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Ph3P

PPh3

Br

Br

OHC CO2(-)Men

(-)Men

Men(-)O2C

CO2(-)Men

I2
h

CO2(-)Men

CO2(-)Men

35% yield
(M)-(-)/(P)-(+) 70:30

89%

O

D. R. Carbery, J. Org. Chem. 2009, 74, 5320

R. H. Martin, Tetrahedron Lett. 1972, 28, 2842
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K. Tanaka, J. Org. Chem. 1997, 62, 4465

OH
NH2

(S)-vanilol
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[Ru] (4 mol%)

additive, solvent

(P)(M)

N N

Ru

t-Bu t-Bu

Me

Ph

PCy3
Cl

Cli-Pr
MeO

t-Bu

S. K. Collins, Chem Eur. J. 2008, 14, 9323

Solvent Additive Conversion (%) ee (%) (conf)
DCM 1-hexene 40 48 (M)
DCM vinycyclohexane 43 53 (M)

Benzene vinycyclohexane 32 65 (M)
C6F6 vinycyclohexane 38 80 (M)



Tanaka, Org. Lett. 2010, 12, 1324

K. Tanaka, J. Am. Chem. Soc. 2012, 134, 4080
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Helicenes

Polymer Molecular machines

Liquid cristalsCatalysis

Molecular
recognition



 Autocatalyzed reaction
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K. Soai, Angew. Chem. Int. Ed. 2001, 40, 1098

K. Soai, Tetrahedron : Asymmetry. 2006, 17, 2050
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n-Pr

n-Pr

(P)-(+)-tetrathiahelicene

S

S

S

S

n-Pr

n-Pr

(M)-(-)-tetrathiahelicene



 Chiral ligand
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P

Men*

AuCl

endo-(P)

P Men*

AuCl

exo-(P)

P O

Men*

i) bis(4-nitrophenyl) phosphate
PhSiH3, Toluene, 100°C

33% 40%

ii) (SMe2)AuCl, CH2Cl2, rt

(SP-P)

Marinetti, Angew. Chem. Int. Ed. 2014, 53, 861



 Chiral ligand
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[L*AuCl] =

Exo-(P) Endo-(P)
Conv (%) 30 >95

ee (%) 41 88

Marinetti, Angew. Chem. Int. Ed. 2014, 53, 861



 Organocatalyst
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Takenaka, J. Am. Chem. Soc. 2010, 132, 4536

R mol% Temp (°C) time (h) Yield (%) er
H 10 -40 20 85 69:31
Bn 2 -40 20 72 69:31

t-Bu 2 -40 20 79 92:8
ad 2 -40 20 88 93:7
ad 0,5 -40 48 80 92:8



 Numerous ways to generate helicene

 Special properties

 Wide range of application

 Still studied after more a century
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