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Planar sheet of hexagons can be converted to a curved surface
by inclusion of pentagons

Leonhard Euler
*1707 Basel
†1783 St. Petersburg

Polyhedron Vertex Edge Face V – E + F
cube 8 12 6 2

octahedron 6 12 8 2
dodecahedron 20 30 12 2
icosahedron 12 30 20 2
Fullerene-C60 60 90 32 2

1

^ 12 x 20 x+

Euler‘s polyhedron formula for convex polyhedron:

V – E + F = 2

https://www.vismath.eu/de/blog/leonhard-euler/
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3
Corannulene

2
Coronene

 Worse orbital overlap

 Increased s-character

 Lowered LUMO energy

Cho, H. Y; Scott L.T., et Al. Beilstein J. Org. Chem. 2014, 10, 956–968.



Universität Konstanz

Bucky Bowls

Bent Pi-Systems4 21.03.2018

The generic name of the bowl-shaped conjugated
compounds corresponding to substructure of fullerenes
and the cap structure of the carbon nanotube

3
Corannulene

1

Fullerene

4
Sumanene

1

Fullerene

Choudhary, V. and Gupta A. (2011)Carbon Nanotubes – Polymer 
Nanocomposites. Rijeka, InTech.
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P-Orbital Axis Vector (POAV) and Bowl Depth (BD)
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 POAV angle is defined as θσπ – 90 °

 Indicates the extent of the pyramidalization

3 4 1

POAV:                8.4 ° 8.7 ° 11.6 °

BD:              0.89 Å                             1.15 Å

Θσπ

Andrzej, S. et Al. J. Am. Chem. Soc. 1996, 118, 339-343.
Amaya, T. et Al. Pure Appl. Chem. 2010, 82, 969-978.
Wu, Y.-T and Siegel, J.S. Chem. Rev. 2006, 106, 4843-4867.
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First Bucky Bowl Synthesis
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O

O

O

maleic anhydride
220 °C

eutectic melt of 
AlCl3/NaCl COOH

O

N2H4,
 
KOH COOH

COOMe

H2SO4,
 
MeOH

Pd/C, p-cymene
COOMeCOOMe

NBS, DBPO, CCl4

Br

COOH

1) 1,1,2,-ethanetricarboxylate,
tBuOK, tBuOH
2) aq. KOH

COOEt
COOEtHOOC

H3PO4

COOH

COOEt
COOEtO

COOH

COOEt
COOEt

O

OH
CO2Et

1) NaBH4
2) KOH nPrOH

1) NaBH4
2) Pd/C, 270 °C

5 6 7 8

9101112

13 14 15

3

H2,
 
Pd/C, AcOH 1) CH2N2

2) Na, NH3

OH
COOH

16

OH

225 °C
93 % over 3 steps

O

17

Sieglitz, A.;  Schidlo, W. Chem. Ber. 1963, 96, 1098.
Barth, W. E.; Lawton; R. G. J. Am. Chem. Soc. 1971, 93, 1730.
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Access to Corannulene (3) by Pyrolysis
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Scott, L.T., et Al., J. Am. Chem. Soc. 1991, 113, 7082.
Knölker, H.-J., et Al., Tetrahedron Lett. 1999, 40, 8075.
Liu, C.Z., et Al., Tetrahedron Lett. 1996, 37, 3437. 
Cheng, P.-C., M.S. Thesis, University of Nevada, Reno, NV, 1992.
Scott, L.T., et Al., J. Am. Chem. Soc. 1997, 119, 10963.
Scott, L.T., et Al., J. Am. Chem. Soc. 1992, 114, 1920.
Borchardt, A.; Siegel, J. S., et Al., J. Am. Chem. Soc. 1992, 114,192.
G. Mehta; G. Panda, Tetrahedron Lett. 1997, 38, 2145.

3

R1 R1

R2 R2

TMS TMS
R

18

19

20

400-1200 °C
4 - 40 %

900
 
°C

1200
 
°C

2 - 8 %

entry S. M. substitutents temp. [°C] yield [%]
1 18a R1: acetylene, R2: H 1000 10
2 18b R1: TMSA, R2: H 1000 36
3 18c R1: C(OTMS)=CH2, R2: H 1000 8
4 18d R1: CH=CHCl, R2: H 1100 35 - 40
5 18e R1: CH=CBr2, R2: H 700-1000 4 - 23
6 18f R1 = R2 : CH2Br 1000 18
7 18g Ar-CH2-SO2-CH2-Ar 400 7
8 20a R: vinyl 1200 2 - 4
9 20b R: CCl=CH2 1200 8

10 20c R: CH=CHCl 1200 8
11 20d R: C(OTMS)CH2 1200 2 - 4
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Synthesis of Fluoranthene Derivatives (25)
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Brown, R. F. C.; Harrington, K. J.; et Al., Chem. Commun. 1974, 123. 
Brown, R. F. C.; Eastwood, F.W.; et Al., J. Chem. 1977, 30, 1757. 
Brown, R. F. C.; Eastwood, F.W. et Al., J. Chem. 1978, 31, 579.
Sygula, A.; Rabideau, P. W. Tetrahedron 2001, 57, 3637.

OO

R2R2

R1R1

O

R2R2

O

R1R1

R2R2

R1R1

(R3) H H (R4)

R4R3

or

21 23

22

24
25

Cl 1) Mg, Et2O

2)

         
72 %

O

OMe

OMe
26

HBr/H2O

    
87 %

27

OH

OMeMeO

28

(COCl)2
AlBr3,

 
DCM 

     
36 %

29

OOI)3-Pentanone 8 eq.
KOH
II) NBD 8 eq., Ac2O
           

60 %

KOH

30

NBS 10 eq.
DBPO 0.05 eq.
benzene, hv
        

74 %

31

CHBr2Br2HC

Br2HC CHBr2

NaOH 10 eq.
dioxane/H2O
    

83 %

32

Br

Br

Br

Br
Zn 100 eq.
KI 15 eq.
EtOH, 6 d
    

90 %

3
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Preparation of Corannulene Derivatives by Solution methods
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Seiders, T. J.; Elliott, E. L. et Al. J. Am. Chem. Soc. 1999, 121, 7804.

330

NBS Br2HC CHBr2

Br2HC CHBr2

31

TiCl4,
 
Zn/Cu, DME

or VCl4,
 
LiAlH4

I) NaOH, dioxane, H2O
II) Zn, NaI, EtOH

32

Br

Br

Br

Br

BrR2HC

R3 R3

CHR2Br

33

R1

BrBr

R1 I) TiCl3/LiAlH4
II) DDQ

34
R3 R3

R1

R2

R1

R2
Br2HC

R3 R3

CHBr2

BrH2C CH2Br

35

R1 R2

Ni, DMF

36

R1 R2

R3 R3entry S.M. R yield [%]
1 33a R1 =  Me, R2 = R3 = H 24
2 33b R1 =  H, R2 =  Me, R3 = H 48
3 33c R1 =  H, R2 =  Me, R3 = Cl 45
4 33d R1 = R2 = Me, R3 = H 6

entry S.M. R yield [%]
1 35a R1 =  R2 = CO2Me, R3 = H 60
2 35b R1 =  R2 = CO2Me, R3 = Cl 49
3 35c R1 = Ph, R2 CO2Me, R3 = Cl 51

Sygula, A.; Rabideau, P. W. J. Am. Chem. Soc. 1999, 121, 7800.
Seiders, T. J.; Elliott, E. L. et Al. J. Am. Chem. Soc. 1999, 121, 7804.
Sygula, A.; Rabideau, P. W. J. Am. Chem. Soc. 2000, 122, 6323.

Wu, Y.-T.; Hayama, T., et Al. J. Am. Chem. Soc. 2006, 128, 6870.
Sygula, A.; Karlen, S., et Al. Org. Lett. 2002, 4, 3135.
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Monosubstituted Corannulene Derivatives
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Jones, C. S.; Elliott, E.; Siegel, J. S. Synlett. 2004, 187.

FeBr3,
 
Br2,

 
DCM

          
95 %

3 37

Br
cat. NiCl2(dppp),
AlMe3,

 
DME         

          
90 %

38

Me

cat. PdCl2(PPh3)2                 
, NEt3R

39

Rentry product R yield [%]
1 39a TMS 97
2 39b Ph 67
3 39c H quant.
4 39d corannulenyl 45
5 39e F5Ph 57
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2,3-Disubstituted Corannulenes
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T. J. Seiders, J. S. Siegel et Al., J. Am. Chem. Soc. 2001, 123, 517.

I) SO2Cl2
2) Br2,

 
FeBr3

3) CrO3

      
49 %

5 40

Br

Cl Cl

Br

O O

41

Cl Cl

4) 3-pentanone, KOH
then norbornadiene, Ac2O
5) AlMe3,

 
Pd(Ph3)4

                 
16 %

6) NBS
7) Zn-Cu, TiCl4
        

85 %

42

Cl Cl

42

Cl Cl

cat. NiCl2(dppp),
PhMgBr
        

40 %

43

Ph Ph

cat. NiCl2(dppp),
AlMe3

        
90 %

44

NBS, hv
    

90 %

45

Br Br

NaOR, ROH       
25 %

46

RO OR

R = (CH2CH2O)2CH3



Universität Konstanz

Stable Neutral Corannulene Radical
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Morita, Y.; Nishida, S. Et Al. Org. Lett. 2004, 6, 1397.

3

I) cat. FeBr3,
 
Br2

II) a) nBuLi    
b) DMF

         
21 %

47

CHO cat. pTsOH
         

79 %

N N

O

NH2 NH2

48

HN

H
N N

N
O

49

N

N N

N
O

PbO2

  
98 %

air stable red powder
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Highly Substituted Corannulenes
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Huang, R.; Huang, W.; Wang, Y.; Tang, Z.; Zheng, L. J. Am. Chem.Soc. 1997, 119, 5954.
Scott, L. T. Pure Appl. Chem. 1996, 68, 291.

Grube, G. H.; Elliott, et Al. Org. Lett. 2003, 5, 713.
Mizyed, S.; Georghiou, P. E. et Al. J. Am. Chem. Soc. 2001, 123, 12770.
Eberhard, M. R.; Wang, Z.; Jensen, C. M. Chem. Commun. 2002, 818

3

SO2Cl2,
AlCl3,

 
S2Cl2

      
60 %

5150

ICl, DCM
    

50 %
Cl

Cl

Cl

Cl

Cl

Cl Cl

Cl

Cl

Cl

ClCl

Cl

Cl

Cl

50

Cl

Cl

Cl

Cl

Cl

cat. NiCl2(dppp)
Al(Alkyl)3,

 
DME

31 - 51 %

NaXR
31 - 51 %

X = O, S
R = Alkyl, Aryl

cat. NiCl2(dppp)
ArZnCl, THF

7 - 49 %

TMS
ZnCl2,

 56
Cs2CO3,

 
4 d       

53 %

O O
PP

iPr

iPriPr
iPr

Pd
56

52

Alk

Alk

Alk

Alk

Alk 53

XR

XR

RX

RX

RX

55

TMS

TMS

TMS

TMS

TMS

54

Ar

Ar

Ar

Ar

Ar
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Corannulene Cyclophanes and Complexed Corannulenes
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60

BrBr
HS SH

tBuOK, THF
      

40 %

61

SS

57

BrBr
S S

HS SH

Cs2CO3,
 
THF         

75 %

Se

Se

58

I) KSeCN, EtOH
II) NaBH4

59

3

[Cp*ML3]X [(COE)2ML2]PF6

62a (M = Ru, L = MeCN, X = OTf)
62b (M = Ir, L = acetone, X = BF4)

M

2 +

2 X
-

63a (M = Rh)
63b (M = Ir)

M

+

COE
COE

PF6
-

COE =Cyclooctene

Seiders, T. J.; Baldridge, K. K.; Siegel, J. S. J. Am. Chem. Soc. 1996, 118, 2754.
Seiders, T. J.; Baldridge, K. K.; Siegel, J. S. Tetrahedron 2001, 57, 3737.

Seiders, T. J.; Siegel, J. S. et Al. J. Am. Chem. Soc. 1997, 119, 4781.
Alvarez, C. M.; Rabideau, P. W. Et Al. Organometallics 2003, 22, 624.
Siegel, J. S.; Baldridge, K. K. et Al. J. Am. Chem. Soc. 2006, 128, 10644.
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Synthesis of Sumanene (4)
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64

2 eq. tBuOK
2 eq. nBuLi
1 eq. Br(CH2)2Br
1 eq. SnBu3Cl

THF, -40 °C
CuTC

+

65 anti 65 syn

Ru
Ph

PCy3

PCy3
Cl
Cl

ethylene gas,
toluene, 0 °C to rt

H

H

H

H

H

H

5.9 eq. DDQ
toluene reflux, 3h

66

4

4 67

3 eq. tBuLi
THF-d8

benzylic positions

3xLi

excess Me3SiCl

Me3Si

SiMe3

Me3Si
68

Sakurai, H; Daiko, T. et Al. J. Am. Chem. Soc. 2005, 127, 11580-11581.
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Synthesis of Indacenopicene
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OH

OH

Tf2O, Et3N, DCM
-78 °C to rt
        

72 %

OTf

OTf

Butyl3vinylSn, Pd(Ph3)4
 
5 %,

LiCl, 1,4-dioxane, reflux 4 h
               

95 %

69 70 71

Pd(dppf)Cl2
 
(5 %), 

Et3N, DMF, 100 °C 20 h

R
I

Cl
R = CH3   = OMe

Cl Cl

R R
Pd(PCy3)2Cl2,

 
DBU,

DMAc, 140 °C 20 h

R R

ClCl

RR
I2,

 
hv, toluene/hexane,

propylene oxide

72a (R= CH3) 43 %
72b (R= OMe) 46 %

73a (R= CH3) 
 
47 %

73b (R= OMe) 42 %
74a (R= CH3) 

 
91%

74b (R= OMe) 70 %

Wang, L.; Shevlin, P. B., Org. Lett., 2000, 2, 23.

POAV pyramidalization of 74a:

Bay

Cove

Fjord
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Synthesis of Indacenopicene
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F

F

O

Me Me

F

F

Me

F

F

F

F
Br

F

F

F

7981

75 76 77 78

tBuOK, EtOH
reflux, o.n. 76 %

Toluene/Cyclohexane
I2,

 
Propyleneoxide, hv

50-96 h, 85 %

NBS, DBPO,
CCl4,

 
reflux, 3h         
82 %

PPh3Br

I) PPh3,
 
toluene

reflux, o.n.
II) tBuOK, benzaldehyde,
EtOH, reflux, o.n.

Toluene/Cyclohexane
I2,

 
Propyleneoxide, hv

50-72 h

Al2O3,
 ∆

80

F

F

Al O Al O

F
H

F

Al O Al O

H F

F

Al O Al O
H F

Amsharov, K. Y.; Kabdulov, M. A., et Al. Angew. Chem., 2012, 124, 4672

Cove Region Closure
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Rational Fullerene Synthesis
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L. T. Scott, M. M. Boorum, et Al., Science., 2002, 295, 1500

Cl

Br Mg, Et2O
then acetaldehyde

97 %

82

Cl

83

OH

Me

PBr3,
 
benzene

86 % Cl

84

Br

Me
I) PPh3,

 
toluene

II) LiOEt, 2-naphthaldehyde

                  
86 %

Cl

85

Me

 
hv, I2,

 

propylene oxide
         

92 %

Cl

Me

86

Cl

87

I) NBS, DBPO, CCl4
II) KCN, Bu4NHSO4
water/dichloromethane

                  
93 %

NC

Cl

88

I) KOH, ethylene glycol
II) SOCl2
III) AlCl3,

 
dichloromethane

                  
51 %

TiCl4,
 
o-DCB

       
85 %

O

Cl

Cl

Cl

1

Flash Vacuum Pyrolysis
1100 °C, 0.01 mm

89
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Covalent Functionalization of C60-Fullerene
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Bingel-Hirsch Reaction

1 90

EtO2C
CO2Et

DBU,
toluene

                    
45 %

OEt

O

EtO

O

Br

EtO OEt

OO

Br
CO2Et

EtO2C Br

Prato Reaction

94

Me
H
N CO2H +

91

O

H H

92

∆

- CO2
- H2O

N
Me

H2C

C60

93

N
Me

Bingel, C. Chem. Ber. 1993, 126, 1957–1959.
Camps, X.; Hirsch, A. J. Chem. Soc., Perkin Trans. 1 1997, 1595–1596.

Maggini, M.; Scorrano, G.; Prato, M. J. Am. Chem. Soc. 1993, 115, 9798–9799.
Prato, M.; Maggini, M. Acc. Chem. Res. 1998, 31, 519–526.
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Applications: Self-Assembled Monolayers
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1

toluene, reflux

R H

O
+ H

N
Linker

HOOC
SH

H
N

R
HOOC +

H

O

Linker SH

95

96

N

R

Linker SH

N R

Linker
SH

97 98

N Me
O

SH

N

SH

Au (111) surface

N

HS

Au (111) surface Au (111) surface

N
SH

N

SH

Gimenez-Lopez, M.C.; Räisänen M.T. Langmuir 2011, 27, 10977–10985
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Applications: Molecular Wires

Bent Pi-Systems21 21.03.2018

99

N N

100

N

N
C10H21C10H21

DMF, NaH,
decylbromide
      

75%

101 102

C10H21
C10H21

HNO3,
  
H2SO4

        
50%

103

C10H21
C10H21

NO2

O2N
EtOAc, Pd/C, H2
(4 bar)        
          

89 %

104

C10H21
C10H21

NH2

H2N

DMF, K2CO3
chloroacetyl chloride             

96 %

105

C10H21
C10H21

NH

H
N O

Cl
O

ClI)BH3-SMe2,
 
THF

II) DMF NaH
 
75 % (over 2 steps)

106

C10H21
C10H21

N

N
1,2-oDCB
C60,

 
reflux

     
5 %

100

N

N

C10H21

C10H21

Sørensen, J. K.; Fock, J., et Al.J. Org. Chem. 2011, 76, 245–263
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Attention!
Thank you for your
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