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Unusual Architectures
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CO2H

NH2

NH3
+Cl–

HO2C

tBu
P

tBu

Co

NH

COOEt

Ph
Ph

X

Y X, Y = CO2Et

R2O2C R1

ER

R

E

H

O

R

(   )

O
HO

R
N

n

X

R

O

Ar

ER

N=CPh2

Review: 

Topics Curr. Chem.
2000, 207, 89–147. 

Bicyclopropylidene: A Highly Compact Multifunctional Building Block

Bcpdia-41



Improved Synthesis of 7,7'-Bi(trispiro[2.0.2.1]heptylidene)

Cf. T. Loosli, M. Borer, I. Kulakowska, A. Minger, M. Neuenschwander, P. Engel, Helv.
Chim. Acta 1995, 78, 1144; M. Borer, T. Loosli, A. Minger, M. Neuenschwander, P. Engel, 
ibid. 1995, 78, 1311.

Br

Brr. t., 6 h
TEBACl
CHBr3, KOH

74%

–100 – –90 °C, 2 h
CuCl2 (0.1 equiv.)
nBuLi, THF (0.5 M)

80%

R

R

R

Br

Br –95 °C, 1 h
CuCl2 (0.1 equiv.)
nBuLi, THF (0.3 M)

then → r. t., 1 h

four diastereomers

R = Ph
R = OPh
R = CH2Ph (87%)

(56%)
(50%)

M. von Seebach, S. I. Kozhushkov, R. Boese, J. Benet-Bucholz, D. S. Yufit, J. A. K. Howard, 
A. de Meijere, Angew. Chem. Int. Ed. 2000, 39, 2495–2498.

Bcpdia-31



BCPDia-09

Perspirocyclopropanated [3]Rotane – A [10]Triangulane

COOEt

5

+

6 (32%) 7 (9%)

6

X

12

4 (14%) 13 (27%)

+

1

2
3

4
5 6

7

8

9

1011

12
13

15 14

16
17

18
1920

21

(a)

(f)

(b)

H2O, 100 °C, 6 h. c) SOCl2, 80 °C, 2 h. d) 1) NaN3, Me2CO, 2 h; 2) C6H6,
80 °C, 2 h; 3) NH3. e) N2O4, Et2O, 0 °C, 2 h. f) 10 NaOMe, 0 °C, 10 h.

a) 2 N2CHCOOEt, CH2Cl2, [Rh(OAc)2]2 (1 mol %), 0 °C, 12 h. b) 1.2 NaOH,

8  X = COOH (80%)
9  X = COCl (99%)

10  X = NHCONH2 (63%)
11  X = N(NO)CONH2 (62%)

(c)
(d)
(e)

11

COOEt

S. I. Kozhushkov, T. Haumann, R. Boese, A. de Meijere, Angew. Chem. Int. Ed. Engl. 1993, 32, 401–403.



Crystal Structure of 
Perspirocyclopropane[3]rotane

S. I. Kozhushkov, T. Haumann, R. Boese, A. de Meijere, Angew. Chem. Int. Ed. Engl. 1993, 32, 401.
R. Boese, T. Miebach, A. de Meijere, J. Am. Chem. Soc. 1991, 113, 1743.

Rotdia-001

---1.529(1)e
---1.481(1)d

1.525(2)1.476(2)c
1.477(1)1.479(1)b
1.475(2)1.484(1)a

2 [Å]1 [Å]Bond

1

2

b

c
a

a

b

c

e
d



Bcpdia-32

Reaching for a New Record: A Third-Generation Bicyclopropylidene
and a Branched [15]Triangulane

Br

Br

Y
X

0 → 30 °C, 5 h

TEBACl, CH2Cl2
CHBr3, KOH

CuCl2 (0.1 equiv.)
nBuLi, THF (0.5 M)

–100 to –90 °C, 2 h
than → r. t., 1 h

22%93%

A or B

A: 50% aq. NaOH, CHCl3, TEBACl, r. t., 3 d X = Y = Cl 99%
94%X = Br, Y = FB: 50% aq. NaOH, CHBr2F, CH2Cl2, TEBACl,

    r. t., 3 d

X, Y = Cl
nBuLi
etc.

no reaction

Li, THF

15–20 °C,
 3 d

41%

tBuOH

M. von Seebach, S. I. Kozhushkov, R. Boese, J. Benet-Bucholz, D. S. Yufit, J. A. K. Howard, A. de Meijere,
Angew. Chem. Int. Ed. 2000, 39, 2495–2498.



Third-Generation Bicyclopropylidene !

M. von Seebach, S. I. Kozhushkov, R. Boese, J. Benet-Bucholz, D. S. Yufit, J. A. K. Howard, A. de Meijere,
Angew. Chem. Int. Ed. 2000, 39, 2495–2498.

Bcpdia-34



An Overcyclopropanated Dichlorotrispiro[2.0.2.1]heptane !

M. von Seebach, S. I. Kozhushkov, R. Boese, J. Benet-Bucholz, D. S. Yufit, J. A. K. Howard, A. de Meijere,
Angew. Chem. Int. Ed. 2000, 39, 2495–2498.

Bcpdia-33



Krdia-264

Branched [15]Triangulane

M. von Seebach, S. I. Kozhushkov, R. Boese, J. Benet-Bucholz, D. S. Yufit, 
J. A. K. Howard, A. de Meijere, Angew. Chem. Int. Ed. 2000, 39, 2495–2498.



Krdia-258

At Last: A Cume Question

nBuLi, THF
F
Br

–10 → 5 °C Bu

Bu

•+

55% 21%

A. de Meijere, M. von Seebach, S. Zöllner, S. I. Kozhushkov, V. N. Belov, R. Boese, T. Haumann, J. Benet-Buchholz, 
D. S. Yufit, J. A. K. Howard, Chem. Eur. J. 2001, 7, 4021–4034.



And the Most Probable Answer

Krdia-259

F
Br

Bu

Bu

•
BuLi

•

•
•

1) BuLi

2) BuBr

A. de Meijere, M. von Seebach, S. Zöllner, S. I. Kozhushkov, V. N. Belov, R. Boese, T. Haumann, J. Benet-Buchholz, 
D. S. Yufit, J. A. K. Howard, Chem. Eur. J. 2001, 7, 4021–4034.



Supermolecular in the Crystal

M. von Seebach, S. Kozhushkov, D. S. Yufit, A. de Meijere 1999–2000

Krdia-258a



Angew. Chem. Int. Ed. 2007, 46, 6545–6548

1,1’-Linked Cyclopropane Derivates: The Helical Conformation of 
Quinquecyclopropanol

UNC03

Takuya Kurahashi, Sergei I. Kozhushkov, Heiko Schill, Kathrin Meindl, Stephan Rühl and Armin 
de Meijere*

Dedicated to Professor Kenneth B. Wiberg on the occasion of his 80th birthday

n-3
R2R1

n-2
R2R1

n-2
1 2 3 4



Krdia-458

Preferred interunit dihedral angle of +40° from NMR coupling constants, 
NOE intensities as evaluated by DFT calculations

Helical Conformation of Tercyclopropanedimethanol in Solution

HO

OH

D2

D2

D2

A. G. M. Barrett, R. A. James, G. E. Morton, P. A. Procopiou, A. de Meijere, C. Griesinger, 
U. M. Reinscheid, J. Org. Chem. 2006, 71, 2756–2759.



Krdia-498aa

T. Kurahashi, S. I. Kozhushkov, A. de Meijere et al., Angew. Chem.Int. Ed. 2007, 46, 6545. 

Synthesis of 1,1'-Linked Quinquecyclopropanol

13, Py, DMAP
40 °C, 30 h 67%

O

O
B

Br

Br

nBuLi, THF
–110→25 °C

dito (4×)
then

H2O2, NaOH
25 °C, 6 h

OH OH
OH

a R = H

+ +

R

b R = cyclopropyl
from a  22%
from b   6%

28%
14%

32%
22%

H H H

13

Cl
NO2

NO2

O



Krdia-507

Structures of Sexicyclopropane (in the Gas Phase) and 
a Quinquecyclopropane Derivative (in the Crystal)



CO2Me
OH Br

2 EtMgBr
Ti(OiPr)4

Ph3P Br2

Pyr., CH2Cl2

KOtBu
DMSO

98% (crude) 78% 81%

Li

El

ElX

Me3SiCl
(PhS)2
C2Cl6
(CH2Br)2 65

73
77
85

n-BuLi, THF
SiMe3
SPh
Cl
Br

n-C7H15I

1) CO2 2) H+

Me2CO 82

95

74

ElX %X

nHept

CO2H

Me2CHOH

Versatile New Synthesis of Bicyclopropylidene and its Derivatives

A. de Meijere, S. I. Kozhushkov, T. Späth, N. S. Zefirov J. Org. Chem. 1993, 58, 502–505.
A. de Meijere, S. I. Kozhushkov, N. S. Zefirov, Synthesis 1993, 681–683.
A. de Meijere, S. I. Kozhushkov, T. Späth, Org. Synth. 2000, 78, 142–151.

O. G. Kulinkovich et al., Synthesis 1991, 234.

Bcpdia-14

R CO2Me
2 EtMgBr
Ti(OiPr)4 HO

R



Enantiomerically Pure (M)-[4]Triangulane

Krdia-254

a

97%

b
+

(28%)(41%) c 85%

d

79%

e

87%

(M)-(–)-[4]Triangulane

R R

R

f

51%

S Br R
S OH

R
S CO2Et

CO2Et

R
CO2EtR

CO2H

a: BF3 Et2O, EtOH, 78 °C, 2 h. – b: CH2I2, Zn, DME, ultrasound, 80 °C, 2 h. – c: LiAlH4, Et2O. – d: Ph3P Br2, Py, 
CH2Cl2, –10 °C, 1.5 h, then 20 °C, 7 h. – e: tBuOK, DMSO, 20 °C, 14 h. – f: CH2N2, Pd(OAc)2, Et2O, –5 °C.

S

λ [nm]

[α]D20

Computed –241.0
–192.7

589 578

–201.3
–250.2 –283.8

–229.7

546 436

–400.2
–466.0 –703.7

–648.2

365

A Comparison of the Measured and DFT/SCI-Computed 
Specific Rotations of (M)-(–)-[4]Triangulane

A. de Meijere, A. F. Khlebnikov, R. R. Kostikov, S. I. Kozhushkov, P. R. Schreiner, A. Wittkopp, D. S. Yufit,
Angew. Chem. 1999, 111, 3682–3685; Angew. Chem. Int. Ed. 1999, 38, 3474–3477.
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The Helicity of (M)-[4]-, (M)-[5]- and (M)-[6]Triangulane

Triang-dia



a

b

(M)-

(P)-

meso-

(P)-

(M)-

d,l -

(P)-

(M)- d,l -

n

N1

N2 1

0 0

1 0

1 1

1 0

3 4

2 0

10 16

4 0

36

1098765432

Number of Enantiomeric Pairs (N1) and Achiral 
Stereoisomers (N2) of [n]Triangulanes[1]

[1] N. S. Zefirov et al. J. Am. Chem. Soc. 1990, 112, 7702.
Krdia-266



Br
Br

OH

OH

Br
Br

OH
(S) (R)

(R)
(R)

(R)

(S)

(S)

(S)

+

1) DHP, PPTS
2)  CBr2 (PTC)

3) MeOH, PPTS 1) DHP, PPTS
2) BuLi, CuCl2

3) MeOH, PPTS

HO

OH
(S)

(S)

(S)

(S)
(R)

(R)

[α]D25 –198.8°, ee >95

25% over 3 steps
[α]D20 +41.4°, X-ray

27% (after separ.)
[α]D20 –165.4°

23% over 3 steps
[α]D20 –424.0°, X-ray

CH2N2, (~150 equiv.)
CuCl, Et2O, 20 °C

67% (0.4 mmol)
m. p. 91–93 °C
[α]D20 –558.8 (c = 0.96, CHCl3)

(M)-(–)-[9]triangulane
m. p. 71–73 °C
[α]D20 –830.4 (c = 0.75, CHCl3)

major
isomer

51%

Convergent Synthesis of (M)-[9]Triangulane

Krdia-341c

A. de Meijere, A. F. Khlebnikov, S. I. Kozhushkov, K. Miyazawa, D. Frank, P. R. Schreiner, C. Rinderspacher, D. S. Yufit, 
J. A. K. Howard, Angew. Chem. Int. Ed. 2004, 43, 6553–6557. 



A Horseshoe-Shaped and the Straight Helical [15]Triangulane
in Enantiomerically Pure Form

Krdia-469a

1 : 1.3

+

(4S,5S,6S,7S,8S,9R,10R,11S,12S,13
S,14S,15S)-39

(4S,5S,6S,7S,8S,9S,10S,11S,12S,13
S,14S,15S)-39

overall length ~2 nm

S
S

S
S

S

S
S

S
S

S (E)(3S,3'S,4S,4'S,5S,5'S,6S,6'S,7S,7'S)-38

CH2N2 (large excess), Et2O
CuCl, Cu(OTf)2, 20 °C, 3 h

81%

[α] –1446 (c = 0.525, CHCl3)25
D

[α] –1302.5 (c = 0.362, CHCl3)25
D[α] –721.8 (c = 0.257, CHCl3)25

D

A. de Meijere, A. F. Khlebnikov, S. I. Kozhushkov, et al., Chem. Eur. J. 2006, in press.



A. Khlebnikov, S. I. Kozhushkov, D. S. Yufit, K. Miyazawa, D. Frank, A. de Meijere 2005

Normalized Rotations of [n]Triangulanes (σ-[n]Helicenes)

Krdia-400a

n–3

4 5 6 7 8 9 10 11 12 13 14 15
0

100

200

300

400

500

600

([α]20/M) × 100D

([α]20/M) × 100D

[α]20/n – 3D

[α]20/n – 3D

experimental values

computed values

n



5.6 Å

11.3 Å

Krdia-469b

A Helical Horseshoe and a Helical Stick

A. de Meijere, A. F. Khlebnikov, S. I. Kozhushkov, D. S. Yufit, J. A. K. Howard, T. Kurahashi, K. Miyazawa, D. Frank, 
P. R. Schreiner, C. Rinderspacher, Chem. Eur. J. 2006, in press.

Length: 21.1 Å (2.11 nm)
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... and a Remarkable Case of Self-Organization

Krdia-396bb

A. de Meijere, A. F. Khlebnikov, S. I. Kozhushkov, K. Miyazawa, D. Frank, P. R. Schreiner, C. Rinderspacher, D. S. Yufit, 
J. A. K. Howard, Angew. Chem. 2004, 116, 6715–6719; Angew. Chem. Int. Ed. 2004, 43, 6553–6557. 

HO

(S) (S)

(R)

OH

(S)
(S)

(S)
(R)

(S)



Liquid Cystalline Properties of (1R,9R)-(M)-(–)-
[7]Triangulane-1,9-dimethanol and Derivatives?

S. I. Kozhushkov, K. Miyazawa, A. de Meijere 2004
Krdia-400

m. p. 129–131 °C, [α]D = –660.0 (c = 1.04, CHCl3)
HTP = ~13μm–1

(in base nematic mixture ZLI-11322, Merck)

20 HTP = 17.7 μm–1

HTP = 6.6 μm–1

HTP = helical twisting power

Krdia-400

NaH (10 equiv.)
nPrI (20 equiv.)

68%
HO OH

R S
S S S S

S R DMF, 0→20 °C, 24 h nH7C3O OnC3H7

R S
S S S S

S R

oil

NC common in the
display industry

(S)-4-cyano-4'-(2-methylbutyl)-1,1'-biphenyl



Krdia-484

syn-Octacyclopropyltricyclo[4.2.0.02,5]octa-3,7-diene for Fun

S. Redlich, D. Frank, A. de Meijere 2006, to be published.

1) Cp2ZrCl2 (0.5 equiv.),
    n-BuLi (1.0 equiv.),
    THF, –78 °C → r.t., 1 h

Zr
Cp2

Zr
Cp2

I
I

CuI

X

38%

2) I2 (1.0 equiv.),
    –78 °C → r.t, 1 h
3) CuCl (1.0 equiv.),
    r.t., 1 h



pentane, 20 °C
hν

48%

Strain energy:
390 kcal/mol

Krdia-483

Real Fun and Energy – Octacyclopropylcubane

Dedicated to Professor Philip E. Eaton on the occasion of his 70th birthday

For reviews on cubane and its derivatives see:
1) P. E. Eaton, Angew. Chem. 1992, 104, 1447–1462.
2) G. W. Griffin, A. P. Marchand, Chem. Rev. 1989, 89, 997–1010.

Dec. >250 °C
Stable towards AgBF4, [Rh(COD)Cl]2
E1/2 (SCE) = 2.15 V (irrev.)
For comparison cubane E1/2 (SCE) = 1.73 V

A. de Meijere, S. Redlich, D. Frank, J. Magull, A. Hofmeister, H. Menzel, B. König, J. Svoboda,
Angew. Chem. Int. Ed. 2007, 46, in press.



hν, pentane
–50 or 25 °C

+3 or 6 h

–50 °C, 6 h
+25 °C

(28%)
(48%) (0%)

(48%)

>250 °C

~quant. ~quant.

>250 °C

Krdia496aa
A. de Meijere, S. Redlich, D. Frank, et al. Angew. Chem. Int. Ed. 2007, 46, 4574–4576.

Temperature Dependence of the Photochemical Transformation of Octa-
propyl-syn-tricyclooctadiene



Krdia-011

Expected Increased Homoconjugation in Completely Spirocyclopropanated
Macrocyclic Oligodiacetylenes

[1] L. T. Scott, M. J. Cooney, D. Johnels, J. Am. Chem. Soc. 1990, 112, 4054.

IE(π) from
PE Spectra

Δ IE(π) = 0.6 eV

Δ IE(π) = 1.4 eV

[1]



Krdia-012

En Route to Perspirocyclopropanated Macrocyclic Oligodiacetylenes

I: 1) n-BuLi, Et2O, 20 °C, 14 h; 2) DMF, 0 °C. – II: Zn, Ph3P, CBr4, CH2Cl2, 20 °C, 30 h. – III: t-BuOK, THF, 
–78 °C, 5 h. – IV: 3 equiv. KF • 2H2O, DMF, 20 °C, 3h. – V: 1) 2 equiv. n-BuLi, Et2O, 0 °C, 0.5 h; 2) 2 equiv.
CuCl, THF, 0 °C, 2 h; 3) 2 equiv. 3, pyridine, 20 °C, 4 h.

A. de Meijere, S. I. Kozhushkov, C. Puls, T. Haumann, R. Boese, M. J. Cooney, L. T. Scott,
Angew. Chem. Int. Ed. Engl. 1994, 33, 869–871.

V

54%
Me3Si SiMe3

TMS

I, II

70%

TMS

Br

Br

III

95%

SiMe3

Br

IV

IV

74%

H

Br
1 2 3 4

H H
84%

5 6



!krdia-007

Completely Spirocyclopropanated Macrocyclic Oligodiacetylenes
"Expanded [n]Rotanes"

A. de Meijere, S. I. Kozhushkov, T. Haumann, R. Boese, C. Puls, M. J. Cooney, L. T. Scott, 
Chem. Eur. J. 1995, 1, 124–131.

n--5

HH

n--2

Pyr., 20 °C, 7 d
CuCl, Cu(OAc)2

Acyclic Precursor  [n] Exploding [n]Rotane [n]

[5] : 35%
[6] : 39%
[6] : 28%
[8] : 46%
[5] : 70% [10] : 0.2%

[12] : 1%
[7] : 44%
[9] : 8%
[6] : 20% [7] : 13%

[8] : 14% [9] : trace

[9] : trace[8] : 3%[2] + [3]
[3]
[3] + [4]
[4]
[5]



R
H Pyr., 20 °C, 3 d

CuCl, Cu(OAc)2

R = H

R = SiMe3

1) EtMgBr, THF, 20 °C

2) ClSiMe3

35%

55%

Krdia-033

The Exploding [8]Rotane

A. de Meijere, S. I. Kozhushkov, T. Haumann, R. Boese, C. Puls, M. J. Cooney, L. T. Scott, 
Chem. Eur. J. 1995, 1, 124–131.
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Krdia-038

Crystal Packing of Exp[8]rotane

A. de Meijere, S. I. Kozhushkov, T. Haumann, R. Boese, C. Puls, M. J. Cooney, L. T. Scott, Chem. Eur. J. 1995, 1, 124–131.



Krdia-039a

Crystal Packing of Exp[5]rotane

A. de Meijere, S. I. Kozhushkov, T. Haumann, R. Boese, C. Puls, M. J. Cooney, L. T. Scott, Chem. Eur. J. 1995, 1, 124–131.



Krdia-022

Cyclopropyl-Spaced Cyclic Oligothiophenes

S. I. Kozhushkov, T. Haumann, R. Boese, B. Knieriem, S. Scheib, P. Bäuerle, A. de Meijere,
Angew. Chem. Int. Ed. Engl. 1995, 34, 781–783.

DMSO

n--4

S

SS

S
S

n--4

Na2S • 9 H2O, KOH

55 °C, 1 h

n = 5

n = 6

n = 7 58%

59%

22%



Krdia-034

A Crown of Thiophenes ?

S. I. Kozhushkov, T. Haumann, R. Boese, B. Knieriem, S. Scheib, P. Bäuerle, A. de Meijere, Angew. Chem. 1995, 107, 859–862;
Angew. Chem. Int. Ed. Engl. 1995, 34, 781–783.

S

S S

S

S

S

MM 2 calculation X-Ray structure Analysis
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Hexaspiro[2.4.2.4.2.4.2.4.2.4.2.4]dotetraconta-4,6,11,13,18,20,25,27,32,34,39,41-dodecayne –

– The Exploding [6]Rotane (Exp[6]rotane)

Krdia-045

A. de Meijere, S. Kozhushkov, C. Puls, T. Haumann, R. Boese, M. J. Cooney, L. T. Scott,
Angew. Chem. Int. Ed. Engl. 1993, 33, 869–871.
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!Krdia-335
A. de Meijere, Kozhushkov, Chem. Eur. J. 2002, 8, 3195–3202.

Potential Approaches to Cyclo-C30 and Cyclo-C60 Carbon Clusters

n--4?

•
•

•
••••

•
•

•
•
•

•
• • • •

•
•
•

30 R = Me, n = 6
32 R = H, n = 12

m

36 cyclo-C30 (m = 2)
37 cyclo-C60 (m = 5)

–6•Me2C=CMe2

or
–12•C2H4

R
R

R

R R n–4
R

R R
R

R

R

R
R

R

R

R
R

R

R
R

34 n = 6
35 n = 12
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