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Hierarchy of diamondoids

• lower diamondoids • natural macroscopic
diamondoid

< 1 nm millimeters

• higher diamondoids

1-2 nm

unknown properties

P. R. Schreiner, N. Fokina, B. Tkachenko, H. Hausmann, M. Serafin, J. Dahl, S. Liu, R. Carlson, A. Fokin, J. Org. Chem. 2006, 71, 6709-6720.2



P

cataCXium®

N N

Cl Cl

Fe

ClL

Betley´s iron complex

O O

Rh
Rh

OO

O
O

O
O

N

N

N

O

O N

O

O

O

O

O

O

Davie´s [Rh2(S-PTAD)4]

Adruengo´s NHC

N N

BF4

Institut für 

Organische 

Chemie

The adamantane scaffold in catalysis
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„Polishing“ of diamondoids

2) diamondoids as catalyst 3) chiral diamondoids

as catalysts
1) isolation from crude oil

H. Schwertfeger, M. Machuy, C. Würtele, J. Dahl, R. Carlson, P. R. Schreiner, Adv. Synth. Catal. 2010, 352, 609-615.
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Unselective functionalization of diamondoids

• large number of different C-H bonds: selective functionalization is rather difficult

A. Fokin, B. Tkachenko, P. Gunchenko, D. Gusev, P. R. Schreiner, Chem. Eur. J. 2005, 11, 7091-7101.
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Unselective functionalization of diamondoids

• „classical diamondoid chemistry“: unselective reactions in electrophilic media (Br2, HNO3, H2SO4…)

A. Fokin, B. Tkachenko, P. Gunchenko, D. Gusev, P. R. Schreiner, Chem. Eur. J. 2005, 11, 7091-7101.
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C-H bond activations: „umpolung“ of diamondoid reactivity

C-H activationsclassical approach
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C-H bond activation: an alternative approach of functionailization

traditional side for modification

C-H bond functionalization
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Selectivity trends in C-H bond activations

inductive effects conjugation and hyperconjugation sterics

H

RuO4

• unselective for diamondoids:

How can we achieve
selective C-H activations?

T. Newhouse, P. Baran, Angew. Chem. Int. Ed. 2011, 50, 3362-3374.
A. Fokin, B. Tkachenko, P. Gunchenko, D. Gusev, P. R. Schreiner, Chem. Eur. J. 2005, 11, 7091-7101.
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Concept of directing group in C-H bond activation

• pioneered by Breslow in 1973 • selective functionalization of steroids

R. Breslow, S. Baldwin, T. Flechtner, P. Kalicky, S. Liu, W. Washburn, J. Am. Chem. Soc. 1973, 95, 3252-3261.
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Milestones of modern nitrene chemistry

C-H amination

• 1970s Abramovitch and Yamada discovered new class of reagent: 

S
N

O

O

I

• 1980s Breslow, Müller and Mansuy: transition metals as catalyst (Mn, Fe, Rh)

• 2000/2001 Che/Du Bois breakthrough: in situ generation of iminoiodinanes

R. Abramovitch, T. Bailey, T. Takaya, V. Uma, J. Org. Chem. 1974, 39, 340-345.; Y. Yamada, T. Yamamoto, M. Okawara,
Chem. Lett. 1975, 361-362.; R. Breslow, S. Gellman, J. Am. Chem. Soc. 1983, 105, 6728-6729.; D. Mansuy, J. Mahy, A. Dureault, 
G. Bedi, P. Battioni, J. Chem. Soc., Chem. Commun. 1984, 1161-1163.; P. Müller,  Adv. Catal. Processes 1997, 2, 113-151.; X. Yu,
Y. Huang, X. Zhou, C. Che, Org. Lett. 2000, 2233-2236.; C. Espino, J. Du Bois, Angew. Chem., Int. Ed. 2001, 40, 598-600.
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Proposed mechanism for dirhodium-catalyzed C-H amination

K. Fiori, C. Espino, B. Brodsky, J. Du Bois, Tetrahedron 2009, 65, 3042-3051.
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Oxidative conversion of carbamates to oxazilidinones

• conformational constraint substrates

C. Espino, J. Du Bois, Angew. Chem., Int. Ed. 2001, 40, 598-600.
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Optimization studies

solvent screening: catalyst loading:
J. Rhode et al. 2006:

a) product ratios determined by 1H-NMR spectroscopy.

Entry [Rh2(OAc)4] (mol %) (e:p)a)

1 no catalyst -

2 1.0 48:52

3 2.5 24:76

4 4.0 19:81

5 5.0 1:99

6 7.5 1:99

1 CH2Cl2 50 1:99

2 EtOAc 90 8:92

3 Benzene 130 1:99

4 Toluene 130 44:56

5 Chlorbenzene 130 1:99

Entry Solvent Temperature (°C) (e:p)a), b)

a) product ratios determined by 1H-NMR spectroscopy,

b) using 10 mol % [Rh2(OAc)4].

J. Rohde et al., J. Med. Chem. 2007, 50, 149-164.
Shigeta et al., 0286390 A1, 2010.13
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Nitrene insertion on diamondoids: a robust and scalable method
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Nitrene insertion on diamondoids
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Multifunctional adamantane derivatives

• „dual model imaging“: provide complementary information for better diagnosis 

M. Grillaud, A. Bianco, J. Pept. Sci. 2015, 21, 330-345.
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a) using 25 mol % [Rh2(OAc)4]. b) conversion determined by 1H-NMR.

Nitrene insertion on diamondoids: secondary carbamates
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Optimization studies

Entry Solvent Catalyst Loading (mol %) Temperature (°C) (e:p)

1 CH2Cl2 [Rh2(OAc)4] 2.5 50 80:20

2 CH2Cl2 [Rh2(OAc)4] 5.0 50 77:23

3 CH2Cl2 [Rh2(OAc)4] 10.0 50 71:29

4 Benzene [Rh2(OAc)4] 10.0 100 62:38

5 Chlorbenzene [Rh2(OAc)4] 10.0 100 65:35

6 Benzene [Rh2(OAc)4] 10.0 130 51:49

7 Benzene [Rh2(OAda)4] 10.0 130 89:21

8 CH2Cl2 [Rh2(esp)2] 10.0 50 45:55

9 Benzene [Rh2(esp)2] 5.0 50 24:76

10 Benzene [Rh2(esp)2] / Zn 5.0 50 24:58

11 Benzene [Rh2(esp)2] 7.5 130 9:91

12 Benzene [Rh2(esp)2] 10.0 130 1:99
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Secondary carbamates: undesired side reaction

Ag
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Ph
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[Ag2(BPhen)2]:

L. Zigang, D. Capretto, R. Rahaman, C. He, Angew. Chem. Int. Ed. 2007, 46, 5184-5186.
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Attempts to obtain enantiomerically pure amino alcohol

• derivatization to obtain HPLC standard:
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Attempted classical resoluion

Entry Equ. of (R)-mandelic acid Solvents ee
a)

1

2

3

4

1.0

0.5

0.5

0.5

acetone

acetonitrile

2-propanol

MeOH

-

-

-

-

a) ee was determined by Chiralpack IA HPLC.
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Attempted enantioselective nitrene insertion
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Attempted separation of diastereomeres

• Eames et al.:

E. Coulbeck, J. Eames, Tetrahedron: Asymmetry 2007, 18, 2313-2325.
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Attempted kinetic resolution of oxazilidinones
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Separation of enantiomers through preparative chiral HPLC

� fast screening of diamondoid amino alcohols
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Outlook: catalytic asymmetric organozinc additions to carbonyl compounds

• 1980s Noyori developed DAIB: • proposed transition state:

• 5 step synthesis:

M. Kitamura, S. Suga, K. Kawai, R. Noyori, J. Am. Chem. Soc. 1986, 108, 6072-6074.
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Summary

• nitrene insertion of tertiary diamondoid carbamates • multifunctional scaffolds: „dual modeling imaging“

• separation of enantiomers through chiral HPLC • chiral ligands to explore dispersion interactions?
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