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Diamondoids

J. J. Gracio, Q. H. Fan, J. C. Madaleno, J. Phys. D. Appl. Phys. 2010, 43, 374017–374039. 
T. Balaban, P. v. R. Schleyer, Tetrahedron 1978, 34, 3599–3609. 
H. Schwertfeger, P. R. Schreiner, Chemie unserer Zeit 2010, 44, 248–253.

• Diamond 

• mm range 
• sp3 
• diamond lattice 
• very hard and abrasion-resistant 

• Diamondoids  

• diamond structure 
• nm range 
• very hard 
• chemically inert 
• can be isolated from mineral oil 
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Functionalization of Diamondoids

A. A. Fokin, B. A. Tkachenko, P. A. Gunchenko, D. V. Gusev, P. R. Schreiner, Chem. Eur. J. 2005, 11, 7091–7101. 
L. Wanka, C. Cabrele, M. Vanejews, P. R. Schreiner, Eur. J. Org. Chem 2007, 1474–1490.

• selective functionalization can be challenging 
• mixtures hard to separate  

• disubstituted adamantane mostly achiral 1,3 (tertiary positions) 
• just few reactions for chiral 1,2-derivatives 
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Synthesis of 1,2-Disubstituted Derivatives

B. D. Cuddy, D. Grant, M. A. McKervey, J. Chem. Soc. C. 1971, 3173-3179. 
W. V. Curran, R. B. Angier, Chem. Commun. 1966, 88, 1988.

• Cuddy et al. 
• protoadamantane route 
• transfer to different substrates  

problematic 
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• Curran and Angier 
• nitrene insertion 



C-H Functionalization - History of Nitrene Chemistry

H. Kwart, A. A. Kahn, J. Am. Chem. Soc. 1967, 89, 1950–1951. 
R. Breslow, S. H. Gellman, J. Am. Chem. Soc. 1983, 105, 6728–6729. 
C. G. Espino, J. Du Bois, Angew. Chem. 2001, 40, 598–600.

• 1950s first carbene insertions (Yates, Doering) 
• 1960s first nitrenes from azides (Lwowski, D.S. Breslow) 
• 1967 copper-nitrenoid (Kwart, Kahn) 
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Applications of Oxazolidinones

A. Hinman, J. Du Bois, J. Am. Chem. Soc. 2003, 125, 11510–11511. 
R. C. Moellering, Ann. Intern. Med. 2003, 138, 135–142. 
M. P. Doyle, R. E. Austin, A. S. Bailey, M. P. Dwyer, A. B. Dyatkin, A. V. Kalinin, M. M. Y. Kwan, S. Liras, C. J. Oalmann, J. 
Am. Chem. Soc. 1995, 117, 5763–5775. 
D. A. Evans, J. Bartroli, T. L. Shih, J. Am. Chem. Soc. 1981, 103, 2127–2129. 
D. A. Evans, K. T. Chapman, J. Bisaha, J. Am. Chem. Soc 1988, 110, 1238–1256.

• natural products 

• antibiotics 

  Tetrodotoxin        Linezolid 

• ligands for Doyle’s catalysts 34 

• auxiliaries in Evans chemistry 
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Oxazolidinones - Synthons for 1,2-Disubstituted Derivatives

S. J. Katz, S. C. Bergmeier, Tetrahedron Lett. 2002, 43, 557–559. 
D. Bensa, I. Coldham, P. Feinäugle, R. B. Pathak, R. J. Butlin, Org. Biomol. Chem. 2008, 6, 1410–1415. 
V. Laserna, W. Guo, A. W. Kleij, Adv. Synth. Catal. 2015, 357, 2849–2854. 
H. Ishibashi, M. Uegaki, M. Sakai, Y. Takeda, Tetrahedron 2001, 57, 2115–2120. 
J. Sehnem, F. Vargas, P. Milani, V. Nascimento, A. Braga, Synthesis 2008, 2008, 1262–1268. 
P. v. R. Schleyer, D. Lenoir, R. Glaser, P. Mison, J. Org. Chem. 1971, 36, 1821–1826. 
R. G. Pearson, J. Chem. Educ. 1968, 45, 581–587. 7
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Motivation & Aim
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Substrate Synthesis

C. G. Espino, J. Du Bois, Angew. Chem. 2001, 40, 598–600. 
J. J. Rohde, M. A. Pliushchev, B. K. Sorensen, D. Wodka, Q. Shuai, J. Wang, S. Fung, K. M. Monzon, W. J. Chiou, L. Pan, X. 
Deng, L. E. Chovan, A. Ramaiya, M. Mullally, R. F. Henry, D. F. Stolarik, H. M. Imade, K. C. Marsh, D. W. A. Beno, T. A. Fey, 
B. A. Droz, M. E. Brune, H. S. Camp, H. L. Sham, E. U. Frevert, P. B. Jacobson, J. T. Link, J. Med. Chem. 2007, 50, 149–
164. 9
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• substrate synthesis according to Rohde et al. 



SN1 Functionalization

• cyanation 

• microwave 

• lewis acid 
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SN1 Functionalization
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• microwave 
• variation of solvent 

• variation of lewis acid
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SN1 Functionalization
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SN1 Functionalization - Cyanation

R. Davis, K. G. Untch, J. Org. Chem. 1981, 46, 2985–2987. 13

• hydrolysis to corresponding amino alcohol 52a 
• substitution of 52a via known procedures 

• Davis et al.



SN1 Functionalization - Cyanation

M. N. Soltani Rad, A. Khalafi-Nezhad, S. Behrouz, M. A. Faghihi, Tetrahedron Lett. 2007, 48, 6779–6784. 
B. Akhlaghinia, E. Roohi, Lett. Org. Chem. 2005, 2, 725–730. 14

• Soltani et al. 

  
   TsIm: 1-(p-Toluenesulfonyl)imidazole 

• Akhlaghinia et al.



Koch Haaf Reaction

H. Koch, W. Haaf, Liebigs Ann. Chem. 1958, 618, 251–266. 15
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• Herbert Koch & Wolfgang Haaf 
• Substrates: alcohols, alkenes, alkyl chlorides 
• SN1 
• CO as nucleophile 
• exothermic



Koch Haaf Reaction

H. Koch, W. Haaf, Liebigs Ann. Chem. 1958, 618, 251–266. 16

• Koch Haaf Reaction with adamantan-1-ol 1b 

• transfer to adamantanoxazolidin-2-on 10a 
• complex mixture 



Koch Haaf Reaction

H. Koch, W. Haaf, Liebigs Ann. Chem. 1958, 618, 251–266. 17

• N-substitution with EDG & EWG 

• starting material isolated 
• decarboxylation problematic 



Koch Haaf Reaction

18

• first hydrolysis to corresponding amino alcohol 52a 
• Koch Haaf Reaction with amino alcohol 
• protecting group to avoid side reactions / zwitterionic character 

• phthalimide not stable under Koch Haaf conditions



Ritter Reaction

J. J. Ritter, P. P. Minieri, J. Am. Chem. Soc. 1948, 70, 4045–4048. 19
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• John J. Ritter 
• Substrates: alcohols, alkenes 
• SN1 
• strong acid 



Ritter Reaction

P. v. R. Schleyer, D. Lenoir, R. Glaser, P. Mison, J. Org. Chem. 1971, 36, 1821–1826. 20

• Schleyer 1971 
• reproduced 
• variation of reaction parameters 
• yield increased ( < 50%)



Adopted Mechanism

A. Guérinot, S. Reymond, J. Cossy, Eur. J. Org. Chem 2012, 19–28. 21



Ritter Reaction

J. E. Baldwin, J. Chem. Soc. Chem. Commun. 1976, 734–736.  
A. J. Hill, S. R. Aspinall, J. Am. Chem. Soc. 1939, 61, 822–825. 

• intramolecular ring closure to imidazoline 
• Baldwin rules: allowed (5-endo-dig)
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Racemic Resolution of Adamantane-1,2-diamine

J. F. Larrow, E. N. Jacobsen, Y. Gao, Y. Hong, X. Nie, C. M. Zepp, J. Org. Chem. 1994, 59, 1939–1942.

• diamine and L-tartaric acid 
• no crystallization in acetone, EE, H2O (+ acetic acid)
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Racemic Resolution of Adamantane-1,2-diamine

R. Hrdina, F. M. Metz, M. Larrosa, J.-P. Berndt, Y. Y. Zhygadlo, S. Becker, J. Becker, Eur. J. Org. Chem 2015, 6231–6236.

• N-acetyladamantane-1,2-diamine and D-mandelic acid 
• solvents: acetone, ethanol, EE, DCM 

• crystallization just in acetone 
• two times crystallization = 10% ee
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Diels-Alder Reactions

D. A. Evans, K. T. Chapman, J. Bisaha, J. Am. Chem. Soc 1988, 110, 1238–1256.

• lewis acids account for high conversion and selectivity 

25

NO

O

NO

O
O

R

H
O

R

ΔHf = -96.75 kcal/mol ΔHf = -101.74 kcal/mol

10d 10d anticoplanarcoplanar

ΔΔHf = 4.99 kcal/mol

AM1:

NO

O O

CH3

R1
R1

M

Et2AlCl

CH3

COX
COX

CH3

X
49a 50a 50b

exo endoR1 = CH3, Ph

conversion >99%
endo/exo:  60:1
endo ee:    96%

• anticoplanar conformation favored



Diels-Alder Reactions

• control of selectivity?

26D. A. Evans, K. T. Chapman, J. Bisaha, J. Am. Chem. Soc 1988, 110, 1238–1256.



Diels-Alder Reactions

27

entry lewis acid temperature conversiona

1 - -20 °C 0%

2 -   21 °C 0%

3 SnCl4 (1.5 eq.)   21 °C 20%

a: conversion determined by NMR

D. A. Evans, K. T. Chapman, J. Bisaha, J. Am. Chem. Soc 1988, 110, 1238–1256.
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Summary

• hydrolysis to amino alcohol 52a in good yield is known 

• SN1 cyanation to 45a did not work 

• Koch Haaf strategy to 46a did not work 
(decarboxylation problematic) 

• Ritter Reaction to 51g  
successfully reproduced 

• racemic resolution by crystallization  
has to be optimized 

• anhydrous Ritter Reaction to imidazoline 
failed 

• Adamantanoxazolidin-2-on 10a as auxiliary 
in Diels Alder Reactions 

• cinnamoyl oxazolidinone less reactive 
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Outlook

H. Ishibashi, M. Uegaki, M. Sakai, Y. Takeda, Tetrahedron 2001, 57, 2115–2120. 
H. G. Chen, O. P. Goel, S. Kesten, J. Knobelsdorf, Tetrahedron Lett. 1996, 37, 8129–8132. 
A. J. Cresswell, S. G. Davies, J. A. Lee, M. J. Morris, P. M. Roberts, J. E. Thomson, J. Org. Chem. 2011, 76, 4617–4627. 29
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