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4
Balaban, A. T.; Schleyer, P. v. R. Tetrahedron 1978, 34, 3599; Hála, S.; Landa, S.; Hanuš, V. Angew. Chem. Int. Ed. Engl. 1966, 5, 1045; 

Dahl, J. E.; Liu, S. G.; Carlson, R. M. Science 2003, 299, 96.

� diamondoids – hydrogen-terminated diamond-like molecules 

consisting of fused adamantane cages

� lower diamondoids: adamantane, diamantane and triamantane

� higher diamondoids: begin with tetramantane (multiple isomers

and weight classes)

� isolation from petroleum
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Landa, S.; Macháček, V. Collect. Czech. Chem. Commun. 1933, 5, 1; Prelog, V.; Seiwerth, R. Ber. Dtsch. Chem. Ges. 1941, 74, 1644.

� first  isolation in 1933 by Landa and Macháček
from oil in Czechoslovakia (Hodonin, Moravia)

� first synthesis in 1941 by Prelog and Seiwerth
(yield only 0.16 %)

Vladimir Prelog
1906 – 1998

1975 Nobel Prize in Chemistry

Rativoj Seiwerth
1916 – 2000
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Schleyer, P. v. R. J. Am. Chem. Soc. 1957, 79, 3292; Schleyer, P. v. R.; Donaldson, M. M.; Nicholas, R. D.; Cupas, C. Org. Synth. 1962, 42, 8;

Fort, R. C.; Schleyer, P. v. R. Chem. Rev. 1964, 64, 277; Cupas, C.; Schleyer, P. v. R.; Trecker, D. J. J. Am. Chem. Soc. 1965, 87, 917; 

Faulkner, D.; Glendinning, R. A.; Johnston, D. E.; McKervey, M. A. Tetrahedron Lett. 1971, 1671; Courtney, T.; Johnston, D. E.; McKervey, 

M. A.; Rooney, J. J. J. Chem. Soc., Perkin Trans. 1 1972, 2691; Gund, T. M.; Osawa, E.; Williams, V. Z., Jr.; Schleyer, P. v. R. J. Org. Chem.

1974, 39, 2979; Gund, T. M.; Thielecke, W.; Schleyer, P. v. R. Org. Synth. 1973, 53, 30.

� Schleyer's synthesis of adamantane 

(yields 15-40 %)

� Lewis acid catalyzed rearrangement

Paul von Ragué Schleyer
1930 – 2014

� first synthesis in 1965 by Schleyer
� Binor-S as a key intermediate

Note: At Prelog’s suggestion, diamantane (Congressane) was chosen as the Congress Emblem of the 1963 London IUPAC meeting
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Williams, V. Z., Jr.; Schleyer, P. v. R.; Gleicher, G. J.; Rodewald, L. B. J. Am. Chem. Soc. 1966, 88, 3862; Burns, W.; McKervey, M. A.; Rooney, J. J. J. Chem. Soc., 

Chem. Commun. 1975, 965; Hamilton, R.; McKervey, M. A.; Rooney, J. J.; Malone, J. F. J. Chem. Soc., Chem. Commun. 1976, 1027; Hollowood, F. S.; McKervey, M. 

A.; Hamilton, R.; Rooney, J. J. J. Org. Chem. 1980, 45, 4954; Farooq, O.; Farnia, S. M. F.; Stephenson, M.; Olah, G. A. J. Org. Chem. 1988, 53, 2840; Khusnutdinov, R. 

I.; Mukminov, R. R.; Aminov, R. I.; Khalilov, L. M.; Mescheryakova, E. S.; Dzhemilev, U. M. Tetrahedron Lett. 2015, 56, 536; Burns, W.; Mitchell, T. R. B.; McKervey, 

M. A.; Rooney, J. J.; Ferguson, G.; Roberts, P. J. Chem. Soc., Chem. Commun. 1976, 893; Burns, W.; McKervey, M. A.; Mitchell, T. R. B.; Rooney, J. J. J. Am. Chem. 

Soc. 1978, 100, 906; McKervey, M. A. Tetrahedron 1980, 36, 971; Osawa, E.; Furusaki, A.; Hashiba, N.; Matsumoto, T.; Singh, V.; Tahara, Y.; Wiskott, E.; Farcasiu, 

M.; Iizuka, T.; Tanaka, N; Kan, T; Schleyer, P. v. R. J. Org. Chem. 1980, 45, 2985.

� first synthesis in 1966 by Schleyer
� improved synthesis in 1980 by McKervey

and in 1988 by Olah => from Binor S

Michael Anthony McKervey
1938 –

George Andrew Olah
1927 –

1994 Nobel Prize in Chemistry

� first synthesis of anti-tetramantane in 1976 by 

McKervey (the only one synthesized to date)

� the carbocation rearrangement approach is not 

successful for higher diamondoids
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Schwertfeger, H.; Fokin, A. A.; Schreiner, P. R. Angew. Chem., Int. Ed. 2008, 47, 1022; Yang, W. L.; Fabbri, J. D.; Willey, T. M.; Lee, J. R. I.; Dahl, J. E.; Carlson, R. M. K.; 

Schreiner, P. R.; Fokin, A. A.; Tkachenko, B. A.; Fokina, N. A.; Meevasana, W.; Mannella, N.; Tanaka, K.; Zhou, X. J.; van Buuren, T.; Kelly, M. A.; Hussain, Z.; Melosh, 

N. A.; Shen, Z. X. Science 2007, 316, 1460; Clay, W. A.; Liu, Z.; Yang, W.; Fabbri, J. D.; Dahl, J. E.; Carlson, R. M.; Sun, Y.; Schreiner, P. R.; Fokin, A. A.; Tkachenko, B. A.; 

Fokina, N. A.; Pianetta, P. A.; Melosh, N.; Shen, Z. X. Nano Lett. 2009, 9, 57; Willey, T. M.; Bostedt, C.; van Buuren, T.; Dahl, J. E.; Liu, S. G.; Carlson, R. M. K.; 

Terminello, L. J.; Möller, T. Phys. Rev. Lett. 2005, 95, 113401; Drummond, N. D.; Williamson, A. J.; Needs, R. J.; Galli, G. Phys. Rev. Lett. 2005, 95, 096801; Voros, M.; 

Demjen, T.; Szilvasi, T.; Gali, A. Phys. Rev. Lett. 2012, 108, 267401/1; Landt, L.; Klünder, K.; Dahl, J. E.; Carlson, R. M. K.; Möller, T.; Bostedt, C. Phys. Rev. Lett. 2009, 

103, 047402; Richter, R.; Wolter, D.; Zimmermann, T.; Landt, L.; Knecht, A.; Heidrich, C.; Merli, A.; Dopfer, O.; Reiss, P.; Ehresmann, A.; Petersen, J.; Dahl, J. E.; 

Carlson, R. M. K.; Bostedt, C.; Moeller, T.; Mitric, R.; Rander, T. Phys. Chem. Chem. Phys. 2014, 16, 3070; Richter, R.; Roehr, M. I. S.; Zimmermann, T.; Petersen, J.; 

Heidrich, C.; Rahner, R.; Moeller, T.; Dahl, J. E.; Carlson, R. M. K.; Mitric, R.; Rander, T.; Merli, A. Phys. Chem. Chem. Phys. 2015, 17, 4739.

� diamondoids have negative electron affinities (NEA) => surface coatings

to produce new electron-emission devices

� possible application in photon detectors, cold cathode emitters, 

semiconductor materials, etc.

� good monochromatic electron emitters with NEA => electrons pile up 

at the band minimum (LUMO) before emission

� functionalization can tune the optical gap (HOMO-LUMO difference)
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Fokin, A. A.; Schreiner, P. R. Mol. Phys. 2009, 107, 823; Rander, T.; Staiger, M.; Richter, R.; Zimmermann, T.; Landt, L.; Wolter, D.; 

Dahl, J. E.; Carlson, R. M.; Tkachenko, B. A.; Fokina, N. A.; Schreiner, P. R.; Moller, T.; Bostedt, C. J. Chem. Phys. 2013, 138, 024310.

� goal: band-gap lowering (too high to be useful for semiconductor applications)

� decrease of the band gap with increasing size

� even at diamondoid dimensions of about 2 nm it only reaches 6.7 eV (still 

much larger than that of bulk diamond => 5.5 eV)

HOMOs of some functionalized diamantanes
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Landt, L.; Bostedt, C.; Wolter, D.; Moller, T.; Dahl, J. E.; Carlson, R. M.; Tkachenko, B. A.; Fokin, A. A.; Schreiner, P. R.; Kulesza, A.; 

Mitric, R.; Bonacic-Koutecky, V. J. Chem. Phys. 2010, 132, 144305; Roth, S.; Leuenberger, D.; Osterwalder, J.; Dahl, J. E.; Carlson, R. M. 

K.; Tkachenko, B. A.; Fokin, A. A.; Schreiner, P. R.; Hengsberger, M. Chem. Phys. Lett. 2010, 495, 102.

� incorporation of a thiol group lowers the optical gap

� monochromatic photoemission from diamondoid self-assembled 

monolayers (SAMs)

� metal excitation => charge transfer to diamondoid LUMO => emission

S

SAMs on Au Monochromatic electron photoemission
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Ishiwata, H.; Acremann, Y.; Scholl, A.; Rotenberg, E.; Hellwig, O.; Dobisz, E.; Doran, A.; Tkachenko, B. A.; Fokin, A. A.; Schreiner, P. 

R.; Dahl, J. E. P.; Carlson, R. M. K.; Melosh, N.; Shen, Z.-X.; Ohldag, H. Appl. Phys. Lett. 2012, 101, 163101/1; Clay, W. A.; 

Maldonado, J. R.; Pianetta, P.; Dahl, J. E. P.; Carlson, R. M. K.; Schreiner, P. R.; Fokin, A. A.; Tkachenko, B. A.; Melosh, N. A.; Shen, Z.-

X. Appl. Phys. Lett. 2012, 101, 241605; Zhou, Y.; Brittain, A. D.; Kong, D.; Xiao, M.; Meng, Y.; Sun, L. J. Mater. Chem. C 2015, 3, 6947.

� diamondoid SAMs coatings  improve the performance of 

an electron cathode

� application in electron microscopy, electron beam 

lithography, field-emission flat-panel displays, etc.
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Yang, W. L.; Fabbri, J. D.; Willey, T. M.; Lee, J. R. I.; Dahl, J. E.; Carlson, R. M. K.; Schreiner, P. R.; Fokin, A. A.; Tkachenko, B. A.; Fokina, N. A.; Meevasana, W.; 

Mannella, N.; Tanaka, K.; Zhou, X. J.; van Buuren, T.; Kelly, M. A.; Hussain, Z.; Melosh, N. A.; Shen, Z. X. Science 2007, 316, 1460; Randel, J. C.; Niestemski, F. C.; 

Botello-Mendez, A. R.; Mar, W.; Ndabashimiye, G.; Melinte, S.; Dahl, J. E. P.; Carlson, R. M. K.; Butova, E. D.; Fokin, A. A.; Schreiner, P. R.; Charlier, J.-C.; 

Manoharan, H. C. Nat. Commun. 2014, 5, 4877; Nakanishi, Y.; Omachi, H.; Fokina, N. A.; Schreiner, P. R.; Kitaura, R.; Dahl, J. E. P.; Carlson, R. M. K.; Shinohara, H. 

Angew. Chem. 2015, 127, 10952; McIntosh, G. C.; Yoon, M.; Berber, S.; Tománek, D. Phys. Rev. B 2004, 70, 045401; Zhang, J.; Zhu, Z.; Feng, Y.; Ishiwata, H.; 

Miyata, Y.; Kitaura, R.; Dahl, J. E.; Carlson, R. M.; Fokina, N. A.; Schreiner, P. R.; Tomanek, D.; Shinohara, H. Angew. Chem. Int. Ed. Engl. 2013, 52, 3717.

� single-molecule conduction junctions between two gold electrodes

� application as switches, gates or transport elements

� minimization of computer circuit dimensions

� diamondoid-fullerene hybrids – molecular current rectifiers

� sp3-sp2 systems – negative and positive electron affinities

� linear diamondoid nanopolymers inside carbon nanotubes

� …
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Gund, T. M.; Schleyer, P. V. R.; Unruh, G. D.; Gleicher, G. J. J. Org. Chem. 1974, 39, 2995; Fokin, A. A.; Tkachenko, B. A.; Gunchenko, P. 

A.; Gusev, D. V.; Schreiner, P. R. Chem. Eur. J. 2005, 11, 7091; Fokina, N. A.; Tkachenko, B. A.; Merz, A.; Serafin, M.; Dahl, J. E. P.; 

Carlson, R. M. K.; Fokin, A. A.; Schreiner, P. R. Eur. J. Org. Chem. 2007, 4738; Tkachenko, B. A.; Fokina, N. A.; Chernish, L. V.; Dahl, J. E. 

P.; Liu; Carlson, R. M. K.; Fokin, A. A.; Schreiner, P. R. Org. Lett. 2006, 8, 1767.
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Kahl, P.; Tkachenko, B. A.; Novikovsky, A. A.; Becker, J.; Dahl, J. E. P.; Carlson, R. M. K.; Fokin, A. A.; Schreiner, P. R. Synthesis 2014, 46, 

787; Schwertfeger, H.; Würtele, C.; Serafin, M.; Hausmann, H.; Carlson, R. M. K.; Dahl, J. E. P.; Schreiner, P. R. J. Org. Chem. 2008, 73, 

7789; Schwertfeger, H.; Würtele, C.; Hausmann, H.; Dahl, J. E. P.; Carlson, R. M. K.; Fokin, A. A.; Schreiner, P. R. Adv. Synth. Catal.

2009, 351, 1041.

OH

OH

2. Et3N

OH

OCH2CF3

SOBr2

Py, CH2Cl2

Br

OCH2CF3

1. CF3CH2OH,
CH3SO3H

OAc
Br

1. AcOCl, Py, CH2Cl2, r.t.

2. BBr3, CH2Cl2, -5 °C

56 % 97 %

59 %
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Schreiner, P. R.; Chernish, L. V.; Gunchenko, P. A.; Tikhonchuk, E. Y.; Hausmann, H.; Serafin, M.; Schlecht, S.; Dahl, J. E. P.; Carlson, R. 

M. K.; Fokin, A. A. Nature 2011, 477, 308; Fokin, A. A.; Chernish, L. V.; Gunchenko, P. A.; Tikhonchuk, E. Y.; Hausmann, H.; Serafin, M.; 

Dahl, J. E. P.; Carlson, R. M. K.; Schreiner, P. R. J. Am. Chem. Soc. 2012, 134, 13641.

� Wurtz coupling of the corresponding bromides (Na, m-xylene, ∆, Ar)

1.71 Å
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Zhuk, T. S.; Koso, T.; Pashenko, A. E.; Hoc, N. T.; Rodionov, V. N.; Serafin, M.; Schreiner, P. R.; Fokin, A. A. J. Am. Chem. Soc. 2015, 

137, 6577.

� McMurry coupling of the corresponding ketones (TiCl4, Zn, THF, Py, ∆)

� syn/anti isomerization under ionic conditions (NBS, CH2Cl2)
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Zimmermann, T.; Richter, R.; Knecht, A.; Fokin, A. A.; Koso, T. V.; Chernish, L. V.; Gunchenko, P. A.; Schreiner, P. R.; Moeller, T.; 

Rander, T. J. Chem. Phys. 2013, 139, 084310/1; Meinke, R.; Richter, R.; Merli, A.; Fokin, A. A.; Koso, T. V.; Rodionov, V. N.; Schreiner, 

P. R.; Thomsen, C.; Maultzsch, J. J. Chem. Phys. 2014, 140, 034309.

� singly bonded dimers => little impact of the central C–C bond 

on the energy levels

� doubly bonded dimers => lower HOMO-LUMO gaps than the 

individual diamondoids

� the HOMO and LUMO are localized at the double bonds = > an 

elongation of the C=C bond in the excited state
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Gunawan, M. A.; Hierso, J.-C.; Poinsot, D.; Fokin, A. A.; Fokina, N. A.; Tkachenko, B. A.; Schreiner, P. R. New J. Chem. 2014, 38, 28.

Functionalized diamondoids:

� valuable rigid building blocks

� selective functionalization

� nanodiamonds <-> new nanomaterials

� well-defined electronic properties

metal or semiconductor surface

Diamondoid dimers
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target molecules

R1

R2

R1 = H, R2 = H

R1 = Br, R2 = H

R1 = Br, R2 = Br

R1 = OH, R2 = H

R1 = OH, R2 = OH

R1 = SH, R2 = H

R1 = SH, R2 = SH

R1 = Ph, R2 = Ph

R1 = 4-Py, R2 = 4-Py

R1

R2

1.71 Å
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OH

OH

TBDMSCl, I2

1-methylimidazole
r.t., 60 h

OH

OTBDMS

SOBr2

Py, CH2Cl2

Br

OTBDMS

1. Na, m-xylene, , Ar

2. HCl, CHCl3, MeOH

OH

OH

HO

OH

HS

SH

HO

OH

Br

Br

Br

Br

Ph

Ph

1. thiourea, AcOH, HBr,

2. NaOH
3. H2SO4

SOBr2

Py, CH2Cl2

C6H6, FeCl3

, 16 h

� try to develop the same reaction sequence for 1,6-derivatives

Main synthetic methodology
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� try to develop the same reaction sequence for 1-derivatives
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Courtney, T.; Johnston, D. E.; McKervey, M. A.; Rooney, J. J. J. Chem. Soc., Perkin Trans. 1 1972, 2691; Gund, T. M.; Schleyer, P. V. R.; Unruh, G. D.; Gleicher, G. J. J.

Org. Chem. 1974, 39, 2995; Schreiner, P. R.; Chernish, L. V.; Gunchenko, P. A.; Tikhonchuk, E. Y.; Hausmann, H.; Serafin, M.; Schlecht, S.; Dahl, J. E. P.; Carlson, R. M. 

K.; Fokin, A. A. Nature 2011, 477, 308; Fokin, A. A.; Chernish, L. V.; Gunchenko, P. A.; Tikhonchuk, E. Y.; Hausmann, H.; Serafin, M.; Dahl, J. E. P.; Carlson, R. M. K.; 

Schreiner, P. R. J. Am. Chem. Soc. 2012, 134, 13641; Fokina, N. A.; Tkachenko, B. A.; Merz, A.; Serafin, M.; Dahl, J. E. P.; Carlson, R. M. K.; Fokin, A. A.; Schreiner, P. 

R. Eur. J. Org. Chem. 2007, 4738.

� next step: selective bromination
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Stetter, H.; Schwarz, M.; Hirschhorn, A. Chem. Ber. 1959, 92, 1629; Chern, Y.-T. Macromolecules 1998, 31, 1898; Chern, Y.-T.; Shiue, 

H.-C. Chem. Mater. 1998, 10, 210; Karlen, S. D.; Ortiz, R.; Chapman, O. L.; Garcia-Garibay, M. A. J. Am. Chem. Soc. 2005, 127, 6554; 

Bräse, S.; Waegell, B.; de Meijere, A. Synthesis 1998, 1998, 148; Ohno, M.; Shimizu, K.; Ishizaki, K.; Sasaki, T.; Eguchi, S. J. Org.

Chem. 1988, 53, 729; Inomata, S.; Harada, Y.; Matsuoka, S.-i.; Ishizone, T. Tetrahedron 2013, 69, 3238; Someya, H.; Yorimitsu, H.; 

Oshima, K. Tetrahedron Lett. 2009, 50, 3270.

� literature: 95 % for Ad-1-Br

� further option



Diamondoid dimers

27

K. Moiseev, I.; V. Makarova, N.; N. Zemtsova, M. Russian Chemical Reviews 1999, 68, 1001; Kobayashi, S.; Matsuzawa, T.; Matsuoka, 

S.-i.; Tajima, H.; Ishizone, T. Macromolecules 2006, 39, 5979; Kobayashi, S.; Kataoka, H.; Ishizone, T. J. Phys.: Conf. Ser. 2009, 184, 

012017; Schreiner, P. R.; Lauenstein, O.; Kolomitsyn, I. V.; Nadi, S.; Fokin, A. A. Angew. Chem. Int. Ed. 1998, 37, 1895; Schreiner, P. R.; 

Lauenstein, O.; Butova, E. D.; Gunchenko, P. A.; Kolomitsin, I. V.; Wittkopp, A.; Feder, G.; Fokin, A. A. Chem. Eur. J. 2001, 7, 4996; 

Fokin, A. A.; Tkachenko, B. A.; Gunchenko, P. A.; Gusev, D. V.; Schreiner, P. R. Chem. Eur. J. 2005, 11, 7091.

� mixture of products obtained

� the major product 2,4-dibromo derivative

� options: C-H activation using phase-transfer conditions (radical mechanism)

Br
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Mai-Genrikh, A. S. Russ. Chem. Rev. 1996, 65, 555; Fiorentino, M.; Testaferri, L.; Tiecco, M.; Troisi, L. J. Chem. Soc., Chem. Commun.

1976, 329; Fiorentino, M.; Testaferri, L.; Tiecco, M.; Troisi, L. J. Chem. Soc., Perkin Trans. 2 1977, 87; Rybakova, I. A.; Prilezhaeva, E. N.; 

Litvinov, V. P. Zh. Org. Khim. 1995, 31, 670; Stavropoulos, P.; Çelenligil-Çetin, R.; Tapper, A. E. Acc. Chem. Res. 2001, 34, 745; Shadrikova, 

V. A.; Golovin, E. V.; Klimochkin, Y. N. Chem. Heterocycl. Comp. 2015, 50, 1586.

� N-alkylation (salts)

� reaction of pyridine with adamantyl radicals generated by 

Ag(I)-catalyzed oxidative decarboxylation of acid

� no selectivity for pyridones
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Littke, A. F.; Dai, C.; Fu, G. C. J. Am. Chem. Soc. 2000, 122, 4020; Kudo, N.; Perseghini, M.; Fu, G. C. Angew. Chem. Int. Ed. Engl.

2006, 45, 1282; Zultanski, S. L.; Fu, G. C. J. Am. Chem. Soc. 2013, 135, 624; Hassan, M.; Boeré, R. Molbank 2015, 2015, M845.

dba = dibenzylideneacetone, Cy = cyclohexyl

N

B
HO OH

+ X

Cl 1 % [Pd2(dba)3],
2.4 % PCy3

1.7 equiv K3PO4,

dioxane/H2O, 100 °C

N

X

X = CH, 92 %
X = N, 97 %

Br

Br

Pd(PPh3)4,K2CO3

dioxane, 72 h,
+

N

B
HO OH

N

N

44 %

I

B
+

R R = H, 74 %
R = i-Pr, 61%

10 % NiBr2 × diglyme, 11 % L

2.4 t-BuOLi, 2.4 i-BuOH
cyclohexane, 40 °C

R

L =
N N

t-But-Bu
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• functionalized diamondoid dimers =>  study of electronic properties

• target molecules => Br, OH, SH, Ph and Py derivatives of DIAM2

• key synthetic steps => unequal difunctionalization, Wurtz coupling

• procedures needed for both equatorial and apical substitution patterns

• pyridine incorporation probably difficult to accomplish



33
Seiwerth, R. Croat. Chem. Acta 1996, 69, 379. * The Kingdom of Serbs, Croats and Slovenes

“I think this is the best equipped institute

in SHS*. This wealth in platinum, optical

instruments and all the analytical devices

that God and the German have created – I

have nowhere seen anything like that.”

Vladimir Prelog, 1922, after a visit to the

Chemical Analytical Institute in Zagreb

Thank you for 

your attention…
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