
Challenging Unsurmountable Activation Barriers – From 

“Tunneling Control” to “Controlling Tunneling”

Group Seminar by

Bastian Bernhardt

23rd October 2020



Tunneling Control
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P. R. Schreiner, H. P. Reisenauer, D. Ley, D. Gerbig, C.-H. Wu, W. D. Allen, Science 2011, 332, 1300–1304; P. R. Schreiner, J. Am. Chem.
Soc. 2017, 139, 15276–15283.



Toolkit
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A. Mardyukov, H. Quanz, P. R. Schreiner, Nat. Chem. 2016, 9, 71–76; A. K. Eckhardt, F. R. Erb, P. R. Schreiner, Chem. Sci. 2019, 10, 802-
808; P. R. Schreiner, H. P. Reisenauer, F. C. Pickard IV, A. C. Simmonett, W. D. Allen, E. Mátyus, A. G. Császár, Nature 2008, 453, 906–909;
M. M. Linden, J. P. Wagner, B. Bernhardt, M. A. Bartlett, W. D. Allen, P. R. Schreiner, J. Phys. Chem. Lett. 2018, 9, 1663–1667.

How to influence/control tunneling?

• Selecting only specific conformers (e.g. by NIR excitation)

• Isotopologues

• (Remote) molecular structure

• Matrix material

• Temperature, light



Cooperation with Cláudio I
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C. M. Nunes, A. K. Eckhardt, I. Reva, R. Fausto, P. R. Schreiner, J. Am. Chem. Soc. 2019, 141, 14340-14348.



Cooperation with Cláudio I
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C. M. Nunes, A. K. Eckhardt, I. Reva, R. Fausto, P. R. Schreiner, J. Am. Chem. Soc. 2019, 141, 14340-14348.
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Cooperation with Cláudio I
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C. M. Nunes, A. K. Eckhardt, I. Reva, R. Fausto, P. R. Schreiner, J. Am. Chem. Soc. 2019, 141, 14340-14348.

R = N-QMT C-QMT

NH2 15% 85%

NMe2 > 15% < 85%

OH ~ 0% ~ 100%

OH (without filter) > 50% < 50%



H. Quanz, B. Bernhardt, F. R. Erb, M. A. Bartlett, W. D. Allen, P. R. Schreiner, manuscript under review.
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Dihydroxycarbene



• Competing tunneling paths:

• Use the α-dideuterated carbene:

• Synthesis:

Protoadamantylidene
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Syntheses of Diazirines
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T. Šumanovac, M. Alešković, M. Šekutor, M. Matković, T. Baron, K. Mlinarić-Majerski, C. Bohne, N. Basarić, Photochem. Photobiol. Sci.
2019, 18, 1806-1822.



Adamantylidene
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T. Bally, S. Matzinger, L. Truttmann, M. S. Platz, S. Morgan, Angew. Chem. Int. Ed. 1994, 33, 1964–1966.
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Tunneling Half-Lives of Polycyclic Singlet Carbenes
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CVT/SCT//B3LYP/6-31G*

19.7 h

92.4 Mio. years

13.5 μs

S. Kozuch, Phys. Chem. Chem. Phys. 2014, 16, 7718–7727.



Cooperation with Cláudio II
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H. Rostkowska, L. Lapinski, M. J. Nowak, Phys. Chem. Chem. Phys. 2018, 20, 13994-14002.



Thioamide → Thiolimine:

Thioamides
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M. J. Nowak, L. Lapinski, H. Rostkowska, A. Leś, L. Adamowicz, J. Phys. Chem. 1990, 94, 7406-7414; M. J. Nowak, L. Lapinski, J. Fulara, A.
Leś, L. Adamowicz, J. Phys. Chem. 1991, 95, 2404-2411; D. Prusinowska, L. Lapinski, M. J. Nowak, L. Adamowicz, Spectrochim. Acta –
Part A Mol. Spectrsoc. 1995, 51, 1809-1826; H. Rostkowska, L. Lapinski, M. J. Nowak, 2017, 121, 6932-6941.



Thioamide ⇌ Thiolimine:

Thioamides
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E. M. Brás, R. Fausto, J. Mol. Struct. 2018, 1172, 42-54; E. M. Brás, R. Fausto, J. Photochem. Photobiol. A Chem. 2018, 357, 185-192.



Thiolimine → Thiolimine via QMT:

Thioamides
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H. Rostkowska, L. Lapinski, M. J. Nowak, J. Phys. Chem. A 2003, 107, 6373-6380; H. Rostkowska, L. Lapinski, M. J. Nowak, Phys. Chem.
Chem. Phys. 2018, 20, 13994-14002; L. Lapinski, H. Rostkowska, A. Khvorostov, M. Yaman, R. Fausto, M. J. Nowak, J. Phys. Chem. A
2004, 108, 5551-5558.



Matrix-isolated thioamides:

Thioamides
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M. J. Nowak, L. Lapinski, H. Rostkowska, A. Leś, L. Adamowicz, J. Phys. Chem. 1990, 94, 7406-7414; M. J. Nowak, L. Lapinski, J. Fulara, A.
Leś, L. Adamowicz, J. Phys. Chem. 1991, 95, 2404-2411; D. Prusinowska, L. Lapinski, M. J. Nowak, L. Adamowicz, Spectrochim. Acta –
Part A Mol. Spectrsoc. 1995, 51, 1809-1826; E. M. Brás, R. Fausto, J. Mol. Struct. 2018, 1172, 42-54; E. M. Brás, R. Fausto, J. Photochem.
Photobiol. A Chem. 2018, 357, 185-192; H. Rostkowska, L. Lapinski, M. J. Nowak, J. Phys. Chem. A 2003, 107, 6373-6380; H.
Rostkowska, L. Lapinski, M. J. Nowak, Phys. Chem. Chem. Phys. 2018, 20, 13994-14002; L. Lapinski, H. Rostkowska, A. Khvorostov, M.
Yaman, R. Fausto, M. J. Nowak, J. Phys. Chem. A 2004, 108, 5551-5558.



Matrix-isolated thioamides:

Thioamides
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M. J. Nowak, L. Lapinski, H. Rostkowska, A. Leś, L. Adamowicz, J. Phys. Chem. 1990, 94, 7406-7414; M. J. Nowak, L. Lapinski, J. Fulara, A.
Leś, L. Adamowicz, J. Phys. Chem. 1991, 95, 2404-2411; D. Prusinowska, L. Lapinski, M. J. Nowak, L. Adamowicz, Spectrochim. Acta –
Part A Mol. Spectrsoc. 1995, 51, 1809-1826; E. M. Brás, R. Fausto, J. Mol. Struct. 2018, 1172, 42-54; E. M. Brás, R. Fausto, J. Photochem.
Photobiol. A Chem. 2018, 357, 185-192; H. Rostkowska, L. Lapinski, M. J. Nowak, J. Phys. Chem. A 2003, 107, 6373-6380; H.
Rostkowska, L. Lapinski, M. J. Nowak, Phys. Chem. Chem. Phys. 2018, 20, 13994-14002; L. Lapinski, H. Rostkowska, A. Khvorostov, M.
Yaman, R. Fausto, M. J. Nowak, J. Phys. Chem. A 2004, 108, 5551-5558.
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Thioamides in Prebiotic Chemistry
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R. Tull, L. M. Weinstock, Angew. Chem. Int. Ed. 1969, 8, 278-279; B. H. Patel, C. Percivalle, D. J. Ritson, C. D. Duffy, J. D. Sutherland, Nat.
Chem. 2015, 7, 301-307.



AE-CCSD(T)/aug-cc-pCVTZ

Thioformamide

19

B. Bernhardt, F. Dreßler, A. K. Eckhardt, J. Becker, P. R. Schreiner, manuscript in preparation.



Thioformamide
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B. Bernhardt, F. Dreßler, A. K. Eckhardt, J. Becker, P. R. Schreiner, manuscript in preparation.



Thioformamide
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B. Bernhardt, F. Dreßler, A. K. Eckhardt, J. Becker, P. R. Schreiner, manuscript in preparation.
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Thioformamide
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B. Bernhardt, F. Dreßler, A. K. Eckhardt, J. Becker, P. R. Schreiner, manuscript in preparation.
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Thioacetamide
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S. Góbi, C. M. Nunes, I. Reva, G. Tarczay, R. Fausto, Phys. Chem. Chem. Phys. 2019, 21, 17063–17071; S. Góbi, I. Reva, I. P. Csonka, C. M.
Nunes, G. Tarczay, R. Fausto, Physi. Chem. Chem. Phys. 2019, 21, 24935–24949.



Cooperation with Markus:

Aminomercaptocarbene ∙ CO2 Complex
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Monofluoromethylhydroxycarbene
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L. T. Nguyen, R. Sumathi, M. T. Nguyen, Phys. Chem. Chem. Phys. 1999, 1, 1013-1024.



Monofluoromethylhydroxycarbene
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NIR

QMT QMT



B3LYP/6-311++G(3df,3pd) anharmonic

H2OH2O

Wavenumber cm−1

Fluoropyruvic Acid
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HF

CO2 CO

Wavenumber cm−1

Pyrolysis of Fluoropyruvic Acid
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HF

CO2 CO

A. Mardyukov, H. Quanz P. R. Schreiner, Nat. Chem. 2016, 9, 71-76.

Wavenumber cm−1

Pyrolysis of Fluoropyruvic Acid
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B3LYP/6-311++G(3df,3pd) anharmonic

H2OH2O

HF

Wavenumber cm−1

2-Fluorovinyl Alcohol
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2-Fluorovinyl Alcohol
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Polyrate

B3LYP/6-311++G(3df,3pd): 32.6 h

M06-2X/6-311++G(3df,3pd): 32.1 h

2-Fluorovinyl Alcohol
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Polyrate

B3LYP/6-311++G(3df,3pd): 32.6 h

M06-2X/6-311++G(3df,3pd): 32.1 h

2-Fluorovinyl Alcohol
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B3LYP/6-311++G(3df,3pd) anharmonic

H2O

Wavenumber cm−1

2-Bromovinyl Alcohol
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Summary
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• Methoxyhydroxycarbene:

• Hydroxyethynylcarbene:

Outlook
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