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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

How to influence/control tunneling?

Selecting only specific conformers (e.g. by NIR excitation)
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* (Remote) molecular structure
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e Matrix material trans cis

 Temperature, light

F,C~ “OH NG OH

t1/2: R=H< CH3 < CD3
in contrast to

t40: formic acid > acetic acid

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. Matyus, A. G. Csdaszar, 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.



Cooperation with Claudio | o~

Competitive Tunneling
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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 Claudio | oo
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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 Claudio | GE
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Dihydroxycarbene
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H. Quanz, B. Bernhardt, F. R. Erb, M. A. Bartlett, W. D. Allen, P. R. Schreiner, manuscript under review.



Protoadamantylidene

Competing tunneling paths:
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Syntheses of Diazirines
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T. Sumanovac, M. Aleskovi¢, M. Sekutor, M. Matkovi¢, T. Baron, K. Mlinari¢-Majerski, C. Bohne, N. Basari¢, Photochem. Photobiol. Sci.
2019, 18, 1806-1822.



Adamantylidene

after deposition
ffffffffff 10 min 365 nm LED
P [ — 18 h dark

absorption units

0.0
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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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S. Kozuch, Phys. Chem. Chem. Phys. 2014, 16, 7718-7727.
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Cooperation with Claudio Il
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H. Rostkowska, L. Lapinski, M. J. Nowak, Phys. Chem. Chem. Phys. 2018, 20, 13994-14002.
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Thioamides

Thioamide - Thiolimine:
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N

M. J. Nowak, L. Lapinski, H. Rostkowska, A. Les, L. Adamowicz, J. Phys. Chem. 1990, 94, 7406-7414; M. J. Nowak, L. Lapinski, J. Fulara, A.
Les, 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. 13



Thioamides

Thioamide = Thiolimine:

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

Thiolimine = Thiolimine via QMT:

S > 300 nm or > 270 nm
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H

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

Matrix-isolated thioamides:
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M. J. Nowak, L. Lapinski, H. Rostkowska, A. Le$, L. Adamowicz, J. Phys. Chem. 1990, 94, 7406-7414; M. J. Nowak, L. Lapinski, J. Fulara, A.
Les, 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. Bras, R. Fausto, J. Mol. Struct. 2018, 1172, 42-54; E. M. Bras, 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. 16

Yaman, R. Fausto, M. J. Nowak, J. Phys. Chem. A 2004, 108, 5551-5558.




Thioamides
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Part A Mol. Spectrsoc. 1995, 51, 1809-1826; E. M. Bras, R. Fausto, J. Mol. Struct. 2018, 1172, 42-54; E. M. Bras, 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. 17

Yaman, R. Fausto, M. J. Nowak, J. Phys. Chem. A 2004, 108, 5551-5558.




Thioamides in Prebiotic Chemistry

©
RH-CN + O S H . o
o-P-0 ?
Il
0]
~HPO,*
j
I ey
H,S + R/H-CN ——— S — — S—H/R
R/HANH R/H NH» — HX S
~H,0
Sutherland
et al. 2015

amino acids (Val, Leu, Pro, ArQ)

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.
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Thioformamide

e

A E + ZPVE / kcal mol™!

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

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

relative intensity
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B. Bernhardt, F. Dref3ler, A. K. Eckhardt, J. Becker, P. R. Schreiner, manuscript in preparation.
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Thioformamide

relative intensity

0.25 0257 2cc
10 min >320 nm
0.20 e O 10 min >320 nm
2tc |, 2¢t 2ct/2tt 020
2t
0.154 2t
2 015-
0.10 2
9} { 2ct/ott ote att
c
0.05 - 2ct 2et/21t ‘o 0.10+ 2ct/21t
1 2cc| ’ ot E
2t cc C (_U
0.00 . o 26 2cc
c = 0.051
-0.05 1
2ct/2tt
0.10 0.00 S
007 10 min 254 nm et .
1 1 10 min 254 nm
-0.15 T T '//// T T T T T T T T T T T 1 -0.05 T . T T T T T T T
1400 1350 1150 1100 1050 1000 950 900 740 720 700 680 660
-1
Wavenumber / cm Wavenumber / Cm’1
S S 7 H H ~
PY PY i T
H N H™ SN )\\ -H )\\ H
| | H N H N
H H
ztc 2cc 2tt 2ct

B. Bernhardt, F. Dref3ler, A. K. Eckhardt, J. Becker, P. R. Schreiner, manuscript in preparation.
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Thioformamide
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B. Bernhardt, F. Dref3ler, A. K. Eckhardt, J. Becker, P. R. Schreiner, manuscript in preparation.
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Thioacetamide
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() Check for updates | S—H rotamerization via tunneling in a thiol form
of thioacetamidet

Citethis: DOl 10.1039/c9cp03417)

Sandor Gobi, (0 * Claudio M. Nunes, (@ Igor Reva, (0% Gyérgy Tarczay (™ ™ and
Rui Fausto ©°

Rotamerization of a hydroxyl (O-H) group by tunneling is well-known and has been extensively studied.
On the other hand, similar tunneling processes for the thiol {S-H) group have not been reported yet,
In this work, the imino-thicl forms of thioacetamide were studied in cryogenic matrices (Ar, Xe) after

UV-irradiation of the common amino-thione form of the comp PCCP

were generated, corresponding to the cis or trans thiol (C/T)
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The infrared (IR) speetroscopy ol
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Selective conformational control by excitation of
NH imino vibrational antennast

Sandor Gobi, 0+ Igar Reva, (° Istvan Pal Csenka,” Claudio M. Nunes, 0°
Gyorgy Tarczay (0" and Rui Fausto (0™

An imino group was used for the first time as a vibrational antenna to manipulate molecular
canformations. Imina-thicl somers of thioacetamice were generated wpan Uv-iradiation of its arminag-
thione tautomer isclated in argon matrices at 11 K Selective and reversible conformational
isomerizations were induced by narrowband near-1R iradiation tuned at the frequencies of the 2udNH)
firsk stretehing evertare of esch imino-thial somer. The confarmational isomernzation concerrs the
change in the orientation of a remote —SH group, while the orentation of the imino (C—=MNH) group
remains the samea, Supported by quantum chemical anharmonic computations, this allowed for a reliable,
isarmer-selective vibeational assignment of the four iminoe-thiol scomers extending now over the full
mid-IR and near- IR ranges. It was found that the experimental IR intensities of the 2u{MH) first stretching
overtones {computed 4-5 km mol™Y of the imino-thial forms are comparable to those of the wWNH)
stretehing fundamentals (computed 2-4 ke mel Y. This is the first time such 3 phenomensn is reported
for an imine molecule. The kinetics of conformational isomerization was monitored in situ, indicating that
the irradiation-induced processes are significantly faster than the tunneling-driven spontaneous cis—frans
rotarmerization of the =5H group. Guantum yields for the rotamerizations of the =5H group resulting
fram the vibrational excitation of a remote —MH group were estimated and found to be comparable to
those observed for matrix-isolated carborylic acids and amino acids, where conformational changes of
the =OH group were induced by the direct vibrational excitation of 2i{CH| first stratching cvertones.

Compared o the commonly found thione tautomer, the
elusive thiol ispmeric forms might be considered to represent
f compounds containing thio-  more attractive systems for investigation, in part because they

S. Gobi, C. M. Nunes, I. Reva, G. Tarczay, R. Fausto, Phys. Chem. Chem. Phys. 2019, 21, 17063-17071; S. Gébi, I. Reva, I. P. Csonka, C. M.

Nunes, G. Tarczay, R. Fausto, Physi. Chem. Chem. Phys. 2019, 21, 24935—-24949.
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Aminomercaptocarbene - CO, Complex
Cooperation with Markus:
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S
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Monofluoromethylhydroxycarbene

E + ZPVE / kcal mol™!
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L. T. Nguyen, R. Sumathi, M. T. Nguyen, Phys. Chem. Chem. Phys. 1999, 1, 1013-1024.



Monofluoromethylhydroxycarbene

E + ZPVE / kcal mol™!
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Fluoropyruvic Acid
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Pyrolysis of Fluoropyruvic Acid

Absorbance Units
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Pyrolysis of Fluoropyruvic Acid
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A. Mardyukov, H. Quanz P. R.

Schreiner, Nat. Chem. 2016, 9, 71-76.
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2-Fluorovinyl Alcohol

Absorbance Units

1.0

0.8

0.6

0.4

0.2

0.0

H
F 0
>=
H H

| . ne JL

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

H,0

HF MUWM

H,0

T T T T T
4000 3500 3000 2500 2000

Wavenumber cm™1

T
1500

1000

200

30



2-Fluorovinyl Alcohol

H ..
HVFP,800°C . HHO

Ar, 3K \f/\?

F o H
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very fast
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2-Fluorovinyl Alcohol

QMT
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2-Fluorovinyl Alcohol

QMT

|"- ' HVFP, 800 °C He N
F o : -
%( Ar, 3K %9 very fast
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- CO,
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B3LYP/6-311++G(3df,3pd): 32.6 h
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2-Bromovinyl Alcohol

Absorbance Units
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Summary

H, + CO,

QMT(?) 0
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Outlook

Methoxyhydroxycarbene:
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Hydroxyethynylcarbene:
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