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Overview

Reversible CO2 Activation via Heavy-Atom Quantum Tunneling
(Amino Mercapto Methylene)

Hydroxy Mercapto Methylene: The Missing H2CSO Isomer

A Synthetic Pathway to α-Ether Substituted Thiophenes from α-Keto Carboxylic Acid Esters



• CO2 activation: FLPs, Ils, superbases, polyoxometallates, phosphorus ylides, and NHCs
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Introduction

• Carbene-CO2 complexes under matrix
isolation conditions:

• Carboxylates in synthesis e.g. oxidation of
aldehydes, epoxides to cyclic carbonate esters

H. Zhou, W.-Z. Zhang, C.-H. Liu, J.-P. Qu, X.-B. Lu, J. Org. Chem. 2008, 73, 8039 – 8044. Carbene-CO2 Complexes: G. Maier, J. Endres, Eur. J. Org. Chem. 1998, 1998, 
1517-1520; G. Maier, J. Endres, H. P. Reisenauer, Angew. Chem. Int. Ed. 1997, 36, 1709-1712; CO2 Activation/Fixation Review: L. Yang, H. Wang, ChemSusChem
2014, 7, 962-998.
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Amino Mercapto Methylene in its CO2-Complex

• Irradiation (254 nm) for 4 min
• Computed spectra: B3LYP/6-311++G(3df,3pd) 

(anharm.)
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B. Bernhardt, M. Schauermann, E. Solel, A. E. Eckhardt, P. R. Schreiner, Manuscript in preparation.
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Amino Mercapto Methylene in its CO2-Complex

B. Bernhardt, M. Schauermann, E. Solel, A. E. Eckhardt, P. R. Schreiner, Manuscript in preparation.
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Acid Rotamerization
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Computed spectra: B3LYP/6-311++G(3df,3pd) 
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B. Bernhardt, M. Schauermann, E. Solel, A. E. Eckhardt, P. R. Schreiner, Manuscript in preparation.
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A (3.5 K) B (20 K) C (20 K)

1t-CO2 0.4 h 95 h 16 h

1t-CO2-d3 0.6 h 128 h 236 h
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PES and IRC

IRC/BCP: B3LYP/6-311++G(3df,3pd)

B. Bernhardt, M. Schauermann, E. Solel, A. E. Eckhardt, P. R. Schreiner, Manuscript in preparation.



10

0 5 10 15 20 25

−30

−25

−20

−15

−10

−5

0

5

E
 /

 k
c
a
l 
m

o
l-

1

x / amu1/2 Bohr

Thiazolylidene

1000150020002500300035004000

-0.6

-0.4

-0.2

0.0

0.2

0.4

0.6

0.8

A
b

s
o

rb
a
n

c
e

Wavenumber / cm-1

• H-transfer from S not possible in thiazolylidene
• Similar IRCs for the H-tansfer from N (not observed in both cases)

• Thiol group is crucial for the formation of a covalent CC bond

B. Bernhardt, M. Schauermann, E. Solel, A. E. Eckhardt, P. R. Schreiner, Manuscript in preparation.
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Carbene-CO2 Complexes

B. Bernhardt, M. Schauermann, E. Solel, A. E. Eckhardt, P. R. Schreiner, Manuscript in preparation; P. R. Schreiner, H. P. Reisenauer, Angew. Chem. Int. Ed. 2008, 47, 
7071-7074; A. K. Eckhardt, P. R. Schreiner, Angew. Chem. Int. Ed 2018, 57(19), 5248-5252; M. Ruth, B. Bernhardt, H. P. Reisenauer, P. R. Schreiner, J. Phys. Chem. A
2021, 125(32), 7023-7028.
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Hydroxy Mercapto Methylene: The Missing H2CSO Isomer

P. R. Schreiner, H. P. Reisenauer, J. Romanski, G. A. Mloston, J. Am. Chem. Soc. 2010, 132, 7240-7241; M. Schauermann, P. R. Schreiner, J. Phys. Chem. Lett. 
2022, 13, 3138-3142.

H2O + CS
H2S + CO
H2 + COS
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Hydroxy Mercapto Methylene: The Missing H2CSO Isomer

M. Schauermann, P. R. Schreiner, J. Phys. Chem. Lett. 2022, 13, 3138-3142.
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Hydroxy Mercapto Methylene: The Missing H2CSO Isomer
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M. Schauermann, P. R. Schreiner, J. Phys. Chem. Lett. 2022, 13, 3138-3142.
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Hydroxy Mercapto Methylene: The Missing H2CSO Isomer

M. Schauermann, P. R. Schreiner, J. Phys. Chem. Lett. 2022, 13, 3138-3142; P. R. Schreiner, H. P. Reisenauer, Angew. Chem. Int. Ed. 2008, 120(37), 7179-7182;
A. K. Eckhardt, P. R. Schreiner, Angew. Chem. Int. Ed. 2018, 57(19), 5248-5252.

Rotamerization of 1tt to 1ct: 15.3 kcal mol−1 

31 is about 37 kcal mol−1 higher in energy (vertical, CCSD(T)/cc-pVTZ)

1 has a similar stabilization enthalpy compared to dihydroxy methylene (−71.0 kcal mol−1 and −88.4 kcal 
mol−1 (B3LYP/6-311++G(d,p)) according to the homodesmotic equation 1 (X, Y = O and/or S)
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Hydroxy Mercapto Methylene: The Missing H2CSO Isomer

CCSD(T)/cc-pVTZ

M. Schauermann, P. R. Schreiner, J. Phys. Chem. Lett. 2022, 13, 3138-3142.
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Hydroxy Mercapto Methylene: The Missing H2CSO Isomer

NRT analysis of 1ct and 1tt at the B3LYP/6-311++G(3df,3pd) level of theory with structures
optimized at the CCSD(T)/cc-pVTZ level of theory

M. Schauermann, P. R. Schreiner, J. Phys. Chem. Lett. 2022, 13, 3138-3142.
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A Synthetic Pathway to α-Ether Substituted Thiophenes from α-Keto Carboxylic Acid Esters

• Alternative for silicon-based technology
• Field-effect transistors
• Chemosensors (Al, In, Hg, Nulceic Acids)
• Pharmaceuticals, anticancer-, antimicrobial agents
• Antioxidative and anticorrosive

F. A. Larik, M. Faisal, A. Saeed, Q. Abbas, M. A. Kazi, N. Abbas, A. A. Thebo, D. M. Khan, P. A. Channar, J. Mater. Sci.-Mater. El. 2018, 29, 17975-18010; Y.
Liu, Y. Liu, X. Zhan, Macromol. Chem. Phys. 2011, 212, 428-443; R. S. Fernandes, N. S. Shetty, P. Mahesha, S. L. Gaonkar, J. Fluoresc. 2021, 1-38; K. Doré,
S. Dubus, H.-A. Ho, I. Lévesque, M. Brunette, G. Corbeil, M. Boissinot, G. Boivin, M. G. Bergeron, D. Boudreau, J. Am. Chem. Soc. 2004, 126, 4240-4244;
C. Wu, E. R. Decker, N. Blok, H. Bui, T. J. You, J. Wang, A. R. Bourgoyne, V. Knowles, K. L. Berens, G. W. Holland, J. Med. Chem. 2004, 47, 1969-1986; M.
M. Abdou, Am. J. Chem. 2013, 3, 126-135; R. Shah, P. K. Verma, BMC Chem. 2019, 13, 1-13; J. Schatz, Sci. Synth. 2002, 9, 287-422; K. Gewald, E. Schinke,
H. Böttcher, Chem. Ber. 1966, 99, 94-100; G. A. Eller, W. Holzer, Molecules 2006, 11, 371-376; J. Swanston, in Ullmann's Encyclopedia of Industrial 
Chemistry, Wiley-VCH, Weinheim, 2006.
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A Synthetic Pathway to α-Ether Substituted Thiophenes from α-Keto Carboxylic Acid Esters

B. J. Morrison, O. C. Musgrave, Phosphorus, Sulfur Silicon Rel. Elem. 2002, 177, 2725-2744.
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A Synthetic Pathway to α-Ether Substituted Thiophenes from α-Keto Carboxylic Acid Esters

Product R yielda (%)

1a Ph 99

1b p-Me-Ph 48

1c p-Br-Ph 62

1d p-TMS-Ph 8

1f m,m-TMS-Ph 12

1g p-HO-Ph 0

1h o,p-CF3-Ph running

1i p-CF3-Ph 0

1j m,m-Br-Ph 0

1k Pyridyl 0

1l m,m-OMe-Ph 0
aIsolated yield after column chromatography.



• 2-amino-2-thioxoacetic acid forms the amino mercapto methylene−CO2 upon irraditation

• The free Carbene has not been reported and does not form under HVFP conditions

• The trans-complex reacts back to the starting material

• H/D-Atom shows no significant movement when the system reaches the TS (small KIE)
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Conclusion and Outlook

CO2 activation through tunneling under cryogenic conditions

Amino Mercapto Methylene
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Conclusion and Outlook

Hydroxy Mercapto Methylene

Thiophene Synthesis

• Missing H2CSO isomer
• Stable up to 35 K
• No tunneling reactivity

• New thiophene derivatives via one-pot reaction
• Limited scope
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