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Elucidation of London Dispersion Interaction

J. M. Schümann, J. P. Wagner, A. K. Eckhardt, H. Quanz, P. R. Schreiner, J. Am. Chem. Soc. 2021, 143, 1, 41-45.

2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0

−3.0

−2.0

−1.0

0.0

1.0

2.0

3.0

 Etotal

 Edisp

 Erep

E
x
 [

k
c
a
l 
m

o
l-

1
]

d [Å]

SAPT0/def2-QZVPP, 1,6-COT optimized with B3LYP(D3)/def2-QZVPP.
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Elucidation of London Dispersion Interaction
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Diphenylthiourea – Computational Data
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DLPNO-CCSD(T)/def2-TZVP//B3LYP-D3(BJ)/def2-TZVPP, PCM model THF

L. Rummel, M. H. J. Domanski, H. Hausmann, J. Becker, P. R. Schreiner, Angew. Chem. Int. Ed. 2022, 61, e202204393.



Diphenylthiourea – Experimental Data

5
K.M. Lippert, K. Hof, D. Gerbig, D. Ley, H. Hausmann, S. Guenther, P.R. Schreiner, Eur. J. Org. Chem. 2012, 30, 5919-5927; L. Rummel, 
M. H. J. Domanski, H. Hausmann, J. Becker, P. R. Schreiner, Angew. Chem. Int. Ed. 2022, 61, e202204393.



Diphenylthiourea – Computational Data
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B3LYP-D3(BJ)/def2-TZVPP, SMD model THF

L. Rummel, M. H. J. Domanski, H. Hausmann, J. Becker, P. R. Schreiner, Angew. Chem. Int. Ed. 2022, 61, e202204393.



Diphenylthiourea – Experimental Data

7

−2.0

−1.5

−1.0

−0.5

0.0

∆
G

  R
1
R

2
-H

H
 [
k
c
a
l 
m

o
l-

1
]

 H

 Me

 Et

 iPr

 tBu

H Me Et iPr tBu

R1

R2

absolute energy value
DGHH = 2.3±0.1 kcal mol-1

absolute energy value
DGtButBu = 0.5±0.0 kcal mol-1

L. Rummel, M. H. J. Domanski, H. Hausmann, J. Becker, P. R. Schreiner, Angew. Chem. Int. Ed. 2022, 61, e202204393.



Diphenylthiourea – Computational Data
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B3LYP-D3(BJ)/def2-TZVPP, isovalue s of 0.2, ranging from sign(l2)r = −0.05 a.u. to +0.05 a.u.

E. R. Johnson, S. Keinan, P. Mori-Sánchez, J. Contreras-García, A. J. Cohen, W. Yang, J. Am. Chem. Soc. 2010, 132, 6498-6506; L. 
Rummel, M. H. J. Domanski, H. Hausmann, J. Becker, P. R. Schreiner, Angew. Chem. Int. Ed. 2022, 61, e202204393.



Diphenylthiourea – Experimental Data

9S. L. Cockroft, C. A. Hunter, Chem. Soc. Rev. 2007, 36, 172-188.



Diphenylthiourea – Experimental Data
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Diphenylthiourea – Computational Data
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DLPNO-CCSD(T)/def2-TZVP//B3LYP-D3(BJ)/def2-TZVPP 

W. B. Schneider, G. Bistoni, M. Sparta, M. Saitow, C. Riplinger, A. A. Auer, F. Neese, J. Chem. Theory Comput. 2016, 12, 4778-4792; L. 
Rummel, M. H. J. Domanski, H. Hausmann, J. Becker, P. R. Schreiner, Angew. Chem. Int. Ed. 2022, 61, e202204393.



Elucidation of London Dispersion Interaction

Irreversible Reaction

DG‡

Reversible Reaction

DG

12

SM

P1

P2
DG

DG‡

E

Reaction Coordinate

∆∆GtButBu−HH = −1.7 kcal mol−1

30% s-s and 70% s-p



Corey-Chaykovsky Reaction
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A.W. Johnson, R. LaCount, Chem. Ind. 1958, 1440-1441; A.W. Johnson, R. LaCount, J. Am. Chem. Soc. 1961, 83 (2), 417-423; E.J. Corey, 
M. Chaykovsky, J. Am. Chem. Soc. 1962, 84 (19), 3782-3783; E.J. Corey, M. Chaykovsky, J. Am. Chem. Soc. 1965, 87 (6), 1353-1364.



Corey-Chaykovsky Reaction – Experimental Data

1. Stability of the Carbonyl Group.

Aromatic aldehydes strongly favor trans-epoxides
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Entry R dr [trans:cis]

1 Ph >95:5

2 Cy 93:7

3 n-Bu 91:9

O. Illa, M. Namutebi, C. Saha, M. Ostovar, C.C. Chen, M.F. Haddow, S. Nocquet-Thibault, M. Lusi, E.M. McGarrigle, V.K. Aggarwal, J. Am. 
Chem. Soc. 2013, 135 (32), 11951-11966.



Corey-Chaykovsky Reaction – Experimental Data

2.    Stability of the Ylide.

EWGs favor trans-epoxides
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Entry R dr [trans:cis]

1 p-CN Ph >95:5

2 p-H Ph 93:7

3 p-OMe Ph 67:33

O. Illa, M. Namutebi, C. Saha, M. Ostovar, C.C. Chen, M.F. Haddow, S. Nocquet-Thibault, M. Lusi, E.M. McGarrigle, V.K. Aggarwal, J. Am. 
Chem. Soc. 2013, 135 (32), 11951-11966.



Corey-Chaykovsky Reaction – Experimental Data

3.    Steric Hindrance of the Ylide/Aldehyde.

Steric bulk at every position favors trans-epoxides

16

Entry R dr [trans:cis]

1 Cy 93:7

2 n-Bu 91:9

3
TIPS-propargyl

aldehyde
60:40

4 Cy 75:25

5 n-Bu 70:30

6
TIPS-propargyl

aldehyde
Not reported

O. Illa, M. Namutebi, C. Saha, M. Ostovar, C.C. Chen, M.F. Haddow, S. Nocquet-Thibault, M. Lusi, E.M. McGarrigle, V.K. Aggarwal, J. Am. 
Chem. Soc. 2013, 135 (32), 11951-11966.



Corey-Chaykovsky Reaction – Experimental Data

4.    Solvation Effects.

Aprotic (less protic) solvents favor trans-epoxides
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Entry solvent dr [trans:cis]

1 MeCN >95:5

2
MeCN-tBuOH

(9:1)
91:9

3
MeCN-H2O 

(9:1)
73:27

O. Illa, M. Namutebi, C. Saha, M. Ostovar, C.C. Chen, M.F. Haddow, S. Nocquet-Thibault, M. Lusi, E.M. McGarrigle, V.K. Aggarwal, J. Am. 
Chem. Soc. 2013, 135 (32), 11951-11966.



Corey-Chaykovsky Reaction
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1.    Stability of the Carbonyl Group. Aromatic Aldehydes

2.    Stability of the Ylide. Aromatic Ylides with EWG?

3.    Steric Hindrance of the Ylide/Aldehyde. Steric Bulk

4.    Solvation Effects. DCM

O. Illa, M. Namutebi, C. Saha, M. Ostovar, C.C. Chen, M.F. Haddow, S. Nocquet-Thibault, M. Lusi, E.M. McGarrigle, V.K. Aggarwal, J. Am. 
Chem. Soc. 2013, 135 (32), 11951-11966; R. Pollice, M. Bot, I.J. Kobylianskii, I. Shenderovich, P. Chen, J. Am. Chem. Soc. 2017, 139, 37, 
13126–13140.



Corey-Chaykovsky Reaction – Experimental Data
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Corey-Chaykovsky Reaction – Experimental Data
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3.73.83.94.04.14.24.34.4
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Corey-Chaykovsky Reaction – Experimental Data
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D. R. Edwards, P. Montoya-Peleaz, C. M. Crudden, Org. Lett. 2007, 9, 26, 5481-5484.



Corey-Chaykovsky Reaction – Experimental Data

22S. L. Cockroft, C. A. Hunter, Chem. Soc. Rev. 2007, 36, 172-188.
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Corey-Chaykovsky Reaction – Experimental Data
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Corey-Chaykovsky Reaction
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Corey-Chaykovsky Reaction – Experimental Data
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Corey-Chaykovsky Reaction – Experimental Data
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V.K. Aggarwal, S. Calamai, J.G. Ford, J. Chem. Soc., Perkin Trans. 1, 1997, 593-600; D.R. Edwards, J. Du, C.M. Crudden, Org. Lett. 2007, 
9, 12, 2397–2400.



Corey-Chaykovsky Reaction – Experimental Data
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R
0% H 100%

R
28%              H 72%

V.K. Aggarwal, S. Calamai, J.G. Ford, J. Chem. Soc., Perkin Trans. 1, 1997, 593-600; D.R. Edwards, J. Du, C.M. Crudden, Org. Lett. 2007, 
9, 12, 2397–2400.



Corey-Chaykovsky Reaction – Experimental Data
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R
100% H 0%

R
62% H 38%

cis:trans
5:1

V.K. Aggarwal, S. Calamai, J.G. Ford, J. Chem. Soc., Perkin Trans. 1, 1997, 593-600; D.R. Edwards, J. Du, C.M. Crudden, Org. Lett. 2007, 
9, 12, 2397–2400.



Reversible Reaction

DG

Elucidation of London Dispersion Interaction
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Irreversible Reaction

DG‡

∆∆GtButBu−HH = −1.7 kcal mol−1

30% s-s and 70% s-p

∆∆G‡
tButBu−HH = −1.0 kcal mol−1

30% s-s and 70% s-p
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