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Size of the Group
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Size Parameters (2)

6

1. Harper, K. C.; Bess, E. N.; Sigman, M. S. Nat. Chem. 2012, 4, 366.
2. Niksch, T.; Gorls, H.; Wiegand, W. Eur. J. Inorg. Chem. 2010, 95.
3. Bott, G.; Field. L. D.; Sternhell, S. J. Am. Chem. Soc. 1980, 102, 5618.

· Tolman cone angles (experimental/computational parameters by Tolman, 2010)
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Applied to the phosphine ligands.

· Interference values (experimental parameters by Bott, 1980)
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Size Parameters (3)
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· Sterimol parameters (computational parameters by Verloop, 1976)

Looking from the red bond,
B1: Minimum width of the group 
B5: Maximum width of the group
In CH2t-Bu, B1 = 1.52, B5 = 4.18

t-Bu

H

H

L: Length of the group 
along the red bond

In CH2t-Bu, L = 4.89

Application to organic chemistry: 
Prediction of enantioselectivity of the catalyst

S Me

O
+ X
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NO
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S

MeHO

CrCl3·(THF)3 (10 mol%)
Ligand (11 mol%)

Et3N (20 mol%)

TMSCl (4 eq)
Mn (2 eq)

ΔΔG = -2.19 + 1.47B1L + 0.94B1S - 0.27B1LB1S - 0.09B1LB5S

Ligand
In details, see 140719_LS_Hidenori_Todoroki.



Feature of A-value
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Conformation Affects A-value
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Dispersion Stabilization

10Zhang, J., 2011. arXiv preprint arXiv:1107.5146.

London dispersion: Attractive interaction between non-polarized compounds

Br Br Br Br
δ+ δ-

Br Br
δ+ δ-

In Lennard-Jones potential, steric repulsion decays as r -12, while London dispersion decays as r -6.

→ In appropriate distance, attractive interaction will be larger.

Comparing with other attractive interactions (dipole-dipole forces and dipole-induced dipole 
forces), London dispersion is weak interaction. → London dispersion is commonly ignored.

There is no common parameters for dispersion effect.
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Dispersion Affects Reactivity
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dimerization

R R R

R

MeLi
THF, -78 °C

1 proximal-2 distal-2
Me

Li

R

or

R

R

dimerization

R proximal : distal yield

R =Me 1.1: 1 36%

R = t-Bu 16: 1 52%

R =Ad >20: 1 54%

Ad =

In larger group, higher reactivity and regioselectivity 
(the regioselectivity is counterintuitive; more 
repulsive proximal-2 was a major product).

→ London dispersion overcomes steric repulsion in 
this reaction.

?

R =Ad* >20: 1 74%

* OTs was used instead of OTf
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Computational Chemistry (1)
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· Schrödinger equation

HΨ = EΨ

With this approximation, we can solve the wave function of hydrogen-like atoms (H, He+, Li2+, ...).

H = TN + Te + VNe + Vee + VNN

H: Hamiltonian, E: Energy, Ψ: Wave function
TN: Total kinetic energy of atomic nuclei
Te: Total kinetic energy of electrons
VNe: Total potential energy between atomic nuclei and electrons
Vee: Total potential energy between two electrons
VNN: Total potential energy between two atom nuclei

To solve the wave function, some approximation is needed.

Born-Oppenheimer approximation:

H ~ Te + VNe + Vee + VNN

Regard Te as 0. (Electrons moves very faster than atomic 
nuclei)

LCAO (Linear Combination of Atomic Orbitals):

Examples of approximation:

Φi: Molecular orbital
χr: Atomic orbital



Computational Chemistry (2)
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Computational Chemistry (3)

15
これからはじめる量子科学 辻和秀 著 オーム社
https://www.chem-station.com/blog/2014/12/dft.html

In computational chemistry, information of functionals and basis sets is important.

For example... B3LYP/def2-TZVPP

Functionals
How to solve

Schrödinger equation?

Basis sets
How many atomic orbitals

do you use?

Basis sets: Atomic orbitals that uses in LCAO approximation. There are some variety in this orbital.
STO (Slater type orbital): Accurate atomic orbital
GTO (Gaussian type orbital): Easy to calculate. For example, Pople type (such as 6-311G), Correlation 
consistent basis sets (such as cc-pVTZ), Karlsruhe type (def2-TZVPP)

Minimum basis set (STO-3G, STO-2G): H (1s), C (1s, 2s, 2px, 2py, 2pz)
For further accuracy, Split-valence basis sets, polarization functions and diffuse functions are used.

Split-valence basis sets (6-31G, 6-311G, cc-VDZ, cc-pVTZ): Use same orbitals. (double zeta means 
H (1s, 1s), C (1s, 1s, 2s, 2s, ...))

Polarization functionals (6-31G*, cc-pVDZ): Add bigger orbitals (H (1s, 2s, 1p), C (1s, ..., 4s, 3p, 2d))

Diffuse functions (6-31+G*, aug-cc-pVDZ)

Single point computation: Methods of conformational optimization and energy calculation are different.
(B3LYP-D3BJ/def2-TZVPP(energy calculation)//MP2/aug-cc-pVTZ(conformational optimization)
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Benchmark Study (1)
Basis Set Optimization for Structure
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Benchmark Study (2)
DFT Functional Optimization for Energy

20Solel, E.; Ruth, M.; Schreiner, P. R. J. Am. Chem. Soc. 2021, 143, 20837.



Simple Calculation
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Rationalization and Correction

22Solel, E.; Ruth, M.; Schreiner, P. R. J. Am. Chem. Soc. 2021, 143, 20837.

H
H

H
H

R'
R'

R'

1Raq(R' = Me, F, Cl, Br, I)

conformational
change

R' R'

R'

1'Raq

Strain relieving deformation changes
not only the interaction between R group 
and cylohexyl moiety (Cy), but also other 
intrafragment interactions.
→ Dispersion energy becomes lower.

In order to isolate only the LD interaction between R and Cy, calculation was conducted as follows:

R

R
ΔEax-eq

H
H

1Req 1Rax
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ax(Cy···R)
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ax= -

H
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H
-
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Edisp
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H

R
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At computational calculation, 
C4-C1-Me = 108.6 °
C4-C1-t-Bu = 120.6 °

(MP2/aug-cc-pVTZ geometries)

H

Edisp = - [E(B3LYP) - E(B3LYP-D3BJ)]

Dispersion energy ΔEdisp
ax-eq (Cy···R) = Edisp

ax(Cy···R) - Edisp
eq(Cy···R)

Edisp
ax

Edisp
eq

Edisp
ax

Edisp
eq



Correction of Dispersion energy
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Dispersion Effect of Monosubstituted Cyclohexane
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Steric Effect in Monosubstituted Cyclohexane

25Solel, E.; Ruth, M.; Schreiner, P. R. J. Am. Chem. Soc. 2021, 143, 20837.



Why Me > Et > i-Pr?
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H
H

Me
H H

1Etax-A
(one gauche interaction)

1Eteq-A
(one gauche interaction)

Me

H

H

H
H

H
H Me

1Etax-Amirror

(one gauche interaction)

In Ethyl group, there can be 3 equatorial conformers. 
Only the most stable 1Eteq-A is considered in the calculation.

1Eteq-Amirror

(one gauche interaction)

H

H

Me

1Eteq-B
(two gauche interaction)

H

Me

H

There can be 3 axial conformers. 
Only the most stable 1Axeq-A is considered in the calculation.

H
H

H
Me H

1Etax-B
(much higher in energy)

Like this, only the most stable conformer is considered in isopropyl group.
→ Very similar steric hindrance for Me, Et, i-Pr.

Dispersion energy is larger in large group.
→ ΔEax-eq gives counterintuitive order; Me > Et > i-Pr

* On the other hand, all the conformers are considered in A-value, 
thus steric hindrance is larger in large gorup.

Solel, E.; Ruth, M.; Schreiner, P. R. J. Am. Chem. Soc. 2021, 143, 20837.



Correlation between Sterimol Parameters

27Solel, E.; Ruth, M.; Schreiner, P. R. J. Am. Chem. Soc. 2021, 143, 20837.

Here, dispersion energy 
donor (DED) scale and 
the purely steric part 
were distinguished.

→ Steric part is 
compared with Sterimol 
parameters to see the 
relationships.

Linear correlation was observed.
(except for Ph and SiMe3.)



New Idea Instead of A-value
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R
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1Req 1Rax

For large group (t-Bu, CX3, ...), conformation of 
cyclo hexyl ring slightly changes due to large 
steric repulsion.

R

+
R

+

· Another System for MeasuringSteric Hindrance for R group

2R
equatorial comfomer to

3 cyclohexyl rings

3H 2H 3R
axial comfomer to
3 cyclohexyl rings

· Some Factors that Cyclohexyl-Ring-System doesn't Reflect the Total Size of the Group

H
H

Me
H Me

H
H

Me
H H

H
H

H
H H

1Meaq 1Etaq 1i-Praq

R group rotates to minimize 1,3-diaxial steric
repulsion.

→Similar steric hindrance of Me, Et, i-Pr

conformation is strictly fixed

ΔG3-2



Correction to Dispersion energy
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Dispersion Effect in New System

30Solel, E.; Ruth, M.; Schreiner, P. R. J. Am. Chem. Soc. 2021, 143, 20837.



Steric Effect in New System
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Correlation between Polarizability

32Solel, E.; Ruth, M.; Schreiner, P. R. J. Am. Chem. Soc. 2021, 143, 20837.



Short Summary

33Solel, E.; Ruth, M.; Schreiner, P. R. J. Am. Chem. Soc. 2021, 143, 20837.



A-value of Bpin and Bgly

34
Fasano, V.; McFord, A. W.; Butts, C. P.; Collins, B. S. L.; Fey, N.; Alder, R. W.; Aggarwal, V. K. Angew. 
Chem. Int. Ed. 2020, 59, 22403.

Bpin = B
O

O

Me
Me

Me
Me

Bgly = B
O

O

A-value: 0.42 kcal/mol A-value: 0.73 kcal/mol

Bpin is larger group than Bgly, but A-value of Bpin is smaller than Bgly.

→ Dispersion affects the result?

BH
H

OO

BH
H

OO

Me Me
Me

Me
Dispersion effect?

How large the dispersion/steric hindrance are?



Steric Factors in Bpin and Bgly
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B3LYP/def2-TZVPP B3LYP-D3BJ/def2-TZVPP

ΔGax-eq rax··B rax··H(Me) C3··C1··BR
ΔGexp

(A-value,
kcal/mol)

0.36 2.88 2.95 99.2Bpin 0.42

ΔGax-eq rax··B

(Å)
rax··H(Me) C3··C1··B

(°)

1.46 2.98 3.21 102.0

0.53 2.88 99.4Bgly 0.73 1.32 2.96 101.5

BH

H

OO

Me
Me

Me

1

3

H

BH

H

OO

H H
H

H

1

3

rax··B

rax··H(Me)

C3··C1··B C3··C1··B

rax··B

1Bpinax 1Bglyax

In computational calculation, Bpin 
is larger in steric hindrance, but 
dispersion energy is much more 
larger in Bpin.
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Search for Counterintuitive Trend (1)



Search for Counterintuitive Trend (2)
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38Solel, E.; Ruth, M.; Schreiner, P. R. J. Am. Chem. Soc. 2021, 143, 20837.

4Cyaxax Can be the Most Stable Conformer
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Steric hindrance in Monosubstituted Cyclohexane
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Steric Effect in New System
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Correlation between Sterimol Parameters
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Correlation between Sterimol Parameters
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