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The Nobel Prize 2021
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David MacMillan Ben List

“for the development of asymmetric organocatalysis."



Hydrosilylation of Double Bonds
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Pioneering work with Ketones
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Using organocatalysts
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Hosomi,  Tet. Lett. 1988, 29, 89.

Lithium Diolates and aminoalcoholates
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Milestone: N-Formylpyrrolidine activation
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Matsumura,  Tet. Lett. 1999, 40, 7507.

(DMF-HSiCl3), Kobayashi, Chem. Lett. 1996, 25, 407. 
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Bioactive Chiral Amines
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Early developments with Ketimines
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With Organocatalysts
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Ketones and Enamines
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Organocatalytic Imine Hydrosilylation: Types
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Cinchona Organocatalysts: Bifunctional
catalysts
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Enamine

Bernardino Gomes (1811)



Cinchona-Formamides
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Cinchona-amine-aminoacids
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Chiral Picolinamides
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Matsumura,  JP 2005029503, Tet. Lett. 2006, 47, 3751.

N

Ph

Bn Cl3SiH/OrgCat HN

Ph

Bn

67%, 80% ee

N
N

O Ph
PhHO

OrgCat =

15



Picolinamide Organocatalysts
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Jones, Org. Biomol. Chem. 2012, 10, 2189) 

Jones, Org. Biomol. Chem. 2012, 10, 2189.
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Picolinamides
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Barrulas, EJOC, 2014, 7339. 
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Enantioselective Desymmetrization
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Nakamura, JACS. 2012, 134, 19366.
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Initial Results
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P.  Barrulas, PhD Dissertation, University of Evora, 2014. 

Prototype Catalyst
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Catalyst Screening
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Further Screening
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Probing the Mechanism
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Initial Working Model
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DFT calculations
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• Transition state profile

Edgar Santos

Tools = B97 functional with a D3 dispersion correction and triple-zeta basis set. 



Further studies
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Sílvia Fernandes

Supports our mechanistic model.
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N-Methyl Cinchona-Picolinamide
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Barrulas, Burke, WO2015052656, US9844773.
27Barrulas, EJOC, 2014, 7339
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Entry x mol % Yield % e.e. % TOF
(mol.mol-1.h-1

1 20 85 85 0.28

2 10 86 84 0.56

3 5 88 82 1.11

4 1 86 80 5.56

5 0.5 78 72 11.1

6 0.1 53 18 55.6

P.  Barrulas, PhD Dissertation, University of Evora, 2014. 
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N
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Formal Route to Rivastigmine
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Key reactions
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Genoni et al.  Tet. Lett. 2015, 56, 5752.
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Immobilized Picolinamide catalysts
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Thiol-Ene Click (TEC) Chemistry
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or D

(Morgan, Ketley, Grace, 70s)



Polymer immobilized Catalyst I 
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Marina Costa, MScThesis, University of Evora, 2017.

Marina Costa

Thiol-ene chemistry (Garrell, JACS, 2011, 133, 11026)
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Catalytic Cycles: Proof of Concept Studies
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N
Ph

HN
Phcat

( 10 mol%),
HSiCl3

(3 equiv.)
DCM, rt,
18h

O2N O2N

Marina Costa, MScThesis, University of Evora, 2017.

Cycle Yield (%) Ee (%)

1 80 69

2 21 12

3 22 19

4 46 1
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Polymer immobilized Catalyst II 
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Catalyst Recycling
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18h

Run Yield (%) Ee (%)

1 95 91

2 90 88

3 80 67

4 77 37
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Catalyst Immobilization III
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Continuous Flow
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Fernandes et al. Molecules, 2016, 21, 1182.

Catalytic Reactor

N HNPMP PMP

HSiCl3

O2N O2N

0.02 mL/min res. time 25 mins

Run Time 
(mins)

Yield (%) Ee (%)

1 0-50 98 47

2 50-75 98 44

3 75-100 93 30

4 100-125 93 25

5 125-150 87 22

6 150-175 86 20

N

(R)

(R)
N

(S)

H
N

O

N

(0.3 mmol/g support)
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Immobilizations
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Entry Support Cycle Yield Ee (%)

1 NanoSilica 1 47 34

2 NanoSilica 2 50 38

3 NanoSilica 3 17 27

4 MCM-41 1 71 37

5 MCM-41 2 36 24

6 MCM-41 3 47 8

7 Magnetic NPs* 1 97 64

8 Magnetic NPs 2 30 50

9 Magnetic NPs 3 30 25

*Magnetite derived (Fe3O4)

TOF = 0.54



CINCHONA-
TRIAZOLES
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Barrulas, Synth. Communications, 2021, 51, 2954.

Entry R Yieldb (%) Global yieldc (%) Product

1 -C6H5 85 76 1a

3 -CH2OH 55d 49 1b

4 -(CH2)2CH3 76 68 1c

5 -C(CH3)2NH2 98e 87 1d

6 -C(CH3)2OH 97d 87 1e

7 -cyclopropyl 69e 62 1f

8 -6-methoxynaphthalene 67e 60 1g



Nordic-Irish Process Chemistry Forum 
2023 45

Entry Organocatalyst Yieldb (%) eec (%)

1 1a 61 3

2 1b 60 Rac

3 1c 58 Rac

4 1d 74 Rac

5 1e 80
Rac

6 1f 27 10

7 1g 23 10

Sub-milmolar scale



Enantioselectivity Optimization: Solvent
screening
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Entry Solvent

1f 1g

Yield 

(%) 
ee (%) Yield (%) ee (%)

1 DCM 27 10 23 10

2 THF 54 11 52 10

3 DMF 52 10 41 12

4 Toluene 4 12 23 9

5 Dioxane 74 10 53 9

Barrulas, Synth. Communications, 2021, 51, 2954.



Working Model
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Barrulas, Synth. Communications, 2021, 51, 2954.



CINCHONA-
SQUARAMIDES
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J. Am. Chem. Soc. 2008, 130, 14416.
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J. Am. Chem. Soc. 2008, 130, 14416.
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(S)-Pregablin (Lyrica®) 
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Bae and Song,  ACS Cat. 2015, 5, 3613.



Controlled Porosity Glass (CPG) Beads
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Hydrophilic 
derivatized silica 

surface

Hydrophobic 
surface with 

poly(vinylbenzyl
chloride) 
coating

Semi-
hydrophobic 
polystyrene 
derivative 

surface

Opal Amber Coral

Batch mode

Continuous Flow
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Without catalyst on amber (SEM) With catalyst on amber (SEM)
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TABLE 1

Entry Immobilized 
OrgCat f (mmol g-1)

Amount of 
beads used 

(g)
Cycles Yield 

(%)
ee
(%)

1

OCD3

(OPAL)
0.05176 0.055

1 86 89

2 2 93 84

3 3 56 31

4 4 22 77

5 ACD3

(AMBER)
0.13386 0.030

1 54 87

6 2 1 65

7 CCD3

(CORAL)
0.14457 0.028

1 53 78

8 2 6 55

f (mmol g-1) = %N x 1000 x (number of N atoms)-1 x MW(N)-1 x 100-1 

(Chem. Sci. 2019, 10, 11141)

Synlett 2022, 33(17) 1756
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TABLE 2

Entry Immobilized 
catalyst

f (mmol 
g-1) Cycles Yield 

(%) ee (%) dr

1

OCD3 0.05176

1 88 99 0.3:99.7
2 2 98 95 0.4:99.6
3 3 99 63 0.8:99.2
4 4 99 86 0.2:99.8
5 5 97 96 0.3:99.7
6 6 47 >99 1.2:98.8
7 7 62 97 1.6:98.4
8

ACD3 0.12493
1 84 92 0.1:99.9

9 2 66 88 0.3:99.7
10 3 53 77 1.4:98.6
11

CCD3 0.07853
1 83 93 0.2:99.8

12 2 60 81 0.2:99.8
13 3 21 79 1.5:98.5

Synlett 2022, 33(17) 1756.
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Synlett 2022, 33(17) 1756.



Nordic-Irish Process Chemistry Forum 
2023 64

Synlett 2022, 33(17) 1756.

g Contained impurities

Table 3

Entry
Immob. Org 

Cat.
f (mmol g-1)

Amount of Beads 

used (g)
Cycles Yield (% ee (%)

1

OCD3 0.08567 0.277

1 10 69

2 2 68 86

3 3 -g -g

4

ACD3 0.12493 0.173

1 66 95

5 2 29 95

6 3 13 47

7

CCD3 0.07853 0.179

1 99 92

8 2 87 91

9 3 23 88

10c 4 16 61
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Table 4

Entry
Immob. 

OrgCat
f (mmol g-1)

Amount of 

Beads used (g)
Cycles

Yield 

(%)
ee (%) dr

1 OCD3 0.08567 0.442 1 24 -g -g

2

ACD3 0.15706 0.286

1 99 -g -g

3 2 30 -g -g

4 3 10 -g -g

5

CCD3 0.07853 0.183

1 99 95 0.6:99.4

6 2 38 94 0.8:99.2

7 3 47 92 1.3:98.7

8 4 43 86 4.9:95.1

9 5 28 97 0.4:99.6

g Contained impurities



DEEP EUTECTIC
SOLVENTS
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NADES
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(Teut)
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HO
N

ChCl; m.p = 302 oC)

Reline

(1:2) m.p. 12 oC = Teut

Crystalline

O

H2N NH2

m.p = 133 oC

Chicken feed

Cl
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Choline chloride + urea mixtures at 303 K (mol % ChCl, left to
right −0, 10, 20, 33 (χeut), 40, 50, 100). The lowest observed
melting point for this binary mixture occurs at a 1:2 ratio and has
a melting point of 12 °C, eutectic composition (χeut).
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Beilstein J. Org. Chem. 2016, 12, 2620. Benaglia

Benaglia
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Chiral DESs
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Fonseca, SynOpen, in press.
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TABLE 1

Entry DES Catalyst 
(loading) Cycle Yield(%) ee (%)

1

Betaine:

D-Sorbitol:

Water

(5 mol%)

1 ≥99 97

2 2 ≥99 62

3 3 ≥99 70

4 4 ≥99 95

5 5 97 82

6 6 98 90

7 7 ≥99 94

8 8 95 90

9 9 88 62

Fonseca, SynOpen, in press.
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TABLE 2

Entry DES Catalyst (loading) Cycle ����� (%) ee (%)

1

Betaine: 
D-Sorbitol:

Water
(1 mol%)

1 ≥99 98

2 2 ≥99 69

3 3 ≥99 66

4 4 94 79

5 5 95 93

6 6 93 75

7 7 99 60

8 8 94 29

9 9 81 17
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TABLE 3

Entry DES
Catalyst
(loading)

Cycle Yield (%) ee (%)

1

Betaine:

D-Xylitol:

Water

(0.5 mol%)

1 96 87

2 2 91 93

3 3 89 63

4 4 98 10

5

(1 mol%)

1 98 92

6 2 93 67

7 3 90 93

8 4 86 84
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TABLE 4

Entry DES Catalyst (loading) Cycle ����� (%) ee (%)

1

Betaine:

D-Mannitol

: Water

(0.5 mol%)

1
57 83

2 2
35 73

3 3
55 99

4 4
67 ≥99 

5

(1 mol%)

1
19 52

6 2
64 78

7 3
87 87
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Back-ground asymmetric catalysis

TABLE 5

Entry DES RATIO �����(%) ee (%)

1

Betaine: D-Xylitol: 

Water
1:1:3

81 75

2 53 3

3 51 3
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TABLE 6

Entry DES A
Catalyst 

(loading)
Cycle ����� (%)b de (%)c ee (%)c

1

Betaine: 

D-Sorbitol: 

Water

none - 99 58 rac

2

(1 mol%)

1 99 73 94

3 2 99 92 86

4 3 99 93 84

5 4 99 92 92

6 5 99 94 88

7 6 56 94 96

8 7 98 94 93

9 8 97 97 94

10 9 98 97 95

11 10 97 97 93



Nordic-Irish Process Chemistry Forum 
2023 81

H
B-A

cc
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Transition state stabilization via DES
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Cinchona-Squaramide
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Implicit water (a), implicit water plus

explicit water molecules (b), implicit water

and sorbitol (c) and implicit water and

cinchona-squaramide catalyst (d).
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Summary

 Asymmetric catalytic hydrosilylation
reactions.

 With Immobilized cinchona-
pyridinamides.

 Cinchona-squaramides.

 Michael Reactions.

 Immobilized Cinchona-squaramides.

 Catalytic Solvents (Deep Eutectic
Solvents)
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