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Today's story is about... Chirality

Nature’s inherent chirality requires us to create chiral molecules in
enantiomerically pure form in order to interact with or modify our world

H H
H2 NHZ

H CO,H H CO,H

L-dopa D-dopa
marketed as a single enantiomer toxic

Stereochemistry is an essential im0
. .. . Chirality in
dimension in drug discovery

Drug Research




Top 200 Small Molecule Drugs by Retail Sales in 2023

Compiled and Produced by Ryan E. Williams and Hayden M. Leatherwood from the Njardarson Group (The University of Arizona)
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Imbruvica
(lbrutinib)
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$6.860 Billion
Oncology

Erleada
(Apalutamide)

$2.387 Billion
Oncology

6 Xarelto

(Rivaroxaban)
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$6.793 Billion
Cardiology/Vascular Diseases

26 Trelegy Ellipta

{Fluticasone Furoate/Vilanterol Trifenatate/Umeclidinium)

7

27

Revlimid
(Lenalidomide)

$6.179 Billion
Oncology

Symbicort

(Budesonide/Formoterol)

$2.376 Billion
Respiratory Diseases

$2.362 Billion
Respiratory Diseases

Njardarson Laboratory, the University of Arizona




Catalysis makes existing reactions easier, faster, and allows new chemical reactions
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metal catalysis biocatalysis organocatalysis

Enantioselective Catalysis
Most economical, energy-saving, and environmentally benign
approach to achieve stereocontrol

Noyori, R. Synthesizing our future.
Nature Chemistry |, 5-6 (2009)



Asymmetric Cyanation & Organocatalysis

quinine or quinidine
H * HCN > CN

ee less than 10%
organic catalyst

Bredig, G.; Fiske, P.S. Biochem.Z. 1912, 46, 7-23

first example of non-enzymatic asymmetric catalysis ever developed by chemists

Kagan, H. B.
Historical perspectives, in Comprehensive Asymmetric Catalysis,
ed. Jacobsen, E. N., Pfaltz A. & Yamamoto, H. Springer-Verlag, Berlin (1999), vol. |, p. 4-22



But when it comes to conjugate cyanation...

Problem number |

0 conjugate cyanation of enals
_ OH CN O
[C N] - chiral catalyst \)V )\)]\
R H + ?
1,4 1.2 _ _ «\ CN
.. 19395, first observation RN H A i
1 nucleophilic _ _
enals, cyanide exclusive elusive
e 1,2-addition 1,4-addition
@® cletrocrophilic site ’

how to override the intrinsic 1,2-chemoselectivity of 1 to favour a conjugate 1,4-cyanation?

Prelog,V. & Wilhelm, M. Helv. Chim.Acta 37, 1634—1660 (1954).

How to develop a chemoselective conjugate cyanation process?

no example of 1,4 cyanation of enals
even in the racemic regime



But when it comes to conjugate cyanation...

Problem number |

How to develop a chemoselective conjugate cyanation process?

Our approach

{ ~cor |

organocatalysis photocatalysis




the Father of Photochemistry
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“‘The Photochemistry of the Future’ - T . 1 e b v
Science 1912, 36, 385-394 " -y “' a0

“... and if in a distant future the supply of coal
becomes completely exhausted, civilization will on the roof of the Chemistry Department
not be checked by that, for life and civilization in Bologna (Italy)

will continue as long as the sun shines!”




Photochemistry and Excited-State Reactivity

A n=oo
a molecule in the excited state is both a better reductant
and a better oxidant than in the ground state
EA IP*
- V o— -
o
& P EA*
L [d 1
excited-state reactivity unlocks
unconventional reaction pathways Ground  Excited
state state
IP > IP*
EA* > EA

photochemical reactions

R*
T

Vincenzo Balzani, Paola Cevonl, and Alberto Jurls

Photochemistry
and Photophysics

thermal reactions

energy

Research, Applications
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R
P
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reaction coordinate



Organocatalysis

m Proline-catalyzed intermolecular aldol reaction

up to 97% yield
up to 96% ee

L-proline

]
L-proline O OH EO\
30 mol% i COOH
A AN
DMSO i
]
]
]

B. List, R.A. Lerner, C. F. Barbas lll, . Am. Chem. Soc. 2000, /22,2395-2396

= Iminium ion catalyzed asymmetric Diels-Alder of enals

]
catalyst-HCI E Q Me
N
© N /YO 5 mol% | 7 1 E )},Me
M MeOH/H,0 ' | N7 ‘Me
82% yield ! Ph H
94:6 endo:exo | catalyst
94% ee

K.A.Ahrendt, C.]. Borths, D. W. C. MacMillan, ].Am. Chem. Soc. 2000, /22, 4243-4244

Enamine Catalysis

QCOOH HOMO-Raising
/& Activation
Me

Iminium-lon Catalysis

+
Q‘ LUMO-Lowering
HLH

Activation




Where we are now

[ll. Niklas ElImehed © Nobel Prize [ll. Niklas ElImehed © Nobel Prize
Outreach. Qutreach.

Benjamin List David W.C. MacMillan
Prize share: 1/2 Prize share: 1/2

The Nobel Prize in Chemistry 2021 was awarded
jointly to Benjamin List and David W.C. MacMillan
"for the development of asymmetric
organocatalysis."




But when it comes to conjugate cyanation...

conjugate cyanation of enals

O

. OH CN O

[CN]_ chiral catalyst \)v )\)]\
R H + -
1,4 1,2 _ ' N—~CN
.. 1955, first observation R/\ H R H
1 nucleophilic _ _

enals, cyanide exclusive elusive

- iti 1,4-addition
® eletrocrophilic site 1,2-addition

how to override the intrinsic 1,2-chemoselectivity of 1 to favour a conjugate 1,4-cyanation?

Prelog,V. & Wilhelm, M. Helv. Chim.Acta 37, 1634—1660 (1954).

iminium ion catalysis could not achieve this target

no example of 1,4 cyanation of enals
even in the racemic regime



Our Idea..

radical domain CN O
chemoselectivity switch /k)l\
H

+
amine catalyst N > R
enals —————— /\)l\ exclusive 1,4-adduct
1 iminium ion R H
activation |
SET _ _ _
¢ ‘e enal's inversion of polarity

+ O\Q
Q\O [eN] CN N
R H B electrophilic CN source R H

® nucleophilic site

0w

N CO,H ’

H
organocatalysis photocatalysis



Asymmetric Conjugate Cyanation

electrophilic CN source

Ts-
N0 — - Ts O BN Ts\;l\i/O—> Ts\)\/o

chain propagation

Martin Berger

Barton Cyanation - nitrile transfer to carbon radicals

Radical nitrile transfer with methanesulfonyl cyanide or p-toluenesulfonyl cyanide to carbon radicals
Tetrahedron Lett. 1991, 32,3321



Asymmetric Conjugate Cyanation

electrophilic CN source

chain propagation

Martin Berger

Barton Cyanation - nitrile transfer to carbon radicals

F F
F3C CF3 Fin,, Fin,,
R \©/ CFs o
Foed = N N
SET reduction H
CF e — —_—
OTDS 3 H /S H Ts-
H Ts-CN Ts “"cN
ground-state O/ At N

z+

Ph iminium lon 57-system 1,4-adduct



Asymmetric Conjugate Cyanation

“ueN

Me

3a 1 mmol scale
75% (77%) 55% (58%)
91:9e.r. 90.5:9.5e.r.

OH

“eN

Me

=z
3i

72% (73%)
92.5:75e.r.

amine catalyst A-4 (30 mol%), 2 oH .

TFA (40 mol%), :

4-CzIPN (1 mol%), H :

- . or . : F““

R-1 (1.5 equiv.), H,O (3 eq.), “CN “CN :

EtOAc, 0 °C, LED (460 nm) :

2 3 '

(via one-pot reduction) !
o e
OH :
“neN ' Me e acylatlon :
Me” "N : p-nitrobenzoyl / E
Mo ! chloride oy !
3b 3c ! 3d r@ !
57% (56%) 56% (60%) ' 42% (42%) ccoe :
85:15 e.r. 89.5:9.5e.r. 1 92:8eur. 2197381 :

OH OH
OH
from citronellal from (Z)-olefin s
“IcN
» Me “,
Me ‘CN ‘CN
Me X
3j 3k | I 3l
68% (80%) 69% (73%), (2):(E) = 6:4 56% (56%)
90.5:9.5d.r. 91.5:85e.r. 90:10 e.r.

®

photocatalyst 4-CzIPN

OTDS

organic catalyst A-4

OH
“1eN “1eN
“IeN R
Ph
74%32(;1%), 3fs(s|;) (6?322? 3gog’/i{ (7 ;Zi) 558/" 1 (‘:’Z/;’
90:10 e.r. 89.5:10.5e.r. 90:10 e.r.

O
0]
H ’/,CN
N oy “Uen
(0] /O

Bn
2m 30
79%, 52% (55%), 44% (60%)
88.5:11.5 e.r. 88.5:11.5 e.r. 88:12 e.r.

with M. Berger, D. Ma,Y. Baumgartner, T.VWWong
Nat Catal. 2023, 6, 332—-338



Asymmetric Conjugate Cyanation

Proposed catalytic cycle

@) O
Ofk H CO,Et
“eN 2 Fu,, b‘f@ -
CF3CO,H OTDS
amine catalyst \\
Fu,,

Me
H
catalyst

DHP ester-Et
FIII'
aminocatalytic
cycle CF4CO,
H _ 4-CzIPN
i D hv
“IcN

‘ photoredos
cycle
cyano 4-

4-CzIPN* CZ'PN——\
transfer

Ts - F RA T R-1 F
E:tosyl \' /" Fiun)
radical

N

N
H
C

Iz

H
vy N e > B
2 TN o
(Ts TsCN

Sm-enaminyl
radical

with M. Berger, D. Ma,Y. Baumgartner, T.VWWong

Nat Catal. 2023, 6, 332-338



Asymmetric Conjugate 3-Alkylation of Enals

o catalyst (20 mol%) O CO2Et
Ph TFA (30 mol%) EtO,C CO,Et
H 4-CzIPN (1 mol%) H oh |
+ O\/Ar : ) o) Ar
. ’I/l \/ Me N Me
5 DHP ester-Et (1.5 equiv.) ” OTDS CF; H
(o)
blue LED (460 nm) catalyst DHP ester-Et
(o) (o) (o) (o) (0]
H)‘j Ph H)Jj Ph H Ph H Ph H Ph
‘e 0 ‘e 0 M e ‘v 0 ‘e O ‘e 0
MC5H4 ,'/Kf( SAr Me ,'/Kf( SAr '/)\ﬂ/ SAr "}ﬁ( SAr A . "/if( SAr
(o) (o) Me (0] (o) (o)
Me Me
93% vyield, 1:1 dr 71% vyield, 1:1 dr 46% yield, 1.1:1 dr 56% vyield, 1.1:1 dr 82% vyield, 1.2:1 dr
90% ee, 82% ee 75% ee, 60% ee 87% ee, 75% ee 87% ee, 78% ee 89% ee, 74% ee
(o) (o) (o) (o) (o)
H Ph \H Ph H Ph H Ph H Ph
Me "”/XI(O\AI' \ '/I//A”/O\Ar Cl ,’l,/A‘/O\Ar HO ',"/AH/O\AI' BnO ”IIIA‘/O\AI'
3 5 9 2
(o) (o) (0] (o) (o)
Me Me

67% yield, 1.6:1 dr 65% yield, 1:1 dr 65% yield, 1.1:1 dr 72% yield, 1:1 drgs% ee , 71% yield, 1.1:1 dr

72% ee, 77% ee 82% ee, 70% ee 90% ee, 72% ee 85% ee, 68% ee 87% ee, 73% ee

with M. Berger, D. Ma,Y. Baumgartner, T.VWWong
Nat Catal. 2023, 6, 332—-338



How to further expand the idea of
SET activation of electron-poor m-systems

(P
A,

EWG
RN
iminium ion e-poor olefins
| |
SET SET

oo e
(o e
R/N)\

® nucleophilic site



Reductive Cross-Coupling of Olefins

Reductive cross-coupling of olefins with opposite connectlwty (this Work

O A ewe + &0 ':':7‘/'@ HS O/\)\/O

radical precursor radical acceptor sp>-rich products
| A p
reduction - radical addition
= . 20
>4 +H )~ \)\/O
EWG O\( EWG — O/ —
| - . 1]l
protonation H .

with W. Zhuo, |.A. Dmitriev,
J.Am. Chem.Soc. 2023, 145,25098-25102



Reductive Cross-Coupling of Olefins

PC A (0.3-0.6 mol.%) or PC B (5 mol.%)
HAT catalyst 4a or 4c (20 mol.%) EWG

A ene + 20 H donor 5a (1-3 equiv.) O/\)\/O
2

450 nm EvoluChem
1 DCE (0.05 M), 50 °C, 6-14 h 3oré
radical precursor radical acceptor

\j

radical acceptors

MeO,C Meozc\(\/—\/ Ph Meozc\C\/\/ou Meozc\f\/\/NPhth |~»|eo,3c\(\(_)/\cI
4
CO,Me COs;Me CO;Me CO-Me CO>Me
3a, X = H, 83% (5 mmol, 80%)¢ 3i, 53%P 3j, 52%P 3k, 55% 31, 50%"

3b, X = p-OMe, 80%
3¢, X = p-Cl, 80%

Me
3d, X = p-Nby, 75%8 COMo ; COgMe MeO,C OAc  MeO,C BPin  MeO,C ™S yoo,c oh
39-, X= p'CN, 50%?2 /\)\)\/C02M8 )\)\)\/COZMe
HO o)

3f, X = m-Me, 77% co,Me Cco,Me CO,Me CogMe

3g, X = 0-Br, 65% . b . b b b
3m, 64%, 1:1 dr 3n, 37%, 1:1 dr® 30, 51% 3p, 84% 3q, 65% % 11 drd
3h. X = o-Me. 76% 0 0 0 Y 0 q ( 3r, 44%, 1:1 dr

with W. Zhuo, |.A. Dmitriev,
J.Am. Chem.Soc. 2023, 145,25098-25102



Reductive Cross-Coupling of Olefins

SH
©/SH
FsC CF3
HAT 4a HAT 4b
PC A (0.3-0.6 mol.%) or PC B (5 mol.%) N
HAT catalyst 4a or 4c (20 mol.%) EWG NPh;
H donor 5a (1-3 equiv.)
+
O\/\EWG 20 >
450 nm EvoluChem F
o 2 DCE (0.05 M), 50 °C, 6-14 h 3oré NPh,
radical precursor radical acceptor PC B
NC Ph °
\(\/ NC\|/\/Ph ROZC\]/\/Ph Phozs\r\/Ph Bh
H
CN CeH13
6 = 0/.C
6a, 79 % 6b, 64%° BZ’, '; i ';': 33802’6 Be, 47 %° 69, 57%"
l/-\ o 0 o | cross-coupling adducts
Ph ‘ . CO,Bn :
/\)\H/N\) \/\i‘\opsu 0 Fh : Bnozc\r\/sp'" O/\r :
Ph . ;
' BocN '
(o) ' :
6h, 54%¢ 6i, 53% 6j, 45% ; 6m, 52%° 6n, 49% :

with W. Zhuo, |.A. Dmitriev,
J.Am. Chem.Soc. 2023, 145,25098-25102



Reductive Cross-Coupling of Olefins

‘\\_;lli/')'* 700 ®/

a) Radical clock experiment

standard | CO.Bn
diti
"/\COZBn conditions
blue I|ght
SET
8,72 %, Z/E =95:5
+H* HAT
CO,Bn _ CO,Bn
~"Nco,Bn ——> —
b) Deuterium labeling experiment
standard conditions
blue light 30% D COOBn
///\cozan + /\O D,0 (5 equiv.) . /I\)\/D
| PhSH <= PhsD ”
SET 2a in situ 6d-D, 52 % A
~ COOBn HAT
257 co,Bn I/ ScoBn — D |
or PhSD Ph” * PhSD

I protonation [

with W. Zhuo, |.A. Dmitriev,
J.Am. Chem.Soc. 2023, 145,25098-25102



How to further expand the idea of
SET activation of electron-poor m-systems

(o
AN,

iminium ion

|
SET

e

()~
AL

® nucleophilic site

A EWC

e-poor olefins

|
SET

+e

R/\\/EWG

~
N

pyridinium ion

|
SET

+e

)




Functionalization of Pyridines via Pyridinyl Radicals

(a) design plan pyridinyl radical
H

Vi N
+ | Ilj radical ___
y NN coupling

TN ! M
ar o T~

O—s- O—s’
reductant HAT catalyst |
O~”
/ Q p\ o \ / i
\J

‘\ .. " O R el rearomatization

e \

A1:R=H N

A2: R = 1-napthyl
O—s- O—SH P
- N
A A 2a 3
functionalized Emilien Le Saux

yZ | _ pyridine
N N

1a H I with E. Le Saux, E. Georgiou, |.A. Dmitriev, & W. C. Hartley, JACS 2023, |45, 47-52



Functionalization of Pyridines via Pyridinyl Radicals

(c) cyclic voltammetry

\ + \
\ | H |
H‘:t ~ _b N~
\ N acfivation N CE-COT
\ (TFA) H 32
\ 1a I
\
\!
1‘\
\ |
\ no reduction reversible
\ reduction

potential (V)

295 -20 -1,5 -1,0 -0,5 0,0 0,5 -1% -10 -0,5 0,0 0,5

= =
L -
N /N\

1a H I with E. Le Saux, E. Georgiou, |.A. Dmitriev, & W. C. Hartley, JACS 2023, |45, 47-52



Functionalization of Pyridines via Pyridinyl Radicals

457092

(a) design plan pyridinyl radical
~
+ |
H/N NS I
I \ SET (e) Stern-Volmer quenching (f) EPR studies
1,0
AT / \ IJJH
O-s- g2 ] )
reductant HAT catalyst © 0,8 +/ - 365 nm |
€ H cl N
/ Q O\P\SH S /
e s é 0 6 ] ]| Mv_,u._.»-r—”—/‘\'uf i e e S e
' hv s (0] .
‘L. O R ge; /
N 0,4- J
\ : |
A1:R=H % |
B =1 |
. A2: R = 1-napthyl € 0.2- \{
C wavelength (nm) fleld strength (G)
A~ 350 375 400 425 450 3250 3300 3350 3400 3450
Z y Excitation at 350 nm, Emission at 385 nm
@ NS | E(Ae/[A-]*)] estimated as =2.23 V (vs

1a H I Ag+/Ag in CH3CN



Functionalization of Pyridines via Pyridinyl Radicals

(b) optimization

catalyst (20 mol%)

~
@ ¥ O t 0.05M g I o
\N acetone (0. ) N

1a 2a

35°C, 16 h F
light 3a
entry catalyst light additive yield (%) 3a (C4:.C2)
1 A1 455 nm - n.d. n.d.
2 A1 365 nm - 17 8:1
3 A1 365 nm collidine 41 4:1
4 A2 365 nm collidine 67 (595) 6:1 (> 20:1)
5 A2 455 nm Ir-PC (1 mol%) 79 (65) 4:1 (> 20:1)
6% A2 365 nm collidine 68 (51) 3:1 (> 20:1)
7 - 365 nm collidine n.d. n.d.
8 A2 - collidine n.d. n.d.

with E. Le Saux, E. Georgiou, |.A. Dmitriev, & W. C. Hartley, JACS 2023, |45, 47-52



(b) optimization

~
NG
N

N

1a 2a

entry catalyst light

1 A1 455 nm
2 A1 365 nm
3 A1 365 nm
4 A2 365 nm
S} A2 455 nm
62 A2 365 nm
7 - 365 nm
8 A2 -

catalyst (20 mol%)

Functionalization of Pyridines via Pyridinyl Radicals

acetone (0.05 M)
35°C, 16 h
light

additive

collidine
collidine
Ir-PC (1 mol%)
collidine
collidine

collidine

v

pyridinyl radical

Q

i AN
N spin density
32 C4: 0.561
. rl \\
yield (%) 3a (C4:C2) :
C2" ~
n.d. n.d. 0.302 |
17 8:1 i
41 4:1
67 (55) 6:1 (> 20:1) NBO analysis
79 (65) 4:1 (> 20:1) localization of
68 (51) 3:1 (> 20:1) SOMO
n.d. n.d.
radical at C4
n.d. n.d.

with E. Le Saux, E. Georgiou, |.A. Dmitriev, & W. C. Hartley, JACS 2023, |45, 47-52



Functionalization of Pyridines via Pyridinyl Radicals

365 nm EvoluChem

. H A2 (20 mol%)
,;:HQ 2,4,6-collidine (50 mol%)
+ ; >
R acetone (0.05 M)
1 2

35°C, 16h 3
ridines
PRy oN
F Ci CF CN
| A | R | A | R | Xy | A | N CN
=0~ = = CN o = = P = o~
N CF, N N N N N N N
3a 55% yield 3b 65% yield  3c 44% yield 3d 47% yield 3e 39% vyield 3f 44% yield 39 50% yield 3h 33% yield 3i 31% vyield
6:1 (> 20:1) r.r. 8:1(=20:1) r.r. 51 1) rr. 81(=201)rr. 9:1(>20:1)r.r. 14:1 (> 20:1) r.r.

competitive reactive site

niacin derivatives

0 0
COH Me CO,H CO,Et LS . cl co,Me Br CO,Me
I \ ﬁ ﬁ/ / O"‘ / O‘t ﬁ/ | \
o e o S > o ~
N N N N N N N

3) 65% yield? 3k 48% vyield 31 66% yield 3m 72% vyield 3n 50% yield 30 46% vyield 3p 31% vyield

with E. Le Saux, E. Georgiou, |.A. Dmitriev, & W. C. Hartley, JACS 2023, |45, 47-52



Functionalization of Pyridines via Pyridinyl Radicals

trifunctional thiol catalyst pyridinyl

r’
]
N/ (J radical 1 _

coupling
H | >
(. then

oxidation

¢ © HAT  r~

. oM, T )
UV light ‘<o ‘e
excited state reductant

with E. Le Saux, E. Georgiou, |.A. Dmitriev, & W. C. Hartley, JACS 2023, |45, 47-52



‘Classic’ approaches: stereospecific reactions

Problem number 2

X
o ge — — of

nucleophile
) (inversion) O .
enantiopure — — enantiopure

leaving
group

SN2 processes

Transferring the stereochemical information from chiral substrates into the products



But when it comes to radical chemistry...

Problem number 2

sp3-hybridized
CO,H
ol H

enantiopure
substrate

-H*, -e”
—»

- CO,

o

chiral radical
pyramidal

sp?-hybridized

trigonalization
(fast racemization)

.&I

sp>-hybridized

\/ EWG (éy(\/ EWG
H

racemic product

How to transfer stereochemical information when chiral radicals are formed?



But when it comes to radical chemistry...

Problem number 2

How to transfer stereochemical information when chiral radicals are formed?

Our approach

organocatalysis photocatalysis



Why Photochemistry and Excited-State Reactivity

A n=oo
a molecule in the excited state is both a better reductant
and a better oxidant than in the ground state
EA IP*
- V o— -
o
& P EA*
L [d 1
excited-state reactivity unlocks
unconventional reaction pathways Ground  Excited
state state
IP > IP*
EA* > EA

photochemical reactions

R*
T

Vincenzo Balzani, Paola Cevonl, and Alberto Jurls

Photochemistry
and Photophysics

thermal reactions

energy

Research, Applications

hv
Corcepts,

R
P

L.

reaction coordinate



And what about Organocatalysis

m Proline-catalyzed intermolecular aldol reaction

up to 97% yield
up to 96% ee

L-proline

]
L-proline O OH EO\
30 mol% i COOH
A AN
DMSO i
]
]
]

B. List, R.A. Lerner, C. F. Barbas lll, . Am. Chem. Soc. 2000, /22,2395-2396

= Iminium ion catalyzed asymmetric Diels-Alder of enals

]
catalyst-HCI E Q Me
N
© N /YO 5 mol% | 7 1 i )},Me
M MeOH/H,0 ' | N7 ‘Me
82% yield ! Ph H
94:6 endo:exo | catalyst
94% ee

K.A.Ahrendt, C.]. Borths, D. W. C. MacMillan, ].Am. Chem. Soc. 2000, /22, 4243-4244

Enamine Catalysis

QCOOH HOMO-Raising
/& Activation
Me

Iminium-lon Catalysis

+
Q‘ LUMO-Lowering
HLH

Activation




Expanding the Potential of Organocatalysis with Light

Review

Asymmetric Organocatalysis

Thermal Reactivity Photochemical

‘D Reactivity
) moving organocatalysis
L @
N

_H X beyond established reactivity

H redefining the applicability
R’ of synthetic photochemistry
N
Z “N-Ar -~ ¥y  hew opportunities
N i for reaction inventions
OH environmentally sustainable
Ph stereoselective chemistry

Established tools for
ground-state reactions

State-of-the-art The Next Dimension

Mattia Silvi & Paolo Melchiorre, “Enhancing the potential of enantioselective organocatalysis with light” Nature 554, 4149 (2018)

‘Following the light of the sun, we left the Old World’
Cristoforo Colombo




Enamines in the Ground State

@ Proline-catalyzed intermolecular aldol reaction

Enamine Catalysis

up to 97% yield
up to 96% ee

]
L-proline O OH | O\
J J s A | Ry eoon (-
R ' - -
H” "R pmso § H N~ “COOH  Homo-Raising
]
]
]

. /g Activation
L-proline Me

B. List, R.A. Lerner, C. F. Barbas lll, J. Am. Chem. Soc. 2000, /22,2395-2396

enamine-mediated catalysis

0 @N. Q‘ E 9 =
amine catalyst / hil
X)J\*OL %\X electrophile X

R - Hzo R | + H2O R
enamine X =H, Alkyl

Nucleophilicity of enamines: Gilbert Stork, et al. J. Am. Chem. Soc. 1963, 85,207-222



Electron Donor-Acceptor (EDA) Complex

Enamines as Donors in Photo-Active EDA-Complexes in the Ground State

ol

visual observation

—_—
—

EWG

LG ‘“ O
A

R

LG hy
_
e transfer
EWG |

Coloured EDA complex in the Ground State

390

Reaction mixture

e Br-derivative

Catalyst

EWG

Nature Chemistry, 2013, 5,750-756
Chem. Science 2014, 5, 2438-2442
J-Am. Chem. Soc.2016, 138,8019-8030

490 590
nm

EDA complexes and Charge Transfer theory
R.S. Mulliken, J. Phys. Chem. 1952, 56, 801

690

790

')ﬂ‘ A V'

R. S. Mulliken \




Photochemical Asymmetric Alkylation of Aldehydes

O

a R
H * Br)\EWG >
2,6-lutidine (1 equiv)
2 Me 3

a

H
= Ar hV
OTMS
=N Ar
H (20 mol%)
Ar: 3,5-CF3-C6H3

MTBE, [3]o= 0.5 M, 25 °C

G

O R
HJ\K\EW
4 Me

entry alkyl-bromide product entry  alkyl-bromide product entry  alkyl-bromide product
O CN (0]
CN 0 0 Bre__CO,Et et
H Br. NO,
1 Br/\©\ = \)KQ/ H NO, 9 CO,Et COZEt
3f NO, Me a NO: 3 o O 4 3n Me n
95% yield, 84% ee 86% vyield, 86% ee 65% yield, 84% ee
o o o o NO, Br. CO,E 0 COéE(; _
i CO,Et %
2 Br H 6 Br H 10 Me~ 2 H Me
39 O 4g 3k O 4k 30 Me D
M 5o v No, Me - 98% yield, 91% ee
95% yield, 93% ee 70% yield, 83% ee o yield, g
0 Ph
i o o) o Br. COEt
3 Br 7 Br Br e r ’ CO,Et
3h Mo O 4h 3| Me O al Ph 3p Me 4p
70% yield, 86% ee 96% yield, 87% ee 75% yield, 85% ee
Ph OH
o) 0 0 0 S\ Br-_ CO2Et ORI (13
Br. B CO,Et
3i O 4 3m S / O 4 HO ?
Ph  Me Me m 3q Me 4q

94% yield, 86% ee

92% vyield, 87% ee

77% yield, 90% ee

with E.Arceo, |. Jurberg, A. Alvarez, Nature Chemistry, 2013, 5, 750-756



0
H)S
R

Established tools
for thermal reactions

(~e%

R Colourless R
Thermal Reactivity \

Acceptor Photochemical Reactivity @\‘
LG =
[P N
A i =We XHLH

N7 R Vi

EWG L -
Colourless /u LG@

LGQ\‘ 5@ @\.

Donor

N\

(2

| l/ e” transfer %\H
,\/ v ~~
EwGR | v L TEwGR 2

Coloured EDA complex Chiral Radical lon Pair

The growing field of EDA-complex-mediated synthetic photochemistry:

Aggarwal, Chatani, Glorius, Hyster, Molander, Konig, Lakhdar, Leonori, Miyake...

JACS

JOURNAL OF THE AMERICAN CHEMICAL SOCIETY

pubs.acs.org/JACS

Synthetic Methods Driven by the Photoactivity of Electron Donor—
Acceptor Complexes

Giacomo E. M. Crisenza,” Daniele Mazzarella,” and Paolo Melchiorre*

Cite This: J. Am. Chem. Soc. 2020, 142, 5461-5476 I: I Read Online

Review on EDA complex photochemistry
G. Crisenza, D. Mazzarella, P. Melchiorre, JACS 2020, /42,5461




the Bromomalonate Conundrum

O

R
HJ\L * Br)\EWG
2a Me 3

NyoY

Bromo malonates work! how??

H
= Ar
OTMS
H Ar
H (20 mol%)
Ar: 3,5-C F3-CGH3

2,6-lutidine (1 equiv)
MTBE, [3],= 0.5 M, 25 °C

O R
> HJ\K\EWG
4 Me

entry alkyl-bromide product entry  alkyl-bromide product entryAkyl-bromide Mct
0 o COzEt
Br. NO
A@\ 5 \)J\Q/ 2 H NO,| /9 COzEt Jj)\
3j i
3 s N2 : me” O 4
95% yield, 84% ee 86% vyield, 86% ee 65% yield, 84% ee
o o o NO CO,Et 0 COéE(; _
wt COEt H 2
Br 6 Br H 10 Me” 2 Me
3g O 4g 3k o, Me O 4k 30 Me e
5% yield, 93% ee 2 70% yield, 83% ee 98% yie'd 91% ee
o OO 0 CO,Et coE
r 2
Br &
3h O 4h 3l O a
70% yield, 86% ee 96% yield, 87% ee 75% yield, 85% ee
O e} e} S A\ 02Et
Br
% w*@ Y
3i /
Ph O 4i 3m S s (o) 4m
94% yield, 86% ee 92% yield, 87% ee

with E.Arceo, |. Jurberg, A. Alvarez, Nature Chemistry, 2013, 5, 750-756



Asymmetric Photochemical Alkylation

R)-A (20 mol®
0 (R)-A (20 mol%) O  CO,Et F3C

CO,Et hv (23 W CFL) k
H Br/< > WNCo,Et
COzEt 2 6-lutidine (1 equiv)

Et Et
MTBE, 25 °C, 16h

CF;
CF3

\
o
T

Iz

2

otmMs  CFs

2a 1a [a]o = 0.5 M 3a
a) 2,5 1
—2a
—_ 2 - -
E =2 B-lutidine
s
3 —1a
€15 -
£ — (R)-A
o
2
< —_— 2a+(R)-A
- Reaction mixture
0,5 1
0 :
290 340 390 440
Wavelenght (nm)

the enamine weakly absorbs visible light




Direct Excitation of Enamines

3
T 4 .
'\ \\\ absorption WS
2
\\\\ o Mattia Silvi
——1,21E04
1,5

! e ] 81 E-04
1,2
‘\ ——2,40E-04
0,5
| &k |
295 345 395 445 495
F3C CF3 Ar
0 CF3 4A MS Ar
P+ - — > \
H E Y = Benzene-dg ~ TMSO H
N CF4 H
N OoTms 15




Direct Excitation of Enamines

1,2 +
1 .
0,8 -
s===n0 quencher
=== (),05 M quencher
0,6 -
====(),1 quencher
= (),15 quencher
s (),2 quencher
0,4 - CO,Et
Br
CO,Et
1a
0,2 -
0 .

400 450 500 550 600 650 700 750

Stern—Volmer quenching studies

CF3

FaC
3 CF4

.
0

W

(1A

g@

N otrms CFs

Mattia Silvi



Excited State

*

CO,Et EtOzC
—» Br/< \\
COZEt - Br M COzEt

photochemical initiation

hv
COzEt

Q /g/‘ ~CO,Et
“)H \
Et / Ground State
. N COZEt

( 5 Ar
N ”“'ﬁAr

A CO Et
H  OTms 2
Ar = 3,5-(CF3)2-CeHs ATRA chain co Et
propagation i
product 3a COZEt
+ HBr ¢ = tOzC
+
N7 CO,Et CO,Et
Br H# I\
H t COEt «— Br) l CO,Et with M. Silvi, E. Arceo, |. Jurberg, C. Cassani
Et

J-Am. Chem. Soc. 2015, 137,6120-6123



Excited-state reactivity of chiral enamines

Enamines as Donors in Photo-Active EDA-Complexes in the Ground State

() e (o
.“ N - .“ hy
H/S ' —

R EWG

Coloured EDA complex in the Ground State

Photochemistry of Enamines in the Excited State

*
.Q hv .Q) CO,Et

/COQEt
—_— — »
R
R R photo-activation
Excited State

Review

== 0
H e  transfer EWG

Nature Chemistry, 2013, 5, 750-756
Chem. Sci. 2014, 5, 2438-2442
J-Am. Chem. Soc. 2016, 138,8019-8030

J.Am. Chem. Soc. 2015, 137,6120
Angew. Chem. Int. Ed. 2017, 56, 4447-4451

Mattia Silvi & Paolo Melchiorre,“Enhancing the potential of enantioselective organocatalysis with light” Nature 554,41—49 (2018)



Iminium lons in the Ground State

iminium ion-mediated catalysis

O Q‘ (f\]l.@—H O

H leophil
X amine catalyst hucieopnile X
B = /
R - H,O + H,0 ”'@
<6 R

iminium ion X =H, Alkyl

Asymmetric iminium ion-mediated catalysis:
K.A.Ahrendt, C.]. Borths, D.W. C. MacMillan, J. Am. Chem. Soc. 2000, /22, 4243-4244



the Photochemistry of Iminium lons

+ z — CF3
N otms CFs
BzOH
chiral iminium ion
coloured
3.5 1
3
2.5 -
5
s
g 2 Iminium ion —
r . r S
2
@ 15 -
2
<
- ‘»ﬁ- 1 4 H —
e N Cinnamaldehyde
0.5 -
0 T T T T T
250 300 350 400 450 500

Wavelength (nm)

550




the Question...

Photochemistry of Enamines in the Excited State Strong reductant

*
@ N hy ¢ N /ELWG > !

R Photo-activation R

electrophilic
Excited State radical
Photochemistry of Iminium Ilons in the Excited State Strong oxidant?

@ ;\,l v @ ltl fG EDG
r — — /
H)H photo-activation H LG EDG - —EDG

nucleophilic
radical

Excited State Nature Chem. 2017, 9, 868
Angew. Chem. Int. E.2018,57, 1068

Angew. Chem. Int. Ed. 2018, 57, 12819

J.Am. Chem. Soc. 2018, 140, 8439

Angew. Chem. Int. Ed. 2021, 60, 5357



Searching for a suitable substrate

-+

=
Me\M,Me Me\M,Me .
- TMS @”
oxidation ©)
SILANE

v Low reduction potentials (E_, = +1.4 - 1.7V)
v Can easily fragment realeasing free radicals

v' Cheap, easy to synthesize, low toxicity

For a pertinent precedent, see:
Ohga, K.; Mariano, P.S. . Am. Chem. Soc. 1982, 104,617

Mattia Silvi



Photo-excitation of Iminium lons

F3C CF3 *
\©/ CFs

o ™S aminocatalyst (20 mol%) O .

single LED (420 nm) H + 3
H L + - - N OTDS CF3

Ph
Ph TFA (40 mol%), 4 hours H
. . ambient temperature, -b lation product
1 equiv 3 equiv b B-benzylation p

9 acetonitrile Ph” Excited Iminium lon

Mattia Silvi Charlie Verrier



Photo-excitation of Iminium lons

s aminocatalyst (20 mol%) o

single LED (420 nm) H
:
Ph

TFA (40 mol%), 4 hours

(0) ™
HJ\”\ .
Ph
ambient temperature,

i _ -benzylation product
1 equiv Eox=1,74V acetonitrile B Y i
(vs Ag/AgCl)

F :

F3C CF3
A

N otps CFs

87% yield
85% ee

Eox=2,20V
(vs Ag/AgCl)

TDS: dimethylthexylsilyl

Charlie Verrier

with M. Silvi, C.Verrier,Y. Rey, L. Buzzetti
Nature Chem.2017, 9,868-873



Proposed mechanism

O @)

H JHJ\ H
R
colorless
H,0 H-X
organic catalyst O.
N
H
: J

u, /Q R ground state
R 7 . colored (>400 nm)
thermal reactivity

photochemical domain
§° :
N Q

@_ 2\ B
: H
M ground state Jﬁk H

17 ’I,

visible

light hy

reagents
&SO/V R .
[ 5 excited state
SOIV—TMS % strong oxidant
Tl\/IS—I SET
H TMS

R/. a

CCDC 1494741  — E*gy(lc*/lc™) ~ +2.4 V

normalized
emission intensity

1,2

0,8

no 3a added
06 - —[3a]=0.05 M

[3a]=0.10 M
—[3a]=0.15 M

041 ——[3a]=0.19 M

02 4

400 450 500 550 600

wavelength (nm)

Nature Chem.2017, 9,868-873



Asymmetric Photocatalytic C-H Functionalization of Toluene

Fiu :_

+
N O1DS
>€L H

Ph” Excited Iminium lon

F3C CF3
SO

CF3

Strong oxidant

Mechanistic path

~

Eox=+22V

Me
SET oxidation
toluene >

deprotonation

-H*

Ph /©

62% yield
85% ee

with D. Mazzarella, G. Crisenza,
J.Am. Chem. Soc. 2018, 140, 8439-8443



Something we could not do

F3C CF3 :
e o
o )5 COOH H

(LH Ph” "

Ph’ Excited Iminium lon abundant

Strong oxidant

Mechanistic path

o N /©
©/\C 00 SET ox:datlon‘ .
= H —\ "/
-CO, ¢

Why we failed:
Acidic conditions of iminium ion formation are incompatible with carboxylate formation




Background

substrate prone
\\Z > \\Z B R=0)  to reduction o
N N
— ——SET—> R ——— R Open Challenge
H hy H \ enamine |
| I* O_

enamine reductant i I_e_a_v7n_g_ éfob:t)_e;ﬁci_/é; i . . .

nucleophile I_ __ redox auxiliary J. " Memory Of Ch:rahty n

Asymmetric Radical Chemistry
ground state excited state

\\\[ + S R_O prone to O\ 9] CO,H K& o \/EWG
N hv oxidation il ,8 %/\/ EWG
—_— O t ) -CO .
H)H )H SET — R’ ) 2\ 2 chiral radical H

"R enantiopure how to avoid RACEMIC
| g / substrate racemisation? product
minium fon OXIdant ’eaV’ng o radical coupling
electrophile

Enhancing the potential of enantioselective
organocatalysis with light Review

Mattia Silvil & Paolo Melchiorre?3 Nature 554, 41-49 (2018)



This Story

Organocatalysis, Light &
Enzymes

organocatalysis photocatalysis



Why Moving into Biocatalysis

aldol

o)
process
> J]\)\O
cHo H

Lysine in class | iminium ion-bound enamine-bound
aldolases aldolase aldolase



Photoenzymes for New Chemistry

aldol 0 OH
NH process JI\)\O
— >
I\ O,CHO H
Lysine in class | iminium ion-bound enamine-bound
aldolases aldolase aldolase
PHOTOZYME’S Tools

hv hv

enzyme-bound iminium ion

enzyme-bound enamine

excitation of protein-bound catalytic intermediates



First Things First: Bio-Cascades

Biocatalysis

path i, well established

O/l l\O biocascade catalysis > . .
6 —— | Enz V——— §

Established approach to design biocascade
processes




Bio-Cascades

Biocatalysis

path i, well established

biocascade catalysis

o', ‘o

6 I (S S—

Established approach to design biocascade

processes

Organocatalysis

O/\ organic catalyst A

1 0] 3 >

Enders triple cascade
enamine-iminium ion-enamine
2 sequence (Ref. 10)

Ph
Ph

enamine
activation
of 1 O

{OO R
S o

R iminium ion
O activation

enamine
activation

step ii

Enders Tnple Cascade Michael-Michael-intramolecular aldolization

Nature 2006, 441,861-863

O\\\

cascade
product H,O OTMS 1+3
\ step i organlc catalyst step i

Zun
O
N
i

R enamine

iminium ion




Pioneering works of Poelarends

O
NO,
R \)J\ + \/
O _
1 3 =
enamine R
product
@ activation
0 o O
(b) \)j\ -
N NO
O/\ H Me/ 4.0T H ’
2 5 ) product

iminium ion
Im .
activation

4-Oxalocrotonate tautomerase (4-OT) enzymes can promote
organocatalytic asymmetric processes

Poelarends, G.]. et al.:
(@) Chem. Bio. Chem. 2015, 15,738-741. (b) Angew. Chem. Int. Ed. 2020, 59, 10374—10378. (c) Angew. Chem. Int. Ed. 2021, 60, 24059—-24063.
(d) Angew. Chem. Int. Ed. 2022, 202203613



Biocatalytic Triple Cascade

0
Pp_4OT_F3M117Y/F122A R
‘
0 O \/NO (4 mol%) ’ H
* \)]\ * ’ > g
HJ\H O O 50 mM KPi buffer pH 6.5 O

R 4 2 3 DMSO (10%), 30°C, 24 h NO,

(4 equiv.) (3 equiv.) (1 equiv.) @@@ dor7

scope of the triple biocascade

Vasilis Tseliou

Cl

R = H: 4a*: 28% yield
>20:1 dr, >99% ee 7b: 43% yield 7¢: 51% vyield
. o . 0
R = Et: Ta: 50% yield 6:1.dr, >99% ee ;1:.370/.1 o_lr,|d>_99 I/otez
3.7:1 dr, >99% ee (23% yield isolated)

with V. Tseliou,A. Faraone, L. Kqiku, J.Vilim, G. Simionato
Angew. Chem. Int. Ed. 2022, e202212176



Biocatalysis, Organocatalysis, and Light

violet LED [5% yield, 99% ee

Ph : :
No light: no reaction

/
o

terminal proline (Pro-1)
in genetically modified 4-OT

@ with V. Tseliou, L. Kqiku, M. Berger, T. Schiel

iminium ion activation




A Non-Natural Photodecarboxylase

Ph

/

L
:>

terminal proline (Pro-1)
in genetically modified 4-OT

(im)

iminium ion activation

semi-rational enzyme engineering aided
by high-quality computational models

Library in E. coli
expression, lisys

mutagenesis screening ST
evolution workflow for |:> mutant
photoenzyme engineering product
78% yield
high dr, 99% ee
iterative
workflow step 3

isolation

rapid analysis
(3 minutes)

violet LED [5% yield, 99% ee
No light: no reaction

with V.Tseliou, L. Kqgiku, M. Berger, T. Schiel
unpublished

Iterative saturation mutagenesis
by high-throughput experimentation (HTE)



A Non-Natural Photodecarboxylase

violet LED [5% yield, 99% ee

Ph : :
No light: no reaction

/
o

terminal proline (Pro-1)
in genetically modified 4-OT

@ with V. Tseliou, L. Kqiku, M. Berger, T. Schiel

iminium ion activation

O hV enzymenll\N—
\)j\ enzyme SET "
T g — =N\
buffer
ambient T €O, @~

SET 7 e

oxidation O radical coupling




A Non-Natural Photodecarboxylase

o) 0
enzyme (5 mol%) H
"+ Ph __COM -
50 mM KPi pH 6.5 Ph
Ph 1a 2a DMSO (10%), 30 °C, 24 h Ph
(3.5 equiv.) violet LED (405 nm) 3a
3.0
1a
25. DERA-MAST8A
DERA-MAST®A + 12

20 DERA-MAS™A + 13 + 2a

@ <V

(&

5

Q1.5+

(o}

28

< 1.0-
0.5 -

L/
0.0
250 300 350 400 450 500

DERA-MAS18A

Wavelength (nm)



A Non-Natural Photodecarboxylase

photo-biocatalysis

Q_H
Me ' Fap enzyme

N e T @

x&‘
CO H oxidation O\
N fartyae:d \\ -H*,- CO,

A,

NH; __ w

lysine in natural

excitation of cofactors - - - weak interactions class [ aldolases

For the natural Fatty Acid Photodecarboxylase (FAP), see:

Beisson, F. et al. An algal photoenzyme converts fatty acids to hydrocarbons
Science 357, 903-907 (2017).

bio-organocatalysis

G
(

C&
Uy

iminium ion-bound
aldolase

organo-photocatalysis

prone to
oxidation

—SET—» (O’
P

R . redox auxiliary
oxidant

I

excited state radical coupling



About chiral radicals

sp3-hybridized
CO,H
i H

enantiopure
substrate

-H*, -e"
—»

- CO,

or$Y

sp?-hybridized -

— 0%/ — o

prochiral radical

L

(fast racemization)

>

sp3-hybridized
R
EWG

H

absence of relative and
absolute stereocontrol




The problem of chiral radicals

O - O
\)]\ Ph\-/COz Ph
./\ H = > H
Me , ,
terminal proline (Pro-1) Me
(R) in genetically modified 4-OT 9:1dr
O 99% ee
Im
iminium ion activation
O -

(S)

terminal proline (Pro-1)
in genetically modified 4-OT

(im)

iminium ion activation

1:8 dr
99% ee

Memory of chirality

with V.Tseliou, L. Kqiku, M. Berger, T. Schiel
Nature 2024, 10.1038/s41586-024-08004-9



Stereospecific Radical Coupling

an artificial photodecarboxylase that masters a stereospecific radical coupling

CO,H R o :
WIH (S)-2 :
H H H :
hv > O anti :
SET . !
class | ,ﬂ“""t CO, 99% ee :
aldolase : visible light oxidative R O :
decarboxylation :
enzyme-bound R > '
iminium ion COH Ho
...O (R)-2 syn ; via stereospecific radical coupling
H 99% ee ; (no racemization of the prochiral radical)

Me o Br
Ph o] Ph o] Ph (0] Ph o] Ph 0
H H Me H H H
Me Me Me Me Me Me

syn-5a: 82%, 7.5:1dr, 99 ee  syn-5b: 79%, 5.7:1 dr, 99 ee syn-5c: 46%, 6:1dr, 99 ee  syn-5d: 38%, 4.9:1dr, 94 ee  Ssyn-5e: 54%, 5.8:1 dr, 90 ee
anti-5a: 47%, 15:1 dr, 99 ee anti-sb: 47%, 22:1 dr, 99 ee anti-ac: 41%, 12.6:1dr, 99 ee anti-5d: 35%, 6.7:1 dr, 99 ee  anti-5e: 50%, 7.8:1 dr, 96 ee

enals
syn-5f: 55%, 6.1:1 dr, 98 ee O

0 o)
X=Cl onti5f: 429%, 16:1 dr, 98 Me
X anti-o1. 0, . r, ee H H H ‘
Ph
syn-5g: 54%, 6.5:1 dr, 98 ee Ph °h
CHO X = F
anti-5g: 40%, 12.3:1 dr, 96 ee Me Me Me
Me Me Br cl

syn-5h: 54%, 3.2:1dr, 99 ee = syn-5i:65%, 7.7:1dr, 99 ee  syn-5j: 38%, 6.9:1 dr, 99 ee syn-5k: 39%, 7.6:1 dr, 99 ee
anti-5h; 43%, 6.7:1 dr, 99 ee  anti-5i: 37%, 13.8:1dr, 99 ee anti-5j: 26%, 12.7:1dr, 99 ee anti-5k: 48%, 22:1 dr, 99 ee

X =0Me




Stereospecific Radical Coupling

R

an artificial photodecarboxylase that masters a stereospecific radical coupling , ,
. ---- weak interactions
' \ / 7
2 QUH (S)-2 L 2 N/
+ _H z : . H
N~ hv > = anti : H O\ =0
‘J\PNJ SET - C02 O ggcy ee : N . AN
class | ’ 2 . m
aldolase visible light oxidative ' R o : H ~ )
decarboxylation : .
enzyme-bound R > ' N
iminium ion COH Ho R
v (R)-2 syn ; via stereospecific radical coupling
H 99% ee ; (no racemization of the prochiral radical)
Stereochemical rationale hydrop hOb.'C Ca.v'ty. (A1) _rap i C'.C coup hitg
prevents epimerization of lll with stereoinversion of lll
\ \
P P
A18 .
H H{, K167 H Al8 HO K167 stqreospec:flc
m . \me N Me N radical coupling
A\ -

with V. Tseliou, L. Kqiku, M. Berger, T. Schiel
Nature 2024, 10.1038/s41586-024-08004-9



Stereospecific Radical Coupling

an artificial photodecarboxylase that masters a stereospecific radical coupling P ——r—.
CO,H :
; Q/KO (52 W i
+_H :
N hv SET > O anti :
class | - CO, 99% ee :
aldolase visible light oxidative
decarboxylation '
enzyme-bound > :
iminium ion COH
v (R)-2 syn ; via stereospecific radical coupling
H 99% e : (no racemization of the prochiral radical)
d Activation of alkenoic acid \
o 5238 o o
Ho 4 Me
HO DERA-MAS18A W let light radical M. H
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Towards a Kinetic Resolution

Kinetic Resolution

O DERA-MAS18A/T203V
rac-4a (3.5 equiv.)

OJ 1 50 mM MOPS poH 6.5 Ve syn-5
DMSO (10%), 30 °C, 24 h
violet LED (405 nm) from rac-4a
syn-5a, 67%, 5.3:1 dr, 99% ee

Me
from (R)-4a
H syn-5a, 70%, 8.3:1 dr, 99% ee
from (S)-4a

9 0 . 0 = =5
syn-5b: 76%, 5_5_1 dr, 99 ee syn-5c: 9%, 3.1:1dr, 95 ee EWTHRE S, 4,851 €7, B GC (R)-4a wihtin DERA-MAS18A/T203V
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How to transfer stereochemical information when chiral radicals are formed?

COH HY - . \/EWG
.||H —’> O/%-l » EWG
- C02 -
chiral radical H
enantiopure how to avoid ENANTIOPURE
substrate racemisation? product
Our approach

organocatalysis photocatalysis



Moving back to UNIBO — Alma Mater
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