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Photoelectrochemical Asymmetric Dehydrogenative [2+2] Cycloaddition between C–C Single and Double Bonds via the 

Activation of Two C(sp3)–H Bonds

Nat. Catal. 2023, DOI: 10.1038/s41929-023-01050-y.

Photoelectrocatalyzed Synthesis of Chiral 
Cyclobutanes

Significance: Meggers and co-workers describe 
an enantioselective [2+2] photocycloaddition be-
tween alkyl ketones and alkenes to synthesize cy-
clobutanes. The method utilizes electrocatalysis to 
activate two C(sp3 )–H bonds, and, under blue light 
irradiation, promotes coupling with two C(sp2) car-
bons. The procedure highlights a sustainable ap-
proach to asymmetric small ring synthesis.

Comment: Alkyl tethered (hetero)aryl ketones 
and various aryl- and alkyl-substituted alkenes can 
react in a highly enantioselective fashion. The 
transformation can be performed on gram-scale. It 
is proposed that the role of ferrocene serves as a re-
dox mediator to turn over the electrocatalytic sys-
tem, while a chiral rhodium Lewis acid mediates the 
dehydrogenation of the ketone (I to VI) and the 
subsequent cycloaddition (VII to IX).

Selected examples:

Potential mechanism:

47 examples
up tp 91% yield

up to > 20 dr
up to 99% ee

RVC Pt
Λ-RhS (5 mol%), Fc (0.1 equiv)

DABCO (1.8 equiv), n-Bu4NBF4 (1 equiv)
MeOH–acetone (1:1, 0.045 M)
0.6 mA, blue LEDs, 11–13 h

O

R1
R3

R2
O

R1

R3

R2

X

O

=

N

N

Ar

X, Ar = 2-MeC6H4
Y, Ar = Ph
Z, Ar = 2-MeOC6H4

Fc = ferrocene

Rh

S

N

N
N

C
Me

N
C

Me

t-Bu

t-Bu
PF6

Λ-RhS

65% yield
dr = 15:1, 98% ee

X

O

NHBoc

80% yield
dr = 15:1, > 99.5% ee

O
X

O
Ph

77% yield
dr = 2.7:1, 98% ee

Z

O
Ph

OTBS

Ph

67% yield
dr = 2.6:1, 97% ee

X

O
Ph

84% yield
dr = 2.9:1, 99% ee

CN X

O
Ph

Ph

74% yield
dr = 1.4:1, 97% ee

X

O
Ph

91% yield
dr = 1.8:1, 97% ee

Ph

O

R1N

[Rh]

O

R1N

[Rh]

substrate

[Rh]

– H+

O

R1N

[Rh]

Fc(III) Fc(II)

O

R1N

[Rh]

– e–

O

R1N

[Rh] O

R1N

[Rh]

– H+

O

R1N

[Rh]

O

R1N

[Rh]

O R1

N

[Rh]

R3

R2

O
R1

R3

R2
N

[Rh]

substrate

product

SET

H

blue light *

ISC

R3

R2

*

ISC

I
oxidation

I IV

IIIII

V VI

VII

VIII
IX

ROH RO− + 1/2 H2

e−

e−

cathode

anode

SYNFACTS Contributors: Mark Lautens, Alexa Torelli
Synfacts 01022024, 20(02), 0147 Published online: 16.01.20241 861 -1 958186 1- 194 X
DOI: 10.1055/s-0043-1772987; Reg-No.: L01624SF Georg Thieme Verlag KG  Rüdigerstraße 14, 70469 Stuttgart

Category

Metals in Synthesis

Key words

rhodium catalysis

photoelectrocatalysis

C–H bond activation

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.


