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•strong hydrogen bond

•chiral photocatalyst

•high ee (>90%)
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•Λ-PC serves both as a photosensitizer and as a chiral ligand to
  enhance enantioselectivity

•Presence of a carbamate (with Boc or Fmoc) is required for the
  reaction to work
   •The PC can only transfer the energy to the substrate with a
     carbamate
   •Cyclized product from tertiary amine 12 decomposes
   •Triplet energies based on calculations:
      •carbamate: 50.9 kcal·mol-1
      •secondary amine: 53.4 kcal·mol-1
      •ether: 54.0 kcal·mol-1

•Presence of the imidazole (NMI) allows for hydrogen bonding
  between Λ-PC and the substrate
   •Binding of the substrate to the photocatalyst post energy
     transfer promotes the enantioselectivity
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Reaction Optimization
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Substrate Scope
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Incompatible Substrates
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A) Reaction profile monitoring the concentrations
  of (E) & (Z) olefin starting materials, as well as
  cis & trans products

B) Stern-Volmer plot, showing quenching of Λ-PC
  via both (E) & (Z) olefins
   •likely through energy transfer (oxidation &
     reduction potentials of Λ-PC are too low to
     perform either redox process)
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Testing the reaction without NMI

Performing [2+2] cycloaddition

•The presence of NMI in enone 28 performs with relatively good ee (up to 91% ee
  at -65 ºC) in the [2+2] cycloaddition

•In the absence of NMI, reduced hydrogen bonding interaction between
  substrate and Λ-PC results in lower ee

Mechanistic Inquiry

7

Swords, W. B.; Lee, H.; Park, Y.; Llamas, F.; Skubi, K. L.; Park, J.; Guzei, I. A.; Baik, M.-H.; Yoon, T. P. J. Am. Chem. Soc. 2023, 145, 27045



O
Me
N

N
N
Boc

N
BocH

H
O

Me
N

N

9

10

O
Me
N

N
N
Boc

A
[Ir]

hν, intersystem crossing (ISC),
triplet excited-state energy transfer (TEET)

O
Me
N

N
N
Boc

3A1
[Ir]

!
!

O
Me
N

N

3A2

[Ir]

! !
N
Boc

HH

O
Me
N

N

A3

[Ir]

" !
N
Boc

HH

reverse intersystem 
crossing (RISC)

6π electrocyclization

[1,4] hydride shift

O
Me
N

N

10-PC

[Ir]

N
Boc

H

H

Proposed Mechanism

8

Swords, W. B.; Lee, H.; Park, Y.; Llamas, F.; Skubi, K. L.; Park, J.; Guzei, I. A.; Baik, M.-H.; Yoon, T. P. J. Am. Chem. Soc. 2023, 145, 27045



Ir

N
N

N
NN

H
CF3

F3C

F3C

CF3

O
N
Boc

Ir

N
N

N
NN

H
CF3

F3C

F3C

CF3

Ir

N
N

N
NN

H
CF3

F3C

F3C

CF3

Ir

N
N

N
NN

H
CF3

F3C

F3C

CF3

N
Boc

O O
N
Boc

N
N

N
N

N
N

N
Boc

O

N
N

Si-face 
attack

Re-face 
attack

N
Boc

N
Boc

O

NMeN

H
H

[Ir]

N
Boc

O

NMeN

H
H

[Ir]

H
H

N
Boc

H
H

(S)
(R)

N
Boc

O

NMeN

H

[Ir]

N
Boc

(S)
(S)

(R)
(S)

N
Boc

O

NMeN [Ir]

N
Boc

(R)
(R)

H

A1’ B1’

10-PC

B2

C1’

C2

D1’

D2A2

10(S,S)-PC 10(R,S)-PC 10(R,R)-PC

O

N

MeN

[Ir]

O

N

MeN

[Ir]

O

N

MeN

[Ir]

O

N

MeN

[Ir]

H

H

H

HH

H

C
–C

 b
on

d 
ro

ta
tio

n 
is

om
er

iz
at

io
n

fa
ci

al
 s

el
ec

tio
n 

&
 

to
rq

uo
se

le
ct

iv
ity

no
n-

co
va

le
nt

 
in

te
ra

ct
io

ns

N
Boc Boc

N N
Boc Boc

N

Stereodetermining Factors

9

Swords, W. B.; Lee, H.; Park, Y.; Llamas, F.; Skubi, K. L.; Park, J.; Guzei, I. A.; Baik, M.-H.; Yoon, T. P. J. Am. Chem. Soc. 2023, 145, 27045



Computational Studies
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•Viable encounter complexes A and B, with their respective
  free energies (kcal·mol-1)

•6π electrocyclization energy diagram, differentiating both
  profiles for the formation of (S,S) and (R,S) diastereomers
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•strong hydrogen bond

•chiral photocatalyst

•high ee (>90%)

•Effective method to access indoline scaffolds with high ee, and reasonable
  to high yield on a variety of substrates

•Photocatalyst serves two important purposes:
   •Chiral ligand (effectuated through hydrogen bonding)
   •Photosensitizer which performs an energy transfer to the substrate

•Considerations from this method:
   •NMI (or potentially another strong H-bond donor) is required to achieve
     high ee
   •Carbamate is required for the reaction to work (incompatible with
     secondary amine and ether, and tertiary amine decomposes)
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