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ABSTRACT: Photochemical electrocyclization reactions are
valued for both their ability to produce structurally complex
molecules and their central role in elucidating fundamental :
mechanistic principles of photochemistry. We present herein a ! chiral Ir

highly enantioselective 67 photoelectrocyclization catalyzed by a  : Q\_ﬁ @ photocsiast &W
chiral Ir(III) photosensitizer. This transformation was successfully Y blue LED

realized by engineering a strong hydrogen-bonding interaction
between a pyrazole moiety on the catalyst and a basic imidazolyl
ketone on the substrate. To shed llght on the origin of
stereoinduction, we ducted a c ive investigation
combining experimental and computatmnal mechanistic studies.
Results from density functional theory calculations underscore the
crucial role played by the prochirality and the torquoselectivity in
the electrocyclization process as well as the steric demand in the subsequent [1,4]-H shift step. Our findings not only offer valuable
guidance for developing chiral photocatalysts but also serve as a significant reference for achieving high levels of enantioselectivity in
the 67 photoelectrocyclization reaction.
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Context

Thermal: 61 disrotatory
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Previous Photocatalytic Electrocyclizations

Bach & co-workers (2017)
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Reaction Optimization

entry modification yield d.r. ee
1 PhMe 57% 6:1 87%
2 CH,Cl, 29% 3:1 87%
3 MeCN 17% 3:1 53%
4 20°C 60% 8:1 73%
5 -40°C 58% 5:1 96%
6 1 mol% A-PC 39% 5:1 74%
7 0.01 M 55% 7:1 82%

s inar <% - - -
9 dark 0% - -
10 no A-PC 0% - -

IR T 2o T 84% 81 91%
13 11 instead of 9 0% - -
14 12 instead of 9 0% - -
15 13 instead of 9 0% - -

o)
Me
N\,)\ FiC NMI
|
<\/N FsC X
NMI 11: X=NH
12: X = NMe
13:X=0

NMI

N-PC (5 mol%) NMI
—»
2:1 PhMe:pentane

Noc 0.1 M, -20 °C, 24 h
2 x 425 nm LED, N
(E)-9 80% yield, 95% ee, 8:1 d.r. 10

*/\-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!
ssecondary amine: 53.4 kcal-mol"
-ether: 54.0 kcal-mol!

*Presence of the imidazole (NMI) allows for hydrogen bonding
between A-PC and the substrate
*Binding of the substrate to the photocatalyst post energy
transfer promotes the enantioselectivity
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mechanistic analysis

A) in situ LED-NMR: rapid photostationary state

Mechanistic Inquiry

Testing the reaction without NMI
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A) Reaction profile monitoring the concentrations
of (E) & (Z) olefin starting materials, as well as
cis & trans products
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*The presence of NMI in enone 28 performs with relatively good ee (up to 91% ee

B) Stern-Volmer plot, showing quenching of A-PC at-65 °C) in the [2+2] cycloaddition

via both (E) & (Z) olefins

«likely through energy transfer (oxidation &
reduction potentials of A-PC are too low to
perform either redox process)
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Proposed Mechanism

hv, intersystem crossing (ISC),

61T electrocyclization
triplet excited-state energy transfer (TEET) y

reverse intersystem
crossing (RISC)

[1,4] hydride shift

A3
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C—C bond
rotation
isomerization

facial selection
&

non-covalent
interactions

torquoselectivity

Stereodetermining Factors
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10.,c H
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Computational Studies
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*Viable encounter complexes A and B, with their respective
free energies (kcal-mol™)

*6TT electrocyclization energy diagram, differentiating both
profiles for the formation of (S,S) and (R,S) diastereomers
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Concluding Remarks

Vs

Baik, Yoon, & co-workers (2023)
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R «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)

sstrong hydrogen bond

«chiral photocatalyst

*high ee (>90%)
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