Supramolecular Photochemistry

Cage and Conformational effects



Supramolecular Containers as Reaction Vessels
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Supramolecular Containers

Reaction cavity
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Role of Free Space: Product Must Fit the Reaction Cavity
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Pre-organization Through Weak Interactions
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Conformational Control and Rotational Restriction




Energy diagram representation of supramolecular control of a reaction

The top reaction (a) is indiscriminate
since the activation energies for R
going to P, or P, are identical
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An exemplar of supramolecular control of a
photoreaction with two competing paths
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Photochemistry of dibenzyl ketone as an exemplar of cage effect
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Definition of cage effect
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Schematic representation of a

guest@micelle complex Surfactant monomers
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A comparison between solution and micellar irradiations

G6C traces of product
distributions upon irradiation in
solution and in HDTCI micelle
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% CAGE —

In micellar solutions the % cage depends on the surfactant

concentration
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For a given micelle (SDS) the exit rate gets slower as the
hydrophobicity increases

Exit Rate* vs. Partition Coefficient** I
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Cage effect depends on the micellar exit rate: micellar size and
hydrophobicity of the guest.

EXIT RATE CONSTANT OF RADICALS FROM MICELLES
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In micellar solutions the % cage depends on the hydrophobicity of
the guest
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In micellar solutions the % cage depends on the the cage size
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% cage vs. chain length of
sodium alkyl sulfates
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Reactive radicals escape
from smaller cages more
easily.

Bigger micelles,
more hydrophobic cage,
slower exit to water
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Understanding nuclear isotope effect

‘ General Photochemical Paradigm I
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Vector representation of triplet-singlet conversions: intersystem
crossing (ISC)
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Intersystem Crossing in Radical Pairs
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Vector representation of triplet-singlet conversions in I(RP) and
I(BR): intersystem crossing (ISC)
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Mechanisms of crossing from T to S (intersystem crossing, ISC)
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Cage effect and nuclear isotope effect
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Cage effect and nuclear isotope effect
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Cage effect can be utilized for isotope enrichment
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Effect of an applied magnetic field on the T splitting

T, T, T. S N 7

T levels split apart, T, has the same energy as S

Only T, — S ISC allowed



When H = O (The earth’s magnetic field)

» —
Slow Fast
{ Z S ‘: Nuclear isotope effect will
T, T.T, S Increase cage reactions
When ﬁ > a
al3
T0 —_ S Fast

Magnetic field effect will
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The effect of electron-nuclear hyperfine coupling on T-S conversion

000 e-n hfc 000
L ! JU L

Triplets coupled to nuclei with spin will cross to the singlets faster
than triplets coupled to nuclei without spins.

Triplet radical pairs coupled to !3C will cross to singlets faster than
triplets coupled to 12C

Result: Separation of 13C radical pairs from !2C radical pairs



The effect of external magnetic field on the cage effect
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Isotope enrichment decreases in presence of applied magnetic field

Initial 90% photolysis
at O applied mag. field

90% photolysis
at 15,000 G applied
mag. field
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Octaacid as a reaction cavity
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The primary radical pair prefers to rotate than decarbonylate
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Structure of MFI zeolites
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Molecular vs. supramolecular radical-radical combination
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(A)  Model for pACOB Photolysis on MFI Zeolites

[ ] hv [ ]
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(B) Models for o ACOB Photolysis on MFI Zeolites (Ketones in holes, left. Ketones on surface, right)
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para ketone fits into
the internal surface

Ketone completely inside:
100 % cage !
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ortho ketone does not
fit into the internal
surface

Ketone half inside, half
outside: -100 % cage !
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Photodecarbonylation of ketones in crystalline state

Requirements
<+ The compound must be and stay crystalline.

< Crystals must not melt (solid-solid reactions must occur below eutectic point).

» Presence of suitable radical stabilizing substituents at . and o’ carbons.

<+ The ketones must have high triplet yields and triplet energies.

Advantageous

» Occurrence of reaction within crystal boundaries - Selective and specific.

% Solvent free.




Disproportionation + Combination
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Reactions in crystals are highly efficient, selective and general




Solid State vs Solution Photodecarbonylation

Remarkable control exerted by crystals holds the radical pair from diffusing apart.
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Total synthesis of rac-cuparenone
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90%
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5 steps including a solid state photoreaction ~ 60% total yield.



An schematic of supramolecular conformational control of a
photoreaction with two competing paths: *R — I(BR) + *R — |(RP)
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Controlling the competition between Type I and Type II products by
controlling the *R —I(BR) of the Type II process

(a) Supramolecular acceleration of Type Il reaction
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Conformational Control and Rotational Restriction
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Supramolecular mechanistic rationalization of the micellar
effect: Preorganization of the conformation of *R

Molecular
conformational
/ control
§_> 0 (steric)
4— NH _—
* ~H , ~H — *
R — I(RP) (f OCH, () ocH, \ p ©/5 R — I(BR)
Conformer 6A Conformer 6B
‘R(A) "R(B) I(BR)
/
Supramolecular HO GCHs
conformational 2 O P |
control X .
f / %Q\ O ' f? favored near
water interface
Conform r 6A Conformer 6B (preferred)

cﬁ?:fo?? *R — I(BR)



Exemplar of micellar control of ratio of Type I and
Type products

CH,
Type Il Hscsﬁ/cl’ . HSCBﬁ) I(BR) pr'oduc‘rs
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R = CHs (6) X=H
Benzene 39% 239% o I(RP) favored by fast diffusional separation
Cetyltrimethyl ammonium 8% 7% 52% - I(BR) favored by preorganization

chloride micelle and enhanced cage effect in micelles



Supramolecular '
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control
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Conform 7B
o) OR 0 OH x o}
C.H CeH C.H H.C
HSCB)‘K'/ 6''5 . 6' 15 + )’k‘( 6''5 + 5%6 + H C
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R =CH, (6) X=H
Benzene 39% 23% — —
Cetyltrimethyl ammonium 8% 7% 52% -
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Benzene 49% . . B
Cetyltrimethyl ammonium  36% _ - 45%
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