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Chiral Photochemistry 

•  Crystals 
•  Zeolites 
•  Solution 



Chemistry in Confined Spaces 



-- a single cupful has enough surface area to cover 20 
football fields. 



Characteristics of  Zeolites  

•  Crystalline white powder
•  Microporous solid
•  Large surface area
•  Well defined large pores
•  Channels and cages

Mx(AlO2)x(SiO2)y.z H2O 



Asymmetric Photoreactions Within  
Chirally Modified Zeolites 
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Why Chiral Chemistry
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Enantioselective Electrocylization of Tropolones
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Photoreduction of Aryl alkyl ketones: Generality

Norephedrine - 68%ee Norephedrine-50%ee Ephedrine - 47%ee
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•  Modest to Good Chiral Induction 
•  Chiral Induction Depends on  
•  Reaction and Reactant 
•  Chiral Inductor and Chiral Auxiliary 
•  Nature of the Cation 
•  Number of Cations (Si/Al ratio) 
•  Water Content 
•  Mechanism of the Reaction 
•  Reactive State (S1 vs T1) 

Asymmetric Photoreactions Within Zeolites 



Enantioselectivity in Photoreactions-Generality 

NaY, Norephedrine, RT:  50%ee 

  NaY, Ephedrine, -55°C:  50%ee 

NaY, Norephedrine, RT:   20%ee 

NaY, Cyclohexyl ethyl amine, RT:  17%ee 

Solution ee was zero % in all the above cases
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•  Modest to Good Chiral Induction 
•  Chiral Induction Depends on  

•  Reaction and Reactant 
•  Chiral Inductor and Chiral Auxiliary 
•  Nature of the Cation 
•  Number of Cations (Si/Al ratio) 
•  Water Content 
•  Mechanism of the Reaction 
•  Reactive State (S1 vs T1) 

Asymmetric Photoreactions Within Zeolites
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Asymmetric Photoreactions Within Zeolites

•  Modest to Good Chiral Induction 
•  Chiral Induction Depends on  

•  Reaction and Reactant 
•  Chiral Inductor and Chiral Auxiliary 
•  Nature and Number of Cation 
•  Water Content 
•   Mechanism of the Reaction 
•  Reactive State (S1 vs T1) 
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Asymmetric Photoreactions Within Zeolites

•  Modest to Good Chiral Induction 
•  Chiral Induction Depends on  

•  Reaction and Reactant 
•  Chiral Inductor and Chiral Auxiliary 
•  Nature of the Cation 
•  Number of Cations (Si/Al ratio) 
•  Water Content 
•   Mechanism of the Reaction 
•  Reactive State (S1 vs T1) 
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Role of confined space and effect of water 
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Asymmetric Photoreactions Within Zeolites

•  Modest to Good Chiral Induction 
•  Chiral Induction Depends on  

•  Reaction and Reactant 
•  Chiral Inductor and Chiral Auxiliary 
•  Nature of the Cation 
•  Number of Cations (Si/Al ratio) 
•  Water Content 
• Mechanism of the Reaction 
•  Reactive State (S1 vs T1) 
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Asymmetric Photoreactions Within Zeolites

•  Modest to Good Chiral Induction 
•  Chiral Induction Depends on  

•  Reaction and Reactant 
•  Chiral Inductor and Chiral Auxiliary 
•  Nature of the Cation 
•  Number of Cations (Si/Al ratio) 
•  Water Content 
•  Mechanism of the Reaction 
• Reactive State (S1 vs T1) 
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Asymmetric Photoreactions Within Zeolites 

Cation is the Key  

•  Chiral Induction Depends on  
•  Nature of the Cation 
•  Number of Cations (Si/Al ratio) 
•  Water Content 
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Importance of Cation-Chiral Auxiliary Binding: Phenyl vs Cyclohexyl
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Gaussian 98    HF/ 3-21G * 

Importance of Cation-Chiral Auxiliary Binding: Phenyl vs Cyclohexyl 

B.E (Na+ complex) = -96.89 kcal/mol

B.E (Na+ complex) = -85.90 kcal/mol
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Gaussian 98    HF/3-21G * 

B.E (Na+ complex) = -65.32 kcal/mol

B.E (Na+ complex) = -75.49 kcal/mol

Importance of Cation-Chiral Auxiliary Binding: Phenyl vs Cyclohexyl 



Phenyl vs  Cyclohexyl
Role of Cation-π Quadrupolar Interaction 
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Role of Cation-π Quadrupolar Interaction 
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Amino acids as chiral auxiliaries : Cation  dependent isomer switch 
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Amide of 
L-Valine methyl ester
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Cation Dependent Diastereomer Switch
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K+
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Williams, E. A. et. al., 
JACS, 123, 12255-12265, (2001)

Bowers, M. T. et. al., 
JACS, 2001, 122, 3458-3464, (2000)
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Cyclohexyl phenyl ketone with norephedrine in dry NaY zeolite

(+) Norephedrine  68% R
R(+)Cyclohexyl benzyl alcohol 

(-) Norephedrine  67% S 
S(-)-Cyclohexyl benzyl alcohol

Reaction inside wet NaY with norephedrine as chiral inductor gives only  2%ee.
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Interaction between the ketone, lithium cation and the chiral inductor.

Gaussian 98 B3LYP/6-31 G*



Energy = -1068.4535 a.u.
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A Model

Chiral auxiliary

Reactant +

Diastereomeric products 1:1

Isotropic media

+

 Slight diastereomeric excess

Confined space (Role of confinement)

Inside zeolites (Role of cations and confinement)
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+

Catio
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Asymmetric Induction within Zeolites

❂     Chiral inductor

❂     Chiral auxiliary

❂     Chiral auxiliary and Chiral inductor

❂     Chiral inductor as a reagent (or as a sensitizer)

Chemistry in a

Confined Space
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